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TOM TAT

An toan bao mat cua cac hé théng hi¢n nay duwoc xdy dung dua trén cdc bai toan kho,
vi du nhu bai todn phén tich ra thira s6 nguyén to hay bdi todn logarit roi rac. Cdc bai todn
nay hién chua cé thudt todn hiéu qud cai dat trén may tinh thong thuwong (may tinh nhi phdn)
dé gidi quyét. Gan ddy cdc nha nghién ciru da phat trién dwot cdc gidi thudt lirong ti hiéu
Quda dé gidi cdc bai todn khé trén. Tuy nhién, dé cai dat, chay cdc thudt todn heong tir thi yéu
cau phdi xdy dung dieot mdy tinh lwong tir VGi cau hinh tirong ing Véi yéu cau cua thugt todn.

Trong bai bdo nay chiing 16i trie6c tién trinh bay gidi thiéu chung vé cdc thanh phan
va cdch hoat déng ciia mét mdy tinh lwong tir, sau dé chiing téi trinh bay nhiing van dé kj
thudt khé khan hién nay trong viéc xdy dung mdy tinh lwong tir. Phan cudi cua bai bdo chiing
161 trinh bay nhing két qua mai nhat hién nay trong viéc xdy dung mdy tinh leong ti, dong
thoi trinh bay nhitng du dodn ciia gici nghién ciru Vé linh vuc nay.

Tw khoa: May tinh luong tu, Qbits, thudt fodn Shor, thudt todn Grover.

1. DAT VAN BE

Cac hé théng an toan bao mat thong tin hi¢n nay co ban dya trén sy Kkét hop cua hai
phuong phép chinh. Phuong phap thtr nhat va ciing 1a don gian nhét 1a phuong phap diéu
khién truy nhap (Access control). V&i phuong phap nay ngudi ding phai co cip tén ngudi
dung, mat khau va quyén hop 18 thi méi duogc phép truy nhap. Tuy nhién, phuong phap nay
khong dam bao an toan tuyét ddi trudc ké tin cong do nhidu tinh hudng phét sinh trong thyc
té, vi du nhu 10 tén nguoi dung, mat khéu, ké tn cong la nguoi trong ndi bg, hay hé¢ théng
¢6 16 hong bao mat,... Phuong phép thir hai dé khic phuc nhugc diém trén 1a phuong phap
dua trén xac thyc va ma hoa. Trong do véi phuong phép xac thuc (Authentication), nguoi
truy cap phai ching minh dugc rang minh c6 quyén truy cap thong qua mot giao thirc xac
thuc (vi du nhu so @ xung danh [1]). Vi phuong phap ma hoa thi dir liéu trong hé thong
s& dugc ma hoa, dé du cho ké tin cong co6 xam nhap duge vao trong hé thong ciing khong
léy dugc thong tin. Ngoai ra, viéc truyén dir li¢u trén mang hi¢n nay dé dam bao tinh an toan,
yéu cdu tién quyét 1a dir liéu phai duoc ma héa trude khi truyén di (vi du nhu giao thirc
Transport Layer Socket - TLS). Nhu viy phuong phap xac thyc va ma héa c6 tim quan trong
rat 1on ddi v6i viéc dam bao an toan cho cac hé théng hién nay. Cac phuwong phap nay vé
ban chét 1a dya trén cic bai toan kho nhu bai toan phan tich ra thira s6 nguyén t6 hay bai
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toan logarit roi rac. Bén canh d6, cac hé chit ky dién tir dang dugc dung phd bién trong thuc
té hién nay nhu hé chir ky RSA, hé chir ky DSA hay ECDSA ciing dwa trén cic bai toan kho
nay. Tuy nhién, hién nay d2 ton tai cac thudt toan luong tir dé giai cac bai toan ndy mot cach
hiéu qua, vi du nhu thuét toan Shor [2][3][4] giai bai toan phan tich ra thira s6 nguyén td,
thuét toan Shor [2][3][4] va Grover [5] dé giai bai toan logarit rdi rac. Véan dé hién nay la dé
cai dat chay dugc cac thuat toan nay ta phai xay dung dugc mdt may tinh luwong tir i manh
(c6 du s6 Qbits nhat dinh). Cy thé dé cai dat duoc thuat toan Shor hay thuat toan Grover ta
cAn mot may tinh luong tir c6 khoang 2000 Qbits.

