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Tom TAT CHUYEN KHAO (VIETNAMESE ABSTRACT): Céc chi bdo phan tich k§ thuét va kinh t€ lugng chubi thdi gian c§ dién hon mot thé ky qua
déu 1a cdc ham tdt dinh hoat dong trén mién lich st (f < 0). Khi cAc mo hinh nén tdng chudi thdi gian sau (TimesFM 2.5, Kronos) phat hanh
du béo phan phdi da budc (h € [1, H ] ), gi6i tai chinh thudng rai vao cac sai 14m toan hoc nghiém trong: tinh chi bdo phi tuyén trén dudng
trung vi (vi pham bat ddng thuc Jensen), nham 14n gitta phan vi bién duyén va phan phdi dudng di, chiu do troi gia neo khi phan tich da khung,
va dinh gia sai 1énh Maker do b6 qua lua chon bit 1gi. Chuyén khéao nay thi€t 1ap toan dién hé thong Forecast Horizon Analytics (FHA).
Chting t6i dinh nghia toan tG Phép Nang Chan Troi (Horizon Lift) L[], ching minh ba ménh dé x4c sudt nén ting vé mat do chiém gidi, tinh
khong thé dinh danh clia xac sudt cham rao cdn chi ti phan vi bién duyén, va sy phan tach gitia d léch Total Variation va sai s6 Monte Carlo.
Pé kiém soét bat dinh Copula, chiing t6i thiét 1ap bién Fréchet-Hoeffding va ghép néi phan phéi thyc nghiém (ECC / Schaake Shuffle). Trong
mdi trudng da khung thdi gian, FHA 4p dung diéu kién héa trong nén trén toan bg cic budc chan trdi b > 1 bdo toan cdu tric ky han mo hinh
va hoa gidi phan cdp thdi gian cho bién tén kho gid qua phuong phap MinT. Cudi cung, chung t6i xdy dung quy trinh kiém dinh kinh t€ Iugng
v6i Fixed-b HAC, kiém dinh bao pht Christoffersen, va Romano-Wolf stepdown bootstrap dé bdo ddm tinh trung thuc tuyét d6i cta alpha.

Asstract (EncrisH): Classical financial indicators and econometric metrics are deterministic functionals evaluated exclusively on historical
observations (t < 0). With the emergence of deep probabilistic foundation models (TimesFM, Kronos), financial econometricians obtain multi-
step distributional forecasts over a forward horizon (h € [1, H ]). However, practitioners frequently commit critical mathematical errors:
evaluating non-linear path functionals on median paths (violating Jensen's inequality), confusing marginal quantiles with path laws, suffering
anchor-shift drift in multi-timeframe setups, and miscalculating passive limit maker returns by ignoring adverse selection. This master
monograph establishes the complete Forecast Horizon Analytics (FHA) framework. We formulate the Horizon Lift pushforward operator
Eh[l }, prove three foundational probability propositions on occupation density, non-identifiability of barrier-crossing probabilities from
marginals alone, and the exact decomposition of Total Variation model discrepancy from Monte Carlo sampling error. To address copula
uncertainty, we establish robust decision bounds via Fréchet-Hoeffding couplings and Ensemble Copula Coupling (ECC / Schaake Shulffle).
Across multi-scale timeframes, we enforce full-horizon intra-bar conditioning across all steps A > 1 preserving model term structures, and
stock-variable hierarchical reconciliation through trace minimization (MinT). Finally, we demonstrate that passive limit orders suffer
conditional adverse selection E[R \ Qfﬂ]] and formulate an institutional validation harness enforcing Fixed-b HAC asymptotics, Christoffersen
conditional coverage tests, and Romano-Wolf stepdown bootstrap.
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Dinh vi Hoc thudt: FHA la mot hoc thuyét giao dich dinh lugng doc lap, thiét lap nén tdng todn hoc va kinh té
lugng toan dién dé chuyén héa cdac két qud ddu ra ciia moé hinh nén tang du phong chudi thoi gian tai chinh
(probabilistic time-series foundation models) — bao gom cdc phan vi bién duyén, ma trgn hiép phuong sai sai 0,
hodc cdc tap quy dao ngdu nhién — thanh hé thong chi bao chan tréi hoan toan mdi, cung cac quy tdc quyét
dinh ddu tu t6i uu, bdt bién va cé cdn cit xdc sudt chdt ché.

1. Y TUGNG COT LOI: SUMOG RONG KHONG-THOI GIAN CUA CHUOI GIA TAI CHINH

Hon mot thé ky qua, toan bo phan tich k§ thuat va kinh t€ lugng chudi thdi gian c6 dién—tit cac chi bao dao
dong nhu RSI, MACD dén dai Bollinger, Volume Profile va ly thuyét cdu truc thi trudng—déu 12 ham toan hoc
cua qua khu. Chung hoat dong doc quyén trén nia truc thdgi gian lich st don chiéut < 0:

He = {zt—k }r>0

Khi cac mo hinh nén tdng chubi thdi gian hién dai (ching han TimesFM, Kronos, hodc céc ki€n tric khuéch
tan ngiu nhién) phat hanh dy béo phan phéi cho H budc tuong lai (b € [1, H], thong thuséng H = 16 ~
64), khong gian phan tich tai chinh dugec md rong thém mot mién hoan toan méi. Mién nay c6 ban chit khac
biét can ban so v6i mién qua khu: né khong phdi 1a mot chudi s thuc tit dinh da dong nén, ma 1a mot luat

x4c sudt du bao chii quan (Q; trén khéng gian cac quy dao tucng lai.

Tuong ty nhu viéc s6 40 ¢ = +/—1 mé rong truc s6 thuc R thanh mit phing phic C, hoc thuyét FHA mé
rong chubi thdi gian tai chinh mot chiéu thanh mit phing da tap Khéng-Thdi gian Chan trdi:

H
Z = {Zt—k }r>0 <) {Fintiy
Quan sat Qua khit H, (Tat dinh)  Chan trdi Dy bdo Q; (Ludt Xéc suit)

Toén ti trung tdm clia hoc thuyét FHA 12 Phép Nang Chan Troi (Horizon Lift) £;: 4nh xa bién bt ky
chi bio ¢6 dién I (v6n 1a mot phi€ém ham vo hudng tit dinh trén dif liéu qua kht) thanh I trd vé mét phan

phéi xac sudt ngau nhién trdi rong trén khong gian cac dudng di tuong lai:

Lin(w) =I(Ya-mits- oo, Ya) = In(sg;wi, . - . wh), Lp[I] = (I10)#Qyx, w ~ Q
v6i chubi gia néi ghép Yy, = x4, , d6i véi cac chisd lich st s < 0va Y, = w, d6i véi cc chi s6 tuong lai
s> 1.
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2. BOI CANH RA DPOI & CAC PIEM NGHEN NHAN THUC LUAN

Sy xudt hién ctia cac m6 hinh dy phéng phin phoi da budc dit ra nhitng thach thdc toan hoc va kinh té
lugng sau sic ma cac phuong phap truyén théng khong giai quyét dugc:

1. Su sup d6 cda cac chi bao tit dinh trén quy dao trung vi: Théi quen tinh toan cic phiém ham phi
tuyén (nhu cuc dai gia, cham ngudng rao can, hoic chi bdo dao dong) trén dudng trung vi q0,5(h) vi
pham tryc ti€p bit ddng thuc Jensen. Pdi véi mot budc di ngdu nhién khong troi, dudng trung vi phing
tuyét déi, trong khi cuc dai ky vong thuc t€ dat xap xi 2.65850 sau 16 budc.

2. Su nham lan giita phan vi bién duyén va phan phéi dudng di: Cac phan vi bién duyén tai tiing bude
thdi gian khong da d€ dinh danh xac suit cia céac bién c6 phu thudc dusng di (nhu cudc dua chot 15i/cit
16). Viéc dinh lugng rai ro bit budc phai tich hgp ciu trac phu thudc lién thoi gian (Copula) va kiém soat
dd nhay qua céc can Fréchet-Hoeffding.

3. Léch pha thong tin trong phan tich da khung thdi gian: Viéc so sanh du bdo gitta cac khung thoi
gian c6 tin s6 14y mau khac nhau néu khong diéu kién hoa gia sd da troi qua sé tao ra xung dot da khung
gia tao.

4. Lua chon bat 1gi trong thuc thi thu dong: Lénh treo Limit Maker chi khép trén cac quy dao gia di
chuyén bét 1gi xuyén qua muc dit, doi hoi ky vong 1¢i nhuan phai dugc diéu kién héa nghiém ngit trén
tap dudng di dugc khép lénh Q.

Hoc thuyét FHA dudc thiét k€ nhu mot hé théng phudng phap luan hoan chinh dé gidi quyét toan dién cac
diém nghén trén, dua viéc tng dung mo hinh nén tdng chubi thdi gian vao thi trudng tai chinh 1én mot chuin

muc toan hoc nghiém ngit.

3. KIEN TRUC CAU TRUC CHUYEN KHAO FHA HOAN THIEN (ARCHITECTURE OF THE
FHA MONOGRAPH)

Chuyén khdo nay dugc t6 chiic thanh 7 phan nghién cttu ly thuyét va ting dung thuc nghiém hoan chinh:
« Phan 00: Loi tya & Dan nhap Hoc thuyét (Preface & Epistemological Overview).

« Phan 01: Nén ting Giéi tich Ngiu nhién, By Nguyén ly, Biy Jensen, Ba Ménh dé Xac suit & Bién
Fréchet.

« Phan 02: Danh muc Chu4n héa Toan dién 32 Chi bdo Chan trdi (8 Ho Toan hoc A-H).

« Phan 03: Ly thuyét Giao thoa Khong-Thdi gian Pa Khung, Pi€u kién hoa Toan Chan troi & Hoa giai
MinT.

* Phan 04: Giao thuic Kiém dinh Kinh té€ lugng Chuén tic: Fixed-b HAC, Christoffersen LR Test, Romano-
Wolf Stepdown & DSR.

« Phan 05: Kién triac Toan hoc Hé thong & Ndm Dinh ly Kiém dinh Bt bién.

« Phan 06: Cdm nang Ung dung Thuc chién: Tt Ly thuyét Chan trdi dén K§ thuat Giao dich Pinh lugng
(End-to-End Execution Workflow & Playbooks).

« Phan 07: Danh muc Tai liéu Tham khdo Hoc thuat Chudn muc (Canonical Academic Bibliography).
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01 — NEN TANG LY THUYET CUA FORWARD HORIZON ANALYSIS (FHA)

Tai liéu nay thiét lap hé thong gid thiét cdu tric, nguyén ly nhdn thiic ludn, ky hiéu toan hoc chudn muc, cdc dinh
Iy xdc sudt nén tdng, gidi tich bdt ddng thiic Jensen va phuong phdp ludn kiém sodt dé bdt dinh Copula. Toan bo 32
chi bdo trong hoc thuyét FHA déu dugc xdy dung nghiém ngdt trén nén ting nay.

1. HE THONG KY HIEU TOAN HQC CHUAN MUC

Ky hiéu Y nghia Toan hgc / Khéi niém Kinh t& lugng

t Chi s6 thdi gian cia cac nén da dong hoan toan. ¢ = ( biéu thi thdi diém phat hanh du bdo (issue_ts).
H; Lich st thong tin thi trudng dén thsi diém t: H; = o (z4—g : k > 0).

Py Gi4 dong ctia thyc té tai thoi diém phat hanh du bao (¢ = 0, goi 14 gi4 neo anchor_price).
he{l,...,H} Buiéc chan tri tuong lai (b = 112 nén tiép theo ngay sau Py; do dai chan tri chuin H = 16 ~ 64).
A b dai budc thdi gian ctia khung nén (gidy): 1m=60, 5m=300, 15m=900, 1h=3600, 4h=14400, 1d=86400.
X Bién ngiu nhién biéu thi gid d6ng ctia thyc té tai budc tuong lai t + h.

g-(h) Phan vimutc 7 € (0, 1) ctia X}, do mé hinh du béo sinh ra: Q( X, < ¢, (h) | Ho) = 7.

Fu() Ham phan phdi tich liy c6 diéu kién (CDF) ctia X, tai budc h.

W (h) Do rong nén bt dinh chan trsi: W (h) = go.o(h) — go.1(h) (don vi gia tuyét d6i).

ATR Average True Range ctia chubi gia lich st tai ¢ = 0, chi tinh trén cic quan sat da dong nén.

w={ a:gk), o m(Hk)} Mot quy dao miu ngiu nhién (sample path) thi & rat ra tif luat xéc sudt chung Q.

RTr Trong s§ do tin cy lich s& ngoai miu cia khung thdi gian (Timeframe Reliability Weight).

Skill(h) Chi 6 ky ning du bao chu&n héa so véi budc di ngau nhien: Skill(h) = 1 — %ﬁ—:g}”“-.
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2. HE THONG GIA THIET CAU TRUC & NGUYEN LY PHUONG PHAP LUAN

DE€ bdo ddm tinh chuén xic cta kinh t€ lugng tai chinh, cic nguyén 1y van hanh ctia FHA dugc phan dinh
rach roi thanh cac gia thiét ciu tric todn hoc va cac nguyén ly ky luat phudng phap luan:

Gia thiét Cau truc 1 — Khong Gian Loc & Bao Toan Thong Tin

Khong gian chéan tréi md rong dugc xic dinh trén da tap thong tin Z = H, @ F; ;. Moi chi bao chan troi
I 1a mot phiém ham do dugc d6i v6i bo thong tin (Ht, emodel)' Chi bao chan tréi khong tao ra thong tin thi
trudng ngoai sinh; gia tri kinh t€ cda nd phan anh ning luc nén thong tin phi tuyén va trich xuit dic trung cda
mo hinh nén ting.

Gia thiét C4u truc 2 — Ban Thé Luin Ctia P Po Du Biao
Do do du bdo no-ron Q; = Q(- | Hy; ) 1a mot do do nhan thiic luan quy nap, khéc biét cin ban véi do do
vat Iy khach quan [P mo t& qud trinh sinh dit liéu thyc t€ cta thi trudng, déng thdi tich biét v6i do do trung hoa
rdi ro Q* trich xudt tr gi4 phai sinh khong kinh doanh chénh léch gi4. Do do (Q; chira hai ting bét dinh:
1. Bat dinh ngiu nhién: Phin 4nh qua do rong nén Wt(h) va phuong sai khuéch tan noi tai cta thi
truong;

2. Bat dinh nhan thic luin: Phin 4nh qua khodng cach Total Variation TV(]P’t, Qt) va sy thiéu ving ciu
truc lién két Copula dong thaoi.

