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SEQUENTIAL SAMPLING-BASED BIT-ALIASING PRESERVATION
FOR MEMRISTOR-BASED PHYSICALLY UNCLONABLE
FUNCTIONS WITH TEMPERATURE VARIABILITY

BAO TON BIT-ALIASING DUA TREN VIEC LAY MAU TUAN TU
CHO CAC CHUC NANG KHONG THE SAO CHEP VAT LY
VOI SU BIEN BOI NHIET PO

Nguyén Thi Ha Phuong
Truong Pai hoc Quang Binh

ABSTRACT: The memristor devices are highly affected by the variability on the physical
dimension, supply voltage, and temperature. The variability in thickness and area are translated to
variations in read and write times of memristor when using the device as a memory cell. Those
variability affect the resistance value and, in turn, the state of the device. The dependence between
the write time and process variation of the memristor has been investigated as the candidate of
physical unclonable function (or physically unclonable function, PUF). However, the effect from
the other varability sources may degrade the quality of PUF device operation. In this work, we
introduce a method to enhance the bit-aliasing of memristor-based PUF with write time variability
while considering the effect of temperature and supply voltage variation. By exploiting the non-
volatility of the memristor, the proposed method attempts to obtain multiple samples to generate the
key with the maximum bit-aliasing whereas the conventional method attempt to stop the
programming pulse when the measured bit-aliasing value meets the threshold. The experimental
result shows that the proposed value achieves enhanced bit-aliasing by 17% even with the much
lower operation frequency of the sampling unit.

Keyword: Bit-aliasing, PUF, physiclly unclonable function, memristor.

TOM TAT: Cdc thiét bi dién tré nhé bi anh hudng nhiéu béi su thay doi vé kich thude vat 1y,
dién dp cung cdp va nhiét d. S thay doi vé dé day va dién tich dwgc chuyén thanh cdc thay doi vé
thoi gian doc va ghi ciia dién tré nhé khi sir dung thiét bi nhwe mét 6 nhé. Nhitng sw bién doi dé anh
hwong dén gid tri dién tré va trang thdi cua thiét bi. Sw phu thude giika thoi gian ghi va sie thay doi
quy trinh ciia dién tré nhé da dwoc nghién ciru nhie la mot ing cir vién ddt gid ciia chike ndng khong
thé sao chép vdt Iy (PUF- Physically Unclonable Function). Tuy nhién, anh hwéng tir cdc nguon
kha bién khdc c6 thé lam giam chat heong hoat dong ciia thiét bi PUF. Trong bdi bdo nay, chiing t6i
gidi thiéu phiong phdp ting bit-aliasing ciia PUF diea trén dién tré nhé véi sw bién doi thoi gian
ghi trong khi xem xét sy anh huong ciia sw bién doi nhiét dé. Bang cdch khai thdc tinh bat bién ciia
dién tré nhé, phwong phap dwege dé xudt cé gang ldy nhiéu mau dé tao khéa véi Bit-aliasing lom
nhat trong khi phwong phdp thong thirong cé ging dieng xung Idp trinh khi gid tri Bit-aliasing duwoc
do ddp irng nguong. Két qua thir nghiém cho thay rang gid tri dege dé xudt ting do chinh xdc ciia
Bit-aliasing Ién 17% ngay cavdi tan sé hoat dong ciia don vi ldy mau thap hon nhiéu.

Tir khéa: Bit-aliasing, PUF, chirc néng vdt Iy khong thé sao chép, dién tré nhé.
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1.PATVANDE

Dién tré nhd da tré thanh tiém ning
cho cong nghé thiét bi nhd trong tuong lai
vi nhiing loi ich cta chiing, chang han nhu
mat dg cao, nang lugng thép, tinh bat bién
va kich thuéc nano [1]. Dién tré nhé co thé
duoc coi la mot phﬁn tor dién c6 kha nang
duy tri cac trang thai dién tr¢ trong theo lich
su cua dién ap va dong dién duogc ap dung
ngay ca khi ngudn dién bi ngit [2]. Cac
trang thai dién trd cé thé dugc chuyén doi
giita chiing bang cach dit dién 4p voi cuong
d6 va thoi lugng thich hgp. Do tinh chét duy
nhét nay, dién tré nhéd 1a mét linh vuc htra
hen cho nhiéu ung dung cap nhat nhu bo
nhé bétbién.

