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PHAT HIEN LOI TRAN SO TREN MO
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Tom tit: Ngay nay, cac hé thdng nhang doi hoi tinh an
toan ngay cao, bén canh do phuc tap ciing ting theo. Vi
véy, phén tich, ddnh gia ngay tir md hinh hé théng nhung
da va dang thu hut sy quan tam cua ca gidi nghién cuu va
cong nghiép. Trong d6, viéc phat hién nguy co 13i tran sb
trong cac hé thong nhiing 14 quan trong va can thiét vi nd
¢6 thé dan t6i sai léch nghiém trong trong hé thong. Ldi
tran s co thé xay ra do kiéu dit liéu trong cac hé thong
nhiing thuong bi gidi han sb bit. Thém vao do, cac tinh toan
bén trong hé thdng co thé dan téi cac gia tri qua 16n so véi
pham vi biéu dién. Bai bao nay dé xuit mot phuong phap
phat hién 13i tran sé cho cac mo hinh hé théng nhing dira
trén phuong phap phan tich tinh (static analysis) két hop
v6i cong cu gidi cac rang budc SMT.

Tir khod: rang bugc SMT, mé hinh hé thong nhiing, 15i
tran s6, MATLAB/Simulink, phan tich tinh.

I.GIOI THIEU
H¢ théng nhiing

Hé thong nhing dang phat trién manh mé va ngay cang
déng vai tro quan trong trong cude sdng ctia con nguoi. Lbi
cua hé théng nhung c6 thé gay ra tai nan khang khiép, dic
biét la cac hé théng diéu khién may bay, tén lia, hé thong
diéu khién dong co 6 t6... Vi vdy, nhiéu hé thdng nhang c6
yéu cau cao vé chat leong, tinh 6n dinh va do tin cay. Bén
canh dé, 13i trén hé théng nhang coé thé khong sira dugc,
néu sira duoc thi chi phi ciing rét cao, phai thu hoi san pham
hoic thiét ké lai toan bo. Do 1a 1y do cac cong cu hd trg
thiét k& mé hinh cac hé théng nhing dugc 4p dung ngay
cang nhiéu. Viéc thiét ké mo hinh hé théng nhung trén cac
cong cu trudce khi thiét ké mau that 1a can thiét dé dé dang
phat hién, stra 15i ciing nhu chinh stra thiét ké nhim dam
béo chét luong. Co nhiéu nghién ctu, cong cu hd tro viée
danh gia, kiém tra cdc mo hinh cac hé thong nhung
[7,8,9,10,13,14]. Trong céc loai 13i ciia hé théng nhiing, 15
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tran s6 duoc can duoc kiém tra, danh gia thuong xuyén.
Ldi tran sé (number overflow)

Ldi tran sb xay ra khi gia tri s6 trong hé théng vuot qua
kha ning biéu dién nhu trong thiét ké. Vi du sb integer 8
bit chi c6 thé biéu dién gia tri 16n nhét 1a 28 -1 = 255, truong
hop s6 16n hon s& vuot qua kha niang biéu didn. Lai tran s6
c6 dan t6i hé théng tinh toan sai léch nghiém trong. Mot )
vi du v& 15i tran s6 sau day cho thiy tim nghiém trong cuia
chdng:

- Vao thang 8/2016, mgt may casino ¢ Resorts World
Casino dd in 1 giai thuong tri gia $42,949,672.76 do
18i tran s6. Phia Casino vé sau da xay ra kién tung
v6i khach hang véi giai thich 1a giai thuong 16n nhat
chi ¢6 $10.000, bat ki giai thuong nao 16n hon 1a do
15i ctia hé théng.[!

- VAo thang 6/1996, tén lira Ariane 5 di phat nd sau
khi dugc phong 37 gidy, gy thiét hai 370 triéu $.
Mot 13i tran sé da xay ra khi chuyén ddi s 64 bit
sang sb 16 bit din t6i diéu khién bi sai 1éch. 2

Vi viy viéc kiém soat dé hé théng khong bi tran sb 1a
quan trong, dic biét trong cac hé thdng can dung cac kiéu
dir liéu véi kha nang biéu dién gia tri nho (8 bit, 16 bit).