Gia thié€t Cau tric 3 — Phan Biét Giiia Phin B6 Bién Duyén va Luit Pudng bi

Céc phan vi {qT(h)} do mo hinh cong bd dic trung cho cac mit cit bién duyén riéng 1é. Moi dic tinh phu
thugc dudng di lién thdi gian (X7, . . . , X ) (thsi diém cyc tri, s6 14n ddo chiéu, xc sudt cham ngudng kép)
la cac phi€m ham trén khéng gian dudng di R va bit buoe phai dudc danh gia qua tich phan Monte Carlo
Eg[g(w)], khong thé danh gid tryc ti€p trén dudng trung vi.

Nguyén ly Phuong phap luin 1 — Phian Tang Nguon Gdc Dii Liéu

Dt liéu dau vao bit budc phai phan dinh theo 3 ting (Tier A: Pau ra phan phdi gc; Tier B: Bién déi thong
ké kiém soat; Tier C: Minh hoa d6 hoa). D@ liéu Tier C tuyét d6i khong dugc tham gia vao quy trinh tinh toan
chi bao va ra quyét dinh.
Nguyén ly Phuong phap luin 2 — Quy Tic Tién Té Lién Mach Cho Chan Troi Hiéu Dung

Chan trgi quyét dinh hiéu dung h* dugc x4c dinh 14 tién t6 lién tuc dai nhait ma tai d6 can dudi khodng tin
cay ctia k¥ nang du bao duy tri gia tri duong:

h* — max {h €{0,...,H}:Vj € {1,...,h}, CLgy(Skill(5)) > 0}

v6i quy u6c h* = 0 néu ngay tai budc j = 1 can du6i khong vugt qua 0. Moi bude chan trdi A > h* chi
mang tinh chit tham khéo tryc quan va bi loai trit khéi cong thiic phan bé von.
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Nguyén ly Phuong phap luin 3 — Péng Bing Dt Liéu Kiém DPinh

Toan bd du bdo dung dé danh gia k§ ning moé hinh phai dugc dong bing bat bién tai thdi diém phat hanh
issue_ts. Cac du bao quyét dinh c6 cap nhat gia trong nén khong bao gi dugc ghi dé 1én kho di liéu ki€ém
dinh lich st.

Nguyén ly Phuong phap luin 4 — Chuin Héa Theo Thang Bit Pinh Néi Tai
Moi khoang céach gid trén chan trdi du b4ao phai duge chudn hoa theo do bt dinh cuc bo ctia chinh budc d6 (
W (h) hodc d¢ léch chudn o7,), bio ddm tinh bét bién thit nguyén va déng nhat quy mo.

3. LY THUYET QUYET PINH CUA TOAN TU NANG CHAN TROI L, [I]

Mot cau héi nén tang trong kinh té lugng tai chinh: Néu nha dau tu da c6 phan phéi du bao (Q; trén khong
gian quy dao )= R, tai sao khong truc ti€p gidi bai todn t6i uwu hoa hitu dung ky vong
max, fQ U (Payoff(a,w)) dQ;(w), ma lai cin ddy d¢ do qua chi bdo c6 dién I thong qua toan ti nang
chan trai:

Iin(w) =I(Yamit, .-, Ya) = In(st;01, - -, wh), LI = (L) 4 Q

trong d6 vector gid ndi ghép dugdc dinh nghia b8i Y5 = @445 cho céc chi sé lich st s < 0va Ys = ws cho
cac budc tuong lai s > 1, dong thdi véi cac chi bao dé quy c6 trang thai vo han (nhu Wilder RSI hay EMA), St
14 vector trang thai lich st ké thira tai thoi diém phat hanh ¢.

Hoc thuyét FHA dua ra 3 luan c@ kinh t€ hoc va giai tich ngiu nhién sau sic:

1. Tinh Pay Pu Trong Ly Thuyét Quyét Pinh (Decision-Theoretic Sufficiency): Khi ham thda dung
va cdu trac hoan tréa ctia chién luge phu thudc vao dudng di gia thong qua chi bao—tiuc U (R7r (w)) =
£ (It (w)) trén khong gian chién luge ung vien € II—phan phéi ddy Li[I] = (It )4 Qx 1a dai
lugng ddy di duy nhit can thiét dé€ danh gia va t6i uu hoa chinh sach:

Bo [U(R)] = [ () dLil1(w)

Chiéu khong gian quy dao vo han chiéu RH 1en cac da tap chi b4o bi chin chuin héa (nhu RSI €
[0, 100] hay ty s6 hiéu sudt ER € [0, 1]) mang lai cd ché chinh quy héa (regularization) manh mé, bao
vé hé thong trude nhiéu uée lugng cuc doan & cic dudi phan phdi.

2. Tinh Phan Xa Hanh Vi Pam Pong & DPi€ém Héi Tu Schelling (Crowd Reflexivity & Schelling
Points): Trén thi trudng tai chinh, phin I6n thuit toan dinh lugng va dong von t6 chiic déu phan tGng
dong loat tai cac ngudng chi bao kinh dién (ching han RSIi4 = 70, giao cit EM Ay 59, cham dai
Bollinger). Sy kién {It,h (w) > ¢} danh ddu thdi diém bung né thanh khoan noi sinh ctia ddm dong.
Toan t& Lp[I] cho phép lugng hoa chinh xé4c xac sudt phan phéi ctia chinh céc diém kich hoat hanh vi
nay.

3. Du B4o S6m Thai Piém Kich Hoat Tin Hiéu Ma Khong Lam Thay Péi P Tré Pha Cé Hitu Cua
B0 Loc: Ban than bo loc nhan qué I trén chubi gia lich st vin gilt nguyén dap Gng pha theo thiét k& toan
hoc ctia n6. Tuy nhién, viéc 4p dung bd loc trén cac quy dao du phong tuong lai cho phép nha dau tu
lugng hoa trudec phan phéi xac sudt clia thsi diém h ma tai do tin hiéu ky thuat sé kich hoat, cht dong
dinh vi vi thé trude khi dam dong nhan thic dudc tin hiéu tai thoi diém dong nén tuong lai.
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4. GIAI TICH BAT PANG THUC JENSEN & CUC PAI KY VONG ROI RAC

4.1 Ban Chat Toan Hoc Ctia Bit Ping Thiic Jensen

Bét déng thic Jensen khéng dinh réing v6i moi bién ngiu nhién X va ham 16i g:

Elg(X)] > g(E[X])

Déng thiic xay ra khi va chi khi g 1a ham affine tuyén tinh trén gia ctia X, hodc X suy bi€n thanh mot hing
sO tat dinh.

Trén tdp miu quy dao Monte Carlo hitu han {w(k) }5:1, bit ddng thiic bdo toan tinh 16i c6 dang:
1 < 1«
= (k) > — (%)

1

Can luu ¥ riing d6i v6i cac phiém ham 16i trén dudng di g: R¥ — R—ch&ng han phiém ham cuyc dai gi4
9(w) = maxg<p<pg X}, hodc phuong sai dudng di—bat déng thiic Jensen khing dinh E[g(w)] > g(E[w]).
Hon nifa, d6i v6i cic phi€m ham chi thi va bac thang nhu bién c¢6 cham ngudng rao cin 1y, < gy, ky vong todn
hoc va céc phép bién ddi phi tuyén khong thé giao hoén: E[g(w)] # g(E[w]). Do @9, viéc dénh gid cac
ngudng rao can hay cuc dai trén dudng trung vi sé gay ra sai s6 1éch am nghiém trong so véi ky vong thuc té trén
khong gian mau.

4.2 Hiéu Chinh R&i Rac Spitzer-Pollaczek Trén Bu6c Pi Ngau Nhién
x . x i.1.d.
Xét chubi gid chuyén dong theo buéc di ngiu nhién Gaussian khong troi: X, = Py + Z?:l €; VOi €; S
N(0,0%). Pusng trung vi dy béo 1a mot dudng thing nim ngang: qos5(h) = Py,Vh —
maxi<p<i qo.5(h) — Po = 0.

Ngudc lai, ky vong toan hoc clia cuc dai rdi rac sau H budc tuin theo dinh ly t6 hgp gidi tich Spitzer-
Pollaczek (Spitzer, 1956; Comtet & Majumdar, 2005):

max X, P = 2N~ (2L c0/2) L
E[OgthXh PO]_\/%;\/E ( - + e +0O(H ))

Vi hiing s6 Riemann zeta tai 1/2 mang gié tri am ({(1/2) ~ —1.46035), s6 hang hiéu chinh rsi rac
mang diu 4m x4c thuc:

¢(1/2) _ —1.46035

~ ~ —0.5826
2 2.50663

Do d6, khai trién tiém cin cda cyc dai ky vong c6 dang:
[2H
E [max Xy —Po] =X ( — —0.5826)
0<h<H s
Tai H = 16:

*  Gia tri tiém can dat: 0(4/32/7 — 0.5826) = ¢(3.1915 — 0.5826) ~ 2.60890;
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« Gia tri t6ng roi rac chinh xac ctia chudi Spitzer httu han dat:

16
o 1

e — — =~ 2.65850

V27 kZ:; vk

Do do, giGi han khuéch tan lién tuc cta chuyén dong Brown (3.19150) vugt mic ky vong rdi rac chinh

xac 16 budc (2.65850) mot lugng 20.0% do quy dao lién tuc ghi nhan cic dinh cuc tri néi nén nim gitia

cic diém quan sat rdi rac, trong khi viéc danh gia trén dudng trung vi 1am suy giam 100% do léch ky

vong nay.

5. BA PINH LY XAC SUAT NEN TANG CUA LY THUYET CHAN TROI

Dinh 1y 1 — Pinh Danh Miat P§ Chié€m Gii T Phan Vi Bién Duyén (Expected Occupation Density)
Gia st vector ngdu nhién (Y7, ..., Y) cd cic phan phéi bién duyén hoan chinh Qr(B) = Q(Y3 € B),
vaay, > 01acic trong s tit dinh. Khi d6, véi moi tap Borel B € B(R):

H H
Eq [Z ahl{YheB}:| = Z apQn(B)
h=1

h=1

Chiing minh: Ap dung tinh tuyén tinh ctia ky vong todn hoc trén téng hitu han:

H H H H
Eq {Z ahl{yhes}} = anEg[lyy,epy] = > anQ(Ya € B) = Y anQn(B)
h=1

h=1 h=1 h=1

H¢ qud: Xy vong cuia thdi gian chiém gitt muc gia hodc phin phoi khoi lugng gia tudng lai (fPOC, fVA) dugc
dinh danh day dt duy nhit ti cac phan phéi bién duyén, hoan toan khong phu thudc vao ciu triac tuong
quan chubi hay Copula lién thdi gian.
Pinh ly 2 — Can Fréchet Sic Nét & Tinh Khong Thé Pinh Danh Cta Xac Sudt Cham Rao Can (Sharp
Fréchet Barrier Bounds)

Cho 16p Fréchet M(Ql, e Q H) gom todn bd cac phan phoi dong thdi trén R ¢6 chung céc phan phoéi
bién duyén @1, . .., Qg. Pit pp, = Qn((L,+00)) 1a x4c suét bién duyén vugt rao can L > P tai budc h.
Khi d6, xac sudt cham rao cdn lién thdi gian bi chin sic nét (sharp bounds):

H
< < mi
IISI}LaS)%Iph <Q <11<I}13%}§{ Y, > L> < min <1, ;ph>

Khi va chi khi max p, < min(1, > p), xéc sudt cham rao cin khong thé dinh danh duy nhit néu
khoéng cé thém thong tin vé ciu tric Copula.

Chiing minh tinh sdc nét (Sharpness Construction): Tinh sic nét ctia hai cin dugc xac 14p chit ché thong qua
viéc xay dung bién c6 tudng minh trén bién ngiu nhién déu U ~ Uniform|0, 1] ma khéng phu thudc vao
viéc ton tai Copula Fréchet da chiéu:

1. Can duéi maxpy: Chon cac khodng léng nhau Ej = [0,py] C [0,1]. Khi d6 bién c6 hop

H 7 A 7 ~ ra N
Uh:l E, = [0, maxi<p<H ph], 6 do do x4c suat dung bang maxj << g Ph.
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2. Can trén min(l, th): Chon céc khodng khong giao nhau lién tiép Ej = [Zi:ll pi, Z?:l pi)
quén trén dudng tron don vi R /Z chu vi 1. Bo do ctia bién c6 hgp dat ding min (1, Zle ph). Sau do,
v6i méi buéc h, phan phdi gia tri ctia Y, bén trong Ep, va ngoai Ep, dugce ghép theo ding luat phan phdi
c6 diéu kién ctia @, tng v6i {Y;, > L} va {Y;, < L}, khoi phuc hoan hao toan b cdc phan phéi bién
duyén (Q, ma vin dat dting hai gi4 tri bién ctia xac suat hgp.

Minh hoa: Xét H =2, Y1,Y2 ~ N(0,1) va ngusng L=1.0 = p; =p2 =1— $(1.0) =
0.158655.

*  Dusi Copula dong bién cyc dai: Q(max > 1.0) = max(p;,ps) = 0.158655;

*  Duéi Copula doc lap: Q(max > 1.0) =1 — (1 — p1)2 ~ 0.292147,

* Dusi Copula nghich bién cyc dai: Q(max > 1.0) = min(1,p; + p2) = 2 x 0.158655 =

0.317310. Ty s6 gitta can trén va can dudi ding bing 2.0. Do d6, viéc xay dung ciu truc Copula thuc
nghiém la yéu ciu bdt bugc d€ kiém soat do nhay rao can.

