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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026
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Nhan trong van ban
udc tinh phép tinh hodc suy luan cla tac gia tu di liéu dugc trich dan
hangtucongbd do chinh cong ty ban san pham cong bd, chua dugc kiém chiing doc lap

phan tich céch dién giai bang chiing cua tac gia

Pay la ban dich tir an ban tiéng Anh; néu c6 khac biét, an ban tiéng Anh dudc uu tién.

S6 liéu tinh dén ngay 13 thang 11 nd3m 2026 - Tién té tinh bang dé la My

Tan Shuai - tanshuai.com - S6 liéu tinh dén ngay 13 thang 11 ndm 2026
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TOM TAT

- C

Pinh ly ding vitng, déng luc thi khong

KET LUAN

Pearl cho thay “tinh toan la déng thuan” van hanh dugc vé mat ky thuat, nhung chua
cho thay né hitu ich.

~90 EH/s

~1% ~70 tr USD

mang Pearl ngay 13 thang 11 ndm 2026, s6 khoi Pearl chita céng viéc Al that doanh thu bén ngoai cé thé kiém chiing
trong dé mét H la mét phép nhan-céng (Blockworks, ngay 28 thang 10 nam moi nam cua Bittensor, so véi han 300

INT7

2026) triéu USD phat hanh

175-180x R x (1-1/k) =15 tr USD

phan thudng prover ctia Aleo so véi phi tran Igi nhuan cta mot ASIC ré hon k 1an dé dén silicon do dugc trén N7 qua mo
giao dich trong quy 3 nam 2025 s0 VGi may dao bién uéctinh hinh, FPGA va MPW, truéc mét b mat na

~3,5 triéu USD  uéctinh

Pearl

Nhu cau tra tién

Trd cap va gia tri

Ngay 13 thang 11 ndm 2026, mang Pearl chay & khoang 90 EH/s. Trong ma déng thuan cla no,
mot “hash” 1& mdt phép nhan-cdng sé nguyén, nén mang nay tudng dudng théng lugng s
nguyén cua khoang 122.000 chiéc H100. Thé nhung chi khoang 1% sé khéi chira céng viéc Al
that, vd méi hgp tac suy luan céng khai duy nhat nay khéng con dugc cung cédp trén API
serverless clia nha cung cap. Nguyén nhan la kinh té, khéng phai mat ma: mét GPU vira dao
vlia phuc vu suy luan chi dat khoang 1% dén 27% hashrate clia mot may dao chuyén dung, nén
thg dao duy ly nhan cac ma tran ngdu nhién.

Trong toan bd Al x crypto, nhu cu tra tién co thé kiém chiing xuat hién & ba nai: ban suy luan,
ban dif liéu va ban quyén riéng tu. Doanh thu bén ngoai cé thé kiém chiing cua Bittensor
khoang 70 triéu USD mébi nam, khoang bén phan ndm trong dé dén tif cac subnet dién toan va
ha tang. Grass b&o c&o 17 triéu USD doanh thu dif liéu trong nlfa dau ndm 2026. Suy luan bao
mat trong mai trudng thuc thi tin cdy da vao van hanh thuc té. Ngudc lai, cac khoan thanh toan
thuc su do tac tir Al khai tao chi khoang 5.000-11.000 USD méi thang, con zkML va huan luyén
phi tap trung chua cé nhu cau tra tién nao dugc céng bé.

Boi s6 trg cap la phép kiém tra siic khoe trung thuc nhat. Phan thudng prover cla Aleo gap
khoang 175-180 Ian phi cua né; lugng phat hanh cla Bittensor gap khoang 4-11 1an doanh thu
kiém ching dudc; von héa cua Render gap khoang 360 lan phi on-chain; va khoang 460 triéu
USD thu nhap thg ddo mébi ndm cua Pearl phan 18n |a trg cap khéi, gan nhu khéng lién quan dén
nhu cau Al tra tién. Trg cap la nhién liéu dé khai dong, khéng phai mé hinh kinh doanh. Trong
khi dé gia tri dang chuyén ti token sang c6 phan: bon céng ty cd phan dung ha tang tap trung
va kénh phan phéi géc crypto dudc dinh gia khoang 8,5 ty USD, xap xi toan bd token Al tang
giao thiic va tdng (ng dung céng lai.
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ASIC

Tién trinh va
ngan sach

Vé chip, tran Igi nhuan ctia mdt ASIC xap xi doanh thu trén méi don vi tinh toan nhan véi (1 -
1/K), trong d6 k 1a s6 lan né ré hon phan cling bién. Vi sé hang nay 16m, hiéu qua vudt qua k =
5-10 gan nhu khéng thém Igi nhuan; diéu quyét dinh két cuc 1a quy mé quy thudng, luat & kéo
dai bao lau va con chip c6 thi trudng thu hai hay khéng. Cau tra IGi cua toi theo tung loai chip:
dung tape-out mét chip Pearl INT7 chuyén dung Iuc nay, thay vao do dat cugc vao mot bd tang
téc uu tién suy luan va cling dao dudc; 1a ngusi mdi thi ding ngoai thi trudng may dao bitcoin
thuang mai; 1a ddi nho thi diing lam chip huén luyén déc 1ap; lam chip suy luan khi da ky dugc
khach hang; phong hd véi bd tang téc ZK va dén dau sém véi FHE.

Tién trinh nén dugc chon theo khoan I6n nhat trong chi phi vong d&i clia con chip: nang lugng
véi chip chay sudt ngay dém, déng gdéi va bd nhd véi chip huan luyén, quyét dinh SRAM hay
HBM Vi chip suy luan. Va con chip dau tién nén dugc mua theo tiing giai doan, mét mé hinh,
mot FPGA, mot wafer da du an va chi sau d6 méi dén bdé méat na, dé mot thay ddi cla giao thic
chi tén gia mét mau thi chu khéng phai gia mot 1an tape-out. Ca hdi ndm & ndi cac linh vuc
giao nhau: crypto 1a khach hang dau tién, Al Ia thi trudng th hai.

Nhan dinh 6 chi trong cac chuang)
Pearl c6 van hanh dugc Van hanh dugc: mot blockchain dugc bao vé bang Khoang 90 EH/s ngay 13 thang 11 nam 2026; 1
khong, va cong viéccilanécé  phép nhan ma tran & quy mé I6n. Chua hiiu ich: H =1 phép nhan-cong INT7; khoang 1% s6
hitu ich khéng? gan nhu toan bd viéc dao 1a trén ma tran ngau khoi c6 cong viéc Al
nhién

Nhu cau tra tién thattrong  Suy luan, df liéu va quyén riéng tu. Thanh toan clia  Bittensor khoang 70 triéu USD doanh thu kiém
Al x crypto ndm & dau? tac tl, zKML va huén luyén phi tap trung van chua chuing dugc moi nam; Grass 17 triéu USD

c6 nhu cau trong nuia dau 2026; thanh toan clia tac tu
khoang 5.000-11.000 USD méi thang

C6 dang lam mot ASIC Chi khi quy thudng 16n, luat 1& 6n dinh va con chip Tran Igi nhuén = R x (1 - 1/k); bitcoin khoang
khong? c6 thi trudng thif hai. Hién chua mang nao héi du 11,5 ty USD doanh thu thg dao méi ném, Pearl
caba khoang 0,46-0,49 ty USD, Kaspa khoang 18
triéu USD
@ Dadi nhé nén lam chip gi? B6 tang téc uu tién suy luan va cling dao dugc; ASIC t6t nhat cua Kaspa kiém 0,86 USD méi

chip suy luan cho mét khach hang da ky; céng viec ~ Ngay; ngan sach thiét ké 3/2 nm tit 60-400
FHE sdm. Khong lam may dao bitcoin thuong mai triéu USD trd 1én
hay chip huan luyén

@ Tién trinh nao? Chi phi vong déi I6n nhat quyét dinh: n&ng lugng, TSMC N2 khoang 30.000 USD mét wafer so
doéng goi va bd nhd, hoac kién tric bd nhé vGi khoang 3.000 USD cho N28; HBM va
CoWoS khoang 63% chi phi mét H100
@ Con chip dautiéntdnbao  Theo bén giai doan: mé hinh, FPGA, wafer da du Mot sudt MPW thudng mai 50.000-500.000
nhiéu, va nén mua né thé nao?  an, réi méat na. DUng trudc méat na néu luat 1& hodc USD; méat na N7 khoang 3,5 triéu USD; ngan
ngudi mua chua chic chan sach thiét ké 7/6 nm 15-100 triéu USD
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026

Al x crypto qua sau mang: nhu cau tra tién that ndm & dau
Nhu c&u tra tién c6 thé kiém chiing so vdi tin hiéu trg cap va dinh gia, thang 11 ndm 2026

@83 Chubi cdng viéc hituich 01
THAT NHUNG NHO

=70 tr USD/nam

doanh thu bén ngoai kiém chiing dudc cla
Bittensor

Tin hiéu: phat hanh gép 4-11x doanh thu; Pearl
~1% khéi Al

Cd ché chay dugc; tinh hitu ich can nguai tra
tién

@ Al kiém chiing dugc 04
CON S6M

398

ngudi dung tra tién ctia dam may TEE Phala, cudi
2025

Tin hiéu: chua cong b zkML tra phi

TEE da vao van hanh; zkML con sém

@ Pién toan phi tap trung 02

THAT NHUNG NHO

2,35 tr USD/nam

phi on-chain cua Render, I6n nhat kiém ching
dudc

Tin hiéu: vén hoa ~360x phi
Chui yéu ban lai suy luan phé thong

|| Thanh toan tac tu 05

CHUA CO NHU CAU

5-11 nghin USD/thang

thanh toan x402 thuc sy do tac tif khdi tao

Tin hiéu: =200 tr giao dich, phan I6n 14 tin hiéu

Ha tang c6 trudc; nhu cau thi chua

GHI CHU NGHIEN cUu 2026.11

@o Huan luyén va suy luan 03

LAI VE c6 PHAN

100+ tr USD/nam

Prime Intellect, cong ty c6 phan dung GPU tap
trung

Tin hiéu: mainnet huén luyén cta Gensyn chua
chay

Tién bd Ia that; Igi nhuan vé c6 phan

@ Mang dii liéu 06

CO NGUGI MUA

17 tr USD

doanh thu dif liéu cua Grass, nifa dau 2026 (tu
bao cdo)

Tin hiéu: von hoa ~10x doanh thu n&m hoa

Mat trong s6 it mang c6 ngudi mua that

Ngudn: DefiLlama, SubConnect (qua hoge.gg), TRM Labs, Phala, Dealroom, SiliconANGLE, CoinGecko, Blockworks; tdng hdp cua tac gia.

Tan Shuai - tanshuai.com - S6 liéu tinh dén ngay 13 thang 11 nam 2026
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CHUONG 01 serer 8C

PHAM VI VA PHUGNG PHAP

Pham vi, phudng phéap va bon phép thir

® Visao co bao cao nay, va vi sao la luc nay

Thang 4 ndm 2026, mét blockchain méi, Pearl, dua mét y tudng 1au dsi vao van hanh thuc té: dé thg dao canh
tranh gianh khéi bang cach lam chinh cac phép nhan ma tran ma Al chay trén dé, thay vi bam. Trong vong sau
thang, mang cla né dat khoang 90 EH/s va token cla né dat vén hoa khoang 500 triéu USD. Cung luc do, cac
chg dién toan Al, mang huan luyén phi tap trung, ha tdng thanh toan cho tac tif va mang d liéu huy déng hang ty
do la, va cac thg dao bitcoin bat dadu chuyén cac dia diém c6 ngudn dién cla ho thanh trung tam dit liéu Al. Toi
mudn biét nhitng thir ndo trong sé nay c6 khach hang that, silicon tly bién cé hdp ly 8 ché nao trong dé khéng, va
mot ddi chip thuc su cé thé dung tién trinh nao va xudng duc nao.

® B6n phép thir cho moi du an Al x crypto

Mét nghién cliiu bao mat ndm 2017 vé Gridcoin 1ap luan rang tinh toan hitu ich chi c6 thé bao vé mét blockchain
néu noé khoé giai, dé kiém chiing va dé thudng. Toi thém phép thir thd tu. Cung nhau, chung quyét dinh phan 16n
nhiing gi tiép theo.

()] Khé giai. Tinh toan trung thuc phai la cach ré nhat dé tao ra mét bang chiing hap 1&; khéng dudc co6
dudng tat.

02 Dé kiém chiing. Kiém tra cdng viéc phai ton it hon nhiéu so véi lam noé, néu khéng mang phai tra tién
hai lan.

03 Dé thuéng. Giao thic phai tinh dugc phan thudng chi tif bang chiing, khéng can tin mét bén thit ba.

Q4 C6 ngugitra tién cho dau ra. Tri khi mot khach hang bén ngoai mang tra tién cho két qua, céng viéc
“hitu ich” chi 14 trg cap kém mét cau chuyén.

Cau d6 bam vugt qua ba phép thir dau va trugt phép thu tu. Cac tac vu Al that vuct qua phép thd tu nhung trugt
phép thu hai: chitng minh mét phép tinh Al bédng zero knowledge tén gap 100 dén 10.000 Ian chinh phép tinh do,
va cac cd ché proof-of-learning da bi chiing minh 1& c6 thé gia mao véi chi phi thap. Phép nhan ma tran cé nhiéu
cla Pearl la cay cau dang tin dau tién vuct qua phép thu kiém chiing ma van gilt nguyén hinh dang cla tinh toan
Al.

® T6i dalam nhu thé nao

Pay la nghién cuu tai ban, dugdc 1am theo cach téi van tham dinh mét con chip hay mét k& hoach kinh doanh. Téi
da doc ma ngudn, cac dé xuat giao thuc va whitepaper cua Pearl; di liéu chudi ti mét full node déc 1ap; hd sd
céng bd va bao cao két qua kinh doanh cla cac céng ty; cac bai bao vé mat ma hoc, kién truc may tinh va hoc
may; dif liéu gia cla xudng duc va nha cung cép; cung bao chi chuyén nganh va céng nghé. Moi con s6 déu kém
ngay. Con sb nao tai tu suy ra, téi n6i ré va danh dau wec tinh . Con s6 chi do bén ban céng bé dudc danh dau

hang tu cong bé ; cach t6i dién giai bang ching dudgc danh dau phantich . Tién té tinh bang dé la My. Tinh trang tinh
dén ngay 13 thang 11 nam 2026.
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CHUONG 02 ———«— seny : C

PEARL - COG CHE

Pearl: phép nhan ma tran lam dong thuan

® Y tudng, tif dinh ly dén mainnet

Thang 4 nam 2025, llan Komargodski va Omri Weinstein céng bé “Proofs of Useful Work from Arbitrary Matrix
Multiplication”. Ho xay dung mét bang chiing céng viéc hitu ich cho moi tich ma tran vdéi chi phi phu tréi chi 1 +
o(1) Ian mét phép nhan ngay tha; tinh bao mat cuia né dua trén dd khé cua viéc giai cac 16 phuong trinh tuyén tinh
hang thap ngau nhién, day la mét gia thuyét, khéng phai mét chiing minh. Bai bdo goi tén khé khan that su cua
linh vuc: mét bang chiing céng viéc hitu ich véi chi phi phu troi hé sé6 hang thi tdm thudng nhung vé dung; phan
kho la gill cho tinh toan trung thuc luén 1a cach ré nhat dé thang khi thg dao tu chon dau vao.

Mainnet cua Pearl khai chay ngay 27 thang 4 nam 2026, luc 09:00 UTC. Thg dao tinh mét tich ¢é nhiéu (A + E)(B
+ F), trong d6 nhiéu hang thap dugc suy ra ti mot cam két BLAKE3, réi loai bd nhiéu dé khéi phuc A-B. Trang thai
bo tich 10y cua mbi 6 dau ra dudc bam thanh mot vé sé; mét 6 tring dugc md ra va chiing minh bang mét bang
chuiing zero-knowledge Plonky2 dé quy dudi 60 KB, bén trong mét chiing chi khéi gidi han & 65 KB. Viéc kiém
chung 1& mét bang chiing nhd cé kich thudc khdéng déi, doc 1ap véi kich thudc ma tran: ré dé kiém tra nhu mét
cau doé bam, trong khi ban than phép tinh cé thé hiu ich.

® Mot phép nhan-cong la mot “hash”

V&i ngusi thiét ké chip, su that quan trong nhat 14 don vi. Ma ddng thuan cua Pearl co gian muc tiéu clia méi lan
thir theo kich thudc 6 nhan véi d6 dai tich vo hudng, nén 1 H chinh xac la mot phép nhan-cong (MAC) INT7 x
INT7 - INT32 dudc ghi nhan. TU khéi 96.251, mét hinh phat hang yéu cau hang nhiéu t6i thiéu 128; & hang toi
thiéu, 1 H van badng 1 MAC. Do d6 “EH/s" cla Pearl theo dung nghia den la 108 phép nhan-cdng sé nguy&n mbi
giay: lan dau tién, ngan sach bao mat ciia mét blockchain dudc dinh gia bang théng lugng tensor cua cac bd
tang toéc Al. Hashrate GPU do dudc rai vao khoang 60% dén 95% dinh nhan-céng INT8 dense cua tiing card,
khdp vai cach doc nay.