Ldi tran sé thudng kho c6 thé phat hién. Ly do 1a 13i
tran s6 thuong xay ra sau mot chudi cac tinh toan sb hoc
trong qua trinh h¢ théng thuc hién, cht khong phai chi xay
ra ngay tir input dau vao. Viéc kiém thir dé phat hién 15i
tran sO cling gap thach thac 16n vi phal nghi ra cac bo dir
lidu dé co thé dan téi cac gia tri tran sb.

Mot so phuong phép phé bién duge ding dé phat hién
16i tran sé:

Phan tich tinh (static analys1s) day 1a mét phuong phéap
hidu qua dé phat hién 15i tran s6 mot cach ty dong thong
qua phan tich cac luong dir liéu hoac ap dung cac ki thuét
dua trén rang budc (constraint-based techinque) [3,4,6].

Kiém thu: xay dung cac b dir licu kiém tht 16m va thuc
hién kiém thir xem c6 16i hay khong. Dé xac dinh cac ca
kiém thir ¢6 kha ning giy ra 16i, mot s6 nghién ciru da két

@I http://sunnyday.mit.edu/nasa-class/Ariane5-report.html
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hop ca phan tich tinh, va mot s cai tién khac [7,8,9,13].

Ra soat thu cong: thuc hién phan tich va danh gid xem
¢6 nguy co 13 tran s khong. Phuong phap nay s& phu
thuoc vao kinh nghiém cta ngudi ra soat, trong nhiéu
truong hop s& khong dua ra két qua chinh xac va ton nhiéu
cong suc.

Bai bao nay d& xuat 1 phuong phap dé phat hién 13i tran
s0 cho cac mo hinh hé théng nhung dya trén phuong phap
phén tich tinh 4p dyng cong cu giai SMT (Satlsflablllty
Modulo Theorles) Céc diém c6 nguy co tran sé s& duogc
kiém tra bang cac cong cu giai rang budc SMT. Truong
hop c6 nguy co tran s6, mot bo dit liéu kiém thir (test data)
twong tng s€ dugc xac dinh. Nhu vay, thay vi phai xac dinh
céc bo dit lidu kiém tht bé’mg tay, cac cong cu SMT cb thé
dugc ap dung dé phat hién cac nguy co tran sb va cac bd
dir li¢u tuong Ung.

Cac nghién ciru lién quan

Trong nghlen ctru [4], tac gia dé xuat mot phu(mg phap
thiét ké phan ctmg cho phep phat hién cac 13i tran s6
nguyén ¢ muc dac ta. Cach tlep can thiét ké da thiét lap st
dung ngén ngit dic ta SysML / OCL ¢ cap dic ta trong d6
céc kiéu sd nguyén 13 v6 han. Cac kiéu nay khong chia sé
hanh vi ngit nghia cua cac kiéu duoc trién khai trong ngén
ngit 1ap trinh SystemC vi trong SystemC, s6 nguyén 14 hitu
han. Do Vay, véan dé nay sinh la khoang cach nglr nghia
giita hai cap do nay. Pé khéc phuc diéu nay, tac gia da st
dung 1 cong cu trg ly chirng minh Coq va str dung thu vién
s6 nguyén CompCert md ta cac kiéu s6 nguyén hiru han
thong qua cac kiéu phu thudc. Bing cach do, cac 15i tran
s6 ¢6 thé dugc phat hién va xac minh. Nghién ciru d3 hudng
tGi phat hién 131 tran s6, nhung yéu cau cac dic ta phai duoc
biéu dién bang SysML/OCL.