Noéi chung, dién tré nhé duge su dung
trong cac hé thdng cé kich thudc nano. Do
d6, mot bién thé binh thuong nho cé kha
nang tac dong dang ké dén cac tham sb ciing
nhu hoat dong cua thiét bi. Can phai xem
xét can than kha ning bién thién khi st
dung dién tré nhé trong thuc té. Sy thay doi
vé do day va dién tich duoc chuyén thanh
cac thay doi vé thoi gian doc va ghi ciia dién
tré nhd khi str dung thiét bi lam 6 nhé. Anh
huong cua su thay doi do day va dién tich
anh huong dén gia tri dién tro lién quan dén
dién ap va dong dién dugc cung cép trén
thiét bi [3]. Hon nita, dién ap cung cp cho
ting thiét bi ciing thay d6i theo két ndi vat
ly thong qua mang phan phéi dién. Su phu
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thudc gitta tinh di dong ctia tudng mién va
nhiét d6 ciing 14 su bién d6i ngudn phd bién.

Dbi voi cac tmg dung bd nhé thong
thuong, anh hudng cua kha nang thay doi
phai dugc triét ti€u thép hon mot mirc nhat
dinh dé dam bao yéu cau vé thoi gian. Mot
s6 phuong phéap da cb ging do su thay doi
ctia thoi gian ghi dé thu duoc nhiét d6 [4].

PUF 1a mot thuc thé vat 1y véi cac tinh
ning thuc té khong thé sao chép. Cac tinh
nang nhu vay thuong bat ngudn tir quy trinh
san xuét cta tirng thiét bi. PUF phu thudc
vao tinh doc déo cuia cau tric vi mo vat Iy
ctia chung do céac yéu t6 vat Iy ngau nhién
dugc dua vao trong qué trinh san xuét.
Nhitng yéu t6 nay chinh 13 khong thé doan
trude va khong thé kiém soat tao ra chic
ning khong thé sao chép.

Céc thiét bi PUF thuong duogc coi 1a
ngudn ngau nhién mong mudn cho céac tmg
dung mat ma va bao mat nho tinh duy nhét
ctia né dugce két ndi voi mot thiét bi. PUF
duya trén su bién ddi qua trinh ctia mach tich
hop nhu SRAM va bd nhé bat bién (NVM)
da dugc nghién ctru cho dén nay. Tuy nhién,
dung luong nho hon va do tin cdy cao hon
ctia bd nhé ¢ dinh NVM khién n6 tré nén
hap dan ddi véi cac ung dung nho hon véi
yéu cau bao mat thip hon [5].

bién tré nhd da duoc cac nha nghién
clru quan tAm vi nhitng wu diém cta ching
nhu mat do noi tai cao, toc do truy cap
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Hinh 1. Sy thay ddi cua thoi gian ghi theo nhiét d va do day cua 6 nhé.
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nhanh va hiéu qua st dung ning luong tot
[1]. Pién tré nhd c6 thé duoc coi 13 mot
cong tac dién c6 kha nang duy tri cic trang
thai dién tro bén trong theo lich st cuia dién
ap va dong dién duogc ap dung ngay ca khi
ngudn dién bi ngit [2]. Su thay ddi vé do
day va dién tich dugc chuyén thanh céc
thay ddi vé thoi gian doc va ghi cua dién tré
nhé khi st dung thiét bi lam 6 nhd. Anh
huong cua d6 day va dién tich thay doi phu
thudc vao lich su cua dién ap dat trén thiét
bi trong mot thoi gian nhét dinh va diéu nay
duogcnghién ciru trong [3].