Ngoai ra, do uu diém cta cac thuat toan luong ti 1a van dé cai thién téc do so voi cac
thuat toan truyén thong, do d6 mot s6 linh vuc dang gip phai khé khan trong van dé téc do
nhu tri tu¢ nhén tao,... cac nha nghién ctru cling dang trong qua trinh xay dung cac thuat
toan lugng tir cho céc linh vuc nay.

Nhu vy, v6i tim quan trong ctia van dé an toan bao mat thong tin ciing nhu tri tué
nhan tao, viéc nghién ctru xay dyng céac thuat toan lugng tir cling nhu may tinh lugng tu la
can thiét dbi vi moi cong ty va qudc gia. O Viét Nam hién nay, Ban co yéu Chinh phu dang
thuc hién rat nhiéu dé tai nghién ctru vé linh vuc nay.

Dong gop cua bai bao: May tinh lugng tir 1a huéng nghién ctru dugce cac nha nghién
clru va cac qudc gia quan tdm, tuy nhién do tinh chat dic thu vé an toan bao mat thong tin,
tai liu vé linh vuc nay chua duoc cac qudc gia cho phép chia sé rong ri nhu trong cac
huéng nghién ciru khéc. Trong bai bao nay dong gop cua chung t6i 13 dua trén cac ngudn tai
lidu hién co6 [2][3][4][5][6] trinh bay lai mot cach co hé théng kién tric (cac thanh phan) va
co ché hoat dong cua mot may tinh lugng tir néi chung, cac kho khan vé mat k¥ thuat hién
nay khi xay dung may tinh lugng tr, dong thoi dua ra du bao chung cta cac nha nghién ciru
vé hudng phat trién trong twong lai cta linh vuc nay.

2. KIEN TRUC VA CO CHE HOAT PONG CUA MOT MAY TINH LUONG TU

Ciing nhu may tinh thong thuong, may tinh lugng tir (Quantumn Computer - QC) cling
duogc xay dung nén tir sy két hop phéan cimg (hardware) va phan mém (software).

V6i hardware may tinh luong tir bao gdm cac thanh phan sau:

Host Processor: thanh phan d4u tién 13 host processor, ban chit 1a mot may tinh théng
thudng chay cac phan mém hd trg cho may tinh lwong tir nhu méi truong, thu vién hd tro va
ngon ngir 1ap trinh cho may tinh lugng tir, dé tir d6 cac 1ap trinh vién co thé 1ap trinh cac
thuat toan lugng tir. Trinh bién dich (compiler) sau d6 bién dich chuong trinh ra cac chi thi
Iénh, céac chi thi 1énh nay duoc gui dén thanh ph?m Control processor dé thuc hién trén QC.
QC sau khi thuc hién xong giri két qua tra vé cho host processor, va host processor hién thi
két qua lai cho ngudi ding. Nhu vay ngudi ding hoan toan trong sudt véi QC va chi twong
tac truc tiép véi may tinh thong thuong.

Host processor, ciing dong vai trd két néi mang, luu trix dir liéu (QC chi dong vai trd tinh
toan, con luu trit dir liéu dugc luu trén may tinh thong thuong la host processor), chay cac
phan mém hd trg khac nhu mé phong (simulation), kiém tra két qua (verification) hay phat
hién 18i (debugging).
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Control processor: thanh phan nay tiép nhan két qua bién dich tir compiler, tir d6 xac
dinh va ra Iénh thuc hién mot chudi cac phép bién d6i, do (operations, measurements) trén
Qbits dya trén thuat toan lugng tir da dugc compiler bién dich. Cac chi thi 1énh nay sé dugc
giri dén thanh phan Control and Measurement Plane. Sau khi nhan dugc két qua tra vé tir
Control and Measurement Plane n6 chuyén tiép két qua dén cho thanh phan Host processor
dé hién thi cho ngudi dung.