Trong [6], tac gia da trinh bay mot cach tiép can dé kiém
tra bat bién ciia mo hinh Simulink dya trén cic nguyén tic
ciia Bounded model checking (BMC) bang cach sir dung
Iy thuyét mé dun thoa man (SMT) [2]. Hai dong gop cua
tac gia: thir nhat, tac gia cho thdy rang c6 thé ty dong tao
ra cac duong thyc thi hitu han truc tiép dua trén mo hinh
Simulink va thtr hai, tic gia cho thdy ring c6 mot sb thiét
ké Simulink nhat dinh ma thu tuc bat bién gi6i han dd hoan
tat. Dé tu dong hoa cach tiép can duoc dé xuét, tac gia gioi
thiéu nhiing diéu sau: i) mot thu tuc tw dong (duoc trién
khai trong cong cu SyMC) dé tao duong dan thuc thi ¢6 do
dai httu han dya trén mo6 hinh Simulink va thir tu thuce thi
cuia cac khdi, ii) ma hoa dua trén khudn mau cia cac dudng
dan thuc thi sang dinh dang SMT-LIB [2] phu hop dé phén
tich bang bo giai Z3 SMT cta Microsoft [1,12]. Nghién
ctru hudng téi kiém chimg céc tinh chat bat bién cho mo
hinh Simulink, nhung khong d& cdp téi bai toan kiém
chimg cho 13i tran sd.
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Il. TONG QUAN MO HINH HE THONG NHUNG
VA PHUONG PHAP PHAN TiCH TINH

2.1 Cdc khdi niém co ban vé mé hinh hé thong nhiing

C6 nhiéu cong cu ding dé thiét ké mo hinh cac hé thong
nhung, trong d MATLAB/Simulink 1a mdt cong cu dugc
sir dung nhiéu trong ca nghién ciru va thyc té. Bai bao sé
thye hién phan tich cho cac mé hinh nhing biéu dién bang
MATLAB/Simulink [11].

a. Biéu dién mé hinh h¢ thong nhiing bang Simulink

Simulink & mot méi truong tich hop cho phit trién dya
trén mo hinh cta cac hé théng nhung. N6 cung cip mot
giao dién d6 hoa véi cac tinh nang mo hinh hoa, mé phong,
tu dong sinh ma ngudn. .. c6 kha niang sir dung thuc té trong
cong nghiép.

Mot md hinh hinh hé thdng nhung trong Simulink duoc
tao bai nhiéu loai blocks (cac khéi mach don duoc thiét ké
san) két ndi véi nhau théng qua céc tin hiéu ding dé mé
hinh ho4 diéu khién va ludng dir liéu bén trong mé hinh.
Cac loai blocks bao gdém: inport/outport (vao/ra),
mathematical operator (phép toan), logical/relational
operator (phép logic/quan hé), (multiport) switch, delay...
Cac blocks lién két véi nhau bang lines, truyén dir liéu
Boolean, integer hoac floating/fixed point... gitra chang.
Dac biét, mot mo hinh hé théng nhting cho phép nhéan dugc
mot sb tin hiéu (cac gia tri lién tuc theo thoi gian) bang
cach sir dung cac block Inport va tao ra mot s6 tin hiéu dau
ra dugc dai dién bai cac block Outport.

b. Phén loai blocks:

Block don: la cac block don khong co trang thai con bén
trong, thuong thay ddi gia tri output khi input thay dbi. Vi
du: relational (phép quan h¢), logic (phép logic),
arithmetics (phép s hoc). ..

Delay block: 1a cac block lam cham gia tri input 1 khoang
thoi gian. Co nhiéu block thudc loai nay, vi du: UnitDelay,
RateTransition,...

SFunction: 1a cac block dugc dinh nghia boi nguodi dung
thyuc hién 1 tinh nang/nhiém vu nhét dinh. Sfunction 1a mot
subsystem gom nhiéu block con hop thanh, va gom cac
inputs va outputs twong tng.

Cdch két hop blocks: ¢ 2 cach két hop cac block chinh:
tuan tu va lap. Véi cach két hop tuan ty, di lidu di tir block
nay sang block kia nhung khong tao thanh vong lap. Véi
cach két hop lap, ton tai 1 vong 13p trong qué trinh di liéu
truyén trong mo hinh. Vi du trong Hinh 1, ta ¢6 vong ldp:
block Subtract2 vé Delay?2, tir Delay2 vé Gain3, cudi cing
tir Gain3 quay vé Subtract2.
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Hinh 1: M6 hinh cé vong ldp biéu dién trong Simulink

¢. Li tran s6 trong md hinh hé thong nhiing

Ldi tran sb xay ra khi gia trj s6 trong hé théng vuot qua
kha nang biéu dién nhu trong thiét ké. Khi 15i tran sb xay
ra, s6 d6 co thé bi bién thanh sb rat nho hodc gia tri am.
Mot sb tinh hudng tran sd: (1) két qua tinh toan sai léch;
(2) chi s6 mang nhdm hodc tro vao ving trai phép; (3) gia
trj s6 diéu khién vong lap bi nham 14n, hodc dan t6i lap vo
han.