Joule trén nghin ty

Hashrate Pearl Cong suat MAC (J/TH) Nguén (ngay)
RTX 400 TH/s 525 W 1,31  usctinh Kryptex (12 thang 11)
5090
RTX khoang 305 TH/s (dai cdng déng 280-330); 450 W 1,31 (s6 liéu Kryptex) pristats (3 thang 10); Kryptex
4090 Kryptex ghi 343 TH/s (Kryptex) uéc tinh
H100 735 TH/s 697 W 0,95 uéctinh PeakMiner, qua pristats (19
SXM5 thang 9)
B200 1,382 PH/s 9835W 0,71 usc tinh PeakMiner, qua pristats
B300 706-850 TH/s 920-1.072 W 1,2-1,3  uéctinh pristats; SimeonOnSecurity
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026

Vi cong viéc s6 nguyén cuia Pearl, cac GPU chung mét tran nang ludng
Joule trén mbi nghin ty phép nhan-céng INT7 (J/TH) & hashrate Pearl do dugc; thap hon 13 tét hon

Tran chung cua tensor core =1,3
)

RTX 5090 saa '.
400 TH/s 3 525 W [ .
RTX 4090 slog ..
343 TH/s & 450 W (Kryptex) 4 ;

B300 ) 1213

706-850 TH/s ¢ 920-1.072 W

H100 SXM5 @ 0,95 :
735 TH/s 6 697 W !

B200
0,71
1.382 TH/s 6 983,5 W ®o

ASIC INT7 dii liéu trong SRAM (: 0.13-043
Suy Iuan: t6t hon GPU 3-10x méi phép tinh, chua cé ! !
chip
0,0 0,4 0,8 1,2 1,6

Joule trén TH (m6t TH = 10" phép nhan-cdng dudc ghi nhan)
Thap hon latét hon <

Nguén: Kryptex (12/11/2026); benchmark PeakMiner va SRBMiner qua pristats; SimeonOnSecurity; dai ASIC Ia suy luan cla tac gia, khéng phai sé do.

Hai chi tiét trong bang nay quan trong véi ngusi thiét ké chip. Thi nhat, cac card tiéu dung RTX 4090 va 5090 va
chiéc B300 cho trung tam dif liéu hdi tu & khoang 1,3 J/TH, va ngay ca card tét nhat, B200, ciing chi dat khoang
0,71 J/TH. Mét GPU trung tam d(f liéu gia hang chuc nghin db la tiéu tén n&ng lugng cho méi phép nhan-cong s6
nguyén gan badng mét card chai game, diéu nay chi ra mét tran chung vé ndng lugng cua tensor core trén moi
MAC INTS8, va tran doé chinh la tht mét con chip chuyén dung cé thé pha va. Thi hai, B300 cham hon B200:
NVIDIA da c&t manh théng lugng INT8 trong Blackwell Ultra, nén céng viéc sé nguyén phai di mét dusng cham
han trén con chip dé. Silicon Al chd Iuu dang rdi khoi INT8 dé hudng téi FP8 va FP4. Khi dinh dang s6 ma mét ca
ché déng thuan chon di chéch khéi hudng phan cling dang di, giao thic budc phai thay déi luat, va do la géc ré
cua fork FP8 cling nhu cta nhan dinh vé ASIC cla t6i 8 phan sau bao céo.
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CHUONG 03

PEARL - KINH TE

Pearl: quy mo, phat hanh va khoang cach hiru ich

® Tu 0,011én 90 EH/s trong sau thang

Gia tri (13 thang 11 nam 2026)

Cd sd va ngudn

Hashrate mang

Do khé va dé cao khoi
Phan cling tuong ducng
Gia, von héa va gia tri pha
loang hoan toan

Pinh va day moi thgi dai
S6 coin da dao

Trg cap khdi va phat hanh
hing ngay

Ngudn cung méi trong 12
thang toi

Thu nhap thg dao
Doanh thu trén méi don vi
hashrate, R

S6 khoi chuia cong viéc Al
that

Mtic tap trung cua pool

Muic tap trung ciia ngudi ndm
gili

Khoang 90 EH/s (méc cd s& 89,77; dai trong ngay 88,20-93,22; dinh
trong ngay 12 thang 11 1a 110-123)

58.841.982 va 142.530

Khoang 122.000 chiéc H100 ho3c 225.000 chiéc RTX 5090
1,32-1,34 USD; khoang 500 triéu USD; khoang 2,8 ty USD (hang 101
trén CoinGecko)

2,46 USD (21thang 10) va 0,1399 USD (23 thang 7)

377,6 triéu PRL, 17,98% muic tran 2,1ty

Khoang 2.173 PRL va khoang 0,97-1,03 triéu PRL

Khoang 78% nguén cung hién tai

Khoang 1,25 triéu USD méi ngay (mé hinh), khoang 460 triéu USD

mé&i n&m

Khoang 14-15 USD méi PH/s méi ngay; mot RTX 5090 kiém khoang
5-6 USD méi ngay

Khoang 1% (udc tinh ngay 28 thang 10)
Kryptex tim dugc 46,4% s6 khdi trong 24 gi6 qua; hai pool I6n nhat
khoang 62%

Hé s6 Gini theo dia chi 0,969; 100 dia chi I6n nhat ndm 53,0%

Full node doc lap prlstats;
Kryptex

pristats

& 735 va 400 TH/s mbi
card uéctinh

CoinGecko

CoinGecko
pristats

pristats; Kryptex

pristats

pristats

uéctinh ; Kryptex

Blockworks

pristats

pristats

Hashrate cua Pearl gan nhu 1a mét ham tré cla gia. Mot ngay sau khi ra mét, mang chay & khoang 0,01 EH/s; dén
cudi thang 5 da dat 23-26 EH/s. Sudt mua he, gid giam khoang 86% so véi dinh thang 5 va hashrate di ngang &
21-39 EH/s. Sau khi gia tang khoang mugi 1an trong thang 9 va thang 10, hashrate dat 85,76 EH/s ngay 27 thang
10 va khoang 90 EH/s trong thang 11. Mét dinh vot 1én 195 EH/s ngay 11 thang 8 trung vdi mét fork va nén dugc
hiéu 13 sai s6 udc lugng. Nang lugng tang theo: mét nghién clu udc tinh khoang 112 MW cho toan mang & 24

EH/s, va mdt md hinh cla pristats dat con sé hién nay & khoang 190-215 MW.
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S4u thang dau cua Pearl: hashrate theo gia, luat Ié lién tuc déi
Hashrate mang, ba méc gia va moi thay déi déng thuan, tir 27/4 dén 13/11/2026

Hoe ' Binh 195 EH/s tai mot fork
Hashrate, EH/s ! (sai s8) - SIS
' 85,76
50
23-26|EH/s Muia hé: 21-39 EH/s
0,01 EH/s, ngay I
0 =
Gia PRL
e Pinh 2,46 USD - 21/10 Q) @)
Day 0,14 USD - 23/7 1,34 USD - 13/11
Luat dong thuan
o f *-0-¢ f
Mainnet - 27/4 Hard fork MoE - 12/6 ‘ Hard fork seed c6 salt - 11/8
Soft fork chi dense - 23/7 Kich hoat FP8: chua dinh do cao
Du thao PIP-3: INT7 -> FP8 - 30/7
Soft fork phat hang - 6/8
Th5 Thé Th7 Th8 Th9 Th10 Th1

Nguén: Full node va chudi sé liéu pristats; Kryptex; CoinGecko; params.go va PIP-3 clia Pearl. Binh ngay 11/8 1a sai s6 udc Iugng tai mot fork.

® Phat hanh khuéch dai tinh phan than

Ngudn cung t6i da la 2,1ty coin va khéng cé halving: trg cap khéi giam dan muct ma theo E(t) = S-H / ((t + H)(t +
H - 1)) v8i H = 650.226. Nhung phat hanh dudc tinh theo khéi, khéng theo thdi gian, va dé khé ban dau khai diém
qua thap va diéu chinh cham. Khoang 44,06 triéu coin dudc dao trong ngay dau tién va khoang 120 triéu trong
sau ngay dau, khoang 32% ngudn cung hién nay usctinh . Cac khoi gan day, khoang 171-183 gidy, van dén nhanh
han muc tiéu 194 gidy. Két qua la ngudn cung sé tang khoang 78% trong 12 thang t&i, mét muc pha loang ma thg
dao, nha san xuat phan cling va ngusi ndm gitt déu phai déi mat.

Kinh té cua thg dao di theo dé. Thu nhap thg dao toan mang khoang 1,25 triéu USD méi ngay (mé hinh); lugng
phat hanh hadng ngay cla Kryptex nhan véi gia hién tai cho khoang 1,35 triéu USD méi ngay, nén doanh thu trén
moi don vi hashrate R = 14-15 USD mdi PH/s mdi ngay usc tinh . Mdt RTX 5090 kiém khoang 5-6 USD médi ngay.
Mt H100 hodc H200 kiém khoang 11 USD, trong khi gia thué theo yéu cdu céng khai ré nhat khoang 2,09 USD
méi card mébi git, khoang 50 USD mébi ngay, nén thué card chi dé dao thi 16 nang. R dao déng rat manh: theo
chudi s6 liéu cua pristats, né vao khoang 10 USD trong thang 8 va thang 9 va c6 luc khoang 33 USD vao gilia
thang 10 wsctinh . Chi vai tuan sau khi ra mét, doanh thu hdng ngay udc tinh cia mét RTX 5090 da giam mét nua,
tl khoang 33,80 USD xuéng khoang 1719 USD. Thué GPU dam may dé dao chi cé Iai trong vai tuan dau va trong
dgt tang gia thang 10.

@ Pinh ly dirng viing; dong luc thi khong

Van dé that 1a nhu cau, khéng phai mat ma. Tich hgp thuong mai céng khai duy nhat cua Pearl 14 endpoint
Gemma-4-31B-it-pearl cua Together Al, ra m&t ngay 15 thang 5 véi gia thap hon muc théng thudng hon 25%,
phan chiét khau dugc tai trg bang gia tri tuong lai ky vong cua lugng phat hanh. Ngay 13 thang 11, trang mé hinh
cho thdy né khéng con cé trén API serverless cla Together. Vao thang 6, mdt cudc khao sat 8.012 phién dao
truc tuyén, khoang 21% mang, két luan rang mang hoan toan khéng tao ra phép tinh Al hitu ich nao (tac gia goi
b&ng chung la cé tinh gai y, chua phai két luan), va cho thay cac share dung tif ma tran hoan toan ngau nhién van
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dudc pool chap nhan. Ngay 28 thang 10, Blockworks udc tinh rang chi khoang 1% sé khai chita céng viéc Al
that; néu khéng c6 né, theo bai viét, Pearl |4 mét bitcoin nhd han, kém an toan hon va lam phat nhanh hon.

Ly do ¢6 thé tinh ra dugc. Chi phi phu trdi phia suy luan thuc su nhoé: Pearl bao céo thsi gian dau-cudi tang 5,08%
cho Llama 70B trén b6én H200, va mét thit nghiém doc 1ap do dugc mic giam théng luong 9,2% trén mot GPU
Hopper. Phia dao thi kiém dugdc qud it. Plug-in vVLLM chinh thiic chi dao trén cac 16 prefill tir 1.024 token trg 1én va
khong bao gid dao 6 cac budc decode. M6t card phuc vu suy luan nhan dugc khoang 27% hashrate ctia may dao
chuyén dung vdi luu lugng thuan prefill, khoang 5,4% véi hdn hgp chat co 80% la decode, va chi khoang 1% véi
Itu luong do decode chiém uu thé. Khéng cé nhu ciu suy luan tra tién, thg dao duy ly sé nhan cac ma tran ngau
nhién; giao thic kiém ching rang cac ma tran da cam két dudc nhan mét cach trung thuc, chi khéng kiém chiing
chung c6 hiu ich hay khéng. Pinh ly diing viing; dong luc thi khong. Tinh hlu ich cta Pearl la mét bai toan
thugng mai ngoai chudi: phai cé ngusi tra tién cho suy luan.

CHUONG 04 .l C

PEARL - LUAT LE

Pearl: rui ro luat 1, sé hoc va quan tri

® Bon fork trong hai thang

Mat kia cua Pearl 13 t6c dd thay ddi luat 1&. TU thang 6 dén thang 8 nam 2026, phong thi nghiém da day ra boén
thay doéi déng thuan & cac dé cao dudc ma hda cling: mdt hard fork mixture-of-experts (khéi 71.935, khoang ngay
12 thang 6), mot soft fork chi dense (91.630, khoang ngay 23 thang 7), mét soft fork phat hang (96.251, khoang
ngay 6 thang 8) va moét hard fork seed cé salt (99.000, khoang ngay 11 thang 8). Sau fork seed c6 salt, may dao
c chi c6 thé tao ra share khéng hdp 1&; hinh phat hang cat giam hashrate hiéu dung cua cac cau hinh hang cao
tl 50% dén 87,5%.

Budc tiép theo la PIP-3, van con 1a du thao: né chuyén viéc dao tif INT7 sang FP8 x FP8 - FP32 va yéu cau hd so
thiét bi chinh xac tuing bit, chi hé trg hai kién truc, Hopper va Blackwell. Tai liéu goi su phu thudéc phan cung la
mot diéu &c can thiét clia cac giao thuc diu phdy déng va canh bao rang bat ky dung sai nao trong kiém chiing
cling mdi goi tan céng grinding. Ngay 12 thang 11, tham s6 mainnet clia nhanh fp8-scheme chua dat dé cao kich
hoat. Theo du thao hién tai, dong RTX 40, A100 va card AMD khéng dudc chap nhan, trong khi mét mé hinh dé tin
cay thap cua pristats udc tinh khoang 82% hashrate dén tif card tiéu dung. Ep fork nay théng qua cé nguy cd gay
tach chudi hoac phan (ng dif déi tif thg dao.

® Thé tam nan cua dinh dang s6

Pearl d6i mat mot thé tam nan: mét dinh dang s6 cé thé hitu ich cho Al (FP8 ho&c FP4), kiém chiing dudc chinh
xac tiing bit trén moi phan cung, va trung lap phan ciing, nhung chi dat t6i da hai trong ba. Cd ché INT7 kiém
chiing dudc va trung 1ap nhung di chéch hudng silicon Al. FP8 véi danh sach trang thi hitu ich va kiém chiing
dudc nhung budc dong thuan vao mét nha cung cap. FP8 vdi dung sai thi hitu ich va trung 1ap nhung mé& ctia cho
tdn céng grinding. S6 hoc dau phdy déng trong tensor core nhin chung khéng tuan theo mét chuan sé hoc va
khéng tai l1ap dudc giiia cac thé hé; chdng han trén Hopper, phép tich lGy FP8 chi gilt 13 bit phan phan sé va cét
bt phan con lai. TU géc nhin cla ngudi thiét ké chip, mdt “hd sa Hopper” [a mot phép s6 hoc dudc xac dinh hoan
toan ma mot ASIC co thé hién thuc chinh xac tling bit, cé 1& con hiéu qua hon GPU. Nhung lam vay sé Ia kinh
doanh trong vung xam, di ngudc y dinh da tuyén bé cla giao thic, véi rti ro quan tri rat cao phantich .
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® Quan tri

Quyén quan tri tap trung. Phong thi nghiém viét moi dé xuét giao thuc; cac fork kich hoat 8 do6 cao méa hoa cung
ma khéng ¢6 tin hiéu tif thg dao; khédng cé ban hién thuc client th hai; va tinh dén dau thang 10 chua cé bao céo
kiém toan bén thi ba nao vé node hay cac mach zero-knowledge dudc céng bé. T8 bao Israel TheMarker dua tin
phong thi nghiém da huy déng khoang 120-130 triéu USD trong mét vong goi von kin (khoang 55 triéu USD vén
cd phan céng mét quy ha tang GPU khoang 75 triéu USD); Pearl chua xac nhan qua kénh chinh thuc. “Khéng cé
phan bé token cho nha dau tu” va “mét cong ty c6 cd déng mao hiém" coé thé cung dung, nhung mau thuan van
con: doanh thu Al c6 thé chay vé c6 phan trong khi pha loang dé I&én ngusi ndm giit token.

Téng hdp lai, Pearl 1a thi nghiém “tinh toan la déng thuan” sach sé nhat cho dén nay: mét cd ché mdi, kiém chiing
dugc trén chubi, v8i mdt dan vi anh xa mdt-mot 1&n phan cing Al. Nhung tinh hitu ich chua dén, va ngan sach bao
mat, hashrate cling nhu su hang hai cta thg dao déu treo trén mot token ma nhu cau chinh chua hinh thanh va
nguén cung sé tang khoang 78% trong 12 thang. Ba tin hiéu ti Blockworks dang theo déi: ban nang cap coé dién
ra sudn sé khang, ty 1& khéi cé cong viéc Al cé tdng dang ké khdng, va cé nha cung cép suy luan nao chuyén thu
nhap dao cho khach hang cta minh khong.

e e .
CHUOI cONG VIEC HUU icH
Chuoi cdng viéc hitu ich: ca ma tran lan
zero knowledge déu khéng chan dugc ASIC

® Kaspa: ma tran khong hitu ich, ciing khéng chéng dugdc ASIC

Kaspa la trusng hgp kinh dién. kHeavyHash clia né dat mét tich ma tran-vector 64 x 64 trén cac gia tri 4 bit vao
gilta hai Ian bam, va tich dé bj vit bo. Khoang 16 thang sau dgt ra mét cdng bang vao thang 11 ndm 2021, IceRiver
céng bo cac ASIC Kaspa dau tién ngay 14 thang 3 nam 2023, va dén cudi nam 2023 thi viéc dao bang GPU chdm
dut. So sanh mét RTX 4090 & 3,8 GH/s va 300 W vdi KS7 cua Bitmain & 77 J/TH cho khoang cach hiéu qua
khoang 1.000 lan usctinh . Sau b(fa tiéc & su co lai: ngay 13 thang 11, mang chay & 358,9 PH/s, thap hon khoang
64% so v8i mic 1 EH/s cla thang 8 nam 2024, va chiéc KS7 t6t nhat chi kiém 0,86 USD médi ngay vdi gia dién
0,10 USD méi kWh.