Control and Measurement Plane: thanh phan nay déng vai tro chuyén dbi cac chi thi
1énh ciia control processor tir tin hiéu sb (digital signal) sang tin hiéu twrong tu (analog control
signal) dé tir d6 thanh phan tiép theo Quantum Data Plane thuc hién cac phép bién doi, do
(operations, measurements) trén Qbits; Pdng thoi ciing chuyén ddi két qua dau ra nhan dugc
tor Quantum Data Plane tir tin hi¢u twong tu sang tin hi¢u s6 dé tra vé cho control processor.

Quantum Data Plane: day 1a thanh phan dong vai tro 13 trai tim ctia QC, 14 noi chia
cac Qbits va cac ciu trac dé cac Qbits nay 1am viéc voi nhau. N6 ciing bao gdm céc co ché
dé co thé thyc hién cac phép bién ddi va do trén cac Qbits. Thanh phan nay nhéan 1énh tir
Control and Measurement Plane dé thuc hién cac phép bién ddi, do, sau d6 gui tra két qua
vé cho Control and Measurement Plane.

Qbit: Qbit dugc xay dung dua trén Cbit, trong do Cbit c6 hai trang thai 1a [0> va |1>.
Biéu dién cu thé dudi dang ma tran:

o= (- ()

Véi Qbit thi tai mot thoi diém mdi Qbit co thé ton tai & mot trong hai trang thai l1a
trang thai tong quat hodc trang thai cu thé. Trang thai cu thé cua Qbit chinh 1a mot trong hai
trang thai [0> va |1> twong ty nhu Cbit. Trang thai tong quat cua Qbit c6 dang:

[w> = 00|0> + aa|1>

Trong d6 |oof® + o> = 1, oo va 01 1a cac s6 phirc. Khi thuc hién phép do trén Qbit &
trang thai tong quat s& chuyén Qbit ¢ trang thai tong quat vé mot trong hai trang thai cu thé
12 0> (v6i xac xudt |aol?) hodc |1> (v6i xac xuat |ag|?). Luu ¥ ring sau khi d thyuc hién phép
do thi ta khong thé bién ddi nguoC Mot Qbit tr trang thai cu thé vé trang thai téng quat ban
dau trude khi do. Ta chi c6 thé xay dung nguoc lai cac Qbit & trang thai tong quat véi cac
gi4 tri ngau nhién ap va a1 khac. Do vay khi xay dung thuat toan lugng tir ta can rat can nhac
khi quyét dinh thuc hién phép do ddi véi nhitng Qbits nao.

Céc Qbit co thé duoc biéu dién (ton tai) riéng hoic két hop nhiéu Qbits v&i nhau.

Vi du véi 2 Qbits (twong tu cho nhiéu Qbits cting luc) dugc biéu dién (ton tai) cing nhau:

[w> = 000]00> + a01/01> + at10[10> + oaa|11>

Trong d6 |owof? + |oto1]? + |otz0f? + |0t11]> = 1 va oo, o1 o0, o1 13 cac s6 phirc. [005, [01>,
1105, |11> 1a 2 Cbits duoc biéu dién cing nhau.

Céc phép bién dbi trén Qbits (bién ddi trén mot hay nhiéu Qbits cung luc) 1a cac phép
bién d6i sao cho thay ddi cac gié tri o (theo muc dich cta thuat toan) nhung van dam bao tong
binh phuong bang 1. Ban chit cua cac thuét toan lugng tir 13 viéc di bién doi cac gia tri a dén
mot mirc d6 nao do, sau d6 thyc hién phép do trén cac Qbits dé thu vé két qua mong mudn.
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Véi software ciia mdy lirong tir bao gom cdc thanh phan sau:

Hé diéu hanh thong thuong dé chay trén host processor.