Ldi tran s6 co6 thé xay ra do gia tri ddu vao qué 16n. Tuy
nhién, da phan 1a do cac block tinh toan sb ting/giam gia
tri, dac biét 1a trong cac vong 1dp. Mic du gia tri output cd
thé nam trong gidi han biéu dién, tuy nhién, cac gia tri trung
gian trong qua trinh tinh toan c¢6 thé vuot ngudng cho phép.

2.2 Phan tich tinh cho mé hinh hé thong nhiing

Y tudng co ban cia phan tich tinh st dung rang budc
SMT 14 kiém tra (gia tri phu dinh ctia) mot tinh chat véi do
sau cho trude. Cho mot hé théng M, mét tinh chat ¢ va mot
bién k, phan tich tinh s& trai hé thong ra k 1an dé thay thé
cho vong 13p va bién dbi n6 thanh mot rang budc SMT
tuong tmg. Bang cach d6, diéu kién 1a thoa man néu va chi
néu ¢ c6 1 phan vi du (counterexample) v6i do sau nho hon
hodc bang k. Vi vdy, cac cong cu giai rang budc SMT c6
thé duoc ap dung dé kiém tra diéu kién co thoa man hay
khoéng.

Gidi thiéu vé SMT [2]

Ly thuyét tinh thoa duge (SMT - Satisfiability Modulo
Theories) 1a kiém tra sy thoa man ctia mot rang budc |Og|C
trong d6 ¢ sir dung mot hay nhiéu kiéu dir liéu. Cac kiéu
dir liéu va phép toan twong (g trén né c6 thé 1a sb thuec,
s6 nguyén va cic cAu trac dir liéu nhu danh sach, mang, bit
vector.

Nhiém vy caa SMT 1a kiém tra xem mdt rang budc c6
thoa méan hay khong. Chiing ta goi rang bugc F la thoa man
(Satifiablity) néu c6 mot phép gan lam cho F dung (True),
vi du rang budc sau:

(c==a+b) && (a<256) && (b < 256 ) && (c>255)
la thoa man (True) khia =2, b = 255, ¢ = 257

C6 nhiéu cong cu giai rang buoc SMT, nhu Open-SMT,
CVC3, Boolecto, Z3, Yices, MathSAT.... Trong nhitng
ndm tré lai, nho sy cai tién cia cac thudt toan, cu trac dir
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liéu, céac phu’o’ng phap heuristics, cac cong cu SMT hién tai
c6 thé giai quyét cac rang budc 16n véi hang chuc nghin
bién, rang budc. Trong bai bao nay, Bo giai Z3 cua
Microsoft [1, 12] duoc 4p dung dé phat hién 13i tran sé
trong mo hinh hé thong nhung.

Bién doi cac mo hinh hé thong nhiing thanh rdng budc
SMT

Véi méi block trong Simulink, va cho timg buéc thoi
gian (time step), ta s€ tao ra mot cong thirc rang buoc SMT
sao cho ngir nghia van dugc bao toan. Cuy thé 1a cong thirc
rang budc SMT thé hién duoc gia tri dau vao (input), dau
ra (output) twong Umg vaGi ngit nghia ctia block. Bén canh
d6, do trong SMT khéng c6 khai niém vong lip, dé thé hién
vong lp trong mo hinh hé thong nhiing, ta thuc hién trai
mé hinh hé thong nhing ra k 1an bang cach tao k rang bude
cho mdi block, danh sé t. Phin duéi ddy minh hoa cach
bién d6i mot s block dién hinh: block thuc hién phép toan,
phép so sanh, 1& nhanh, tré thoi gian. Véi Iuu ¥ j thé hién
rang budc & lan 1ap thu j, k 1a s6 14n lap.