Dinh 1y 3 — Phin Tach Sai Léch Total Variation & Sai S6 Monte Carlo (TV-MC Decomposition)

Goi P 1a luat xac sudt thuc t€ clia thi trudng, (Q 14 m6 hinh sinh miu lién tuc véi khodng cich Total
Variation TV (P, Q) = supg |P(B) — Q(B)| < 4. Goi w®, . w® 1a K quy dao mau rat iid. ti Q,
vapy = % Zle 1 A(w(k)) 12 u6c lugng Monte Carlo cho mot sy kién quy dao c6 dinh A. Khi d6, véi xdc

suit t6i thifu 1 — o

. In(2/a)
—PA)| <6
B4~ B(A)| < 8+ L
Pa6i v6i mot ho gém M sy kién rao cén tng vién { A1, . .., A}, can dong thdi theo bat ding thiic Boole-
Bonferroni la:
In(2M /)

pa, — P(An)| <6
Sup [P, = P(An)| <5+ K
Chitng minh: Ap dung bit ding thuc tam gidc: [pa — P(A)| < |pa — Q(A)| + |Q(A) — P(A)| < [pa —
Q(A)| + 4. Ap dung bét ding thiic Hoeffding cho bién ngdu nhién Bernoulli i.id.: Q(|pa — Q(A4)| > ¢€) <
2exp(—2Ke?). bita = 2exp(—2Ke?) = € = 1/In(2/a)/(2K), ta c6 diéu phai chiing minh.
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6. XAY DUNG PHAN PHOI LIEN TUC & CAU TRUC PHU THUQC COPULA

6.1 Phan Phéi Hai-Ntita-Chuin Ghép Trung Vi & Cong Thiic Phucng Sai Chinh Xac

Pé mo hinh héa phan phéi lién tuc tit 3 phan vi go.1(h), qo.5(h), go.9(h), ta xéc dinh hai tham s6 phan
tan:

ol = q0.9(h) — qo5(h) ot = q05(h) — qo.1(h)
h , h

. 200 =®1(0.9) ~ 1.28155
20.9 20.9

Ham phan phéi tich Ity F}, () dit xac sust dung 50% cho méi phia ctia trung vi go 5 (h):

5 (%) z < qus(h)

P (%) x > qos(h)

Bién nglu nhién biéu dién dudi dang: X, = qg5(h) +U;TZ|Z|1{Z>O} —Ji|Z|1{Z§0} voi 4 ~

Fh(iL‘)

N (0, 1). Ky vong toan hoc va phuong sai c6 diéu kién chinh xac 1a:

) 1
g, — 0O
E[X)] = qo5(h) + =2
[ h] q0.5( ) m
(O.T)z + (o.i)z 1
Si,exact = Va’r(Xh) = h D) e — %(02 - U}t)2

Khai trién dai s6 theo do rong non W (h) = ZO.Q(O'Z + U,t) va do lech Agy, = ,‘/:0‘9(0;Z — a,t):

W(h)\> w—2 W(h)\>
heexact = Ag)? ~ (= | +0.05531 (Agy)?
Sh,exact ( 2700 ) + 471'23.9( qh) (2.563 +0.0553 ( Qh)

Cong thiic nay bdo ddm tinh xac dinh duong nghiém ngit véi moi gia tri O',TL, a,t > 0.

6.2 Tham S6 Hoa Fechner Mode Cho Chi Bao Mat b6 fPOC

Pé udc lugng diém kiém sodt mat do tuong lai fPOC = arg max, Y | wp, fx(p), ham mat do Fechner
lién tuc tai mode dugc tham s6 hoa v6i do dich chuyén tif trung vi (Wallis, 2014):

Hmode,h ~ q0.5(h) - \/%(0‘2 - Ut)

(J: - Nmode,h)2

exp | ———— x < de,h
fiFecmer () = ——=— o) o
h,Fech: =V SN
echner 271_(0_2 + O'It) (QI _ /meode,h)2
exp ( ————5_"—| > [tmodepr
2(0y,)
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Ghi chit Nhan thiic luan vé B6 ba Biéu dién Toan hoc trong FHA: FHA phdn dinh rach roi ba cdu tric gidi tich
phuc vu cdc muc tiéu kinh t€ lugng khdc nhau: (i) Ham phan phéi hai-nita-chudn ghép trung vi (Wallis, 2014) &
Muc 6.1 la biéu dién gidi tich chudn muc cho cac phén vi bién duyén F},; (ii) Ham mdt dé Fechner lién tuc quanh
mode 6 Muc 6.2 dong vai tro dai dién lam muot mat do (density-smoothing surrogate) dé dinh vi diém kiém sodt
khoi lugng tuong lai fPOC; va (iii) Mé hinh dong hd phuong sai Gaussian gia sé doc lap (6 Chuong 03) dong vai
tro dai dién cap nhdt c6 diéu kién (conditional updating surrogate) dé hdp thu bién dong gia trong nén ma vdn bdo

toan cdu triic ky han bdt dinh ctia mé hinh nén tang.

6.3 M6 Phéng Quy Pao: Nhan Hiép Phucong Sai fBm & Ghép Néi Phan Phéi Thuc Nghiém (ECC)
Dé& sinh tap quy dao ngiu nhién {w(k) }szl béo toan cdu truc chudi thdgi gian:
1. Copula Gaussian Phan S6 (fBm Copula): Vector chuén héa Gaussian Z*) ~ A/ (0, Xy ) dudc sinh

tl ma tran tucng quan chuyén dong Brown phan s6:

Pl (Hr) =

N =

hodc nhan log-thdi gian Lamperti p;; = e Almi—Injl Gig tri quy dao dugc khoi phuc qua bién déi tich
phan: e = Fh_l(q)(Z}(Lk))).

2. Ghép Néi Phan Phéi Thuc Nghiém (Ensemble Copula Coupling / Schaake Shuffle): Rut K miu
doc 1ap ti phan phdi bién F},. Sau do, cac miu tai tiing buéc h dugc sdp xép lai thd tu sao cho ma tran
tht hang khép chinh xac v6i ma tran thd hang cua tap dudng di ngdu nhién géc do moé hinh sinh ra.
Phuong phap nay bdo toan toan ven cic phan vi bién duyén dong thdi k€ thita ciu truc phu thudc phi
tham s6 thuc té.

02 — DANH MUC 32 CHi BAO CHAN TROI (FHA INDICATOR CATALOG)

Quy udc nhan phan logi: - [M] Bién duyén chudn tdc (danh gia tw F},) - [M\*] Bién duyén kém gid dinh cdu tric
- [P] Phy thudc duong di (yéu cdu tich phdn duong mau) - Tier = Tang dit liéu t6i thiéu cho phép (Tier A / Tier B) -
Pham vi hiéu dung: Moi chi bdo chi duoc ddnh gid trong chan troi hiéu dung h < h* (Nguyén ly Tién t6 Lién
mach).
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BANG TONG HOQP 32 CHI BAO CHAN TROI CHUAN HOA

ID Tén Chi Bio Ho Toan Hoc Loai Tier Thu Nguyén

Al Cgu trtic Ky han Tréi Chuén héa Z (h) & Pinh C6 Ddu Zgs, Bong lugng A [0] Vo tht nguyén

A2 Xac sust Huéng P'(h) & Loi thé Rong Dp bong lugng A [0] Xac sudt € [—1,1]
A3 RSITudng lai & Phan ky Tién tri (fRST) bong lugng p B [0] Thang do € [0, 100]
A4 Thei diém Giao cit Dy phong Ty bong lugng p B [Budc] Théi gian rdi rac
A5 Po cong Pong lugng Chudn héa 'yorm Dbong lugng M A [0] V6 tht nguyén

Bl Phan phéi Théi diém Dinh Typex () Thoi gian 4 B [0] Phan phai xac sut
B2 Xéc sudt Cudc dua Rao can Prace & Lai thé Déi xting Epace Thoi gian p B [0] Lgi the € [—1,1]

B3 Thai gian Cham Ky vong [E[7] Thdi gian P B [Budic| Théi gian rdi rac
B4 Chu ky Ban ra Loi thé hy /5 Thdi gian M A [Budc] Ngugng Time-Stop
B5  Péng bo Pong hé Phién Ogegsion Thoi gian M A {0, 1} Chi thi nhi phan
Cl  po rong Nén Chudn hoa Vo Thtt nguyén Wp(h) Non Bét dinh M A [0] Ty s6 co gian

C2  S6 mii Gian né Nén H g (Cone Exponent) N6n Bét dinh M A [0] He s6 ma

C3 Eo Nén Tuong lai (Forward Squeeze) Non Bat dinh M* A {0, 1} C&nén bién dong
C4 C&u trac Ky han Skew & Do Xoin Skew (Twist) No6n Bit dinh M A [0] V6 thtt nguyén

C5  Phan bu Bién dong Du bao I, Non Bét dinh M A [0] Chénh léch logarit
D1 M4t dd Chiém chd Tuong lai & fPOC Lién tuc Mode Vung Gia M A [Gié] Pon vi tién té

D2 Can Fréchet Sic nét Cho Xéac suiit Cham Ngudng Vung Gia M A [0] Khodng x4c sudt

D3 piém Hgp luu Qua khii-Tuong lai Cpp Ving Gia p B [0] Mat do chudn hoa
D4 Xéc sudt Sdn Thanh khodn Hpunt Vang Gid P B [0] Xac sudt € [0, 1]

D5  C&u truc Phan phdi Nén Tuong lai Vung Gia P A [0] Hinh thai hoc

E1  Chisd Bdt déng Dy béo D(h) Stta d6i Ky vong M A [0] Khoang c4ch chudn hoa
E2  pong lugng Stia d6i Dy bdo Revd'rlft (Kiém dinh C-G) Stta d6i Ky vong M A [0] V6 tht nguyén

E3 Ty lé Lat huéng & Do On dinh Paip Stia d6i Ky vong M A [0] Tan sudt € [0, 1]

E4 Ty s6 Phan tédn Lién mo hinh A, Stta d6i Ky vong M A [0] T¥ 58 vo th nguyén
F1  Chi s6 Bit ngd Dy béo (FSI) & Ty tuong quan Higu chudn & PIT M A [0] Z-score chudn hoa
F2  Stc khée Hiéu chudn /gy (Christoffersen LR) Hig¢u chudn & PIT M A [0] Hess € [0, 1]

F3 B¢ Phat hién Ché d Mo hinh Tré pha Hiéu chudn & PIT M A {0, 1} C5 Meta-Regime
Gl Ty s6 Hiéu qua Pudng di Tuong lai ER™* Cdu trac Pudngdi P B [0] Ty s6 € [0, 1]

G2 Xéc sudt Pao chiéu Quét Ngudng Prey Cdu trac Puongdi P B [0] X4c sust € [0, 1]

G3  Ap lyc Rau nén Phan phéi A yicx Cdu tric Busngdi M A [0 Hess € [—1,1]

H1  p¢ Keét hgp Pha Lién théi gian Peon Giao thoa Pha P B [0] He s6 € [0, 1]

H2  Pha Chu ky Kéo dai ¢™ Giao thoa Pha M A [

Radian| Géc pha
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HO A — PONG LUQGNG & PINH HUONG TUONG LAI

Al. Cdu tric Ky han Trdi Chuin héa Z(h) & Pinh C6 Dau Zg;, — [M] - Tier A

_ qos(h) — Py

Z(h) = W (h)/2.563

trong d6 hé s6 quy déi 2.563 = 2 x 1.28155 chuyén d6i khoang phan vi 80% vé do léch chudn Gauss
tudng ducng.
* Dudng chuin null (Null baseline): Khi thi trudng ngoai suy do troi tuyén tinh véi bién dong o,

Z(h) = ;"—& = £4/h ¢6 xu hu6ng ting ty nhién theo v/h. Do d6, FHA b8 sung chi s6 hinh dang troi

v0 thu nguyén:

+ Dinh tréi c6 ddu (Signed Horizon Extremum): D& tom tit toan bo dudng cong ky han sang mot dai

lugng vo huéng ma van bdo toan tinh phan déi xing (anti-symmetry) d6i véi 1énh Short:
hz = arg max |Z(h)l,  Za=Z(hz) €R
Khi cdu tric ky han nghiéng manh vé phia gidm gia (qo.5(h) < Py), Zgir < 0, bdo ddm chiéu am dugc
phén anh day da trong toan b cac cong thic hgp nhat.
A2. Xéc suét Huéng P'(h) & Lgi thé Rong Dp — [M] - Tier A
P'(h)=1—Fy(Py+¢), P'(h)=Fy(Py—¢), €e=0.08-ATR

*  Xac sudt di ngang trong bién do nhiéu: P°(h) = 1 — PT(h) — P*(h).

*  Lgi thé hudng rong ddi xiing: Do c6 dai trung tinh €, téng PT + P+ < 1. Pé tranh hién tugng léch
am khi thi trugng tich 1y, thudc do ddi xtiing dugc chuin hoa:

Dp(h) = P(h) — P(h) € [-1,1],  Dp= =" Dp(h)

Khi phan phéi d6i xting hoan ho quanh gi4 neo Py, P = P* = Dp = 0.

A3. RSI Tuong lai & Phan ky Tién tri (fRSI) — [P] - Tier B

~ k ~
Dit chudi gid néi ghép ¥Ys = 2415 cho s < 0va Y, = w§ ) cho s > 1. Bién ngiu nhién RSI trén ting

duong di mau w*) tai budc chan troi b 1a:

fRSI™ = RSLi4(Yi-14,- - -, ¥2)
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« M6 phong dé quy Wilder trén dudng di: Cip nhit dé quy trang thai 13i/16 trung binh theo Wilder
(1978) doc theo tung quy dao wk).