Ngon ngit lap trinh, trinh bién dich, thu vién hd tro may tinh luong tir. Mot vai ngon
ngit 1ap trinh cho may tinh luong tir ¢6 thé ké dén nhu Q#, Quipper, Quafl va Liquid. Ciing
nhu may tinh thong thudng, ngdn ngtr 1ap trinh cho may tinh lugng tir c6 hai mirc do, bac
cao than thién véi ngudi dung (vi du nhu C, java,... trén may tinh thong thuong), va béc thap
gan v6i hardware (vi du nhu assembly trén may tinh théng thuong).

Phan mém chay mé phong (simulation), ding dé mo phong tinh dung din cua
hardware, thuit toan,... trude khi chuong trinh duge chay cu thé truc tiép trén QC. Simulation
dugc dung dé du doan céc 18i ¢ thé phat sinh, dic biét do cac phép bién ddi trén QC ludn
kém theo 16i phét sinh do tic dong clia mdi truong.

Phan mém kiém tra két qua (verification) va phat hién 13i (debugging), dung dé kiém
tra két qua chay ciia QC c6 chinh xac khong, néu c6 13i thi debugging kiém tra xem 15i
xay ra & ddu. Day 1a cac phan mém thiét yéu cho bit ky mot loai may tinh va ngdn ngi 1ap
trinh nao.

Nhuw vay hoat dong chung cua mot QC nhw sau:

Xac dinh van dé can giai quyét. Vi du bai toan phén tich ra thira sb nguyén té;

Chon thuat toan lugng tur dé giai bai toan. Vi du thuat toan Shor;

Chon ngdn ngit 14p trinh lwong tir (vi du Q#), 1ap trinh viét thuat toan trén host
processor (méy tinh thong thudng), bién dich chwong trinh va nhan lai két qua mong mudn;

Ngoai ra lap trinh vién c6 thé dung thém cac phan mém hd tro khac nhu simulation,
verification, debugging dé dat duoc hiéu qud, do chinh xac nhu mong mudn.

3. VAN BE KHO KHAN HIEN NAY KHI XAY DUNG MAY TINH LUONG TU

Xay dung dugc may tinh lugng tir nhu trén hién nay dang gap nhirng khoé khan sau:

Xay dung thanh phan Quantum Data Plane véi sé Qbits lém dang con gdp kho khan. Do
¢6 sy anh huong ciia moi trudng nén trong qua trinh bién doi (operation) cac Qbits s& phat sinh
16i, cudi ciing s& anh huong dén két qua dau ra 1a khong chinh xac. S6 Iugng Qbits cang 16n,
cac phép bién d6i cang nhiéu thi ti 1¢ 15i cang cao. Cu thé voi hai cong nghé t6t nhét hién nay
1a Trapped lon va Superconducting nguoi ta da tao ra dwoc QC véi s6 bits 1a 10 dén 50 Qbits.
Tuy nhién ti 1¢ 15i phat sinh cho mdi phép bién ddi (trén 1 Qbit hay 2 Qbits) 1a vai phan trim
(twong dwong 107?), tirc 1a ctr khoang mot trim phép bién doi thi c6 thé cho két qua sai vai lan.
Nhu vay néu giai thuat bao gém 100 phép bién dbi thi két qua cubi cung c6 kha nang cao la sai.
Hién nay mét s6 cong ty (nhu IBM) tuyén bd da tao ra dwoc QC véi khoang hon 100 Qbits, tuy
nhién ho van chua cong bd cu thé ty 18 15i cho mdi phép bién dbi 1a bao nhiéu.