® Aleo: zero knowledge ciing khéng chin dudc phan ciing chuyén dung

Cau dbé prover cla Aleo dudc thiét k& dé mé phong cong viéc tao bang chiing SNARK; né khéng chitng minh giao
dich clia ngudi dung, va du an céng khai chao don ASIC ZK. Khoang nam thang sau mainnet thang 9 nam 2024,
may chuyén dung da dudc giao hang. Trong quy 3 nam 2025, cac prover nhan 31,2 triéu ALEO (khoang 7,8 triéu
USD) trong khi mang chi thu khoang 43.000-44.000 USD phi: bdi sé trg cap khoang 175-180. Gia giam tif khoang
9 USD Iuc mdi giao dich xuéng 0,22 USD vao cudi quy doé, va ARC-46 nay yéu cau stake tif 100.000 dén 2,5 triéu
ALEO cho méi I8i giai, bién viéc dao thanh mét ngudng stake.

® Qubic va Bittensor

Qubic quang ba “bang chiing céng viéc hitu ich” dé huan luyén mang nd-ron Aigarth ctiia minh, nhung dau ra dé
thay nhat cla suc tinh cla né trong 2025-2026 lai Ia khéi cua cac chubdi khac. PAu tién né ddo Monero, nang thi
phan ti dusi 2% vao gilia thang 5 ndm 2025 Ién hon 25% vao cudi thang 7 va tuyén bé dat 51% vao thang 8, gay
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ra mot dot tai td chiic sau khéi (mdt nguén khac noi 18). Ngay 1thang 4 ndm 2026, né chuyén sang dao Dogecoin
b&ng ASIC, dung tién thu dugc dé mua lai va dét token. Khéng cé béng chiing ddc 1ap nao cho thay viéc huan
luyén Al cta né hiiu ich, va vén héa cua né giam tif khoang 280-300 triéu USD xuéng khoang 50 triéu USD ngay
13 thang 11. N6 cling phoi bay mét ngoai ting: mét chudi tra tién cho suic tinh da dung tao ra mét khdi hashrate
I&n, cho thué dudc va dugc diéu phdi, co thé bi quay sang tan céng cac chubi than thién véi CPU.

Bittensor khéng phai bang chiing céng viéc ma la cham diém chd quan theo trong sé stake: validator cham diém
thg dao, va trong sé bi cat & trung vi theo trong s stake. Pay 14 mang duy nhat trong nhém c6 doanh thu bén
ngoai & quy md In. Chi s6 SubConnect, vén chi dém khach hang bén ngoai cé thé kiém chung, cho thay khoang
70 triéu USD méi nam vao dau thang 11 ndm 2026 (khoang 35 triéu USD ngay 1thang 9), 78% dén 82% trong do
dén tU dién toan va ha tang; nhung & mic gia dau thang 11, lugng phat hanh cua né vugt 300 triéu USD méi nadm,
nén doanh thu chi bu dugc 9% dén 23%. Cac udc tinh doanh thu chénh I&ch 18n tuy cd s4 tinh, ti khoang 17 triéu
USD (Artemis) dén 172 triéu USD ndm hda ti téng s6 tu bdo cdo. Vao thang 4, 67 trén 128 subnet da dét hon 99%
phan khuyén khich ctia minh, va khi déi dan dau Covenant rdi di vi bat déng quan tri, TAO giam 24% trong vai gid.

® Lich st cho cung mot cau tra I6i

Chubi s6 nguyén to6 cua Primecoin kiém chiing nhanh, nhung khéng ai cdn dén chung. Gridcoin dua vao cac
trang théng ké bén thi ba dé xac nhan déng gop BOINC, va cac nha nghién cliu da lam gia khéi ma khéng can
tinh toan gi. Bang chiing Iuu trif cla Filecoin hoat déng vé mat ky thuat, nhung trong quy 3 ndm 2025 muc su
dung chi dat 36%, va 99,5% trong s6 793.000 USD phi cta né 14 tién phat, véi phi ca s& chi 4.100 USD.

Cong viéc hodc dong Nhu cau tra tién so véi
thuan L6 trinh phan cling trg cap Nhan dinh
Pearl Phép nhan ma tran co Khoang 500 GPU; du thao FP8 Khoang 1% s6 khéi cé CG ché dang tin nhét;
nhiéu (MAC INT7 cdng  triéu USD (13 sé dua Hopper va coéng viéc Al; thu nhap nhu cau chua dugc
chiing chi ZK) thang 11) Blackwell vao danh thg dao phan I6n 1a trg chiing minh
sach trdng cap
Kaspa kHeavyHash (tich ma Khoang 840 ASIC khoang 16 Khoéng tuyén b6 tinh hitu Ma tran khéng hiu
tran-vector 64 x 64, 4 triéu USD (13 thang sau khira ich; doanh thu thg dao ich, cing khéng
bit gitta cac 1an bam) thang 11) mat; nay hoan toan khoang 18 triéu USD méi  chéng dugc ASIC
la ASIC nam udc tinh
Aleo Cau dé SNARK téng Khoang 118 May chuyén dung Phan thusng prover gdp  Céng viéc téng hap,
hgp céng bang ching  triéu USD sau khoang nam khoang 175-180 Ian phi chay béng trg cap
cé phan (cuéi quy 3 thang
nam 2025)
Qubic “UPoW" (tuyén bé Khoang 50 CPU va GPU; ASIC Khoéng c6 bang chiing Gom suc tinh khoac
huan luyén Aigarth) triéu USD (13 cho Dogecoin tu doc lap vé tinh hitu ich; cau chuyén Al
thang 11) thang 4 nam 2026 stic tinh dung dé dao
bén ngoai va mua lai
token
Bittensor Péng thuan Yuma Khoang 2,55 GPU da dung; khong  Khoang 70 triéu USD Mang duy nhat cé
(cham diém theo trong  ty USD (11 c6 16 trinh ASIC doanh thu kiém chiing doanh thu bén ngoai
s6 stake) thang 11) dugc mdi ndm so véihon & quy md I8n; van la

300 triéu USD phat hanh  trg cap gap 4-111an

Filecoin B&ng chiing sao chép Khoang 1,5 ty — Mtc st dung 36%; phi Hu ich, nhung thiéu
(tham va khong-thdi gian USD (cudi quy cd s& héng quy 4.100 nhu cau
chiéu) 3 nam 2025) usb
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026 GHI CHU NGHIEN CUU - 2026.11

Bdi s6 trg cap: mang tra gap bao nhiéu lan doanh thu bén ngoai
Phat hanh hodc vén héa chia cho doanh thu tra tif bén ngoai mang, thang log

| Trén 10x: mang mua hoat dong chi khong

! ban dich vu

Render ’ ~360%
Vén héa + phi on-chain
HAED @ 175-180x
Thudng prover + phi, quy 3/2025
Grass @ =~10x
V6n hoéa + doanh thu nam héa
Bittensor G 411
Phéat hanh + doanh thu kiém chiing dugc
Pearl ) %1% khdi chita céng viéc Al: ngoaithangdo ------=-=-=-==--- | 2
Doanh thu Al qua nhé dé do

1x 3x 10x 30x% 100x% 300x% 1.000x%

S6 lan doanh thu bén ngoai (thang log)

@ Phat hanh hoéac thudng + doanh thu ‘ Vén héa + doanh thu

Ngudn: Blockworks (Aleo quy 3/2025), DefiLlama (phi Render), CoinGecko, hoge.gg (Bittensor), Dealroom (Grass), Blockworks OxResearch (Pearl); phép
tinh cua tac gia.

Bai hoc cho phan culing: cong viéc cé dinh, déu dan, dudc tra bang mot token thanh khoan sé cé ASIC trong
khoang 3 dén 16 thang, thudng dén ti nhitng ké thach thiic trudc ca cac hang duong nhiém. Tuyén b6 “hiiu ich”
chi dung viing khi c6 khach hang bén ngoai tra tién cho dau ra. Va cac nguyén nhan chinh khién phan ciing bi
méac ket |a trg cap cao so véi doanh thu va quyén kiém soat ctia nha phat trién déi véi ham céng viéc.

Tan Shuai - tanshuai.com - S6 liéu tinh dén ngay 13 thang 11 ndm 2026 15



CHUONG 06 —— Rescccc mEC
BUC TRANH RONG HON

Phan con lai ctia Al x crypto: nhu cau that
nhung nhé, va gia tri dang chuyén sang c6 phan

® Thi trudng dién toan phi tap trung

Pién toan phi tap trung cé khach hang tra tién, nhung nhu ciu nho, tap trung va phan I6n |a ban lai suy luan mdé
hinh ma. Phi kiém chiing dugc trén chudi rat nho: DefilLlama cho thay khoang 2,35 triéu USD phi ctia Render trong
nam qua va khoang 680.000 USD cua Livepeer, va toan bé mang DePIN chi thu dugc khoang 72 triéu USD doanh
thu on-chain trong nam 2025. Cac con s6 tu bao céo I6n han nhung dudc dinh nghia long I&o: Aethir bao cao
doanh thu “hon 127,8 triéu USD"” cho n&m tai chinh 2025 ma khéng néi dé 1a téng héa dan hay phan giao thic gil
lai. Gia tri token va doanh thu da tach r&i theo ca hai chiéu: von héa clia Render gap khoang 360 lan phi on-chain,
trong khi vén hoa khoang 87,7 triéu USD cua Aethir thap hon doanh thu tu b&o céo cliia né  usctinh .

Tuyén b6 ré hon 70% dén 85% chi dung khi so vdi gia theo yéu cau clia cac hyperscaler. Ngay 3 thang 11, gia
H100 binh quan gia quyén trén Akash khoang 2,73 USD méi GPU-gi& (dai 2,04-3,16 USD), thap han muc khoang
6,88 USD trén AWS va 11,06 USD trén Google Cloud, nhung cao hon muc khoang 1,73 USD trén Vast.ai, 1,99 USD
trén community cloud cla RunPod va khoang 2,44 USD cho géi dat trudc mot ndm (gia trén cac nén tang khac
doc ngay 12 thang 9; Akash, bén céng b, 1a mét bén cé Igi ich lién quan). Nhu ciu chu yéu l1a suy luan phé théng
dudc phan phéi qua OpenRouter, khoang 1,7 ty token méi ngay trén AkashML va han 4 ty trén io.net, canh tranh
truc dién véi moi neocloud. Nhitng déng dé la “dién toan phi tap trung” I8n nhat dang tai tp trung: Axe Compute,
coéng ty ndm gill token cua Aethir nhu mét tai san ngan quy, da ky hgp déng ndm n&m tri gia 1,5 ty USD dé cho
thué cum 9.200 chiéc B300 cla riéng minh, trong khi doanh thu quy 1 ndm 2026 1& 35.000 USD.

® Huan luyén va suy luan phi tap trung

Huan luyén qua internet da dugc ching minh & quy mé 8 dén 40 ty tham sé. Pluralis-8B dudc huan luyén trong
40 ngay trén 330 node, phan 16n Ia GPU tiéu dung, va dat 63% hiéu qua cla mdt méc cd sé H100 tap trung, du
bai bao cla ho thifa nhan dgt chay nay khéng phi tap trung va can cac node riéng cua Pluralis cing mét cd quan
cap quyén tham gia. Psyche cua Nous Research da hoan tat dgt tién huan luyén Consilience 40 ty tham s6. G quy
md tién phong, céng viéc lai tai tap trung: INTELLECT-3 cla Prime Intellect, mét moé hinh mixture-of-experts 106
ty tham s6, dugc huan luyén trong hai thang trén 512 chiéc H200 két néi bang InfiniBand 400 Gbps. Cac rang
budc rat ré: node can bang théng it nhat 200 Mbit/s va nén truyén théng khoang 100 Ian, con niém tin va kiém
chiing van phu thudc vao cac vai trd dac quyén clia bén van hanh.

Tién da chay vao cac céng ty c6 phan ban san phadm tap trung. Prime Intellect c6 hon 100 triéu USD doanh thu
nam hoa trudc khi goi dugc 130 triéu USD & muc dinh gia 1ty USD vao thang 7; Venice, mét Uing dung suy luan
riéng tu, bdo cao hon 70 triéu USD doanh thu ndm hda va cé 1ai ti quy 1 ndm 2026 (sé liéu clia céng ty), da goi
65 triéu USD & muc dinh gia 1ty USD va chay trén GPU di thué. O phia token, mang huan luyén cét 16i cla
Gensyn van “chua xac dinh” va token cua né trj gia khoang 17,2 triéu USD; token cla Ritual, mét layer-1géc Al, da
giam 72% so vdi dinh sau mainnet (chi theo tiéu dé tin).

16



® Al kiém chiing dugc

Van hanh thuc té da chon méi trudng thuc thi tin cay (TEE). Dién toan bao mat cia Hopper thém dudi 7% chi phi
phu tréi cho cac truy van LLM dién hinh va gan nhu bang khéng véi cac md hinh I8n; chi phi phu trdi van hanh
cla Phala khoang 0,5% dén 5%, nhung dén cudi nd&m 2025 chi 398 trong s6 10.004 ngusi dung cla no tra tién.
Géc tin cay clia mét TEE & nha san xuat chip: TEE.fail, cdng bé thang 10 ndm 2025, dung mét interposer bus
DDRS5 gia dudi 1.000 USD dé trich xuat khoa attestation tif cac may Intel TDX va AMD SEV-SNP d4 cap nhat day
du, diéu nay dén lugt né lam suy yéu dién toan bao mat GPU cua NVIDIA, va ca hai nha san xuat déu noi tan cong
vat ly ndm ngoai mé hinh méi de doa cua ho. D6 chinh Ia béi canh cla DePIN, ngi bén van hanh node c6 quyén
truy cap vat ly. zkML nay da cé thé chiing minh mét LLM hoan chinh: DeepProve cua Lagrange chiing minh GPT-
2 & khoang 174 token mdi phut va Gemma 3 & khoang 86, cach suy luan thuc té nhiéu bac dé 16n va chua cé Ung
dung tra tién ndo dugc céng bé.

® Thanh toan cua tac tu va di liéu

x402 14 vi du canh tinh ré nhat. TRM Labs dém dudc khoang 198,9 triéu giao dich va 52,7 triéu USD dudc cac
facilitator da biét thanh toan ké ti thang 5 ndm 2025, 99,6% b&ng USDC; sau khi loai bd tu thanh toan, cac dong
theo 16 va ngudi ban cé it han mudi ngusi mua, phan thuc su do tac ti khai tao chi con 0,6% dén 7,5%, khoang
5.000-11.000 USD méi thang. Artemis danh gia hon 95% hoat déng Ia tin hiéu giao thic chit khéng phai mua
ban. Trong khi dé ha tdng dang dudc cac hang duong nhiém chuan hoéa: x402 Foundation dugc thanh lap dugi
Linux Foundation ngay 14 thang 7, vdi Visa, Mastercard, Stripe, Google, AWS, Cloudflare va Coinbase la thanh
vién cét 16i, va Tempo, don vi cung Stripe soan Machine Payments Protocol, ra mét mainnet vao thang 3 6 mic
dinh gid 5 ty USD. Cac nén tang token tac ti van van hanh theo logic launchpad: Virtuals tu bao cao 479 triéu
USD “aGDP", va nha sang lap ElizaOS tuyén bo token cua né da chét sau méot vu dan xép kién tap thé. Gia tri
nhiéu kha nang sé dugc cac nha phat hanh stablecoin va cac hang thanh toan duong nhiém ndm gil; vai tro riéng
cla crypto & day cé thé 1a danh tinh va trach nhiém giai trinh cho tac tu.

D liéu la mét trong sé it phan mang ¢6 ngudi mua that ngoai chudi. Grass bao céo 17 triéu USD doanh thu di liéu
trong nadm 2025 va thém 17 triéu USD trong nita dau nadm 2026, dat muc tiéu 75 triéu USD cho ca ndm va ndi rang
dang c6 1ai; GRASS tri gia khoang 328 triéu USD, khoang musi lan doanh thu nlfa ddu ndm da ndm héa uéc tinh .
Hao ldy cua né la quy mo thu thap tU bang théng dan dung phan tan, khéng phai ban than crypto. Cac DAO di
liéu va chg dif liéu thiéu nhu cau tra tién nhin thady dudc: Vana tri gia khoang 21,5 triéu USD va Ocean khoang 27,6
triéu USD, va Ocean dang kién tung véi Fetch.ai. B&ng chiing nhan than dang cé nhiing tich hgp that khi tac tu
ngay cang nhiéu: World néi da xac minh gan 18 triéu ngudi, va Zoom, Docusign va Tinder hé trg mdt phan World
ID.