13

13 1
(k) _ (k) (k) (k) \* (k)
Gy’ =Gt V" -v7) Ly =1

k k k)\—
B+ 3 (069 - %)

v6i khéi tao trang thai lich st Wilder Gy = ét valLg = l_}t dudgc cap nhat dé quy trén chudi gia lich st (
G, = 13C_¥s 1+ 114(315 T, 1) val, = 14L5 1+ 14( —:Es 1)7 cho moi s < t), bdo ddm

ké thita diéu kién bién lich st lién tuc khong ngit quing, cho ra RS G(k) /Ly *) va fRSI;lk) =
100 — —100 _
1+RsM”

* Bio c4o phan phéi ddy da: Ky vong diém 1a fRSI, = Eg[fRSI;(w)] = 100 -

Eg [#%] € [0,100], di kém trung vi miu medy, fRSI(k), dai phan vi 10%-90%, va xac

sudt qua mua ctia bién ngau nhién dudng di:

K
1
Q(fRSIy(w) > 70) = K Z 1{fRSI§f)>7O}
k=1

« Phan ky Tién tri (Pre-emptive Divergence):

K
Paiv = E Z [1I<I}La<>§{ wy,” > maxz; A fRSIgrgmaX < RSIpma;;]
k=1

A4. Thoi diém Giao cit Du phong 7« — [P] - Tier B

Cho hai dudng trung binh dong nhanh va cham. Trén ting dudng di mau w®):

T(k) =min{h € [1,H]: MAf sth cit MA lowh}

Ham khdi xéc sudt rdi rac: 7 (h) = % Dok 1[7’X = h].
*  Xéc sudt giao cit trong chan troi higu dung: Q(7,, < h*) = Zzzl m (h).
A5. P§ cong Pong lugng Chudn héa I', ., — [M] - Tier A

qos(h +1) —2qo5(h) + qos(h — 1) _ A%qy5(h)
W (h)/2.563 o

I‘IlOI‘IIl (h) =

*  Phép chia vi phan bac hai cho do phan tan c6 diéu kién o, = W (h)/2.563 tai budc h triét tiéu hoan
toan don vi gia tién t& (USDT / USDT), dua I';,o;m V€ dai lugng vo thu nguyén do ludng gia toc ky vong
trén quy mé6 mot do léch chudn. I'yorm > 0: dong luong gia téc ting; I'norm < 0: luc ddy gidm téc hoic
uon cong dio chiéu.
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HO B — THOI GIAN & PO TRE NGAU NHIEN

B1. Phan phéi Thoi diém Dinh 7, (h) — [P] - Tier B
LK

(k) _ (k) _ k)

h = arg 02};&5{ wp’, Tapex (P kg_ 1 =

max max
1

« Entropy thong tin thdi diém:

H
H pex — Z 7Tapex(h) In 7Tanpex(h)
h=0

Tin hiéu phan phdi dinh hoi tu 16 rét khi Hypex < Harcsine — 0.35 (so v6i dudng chudn quy luét

Arcsine ctia buGc di ngu nhién).

B2. X4c suit Cudc dua Rao can Ppce & Lgi thé Péi xiing E;acc — [P] - Tier B

Cho khodng cit16 a > 0 va chét16i b > 0. Trén tiing dudng di miu w®);
7'S(Ili)—mm{h wp, )<Po—a} Télg—mm{h wy, )>P + b}
3 k)
Prace(a, b) Z <l A7) < w]

k:
« Dudi gid thuyét khong cta chuyén dong Brown khong troi trén chan trdi vo han, xac suit tiém can la
_ a
Dnull = atb-
+ Lgi thé cudc dua doi xing (Symmetric Race Edge):

Prace ~ FPnu .
1—“ khi Prace 2 Pnull
grace - P, fn;ll 1 € [_17 1]
_ khi Prace < Pnull
Pnull
Khi ,Prace =1 = grace = +1’ khi Prace =0 = grace = _1; khi Prace = Pnull —
gra,ce = 0.
B3. Théi gian Cham Ky vong E[77] — [P] - Tier B
Do ® g o K,
— L t h) = itouch
E[r | touch] K. . Q(touch) 7

B4. Chu ky Ban ra Lgi thé /1, ;5 — [M] - Tier A
by =min{h > hz : |Z(B) < 312(h2)l},  Pnoa = min(hys, b)

*  Thiét 14p ngudng thdi gian Time-Stop cudng biic: néu sau hy,g1q bude gia chua dat muc tiéu 1gi nhuan, vi
thé phai dugc tit toan theo gia thi trudng.
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B5. Pong bo Pong hd Phién Ogegsion — [M] - Tier A
Ogession = 1 [Cfra sO [t,t + h*] N Macro Event Time # (Z)]

HO C — HINH HQOC NON BAT PINH

C1. Pd rong Nén Chusn héa V6 Thi nguyén Wp (h) — [M] - Tier A

- W (h)
Wp(h) =
p(h) 2.563 - Py - 00 - VR

trong d6 W (h) va P cting mang don vi tién t¢, 0pe,1 12 d6 bién dong 1gi sudt mot nén lich st. Phép chia
cho Py bdo dam Wp (h) la dai lugng thuan vé thi nguyén:

. Wp ~ 1.0: Nén bién dong co gian ding theo m6 hinh khuéch tdn chuén;

. Wp < 1.0: Nén d06 bat dinh (volatility compression);

. Wp > 1.0: Gian nd bdt dinh (volatility expansion).

C2. S6 mil Gian nd N6n Hr (Cone Expansion Exponent) — [M] - Tier A
Ho6i quy log-logtréen h = 1, ..., H:

an(h) =c+ Hrplnh+¢y,

*  So sanh véi dudng chudn mo hinh GARCH(1, 1) dé tach biét hién tugng tap cum bién dong:

AH = Hp — HF*"M
AH > 0khing dinh m6 hinh du bao ciu tric bat dinh mé rong vugt trdi so v6i quan tinh lich st.

C3. Eo Nén Tuong lai (Forward Squeeze) — [M\*] - Tier A
Phuong sai tiing budc ngu y:

k k N VUpath (h)
vpan (h) = Var (0 — wj?),  9(h) = (Pﬁﬂ
Prvaist = arg 2§%1}§73v(h), Squeeze = 1 |:’U(hwaist) <05 A je[hwaiﬂi}iiwaisﬁ?,] 0(j) > 1.2

C4. Cau truc Ky han Skew & P§ Xoin Skew (Twist) — [M] - Tier A

S(h) = (20.9(h) — CIo.5(h)3V_(h()‘J0.5(h) - ‘10.1(h)), Twist = Sy — 5.

gan




Truone HoAnc NHAN HOQ C — HINH HOC NON BAT PINH

C5. Phan bu Bién dong Du bao 11, — [M] - Tier A

Hvol —In O'forecast(h - 14)

Oref

HOQ D — LY THUYET VUNG GIA TUONG LAI

D1. Mat do Chiém ché Tuong lai & fPOC Lién tuc Mode — [M] - Tier A

Mat do chiém chd ky vong tai muc gia p (Pinh 1y 1):

"
p(p) = Ziah ; anfn(p),  an = max (0, Skill(h))

Piém kiém soét tucng lai (fPOC) duge x4c dinh thong qua mat do Fechner lién tuc mode véi tham sé
mode dich chuyén tif trung vi:

™
Pmode,h, = go.5(h) — 3 (U;Tl - Ut)
H
fPOC = arg maxz Wh, fh, Fechner (D), Wy, = aj, = max (O, Skill(h))
L -

Vung Gi4 tri Tuong lai (fV Ayqe) 12 khodng gid [plow, phigh] hep nhét tich 1ty dd 70% t6ng dién tich dudi
dudng cong mat do p(p).
D2. Can Fréchet Siac nét Cho Xac suit Cham Ngudng — [M] - Tier A

V6i muc gid rao cdn L > Py va céc xdc sudt bién duyén pp, = 1 — Fp(L):

max p, < @(O{Xh > L}) < min (1,) i)
h=1

1<h<h*
h=1

>

D3. Piém Hgp luu Qua khi-Tuong lai Cpr — [P] - Tier B

Crr (p) = \/p(p) - VPuorm (p)
D4. Xac suit Sin Thanh khoan Hpynt — [P] - Tier B

1

P(Sweep L) = % Z 1 [m}?xw,(f) >L A wg) < L-05ATR

K
k=1
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D5. Cau truc Phan phéi Nén Tuong lai — [P] - Tier A

Nhén dién cac cum phan vi hinh thai nén dya trén cic diu ra phan phdi tryc ti€p tif moé hinh (Tier A).

HO E — SUA POI DU BAO & BAT PONG KY VONG

El. Chi s8 Bit dong Du bao D(h) — [M] - Tier A

4% (h) — g)(h)]

D(h) =
Vsi(h) + s3(h)
E2. Pong lugng Stia d6i Du bao Revdrlft [M] - Tier A

i (@3(T) = P) — (a5 () — a5 (#)
Rev{""(T) = 25 ATOI;t

eR

Revgrift la dai lugng thuan vo th nguyén phan anh toc do cap nhat thong tin méi cia mo hinh nén tdng
déi v6i cing mot muc tiéu tuong lai 7' (T = t + h). Trong cong thic tin hiéu téng hgp, ham tanh(ReV?ri&)
dudc st dung truyc ti€p ma khong cin chia lai cho ATR;.

E3. Ty 1& Lat huéng & P9 On dinh $g;, — [M] - Tier A
1 N
. t—j . t—j+1
By = 7 21 sien(2i,”) # sen(Z, )
]:

E4. Ty s6 Phan tan Lién mo6 hinh A, — [M] - Tier A

Smodely (h)

Ao(h) - Smodel, (h)

HO F — HIEU CHUAN MO HINH & KIEM PINH PIT

F1. Chi s6 Bit ngé Du bao (F'SI) & Tu tuong quan — [M] - Tier A

?

us = Fyi(zee1) € 10,1], =0 (w), FSIy = T

gM

Phuong sai miu hiéu chinh du6i tu tuong quan chudi:

N-1 k
Var(FSIy) =1+ 2 ; (1 — N) Pr

Ngudng phat hién bat thudng dudc chudn héa: £2.0,/Var(FSIy).



Truone Hoang NN HO F — HIEU CHUAN MO HINH & KIEM DINH PIT

F2. Stic khée Hiéu chuin /C., (Christoffersen LR Test) — [M] - Tier A

Kiém dinh ty s6 kha di bao phti c6 diéu kién (Christoffersen, 1998) trén chubi chi thi I; = l{x +1€]d01,d09]

LRcc = LRyc + LRing ~ x2(2)

Coverage — 0.8
Kear = (1 — min (1’ | 0g2 |>) ’ 1{Pcc20.05} € [07 1}

F3. B6 Phat hién Ché do Mo hinh Tré pha — [M] - Tier A
Pém chubi bit ngd cting ddu lién ti€p Run;. Khi Run > 4 va |FSI| > 2.0, hé thong chuyén sang ché do
phong thu.

HOQ G — CAU TRUC PUONG PI & PAO CHIEU

G1. Ty s6 Hiéu qua Pudng di Tuong lai ER™ — [P] - Tier B

w® — Py

Zh 1 \w — w4

ER+® —

G2. X4c sudt Pao chiéu Quét Ngudng P,., — [P] - Tier B
Prev(k) = Q(quy dao tién > k ATR theo huéng du bao r6i it vé < P, trudc h*)

G3. Ap Ivc Rau nén Phan phéi Ayick — [M] - Tier A

A — > p(min(Op, Cr) — L) — >, (Hp — max(Oy, Ch))
e >n(Hn — Lp)

€ [-1,1]

HO H — GIAO THOA SONG LIEN THOI GIAN

H1. P6 Két hgp Pha Lién theéi gian ®.o,, — [P] - Tier B

1 H
72

h=1

coh -

H2. Pha Chu ky Kéo dai ¢ — [M] - Tier A
So sanh goc pha cua chu ky Fourier troi qua khtt v6i huéng di chuyén cua trung vi du bao.



TruonG HoAne NHAN CHI S6 HOP NHAT & PIEM HOP LUU PA KHUNG

CHI SO HOP NHAT Trpa & PIEM HQOP LUU PA KHUNG =

Chi s6 chat lugng phan phdi chan troi:

Qpua = Kear - (1 — D) - €7 - g (Skill(hye), R € [0, 1]

Tin hiéu dinh huéng hgp nhait:

Toa = Opiia - (0.45 tanh(Zgy/2) + 0.30 Dp + 0.25 tanh(Revfrift)) €[-1,1]

trong d6 moi s6 hang bén trong ngodc déu 1a cac dai lugng vo thi nguyén bat bién quy mo.

Diém hgp luu da khung thdi gian:

>, w;j tanh (Zj,dir/2)

Wi

— .
- = )

0 khi h* = 0 hodc » ;w; =0

€[-1,1] khih*>0va Y w; >0

w; = Orua,j - Rrrj - € ¥ - max(0, Skill))

trong d6 ; € [0, 1) 1a phan s6 thdi gian nén da troi qua tit Chucng 03. Th ty thuc thi toan phan bdo ddm
an toan: kiém tra diéu kién kha dung truée (h* > 0va ) w; > 0). Néu h* = Ohogc 3 ; w; = 0, thiét lap
= = 0dan dén dir = 0, wgya = 0 trude khi tinh toan céc biéu thic quy mo ti€p theo. Pinh huéng giao dich
dugc quyét dinh nhat quan qua =: khi toan bg cic khung thdi gian déu du bao giam gia (£ 4ir < 0), 2 <0

kéo theo dir = —1, bdo ddm tinh phan d6i xting hoan héo va triét tiéu moi sai 1éch ddo vi thé ban.

03 — LY THUYET GIAO THOA PA KHUNG THOI GIAN (MULTI-SCALE HORIZON
INTERFERENCE)

Ludn diém trung tam: M6i khung thoi gian (1m, 5m, 15m, 1h, 4h, 1d) phdt ra mot nén du bdo phan phoi H =
16 budc. Cac nén nay chong ldn nhau trén cing mot truc théi gian thuc tuyét déi R Tai cac giao diém khong-

thoi gian, nhiéu du bdo tit cdc tdp théng tin phan cdp ftLTF D .EHTF cung mo td mot bién ngdu nhién duy nhdt
(gid tai sdn tai thoi diém T'). Khung giao thoa da chan troi (FHA) thiét lap quy tdc gidi tich khong-thoi gian dé diéu

kién hoa, hoa gidi phan cdp va tinh todn xung luc cong huédng.




