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B6 nhé lvong ti cubi cung da tot hon khi
16n 1én — c6t moc that su, va co may ma no
chua phai

Google Quantum Al lan ddu chitng minh ro rang rang mét b6 nhé lwong tit surface-code
6 thé hoat dong dudi ngudng: khi ma tang tu distance 3 1én 5 roi 7, ty 1é 16i logic giam
theo ham mii (khodng 2,14 x moéi hai bwdc), va bd lon nhdt, bé nhd distance-7 ding 101
qubit, song lau hon qubit vdt ly tot nhdt ctia chinh né — vt diém hoa von — vdi stta
16i chay theo thoi gian thuc. Pay la mot cot moc ky thudt dwoc chd doi lau. Nhung né
van chi la mét qubit logic diing lam bo nhd, & ty 1é 16i con xa mitc thudt todn that can,
chua thue hién phép todn logic, c6 mot san 16i chua gidi thich ma chinh tdc gid néu ra
va con nhiéu bdc do lén phdi mé rong. Mot ngudng da duoc vuot qua, chua phdai mot
mady tinh hoan chinh.
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Cudi cung, bd nhé lugng tir tot hon khind 16n 1én

Stra 16i lwong t& c6 mot 101 hita don gian nhung rit khé thyc hién. Ma héa mét don vi thong
tin lwong tt — mot qubit logic — trén nhiéu qubit vat 1y nhiéu, va néu cac qubit vat 1y du tot
thi thém nhiéu hon phdi lam qubit logic t6t hon, v6i 16i gidm theo ham mii khi ma 16n 1én. Cai
khé nam & chit “néu”: dudi mot ngudng nhiéu t¢i han, thém qubit giup; trén ngudng do, thém
qubit chi thém nhiéu. Moi thi nghiém trwdc day hodc déu nam sai phia cia ranh gi¢i nay, hoéc
chua cho thay xu huwéng da sach. Lam ma 1én hon khién moi thi té hon, khong t6t hon.

Théang 12/2024, Google Quantum Al bdo cdo minh ching rd rang dau tién vé ché do nguoc lai.
Trén Willow, thé hé bd xt 1y siéu dan mdéi nhat cia ho, nhém xay cac bo nhd surface-code &
khoang cach ma 3, 5 va 7, roi thdy ty 1é 16i logic gidm mo6i 1an ma 16n hon — theo hé s6 A = 2.14
+ 0.02 cho mo6i hai budc ting khoang cach. B nhd 16n nhat, distance-7 dung 101 qubit, gitt
mot qubit logic v6i 16i 0,143% =+ 0,003% moi chu Ky stra 16i va — tiéu dé ndm trong tiéu dé —
song lau hon chinh qubit vat ly tot nhdt ctia no, theo hé so6 2,4 4+ 0,3. biéu nay dugc goi la “vugt
diém hoa von” (beyond breakeven), va 1a 1an dau toan b b may sira 16i thye sy ty bu lai chi
phi cia né trén phan cirng nay.

bay la mdt cot moce that sy, va can noéi chinh xac né thudc loai nao. N6 chitng minh xu huwéng
khi mé& rong quy mo gio da di ding hudng. N6 khong phai mdt may tinh lwgng ti dang hoat
dong, va bai bao cling khong tuyén bé nhu vay.

"Surface code”, “distance"” va "below threshold"” nghia la gi

Mot qubit logic 1a mot don vi thong tin lwgng t& dwgc bdo vé bang cach ma hda trén
nhiéu qubit vat 1y. Surface code 1a mot cach cu thé dé lam viéc d6 trén lugi 2D, noi
cac qubit “do” b6 sung lién tuc kiém tra 16i ma khong lam xdo tron thong tin dugc luu.
Khoang ciach ma (distance) d khong phai khoang cach vat 1y: dé 1a s6 16i dugc dit dung
ch6 nhé nhét ¢6 thé lam héng qubit logic ma ma khong phat hién dugec. d 16n hon nghia
12 mdt mang 16n va bén hon — dung nhiéu qubit vat Iy hon (xdp xi 2d? — 1) va stta dugc
nhiéu 16i dong thoi hon, t6i da (d — 1)/2 16i. Vi vAy ba kich thudc thir & day, distance 3,
5va 7, 1an lugt stra dwgc 1, 2 va 3 16i dong thoi va dung xap xi 17, 49 va 97 qubit vat 1y
— b0 nhé distance-7 Google xay thyc té€ dung 101, hoi trén murc t6i thiéu sach gido khoa
nay.