Block Sum: thyc hién tinh tong cac gia tri input, c6 4 input
(inSum_1,...inSum_4) va 1 output (outSum) nhu Hinh 2.
Rang budc tuong tng la:
A, outSum; == inSum_1; + inSum_2;
+ inSum_3; + inSum_4;

.@;0

4

Hinh 2: Vi du vé block sum — tinh tong
Block relation less than: thuc hién phép so sanh nhé hon

gitra 2 inputs, ¢6 2 input (inLT_1, inLT_2) va 1 output
(outLT) nhu Hinh 3. Rang budc twong Gng la:

Ney (outLTy == inlT1; < inLT 2; )
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Hinh 3: Vi du vé block relation - S0 sanh

Block switch: thyc hién chon input 1 hay input 3 dya trén
gia tri cia tin hidu diéu khién input 2, ¢6 1 input diéu khién
(inS_2), 2 input dit li¢u (inS_1, inS_3), va 1 output (outS)
nhu Hinh 4. Rang budc twong tng 1a:

N (((inS_Z i > 0) A (outS; == inS_1 j)) %

(! (inS_2; > 0) A (outs; == in5_3j)))

Do D

N —

Hinh 4: Vi du vé block switch - lya chon
Block UnitDelay: thuc hién truyén ra output tré 1 don vi
thoi gian, véi 1 input (inD) va 1 output (outD), gia tri mac
dinh output & thoi gian t= 0 1a ic nhu Hinh 5. Rang budc
tuong ung la:

(outy = ¢) A N2} (outD; = inD;_,)

D e e (D

-

Hinh 5: Vi du vé block UnitDelay - lam tré

I11. AP DUNG BQ GIAI SMT PE PHAT HIEN LOI
TRAN SO TRONG MO HINH HE THONG NHUNG

3.1. Cdc block c6 thé gay ra 16i tran s6

Trong Simulink [11], c6 nhiéu loai block khac nhau. Tuy
nhién, cac block thudc loai tinh toan (Math operations) cé
nguy co gdy ra 13i tran s6 nhidu nhét. Bai bao nay tap trung
vao phan tich cac block thudc loai Math Operations. Dau
tién, cac block thude loai Math Operations s€ dugc danh
gid dé xem c6 nguy co gy ra tran s6 hay khong. Mic du
cac block nay cho output dya trén tinh toan cac input dau
vao, tuy nhién, vdi cac block khong lam tang gia tri cia
input s& khong gay ra 15i tran sb. Phu luc 1 1a két qua phan
tich chi tiét cac block thudc Math Operations c6 thé anh
huéng t6i 131 tran sb.

3.2. Gidi phdp dé xudt

Bdng 1: Rang budc SMT dé phat hién 16i tran s

Bai béo d¢ xuit 1 giai phap phat hién 15i tran s6 minh
hoa nhu & Hinh 6 véi 2 module chinh (1), (2), va st dung
thu vién san c6 (3).

(1) Overflow SMT generation: vai md hinh Simulink,
thuc hién sinh cac rang budc SMT dé kiém tra diéu kién vi
pham tran s6 cho loai block Mathematic trong mo hinh tuan
tha theo Phuy lyc 1. Céc rang budc dugc sinh theo nguyén
taic & Bang 1. V6i MIN NUM, MAX NUM la giéi han
trén va gi6i han dudi cua kiéu dir liéu s6 tuong tmg). Bén
canh d6, dé t6i wu qua trinh phat hién 13i tran sb, cac block
dugc sip xép theo thir tw block gan inport block trudc, xa
inport block sau.

(2) Overflow detection: day la module chinh thyc hién
viéc phat hién 15i tran s6. Véi timg block ¢ nguy co tran
s0,

1 md hinh Simulink,
Khoang gia tri vao

P = = = =

H¢ thong phat
hién loi tran so

(1) Overflow
SMT
generation

File SMT biéu dién
mo hinh Simulink

Rang budc
SMT cho
13i tran sb

(2) Overflow
detection

f
|
1
1
|
1
1
|
1
1
|
1
1
|

Danh sach 16i tran sb
Hinh 6. Gidi phdp dé xudt

module nay s€ nhan file smt twong Gng v6i mo hinh
Simulink, va rang budc tran s SMT cuia block twong tmng.
Tir d6 goi (3) SMT solver Z3 dé giai rang budc va két luan
¢6 nguy co tran sé hay khong, ciing véi bo gid tri cho block
input trong ng véi nguy co tran s6. Chi tiét module 3 thé
hién ¢ Thuat toan 1.