® Dong von da bo phiéu

Nhu cau tra tién kiém chiing dugc Tin hiéu trg cap va dinh gia Nhan dinh
Chubi cong viéc Bittensor khoang 70 triéu USD doanh thu bén Aleo 175-180 Ian; Bittensor 4-11  Cg ché c6 gia tri; tinh
hitu ich ngoai kiém chiing dugc méi nam; Pearl khoang 1an; Pearl phan I6n 1a trg cap hitu ich can khach

1% s6 khéi cé cong viéc Al hang tra tién
Thi trudng dién Phi on-chain khoang 0,68-2,35 triéu USD méi Vén hoéa cua Render khoang That nhung nhé, phan
toan phi tap nam (Livepeer, Render); tu bdo cao 4-128 triéu 360 lan phi I&n la ban lai suy luan
trung usD phé théng
Huan luyén va Coéng ty c¢b phan: Prime Intellect trén 100 triéu Mainnet huan luyén cla Gensyn  Tién bo ky thuat Ia that;
suy luan phi tap USD méi ndm, Venice trén 70 triéu USD (ha tdng chua chay; token Ritual -72% Igi nhuan vé cé phan
trung tap trung) so V@i dinh
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Nhu cau tra tién kiém chiing dugc Tin hiéu trg cap va dinh gia Nhan dinh

Al kiém chiing TEE da vao van hanh (398 ngusi dung tra tién & = TEE hitu ich; zkML con

dugc Phala); chua cong b6 zkML tra phi sém

Thanh toan cua Dong do tac tu khai tao khoang 5.000-11.000 Khoang 200 triéu giao dich, Ha tang trudc, nhu cau

tac tu USD méi thang phan 16n 14 tin hiéu va dau co sau

Mang dii liéu Grass 17 triéu USD trong nira dau 2026 (tu bao GRASS khoang 10 l1an doanh thu M6t trong sé it mang cé
cao) nam hoa ngudi mua that

Pat sdu mang canh nhau, két luan nhat quan: trg cap la nhién liéu dé khéi ddong, khdng phai mé hinh kinh doanh.
Ngay 13 thang 11, danh muc Al trén CoinGecko cé téng gia tri khoang 18,6 ty USD, nhung khoang 56% trong dé la
céc layer-1 da dung nhu NEAR va ICP, céng cac du an & tang déng thuan nhu TAO, TAO da stake (c6 thé bi dém
trung véi TAO) va Pearl; token Al & tang giao thiic va tang Ung dung téng céng khoang 8 ty USD hoac it hon
uée tinh . Con s dd xap xi tdng dinh gia cua bén coéng ty c¢d phan: Tempo (5 ty USD), Nous (dugc dua tin 1,5 ty
USD), Prime Intellect (1ty USD) va Venice (1ty USD). Vén dau tu mao hiém vao crypto dam chan & khoang 4,5-5
ty USD méi quy, phan tdng thém dén tir ha tang lién quan dén Al, véi ty trong trong cac khoan da céng bé tang tu
81% 1&n 18,2% trong quy 3 ndm 2026; va 84,7% trong s6 118 token ra mat nam 2025 dang giao dich dugi gia ra
mat. Tém lai mot cau: crypto lo phan phéi va thanh toan, cé phan hudng Igi nhuan, it nhat 1a trong nam 2026.

CHUONG 07 ———— - ‘s -B8-C

KINH TE HOC ASIC

Cau héi ASIC: mét cong thuc, ba thudc do

® MGt cong thic: vi sao hiéu qua théi sinh Ii sauk =5

Goi R 1a doanh thu hang ngay trén méi don vi tinh toan (thu nhap thg dao toan mang chia cho hashrate toan
mang), ¢ 1a chi phi hang ngay cia mét dan vi tinh toan trén phan ciing bién (véi Pearl 1a GPU), va k 1a s6 1an mot
ASIC ré hon phan cling bién doé (c_ASIC = c/k). Chiing nao GPU con la may dao bién, viéc tu do gia nhap va rut lui
day R vé gan c, nén mot ASIC kiém dugc R - ¢/k trén mbi dan vi tinh toan:

Tran Igi nhuan cua ASIC = R x (1- 1/k)

Trén toan mang, tran Igi nhuan gdp hadng nam cua mét ddi ASIC xap xi doanh thu thg dao toan mang x (1 - 1/k), va
chi cho dén khi ASIC thay GPU trd thanh may dao bién.

Cong thiic cé ba hé qua. Thu nhat, (1 - 1/k) 1a ham 16m: & k = 2 mot ASIC gilt 50% doanh thu, 8 k = 514 80%, 6 k
=10 12 90%, & k = 100 12 99%. Qua k = 5-10, hiéu qua cao hon gan nhu khdng thém Igi nhuan; quy mé cua R va
cla quy thudng mdi quyét dinh. Thi hai, méc tham chiéu dudc dat lai: khi ASIC da la may dao bién, k phai dugc
do so Vi cac ASIC khac. ASIC cla Kaspa cé Igi thé hiéu qua khoang 1.000 1an so v8i GPU, nhung chi mua dugc
mot khoan I8i bat ngd ngan ngui; ngay nay chiéc KS7 tot nhat kiém 0,86 USD méi ngay. Thi ba, trén mot chudi
than thién véi GPU nhu Pearl, méc tham chiéu thudng khéng phai gia mua GPU ma la tién dién ciia mét GPU nhan
réi: mot RTX 5090 da s& hitu, chay 525 W véi gia 0,10 USD mébi kWh, tén khoang 1,26 USD tién dién méi ngay va
kiém khoang 5-6 USD uéc tinh . SO v&i cac GPU 1a chi phi chim, ngay ca mét ASIC chi dung mét phan nam ning
lugng ciing chi cé k hiéu dung khoang 2,5 néu khau hao cla né bang tién dién, va tran Igi nhuan khoang 60% cua
R (mdt gia dinh minh hoa).
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Vi sao hiéu qua théi sinh I5i: ASIC giif t6i da1- 1/k doanh thu
Ty |& doanh thu ASIC gilr dugc so v6i may dao bién, theo Igi thé chi phi k

Ty 1&€ doanh thu gili dugc

k=100 > 99%
100% el )
k=10 - 90% -~ B . O
ASIC Kaspa so véi GPU =1.000x, roi k
so V@i ASIC khac = 1

k=5->80%

75%

= % - q
k=22 50% So v@i GPU nhan r6i chi tra tién dién:

A0 k=25 > 60%

25%

Qué k = 5, hiéu qua cao hon thém rat it Igi nhuan
0%

1 2 5 10 100 1.000

k: ré hon may dao bién bao nhiéu lan (thang log)

Ngudn: Mé hinh cua tac gia: khi phan cuing bién dinh gia, doanh thu trén méi dan vi tinh toan tién vé chi phi clia né; sé liéu Kaspa va RTX 5090 lay tif bao
céo.

® Ba thudc do: quy thudng, quy md hoan vén va luat 1é

Thudc do thi nhat 1a quy thudng. Nam hoa khoang 2.893 BTC phan thudng khéi trong tuan dau thang 11 (khoang
222 triéu USD), thg dao bitcoin kiém khoang 11,5 ty USD méi ndm uéctinh . Thg dao Pearl kiém khoang 0,46-0,49
ty USD (theo gia hién tai); phan thudng prover clia Aleo, nam hoéa tif quy 3 nam 2025, khoang 31 triéu USD; va thg
dao Kaspa, v6i phan thudng khéi 1,945 KAS va mugi khéi méi gidy, khoang 18 triéu USD  uéc tinh . Doanh thu thg
dao Kaspa cua ca mat nam thap hon muc thap ciia ngan sach thiét ké mat con chip 5/4 nm (khoang 30 triéu
uUsD).

Thudc do th( hai I3 hashrate can thiét dé hoan von NRE:
h*=NRE + [Rx (1-1/k) x T x p]

trong d6 T 1a cta s6 hitu dung tinh bang ngay va p 1a xac suét luat & gilt nguyén trong clia sé dé. Véi Pearl, 1ay R
= 14 USD méi PH/s mébi ngay, k = 5, T = 365 ngay va NRE 20 triéu USD (mét chip mang Iap N7/N6; & mic thap
cla cac dai 5-30 triéu USD cho tién trinh tdm trung theo Silicon Analysts va 15-100 triéu USD cho ASIC tinh toan
7/6 nm theo AnySilicon, vi chip dao dung it IP va cé cau truc 13p lai; day 1a gia dinh cua t6i). Vi p = 1, can khoang
4,9 EH/s chay tron mét nam, khoang 5% mang; véi p = 0,5, khoang 9,8 EH/s, khoang 11%; va néu R Iui vé muc
mua hé khoang 10 USD, ngay ca p = 1clng can khoang 6,9 EH/s uéctinh . Quy md nay khdéng ngoai tdm véi. Van
délapvaT.

Thudc do thi ba 14 rai ro luat 18, va né thudng mang tinh quyét dinh. Fork chéng ASIC cla Monero ndm 2018
khién may X3 cla Bitmain bi méc ket va cé Iic lam mang mat gan mét nita hashrate. Fork cua Sia cing nam bién
may dao cla Bitmain va Innosilicon thanh phé liéu, trong khi gia may ci cla Obelisk, hdng may dao cé lién hé véi
cac nha phat trién, tang ti 2.499 USD Ién hon 5.000 USD. Chi hon mét thang sau The Merge cua Ethereum, chua
dén 20% thg dao Ethereum cii tim dudc viéc mdi. Ai kiém soat ham cong viéc thi ndm sé phan cua nha dau tu
phan ciing, va Sia cho thay “khang ASIC" cé thé trg thanh hao Iy cla chinh cac nha phat trién. Phan cung co thi
trudng thu hai thi séng sét: sau The Merge, GPU chuyén sang Al va dam may, con ASIC dan thuat toan don vé
Ethereum Classic. Clia s6 cling dang thu hep: ASIC dau tién clia Kaspa mat khoang 16 thang, cua Aleo khoang
nam thang, va bén dau tién cham dén bién hiéu qua thudng 1a ké thach thic chit khéng phai hang ducng nhiém.
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Bitcoin

Pearl

Aleo

Kaspa

Doanh thu tho
CE B G
(khoang)

11,5 ty USD

0,46-0,49 ty USD
(theo gia hién tai)

Khoang 31 triéu
USD (quy 3 nam
2025, nam hoa)

Khoang 18 triéu

usD

Phan cting bién hoic
tham chiéu

Bitmain S23 XP Hyd
(8,9 J/TH, 25,5 USD
moi TH)

GPU da s@ hitu hoac
nhan réi (chi phi bién ~
tién dién) va GPU trung
tam d lisu

IceRiver AE2 va cac
may chuyén dung khac

KS7 (77 J/TH)

D6 6n dinh cua luat
e

Rat cao

Réat thap: bén fork
trong hai thang;
danh sach tréng
FP8 dang ch&

Trung binh: ngudng
stake ARC-46

Cao

k danh cho ngugi méi

C6 thé 3-10 Ian vé hiéu
qua phantich ; thap hon
khi so vai GPU chi phi
chim

(EIIXI) Phanién quy thudng nhé han ngan séach thiét ké mét con chip

Doanh thu thg dao hang nam ctia bén mang so véi chi phi thiét ké mot chip theo tién trinh, thang log

Doanh thu dao méi nam: quy thuéng

Bitcoin

Pearl

Aleo

Kaspa

Ngan sach thiét ké mét chip
28/22 nm

7/6 nm
5/4 nm

3/2nm

1trUSD

1 MUic thap clia thiét ké 5/4 nm: 30 tr

, UsD

=31 tr USD

18 tr USD

43

— T

@ 0,46-0,49 ty USD

() 15-200trUsD
— T AT

10 tr USD

100 tr USD

USD médi ndm, hodc madi thiét ké (thang log)

E— T

1ty USD

10 ty USD

Nhan dinh

Quy thudng I6n,
nhung k thuéc vé céac
hang duong nhiém

Quy thudng du I8n; rai
ro luat 1& phu quyét

Quy thudng nho, va
ngudng dang tang

Doanh thu hang ndm
thap hon muc thap
clia ngan sach mét
thiét ké 5/4 nm

211,5 ty USD

100 ty USD

Nguén: Hashrate Index (bitcoin, 11/2026), pristats va Kryptex (Pearl), Blockworks (Aleo, quy 3/2025), minerstat (Kaspa), AnySilicon (ngan sach thiét ké,

2026); tac gia quy ra nam.

Géc phan tu “quy thudng Ién, luat 1& 6n dinh va k > 1" hién dang tréng: bitcoin cé quy thudng va luat 1& 6n dinh,

nhung k clia n6 thudc vé cac hang duong nhiém; quy thudng cua Pearl du I16n nhung luat 1& kém 6n dinh nhat;

Kaspa va Aleo cé luat 1é du 6n dinh nhung quy thudng qua nho.
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CHUONG 08 ————— sooec e 8C

O8 TUNG LOAI CHIP
Nam loai chip, nam cau tra IGi

® PoUW kiéu Pearl: khong lam chip INT7 chuyén
dung; dat cugc vao may dao cé thé phuc vu suy luan

Ly 1& ing ho ASIC 13 c6 that. Hién chi khoang 1% s6 khoi chita céng viéc Al, nén Iap luan kinh té ctia whitepaper,
rang mdt ASIC chuyén dung méat kha nang lam céng viéc hitu ich va do doé kiém it hon, dang & lic yéu nhat.
Nhitng phan dat nhat cua mét GPU, HBM va déng géi CoWoS, chiém khoang 63% chi phi san xuat mét H100,
trong khi die logic chi khoang 9%. M6t con chip khéng lam gi ngoai phép nhan-céng s6 nguyén 7 bit, gilf toan
hang trong SRAM trén chip va chay & dién ap thap cé thé dat mic nang lugng trén méi phép tinh tét han 3 dén 10
lan so v&i mot GPU cung tién trinh, va Igi thé con I6n hon vé chi phi trén méi phép tinh [phan tich; chua c6 sé do].
Ly 1& phan déi thi nang ky hon. Thdi gian chd xudng duc & tién trinh tién tién coé thé vugt 50 tuan, va mot doi mai
can khoang 18 dén 24 thang tU lic bat dau dén khi san xuat hang loat uéc tinh ; dén khi chip ra dsi, Pearl rat cé
thé da chuyén sang FP8 réi FP4. Va vi PIP-3 dinh nghia phép s6 hoc dudc chdp nhan théng qua mdt danh sach
trang thiét bi, mét chip INT7 sé dan gian la ngling hoat déng khi né dugc kich hoat.

Vi vay két luan cula t6i la: ditng tape-out mot chip Pearl INT7 chuyén dung ltic nay. Cé hai d&t cugc tét hon. Mot
la bd tang téc uu tién suy luan va cling dao dudc: xay quanh GEMM INT8/FP8 da dung véi toan hang nam trong
SRAM, dé néu clra dao bi dong thi gia tri van roi vao mét thi trudng suy luan that. Hai Ia tham gia cudc tranh luan
vé giao thiic va thuc ddy mét phép sé hoc chuén trung 1ap v8i nha cung cadp ma ASIC ¢6 thé hién thuc chinh xac,
cung véi cam két 6n dinh thuat toan, von 1a diéu kién tién quyét dé goéc phan tu “quy thudng Ién, luat 1& 6n dinh, k
> 1" tdn tai. Cho dén lic do, c6 thé kiém chung kién tric trén FPGA hodc wafer da du an (MPW) 6 tién trinh trudng
thanh, gilt rui ro NRE & muc khoang mét triéu dé la. Chudng 10 bién diéu nay thanh mot ngan sach theo giai doan.

® May dao kiéu bitcoin: cac hang dudng nhiém nam k, va dién la tai san khan hiém

Rui ro luat |é cua bitcoin 14 thdp nhat, nhung canh tranh day k cla ngusi méi xuéng dugi 1. S23 XP Hyd cua
Bitmain dat 8,9 J/TH, ban véi gia 25,5 USD moi TH va giao hang ti thang 11; hiéu qua cla dong chu luc giam tu
17,5 J/TH clia S21 nam 2023 xuéng 8,9 J/TH, khoang 49% trong ba nam. M6t ngudi méi giao hang sé lugng 16n
trong 2027-2028 sé can khoang 8 J/TH hodc t6t hon dé tru dugdc wee tinh . Nhiing ké thach thuc dang réi di:
Canaan bao céo doanh thu quy 2 nam 2026 la 31,9 triéu USD véi 16 gdp 29,3 triéu USD va chi du bao 11-15 triéu
USD cho quy 3; doanh s6 may tu san xuat ban cho ngusi mua bén ngoai cua Bitdeer trong quy 3 giam xudng 0,3
triéu USD, vdi bién Igi nhuan gdp toan tap doan 3,4%; Auradine déi tén thanh Velaura Al va chuyén sang chip Al;
va Core Scientific hiy mét don hang khoang 15 EH/s may 3 nm tU don vi Proto cua Block, ghi nhan khoan 16 41,9
triéu USD.

Nhu céu ciing dang co lai. Ngay 9 thang 11, hashprice khoang 31,89 USD méi PH/s mébi ngay, dudng ky han dén
thang 4 nam 2027 binh quan khoang 32,7 USD, va phi giao dich chi bang 0,72% phan thudng khéi. V&i gia dién
0,045 USD méi kWh, S23 XP Hyd hoan vén trong khodng 3,1 ndm usc tinh , sat v8i ky halving tiép theo du kién
khoang ndm 2028. Quan trong han la chi phi cd hdi cia ngudn dién: cac hgp ddng thué cho Al va dién toan hiéu
nang cao nay mang vé khoang 1,67-1,9 triéu USD méi megawatt theo hdp déng méi nam, vdi bién thu nhap hoat
dong rong 80% dén 85% la khoang 1,5 dén 2,9 1an Igi nhuan gop cua viéc dao trén méi megawatt (khoang 0,56-
0,9 triéu USD) [udc tinh; hai co s megawatt khac nhau]. Core Scientific sé ngiing dao trong quy 4; Bitfarms, nay
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la Keel, da déng toan bd cac dia diém dao tai My; IREN kiém 200 triéu USD ti dam may Al va chi 28 triéu USD tu
viéc dao trong mét quy. Ngudn dién va cdng suat trung tam dif liéu méi la tai san; may dao chi la vat tu tiéu hao.