“Below threshold” — duGi ngudng — la cum tir then chdét. Stra 16i chi giup néu ty 1é 16
vat Iy ndm duwdi mot gia tri t¢i han; khi d6, moi 1an tang distance sé& lam ty 1é 16i logic
gidm theo ham mii. Hé s6 triét 16i A do diéu nay — A > 1 nghia 1 1am ma 16n hon cé ich,
va A cang cao cang tot. Google bdo A ~ 2,14, titc moi Ian ting distance thém hai don vi
thi ty 1€ 16i logic gidm khoang mot nira. Viéc A ndm thodi mai trén 1 chinh 1a c6t 16i cia
két qua.


https://blog.google/innovation-and-ai/technology/research/google-willow-quantum-chip/
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Léi logic tich Ity nhu thé nao qua cac chu ky stia 16i 8 cac bd nhd distance-3, -5 va -7 (ti trén xuéng). Pudng

can nhin [a nét dut mau xanh 1& — qubit vat ly don tét nhat trén chip. B6 nhé distance-7 (mau xanh duang, thap
nhat) tich 10y 16i chdm hon dudng do, nén qubit d& ma hdéa séng 1au hon qubit vat ly t6t nhat tao nén né — “vuct
diém hoa vén", theo hé sb 2,4 x. Pay 1a két qua vé thai gian séng; su triét 16i dusi ngudng (A = 2,14 khi ma tang

tU distance 3 1&n 5 rdi 7) ndm trong cac con s6 cla phan van ban.
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Cac tac gia da lam gi

+ Xay bo nh¢ surface-code trén hai chip Willow: mét bd xt 1y 105 qubit chay cadc mé distance-
3,-5 va-7 cho phép thtt mé rong quy mo (16n nhat 1a bé nhé distance-7 dung 101 qubit, gobm
49 qubit dir liéu), va mot bo xi Iy 72 qubit chay bd nhé distance-5 v&i bo giai ma thoi gian
thuc cung cac ma lap distance cao.

+ Do 16i logic moéi chu ky thay doéi thé nao khi tang distance cia ma tr 3 1én 5 roi 7, tir do6 rut
ra hé so triét A.

+ So sanh thoi gian séng cta qubit logic vi qubit vat 1y riéng 1é tot nhat trén cung chip, dé
kiém tra “di€ém hoa vén”.

+ Chay mi distance-5 vGi b gidi ma thoi gian thwe — phan cing c6 dién dién giai cac phép
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kiém tra 16i khi chung dugc sinh ra — trong t6i da mot triéu chu ky, dé chirng minh stta 16i
c6 thé theo kip may.

DAy cdc ma lap don gian hon 1én distance 29 dé sin nhitng nguon 16i hiém va siu dit ra
san hiéu nang.

Ho tim thay gi

Mai hoat déng dwdi ngwdng. Loi logic mbi chu ky gidm theo hé s6 A = 2.14 + 0.02 cho moi
lan distance tang hai don vi — sy triét theo ham mi sach, ding hanh vi ly thuyét hita hen
nhung chua b x Iy nao trude dé6 chitng minh dit khoat.

Bo nh¢ distance-7 dat 16i 0,143% + 0,003% moi chu ky va song lau hon 2,4 + 0,3 1in so
v6i qubit vat 1y tot nhat — vugt diém hoa von.

Giai ma thoi gian thwe theo Kip. BO gidi ma c6 do tré trung binh 63 microsecond &
distance 5 so vGi chu ky dai 1,1 microsecond, duy tri trén mdt triéu chu ky — stra 16i chay
tryuc tiép, khong chi phan tich lai sau thi nghiém.

Mot nguén 16i hiém va sau van con. Trong cac tht nghiém ma 1ap, hiéu ning cudi cung
bi gi¢i han bdi cac dgt 16i twong quan xay ra khoang méi gio' mot 1an (xap xi mot trén 3 x
10° chu ky), dat san 16i gan 10~ 19; cac tac gid néi nguodn géc ctia n6 van chwa dwoc hiéu.

biéu nghién cttu nay khong chirng minh

bay khong phai mdy tinh lugng t& dang tinh todn. Pay la mdt bé nhé lwgng ti: n6 luu va
bao vé mot qubit logic. N6 khong thyc hién cac phép toan logic (cong) gitta cac qubit logic
va khong chay thuat toan nao.

N6 khoéng chi con cdch mday hittu dung mot qubit. Mot qubit logic distance-7 dung khoang
101 qubit vat ly; 16i khoang 0,1% moi chu ky van cao hon rat nhiéu so véi mic xap xi 106
dén 10~1° ma céc thuit todn that can. Thu hep khodng cach dé doi héi distance 16n hon
nhiéu — nhiéu qubit vat 1y hon cho m6i qubit logic — con thuat todn hitu dung can hang
nghin qubit logic cing lic. Ngan sach qubit vat ly khi ay 1én t&i hang triéu.

Cum “néu maé rong quy mo” thwe sw mang trong lwong. Chinh két luan cia bai bao néi
hiéu nang thiét bi, néu dwoc mé réng, cé thé dap &ng yéu cau cla cac thuat toan 16n. Cho
thay xu huéng dung trén mot qubit logic khong giong vdi viéc da xay may & quy mo do, va
khong cé gi & day bao ddm xu huéng sé song sot khi kich thuwdc tang rat nhiéu.