(3) SMT solver Z3: la céng cu thuc hién gidi rang budc va trd vé

nghiém cho truong hop rang bz{éc thod mén (cé tran s6). (4)
duwoc goi boi (3) dé phat hién loi tran so.

Loai Block Rang bujc s6

Rang bugec SMT

Inport block Khoang gia tri cho trudc cua inport
inp l1a [a,b], mé hinh dugc trai k

lan. Vi e [1,k], inpi>= a && inp;

assert(and (inp_1>=a) (inp_1<=h))

SO 03 (CS.01) 2021

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG 131



<=p

assert(and (inp_k>=a) (inp_k<=hb))

Block khong c6 | Khong can rang budc

n

guy co tran soO

Block c6 nguy | Véiblock b, néu mé hinh duoc trai
co tran so k lan, rang budc dé phat hién 16i

tran so:

Vi € [1,K], '(bi>= MIN_NUM &&
bi <=MAX_NUM)

assert(not(and (b_1>=MIN_NUM) (b_1<=MAX_NUM)))

assert(not(and (b_k>=MIN_NUM) (b_k<=MAX_NUM)))

Thuit toan 1: Phat hién 15i tran sé
input:

- R: rang budc SMT ctia mé hinh nhing

- B: Danh sach cap (block, constraint) gdm block can
kiém tra 15i tran s6 va rang buoc SMT tuong tmg.

Output:

- T: Danh séach cip (block, testdata) gdm block cé nguy

co 131 tran s6 va dit liéu kiém thtr twong tmg
1.T=

2. while B#

3. rb=B[0];/ lay dau danh sach

4. constraint = (R+ rb.constraint) ;

5. result = callZ3(constraint); //goi Z3

6. if (result.SAT == true) //1a 13i tran s

7 t.block = rb.block;

8 t.testdata = extractinput(result.data);
9 T = add(T, t);//thémtvao T

10.  tConstraint = makeConstraint(t.testdata) ;
11.  tR =R +tContraint;

12. forbe B

13. tResult = callZ3(tR + b.constraint);
14. if (tResult.SAT == true)

15. B=remove (B,b);//x04 b khoi B
16. tb.block = b.block; th.testdata = t.testdata;
17. T = add(T, th);//thémtbvao T
18. end if

19. end for

20. end if //(result. SAT==true)

21. end while

22. return T;

23. end.
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Thuét toan 1 nhan dau vao 1a rang budc SMT ciia 1 mé hinh
nhing, danh sach cap (block, constraint) gdm thong tin
block va rang budc cho 16i tran sb twong tng ctia cac block
¢6 nguy co tran s6 trong mo hinh nhung (sinh ra boi (2)
Overflow SMT generation trong Hinh 6); tra vé danh sach
(block, testdata) 1a cac block bi 15i tran s6 va bo dit liéu cho
cac inport block (testdata) dan t6i 13i tran sd. Thuat toan
duyét timg phan tir rb ciia B dé kiém tra rang budc tran sb
tuong tng c6 thoa méan hay khong bang cach goi t6i Z3
(dong 5). Truong hop Z3 tra vé két qua 1 thoa man (dong
6) nghia 1a rb bi tran sd, khi d6 ta s& thém thong tin block
tuong tmg (dong 7) va dir liéu cho cac inport dau vao gay
ra tran s (dong 8) vao danh sach T (dong 9).

Bén canh d6, dua trén nhan xét khi 1 block bi tran sd, cac
block tiép theo né ciing c6 nguy co bi tran sd. Dé phat hién
16i tran s6 nhanh hon, tiét kiém thoi gian chay Z3, thuét
toan thyc hién bd xung 1 rang budc twong tng véi bo dit
lidu cho cac inport dau vao gdy tran sé (dong 10) va véi
ting phén tir ctia b, kiém tra 15i tran s6 bang cach goi Z3
v6i rang bude méi bd xung nay (dong 13). Trudng hop phat
hién thém 15i tran sé (dong 14), thong tin block s& dwoc
thém vao T (dong 16,17).