Ngoai ra voi hai cong nghé Trapped Io va Superconducting ké trén ngudi ta hoan toan
c¢6 kha ning trong tuong lai gan tao ra duoc mdi IC (intergrated circuit) voi hang trim Qbits,
tuy nhién v6i cang nhiéu Qbits thi sy twong tac voi moi trudng cang cao va ti 18 161 s& cang
cao. Kho khin hién nay 1a 1am sao tao ra duoc nhiéu Qbits nhung ti 1& 15i phét sinh & mdi
phép bién doi phai thap hodc it nhat 1a giit nguyén dugc ¢ muc twong duong 1072 ¢ trén. Dé
tang 1én sd luong hang ngan Qbits, ta can phai thiét ké duogc cac cdu trac Qbits hoan toan
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m&i khéc cho hai cong nghé Trapped Ion va Superconducting, hodc két hop lai tao giira hai
cong nghé nay vdi cac cong nghé khac hién c6. Huéng nay van dang la thach thirc dugc cac
nha nghién ctru tim cach giai quyét. Mot hudng khac 1a xay dung ciu triic theo kiéu modul
héa, tirc 1a két hop nhiéu IC lai v6i nhau, mdi IC chira mét s lwgng nho cac Qbits dugc xay
dung bang cic cong nghé hién c6. Tuy nhién dé cac IC nay két ndi dugc voi nhau thi can
phai co su két ndi lugng tir (quantumn interconnection), sy két ndi luong tir nay do tac dong
v6i mdi truong nén lai phat sinh 18i. Hudng nghién ctru dé giam 18i cho quantumn
interconnection ciing dang la huéng nghién ctru dugc quan tdm hién nay.

Dé giai quyét van dé 16i phat sinh, gidng nhu may tinh truyén thong, ta dung ky thuat
mi stra sai (quantumn error corection - QEC). Véi k§ thuat QEC moéi nhat hién nay ap dung
vao QC c6 ti 1¢ 15i sai & mdi bude bién d6i 1a twong duong 10 (tt hon cac QC véi 10 dén
50 Qbits hién nay khoang 10 1an) thi ¢6 thé giam duoc ti 1¢ 15i sai & mdi bude bién doi xudng
con twong dwong 107°. Tuy nhién, nhuge diém 1a can 16 Qbits phu trg, tirc 1a ta phai c¢6 17
Qbits vat 1y dé co thé c6 duoc 1 Qbit thuc té co thé dung duoc (logical Qbit). Nhu vy véi
QC & trén cho du ti 1¢ 16i sai c6 dugc giam di 10 14n thi thuc té néu ap dung QEC ta chi thu
duge QC véi khoang 1 Qbit. Luu ¥ rang néu ti 16 15i sai & mdi bude bién dbi xudng con twong
duong 107 thi khi ap dung QEC nhu & trén thi c6 thé giam duoc ti 18 15 sai & mdi budc bién
d6i xudng con tuong duong 1078, Nhu vay, mau chdt dé co thé xay dung duoc QC hién nay
1a tao ra dugc cac cong nghé méi tét hon Trapped Ion va Superconducting dé c¢é thé giam
duogc sy anh huong cia moi trudng dé ti 16 16i sai & mdi bude bién doi 1a bé nhit. Song song
v6i d6 1a cai tién cac thuét toan QEC dé giam sb lwong cac Qbits phu trg can thiét.

Khé khan trong xdy dung phan mém mé phong gidi thudt Simulation. Dé QC c6 thé
dung duoc trong thyc té, simulation 1a cong cu khong thé thiéu. Cac phép bién d6i hién nay
& mdi Qbit déu 1a cac phép tich matrix va vector, nhur vay simulation cho mot phép bién d6i
trén modi Qbit ding may tinh thong thudng 1a mot phép tich matrix va vector. Tuy nhién, véi
N Qbits két hop thi s6 lwong phép bién ddi s& 1a ham mii 2V, nhu vdy du cho c6 ding may
tinh thong thuong voi toc d6 manh nhét ciing khong thé simulation duoc. Hién nay, ngudi
ta moi chi dang dung giai phap 1a mo phong ting phan trong giai thuat.

Vin dé phat hién 16i (debugging) ciing la mét thach thire I6m. DE phat hién 16i nhu
trong may tinh thong thuong, ta phai kiém tra két qua cua timg budc trung gian, tuy nhién
day 1a diéu khong thé ddi vdi QC, vi khi thyc hién phép do trén Qbits thi ta s& mat toan bo
trang thai tong quat ctia Qbits.