Trong bai bao [5] dd dé& xudt mot
phuong phap trong d6 cac ngudn entropy
trong quy trinh ludng cua PUF, tirc 1a cuong
dd cia cac bién thé tuong ty, dugc md
phong va sé hoa duédi dang thong tin k§
thuat s6 nhiéu bit. Nhitng thong tin bi mat
nay hd tro cho cac quy trinh tai tao va duoc
luu triv trén bo nhé ¢b dinh chang han nhu
dién tré nhé dai dién cho mot 16 héng va
ngan cac NVM-PUF tao ra ung dung bao
mat cao. Tuy nhién, dAu chan nho va do tin
cdy cao cua viéc luu trir thong tin trén bd
nhé ¢b dinh khién né trd nén hap dan hon
d6i v6i cac tmg dung c6 hé sb dang nho va
bao mat thip hon.

PUF dugc ap dung cho mot s thiét b
dé tang tinh bao mat cho cac thiét bi nay, vi
du: Arbiter PUF, ring oscillator PUF [6]...

Mot trong nhitng phuong phap dé chong lai
hoic han ché vi pham ban quyén, lam gia va
tan cong kénh phu chinh 1a PUF, n6 cung cip
chir ky hodc nhan dang duy nhat cua phan
ctng [7]. PUF ¢6 mbi quan hé véi nguyén
tdc bao mat dua trén phﬁn cung. N6 c6 mot
ddu vén tay duy nhat cho mdi PUF c6 thé
duoc str dung cho muc dich bao mat [8]. Bit-
aliasing 12 mot trong nhing hiéu sut thong
ké ddi v6i higu sut APUF dua trén dién tré
nho dugc phan tich hodc dé diéu tra tac dong
cua vi¢c co cac chiic nang cua s6 dién tré
nhd khac nhau trén RO-PUF. Nha nghién
ctru d3 st dung cac yéu t Bit-aliasing, tinh
dong nhat (Uniformity) va tinh duy nhét
(Uniqueness) dé danh gia PUF.

Chinh vi vay, trong bai bao nay, chiing
t61 tap trung viéc bao ton Bit-aliasing dua
trén viéc 1dy mau tuan tu cho chirc nang
khéng thé sao chép (PUF) véi su thay do6i
nhiét d6 dé danh gia PUF mot cach chinh
xdac hon.

3. CHUC NANG KHONG THE SAO
CHEPDUA TREN PIEN TRO NHO

3.1. M6 hinh dién tré nhé véi su bién
thién

V&1 md hinh mach, hanh vi téng thé
cta dién tré nhd c6 thé duoc tinh theo cong
thirc thoi gian ghi ciia cac 6 dién tro nhé [4]:

D* -1
toni = m(% (6 =) + (r + 1) (3 — xo)) (1)

1

enr dte

c) d)

Hinh 2: Quy trinh tao ra PUF duya trén dién tr¢ nhé
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Trong d6 cac tham sd ry,7, phu thudc
Roff»Ronr Rpulldown var;la ty 1€ cua
Rorr va Rop, 1 12 ty 1€ clia Ryyigown Va
Ron, 1;(T) la tinh di dong, D 1a do dai
cta thiét bi, xo, xr 12 trang thai 6 nhd luc
ban dau va khi két thuc. Theo nhu cong
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thire thi thoi gian ghi lién quan dén nhiét
d6, néu nhiét do tang thi thoi gian ghi s&
giam, do day cac 6 nhd tang thi thoi gian
ghi s& tang (Hinh 1). Cac tham sb duoc sir
dung trong bai bao nay véi cac thong sb
cu thé trong Bang 1.