IV. THUC NGHIEM VA PANH GIA

Bang 2 trinh bay két qua phan tich 13i tran s theo
phuong phap da dé xuit. Cot dau tién 1a tén cac mo hinh,
v6i M1 1a m6 hinh 6 Hinh 7, M2 1a m6 hinh ¢ Hinh 6, va
M3 mot md hinh véi mot sé tinh toan khac & Hinh 8. Cot
2 1a s6 lwong block toan hoc ¢6 nguy co tran sb trong mod
hinh, cdt 3 1a thong tin vé viée c6 ton tai vong lap trong mo
hinh hay khong, c6t 4 1a khoang gia tri ciia cac input block
trong mo hinh, ¢ot 5 1a kiéu dit liéu lya chon cho mé hinh,
cot cudi 1a s6 lugng block bi phat hién 13i tran sd.

Bdng 2: Két qua thir nghiém

M6 |Sh C6 |Khoanggia |Kiéu |Sé block
hinh |Math |vong |tricia dir liéu |bi tran sé
blocks [lap? |input block
Int 8 0
M1 1 Yes | [-100,100]
Int 16 0
Int 8 4
M2 6 Yes | [-100,100]
Int 16 3
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Fixed 1
[_2000’ point
M3 9 No 2000] (1,16,0)
Single 0

Két qué thir nghiém cho thay phuong phéap dé xuat da
phat hién thanh cong 13i tran s6 cho cac mé hinh, ké ca co
vong lap. Khi kiéu dit liéu 16n hon, s lugng 15i tran s6 s&
giam di.

Tuy nhién, phuong phap dé xut khong phat hién ra 15i
tran s6 cia mo hinh M1 (Hinh 7). Ly do lado mé hinh nay
mo phong bo dém sd, véi mdi vong lap (sau 1ms) chi ting
1 don vi, 13i tran s chi xay ra khi khi trai hé théng MAX
lan lap. Tuy nhién, phuong phap dé xuat khong thé phat
hién 15i xuét hién véi sb lan ldp vuot qua k lan (14 s6 lan
trai hé thong nhu trinh bay & Muc 2.2), gia tri nay thudng
khong duoc thiét 1ap qua 16n dé dam bao hiéu ning cua
phuong phap.

= _ ]l
KRSk _+'ﬁ'

D)

out1

contl + > 0 p 1
Sum1
*_’} Delay
cont2

Hinh 7: M6 hinh Simulink bg dém thoi gian mili gidy

Gain1
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Hinh 8: M6 hinh Simulink véi nhiéu tinh todn s6
Ngoai ra, bai bdo moi phan tich maéi chi tap trung vao
cac block co nguy co gy 15i tran sb nhidu nhat (Math
Operations), chua xir Iy dwoc voi cac mo hinh ding nhiéu
block phirc tap, ¢ block subsystem (hé thong con) . Tuy
nhién, chung ta c6 thé khic phuc bang cach thyuc hién phan
tich ting sub system con.

V.KET LUAN

Bai b4o dé xuit mot phuong phap dé phat hién 13i tran
s6 cho cac mé hinh hé théng nhiing, tir d6 gitip nguoi thiét
ké c6 thé cai tién hé thong tot hon. Phuong phap dé xuét ap
dung mot bd giai SMT (Z3) dé tim ra nghiém ciia cac rang
budc tuong tng v6i mo hinh hé théng nhing va c6 nguy co
gdy ra 16i tran s6. Tir 6, dwa ra danh sach cac block c6 13i
tran sb va bo dit liéu cua inport block twong tmg. Phuong
phép dé xuit d ty dong phat hién ra cac block c6 nguy co
gdy ra 131 tran s6, cling nhu tw dong tinh toan ra bo dir liéu
cho céc inport block twong tung.

Huéng phat trién tiép theo cta bai béo 1a mé rong phat
hién 18i cho cac md hinh 16n hon, ciing nhu nghién ciru cac
ki thuat dé tim cac rang budc dic trung ciia vong lap (loop
invariant) nham khac phuc han ché da néu & Muc 4.