Vin dé tiép theo la tim ra gidi thudt dé cé thé nap dir liéu mot cach hiéu qud vao OC.
V&i mot thuat toan cu thé ta can dir liéu ddu vao (co thé rat 1on), dir lidu ddu vao nay dugc
luu & host processor (méy tinh thong thudng), dé chuyén doi dir liéu nay vao cac Qbits, tirc
1a xdy dung duogc trang thai cia cac Qbits twong tmg voi dit liéu dau vao nay dang con la
van d&. Hién chua c6 thudt toan hiéu qua nao dé giai quyét van dé nay, thoi gian dé xay dung
duogc trang thai cia cac Qbits twong Gmg vé6i dit liéu dau vao dang con kha 16n 1am giam di
uu thé vé tbe do cua QC.

Véi cdc vin dé khdc nhie ngén ngit ldp trinh cho QC, compiler, verification, ... khong
b cac tré ngai nao qua 10n tuy nhién ciing rat cin duoc nghién ctru cai thién.
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4. KET QUA HIEN NAY VA DU DPOAN
Hién nay dang phdn ra lam ba loai QC

QC khong dya trén phép bién ddi trén gate (phép bién ddi Qbit dua trén cdng transitor)
goi 12 Analog QC, loai ndy it dugc quan tdm vi khong c6 kha niang ap dung QEC dé stra 15i.
Toan bd may tinh thong thuong ngay nay déu 1a may tinh dya trén phép bién ddi trén gate,
1y do 1a chi c¢6 loai ndy méi c6 kha ning khang 16i. V&i QC ta van quan tim dén Analog QC
1a do viéc san xuat QC c6 kha nang khang 15i dang con gip rat nhidu khé khan nén ta van
can loai Analog QC v6i muc dich thir nghiém.

QC duya trén phép bién ddi trén gate nhung khong 4p dung QEC, goi 1a noisy
intermediate-scale quantum - NISQ QC. Nhu vy véi NISQ QC, s6 phép bién dbi cua mdi
thuat toan va sb Qbits phai bé dé sao cho ti 1& 13i 1a c6 thé chép nhan dugc. Nguoi ta quan
tam dén loai nay vi khé khin trong viéc xay dung QC khang 15i.

QC dua trén phép bién dbi trén gate va ap dung QEC. Pay 1a loai may tinh mong
mudn, 13 dich dén cudi cung dé ding dugc trong thuc té.

Cong nghé hién nay da dat dwoc (voi hai cong nghé Trapped lon va Superconducting):

Analog QC v&i khoang gan 1000 Qbits.

NISQ QC véi tir 10 d&én 50 Qbits va véi ti 16 161 & mdi phép bién dbi 1a twong duong
102. Mot vai cong ty cong bd ho da san xuét duoc QC v6i 100 Qbits, tuy nhién ho van chua
moi chi san xuit duoc QC v6i khoang 1 dén 10 Qbits thuc té (logical Qbit), tirc 13 chi mai
giai quyét dugc bai toan phan tich ra thira s nguyén té véi gia tri N = p*q rat bé.

Dy doan

Nguoi ta dy doan rang véi sy phat trién coa cong nghé Trapped Ion va
Superconducting hién c¢6, diu nhirg nim 2025 s& c6 thé tao ra duge NISQ QC véi khoang
vai tram Qbits va c6 ti 18 16i & mdi phép bién ddi 1a khoang 0.5 * 1072, Tirc 1a néu moi thu
thudn loi dau nhimg nam 2025 s& c6 QC khang 15i véi khoang vai chuc Qbits. Xa hon thi
chua thé dy doan dugc. Luu y rang dé chay duoc thuét toan Shor hay Grover yéu cau phai
¢6 QC khang 16i c¢& 2000 Qbits.

Nhitng cong nghé can dot pha dé cé thé xdy dung dwoc OC nhw mong muon:

Mot loai cong nghé hoan toan méi (phat trién tir Trapped Ion hay Superconducting,
hay két hop véi cac cong nghé khac) dé co thé san xuat dugc nhiéu Qbits hon va ti 18 16i &
mdi phép bién ddi trén Qbits phai nhé hon1072. C6 thé 1a xay dung IC chira dugc nhiéu Qbits
hon, hoic cong nghé cho phép két hop hiéu qua cac IC lai véi nhau.

Mot cong nghé méi cho phép vira bién ddi, vira do (tirc 12 do ma khong 1am mét trang
thai tong quat) dé giai quyét van dé debugging.