Bang 1. Hing s6 va tham s6 trong mé hinh

Tham s Gia tri Mo ta (don vi tinh)
a 0.15 Hinh hoc tinh thé (nm)
E, 0.18 2531)g lwgng hoat dong ion
kg 8.6173303x10° ié{r,ngs_?) Boltzman
f 10 Tan s6 nhay (THz)
q 2 Cuong do ion
v, 10 Dién ap ghi (V)
Hing sb Gia tri Mo ta (don vi tinh)
T 300 - 400 Nhiét d6 (K)
10 Do dai (nm)
R, 100 Dién tro bt (ohm)
Rosf 16000 Dién trd tat (ohm)
Ryutidown 1000 Dién try kéo xudng (ohm)
X 0 Trang thai bat dau
X¢ 1 Trang thai két thuc

3.2. Chirc ning vit Iy khong thé sao chép
(PUF) dua trén dién tré' nhé

PUF 1a mét chire nang vat ly ma khong
thé sao chép va thé du doan duoc. Trong h¢
thong tra 10i thir thach, khi mot thir thach
anh huong dén PUF thi mot phan hoi duoc
tao ra va phan hoi nay rat kho dé du doan
khi thir thach khong dugc biét trude. Bo
nhé cua dién tré nhé (Hinh 2a) [9] ¢6 céc

hoat dong dua vao thoi gian truy cép va
dién 4p cung cip. Néu thoi gian truy cép
giam, cac 6 dién trd nhd khong thé thay doi
trang thdi logic vi thoi gian dién ra qua
nhanh. Bén canh do, dién truong giam cling
khong cé du thoi gian dé thay d6i trang thai
néu dién ap duoc cung cip giam.

Cu triic ciia mdt md hinh PUF dién tr&
nh¢ 1a xay dung su bién d6i quy trinh bang
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cach xem xét su bién d6i cta dién tro nhé va
do day ctia 6 nhd. Cong nghé di¢én tré nho
dat luu trit sy bién d6i ngéu nhién va sy bién
ddi cta hé théng. Sy bién dbi cua hé thong
chi ra sy ngau nhién cua gia tri trong cc
tham s thiét bi co s&, su bién d6i hé théng
dién ta mdi twong quan giira mat do va céac
hi¢u trng lan can cting nhu khoang cach lién
quan ctia cac thiét bi.

PUF duoc st dung trong nhiéu hé
thdng dé gitip chiing c6 d6 bao mat cao hon
bang cach tao ra cac khoa bi mat tir cic phan
hdi cua PUF. Dé danh gia chat lugng cua
PUF, chung t6i co thé xem xét ba chi s hiéu
suat ciia PUF la: Uniqueness, Uniformity
va Bit-aliasing[10], [11].

Trong bai bao nay, chung toi chi tap
trung vao chi s hiéu suét Bit-aliasing dé
danh gia va nang cép. Bit-aliasing tai mdi vi
tri chinh 13 phan trim cta tong cac gia tri bit
qua cac phan hoi x. Trung binh cua Bit-
aliasing la trung binh cta Bit-aliasing tai
cac vitri cua bit.

Bit — aliasing = iZleri_j *100% (2)

Trong dé x 1a sb luong cac PUF, r;; 1a
gia tri cua bit (0 hodc 1) tai cac vi tri thu j
ctia phan hoi thir i. Gia trj ly twong cua Bit-
aliasing 1a 50%. Chung t6i c6 thé xac dinh
PUF duoc lam gia dé dang hay khong dua
vao Bit-aliasing nay. Vi vay, kha nang lam
gia PUF rét kho néu Bit-aliasing gan véi
50%.

