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TOM TAT

Trong bai viét nay, tdc gia gioi thiéu vé thudt todn khodng cdach Levenshtein va img dung thudt
todn tim kiém dya trén khodng cich Levenshtein dé thiét ké chatbot, thay thé cho cdc chatbot sir
dung mang no-ron nhan tao. Chatbot sur dung thudt todn Levenshtein don gian va hiéu qua khi
thuee thi trén may tinh nhung Raspberry cho cdc robot. Cac thong tin dwoc luu trong co so dir lieu
lam co s6 cho chatbot tra 16 cau hoi tir nguoi ding. Dé so sanh thoi gian dap vrng giita chatbot sir
dung thudt todn tim kiém va chatbot sir dung mang no-ron, tdc gid thiét ké mang no-ron tich chdp
va mang Long-Short-Term Memrory duwoc hudn luyén voi cung tdp dir liéu. Cac mo dun dwoc thuc
thi trén hé thong nhiing Raspberry. Két qua thuc nghiém cho thdy, chatbot sir dung thudt todn tim
kiém diea trén khodng cich Levenshtein cé thoi gian dép g nhanh véi ciing d¢ chinh xdc cho cdc
cdu hoi ¢6 trong co s¢ dir liéu. Kiém tra trén 10 cdu hoi ngdu nhién, chatbot sir dung thudt todn
Levenshtein cho két qua nhanh hon 15 lan so véi dimg mang CNN va 75 lan so véi dimg mang
LSTM. Chatbot sir dung gidi thudt Levenshtein la mot vng dung t6i wu nham lam giam ti da tai
nguyén cho cdc mdy tinh nhiing ¢6 kién tric thap dwoc sir dung trong cdc robot di dong.

Tir khéa: Chatbot; Khodng cich Levenshtein; Thudt todn tim kiém; Mang no-ron; Mang no-
ron tich chap.

ABSTRACT

In this paper, we present a chatbot based on the Levenshtein Distance for low-cost embedded
systems. The state-of-the art chatbots are based on deep neural networks, however, such chatbots
cannot be deployed on the low-cost embedded system, such as Raspberry board for mobile robots.
Chatbot based on Levenshtein Distance requires fewer resources and can be deployed on low-cost
embedded systems efficiently. The Levenshtein distance represents the similarity between the two
strings. The similarity between the input question and all the stored questions in the database are
measured. A winner is a stored question that is the best similar to the input question. Having
recognized the question, chatbot can decide the output by querying from the database. Chatbot
using (a) search algorithm based on Levenshtein distance is faster by 15 times and 75 times than
the Convolutional Neural Network and the LSTM network. The chatbot based on Levenshtein
Distance is suitable to be deployed on the low-cost embedded systems for mobile robots.

Keywords: Chatbot, Levenshtein distance; Search algorithm; Neural network, Convolutional
neural networks;

1 GIGI THIEU dua ra céu tra 101 hodc cac quyét dinh khi
’ L ., nhguoi dung truy Van [4]. V6i chatbot, nguoi

Chatbot la m¢t phan mém ho trg giao tiép  ding c6 thé giao tiép voi cac hé thong bang
giltra nguoi va may [1]-{3]. Céc chatbot dugc  ngén ngit tu nhién (natural language) ma
cai dgt mot luong thong tin va c6 kha nang khéng can phai so dung cic ngdn ngitr 1ap
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trinh phtre tap. Chatbot dong vai tro nhu mot
tro 1y 4o, co thé dugc str dung trong nhiéu linh
vuc khac nhau nhu kinh doanh, y t& va ca
trong gido duc [5]-[8]. Céc chatbot hién nay
duoc xay dung chu yéu sir dung cac mang no-
ron nhan tao, trong d6 chi yéu 1a cac mang
hoc sau (deep leanring) [9], [10]. Méc du cac
mang hoc sau cho két qua kha t6t nhung no
chi thyc sy phat huy hi¢u quéa khi dugc thuc
thi trén cac may tinh c6 cdu hinh manh béi vi
cac mang hoc sau dua trén mot s6 luong lon
cac phep toan, xu ly, va cac théng s6 mé hinh.
Khi trién khai cac mang hoc sau cho céc thiét
bi nho nhu cac robot chiing ta gap nhiéu kho
khan. Cac hé thong nhing ngdy nay mic du
c6 kha nang thuc thi cdc mang hoc sau, tuy
nhién né luén bi han ché vé toc do va kha
nang luu trir. Trong cac tmg robot can phan
cimg nho gon nhung van dap ung yéu cau vé
d6 chinh xac va téc do dap ing. Déi véi cac
tap dir liéu nho, ching ta c¢6 thé sir dung céac
thuat todn so sanh dé thiét ké chatbot thay cho
cac mang hoc sau nham tang do chinh xac va
thot gian dap tmg. Cac thuat toan so sanh sé&
danh gid mirc d6 giéng nhau gitra cau hoi
nguoi dung dua ra va cac cau hdi co trong co
so dir liéu (CSDL), tr do dua ra cau tra 101
phu hop dugc cai dat trudc. Va mdt trong
nhiing thuat todn so sanh thuong duoc sir
dung hién nay la thuat toan tinh khoang cach
Levenshtein. Thudt todn khoang cach
Levenshtein co thé ap dung dé so sanh cho hai
tr hoac cau khong cung do dai. Chatbot duoc
xay dyng dua trén thudt toan Levenshtein va
dugc trien khai trén mdy tinh nhung
Raspberry Pi cho robot.