Phép tinh NRE cling khac nghiét khéng kém. Hiéu qua & bién hién nay can quy trinh I8p 3 nm (theo ngudn thu
cap, MicroBT dung Samsung SF3, con chip cua Auradine va Proto 1a 3 nm). M&t na tén khoang 10-20 triéu USD
va NRE day du tir 30-100 triéu USD trd 1&n; 8 muic 20-25 USD méi TH va bién Igi nhuan gép 30%, mbi 1 EH/s ban
ra mang vé khoang 6-7,5 triéu USD Igi nhuan gop, nén dé bu chi phi R&D hang ndm & quy mé cua Bitdeer, khoang
110-160 triéu USD, can ban khoang 20-25 EH/s méi nam cho ngudi mua bén ngoai, khoang 2% mang udc tinh .
Két luan: mot ddi méi khéng nén tham gia thi trudng may dao bitcoin thuong mai. Ba trudng hdp van hdp ly: tich
hdp doc vé6i ngudn dién ré cla riéng minh; cac dang san pham ngach nhu may dao gia dinh va may dao sugi am
(Canaan ciing dang ra mat san pham sudi am gia dinh); va tham gia 16 trinh cua cac hang duong nhiém théng qua
IP va dich vu thiét ké.

® Chip huan luyén Al: khéng danh cho ddi nhé

V&i chip huan luyén, k 1& thu khé kiém nhat. G cling thé hé va dd chinh xac, Ironwood clia Google chi dan trudc
B300 khoang 1,1 dén 1,8 Ian vé hiéu qua FP8 cap chip (céng suat cla Ironwood 1& udc tinh cia mét phéng vién)

uée tinh ; con s6 30 dén 80 Ian thudng dugc trich tU bai bao TPU v1 1a do so véi K80, von khadng cé tensor core.
Pon béy that su la dinh dang sé: chuyén tit FP8 sang FP4 thudng cho théng lugng gép 2 dén 3 Ian trén clng
silicon, va NVIDIA di nhanh nhat 8 dé: hang tuyén bé 50 PF suy ludn NVFP4 cho Rubin, san xuat hang loat trong
nlia cudi ndm 2026. Ngudng chi phi va ngudn cung con cao han nita: ngan sach thiét ké 3/2 nm ti 60-400 triéu
USD tr& 1&n; cong suat CoWoS nam 2026 khoang 106.000-130.000 wafer méi thang, va TSMC dudc cho la dang
can nhéc tang gia téi 20%; véi gia hdp dong 15,6 USD mbi GB cho HBM3E, riéng HBM trong mét bd tang toc 288
GB da tén khoang 4.500 USD uéc tinh . Thi trudng nay thudc vé mé hinh ddng phat trién véi hyperscaler kiéu
Broadcom (chuong 11). Két luan: ddi nhé khéng nén lam chip huan luyén doc lap; thay vao doé hay lam IP, chiplet
hodc dich vu thiét ké.

® Chip suy luan Al: déi tinh da dung lay k, va diéu dé sinh I3i

Suy luan Ia noi ASIC cé nhiéu du dia nhat, vi k c6 thé mua dudc bang céch tif bo tinh da dung. Etched tuyén bé
may chd tam chip cla ho chay Llama-70B & han 500.000 token méi gidy, khoang 20 1an tdm chiéc H100; Taalas
khac cuing trong s6 md hinh vao mask ROM va tuyén bé céng suat thap han 10 1an va chi phi san xuat thap hon
20 1an (ca hai déu hangtucéngbé ). Kién tric 1dy SRAM lam trung tam tranh dugc HBM va CoWoS, va tién trinh cua
chung dé quan ly hon: Taalas dung TSMC 6 nm, con Groq chuyén tif 14 nm sang Samsung 4 nm. Kénh phan phéi
crypto khéng gilp dudc chip suy luan, vi cdc mang dién toan phi tap trung gan nhu chay hoan toan trén NVIDIA;
16i vao 1a kinh té hoc mua sdm cua cac neocloud va thj trudng suy luan ndi dia réng 16n & Trung Quéc, ndi cac
trung tam d{ liéu dung vén nha nudc phai dung chip Al ndi dia, nhap khdu H200 dang bi siét lai, va Bac Kinh
mudn cac cong ty internet 18n chay suy ludn trén chip ndi dia. Két luan: dang lam, mién 1& c6 khach hang rd rang
va muc do khéa chat vao mé hinh va kién truc 1a mét Iua chon cé chu dich. Pay ciing la thi trudng thi hai tét nhat
cho mét chip dao PoUW.

® Bd tang téc ZK va FHE: phong hé véi ZK, dén dau sém véi FHE

GPU da bat kip viéc chiing minh ZK theo th&i gian thuc: SP1 Hypercube cua Succinct da ching minh 99,7% sé
khéi Ethereum trong chua dén 12 gidy trén 16 chiéc RTX 5090. Cysic tuyén bé chip ZK C1 cua ho hiéu qua gap 10
dén 100 lan prover dung GPU va sé giao hang trong ndm 2026, nhung nhu cau cla né phan I6n dén ti phan
thudng token clia chinh ho  hangtu ceng bs ; tdi khdng tim thdy bang chiing cong khai nao cho thay ASIC giai cau doé
Aleo dudc dung dé ching minh ZK that. Chirng minh ZK |a phép tinh s6 nguyén va tat dinh, gan vé hinh dang vdi
viéc chip dao lam, nhung cac hé ching minh thay déi nhanh (SP1, RISC Zero, Halo2, Plonky2 va nhiéu hé khac).
Két luan: chd va phong hd, véi cac engine MSM, NTT va bam Iap trinh dugc, trudc tién trén FPGA, sau do la ASIC.
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FHE 13 nguyén thiy mat ma phu thudc phan ciing nhiéu nhat va co tiém nang I6n nhat. Heracles cua Intel, trén
Intel 3 v6i 197 mm?, 176 W va 48 GB HBM3, chay cac phép toan FHE nhanh han 1.074 dén 5.547 1an so véi mot
Xeon 24 nhan, nhung Intel khédng cé ké hoach thuong mai va trudng du an da rdi di vao thang 12 ndm 2025.
Niobium dang xay dung trén Samsung 8LPU véi SemiFive 1a déi tac thiét ké (hdp ddng phat trién khoang 6,86
triéu USD) va da goi dugc han 23 triéu USD; Optalysys, véi cach tiép can quang tu, da goi 31 triéu USD va noi
rang mot con chip thudng mai hoan chinh van con cach hai dén ba nam; va thiét ké FPGA ma nguén ma cua

Zama dat khoang 13.000 lan bootstrap lap trinh dugc méi gidy & khoang 200 W, méc ca sd cong khai ma bat ky
ASIC nao cling phai vuct ré rang. Két luan: dén dau sém va kiém chiing véi it tai san, cho mdt ctia sé khoang

2027-2029. Nhu cau nhiéu kha nang sé neo vao Al ma héa cho doanh nghiép va chinh phd hon 1a vao ban than

tién dién tu, va FHE can HBM, nén cau truc chi phi clia né giéng chip huan luyén.

Loai chip

Chip dao
PoUW
kiéu
Pearl

Chip dao
Bitcoin
SHA-
256

Chip
huan
luyén Al

Chip suy
luan Al

Bo tang
toc ZK

Bo tang
téc FHE

k dén tuir dau

Bo HBM, CoWoS va
khéi da dung: cé thé
3-10 14n vé J/op

phan tich

k =1 so véi Bitmain

Mang systolic cung
thé hé chi1,1-1,8
1an; dinh dang mdi
la don bay

TU bo tinh da dung:
tuyén b6 10-20 lan
hang ty cong b

Tuyén b6 10-100 Ian

GPU hang ty céng bd

1.074-5.547 1an mot
Xeon (Heracles)

Nhu cau va quy
thuéng

Thu nhap thg dao
khoang 0,46-0,49
ty USD méi nam,
bién dong

Khoang 11,5 ty USD
m&i nadm, thi trudng
thuong mai do hai
hang ndm

Lén nhat
(Broadcom khoang
58 ty USD doanh
thu ban dan Al
trong nam tai chinh
2026)

Lén va phan manh;
ban than thi truéng
ndi dia Trung Quéc
dai luc da rat I6n

Nho, chu yéu do
phéan thuéng token
thuc day

Chua hinh thanh;
neo vao doanh
nghiép va chinh
phu

NRE va ngudng

Mang l1ap N7/N6
khoang 10-30
triéu USD

phan tich

Mat na I6p 3 nm
10-20 triéu
USD; NRE day
du tir 30-100
triéu USD tr& 1én

Thiét ké 3/2 nm
tur 60-400 triéu
USD trg Ién;

CoWoS va HBM

Kién tric SRAM
3 N6/N7-N4 dé
quan ly

N7/N6 rdi N5;
FPGA trudc

Can HBM; céu
tric chi phi gan
chip huén luyén

Rui ro luatlé
hoac khoa
chat

Réat cao: giao
thic quyét
dinh dinh
dang s6 va
danh sach
tréng thiét bi

Thap (thuat
toan 6n dinh);
canh tranh
cao va ruiro
halving

Nhip ra méat
h&ng n&m clia
NVIDIA

Khoéa chat vao
md hinh va
kién tric

Hé chiing
minh thay déi
nhanh

Tiéu chuén va
hé sinh thai
chua dinh
hinh

Thi trudng thu

hai

Suy luan Al,
néu xay nhu
GEMM
INT8/FP8 da
dung

Géan nhu
khoéng cé
(don thuat
toan)

Bay la thi
truéng chinh

Han ché
ngoai ZK

bién toan ma
hoa, Al riéng
tu

Nhan dinh

Khéng lam chip
INT7 chuyén
dung; lam chip uu
tién suy luan va
dao dugc, hoac
chd phép sé hoc
chuén

Ngugi méi ding
ngoai thi truéng
thuong mai; chi
khi cé dién riéng,
dang ngach hoac
lam IP

Boi nho lam IP,
chiplet va dich vu
thiét ké, khong
lam chip déc lap

bang lam: ky
khach hang trudc,
réi mdi chon muc
khoa chat

Chg va phong hé:
engine MSM va
NTT Iap trinh
dugc

DPoén dau sém,
kiém chuing Vi it
tai san; ctta sb
2027-2029
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Nam loai chip, nam cau tra I6i

Lgi thé chi phi k dén ti dau, silicon c6 thé ban vao dau néu luat déi, va két luan

. Chip dao PoUW kiéu Pearl

k: khéng HBM, khéng khéi da dung: 3-10x mi
phép tinh (suy luan)

Thi trudng thi hai: suy luan Al, néu 1a GEMM
INT8/FP8 da dung

Dat cudc vao chip uu tién suy luan cé thé dao,
khong phai chip INT7 chuyén dung

% Chip suy luan Al

k: bo tinh da dung: tuyén b6 10-20%
Thi trudng thu hai: day |a thj trudng chinh

Ky khach hang trudc, réi méi chon muic khéa
chat

. Chip dao Bitcoin SHA-256

k: =1 so v@8i cac hang duang nhiém

Thi truéng thu hai: gan nhu khong

Chi khi c6 dién riéng, dang san pham ngach,
hoac lam IP

&f& Bo téng toc chiing minh ZK

CHG VA PHONG HO
k: tuyén b6 10-100x GPU
Thi truéng thi hai: han ché ngoai ZK

Engine MSM va NTT lap trinh dugc; FPGA trudc

Ngudn: Téng hgp cla tac gia tif chucng 7 va 8; sé liéu ctia hang dugc ghi nhan nhu trong bao céo.

CHUONG 09

TIEN TRINH

' Chip huan luyén Al

IP, KHONG LAM CHIP

k: 1,1-1,8% & cung d6 chinh xac
Thi trudng thu hai: —

DPéng goi va HBM quyét dinh; 1am IP, chiplet,
dich vu

a Bo ting toc FHE

k: 1.074-5.547x mét Xeon (Heracles)

Thi trudng thu hai: dién toan ma hoa, Al riéng tu

Cita s6 2027-2029; kiém chiing vdi it tai san

Tién trinh: hay dé chi phi vong ddi I6n nhat quyét dinh

® Bac thang chi phi: wafer tién tién nhat dat gap musi wafer truéng thanh

Bat dau tU s6 sach. Mot wafer tién tién nhat nay dat khoang musi Ian mét wafer trudng thanh: TSMC N2 khoang
30.000 USD, N3 khoang 20.000 USD, N7 khoang 9.500 USD va N28 khoang 3.000 USD; Samsung SF3 khoang
15.000 USD, thap hon N3 khoang 25%; va chi phi san xuat I6p 7 nm cua SMIC dugc cho & cao hon TSMC 40%
dén 50%. TSMC dudc cho |a sé tang gia thém 3% dén 6% ti thang 1 ndm 2027, nhiéu nhat 6 2 nm va 3 nm. Chi
phi mat na va thiét ké con chénh Iéch han niia, va cac ngudn khéng théng nhat, nén bang dudi day ghi ca hai.

B6 mat na (gia tri
mo hinh / dai huéng
Gia wafer (udc tinh) dan)

Ngan sach thiét ké
(AnySilicon)

Tién trinh MPW (méi du an)

TSMC N2 Khoang 30.000 USD — 3/2 nm: tir 60-400 —
triéu USD tré 1én
TSMC N3/N3E Khoang 20.000 USD 15 triéu USD / 10— Nhu trén —

(18.000-27.000 USD)

20 triéu USD
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Bo mat na (gia tri
mo hinh / dai hudng

Ngan sach thiét ké

Tién trinh Gia wafer (udc tinh) dan) (AnySilicon) MPW (mai du an)
Samsung SF3 Khoang 15.000 USD 12 triéu USD — —
(13.000-17.000 USD)
TSMC N5/N4 Khoang 18.500 USD 6,5 triéu USD / 10— 5/4 nm: 30-200 triéu —_
(16.000-21.300 USD, db tin 20 triéu USD UsD
cay thap)
TSMC N7 Khoang 9.500 USD (8.100- 3,5 triéu USD / 5-10 7/6 nm: 15-100 triéu Thudng mai 100.000-500.000

TSMC N16/N12

10.900 USD)

Khoang 5.500 USD

triéu USD

1,8 triéu USD

usDb

16/12 nm: 6-40 triéu
ushD

usD

Hoc thuat khoang 35.000 USD
moi mm?

TSMC N28 Khoang 3.000 USD 1triéu USD / 1-3 28/22 nm: 3-20 triéu  Thuong mai 50.000-150.000 USD;
triéu USD usbD hoc thuat khoang 12.000 USD méi
mm?
SMIC 28 nm 1.500-2.500 USD — — —
SMIC I6p 7 nm Cao hon TSMC 40-50% — — —
(N+2/N+3)

ZEIINI) Mét wafer tién tién nhat dit gap mudi wafer trudng thanh
Gia udc tinh méi wafer 300 mm theo tién trinh, va chi phi mot die t6t 100 mm? & yield 85%

10 tif N28 dén N2 .
en : Mét die t6t 100 mm?

TSMC N2 30.000usp ([} 55USD
TSMC N3/N3E G 20-000usD @ 37usp
TSMC N5/N4 G ::500usp
Samsung SF3 — 15.000 USD
TSMC N7 [ EEJIE B 17usp
TSMC N16/N12 G 5500vuso B 10usp
TSMC N28 @ 3-ccousp
SMIC 28 nm 1.500 USD-2.500

0 USD 10.000 USD 20.000 USD 30.000 USD

Ngudn: Bang gia wafer cla Silicon Analysts (udc tinh, N5 dd tin cay thap), Wccftech (SMIC); chi phi die Ia phép tinh cla tac gia véi yield gia dinh.

Réi dén vat ly. Cac phép do kinh dién cta Horowitz cho thdy mét 1énh 1ap trinh dugc tén khoang 70 pJ trong khi
ban than phép tinh sé hoc chi tén vai picojoule: s6 hoc thi ré, chi phi phu trdi méi dat, dé 1a ly do mang systolic va
chip chuyén dung ton tai. Giam mét nira kich thudc dac trung gan nhu giam mot nita ndng lugng méi phép tinh,
nhung dién &p cap da chiing lai quanh 0,9-1,1 V. Mt wafer N2 d&t hon N3 tif 50% dén 67%, nén tri khi mat do
tdng hon khoang 1,5 1an, chi phi mdi transistor sé tang chif khéng gidm uéctinh : cac tién trinh tién tién phai tu tra
gia cho minh bang hiéu qua va hiéu nang. Véi mét die 100 mm? & yield 85%, chi phi méi die t6t khoang 55 USD &
N2, 37 USD & N3, 29-34 USD & N5, 17 USD & N7 va 10 USD & N16 [udc tinh; yield la gia dinh].
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® Chon tién trinh theo loai chip va déi ngii

Quy tac cla toi 1a: hay dé khoan I6n nhat trong chi phi vong dsi cta con chip chon tién trinh. Véi chip tinh toan
chay day tai suét ngay dém (dao, ZK), tién dién chiém uu thé trong chi phi vong dsi, nén khi thuat toan da 6n dinh
chung nén chuyén sang N5/N4 va N3/SF3; khi thuat toan chua dinh hinh hoac thiéu tién, hay kiém chiing trén
MPW tién trinh trudng thanh trudc. Véi chip huan luyén, diém nghén 1a déng géi va bd nhé (HBM va CoWoS chiém
khoang 63% danh muc vat tu cia mdt H100), nén tién trinh 1& thu yéu. V&i chip suy luan, quyét dinh dau tién Ia
kién trdc bd nhd: thiét ké Iay SRAM 1am trung tdm co thé & lai N6/N7 dén N4, trong khi thiét ké dung HBM thia
hudng cau tric chi phi cta chip huan luyén. FHE bi gidi han bai bang théng bd nhd va khéng thé tranh HBM.