Pé tao ramot PUF, ban dau chungtaco
mot dién tré nhd voi n x n 6 nhd dang &
trang thai chua dugc ghi (Hinh 2.a), vi thot
gian ghi cia 6 nh¢ phu thudc vao d6 day 6
nhé (Hinh 2.b) va nhiét do (Cong thuc 1)
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nén khi 4p mot xung dién Ién dién tré nhé
va dung lai tai mot thoi diém nhat dinh thi
mot s cac 6 nhé s& duge ghi (trang thai cia
6 nhé s& chuyén tir 0 sang 1) mot cach ngau
nhién ma nguoi st dung khong thé biét
duoc (Hinh 2.d) tirc 1a nguoi dung s€ khong
biét dugc 6 nhé nao dugc ghi va thir ty ghi
nhu thé nao vi khong biét duoc d6 day cua
cac 6 nhé. Chinh vi vay, dé du doan duoc
PUF nhu thé nao 1a mot diéu rat kho va
cling kh6 dé lam gia PUF.
4. SU BAO TON BIT-ALIASING VOI
SU BIEN POINHIETPQ VA PIEN AP
4.1. Bit-aliasing v6i 16i thoi gian
Bit-aliasing c6 thé duoc dinh nghia
nhu ty 1é gitta bit 0 hodic bit 1. Néu gia tri
ctia n6 12 0% hodc 100%, tat ca gia tri cua
cac phan hoi tuwong tng 1a 0 hodc 1. Tuy
nhién, cac truong hop nay khong dua ra do
bao mat cao vi khong c6 nhiéu thong tin tir
cac phan hdi d6 va né dé dang dé tao ra PUF
gid. Trong truong hop Bit-aliasing dat 75%,
cac phan hoi s& dugc tao ra va dong nghia
v6ibit 0 dat 25%. Viéc do im 25% s6 lugng
cac bit s& dé dang hon 14 50%. Vi vay, gid tri
Bit-aliasing cang gan véi 50 cang tot.
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Hinh 3. Su thay dbi cua Bit-aliasing
theo bd dém tan so



Hinh 3 mé phong Bit-aliasing theo
bd dém tan s. Thoi gian ma Bit-aliasing
dat dugc 50% trong thi nghi¢m nay la
t=7.137us tai nhiét do 300K.

Khi bd dém tan s tang thi thoi gian
ghi giam nghia 1a thoi gian d6 1a d 1éch
thoi gian t. V&i duong phia trén, thoi gian
trir di d6 1éch thoi gian, duong phia dudi
la thoi gian cong voi d 1é€ch. Tu do,
chung t6i c6 Bit-aliasing theo tan sd. Do
léch 1a 18i thoi gian. Loi thoi gian anh
huéng dén bit-aliasing va 1am no6 bi thay
d6i theo gia tri 16 thoi gian 16n va nho.

Chung t61 xem xét truong hop bod
dém tan sd 1a 10MHz, twong duong véi
0.1 us, gia tri 16n nhat cua Bit-aliasing 1a
55.6370 (tai 7.2 us) va gia tri nho nhat 1a
46.3410% (tai 7.1 us). Kha niang ma cac
phién ban khac nhau cua PUF san xuét ra
cac phan hoi gibng nhau 1a rat thip néu
Bit-aliasing dat gan gia tri ly twong. Theo
Hinh 3, bo dém tan s cang cao (thoi gian
16i cang nho) thi Bit-aliasing cang dat gia
trj 1y tuong. B6 dém tan s 1a ty 1é nghich
voi thoi gian ghi cia cac 6 dién tré nhd.
Dé tang d6 chinh x4c cua Bit-aliasing, 16
Bit-aliasing phai giam boi nhiéu miu tuan
tu (phan 4.2).
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Hinh 4 dién ta ty 1& phan tram cua
sO luong cac 6 dugc ghi theo thoi gian va
thoi gian dé 1iy duoc 50% sb lugng cac 6
v6i sy thay d6i nhiét do. Khi nhiét do
giam, thoi gian viét s& giam, vi vay thoi
gian 1ay duoc 50% sb cac 6 dién tré nho
giam. Trong bai bao ndy, t6i dé& xuat ting
Bit-aliasing ctia PUF dua trén dién tré
nhé véi sy bién dbi thoi gian, tuy nhién
t61 khong trinh dién giam tdn s6 ma chi
lam cho nhi¢t d§ hoac dién ap cung cép
bién dbi theo hudng giam (tai tan s thap)
va Bit-aliasing van dugc bao tdn. Do do,
v6i tan s hoat dong thap hon nhiéu cua
cac don vi mau, gia tri thuc nghiém cua
dé xuét cua toi sé tang Bit-aliasing.