PHU LUC 1: CAC BLOCK TINH TOAN TRONG SIMULINK CO ANH HUONG TOI LOI TRAN SO

Block M6 ta Phan tich Nguy co
tran so

Abs Tra vé gia tri tuyét dbi cua input Chi l4y gia tri tuyét dbi Khéng
Add Cong/trur cac inputs C6 thé ting/gidm gié tri Co
Algebraic Constraint | Rang budc cho cac tin hiéu input C6 thé ting/gidm gié tri Co
Assignment Gan gia tri Khong lam tang/giam gia tri Khéng
Bias Thém d¢ 1&ch (bias) vao input C6 lam tang gia tri Co
Complex to Tinh toan d¢ 16n va / hoac goc pha cua tin hi¢u phtrc |[Khong tao ra gia tri 16n hon hién tai Khéng
Magnitude-Angle

Complex to Real-Imag | Tinh phin thyuce/phin 4o cta 1 tin hiéu sé phtc Khéng tao ra gia tri 16n hon hién tai  |Khéng
Divide Chia 1 input cho 1 input khac C6 thé tang/giam gia tri Cé

Dot Product Tinh dot product cta 2 vectors C6 thé tang/giam gia tri Co

Find Nonzero Tim phan tir khac 0 trong mang Khong thay d6i gia tri Khong
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Elements

Gain Nhan input v6i 1 hing sé C6 thé tang/giam gia tri Cé

Magnitude-Angle to Bién dbi do 16n va / hodc goc pha thanh tin hiéu [Khong tao ra gia tri 16n hon hién tai  |Khéng
Complex phtic

Math Function Thuc hién cac ham toan hoc C6 thé tang/giam gia tri Co
MinMax Tra vé gia tri 16n nhit/nhé nhét cia 1 input Khong thay doi gia tri Khong
MinMax Running Xac dinh gia tri 16n nhat/nhé nhét cia 1 tin higu [Khong thay doi gia tri Khéng
Resettable theo thoi gian

Permute Dimensions | Bién ddi lai s6 chidu cia mang nhiéu chiéu. Khong thay ddi gia tri Khéng
Polynomial Danh gia cac hé s6 ciia da thire theo gid tri input  |Co thé ting/giam gia tri Céo
Product Nhan va chia cdc ma trn v6 hudng va khong vo |Co thé ting/giam gid tri Céo

hudng hodc nhan va nghich dao ma tran.

Product of Elements Sao chép hodc dao nguge mot ddu vao voé hudng |Co thé ting/giam gia tri Co
hodc thu gon mdt dau vao khong vé hudng

Real-Imag to Complex | Chuyén déi cac diu vao thuc va / hodc 4o thanh  |[Khong tao ra gid tri 16n hon hién tai  |Khdng
tin hiéu so phue.

Reshape Thay dbi chiéu cia tin hiéu Khong thay d6i gia tri Khong
Rounding Function Ap dung chirc ning lam tron Khong tao ra gid tri 16n hon hién tai ~ |Khong
Sign Xac dinh diu cua input Khong thay déi gia tri Khéng
Sine Wave Function Tao song sin, st dung tin hi¢u bén ngoai C6 thé tang/giam gia tri Co
Slider Gain Tich vai 1 s6 bién ddi st dung slider C6 thé tang/giam gia tri Cé
Sqart Tinh can béc hai, can bac hai c6 ddu hodc nghich |Khong tao ra gid tri 16n hon hién tai Khong

dao cua can bac hai

Squeeze Loai bé cac chiéu 1 gid tri (singleton) khoi tin hiéu [Khéng thay dbi gia tri Khéng
da chiéu

Trigonometric Ham lugng giac véi input Khong tao ra gia tri 16n hon hiéntai ~ [Khong

Function

Unary Minus Nghich dao input Khong tao ra gia tri 16n hon hién tai  |Khong

Vector Concatenate, Két hop cac tin hiéu input cua cing mot kiéu dir  [Khong thay ddi gia tri Khéng

Matrix Concatenate liéu dé tao ra tin hidu output lién tuc.

Weighted Sample Hb trg tinh toan lién quan dén thoi gian ldy mau  [Khong thay ddi gia tri Khéng
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