Loai chip

Startup hoac déi nho

Cong ty quy mo Ién

L6 trinh Trung Quéc dai

luc

Piém chinh

Chip dao PoUW
dung phép nhan
ma tran (di liéu
trong SRAM,
khéng HBM)

Chip dao SHA-
256

Chip huan luyén
Al

Chip suy luan Al

Bo ting toc ZK

Bo téng toc FHE

Lam mé&u trén MPW 28 nm hoac
16/12 nm; san lugng dau trén
N7/N6; N5/N4 khi thuat toan va
doanh thu 6n dinh; die 50-150
mm?2 trong goi flip-chip tiéu chuan

Pling chay theo tién trinh dau
bang; dang ngéch cé thé diing
tién trinh trudng thanh

Khéng lam chip déc Iap: IP,
chiplet, dich vu thiét ké

Lay SRAM lam trung tam hoac
khac cting, N6/N7 hoac
N4/N5/SF4; chi INT8, FP8 va FP4

B4t dau trén FPGA hoic MPW
16/12 nm; roi N7/N6 va N5

FPGA (so v&i méc ca s ma nguén
ma) hodc MPW 16/12 nm; san xuéat
hang loat cadn HBM

N3/N3E hoac Samsung
SF3

L&p 3 nm; cac hang
duong nhiém chuyén tu
TSMC 5 nm sang 2 nm
va tu Samsung SF3 sang
2 nm (ngudn thi cap)

N3P réi N2/A16; 2-8
chiplet; gitt chd CoWoS
va HBM sém

N3/N2 véi HBM (ngt
canh dai, mixture of
experts), hoac SRAM da
chiplet

N5/N3

N5/N3 véi HBM

® Tién tién hay trudng thanh, bon loai xudng duc, va chiplet

Lua chon

Piém manh chinh

Piém yéu chinh

SMIC N+1/N+2 diing dudc
(khéng can HBM hay
CoWoS), dat hon khoang
40-50% mbi die tot

Khé bét kip hiéu qua cua
tién trinh tién tién nhat

SMIC N+2/N+3 v&i HBM
ndi dia (mo6 hinh Huawei);
FP8 méi chip khoang 0,2-
0,5 Ian cta NVIDIA, bu
b&ng quy mé hé théng

SMIC N+2 véi LPDDR

hoac GDDR; b6 nhd I16p
HBM la diém thét

SMIC N+1/N+2 dung dugdc

Bi gidi han bdi kha nang
tiép can HBM

Nang lugng
chiém uu thé;
luat giao thuic
laruiroldn
nhat

Gia dién va chu
ky halving
quyét dinh bién
Igi nhuan

bong gdi va
HBM Ia diém
nghén

Muc dé khda
ch&t kién truc
la quyét dinh
trung tam

S6 nguyén va
tat dinh; dé
kiém chuiing

Bang théng bd
nhg, chut khong
phai sé hoc,
quyét dinh téc
(s[

Phu hgp nhat cho

Tién trinh tién tién
(N3/N2, SF3/SF2,
Intel 18A)

M®i nut day du giam khoang mét nita nang
lugng méi phép tinh; SRAM mat dé cao

Wafer dat 3-10 I1an, mat na 5-15 lan va
ngan sach thiét ké 10-20 1an so vdi tién

trinh truéng thanh; thgi gian chd trén 50
tuan; chi phi méi transistor 6 N2 cé thé

tang

Chip tinh toan co
thuat toan 6n dinh
chay suét ngay dém;
chip huén luyén
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Lua chon

Piém manh chinh

Piém yéu chinh

Phu hgp nhét cho

Tién trinh trudéng
thanh va tam trung
(N7/N6, N16/12,
N28)

TSMC

Mat na & muc triéu doé la, MPW ré, lap
nhanh, nhiéu xudéng duc (TSMC, UMC,
GlobalFoundries, SMIC)

Yield va hé sinh thai t6t nhat

Hiéu qua khong canh tranh khi chay day
tai suét ngay dém

Gia cao nhat; cong suat N2/N3 eo hep;

Mau thu, thi trusng
ngach, suy luan bién

Doi ngi theo dudi

hang chd CoWoS dai bién hiéu qua vai

cam két san lugng
Samsung Foundry Wafer ré han khoang 20-25% (SF3 Mang duc chip dang thua 16, dat muc
khoang 15.000 USD so véi khoang 20.000
USD cuia N3); dudc thé hé thi hai cua

Groq va cac bén khac st dung

Chip tinh toan nhay

tiéu hoa vén vao cudi ndm 2027 cam vé chi phi

Intel Foundry Chip phtc tap nhu Heracles da dugc

chiing minh trén Intel 3

Chua c6 gia céng khai cho khach bén Banh gia hé sinh thai
va hé trg theo tling

trudng hop

ngoai hay dif liéu khach hang cla 18A;
mang duc chip dang thua 16

Céng suat I6p 7 nm khoang 45.000-
60.000 wafer méi thang, phan Ién do
Huawei hap thy; yield khoang mét phan

G&n mét thi trudng ndi dia I6n; wafer 28
nm gia 1.500-2.500 USD

Xuéng duc &
Trung Quéc dai luc
(SMIC va cac bén

Chip suy luan, chip
dao va chip ZK cho
thi trudng ndi dia

khac) ba ctia TSMC; chi phi cao hon 40-50%;
chi cé DUV

Chiplet VUGt gidi han reticle va yield; tiéu chuan Chi phi déng goi cao hon va phu thuéc Chip huan luyén va
cho hé théng HBM (MI355X, Ironwood, CoWoS; kiém thur die t6t da biét lam chip suy luan Ién;
Trainium3) tang chi phi khéng can cho chip

dao hay chip ZK nho
e .
CHUONG 10 amone Q@

NGAN SACH THEO GIAI POAN
Tu mé hinh dén silicon: ngan sach
theo giai doan cho con chip dau tién

10

® Mua bang chiing truéc khi mua matna

M6t con chip full-custom & mét chudi cac canh bac, canh sau 16n hon canh trudc, va ky luat & day 1a mua bang
chung trudc khi mua mat na. Téi dung bdn céng phantich . Céng 0 1& mdt md hinh: moét nghién cuiu kién tric udc
tinh J/op va $/op tU phan sé hoc, SRAM va 1/0, so véi phan cling tham chiéu cua chuong 7; né tén vai tuan va vai
chuc nghin dé la. Céng 1 1& mdt mau thi FPGA chay khéi lugng céng viéc that ti ddu dén cudi, tao share dao
hodc token suy luan, va ching minh dudng dif liéu cung viéc tich hgp giao thic; noé tén vai thang va vai tram
nghin dé la. Céng 2 la mot wafer da du an: mot suat thuong mai tén khoang 50.000-150.000 USD & N28 va
100.000-500.000 USD & N7, va silicon do dudc thay thé cac udc tinh nang lugng cla mé hinh. Céng 3 1a bd mét
na day du va 16 san xuat dau tién: mat na khoang 1 triéu USD & N28, 3,5 triéu USD & N7 va 15 triéu USD & N3, nam
trong ngan sach thiét ké 15-100 triéu USD & 7/6 nm. Mbi cong can mét con s6 khién du an dung lai, chang han k
dudi 3 so véi phan cling bién, hodc mét hashrate hoan vén h* ma ciia sé thsi gian khdng thé dat téi.
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EIIXE) Mua bing chiing truéc mat na: ngan sach theo giai doan cho chip dau tién
Chi tiéu 10y ké (USD) clia mét du an N7/N6 qua bon cdng, thang log; mdi cdng c6 mdt con s6 dé diing du an

Céng 0 - Mé hinh
=50 nghin USD - vai tuan =0,5 tr USD - vai thang
Jlop va $/op t s6 hoc, SRAM va Tai that tir dau dén cudi: share
1/0 hoac token

Coéng 1- FPGA Céng 2 - MPW
=1,5 tr USD - thang 11

Silicon do dudc thay cho mé hinh

Cong 3 - Mt na va 16 dau
=20 tr USD - thang 24

Mat na N7 #3,5 tr USD trong thiét
ké 15-100 tr USD

100 tr USD
£\
A4
10 tr USD @ Mbi cong: diing néu k < 3 hodc h* ngoai tam véi

Q-

(o]

1trusp i l

100 nghin USD

Dling & day thi thay ddi luat chi ton mat mau thir, khong phai
tape-out
10 nghin USD

0 6 12 18 24
S6 thang tu khi bat dau du an

Nguén: Gia wafer, MPW va mat na nhu & chuang 9 (Silicon Analysts, AnySilicon, gia tri mé hinh); thai gian va chi tiéu tiing céng 1 gia dinh minh hoa cua
tac gia.

Bac thang nay rat déc. Trong mot du an N7/N6, ba céng dau céng lai tén khoang 1,5 triéu USD va khoang musi
mot thang; cong thi tu tdn gap hon mudi 1an  usctinh . DS 14 ly do thi tu quan trong han tién trinh: néu giao thic
thay déi phép s hoc, hoac ngudi mua bo di, mot ddi da diing 8 Céng 2 chi mat gia mdt mau thl, chi khdng phai
gia mét lan tape-out.

® Mobi con chip tén bao nhiéu, va diéu gi phai ding

Cong 3 (tién trinh
Céng 2 (mau va ngan sach thiét
thir) ké)

Mat die tot 100 mm?

Diéu phai ding dé hoan vén

B6 tang tdc uu tién suy

luan c6 thé dao

May dao Pearl INT7

MPW 16/12 nm
hodc N7, 0,1-0,5
triéu USD

MPW 28 nm,

N6/N7, khoang
15-30 triéu USD

udc tinh

N7/N6, khoang

Khoang 17 USD & N7,
chua tinh déng goi
va bd nhé

Khoang 17 USD & N7

Mot khach hang suy luan da ky ganh
phan I6n NRE; thu nhap dao |a phan
cong thém, khéng phai kich ban cd s&

Khoang 4,9 EH/s trong tron mét nam vdéi

chuyén dung (hién 0,05-0,15 triéu 20 triéu USD p =1, hoac 9,8 EH/s v&i p = 0,5 (chuong
chua khuyén nghi) usb 7)
B6 ting toc ZK FPGA, réi MPW N7/N86, réi N5 Khoang 10 USD & Céc hé chiing minh hdi tu vé kernel
16/12 nm N16, 17 USD & N7 MSM va NTT ma mét thiét ké c6 dinh cé
thé phuc vu
Bo téng toc FHE FPGA so véiméc ~ N5/N3 v6i HBM, Do HBM va déng géi ~ Mo&t ngudi mua Al ma hda & quy mo Ién,

cd s& ma nguén
ma

tu 30 triéu USD
trg 1én

chi phoi

hién chua ton tai

2
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TU d6 rat ra hai diém thuong mai. Thd nhat, hiéu qua ré nhat dén tu kién tric: gilf todn hang trong SRAM va bd
HBM cuing CoWoS dé loai bd phan 18n chi phi cia mét GPU (khoang 63% danh muc vat tu cua mét H100) trudc
khi chon bat ky tién trinh ndo. Thu hai, th&i gian Ia chi phi: mét ddi mai can khoang 18 dén 24 thang tu IUc bét dau
dén khi san xuat hang loat va thdi gian chd & tién trinh tién tién vuct 50 tuan, nén mét giao thiic thay déi phép sé
hoc vai thang mét 1an co thé khién con chip 16i thsi trudc khi Céng 3 kip hoan vén.

® Ba quy tic cho mét déi nho

Gop lai, cac con s6 nay cho ba quy tdc phantich . Thit nhat, hay ditng 8 Céng 1hodc 2 cho dén khi c6 mét ngudi
mua cu thé hodc mét phién ban giao thiic dudc déng bang; ca gia token 1an hashrate déu khéng thay thé dugc
hai diéu d6. Thi hai, mua k bang kién truc trudc, bang tién trinh sau: mét mang dit liéu trong SRAM trén N7 cé
thé danh bai mét linh kién da dung trén N3 cho mét khéi lugng céng viéc, véi mot phan nhoé chi phi mat na. Thu
ba, ghi ra hashrate hodc san lugng hoan vén, c6 tinh p, trudc khi tape-out, va dinh gia cac khoan thanh toan
theo méc dua trén mot phién ban giao thiic ¢6 dinh, dé khach hang, chi khédng phai céng ty thiét k&, ganh rui ro
luat 1é.

CHUONG 11 ——— pee ‘‘B8C

Ay

/‘ /‘ CO HOI
Cao héi nam & dau, va t6i sé lam gi

® Chip tuy bién: nhu cau ap dao dén tur Al

N&m 2026, nhu cau chip tuy bién ap dao dén ti Al. Doanh thu ban dan Al cia Broadcom trong quy 3 nam tai
chinh 2026 1a 16,7 ty USD, tang 221% so vdi cung ky, khoang 58 ty USD cho ca nam, 73% trong dé tu XPU cho
sau khach hang (theo ban ghi tu déng cla cudc goi cong bd két qua kinh doanh). Doanh thu quy 2 cua Global
Unichip tdng 128% so vdi cung ky, v8i doanh thu san xuat tron goi tdng 188% va bién Igi nhuan gép 21,5%. Co
cau doanh thu quy 1 cua Alchip theo tién trinh 14 21% & 3/2 nm, 63% & 7/5 nm va 16% & 12 nm trd 1én. Bon hang
mai nd3m 2026 cua VeriSilicon dat 8,24 ty nhan dan té (khoang 1,16 ty USD) tinh dén cudi thang 4, 91,37% trong
dé cho dién toan Al. Thi trusng co ba tang: trén cung |a déng phat trién nhiéu n&m tri gia hang ty dé la; & gida la
cac du an tif 7 nm dén 2 nm v6i NRE tU vai triéu dén hon mot trdm triéu d6 la (5-30 triéu USD & tién trinh tdm
trung, tU 30-100 triéu USD trg |én & tién trinh tién tién nhat); va mot cai dudi dai cac ASIC tién trinh trudng thanh
vGi NRE 0,5-5 triéu USD. Khach hang crypto va khai thac la mét thi trudng ngach nho, cé tinh chu ky, nhung ho la
“khach hang dau tién” nhanh nhét, it rao can nhat dang tra tién cho stic tinh hién nay.

Nhitng nang luc cta mdt ddi chip dao chuyén giao tét nhat, van hanh dién ap thap gan ngudng, mang tinh toan
nhan ban quy mé 18n, cap ngudn va tan nhiét I8p kilowatt, va tape-out nhanh & tién trinh tién tién, chinh 1a nhiing
gi chip suy luan va bé tang téc ZK, FHE can. Thi trudng vén dinh gia diéu nay: Velaura Al (trudc day & Auradine)
da goi 110 triéu USD vao thang 8 ¢ muc dinh gia trén 1ty USD. Phan vi du la don vi chip Al bién cua Canaan, co
doanh thu 0,9 triéu USD trong ndm tai chinh 2024 trong khi ngén 15% chi phi hoat doéng, va da bj déng cla vao
thang 6 ndm 2025. Khac biét nam & mot kénh ra thi trudng doc 1ap, khdng phai & viéc tai st dung ké&nh dao coin.

® Phat trién Al: gié cong la hang phd théng; gia tri nam & cac khép néi

0 phan khuc thap, dich vu phat trién Al da bi phé théng héa: muc gia dién hinh trén Clutch 1a 25-49 USD méi gis,
va 50-99 USD & My, Canada va cac thi trudng tuong tu; mot doi phat trién blockchain tén khoang 15.000 dén hon
90.000 USD méi thang. Ban gid cong khéng c6 hao lly. Gia tri ndm & cac khdp ndi gitta cac linh vuc: kernel va
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trinh bién dich cho chip tuy bién, dao nhing trong dich vu suy luan (plug-in vLLM cua Pearl 1& mét vi du), suy luan
kiém chiing dudc két hgp TEE vaéi kiém tra ngdu nhién bang ZK, va thanh toan cung danh tinh cho tac tu.

® Hé théng Al x crypto: ky véi ngudi mua stc tinh trudc khilam token

Vi bat ky ai thiét ké mot chudi hay mang dién toan goc Al, bd céng cu kiém chiing nam 2026 da dinh hinh. Theo
thit tu chi phi trén méi don vi cong viéc, ti thap dén cao: 1ay mau théng ké (proof of sampling cla Hyperbolic), ty
thac cé trong tai (Verde cla Gensyn, chi can mét bén kiém chiing trung thuc nhung doi héi thuc thi chinh xac
tlng bit), TEE (t6¢c d& gan nhu géc, nhung phai tin nha san xuat chip), du thita toan phan va zkML téng quat. Thiét
ké thuc té 1a phan tdng: TEE hodc 1y mau cho do tré thap, trd choi tranh chap hodc kiém tra ZK ngau nhién cho
tinh chung cudc; mét bai bao thang 12 ndm 2025 da mé phong dién toan bao mat H100 véi fraud proof va kiém
tra ZK ngau nhién dat 99% théng lugng tap trung va chi phi bién 0,07 USD méi truy van. Triét ly phan cliing quyét
dinh bao mat va phan phéi: PoUW géc GPU lic dau dudc bao vé bdi GPU dam may cho thué dugc, nén chi phi tan
céng gén vdi gia thué, va Qubic cho thay bang chiing céng viéc trén phan cing da dung cé thé bi cac déng luc
bén ngoai chiém tron.