TruoNG HoANG NHAN 1. Ludi Bao phui Chdn troi (Horizon Coverage Lattice)

1. LUGI BAO PHU CHAN TROI (HORIZON COVERAGE LATTICE)

Hé thong FHA phan chia khong gian quan sat thanh 3 ting chiic ning dya trén do dai budc thai gian A:

Khung A Chan trdi 16 budc (H A) Tang chiic ning Vai tro ly thuyét

1m 60s 16 phut Kich hoat vi mé Vi cdu truc, trugt gia L2, dong 1énh OFI

5m 300s 80 phut Kich hoat (Trigger) Khung thoi gian thuc thi quyét dinh chudn

15m 900s 4 gig Séng (Wave) Pinh thsi diém xung Iyc va chuyén pha bién dong
1h 3.600s 16 gio Séng (Wave) C4u truc phan phoi trong ngay (intraday profile)
4h 14.400s 2,67 ngay Trudng (Field) Hudng dong tién chu dao & ché d6 Hurst

1d 86.400s 16 ngay Truong (Field) C4u truc ché d¢ vi mé & bién do chu ky

2. MANG LUGI PIEM NEO PONG THOI (SYNCHRONOUS ANCHOR LATTICE)

2.1 Pinh nghia Piém Neo Pong thai
Xét hai khung thdgi gian: khung nhanh a (chu ky A,) phat hanh tai ¢,, va khung cham b (chu ky Ap) phat
hanh tai £. Hai bu6c du bao h, va hy duge goi 1a dong neo néu cuing xac dinh mét mdc thdi gian tuyét doi 1

T =ty + heAg =ty + hp\y
Khi d6, bién ngdu nhién muc tiéu 12 dong nhat: P(T") = P, 1h,a, = Piy+hA,-

2.2 Bang Pi€ém Neo Chuin héa Tai Thoi Piém Phat Hanh Pong Bo (t, = t, = 0)

Méc thdi gian tuyét doi T’ 1m 5m 15m 1h 4h 1d
+5 phut h=5 h=1 — — — —
+15 phut h=15 h=3 h=1 — — —
+1gio — h =12 h=4 h=1 — —
+2gi6 - - h=38 h=2 - -
+4 gid - — h=16 h=4 h=1 —
+8 gid - - - h=28 h=2 —
+16 gis — — — h=16 h=14 —
+24 gig — — — — h=6 h=1
+48 gid — — — — h =12 h=2



TruonG HoANG NHAN 3. Diéu kién héa Noi Nén & Luc Cing Fractal Khong Sup Do

3. PIEU KIEN HOA NOI NEN & LUC CANG FRACTAL KHONG SUP PO

3.1 Ban chit Léch Pha Thong tin (Information Asynchrony)

Trong thyc t€ giao dich, khung 16n b (vi du 1D) phat hanh dy bdo tai thoi diém dau phién £y véi gid neo
P Tai theii diém hien tai t =ty + @A, (v6i @ € [0, 1)), khung nhé a (vi dy 5m) phat hanh dy bao méi
v6i gia thi trudng thuc nhan P,y,. Bién dong da thuc hién 14 7ops = Poow — P(fb). So sanh tryc ti€p ky vong
tho q(()l.)% (h) véi du bao ctia khung nhé sé din dén sai s6 hé thong do khong cap nhat thong tin da dién ra trong

phan ¢ clia nén.

3.2 Quy tic Piéu kién hoa Gia s Gauss Téng Quat Bio Toan Cdu Truc Ky Han

Xét chubi thdi gian trén thang do khung 16n b. M6 hinh nén tdng ngoai suy ky vong q(()l.)g (h) va phudng sai
c6 diéu kién chinh xéc theo Wallis (2014) o, = (Ws(h)/2.563)* + 0.05531(Ags,n)* cho cac bude h €
[1, H]. Tai thsi diém hién tai t = to + @Ay (¢ € [0, 1)), thi trudng quan sat gié thuc t& Pyoy.

Pé diéu kién hoa duy béo trén tap thong tin Z; = o (P, 0 < u < ¢/Ap) ma vin bao toan nguyén ven
ciu tric ky han phi tuyén (term structure) ctia mo hinh nén tang thay vi cudng buc quy vé budc di ngau
nhién don gidn, FHA thiét 1ap mo6 hinh gia s6 doc 14p Gaussian v6i dong ho phudng sai xac dinh noi suy tuyén
tinh tiing doan neo tai U(O) =0 X, = m(u) + Bv(u), trong do m(u) la dudng ky vong phi tuyén noi suy
m(p) = O(b) + go(q((fg(l) — éb) ), va v(u) 1a ham bao phuong sai don diéu khong gidm véi céc nut
nguyén v(h) = max; < j<h Ji j» tao thanh ham bao tan xa lién tuc don diéu va théa man chinh xéc v(p) =
©v(1) trén doan ddu u € [0, 1) nhd phép noi suy tuyén tinh tir géc toa do v(0) = 0:

1. Ky vong di€u kién héa (Conditional Median Path):
b b b b
my(h | T,) = Paow + (a53(h) — Py — 0 (a53(1) — P

*  Khip = 0 (thoi di€m phat hanh): my(h | Z;,) = q((fg (h) (tring khép hoan toan véi trung vi géc);
* Khi h =1va ¢ — 17 (nén khung 16n sip dong): my(1 | Z;) — P,oy (tiém can chinh xéc gia hién
thuc).

2. Phuong sai di€u kién héa (Conditional Variance Term Structure):

(b T) = max (&, o(h) — gv(1)), (b |T) = /si(h | )

trong d6 €, = 1075 - P, 1a ngudng san bao vé suy bién s6 hoc.

Ddc tinh bdo toan cdu triic non (Cone Structure Preservation): - Khi o — 17 tgibusc h = 1:s2(1 | ;) —
€2, do bdt dinh ctia nén hi¢n tai triét tiéu ty nhién khi nén dong. - Tai cdc bude xa h > 2: s% (h | Z;) = v(h) —
©v(1) bdo ton toan b hinh dang nén bdt dinh Wy(h) va cac ddc tinh phi tuyén (dot bién bién dong, dan nén vi
md) do mo hinh nén tdng du bao. Trong trudng hop ddc biét khi thi truong tudn theo budc di ngdu nhién thudn
nhdt (v(h) = hv(1)), cong thiic tu dong héi quyvév(1) - (h — ), xdc nhdn tinh nhdt qudn phan tich.
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3.3 Chi s6 Luc Cing Chéan Troi Pa Khung Piéu Kién Héa 7o (1)
Sau khi khung 16n b da dugc diéu kién hoa chinh x4c trén Z;, Luc Cing Chan Trdi Pa Khung (Conditioned

Multi-Scale Horizon Tension) gitta khung nhé a va khung 16n b tai diém neo lich duong chung T' dugc dinh
nghia:

ma(T) — mp(T | Zt)
V82(T) +s3(T | Th)

Tan(T) =

Phan vung trang thai thi trudng:

* |Tw(T)| < 1.0: Cong hudng Pong thuan (Resonance) — Hai khung thdi gian déng thuan cao vé
tuong lai phan phoi.

* 1.0 < |[Ta(T)| < 2.0: Phan ky Cing thing (Moderate Tension) — Khung nhé dang diéu chinh
ngin han trong xu huéng khung 16n.

* |Tw(T)| > 2.0: Bit thuéng Khong gian (Horizon Tension Rupture) — Hai khung thdi gian mau
thudn vugdt qua dung sai bit dinh, din dén viéc tu dong vo hiéu hoa 1énh thi trudng, chuyén sang trang
thai phong vé.

4. HOA GIAI PHAN CAP THOI GIAN DANG TON KHO (HIERARCHICAL TEMPORAL
RECONCILIATION)

4.1 Ban chit Bién Ton Kho (Stock Variable Constraint)
Khac v6i bién dong chay (flow variable nhu khéi lugng giao dich dudc cong don theo thoi gian), gid dong

ctia P(t) 1a mot bién ton kho. Trong chudi théi gian phan cép, rang budc cdu tric doi héi:

Puarr = Prrr gk
nghia 1a gia dong cia nén khung 16n phai trung khit tuyét doi véi gia dong ctia nén khung nhé cudi cing
trong chu ky téng hgp k.
4.2 Léi gidi MinT Tuyén tinh Téng quat (Minimum Trace Reconciliation)

Xét vector dy bao thd Y = [ffHTF, ifLTF,la cee f’LTF,k]T € RF1. Ma tran rang budc cdu tric phan cip
S € REFDXE qyge dinh nghia:

00 0 1
10 00
g_ o1 00
00 0 1

Hang d4u tién cta S bdo ddm Yurr = YLTF k-

Theo ly thuyét MinT (Wickramasuriya et al., 2019), du bdo hoa giai khong chéch t6i uu Y gidm thiéu tng
phuong sai sai s6 hoa gidi dugc xac dinh bdi uge lugng binh phuong téi thi€u téng quat (GLS):

Y =8(STwls) tsTwly

trongdo W = E[(Y — }A”) (Y — Y)T] 12 ma tran hiép phuong sai sai s6 du b4o ctia cdc mé hinh cd sé.



TruoNG HoANG NHAN 4. Hoa gidi Phan cdp Thoi gian Dang Ton Kho (Hierarchical Temporal Reconciliation)

Nhdn xét gidi tich vé Piéu chinh Trung gian dudi Sai s6 Tuong quan: V6i rang budc diem cusi CY = 0 (
C =11,0,...,—1)) va ma tran hiégp phuong sai sai s6 W = Cov(epase) Xdc dinh duong, dit d = CY =

?HTF — ffLTF,k la do léch sai s6 diém cudi. Vector hoa gidi MinT c6 dang Y=Y - WCT(CWCT)_ld.
Muic do diéu chinh trung gian Af’j = i}LTF,j — ffLTF,j taibuscnénj € {1,...,k — 1} la:

A Y J,HTE J,LTF},
W HTF,HTF W LTF,LTF% 2N HTF,LTF;

Do léch nay phu thudc cu thé vao hiéu hiép phuong sai VVj’HTF = VV]-,LTF,C, va cé thé triét tiéu khi sai s6 trung
gian c6 tuong quan doi xiing véi hai dau mut. Viéc dién gidi thanh Cdu Brown doi héi ddc td cu thé qua trinh ngdu
nhién Gauss tién nghiém cung cdc rang budc diéu kién hoa; ban than phép chiéu MinT tuyén tinh thudn tity bdo
ddm tinh nhdt qudn cdu triic bién ton kho clia cdc diém du bao.

4.3 Cong thuc Hoa giai Piém Neo C6 Tuong Quan Sai S6 Lién Khung
Khi xét riéng tai tung diém neo thdi gian dong nhat 7', do cdc md hinh da khung cung dy bao trén mot
chubi gia tai sdn duy nhat nén sai s6 du bdo gitia cdc khung thsi gian c6 tuong quan dueng manh (p;; > 0),

khong thé gid dinh doc lap (Cov(e;, ej) = (). U6c lugng hoa gidi theo trong s6 do chuidn xé4c (Precision-
Weighted Pooling) dugc xac dinh bdi:

Ais (T | T)
Sics Ais; AT | Iy)

w; =

M(T) = > w;my(T | L)

jeJ
Phudng sai hoa gidi lién khung c6 xét dén hé s6 tuong quan sai s6 thuc t& p;;:
£(T) = wiwjpysi(T | T,)s;(T | T,)
ieJ jeJ
Trong diéu kién thuc chién khi ma trin tuong quan p;j chua uéc lugng duge 6n dinh, FHA 4p dung can

trén comonotonic bao tha (p;; = 1) d€ ngin ngira viéc 1am xep nén phuong sai mét cach gia tao:
Pij g g P p g g
§(T)=cd wis(T|T), =10
JjeT

trong d6 hé so tin cay suy gidm theo tudi phat hanh:

Aj = Rrr,j - exp (— ;) -
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5. THAC PHAN TANG QUYET PINH & PIEM HQP LUU PA KHUNG =

Thuc thi giao dich tuan thd nghiém ngit mo6 hinh théc 3 ting tif vi md dén vi cdu trac:

TRUONG (4h, 1d) SONG (1h, 15m) KiCH HOAT (5m, 1m)
Hu6ng chti dao « Ché do H_F Thdi diém « Ctia s6 h* « Eo nén P_race » Lénh Maker » Vi cdu tric

THUC THI VI THE ¥_size
Pinh ¢g trung binh nhan « SL/TP

Hinh 1: Kién trac Thac Phan ting Pa khung thdi gian (Multi-Scale Cascade Architecture) trong FHA: Huéng chién lugc tit
Trudng (4h/1d), tinh chinh thdi diém qua Séng (1h/15m), va diéu kién héa 1énh thu dong Maker tai tAng Kich hoat (5m/1m).

5.1 Piém Hgp Luu Pa Khung C6 Diu =
Piém hgp luu E € [—1, 1] tich hgp dinh hudng va do tin cay tii tat cd cdc khung thdi gian c6 sén:

> jey wj tanh (Z]-Ydir/Z)

E = Zje] wj

0 khi h* = 0 hodc }_;

€[~1,1] khih*>0va 3 w; >0
0

egWi =

vGi trong s6 moi khung:

Wj = QFHA,j . RTF,j . 6_907 - max (0, Sklllj)

* Bio toan tinh dinh huéng: Z; 4, = Z;(hz) phan dnh xung lyc c6 ddu tai budc then chét hy clia
khung j. Ham tanh bao dam gi4 tri chudn héa tron tru trong (—1, 1) ma khong bao git ddo dau ctia
tirng thanh phan.

« Thu tu thuc thi chinh siach toan phin (Total Policy Execution Order): Trudc khi tinh toan phan bg,
hé théng kiém tra diéu kién chan tréi hi¢u dung va tdng trong s6: néu h* = 0 hodc » jeg Wi = 0,
diém hgp luu ty dong sup d6 vé = = 0, din dén dir = 0 va ty trong phan b6 wiinal = 0, triét tiéu hoan
toan rdi ro md vi thé trong di€u kién mo hinh mat k§ ning hodc mat dd liéu da khung.

+ Quy tdc cong vao 1énh: Hé thong chi cho phép kich hoat vi thé khi dong thdi théa man:

|Z| > &min = 0.25 va sign(Trade) = sign(=).
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6. Ma trdn 9 Cdu hinh Giao thoa Trudng X Kich hogt

6. MA TRAN 9 CAU HINH GIAO THOA TRUONG x KiCH HOAT

Sy tudng tac gitia TAng Trudng (Trudng thé vi mo) va Tang Kich hoat (Xung luc vi mo) tao thanh 9 cdu hinh

chién lugc chuidn muc:

Tang Trud 4h/1h .

\ ;nglg Kicgghf)at/ ) 1 Kich hoat Ting (Zg;; > +0.5 — Kich hoat Pi ngang (| Zg;;| < | Kich hoat Gidm (Zg;,; < —0.5
(15m/5m) 0.5) )

1 Trudng Tang ( Thac Cong huéng Tiang: Phan Tich lily Xu huéng: Gitt vi thé co Hoi Ky thuat Ngugc chiéu:

b6 ty trong Long t6i da, trailing
stop theo canh du6i fV Azqo;.

Ztiela > +0.5)

— Truong Pi ngang (
| Ztiela| < 0.5)

But pha Bién trén: Mé Long quy
mo vlia phai, muyc tiéu chot 16i tai
canh trén fV Aqo, khung 16n.

| Trudng Giam (
Ztiela < —0.5)

Nay Phuc hoi Ngin han: Canh
ban khéng bd sung tai dinh héi k§
thuat 7 pex Khung nhd.

sd, chd nén co thit gidi phong dong
Iugng ting.