Phuong phap maéi hiéu qua dé giai quyét van dé simulation va nap dir li¢u dau vao.

Cai tién cac giai thuat lugng tir hién c6 nhu Shor, Grover sao cho khi cai dat can it
Qbits hon, cai tién QEC sao cho dé tao ra mot logical Qbits can it physical Qbits hon, cai
tién cac van dé vé Compiler, Ngon ngir lap trinh, Verification,...

Cdc yéu to anh hwéng chinh

Trong twong lai gan c6 san xuat dugc thanh cong mot QC nao d6 c6 kha ning thuong
mai héa hay khong? tirc 1a ¢6 san xuat dugc mot QC nao thyc sy co ¥ nghia, giai quyét duogc
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mot bai toan cu thé nao do tét hon so véi may tinh thong thuong hay khong? diéu nay rat
quan trong vi theo dinh luat Moor déy 1a yéu t6 then chét dé c6 tai chinh tai dau tu tiép cho
viée nghién ctru. O ddy ngudi ta chi hi vong dén viée san xuét duge NISQ QC co ¥ nghia,
chua phai 13 QC c6 kha niang khang 16i. Ttc 13 song song v&i viée cai tién cong nghé san
xudt, cac nha phat trién thuat toan ciing cin phat trién cac giai thuat luong tir giai quyét cac
bai toan c6 y nghia trong thuc té, dong thoi cac bude trong thuat toan ciing phai du don gian.
Hién nay, cac nha nghién ctru dang dat sy quan tdm vao cac giai thuat lugng tir cho linh vyc
tri tué nhan tao.

Céc chinh phu c6 con tiép tuc tai trg tién cho nghién ctru QC nita hay khong?

Theo dy doan trong béo cdo ctia B quc phong My [6] it nhat cho t&i 10 nam tdi ta
chéc chin chua thé tao ra dwgc mot QC c6 kha nang khang 16i nhu mong mudn.

5. KET LUAN

May tinh lugng tir néu ton tai & mirc ding dugc s& c6 sirc anh hudng rat 1on trong thuc
té, dic biét trong linh vyc an toan bao mat thong tin. R4t nhiéu véan dé phuc tap khong thé
giai quyét dugc v6i may tinh théng thuong hién nay da co thé giai quyét duoc voi may tinh
lugng tu. Gan day cac linh vuc c6 do phuc tap cta thuat toan 16n nhu tri tu¢ nhan tao cling
duoc cac nha nghién ctru quan tim phat trién cac thuat toan luong tir. Trong bai bao nay
chung toi trinh bay kién trac chung va cach hoat dong cua mot may tinh lugng tur, cac kho
khin vé mat ky thuat hién nay trong xay dung mdy tinh lugng tir. Chung toi cling trinh bay
nhitng két qua mai nhat hién nay cua cac nha nghién ctru khi xay dyng may tinh luong tir,
cling nhu nhitng du doan ciia cac nha nghién ciru vé linh vuc nay.
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GENERAL INTRODUCTION OF QUANTUMN COMPUTER
Trinh Viet Cuong, Le Van Vinh

ABSTRACT

Cryptography is based on hard problems such as prime factorization problem or
discrete logarithm problem. Currently, there doesn’t exist any efficient algorithm
(implemented on binary computer) to solve these hard problems, but we do have quantumn
efficient algorithms (implemented on quantumn computer) to solve several aforementioned
hard problems. For examples, we have Shor algorithm to efficently solve the prime
factorization problem and Grover algorithm to efficently solve the discrete logarithm
problem. However, to implement Shor algorithm or Grover algorithm we need to have a
quantumn computer with around 2000 Qbits. Unfortunatelly, we currently can only build a
guantumn computer with around 50 Qbits.

In this paper, we first present the architecture of a quantumn computer and how a
quantumn computer works. We then discuss some remaining technical problems and the
latest researching results of building a practical quantumn computer. Finally, we present
the predictions of researchers on this direction of research.

Keywords: Quantumn computer, Qbits, Shor algorithm, Grover algorithm.
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