Chi phi va thsi gian khéng phai 1a rao can. Pearl di ti bai bao (thang 4 nam 2025) dén mainnet trong khoang 12
thang, fork tU btcd, véi full node, vi, light client va phan mém dao ngay khi ra mét. Phan I18n kiém toan DeFi ton
25.000-100.000 USD, kiém toan doanh nghiép hoac da chuédi tif 150.000-250.000 USD tr& Ién, mach ZK tén thém
80% dén 120%, va cac du an c6 gia tri that dang chiu rli ro danh 150.000-500.000 USD méi nd&m cho bao mat.
R0 can that 1a phan phdi va thanh khoan. Cac nha sang Iap cho biét Binance da doi ti 0% dén 3,5%, va bi cao
budc la 8%, ngudn cung token dé niém yét (Binance phu nhan viéc truc Igi ti niém yét); ca sau du an ma
Cointelegraph xem xét c6 dung théa thuan tao 1ap thi trusng kiéu “cho vay token céng quyén chon mua" déu
giam gia, va bén tao 1ap thi trudng cia Movement da ban khoang 38 triéu USD token ngay ngay niém yét. Cac lua
chon thay thé I& thanh khoan on-chain, nhu Hyperliquid, da vugt 10 ty USD vén héa ma khéng niém yét trén
Binance va c6 cac thi trudng hgp déng vinh cliu HIP-3 vugt 3,2 ty USD hgp déng mé vao thang 6, va ban céng
khai qua cac san Ién, nhu khi Monad huy dong 269 triéu USD qua Coinbase. Gia tri pha lodng hoan toan cao vdi
lugng Iuu hanh thap Ia chi bdo ré nhat cho su sut gidm sau ra mat trong giai doan 2025-2026.

Thiét ké token |& mot phan cua thiét ké hé théng. Phat hanh nén di theo nhu cau tra tién chi khéng di trudc né:
cac mang trong bao cdo nay c6 bdi s6 trg cap lanh manh nhat gan phan thudng véi cong viéc ma mét ngusi mua
bén ngoai tra tién, con cac mang té nhat tra cho hashrate hay stake ma khéng cé gi ding sau. Mét quy téc thuc
té la céng b6, trudc khi ra mat, bdi s6 trg cdp ma mang nham téi trong ndm thu nhat, thi hai va thd ba, va cat
giam phat hanh khi khdng dat phantich .

Ai mua, va muc sén long

Hudng di chitra Nang luc chinh Rui ro chinh
Bo ting toc uu tien suy  Neocloud, trién khai 2027-2028 (tuy fork GEMM INTS8, FP8 va FP4; Quyén tham gia
luan c6 thé dao riéng, mang PoUW FP8 va FP4) kién tric SRAM; tich hdp giao  giao thiic, khda chat
thirc kién truc
Chip suy luan SRAM Neocloud, trung tam dir Ngay bay gis Trinh bién dich va thich Ung Mb hinh thay déi
hoac khic ciing liéu & Trung Quéc dai mé hinh; thiét ké N6-N4 quéa nhanh
luc, bién

Chip dao (ngach hoac Thg dao co dién riéng; Ngay bay gig, bi gidi Mang dién ap thap, hiéu qua, Cudc chién gia cla

tich hgp doc) may dao gia dinh va han bdi halving va chudi cung Ung san lugng 16n cac hang dudng
SuGi am hashprice nhiém, gia dién
Tang téc chiing minh Mang prover, rollup Chg dén khi cac hé MSM va NTT I&p trinh dugc Nhu c&u phu thuéc
ZK chiing minh héi tu vao phan thudng
token
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Ai mua, va muc san long

Hudng di chitra Nang luc chinh Rui ro chinh

Tang téc FHE Al ma hoéa cho doanh 2027-2029 NTT, hé théng HBM, ky thudt ~ Nhu cau chua hinh
nghiép va chinh phu; mat ma thanh; chu ky ban
chudi riéng tu hang dai

Gia c6 TEE va suy luan Mang suy luan bao mat, Ngay bay gig Ma hoéa bd nhd co toan ven, Phu thudc hé sinh

kiém chiing dugc DePIN g6c attestation doc l1ap, kiém  thai cia nha san

tra ZK ngau nhién xuat
Chuéi hodc mang dién  Ngudi mua suy luan, thg  Ngay bay gig Thiét ké kiém chung, thiét ké  Sut giam sau ra
toan goc Al dao, nha phat trién phat hanh, phan phéi mat, thanh khoan
token

® Ba hudng di t6i sé chon, méi huéng mét budc dau

Néu phai chon, t6i sé di téi da ba hudng, mbi hudng cé mot budc dau nho dé kiém tra trudc khi cam két tién

phan tich .

o Hudng A: mdt bo ting tdc uu tién suy luan va ciing dao dudc. Budc dau: mot nghién clu kién tric bén tuan
mo hinh hoa J/op va $/op cho mét mang GEMM INT8/FP8 di liéu trong SRAM so véi RTX 5090 va H100, ca
trén céng viéc cua Pearl 13n trén suy luan transformer, tiép theo 1a kiém chiing trén FPGA hodc MPW tién trinh
trudng thanh véi NRE & muc khoang maot triéu do la.

 Hudng B: dich vu silicon tuy bién véi crypto la khach hang dau tién va Al Ia thi trudng thi hai. Budc dau: bién
mé hinh NRE va hoa vén clia bao cdo nay thanh mét nghién cuiu kha thi ¢é thu phi cho céac du an chip tinh
toan, véi thanh todn theo méc va nghiém thu dua trén mot phién ban giao thiic cé dinh.

« Hudng C: mdt mang géc Al ky dudc ngudi mua suc tinh truée khi lam token. Budc dau: mét ghi chu thiét ké
vé kiém chiing phan tang (TEE cdng ldy mau céng kiém tra ZK ngu nhién) va vé mot phép sé hoc chuén trung
lap v&i nha cung cap, viét cing mét ngudi mua suy luan cu thé trudc moi thiét ké token.
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CHUONG 12

DAU HIEU CAN THEO DOI

Piéu can theo dbi, thang 11 nam 2026 dén nam 2027

Khi nao

Can theo doi gi

Vi sao quan trong

Bat cu ltic nao

Hang thang

Hang thang

Hang quy

Hang quy

Thang 1 nam 2027

Quy 1nam 2027

Cudinam 2027

Thang 4 nam 2028

Do cao kich hoat FP8 cua Pearl

Ty 1é khéi Pearl chiia cong viéc Al

Nha cung cép suy luan cé chuyén thu nhap

dao cho khach hang khéng

Doanh thu kiém chiing dugc cua Bittensor
so vdi lugng phat hanh

Ty 1é dong x402 thuc sy do tac tu khai tao
MUc ting gia 3% dén 6% cla TSMC theo
tin dén, nhiéu nhat 3 2 nm va 3 nm

FP4 trén Pearl, theo budi AMA cla cac nha
sang lap

Muc tiéu hoa vén ctia Samsung Foundry

Ky halving tiép theo cua bitcoin

Quyét dinh phan ciing s6 nguyén va card khéng phai NVIDIA cé
con dudc chap nhan khéng, va chudi cé tach déi khong

Phép thir t6t nhat cho viéc "hiiu ich” cé dang thanh sy that
khéng

Nhu cau tra tién g&p phat hanh: mé hinh ma Pearl can
Mang céng viéc hiiu ich I6n nhat cé dang thu hep khoang céch
trg cap khong

Thanh toan cua tac ti c6 chuyén tu tin hiéu sang thuong mai
khéng

Chi phi tape-out & tién trinh tién tién

Céng viéc dich chuyén thém vé phia cac dinh dang mdi nhat
clia NVIDIA

Liéu mot nguén cung thu hai ré han cé con khde manh

Giam mét nua quy thudng clia may dao SHA-256
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CHUONG 13 ————————————— - 8C

CAU HOI NEN PAT RA

Nhirng cau héi ban chua héi nhung nén hoi

Duéi day la nhitng cau hai téi sé dat ra trudc khi cam két tién hay silicon cho bat ky du an Al x crypto nao.

Ai kiém soat ham cong viéc? Néu mot doi nho co thé thay déi phép s6 hoc 8 mot do cao ma hoa ciing, tudi
tho phan cling cla ban & quyét dinh cla ho. Hay yéu cau mét cam két 6n dinh bang van ban, hodc thiét ké
phan ciing c6 thi trudng thu hai.

Boi s6 trg cap la bao nhiéu? Chia lugng phat hanh (hoac vén héa) cho doanh thu tra tif bén ngoai mang. Boi
s6 trén 10 nghia |4 mang dang mua hoat déng, chi khéng ban dich vu.

Cong tiép theo ton bao nhiéu, va con s6 nao khién ban diing lai? Mét wafer da du an tén hang chuc hoéc
hang tram nghin dé la; moét bd mat na tén hang triéu. Hay quyét dinh con sé diing trudc khi chi tién.

Hashrate hoan vén la bao nhiéu, khi tinh ca p? Chia NRE cho R x (1 - 1/k) x T x p. Néu két qua la mét phan

I&n cua mang, con chip la mét canh bac vao luat 1&, khéng phai vao silicon.

Thi trudng thi hai cta con chip la gi? Néu giao thiic fork hodc token sut gia, silicon con ban dudc vao dau?
GPU s6ng s6t qua The Merge cua Ethereum vi cé thi trudng thi hai; ASIC don thuat toan thi khéng.

Gia tri roi vao token hay vao c6 phan? Ndm 2026, cac cong ty Al x crypto c6 |ai phan 18n |a céng ty cd phan
c6 kénh phan phdi crypto; hay quyét dinh ban dang xay cai nao trong hai thi dé trudc khi goi von.

Khach hang tra tién dau tién Ia ai, tén cu thé? Moi trudng hgp bén viing trong bdo cao nay, ti Grass dén
cac subnet dién toan cua Bittensor, déu bat dau véi mot ngusi mua cu thé bén ngoai mang.

Pay la nhiing linh vuc t8i muén cling kham phéa véi nhitng ngusi khac, qua trao déi ky thuat va hop tac ky thuat:
chip tly bién cho khai thac, huan luyén va suy luan Al, va céc bd ting toc; phat trién Al; va hé théng Al x crypto
tl chudi dén node dén chip. Ban cé thé lién hé téi qua i@tanshuai.com.

® Gigi han cua bao cao nay

Pay la nghién cuu tai ban dua trén tai liéu céng khai dén ngay 13 thang 11 ndm 2026. Téi khéng thuc hién phéng
van so cap hay phép do ddc 1ap nao cho an ban nay. Mét s6 con s6 chinh 14 tuyén bé cla céng ty hodc nha cung
cap, chadng han doanh thu cla Aethir, doanh thu cua Grass, hiéu nadng cla Etched va Taalas va hiéu qua cla
Cysic; chung dudc ghi nhan tuong ting. Cac chi sé chubi cla Pearl dén ti mét full node ddc lap va ti cac pool, va
thay ddi theo gid; t6i dung cac sé doc quanh 07:13 UTC ngay 13 thang 11 va dua ra dai trong ngay. Chi phi wafer,
mat na va thiét ké 1a udc tinh clia bén thi ba va gia tri mé hinh khéng théng nhat véi nhau; téi trinh bay dudi dang
dai. Phép tinh hoa vén ASIC va ngan sach theo giai doan cla toi dung cac gia dinh minh hoa (k, T, p, NRE va chi
phi tiing cdng) ma ngudi doc nén thay bang gia dinh cua riéng minh.
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026

VE' TAC GIA ace_ ' mwC

Vé tac gia

Tan Shuai la nha cdng nghé va nha sang lap véi han hai muci ndm Iam viéc trong Iinh vuc chip, phan ciing
va phan mém hé théng, cung 20 bang sang ché da dugdc cap. Ong cé nhiéu ndm nghién cuu, phat trién va
quan ly chip fabless, bao gém thiét ké dusng di liéu ASIC full-custom cho chip dao tién dién ti va chip
camera da phuong tién, va dé 1a 1ang kinh cla bao cdo nay: nang lugng moi phép tinh, chi phi mdi wafer,
giao thic cho phép ban cé dinh nhiing gi trong silicon, va ai 1a ngusi tra tién. Céng viéc da dua 6ng qua
Thung Iiing Silicon, New York, Chicago, Bai Loan, Vung Vinh Ldn (Tham Quyén va Hong Kéng), Viét Nam va
Malaysia. Hién 6ng |a nha nghién ctiu va phat trién Al.

Trao déi ky thuat: i@tanshuai.com - tanshuai.com

® Ghi chi va tuyén bd mién tru

B4o cdo nay la nghién clu tai ban ddc 1ap dua trén tai liéu cong khai cé dén ngay 13 thang 11 nam 2026. N6 chi nhdm muc
dich cung cép théng tin va hoc tap, khéng phai tu van dau tu hay ky thuat. Bao céo chi xem xét céng nghé va kinh doanh.
Gia ca, chi s6 chubi va luat giao thiic déu thay déi; hay déi chiéu moi théng tin ban dua vao véi ngudn géc. Cac s6 liéu dugc
danh diu hangtucéngbs , udctinh hodc phantich can dudc hiéu ding nhu vay. Gia tai san crypto bién déng rat manh.

© 2026 Tan Shuai. Ban c6 thé chia sé nguyén ven bao c4o nay kém ghi nguén.
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026 GHI CHU NGHIEN cUU - 2026.11

N a [ ] [ ] °
NGUON aee e : _.-C

Nguon

T4t ca dudc truy cap trong khoang ti ngay 10 dén ngay 13 thang 11 nam 2026. Nhém theo chuang.

Pearl: giao thitc, ma nguén va di liéu chudi
¢ Komargodski and Weinstein, "Proofs of Useful Work from Arbitrary Matrix Multiplication", arXiv 2504.09971: https://arxiv.org/abs/2504.09971
e Pearl Research Labs, INT whitepaper: https://pearlresearch.ai/research/int-whitepaper

* Ma ngudn Pearl: khéi genesis: https://github.com/pearl-research-labs/pearl/blob/main/node/chaincfg/genesis.go ; tham s6 déng thuan va dé cao
fork: https://github.com/pearl-research-labs/pearl/blob/main/node/chaincfg/params.go ; cach tinh hashrate: https://github.com/pearl-research-lab
s/pearl/blob/main/zk-pow/src/api/sanity_checks.rs ; huéng dan nang cap fork seed cé salt: https://github.com/pearl-research-labs/pearl/blob/mai
n/docs/salted-seed-fork-upgrade-guide.md ; tham sé nhanh fp8-scheme: https://github.com/pearl-research-labs/pearl/blob/fp8-scheme/node/ch
aincfg/params.go

» Pearl Improvement Proposals: https://github.com/pearl-research-labs/pips ; PIP-3, ddo béng dau phady dong: https://github.com/pearl-research-lab
s/pips/blob/main/PIPS/pip-0003.md

 pristats (full node déc 1ap): mang: https://pristats.com/api/network ; chudi sé liéu: https://pristats.com/api/series ; trang chi va mé hinh thu nhap
thg dao: https://pristats.com/api/home ; nguén cung da dao: https://pristats.com/api/mined ; pool: https://pristats.com/api/pools ; ngusi ndm git: htt
ps://pristats.com/api/holders ; gia dinh phan cting va chi phi phu tréi: https://pristats.com/api/assumptions

* Kryptex Pool: mang Pearl: https://pool.kryptex.com/prl/about-coin ; hashrate: https://pool.kryptex.com/pri/hashrate ; RTX 5090: https://pool.krypte

x.com/de/device/gpu/nvidia/nvidia-geforce-rtx-5090 ; RTX 4090: https://pool.kryptex.com/device/gpu/nvidia/nvidia-geforce-rtx-4090 ; "Pear| FP8
fork": https://pool.kryptex.com/articles/pearl-fp8-fork-en

e CoinGecko, Pearl: https://api.coingecko.com/api/v3/coins/pearl-2 ; https://www.coingecko.com/en/coins/pearl-research ; lich st gia: https://api.coi
ngecko.com/api/v3/coins/pearl-2/market_chart?vs_currency=usd&days=365&interval=daily ; tim ma "Perle": https://api.coingecko.com/api/v3/sear
ch?query=perle

¢ SimeonOnSecurity, "Mining Pearl (PRL) in 2026": https://simeononsecurity.com/articles/pearl-prl-mining-guide-2026/

e Hashrate Index, "Pearl (PRL): Inside the Al-Compute Cryptocurrency", ngay 2 thang 6 nam 2026: https://hashrateindex.com/blog/pearl-prl-ai-comp
ute-cryptocurrency/

e Tom's Hardware, "New Al compute cryptocurrency Pearl sparks a GPU mining rush, but profitability is sliding": https://www.tomshardware.com/tec
h-industry/cryptomining/new-ai-compute-cryptocurrency-pearl-sparks-a-gpu-mining-rush-but-profitability-is-sliding

e Together Al, hgp tac vdi Pearl Research Labs: https://together.ai/blog/together-ai-partners-with-pearl-research-labs ; trang mé hinh: https://togeth
er.ai/models/gemma-4-31b-it-pearl

¢ Basu, khao sat cac phién dao Pearl, arXiv 2606.04819: https://arxiv.org/html|/2606.04819v2

¢ Blockworks, ban tin OxResearch, ngay 28 thang 10 nam 2026: https://blockworks.com/newsletter/Oxresearch/issue/post_daf0d74a-2bf4-41e4-86d
3-2a1275475a24