Trong coéng thuc 1, néu nhiét do
hodc dién ap cung cép thay d6i (thay dbi
theo hudng tang) thi thoi gian ghi s€ thay
d6i (theo hudng giam).

4.2. Giam 16i Bit-aliasing véi nhiéu
miu

Sy thay doi ty 1é cua Bit-aliasing 1a
16n nhét tai diém lay 50% khi chung ta
gia sir phan bd binh thudng trén su bién
d6i qua trinh. N6 quyét dinh phan hoi r;
tai thoi diém t; dé 1ay 50% trong CDF
(Ham phéan phdi tich lily, cic 6 nhd s&
duoc ghi tai mdi thoi diém s& dugc cong
don vao sd lugng cac 6 nhd dugc ghi
trude do). Khi gia tri Bit-aliasing dugc do
dat nguong, no cb ging dé dimg xung
chuong trinh va 16i thoi gian nho tai 50%
c¢6 thé dan dén két qua 16i 16n hon nhiéu
trong Bit-aliasing.

Chung ta c¢6 thé tang do chinh xéc
bang cach sir dung tan s6 cao hon cia
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mach dém gia tri 6 hodc logic chuyén
dung dé tao ra ky hiéu diéu khién cua
xung chuong trinh (c6 thé 1a bd cong
tuong tu,...). Tuy nhién, no lai din dén
chi phi dang ké.

Vi 16i thoi gian vira phai, chung ta
c6 thé giam 16i Bit-aliasing bang cach tao
gia tri cudi cung nhu 1a sy két hop cua
nhiéu miu tr phuong phap dé xuat.
Phuong phap dé xuét 1a 1dy ra 50% s6
luong cac bit 1 (hodc 0) tir nhiéu mau, cé
nghia 13 tong sb luong cac bit duoc ghi
(bit 1) va khong duoc ghi (bit 0) cua cac
phan hdi tir phan hoi r; dén phan hoi ;.
Néu s6 luong céc bit 1 va bit 0 bang nhau
thi chiing ta s& quyét dinh thoi gian t;. Vi
du, néu c6 7 mau véi 2%, 20%, 22%,
50%, 52%, 72% sb luong 6 nhé duge ghi,
ching ta ¢ thé tao ra 50% Bit-aliasing
bang cach két hop 20% va 70% CDF
hodc 22% va 72% cia sé luong 6 nhé
dugc ghi (Hinh 5) thay vi st dung mot
gia tri tir 54% boi phuong phép truyén
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Hinh 5. B¢ 1éch cua Bit-aliasing cua tap
mau tai cac bd dém tan so
V6i phuong phap truyén thong, tai
ty 1& 50%, t=7.137us, khi 156i thoi gian
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xay ra, do I¢ch cua thoi gian 1a 0.063 us,
d6 1éch phan tram 13 5.6370%. Nguoc lai,
v6i phuong phap dé xuét, tai 161 thoi gian
tuong tu, do 1éch phan tram chua dén 1%
(nghia la Bit-aliasing nho hon 51%) va
cdp phan hoi thir thach tot nhat 1a 22%-
72%. Néu lya chon tai thoi diém 14y ra cap
CDF 50%-50%, khi c6 15i thoi gian xdy ra
thi viéc léy duoc 50% sd luong cac 6 nhd
duoc ghi cling s€ bi 1&ch, vi vay chung toi
chon cac cap CDF sao cho tong gan voi
100% céc 6 dugc ghi dé trir hao truong hop
16i thoi gian do nhiét d6 xay ra.