Trang thai Can bang Tinh: Cung
cép thanh khoan (CLMM Market
Making) trong vung gid tri fV A ;.

Phan phéi Xu huéng: Duy tri vi thé
Short bao vé, dit Stop Sell don dau
dgt gay ti€p theo.

Khong ddo vi thé; treo Limit Maker
gom Long tai day Ttrough khung
nhé.

But pha Bién dudi: M§ Short quy
mo vira phdi, muc tiéu chot 15i tai
canh dudi fV Ay khung 16n.
Thac Sup d6 Cong hudng: Phan
bé ty trong Short t6i da, trailing
stop theo canh trén fV Ao,

04 — GIAO THUC KIEM PINH THONG KE (EMPIRICAL VALIDATION PROTOCOL)

Nguyén tdc khoa hoc téi cao: Moi chi bdo va quy tdc giao dich trong khung FHA dugc coi la gid thuyét thudn tity
cho dén khi vuot qua toan by 4 cong kiém dinh thuc nghiém trén dit liéu ngoai mau (out-of-sample), da dong
bdng tai thoi diém phat hanh (issue_ts). Khong c6 bdt ky ngoqi 1¢é nao cho két qud toi uu héa trong mdau (in-
sample backtesting).

1. PANG KY GIA THUYET KHOA TRUGC (PRE-REGISTRATION PROTOCOL)

Trudc khi tién hanh bat ky phép tinh toan ki€ém dinh nao, méi gia thuyét chi bao bit budc phai dugc ding
ky trong s6 ding ky gia thuyét khoa hoc:

{
"id": "FHA-A1-CANONICAL",
"indicator": "Z_dir",
"timeframes": ["15m", "1h"],
"target": "sign(P(t+h) - P(t)) tai h = h_z",
"prediction": "Spearman IC > ©, t_Fixed_b > c_alpha(b)",
"baseline”: ["momentum_past_return”, "random_walk", "raw_foundation_forecast"],
"min_independent_forecasts": 300,
"registered_at": "2025-08-31",
"parameters_frozen": {"h_ref": 4, "epsilon_atr": 0.08},
"trial_index": 1

}

Quy tic bit bién:

Moi siéu tham s6 sau khi ding ky tuyét déi khéng dugc tinh chinh lai. Moi bién thé€ diéu chinh tham s6 déu
phdi dugc cdp ma méi (-v2, -v3), tu dong ting s6 dém téng s6 phép thi Nipials d€ dua vao hiéu chinh Deflated
Sharpe Ratio (§5.4).
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2. NGUON DU LIEU HQP LE & MA TRAN THOI GIAN THU THAP MAU

hé st
Loai di liéu Phan loai Quy chés Ghi chu & Rang budc
dung

LIVE_REALIZED + ENSEMBLE_BUNDLE (déng Dt liéu ngoai Nghién ciu Nguén dit lieu hgp 1é duy nhit cho cidc Céng
bing tai issue_ts) mau thuc té€ chinh thiic Chédp nhan G1-G3
WALK_FORWARD_REAL_CANDLES Diliéulichs¢  Thidm do & Khdi  Chi dung d€ kiém tra tinh toan ven cu phap

gid lap tao ma phan mém, khong dung dé két luan khoa hoc
Nén kich ban t6ng hgp don gian (Tier C) D liéu phi Nghiém cim Chua song di€u hoa nhin tao va noi suy sai léch

thuc nén qua khu

2.1 Ma tran C& Mau Pgc 1ap Theo Khung Thai Gian

Véi chan trdi du bdo h = 4, hai 1an phat hanh lién tiép chi dudc coi 1a doc 1ap khi cach nhau t6i thiéu 4 nén
nhdm triét tiéu ty tuong quan do chong 1an quan sat:

oi & Maiu doc lap/nga 5i oi A 3

K'hung thoi S(l ) 0c 1ap/ngay ( Thdl gian dat 300 mau (1 Khé niing kiém dinh thuc té

gian nén/ngay h=4) tai san)

1m 1.440 360 < 1ngay Chju 4nh hudng I6n ctia nhiéu vi ciu tric va
trugt gia L2

S5m 288 72 ~4 ngay Kha thi cao (Khung kich hoat thuc thi)

15m 96 24 ~13 ngay Kha thi cao (Khung dinh thdi diém song)

1h 24 6 ~50 ngay Kha thi vira (Khung c4u truc trong ngay)

4h 6 1,5 ~200 ngay Phu hgp cho kiém dinh ché do bong (Shadow
Testing)

1d 1 0,25 ~3,3 ndm Chi nghién ctu ly thuyét vi mo dai han

3. BA BASELINE BAT BUOC PHAI VUQT QUA

Moi chi bdo FHA déu phai chiing minh vugt trdi cé y nghia thdng ké so v6i ca ba baseline ngoai mau:

1. Chi bao Cé dién Lich st: Chi tinh toan trén chudi dit liéu qua khi (vi du: As fRSI so v6i RSI Wilder 14
ky; Dy fPOC so véi Volume Profile lich st; Fly Pong ning so véi da gia qua khi; Cy Hp so v6i md hinh
bién dong GARCH(1, 1)).

2. DPau ra Phan phdéi Thé ctia Foundation Model: Ching minh phép bién d6i gidi tich hinh thai FHA
trich xudt alpha gia tdng so véi viéc st dung truc ti€p cac phan vi tho ctia mo hinh chudi thdi gian nén
tdng.

3. M6 hinh Buéc di Ngiu nhién / Phan phéi Null Ly thuyét: B phéi léch c6 y nghia khdi luat Arcsine;
chuéi PIT F} (P, 1) phai théa man tinh doc lap va phan phai déu [0, 1].
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4. THUOC PO CHAT LUQONG THONG KE THEO LOAI CHi BAO

Loai chi bao

Thudc do chinh

Thudc do phu

Pinh hudng lién tuc (
Ala A5a E27 E)

X4c sudt nhi phén (

AQaBQ)DQa G2)

Phén phdi mat do (Dy, Hoa giai
MinT)

Thoi diém ngiu nhién (

Bl7B3aA4)

B9 loc chat lugng (Qrua, Keal)

Chién lugc kinh t€ t6ng thé

Spearman Rank IC kém Fixed-b t-stat

Brier Score, Logarithmic Loss

Continuous Ranked Probability Score (CRPS)

Sai s0 tuyét d6i thdi diém, Entropy phan phdi

Muic tang Sharpe sau khi 4p dung bo loc

Loi nhuin rong sau phi Maker/Taker & Trugt
gia L2

Ty 1é trung hudng vugt ngudng dai trung tinh €
Phén ra do phén gidi Murphy, Reliability
Diagram

Pinball Loss tai tiing phan vi 7 €
{0.1,0.5,0.9}

Khodng cach Wasserstein so véi luat Arcsine ly
thuyét

Ty 1€ 1énh bi tir chdi (Rejection Rate)

Deflated Sharpe Ratio (DSR), Maximum
Drawdown
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5. KINH TE LUONG CHUOI THOI GIAN BEN VONG

5.1 X1 ly Ty tuong quan do Chdong 14n Chan trdi: Tiém can Fixed-b HAC

Khi du béo chan tréi A > 1 dugc phat hanh ¢ mdi budc thoi gian lién tuc, chudi sai s6 du bao €, ), =
P, — ]3,57;1 mang ciu tric ty tuong quan bac b — 1. U6c lugng Newey-West thong thudng c6 xu huéng théi
phong thong ké ¢ trong miu hitu han.

FHA 4p dung tiém can Fixed-b HAC (Kiefer & Vogelsang, 2005) hoic Moving Block Bootstrap véi do dai
khéi L > h:

T

tRixedh = —F——
\/ Quac/T

trong d6 T = T! Zle @; 1a gia tri trung binh miu cda chudi sai phan hoic diém s6 kiém dinh,
QHAC = f‘o + Z]]Vil (1 — ]\—/ﬁ)(f‘] + f\;r) la udc lugng phuong sai dai han viing tu tuong quan va
phuong sai sai s6 thay d6i nhan Bartlett (Bartlett-kernel HAC long-run variance) v6i ma tran ty hiép phudng sai
fj =71 ZtT: i@ — ) (T j — Z) ", M 1a do dai tré cit cut (truncation lag), va ty 1¢ bing thong b =
M /T € (0, 1] dugc c6 dinh theo tiém can. Diém t6i han bac bd gia thuyét Hy : u = 0 dugc d6i chigu véi
phan phéi gidi han Kiefer-Vogelsang tuong ting véi gi tri b thay vi phan phdi chuén tic Gauss N/ (0, 1).

5.2 Kiém dinh DPgc 1ap Chudi PIT: Christoffersen Likelihood Ratio Test

Dé danh gid do chuin xac bao phu khong tit chudi bién ddi tich phan xac sudt us; = Fy (P, 1), FHA
xéc 1ap chudi chi thi nhi phan cham khoang It1 = 1y, ,€(0.10,0.90} = 1{Prielgor(1),q00(1)]} € {0, 1} véi do
bao phu danh dinh ¢y = 0.80, va trién khai kiém dinh bao phu c6 diéu kién (Christoffersen, 1998):

LRcc = LRuc + LRind ~ X2(2)

trong do:

L(I:IO)

L(1I,)

kiém dinh tinh Markov bac 1 ctia chudi chi thi nhi phan Iy 1, phat hién hién tugng cum sai s§ do bién dong

LRing = —2In

cum (volatility clustering). Bac b6 kiém dinh (pcc < 0.05) s& kich hoat c¢d ché ngit mach hiéu chudn
(calibration circuit-breaker) /C.y; < 0.50, loai trit nén du bao khéi quyén phan bé vi thé thuc thi. Péi véi cac
budc h > 1, tinh doc 1ap dugc danh gia trén cc chubi ldy mau con khong chong 1an { Iy.p 4 }.

5.3 Pa Kiém dinh Du6i Cdu truc Phu thudc Tuy y: Romano-Wolf Stepdown Bootstrap
Vi 32 chi bao dugc th nghiém trén 6 khung thdi gian, cdu tric phu thudc chéo gitia cic gid thuyét 1a phic
tap va phi tuyén. FHA kiém soat chit ché Familywise Error Rate (FWER) bing Romano-Wolf Stepdown
Bootstrap (Romano & Wolf, 2005):
1. Sinh B = 2.000 miu bootstrap khéi déng thdi cho toan bd vector théng ké kiém dinh t =
)
2. Xac dinh ngudng t6i han budc gidm bing cich loai bd tudn tu cic gid thuyét bi bAc bé manh nhét, bdo
dam xdc sudt phat hién sai 1éch téng thé khong vugt qua a = 0.05.

0
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5.4 Deflated Sharpe Ratio (DSR) véi S6 Phép thi Pa Khoa
Dé loai bo thién 1éch lua chon do qua trinh khai pha dit liéu (data mining) va thit nghiém nhiéu chién lugc,
FHA 4p dung x4p xi ky vong cuc tri Gumbel da cong bé ctia Bailey & Lopez de Prado (2014):

DSR = PSR(SR*) = & (M)

ISR

trong d6 sai s6 chuén cua ty s Sharpe uéc lugng:

. \/ 1-4,5R + %S
O —
SR Ter — 1

va ngudng ky vong t6i da ctia Sharpe ratio duéi gid thuyét null khong cé k§ néng thuc chat:

SR = |/ Var({SRa}) - [(1—76) & * (1 - ¢ (1-
Var ({SR.}) [( ) ( Nmals) +E ( Ntrialse)]

trong d6 Tegr 12 ¢8 mau doc 14p hiéu dung da diéu chinh tu tuong quan HAC tudng Ging véi tdn s tinh todn

cda gl:\{ A3 12 do léch mau (sample skewness), /4 12 d6 nhon méu th6 khong hiéu chinh (sample raw kurtosis,
noi phan phéi chuén tic co y4 = 3), W({gﬁn}) la phudng sai thi€t dién chéo ctia cac ty sO Sharpe gitta
Nirials chién luge/tham s6 da tht nghiém dudc ghi nhan trong s6 ding ky, va Y ~ 0.5772 1a hing s6 Euler-
Mascheroni. Chién lugc chi dugc cong nhan c6 ky nang thuc su khi dat mdc y nghia thong ké:

DSR > 0.95 (tuong duong p < 0.05).

Dai v6i chudi 1gi sudt hgp dong tuong lai vinh ctiu BTC/ETH v6i Ny, = 150 va phuong sai thiét dién
chéo Var = 0.165, ngudng ky vong cuc tri dat SR* = 1.085; két hop v6i ¢ mau hiéu dung Ty = 24.3
cho sai s6 chudn Ggg = 0.5372, thong ké kiém dinh dat z = (2.304 — 1.085)/0.5372 = 2.269, tucng
ting v6i DSR = 0.988 (p = 0.012 < 0.05), vugt qua Céng G2 mot cach chiit ché.
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6. BON CONG CHAP NHAN THUC NGHIEM (ACCEPTANCE GATES G0-G3)

GO — KIEM TRA TINH TOAN & BAT BIEN TOAN HOC |

e Vuot qua toan bo 15 kiém thir bat bién gidi tich

o Kiém tra chudn héa vo thit nguyén (C1 \hat{W}_P) va bdo toan tinh dinh |
huéng (Al Z_dir trong Xi) |

Gl — Y NGHIA THONG KE NGOAI MAU

e C& mau doc 1ap ngoai miu >= 300 1an phat hanh (LIVE_REALIZED)
e Fixed-b HAC t-stat vugt ngudng téi han; dat chudn Romano-Wolf
e Vugt trdéi cé y nghia théng ké so vdi cd 3 baseline bat budc

T
v

G2 — KIEM DINH CHE DO BONG (SHADOW ABLATION)

e Van hanh song song t6i thiéu 100 vi thé& gid dinh khéng tré

e Loi nhuan rong sau phi Maker/Taker & trugt gid L2 vugt trdi baseline
o Deflated Sharpe Ratio (DSR) >= 0.95 vdi N_trials da dang ky

I
v

G3 — PHAN BO THUC NGHIEM GIGI HAN VON

e Phan bé t6i da 10% han mic rdi ro danh muc thuc thi

e DO syt giam t6i da (Max Drawdown) khéng vugt qua dung sai ly thuyét
trong 30 ngay van hanh 1lién tuc

7. TIEU CHI DUNG & NGAT VI THE TU PONG (KILL SWITCH CRITERIA)

Mot chi bdo hodc cdu hinh chién Iugc da dugc kich hoat sé bi tw dong thu héi quyén phan bé va ngit
1énh khi xuit hién bat ky ddu hiéu suy thoai nao sau day:

1. Rolling Spearman IC trong cta s6 30 ngay c6 can dudi khoadng tin ciy 95% roi xuéng dudi 0 (Clg%vc‘}fr <0
).
2. Heé s6 hiéu chudn ey < 0.50 trong 3 phién lién tiép, phan 4nh nén phan phéi bi mat do tin cay.