¢ Datawallet, "Pearl Explained": https://www.datawallet.com/crypto/pearl-explained

» Coingabbar vé bai ciia TheMarker vé vong goi vén cuia Pearl Research Labs: https://www.coingabbar.com/en/pearl-research-labs-funding-130m-st
ealth-round-themarker

Chubi céng viéc hiru ich va lich st

¢ Grothe va cdng su, phan tich bao mat Gridcoin, USENIX WOOT 2017: https://www.usenix.org/system/files/conference/woot17/woot17-paper-groth
e.pdf

¢ Gia mao proof-of-learning, arXiv 2208.03567: https://arxiv.org/abs/2208.03567

» hoge.gg, kiém chung va niém tin trong suy luan phi tap trung: https://hoge.gg/decentralized-inference-2026-verification-trust/ ; doanh thu va ngan
quy Bittensor: https://hoge.gg/bittensor-quantum-wallet-revenue-tao-treasury-2026/

» Kaspa: ma ma tran kHeavyHash: https://github.com/kaspanet/rusty-kaspa/blob/master/consensus/pow/src/matrix.rs ; ra mat: https://coinranking.c
om/coin/V8GxkwWow+kaspa-kas/about ; théng bao IceRiver KS1/KS2: https://www.iceriver.io/2023/03/14/1677644580/ ; lich si ti GPU dén ASIC:
https://captainmining.com/blogs/crypto-news/the-evolution-of-kaspa-mining-from-gpus-to-asic-powerhouses ; hashrate GPU: https://coincalculat
ors.io/algorithms/kheavyhash ; KS7: https://www.asicminervalue.com/miners/bitmain/antminer-ks7-40th ; mang: https://minerstat.com/coin/kas ; 1
EH/s nam 2024: https://ourcryptotalk.com/news/kaspa-reaches-1-ehs-in-hashrate ; Crescendo: https://ourcryptotalk.com/news/kaspa-crescendo-
live

» Aleo: FAQ vé mainnet: https://aleo.org/post/aleo-mainnet-fag/ ; chiing minh phi tap trung: https://aleo.org/post/decentralized-proving-advantages/
; ASICs: https://whattomine.com/coins/432-aleo-zksnark/asics ; Blockworks, "State of Aleo Q3 2025": https://app.blockworks.com/report/state-of-
aleo-q3-2025 ; ARC-46: https://chaincatcher.com/en/article/2144326

* Qubic: The Block vé dgt tai té chiic Monero: https://www.theblock.co/post/366535/monero-faces-chain-reorganization-fears-after-qubic-says-it-c
ontrols-51-of-hashrate ; Halborn: https://www.halborn.com/blog/post/explained-the-monero-51-percent-attack-august-2025 ; dao Dogecoin: http
s://hackernoon.com/qubic-is-now-mining-dogecoin-on-its-ai-compute-infrastructure ; CoinGecko: https://www.coingecko.com/en/coins/qubic
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Tinh toan & déng thuan - Al x Crypto x Chip ndm 2026 GHI CHU NGHIEN cUU - 2026.11

Tai liéu déng thuan Bittensor: https://www.bittensor.com/lims.mdx/docs/internals/consensus/content.md ; FalconX, "State of Bittensor": https://ww
w.falconx.io/newsroom/state-of-bittensor-subnet-adoption-trends-network-mechanics-and-covenants-departure

Primecoin: https://en.wikipedia.org/wiki/Primecoin ; Blockworks, "State of Filecoin Q3 2025": https://app.blockworks.com/report/state-of-filecoin-q
3-2025

Monero va cac fork khang ASIC: https://Ibry.com/news/forking-for-asic-resistance ; fork Sia: https://hotfix.coindesk.com/markets/2018/11/01/sia-co
mpletes-hard-fork-as-bricked-miners-form-rival-blockchain ; gia Obelisk: https://www.cryptoglobe.com/latest/2018/11/obelisk-hardware-skyrocket
s-in-selling-price-after-sia-hard-fork/ ; thg dao sau The Merge: https://hotfix.coindesk.com/business/2022/11/11/ex-ethereum-miners-token-hop-to
-stay-alive-after-the-merge

Cac mang Al x crypto

DefiLlama: Render: https://defillama.com/protocol/render-network-bme ; Livepeer: https://defillama.com/protocol/livepeer
Cointelegraph vé sé liéu doanh thu DePIN cla Messari: https://cointelegraph.com/news/depin-revenues-grow-despite-token-losses
Aethir, téng két 2025: https://aethir.com/blog-posts/aethirs-2025-wrap-up-decentralized-gpu-cloud-milestones

CoinGecko, danh muc Al: https://www.coingecko.com/en/categories/artificial-intelligence

Akash, gid thué H100: https://akash.network/the-bid/h100-rental-price-2026-cost-per-hour/ ; bao cdo quy 1/2026: https://akash.network/blog/akas
h-network-q1-2026-report/

jo.net, hgp déng 8 triéu USD va lugng token hang ngay: https://lifestyle.kbew98country.com/story/271004/io-net-to-burn-up-to-12m-tokens-as-net
work-closes-8m-deal-and-hits-4-billion-daily-ai-tokens/

DCD, hgp déng cua Axe Compute: https://www.datacenterdynamics.com/en/news/axe-compute-secures-15bn-compute-contract-with-unnamed-c
ustomer/

Pluralis-8B: https://www.alphaxiv.org/abs/2607.13332.md ; Nous Research, Psyche: https://nousresearch.com/the-next-phase-of-psyche ;
Implicator vé INTELLECT-3: https://www.implicator.ai/prime-intellects-intellect-3-open-source-ambition-meets-centralized-reality/

SiliconANGLE, vong goi vén cua Prime Intellect: https://siliconangle.com/2026/07/08/prime-intellect-raises-130m-1b-valuation-ai-training-platform/
; The Block, Venice: https://www.theblock.co/post/406934 ; RuntimeWire, vong goi vén cla Nous: https://runtimewire.com/article/nous-research-7
5-million-round-1-5-billion-valuation

ownyourmind, Gensyn: https://ownyourmind.ai/projects/gensyn/ ; Phemex, Ritual (chi tiéu dé): https://phemex.com/news/article/ritual-launches-ai-I
ayer-1-mainnet-and-ritual-token-price-dives-72-from-high-101259

Chi phi phu trgi clia dién todn bao mat, arXiv 2409.03992: https://arxiv.org/abs/2409.03992v2 ; bdo cdo 2025 cla Phala: https://phala.com/posts/p
hala-2025-report ; TEE.fail: https://thehackernews.com/2025/10/new-teefail-side-channel-attack.html ; DeepProve, IACR ePrint 2026/1112: https://e
print.iacr.org/2026/1112

TRM Labs, do ludng thanh todn cua tac tu Al: https://www.trmlabs.com/trm-tech-blog/whos-actually-paying-measuring-ai-agent-payments-onchai
n ; Forkast vé x402 Foundation: https://forkast.news/the-x402-foundation-activated-a-27-year-old-internet-code-200-million-transactions-later-th
e-real-volume-is-still-tiny/ ; The Block, mainnet Tempo: https://www.theblock.co/amp/post/394131/tempo-mainnet-goes-live-with-machine-payme
nts-protocol-for-agents ; BlockEden vé aGDP cUa Virtuals: https://blockeden.xyz/blog/2026/04/21/agdp-agent-gdp-virtuals-protocol-ai-blockchain
-valuation-primitive-tvl-displacement/ ; The Block vé ElizaOS: https://theblock.co/post/410774/eliza-labs-native-token-dead

Dealroom, doanh thu Grass: https://dealroom.co/news/157794-grass-backed-by-multicoin-projects-75m-in-2026-data-revenue/ ; CryptoSlate,
Fetch.ai and Ocean: https://cryptoslate.com/cryptos-flagship-ai-pact-fracture-fetch-sues-ocean-over-263m-fet-community-sales/ ; Fortune vé
World: https://fortune.com/2026/06/01/internet-according-to-sam-altman-seeing-orb/

Galaxy, vén mao hiém crypto: https://www.galaxy.com/insights/research/crypto-blockchain-venture-capital-q3 ; Crypto Briefing (chi tiéu dé): http
s://cryptobriefing.com/crypto-vc-investment-q3-2026-galaxy/ ; Blockhead vé Tiger Research: https://www.blockhead.co/2026/10/14/bitcoin-rose-
43-in-q3-crypto-venture-funding-did-not-follow/ ; ForkLog vé& céac token ra mét ndm 2025: https://forklog.com/en/85-of-tokens-launched-in-2025
-fell-below-initial-prices/

Kinh té hoc ASIC va cac loai chip

Hashrate Index, ban tdng hop ngay 9 thang 11 nam 2026: https://hashrateindex.com/blog/hashrate-index-roundup-november-9-2026/

AnySilicon, chi phi thiét ké ASIC theo tién trinh n&m 2026: https://anysilicon.com/news/how-much-does-asic-design-cost-in-2026-real-price-rang
es-by-process-node/ ; Silicon Analysts, huéng dan chi phi tape-out cho fabless: https://siliconanalysts.com/analysis/fabless-startup-tapeout-cost-
guide ; d{f liéu thj trudng: https://siliconanalysts.com/market-data

MillionMiner, Bitmain S23 XP Hyd: https://millionminer.com/news/bitmain-wdms-2026-s23-xp-hyd-launch

Khattak va Mikaitis, tich IGy FP8 trong tensor core, arXiv 2512.07004: https://arxiv.org/html/2512.07004v2

Canaan, két qua quy 2 nam 2026: https://finviz.com/news/389337/canaan-inc-reports-unaudited-second-quarter-2026-financial-results ; Bitdeer,
két qua quy 3 nam 2026: https://greenstocknews.com/news/nasdaq/btdr/bitdeer-reports-unaudited-third-quarter-2026-results-record-revenue-of
-us-320-7-million-adjusted-ebitda-up-173-to-us-69-6-million

TheEnergyMag: Velaura Al: https://theenergymag.com/news/market-news/velaura-ai-series-a-bitcoin-pivot ; Core Scientific va Block: https://theen
ergymag.com/news/2026-07-29/core-scientific-exit-block-bitcoin-deal-ai ; kinh té hoc cho thué Al: https://theenergymag.com/news/2026-08-06/
miner-weekly-ai-pumpability-out-fuel

Blockworks, Cipher va Fluidstack: https://blockworks.co/news/cipher-mining-inks-3b-ai-hosting-deal-with-fluidstack ; Cointelegraph, Core
Scientific: https://cointelegraph.com/news/core-scientific-to-quit-bitcoin-mining-by-year-end-as-ai-business-surges ; ForkLog, Bitfarms: https://fo
rklog.com/en/former-bitfarms-shuts-down-all-mining-sites-in-the-us/ ; IREN, két qua quy 1 nam tai chinh 2027: https://globenewswire.com/news-r
elease/2026/11/05/3397020/0/en/iren-reports-q1-fy27-results.html

Spark, muc tap trung thj trudng ASIC bitcoin: https://www.spark.money/research/bitcoin-asic-manufacturer-market-concentration
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Google, tai liéu TPU7x: https://docs.cloud.google.com/tpu/docs/tpu7x?hi=es ; The Register, Ironwood: https://www.theregister.com/2025/04/10/go
ogles_7thgen_ironwood_tpus_debut/ ; SemiAnalysis, B300: https://inferencex.semianalysis.com/chips/b300 ; bai bao TPU v1, arXiv 1704.04760: htt
ps://arxiv.org/abs/1704.04760 ; Glenn Lockwood, MI355X: https://glennklockwood.com/garden/processors/mi355x

Tom's Hardware, Vera Rubin: https://www.tomshardware.com/pc-components/gpus/nvidia-launches-vera-rubin-nvi72-ai-supercomputer-at-ces-p
romises-up-to-5x-greater-inference-performance-and-10x-lower-cost-per-token-than-blackwell-coming-2h-2026 ; TrendForce, gia CoWoS: http
s:/[trendforce.com/news/2026/10/27/news-tsmc-reportedly-eyes-20-cowos-price-hike-skips-equipment-price-renegotiations-amid-ai-demand-s
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Menon Lab, so sanh cac bd ting téc suy luan Al: https://themenonlab.blog/blog/ai-inference-accelerators-compared ; Introl, b tang toc Al ngoai
GPU: https://introl.com/blog/ai-accelerators-beyond-gpus-tpu-trainium-gaudi-cerebras-2025

StratNews (Reuters), chip Al noi dia trong trung tdm dif liéu dung vén nha nudc: https://stratnewsglobal.com/team-sng/china-orders-state-funded-
data-centres-to-use-domestic-ai-chips/ ; TNW, nhap khau H200: https://thenextweb.com/news/nvidia-h200-chips-hong-kong-china-import-appro
val
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docs.pages.dev/hardware-products/zk-asic-products

Tom's Hardware, Intel Heracles: https://www.tomshardware.com/tech-industry/cyber-security/intels-heracles-chip-computes-fully-encrypted-data
-without-decrypting-it-chip-is-1-074-to-5-547-times-faster-than-a-24-core-intel-xeon-in-fhe-math-operations ; IEEE Spectrum: https://spectrum.i
eee.org/fhe-intel ; Evertig, Niobium va SemiFive: https://evertig.com/design/2026-02-20-semifive-secures-design-win-with-niobium-for-fhe-accel
erator ; The Quantum Insider, vong goi vén clia Niobium: https://thequantuminsider.com/2025/12/03/niobium-23m-fhe-funding/ ; Optica OPN,

Optalysys: https://www.optica-opn.org/home/industry/2026/february/optalysys_raises_us_$31_million_to_push_photonics_computing_toward_cloud
_infrastructure/ ; Zama, HPU trén FPGA: https://www.zama.org/post/announcing-hpu-on-fpga-the-first-open-source-hardware-accelerator-for-fhe
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Silicon Analysts, gia wafer: https://siliconanalysts.com/data/wafer-pricing

Tom's Hardware, tin dén gia TSMC A16: https://www.tomshardware.com/tech-industry/semiconductors/tsmc-could-charge-up-to-usd45-000-for-1
-6nm-wafers-rumors-allege-a-50-percent-increase-in-pricing-over-prior-gen-wafers ; Wccftech, gia SMIC: https://wccftech.com/smic-5nm-chip-
prices-up-to-50-percent-more-expensive/amp/

EUROPRACTICE, lich MPW TSMC 2026: https://europractice-ic.com/wp-content/uploads/2025/11/TSMC-Europractice-MPW-schedule-2026.pdf
Horowitz, "Computing's Energy Problem", ISSCC 2014: https://www.Gwern.net/doc/cs/hardware/2014-horowitz-2.pdf

Tom's Hardware, 10 trinh Huawei Ascend: https://www.tomshardware.com/tech-industry/artificial-intelligence/huawei-ascend-npu-roadmap-exami
ned-company-targets-4-zettaflops-fp4-performance-by-2028-amid-manufacturing-constraints ; The Substrate, chudi cung ng chip Al clia Trung
Quéc: https://www.the-substrate.net/p/where-chinas-ai-chip-supply-chain ; Tom's Hardware, Trainium3: https://www.tomshardware.com/tech-ind

ustry/artificial-intelligence/amazon-launches-trainium3-ai-accelerator-competing-directly-against-blackwell-ultra-in-fp8-performance-new-trn3-g
en2-ultraserver-takes-vertical-scaling-notes-from-nvidias-playbook

Ca hoi va kinh té hoc ra mat

Webull (Benzinga), cudc goi cdng bé két qua cuia Broadcom: https://www.webull.com/news/15511095937917952 ; Quartr, Global Unichip Q2 2026:
https://quartr.com/events/global-unichip-corp-3443-q2-2026_F9x6NJQY ; Taiwan News, Alchip: https://www.taiwannews.com.tw/news/6370946
; Design & Reuse, VeriSilicon: https://www.design-reuse.com/news/202530457-surge-in-custom-chip-business-propels-verisilicon-s-q1-revenue-
to-double-with-new-orders-skyrocketing-to-8-2-billion-yuan-increased-r-d-investment-leads-to-wider-net-loss-earnings-insight/ ; The Block,
don vi Al cua Canaan: https://www.theblock.co/post/359250/crypto-miner-canaan-to-shutter-non-core-ai-semiconductor-business-unit-amid-stra
tegic-realignment

Clutch, gia phat trién Al: https://clutch.co/developers/artificial-intelligence/pricing ; PixelPlex, chi phi phat trién blockchain: https://pixelplex.io/blog/
blockchain-development-cost/

Hyperbolic, proof of sampling: https://hyperbolic.ai/blog/deep-dive-into-hyperbolic-proof-of-sampling ; Gensyn, Verde: https://www.gensyn.ai/res
earch/verde-a-verification-system-for-machine-learning-over-untrusted-nodes ; kiém chiing phan tang, arXiv 2512.20176: https://arxiv.org/abs/25
12.20176Vv1

Sherlock, tham chiéu gia kiém toan ndm 2026: https://sherlock.xyz/post/smart-contract-audit-pricing-a-market-reference-for-2026

Blockworks, tiéu chuan niém yét cua Binance: https://blockworks.com/news/binance-listing-standards-scrutiny ; Cointelegraph, cac thoa thuan tao
1ap thij trudng: https://cointelegraph.com/magazine/market-maker-deals-quietly-killing-crypto-projects ; Blockworks, Movement: https://blockwork
s.co/news/movement-rushi-manche-suspension-market-maker-web3port ; Nansen, HIP-3: https://nansen.ai/post/what-is-hip-3-hyperliquid ; The

Block, Monad: https://www.theblock.co/post/380094/monad-mainnet-launches
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