Chuong trinh thuc nghiém sé xem
xét sy thay d6i ciia Bit-aliasing tai céc
thoi gian dé ldy ra gia tri Bit-aliasing
khéac nhau va khong phai tai 50%. Trong
chuong trinh, t6i chon cac cap 20-70%,
30-80%, 35-85%... Khi 16i thoi gian xay
ra, Bit-aliasing s& bi thay doi tang hoic
giam, néu Bit-aliasing khong gin véi
50% thi d6 chinh xéc cling giam. D& xuat
clia bai bao 1a lay ra gia tri Bit-aliasing
gan nhat véi 50%, tuy nhién, do 15i thoi
gian nén t6i thuc hién viéc két hop cap
CDF khac 50%-50% dé cai thién 15i.

5. KET QUA THU'C NGHIEM

Thi nghiém dugc thuc hién véi
8100 tap mau PUF dua trén dién tré nho,
mdi tap mau biéu dién tai cac tin sd khac
nhau (c¢6 9 tan sd) va xem xét 9 cap phan
tram tai CDF. Cac tdp mau ma tdi s
dung c6 céc 6 nhd ma do day cua n6 duogc
tao ra mot cach ngdu nhién [4] dé tranh
truong hop ngudi ding biét trude duge
PUF. Sy phén b ciia d6 1éch Bit-aliasing
dugc mo phdng trong Hinh 6.
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Hinh 6. Sy phan bd d6 1éch cua
Bit-aliasing

Chung ta thdy rang s luong cac tap
mau din dén dd léch nho nhét cua Bit-
aliasing 1a quanh diém 0 1a rat nhiéu. Khi
c6 su thay d6i nhiét do thi thoi gian ghi
cac 6 nhé sé thay doi theo, dong thoi gia
tri Bit-aliasing cling s& xay ra 16i va xa
voi gid tri ly tuong. Khi ap dung phuong
phéap dé xuét thi do 1éch cua Bit-aliasing
n6 s€ giam to1 17% so voi phuong phap
truyén thong.

Thuat toan phan tich 16i Bit-aliasing
va su phan bé thoi gian ghi khi lua chon
tai cac cap CDF thay vi tai 50% nhu sau:
Input: Dir liéu PUF;

Dir liéu céc cap CDF;
Dit liéu b dém tan sd;
Output: - Su phan bd cua do léch Bit-
aliasing.
1. for mdi mau PUF do
2. for mdi tan s6 do
3. for mdi cip CDF do
4. LAy ra s6 luong cac 6 duoc ghi
tai moi cap CDF = numl, num?2
5. Lay ra s lugng cac 6 dugc ghi
ma dugc thém vao tor numl, num2
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6. Tinh ty 1& phan tram cia cac 6
thém

end for;

end for;

o N

end for;
10. Pua ra két qua do léch Bit-aliasing

5. KET LUAN

Trong bai bao nay, t6i da dé xuat
mot phuong phap dé bao ton Bit-aliasing
dya vao mau tuan tu véi su thay ddi nhiét
do. Bit-alising 1a mot trontg nhitng hi¢u
sudt ciia PUF dé danh gia kha nang doc
nhét, khé du doan va lam gia cua PUF,
tuy nhién cac nha nghién ctru trudc do chi
dung lai ¢ viéc phan tich va danh gia hi¢u
suit ciia nd chu chua di vao nghién ctu
cac phuong phap dé cai thién hay giam
do chénh léch khi cé tac dong tur bén
ngoai nhu sy thay d6i vé nhiét do.
Phuong phép dé xuat nay lam giam do
léch cua Bit-aliasing dén 17%, gép phan
nang cao do bao mat ctia thiét bi.
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