3. Mtc sut gidm tai san thuc t€ (Realized Drawdown) vugt qua 1.5X muc sut gidm t6i da cia moé phong
Monte Carlo tuong ung.
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8. GIAO THUC KIEM SOAT NHIEM BAN TIEN HUAN LUYEN (PRE-TRAINING CORPUS
CONTAMINATION PROTOCOL)

Nhém dap ting cac chudn muc thdm dinh kinh t€ lugng khit khe nhat déi véi cac mo6 hinh nén tdng chubi
thdi gian (TimesFM, Kronos), FHA phan dinh ki€m dinh ngoai mau thanh 2 giai doan doc lap:

1. Giai doan 1 — Tinh Nhin qua Thdi gian Suy luin (Inference-Time Causality Stage, 01/2024 --
08/2025): Toan bo du béo chi diéu kién hoa trén lich st qua khtt H;, trong s6 mé hinh dudc déng bing
tuyét doi. Tuy nhién, tap di liéu co thé giao thoa véi tap tién hudn luyén ban ddu ctia cdic mo hinh nén
tang.

2. Giai doan 2 — Giai doan DPanh gia Tiém ning Pu diéu kién Hiu Phat hanh (Prospective
Checkpoint-Eligible Evaluation Stage, 09/2025 -- 06/2026): Toan bo di liéu kiém dinh phat sinh 100%
sau thoi di€m cong bd trong s6 cong khai cudi cung ctia cic md hinh nén ting (TimesFM: Google
Research 2024; Kronos: Shi et al. 2025). Moi du bao dugc ghi nhan vao sd ding ky bét bién tai thdi diém
phat hanh ¢ truge khi nén tuong lai thanh hinh.

Trén tap dit liéu doc 1ap hoan toan cta Giai doan 2 (gom 87.264 nén 5m trén mdi hgp dong), hé thong FHA
hoan chinh dat ty s6 Sharpe SR = 2.241, thong ké tpixeq.s = 4.38, sut giam t6i da MaxDD = —9.4% va
DSR = 0.979, chting minh ning lyc sinh alpha b4t nguén tt cd ché nang chan trdi va gidi tich rao can cht
khoéng phai ti sy ghi nhé dii liéu tién huan luyén.

05 — KIEN TRUC TOAN HOC HE THONG & NAM PINH LY KIEM PINH BAT BIEN
(SYSTEMIC MATHEMATICAL ARCHITECTURE & INVARIANT THEOREMS)

Hoc thuyét FHA khong chi la mt tdp hop cdc cong thiic todn hoc roi rac, ma la mot hé thong gidi tich phdn tang co
cdu truc chdt ché. Chuong nay trinh bay kién tric 5 tang ciia hé thong giao dich chdn troi, cac hgp dong dir liéu
tritu tugng va 5 dinh ly kiém dinh bdt bién todn hoc bdo ddm hé thong van hanh trung thic, khong bao gid vi pham
cdc quy ludt xdac sudt.

1. KIEN TRUC GIAI TiCH 5 TANG CUA HE THONG PINH LUQGNG CHAN TROI

Toan bd quy trinh ti dit liéu phan phéi tho dén quyét dinh thuc thi vi thé dudc t6 chiic thanh 5 tAng gidi tich
toan hoc doc 1ap:
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TANG 1: LOP KHONG GIAN THONG TIN & LQC LICH SU (FILTRATION & HORIZON INGESTION)

B6 théng tin (H_t, theta_model) --> Phan tang Provenance Tier A/B/C --> Ddng bang issue_ts

v

TANG 2: LOP TOAN TU' NANG XAC SUAT & GHEP NOI COPULA (PROBABILISTIC LIFTING & COPULA)

Chi bado bién duyén [M] <— L_h[I] —> B& dung dudng di: fBm Kernel + ECC / Schaake Shuffle —> Chi ba

o duong di [P]

v

TANG 3: LOP GIAO THOA KHONG-THOI GIAN DA THANG (MULTI-SCALE INTERFERENCE & MINT)

piéu kién héa trong nén moi budc h >= 1 —> Ma tran rang budc tén kho S —> Hda giadi MinT —> DPiém hg

p luu Xi

v

TANG 4: LOP KINH TE HOC VI CAU TRUC & PIEU KIEN HOA LENH (MICROSTRUCTURE ECONOMICS)

Ky vong diéu kién khép 1énh Maker: E[R | Omega_fill] —> Lgi thé dua d6i xing E_race —> Céng loc Adv

erse Selection

v

TANG 5: LOP DINH CO VI THE TRUNG BINH NHAN & QUAN TRI RUI RO (POSITION SIZING & DSR)

Ham trung binh nhan Psi_size —> Phan bd vén gidi han —> Kiém dinh ngoai m3u Fixed-b HAC & Deflated

Sharpe Ratio

Chi ti€t Chiic ning cua Tung Tang:

1.

Tang 1 (Filtration & Horizon Ingestion): Ti€p nhan tensor phan phéi dy bdo ti mé hinh nén ting,
thiét 1ap gia neo Py, gan nhan nguén géc (Provenance Tier), va thuc hién dong bing bat bién tai thoi
diém phat hanh issue_ts d€ phuc vu ki€ém dinh ngoai miu khach quan.

Tang 2 (Probabilistic Lifting & Copula Engine): Trién khai to4n tit nang Ly, [I ] Tinh toan tryc ti€p 11
chi béo bién duyén [M]; déng thdi khéi dong bo md phéng dudng di ngdu nhién dya trén nhan hiép
phuong sai fBm két hgp thuit todn ghép ndi phin phoi thuc nghiém (Ensemble Copula Coupling /
Schaake Shuffle) d€ tinh toan cac chi bdo phu thudc dusng di [P]

Tang 3 (Multi-Scale Interference & MinT Engine): Dong b hda cac khung thdi gian khac nhau trén
luéi diém neo dong thdi. Thuc thi diéu kién hoa trong nén trén toan bo cdc bude chan troi h > 1 dé triét
tiéu do léch troi gia neo Tobs, va ap dung k¥ thuat hoa gidi phan cidp MinT t6i uu hoa vét phuong sai cho
bién ton kho gia.

Tang 4 (Microstructure Economics Engine): Panh gia cdu tric vi mo s6 1énh, phan tich lya chon bat
1gi c6 diéu kién khi treo 1énh thu dong Maker (E[R | Qg1]), va tinh toén 1gi thé dua d6i xting Erace-
Tang 5 (Position Sizing & Governance Engine): Tdng hop toan bo cic dai lugng diéu bién qua ham
trung binh nhan phi tuyén W;,., xdc dinh quy mo vi thé thuc t& (Weya = dir - Sgpap), va gidm sat hiéu
qua chién ludc thong qua céc kiém dinh kinh t& lugng bén vitng (Fixed-b HAC, Christoffersen LR Test,
Romano-Wolf Stepdown Bootstrap, Deflated Sharpe Ratio).
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2. CAC HGP PONG DU LIEU TOAN HQC TRUU TUQNG (ABSTRACT DATA CONTRACTS)

Dé bdo dam tinh toan ven va doc 1ap v6i moi ngdn ngit 1ap trinh, FHA chudn hoa 3 hgp dong dit liéu toan
hoc:

2.1 Hgp dong Phian phéi Chén tréi (HorizonForecastContract)
Dai dién cho trang thai phan phdi xac sudt do mo hinh phat hanh tai mot thai diém:
Crorecast = <5, tf, issue_ts, Py, H, {‘Ir(h)}f’eT,hﬂ’ Tier, 9>
*  $:Ma4 tai sn tai chinh; tf: Khung thdi gian cd sé.
*+ issue_ts: Ddu thdi gian phat hanh déng bing bat bién (Epoch timestamp).
* {g,(h)}: Ludi phan vi c6 diéu kién tai cdc mtic xéc sudt 7 = {0.1,0.5,0.9} (hogc tap day hon).
+ Tier € {Tier A, Tier B, Tier C}: Phan ting ngudn géc dit ligu.
2.2 Hgp ddng Tap Quy dao Miu Ngiu nhién (PathEnsembleContract)
Dai dién cho khong gian mau Monte Carlo phuc vu tich phan dugng di:
Cpaths == <K, H, {w(k) }£(=17 200[)1118,7 Meth0d>
«  K:S6 lugng dudng di mau doc 1ap (thong thusng K > 500 ~ 2000).
© whk = {a:gk), e ,a:(Hk)}: Quy dao gia mo6 phoéng thu k.
* Method € {fBm-Gaussian, Lamperti-LogTime, ECC-Schaake-Shuffle}.
2.3 Hgp dong Ban ghi Chi bao (IndicatorRecordContract)

Pai dién cho diu ra chuin tic ctia mdt chi bo chan trdi:

Cindicator = <ID, Type, Value, Confidencelnterval, Dimension, FrechetBounds>
« Type € {[M],[P]}: Phan loai bién duyén hay dudng di.
* Dimension: Tht nguyén vat 1y (vi du: [0] v6 tht nguyén, [USDT] gid tuyét dsi, [Step] budc nén).

+ FrechetBounds: Can trén va can duéi Fréchet-Hoeffding néu la chi bdo xAc suét rao can.
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3.BO NAM PINH LY KIEM PINH BAT BIEN TOAN HQC (THE FIVE INVARIANT
VERIFICATION THEOREMS)

Moi hé théng tinh toan chi bdo FHA déu phdi vugt qua bo 5 bai ki€ém thi bt bi€n toan hoc ty dong trudc
khi dudc phép dua vao phan tich thyc nghiém:

Dinh ly Bit bién 1 — Tinh Pong nhit Thi nguyén (Dimensional Homogeneity Invariance)

Phdt biéu: Moi chi bao ty 1¢ hoic chi bio chuin héa FHA (nhu Zgi,, Dp, Wp, Z, Qppa) phai 12 cic dai
lugng vo thtt nguyén ([0]). Gid tri cia chting phai bét bién tuyét d6i dusi moi phép bién déi co gian tuyén tinh
cua don vi tién té:

Ve>0, I({c-z},{c a:()}) =I({z:} {a-(h)})
Kiém dinh thuc té° Nhan toan bd chubi gida diu vao véi hing s6 ¢ = 1.000; gid tri tinh toan cta Zg;, va =

phdi c6 do sai 1éch s6 hoc khong vugt qua sai s6 ddu phdy dong € < 1077,

Pinh ly Bat bién 2 — Chiin Bit ddng thiic Jensen (Jensen Convexity Bound Invariance)

Phat biéu: V6i moi phi€m ham cyc tri 16i g(X ) = maxi<p<m(Xn — Po), ky vong trén tap dudng di mau
ngiu nhién ludn 16n hon hodc bdng phi€m ham danh gia trén duong ky vong toan hoc:

Eo[ max (X — Py)| > max (EqlX)] - by)

Déng thiic xdy ra khi va chi khi ton tai mot budc hg € {1,...,H} sao cho bién c6 {X}, =
max;<p<pg X, »} xdy ra hau khip ndi theo d6 do Q, hoic khi phan phéi suy bién thanh mot diém tit dinh.
Kiém dinh thuc t¢: Trén tap dudng di mo phéng bat ky, hiéu s6 Eg|[max] — max(E[X]) phai luén luon
khong &m. Néu hiéu s6 nay am, thuét toan 18y miu Monte Carlo vi pham tinh 16i cia ky vong xac suét.

Dinh ly Bat bién 3 — Tinh Nhat quan Diu Hiép phuong sai va Huéng (Directional Sign Consistency)

Phat biéu: Chi bao dong lugng chudn héa Zair = Z(hj,,) va Diém hgp luu da khung = phdi bao toan du

ext
dai s6 nghiém ngit theo hudng 1éch ctia phan vi trung vi so véi gia neo:

sign(Zdir) = Sign(‘](]ﬁ(h:xt) - PO)

va khi toan bo cac khung thdi gian thanh phan déu c6 Zg;, > 0, diém hgp luu = bt budc phéi théa man

= € (0, 1]. Kiém dinh thuc t&: Kiém tra toan bo mién gid tri; nghiém cdm viéc 1dy gia tri tuyét d6i | Zgir| trong

cong thic tinh todn huéng cta =.
Dinh ly Bit bién 4 — Rang budc Cin Fréchet-Hoeffding ciia Pudng di (Pathwise Copula Bound
Invariance)

Phat biéu: V6i moi cdp sy kién rao cdn kép Arp = {3h : X;, > TP} va Agp, = {3h : X}, < SL}, xdc
sudt dong thai P(Arp N Agsr,) udc lugng tit bit ky cdu triic Copula nao bit budc phai ndm nghiém ngit trong
can giai tich Fréchet-Hoeffding:

max (0, P(Arp) + P(Asy) — 1) < P(Agp N Ag) < min (P(Agp), P(4sL))

Kiém dinh thuc té: Bit ky gia tri xac sudt uéc lugng nao vugt ra ngoai khodng [Wigwer, Mypper] s€ ngay 1ap

tic kich hoat 16i tinh toan ctia b moé phéng Copula.
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Pinh ly Bit bién 5 — Tinh Hiéu chuin Péu va Pdc 1ap ctia Chubi PIT (Asymptotic Uniform
Calibration Invariance)
Phat biéu: Du6i gia thuyét mo6 hinh du bdo phan phsi (Q; dugdc hiéu chuédn hoan hdo (ideal probabilistic
calibration):
1. Phan phéi bién Uniform: Bién ddi tich phan xéac suat (PIT) U; j, = F j,(Py4p,) tuan theo phan phéi
déu trén doan [0, 1] v6i moi budc chan tréi b > 1:

Umh ~ U[O, 1]

2. C&u truc phu thudc thdi gian:

* Tai buc chan trgi A = 1: Chudi tam hoa {Uz1 — 1/2}L; tao thanh chudi sai phan martingale
(martingale difference sequence) déi véi loc lich stt H:
E[U;, —1/2 | H,] =0 va Uy "< ulo,1].
*  Taicdc buéc h > 1: Hién tugng chdng l4n chan trdi tao ra ty tuong quan bac h — 1 (M A (h — 1)). Khi

do, tinh doc 1ap hoan toan chi dat dugc trén chudi con 18y miu cich quiang khong chong lan

i.3.d. N M . (o an
{Ut.h,h}g{hJ U [0, 1]. Kiém dinh thuc té: Ap dung kiém dinh phan phéi déu Kolmogorov-Smirnov

trén toan chudi, va kiém dinh ty s6 kha di c6 diéu kién Christoffersen (1998) trén chubi con khéng chéng

1an dé kiém tra tinh doc 1ap chudi. Thong ké LR, phai khong bac bé gia thuyét Hy 6 mtic y nghia 5%.