San 16i chwa giai thich 1a van dé dang song. Cac dot 16i twong quan chan hiéu nang ma
14p, theo 101 tac gid, 16n hon ky vong nhiéu bac do 16n va sé ngan cac wng dung chiu 16i 16n
hon cho dén khi dugc hi€u — mét 16 hong mé dugce néi thang, khong phai chi tiét da giai
quyeét.

Két qua khong néi gi vé pha ma héa hay “wu thé lwong tiw” cho tac vu hiru ich. Nhitng
viéc d6 can c6 may chiu 16i hoan chinh ma day mai 1a mot vién da nén, khong phai mot
minh ching ctia chinh c6 may &y.
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Bang chitng manh dén dau

Tuyén b c6t 16i virng va quan trong. Hoat dong dudi ngudng véi sy triét 16i theo ham
mil sach qua ba distance, cdng véi thoi gian séng viegt diém hoa von va moét bo giai ma thoi
gian thuc hoat dong, chinh 1a t6 hgp ma linh vy da co dat tdi; & day n6é dugc chitng minh
tryc tiép chi khong suy ra gian tiép. Pay khong phdai sdn pham cta cuong diéu; né 1a két
qud k¥ thuat that tr mot nhém hang dau.

Cac tac gia cian thin vé pham vi. Ho mo ta n6 1a b6 nhd dudi ngudng, tw néu san 16i twong
quan chwa giai thich va dat twong lai sau cum “néu mé rong quy mo”. Sy qua 101, khi co,
thuwdng ndm & phan dua tin xung quanh, noi “mot qubit bd nhd sita 161 t6t hon khi ma 16n
1én” bi lam tron thanh “mdy tinh lugng t& da dén”.

Trang thai trung thwc la mot bwéc nén tang da dwoc thwe hién sach. Mot qubit logic
dugc bao vé du tot dé thém du thira cudi cung cling c6 ich — trong khi con dwong dai, khé
va chua dugc bdo ddm ciia md rong quy mo, cong logic va 16i chwa giai thich vin ndm phia
trudc.

Visao no quan trong

May tinh luwong t& chiu 16i luén c¢6 cadm gidc nhw bai todn con ga va qua tring: cd may hitu
dung can ty 1€ 16i ma khong qubit vat 1y nao dat dugc, con cach sita — stra 16i — chi hoat dong
néu phan cieng von da da tot dé nam dwdi ngudng. Vgt qua ranh gidi ay, du chi mot 1an, trén
du chi mot qubit logic, d6i cau héi tir “diéu nay cé lam dwgc hay khong?” thanh “cé thé mé
rong bao xa va nhanh dén mirc nao?”. B6 la mot thay déi that va cd y nghia, vi vay két qua
xung dang dugc chuy.

Nhung chinh sy can than khién két quéa dang tin cting nén lam ciu chuyén xung quanh né diu
lai. Pay la vién gach dau tién ciia nén mong, duwoc dat tot. N6 khong phai toa nha, va nhirng
nguoi dat vién gach 1a nhitng nguoi dau tién noi vay. Cach dung dé theo doi may tinh luwgng ti
trong vai nam tgi 1a nhin vao chinh duong cong khong hao nhoéng nay: hé so triét 16i co gitr
dugc khi ma 16n 1én khong, cac cong logic cd thé sach nhw bo nhé logic khéng, va 16i bi 4n xay
ra moi gio mot 1an kia c6 duge giai thich hay khong.

Tém tat gon

Google Quantum Al dd chitng minh rd rang, lan dau tién, rang mot b nhé lugng ti surface-
code c6 thé hoat dong dudi ngudng: khi ho ting ma tir distance 3 1én 5 roi 7, ty 1& 16i logic giam
theo ham mii (khodng 2,14 x moi hai budc), va bo 16n nhit, bé nhd distance-7 dung 101 qubit,
song lau hon qubit vat 1y t6t nhét ctia chinh né — vugt diém hoa vén — trong khi stta 16i chay
theo thoi gian thyc. Pay 1a mot cot moc ki thuat that sy, dugc cho doi lau trong viéc xay may
tinh luwgng t&. N6 cting chi 1a mot qubit logic hoat ddng nhu bd nhd, vai ty 1€ 16i van con rat
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Xa muc thuat todn that can, chwa thuc hién phép toan logic nao, c6 mot san 16i chwa gidi thich
ma chinh tac gid néu ra va con ca nhiéu bac d¢ 16n phai mé rong. Mot ngudng that da dugc
vuot qua — khong phai mot may tinh lwgng t da dwoc giao dén.

Nguon

Google Quantum Al and Collaborators, Quantum error correction below the surface code threshold, Nature
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Author Correction: Quantum error correction below the surface code threshold, Nature 653, E5 (2026) —
corrects a Fig. 3a axis label and legend keys; does not affect the below-threshold (Fig. 1) results
https://www.nature.com/articles/s41586-026-10559-8
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