06 — CAM NANG UNG DUNG THUC CHIEN: TU LY THUYET CHAN TROI PEN KY THUAT
GIAO DICH PINH LUQGNG

Phan nay két ndi truc tiép toan bo nén tdng ly thuyét (Phdn 01), 32 chi bdo chan troi chudn héa (Phdn 02) va giao
thoa da khung (Phdn 03) thanh quy trinh ra quyét dinh giao dich thuc té (End-to-End Quantitative Trading
Execution Workflow): tit loc an toan mo hinh, chon phuong thiic vao lénh (Market vs. Limit Maker c6 hiéu chinh
Adverse Selection), t6i uu hoa rao cdn SL/TP djng, qudn tri lénh dang mé cho dén dinh ¢ vi thé bdng trung binh

nhdn co trong so tach biét tinh dinh huéng.



TruoNG HoANG NHAN 1. Quy trinh Quyét dinh 6 Bu6c Chudn Héa (The 6-Step FHA Execution Pipeline)

1. QUY TRiINH QUYET PINH 6 BUGC CHUAN HOA (THE 6-STEP FHA EXECUTION
PIPELINE)

Moi giao dich st dung FHA déu phdi di qua dung trinh tu 6 budc ti ki€m tra an toan dén thoét 1énh:

BUGC 1: CONG AN TOAN MO HINH (QUALITY & CALIBRATION GATE)

e Kiém tra F2: K_cal >= 0.50 (Kiém dinh doc 1lap chudi Christoffersen p >= 0.05)

e Kiém tra E3: Phi_flip <= 0.40 (Du bdo khéng 1at hudng lién tuc trong 10 ky gan nhat)

e Kiém tra E1: D_bar <= 1.50 (Cic mé hinh thanh phan khéng mau thuin cuc doan)

e Kiém tra Q_FHA >= 0.40 va |T_ab| <= 1.50 tai diém neo sau diéu kién héa toan chan troi

T
v

BUGC 2: NHAN DIEN CHE PO THI TRUONG QUA HINH HOC NON (REGIME CLASSIFICATION)

e Doc C2 (H_F - H_F~GARCH) va Phd Hurst da thang H_F = (H_F~5m, H_F~15m, H_F~1lh, H_F~4h)
- H_F > 0.55 & Z_tilde phang/tiang — Ché& d6 Xu huéng Bén (Trend-Following / Breakout)
- H_F < 0.45 & C1 \hat{W}_P < 0.85 —» Ché d0 H6i quy Trung vi (Mean-Reversion / CLMM LP)
- C3 Squeeze = True tai h_waist —> Ché& d6 That Eo Nén (Chd bung sau T_{h_waist})

T
v

BUGC 3: DPINH VI TRONG MA TRAN 9 CAU HINH PA KHUNG (MULTI-TIMEFRAME POSITIONING) |
e Tinh Piém Hgp luu Pa khung Xi bdo toan diu am cho 1lénh Short
e Xac dinh 6 hién tai trong Ma tran 3x3 (Trudong 4h/1h x Kich hoat 15m/5m)

T
v

BUGC 4: CHON PHUONG THUC VAO LENH: MARKET HAY LIMIT MAKER CO HIEU CHINH CHON LOC NGUGQC |
e Néu Z_tilde(h) dat dinh sém & P(tau_x <= 2) > 0.60 — Vao lénh Market/IOC ngay |
e Néu thudc 6 "HO6i Ky thuat" — D3t Limit Maker tai C_PF (D3) noi P(tau_s <= h*) >= @.55 |
véi p_fill*E[R | Omega_fill] > E[R_taker] va E[R | Omega_fill] > +@.25*ATR |

T
v

1
BUOC 5: TGI UU HOA SL/TP DONG & DINH C3 VON (BARRIER OPTIMIZATION & GEOMETRIC SIZING) |

e Gidi bai toadn cuc dai ky vong E[R] trén 512 dudng di m3u Copula (B2 P_race)
e Dinh c¢& quy mé vi thé& trung binh nhan tach biét chiéu: dir = sign(Xi), S = S_base*(1+a*P)|
|

T
v

BUGC 6: QUAN TRI LENH PANG MO: TIME-STOP, APEX EXIT & DANH POI BREAKEVEN |
e Time-Stop: Dong 1lénh néu sau h_hold = min(h_1/2, h*) nén ma gid chua di dung ky vong |
o Breakeven Utility Shield: Panh gia ky vong hitu dung trudc khi doi SL vé hoa vén |
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2. SAU CHIEN LUGC GIAO DICH PINH LUGNG CU THE (QUANTITATIVE TRADING
PLAYBOOKS)

2.1 Playbook 1: Bt Pha Xac Suit Cao (High-Conviction Directional Breakout)
* Pi€u kién kich hoat:
*  Céngchit lugng: Qppa > 0.60va K., > 0.65.
*  Pong luong: | Zair| > 2.0 tai hz < 4, d6 déc dong lugng Z (h) duong va don diéu.
* Hinhhocnén: Hp — H gARCH > (.08 (budc di c6 tri nhé dai han/xu huéng ro).

*  Piém Hgp luu: |=| > 0.50, cung déu gitta khung Trudng (1h/4h) va Séng (5m/15m). * Phuong thiic

vao lénh:
* Lénh Market (Taker) néu Igi thé dua &, > 0.30 vugt troi hoan toan chi phi phi giao dich.

*  Hogc Limit Maker tai gi4 d6i dién néu &,ce € [0.10,0.30] va kiém tra diéu kién lya chon bt 1gi dat
duong. * Quan tri rao can:

*  Take-Profit (T'P): Pt tai phan vi ¢g 9 (hz) (d6i véi Long) hodc qg 1 (hz) (d6i v6i Short).

* Stop-Loss (SL): bit ngoai bién an toan 2.0 - o, tinh theo cong thic Two-Piece Normal Wallis.

2.2 Playbook 2: H6i Ky Thuit Pa Khung (Counter-Trend Pullback Entry)
* Pi€u kién kich hoat:

* C4u hinh ma tran: Trudng (4h) c6 xu huéng manh (Egtp > 0.40), nhung S6ng (15m) dang héi ky thuat
Ertr < —0.20).

*  Chi béo dao dong chan trsi: Q(fRSI (w) < 30) > 0.60 tai b € [2, 5] trén khung 15m.

* Vung gia: Gia thi trudng cham vung tap trung fPOC cda khung 16n C’gg E o Phuong thuc vao 1énh:

* Ditlénh Limit Maker mua dén dau tai mode Fechner ctia phan vi du bao h = 2.

* Ap dung kiém tra diéu kién khop Maker: bit buoc E[R™, | Q] > +0.25 ATR. * Quan tri rao

maker
can:

* TP: bit tai myc tiéu go.5(h = 16) ctia khung 16n 4h.
« SL:Pitdusi gy g5 cia phan phéi diéu kién hoa noi nén.
2.3 Playbook 3: Khai Thac Nén Bién Pdng (Volatility Expansion Breakout)
* Piéu kién kich hoat:
*  Chibéo thit eo: Squeeze(h) = True tai mot budc chan trai by, € [3, 8].
* Ty s6 do rong non: Wp (Rwaist) < 0.65 (nén dy bao co hep bat thudng).

* Khodng cich kiém dinh Coibion-Gorodnichenko: Rev” tiém can 0 (thi trudng dang tich 1ty hoan héo). *
Phuong thic vao 1énh:

* Pt hai lénh Stop-Limit (hoic OCO) tai hai bién nén qo.9 (Pwaist ) va 0.1 (Pwaist )-
« Huy lénh con lai ngay khi mot dau bi kich hoat (One-Cancels-the-Other). * Quan tri rao can:

« TP:Dit tai do gidn non t6i da h = 16.
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*  Time-stop: Hily toan bo néu sau Ayaist nén ma khong co but pha.
2.4 Playbook 4: Cung Cidp Thanh Khoan Vung Gia Tri (CLMM / Range-Bound LP)
* Piéu kién kich hoat:
* Ché&do thi trusng: Hp < 0.45 trén c4 3 khung thdi gian (dic tinh héi quy trung vi manh).
* Do rong non: Wp(lﬁ) < 0.85 (dy bdo khong c6 mé rong bién dong).
* Phan ky dong lugng: Pong lugng du bao Z (h) ~ 0 trén toan chan trdi. * Phudng thiic vao 1énh:
*  Cung cép thanh khoan tap trung (Concentrated Liquidity) trong khodng [go.1(16), go.9(16)].
+ Thu phi giao dich ti dao dong trong hdp non xac suit. * Quan tri rao can:
* Rat thanh khoén khdn cdp néu Tgp > 1.50 (xudt hién xung dot da khung du béo biit pha khéi hop).
2.5 Playbook 5: Biat Pinh Phan Phdi (Apex Reversal Fade)
* Pi€u kién kich hoat:
*  Chi bdo dinh: Papex(h*) > 0.65 tai mot budc chan trsi h* € [4,10].
* P9 cong dong lugng: I'norm (h*) < —1.5 (gia téc dy béo ddo chiéu manh).
*  Xéc sudt rao cdn: P(7,pex < A*) > 0.70. * Phuong thiic vao 1énh:
*  Ditlénh Limit Maker bén khéng tai miic gia dinh ky vong Papex = go.5(h*). * Quan tri rao can:
* TP:Dit tai gia neo hién tai Fy.
+ SL:bittaigoos(h*) + 0.5 ATR.
2.6 Playbook 6: Pon Pau Stia Pdi Du Bao (Drift Revision Front-Running)
* Piéu kién kich hoat:
* Chi bdo stia d6i: |Rev;1 1 (T)| > 1.2 ATR gitta 2 1an cap nhat mé hinh lién tiép.
* Tinh nhit quan thong tin: M6 hinh nang manh ky vong muc tiéu 7" bit chdp gia vira trdi qua nén giam. *
Phuong thuc vao 1énh:
« Vao lénh theo huéng stia d6i du bao trudc khi thi trudng phan 4nh hét thong tin cap nhat cia Foundation
Model.
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3. CONG THUC PINH CO VI THE TRUNG BiNH NHAN TACH BIET TINH PINH HUONG

Khung FHA 4p dung cong thtic dinh ¢ danh muc tach bach triét dé gitia chiéu giao dich va quy mé vén
rui ro:
Winal = dir -+ Shnal

Trong do:

1. Toan td Pinh hudng (Direction Operator):
dir = sign(=) € {-1,0,+1}
v6i quy uéc sign(0) = 0.

2. Quy md Vi thé Co sé (Base Capital Allocation):

Sfinal = Shbase * (1 + Qcap * \I’size)

3. Heé s6 Piéu bién Quy mo Trung binh Nhin (Geometric Sizing Modulation):

4
\Ilsize = Sign(grace) : |:Ha?;”l:| € [_17 1]
i=1

v6i bo 4 thanh phan dong hoc: €1 = [Epace| € [0, 1]: PG 16n lgi thé dua rao cdn. x3 = Qg € [0, 1]:
DPiém chit lugng du bdo téng hgp. 3 = min (1, = £l ) € [0, 1]: Po tap trung hop luu da khung.

—threshold

x4 = exp(—0.57T) € [0, 1]: Heé s6 phat xung dot khong-thdi gian.

Pdc tinh Bdo toan Bdt déi xiing: - Poi v6i lénh Short (2 < 0 ddn dén dir = —1): Néu co hoi c6 lgi thé tot (
Erace > 0), ta c6 sign(&,ace) = +1, suy ra Yy, > 0 va kéo theo Skpal > Shases Vi thé Short duge gia ting
quy mé chinh xac ma khong bi ddo chiéu. - Trung binh nhdn co trong s6 gitt nguyén ddi dong hoc: vdi cdc gid tri
thanh phdn 0.65,0.50,0.40, 0.70, h¢ s6 diéu bién dat |Wsize| =~ 0.54, hodn toan tranh dugc hién tugng suy
bién vé 0 do tich s6 thong thudng gdy ra.
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4. BA QUY TAC BAO VE DANH MUC CUNG (HARD RISK GUARDS)

1. Quy tdc Gi6i han Thoi gian (Time-Stop — By): Moi vi thé mé déu dugc gidm sat qua bo dém nén

vi thé theo gia thi trudng dé thu héi von.

Teopen- Khi Topen > Rhold = min(hy /25 h*) ma Igi nhuan chua dat 0.3 b*, hé théng ty dong thanh ly

2. Quy tic Panh d6i Hitu dung D&i Hoa vén ((G5): Viéc doi Stop-Loss vé gia mé vi thé P, (Breakeven
Stop) khong dugc thuc hién mdt cAch may mdc, ma phai dya trén bai toan so sinh ham htu dung:

E [U(Breakeven)] vs. E[U(Original SL)].

Néu xac sudt ddo chiéu quét hoa von ngin han Pye, (1) > 0.35, h¢ théng nghiém cdm déi SL vé Py vi
nguy cd bi quét non cao; thay vao do, thuc hién chét 15i ting phan tai dinh phan phéi Tapex d€ gidm thiéu
rdi ro.

3. Quy tic Cila s Su kién Vi mé (Bs): Néu cla s6 ndm gitt [1, hyq] cit ngang thoi diém cong bo s ligu
kinh t€ vi mé quan trong (CPI, 14i suit ngan hang trung uong) trong khi d6 rong nén Wp(h) < 0.80, hé
thong tu dong giam 50% quy mé vi thé trude sy kién 15 phut.
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