2. UNG DUNG THUAT TOAN
KHOANG CACH LEVENSHTEIN
THIET KE CHATBOT

Thuat toan khoang cach Levenshtein la
mot phuong phap dé danh gia mac do gidng
nhau gitta hai chudi [11]-[13]. Khoang cach
Levenshtein gitra hai tir hoac cau la tinh toan
sd thay dbi nho nhat dé chuyén doi tir hodc
cau nay thanh tr hoac cau con lai, dya trén ba
phép bién doi 1a: x6a, thém, thay timg thanh
phan trong tir hodc cau [13]. Thuit toan
khoang cach Levenshtein ciing con duogc biét
dén vai tén goi “khoang cach chinh sira” [12].

Cong thirc toan hoc cua thuat toan
khoang cach Levenshtein gitra hai chuoi a va
b [14]-[16]:

max(i, j)if min(i, j)=0
lev, p (i1 j)+1
min<lev, , (i, j-1) +1

(1

lev, (i, J) otherwise

levap(i-1 j =D +1; )

Trong do, 1(ai¢b]_) bang 0 khi a; # bjva bang
1 trong cac truong hop con lai. lev, , (i, /) 1a
khoéang cach giita i ky tu dau tién cua chudi a
va j ky ty dau tién cua chudi b.

Chatbot duogc trinh bay trong bai bao nay
la mét tng dung trong robot tro 1y gidng day.
Chatbot dugc cai dat cac cau hoéi va cau tra
10i lién quan dén mot mon hoc cuy thé. Chiing
to1 chon mon Ngon ngit 1ap trinh C véi cac
kién thirc co ban 1am noi dung cai dit cho
chatbot. Tap dir li¢u duoc tao voi 100 cau hoéi
va 100 cau tra 161 tuong tng. Tap dir li¢u nay
duogc dung dé cai dit cho chatbot. Tap dir
liéu nay ciing duoc sir dung dé huin luyén
cho mang no-ron tich chap va mang no-ron
hoi quy dé so sanh két qua. Chung ta cé thé
goi tap dir liéu nay 1a tap huan luyén. Dbi véi
tap dir liéu phuc vu cho vi¢c danh gid mod
hinh, chung t61 cling tao mdt tap dir liéu bao
gdm 100 cau hoi va 100 cau tra 10i tuong
ung. Tép dir liu nay dugc lay tir tap dir lidu
huan luyén nhung 16i ngau nhién dugc thém
vao. Cu thé ching ta ldy 100 ~cau hoi tur tap
huén luyén va cho pheép sai ngau nhién voi s6
tir sai nho hon hodc bang 2. Ching ta goi tap
dir lidu nay 1a tap kiém tra. Tap huén luyén
dugc mo ta trong bang 1.

Bing 1. Tép hudn luyén

Cdu hoi: Bién la gi

Cdu tra loi: Bién twong trung cho mét é
nho deé luu tri

Cdu héi: Kiéu dir liéu s6 nguyén la kiéu nao

Cdau Tra loi:
unsigned long

int, long, unsigned int, va

Céu héi: while va do while khéc nhau thé nao

Qdu Tra loi: do wfzile thuc hién it nhat 1
lan, while thi co thé khong
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Do dai 16n nhit cho céc cau hoi 1a 15 tir
khong bao gdm cac ky tu dit biét nhu du
chém héi. Cac cau hoi va cau tra 16i dugce luu
trong co s& dit li¢u dudi dang cac tap tin dinh
dang JSON (JavaScript Object Notation) voi
ting cap cau hoi va cau tra 101. Cac cau hoi
va ciu tra 101 dugc phan biét bang ky tu dau
tién 1a “Q” cho cau héi va “A” cho cau tra
10i. V&i thu vién tiéng Viét, ta phai chuyén
ddi cac ky tu tiéng Viét sang bang ma dé
chuong trinh c6 thé d& dang nhan biét. Vi du
mot cap cau hoi va cau tra 101 duoc thé hién
trong co s¢ dir liéu nhu bang 2.

Bdng 2. Dinh dang cdu hoi va cau tra loi
trong co so dir liéu

chung t61 chon gia tri ngudng la 2. Véi gid tri
ndy, chuong trinh van dam bao do chinh xac
khi ¢ 2 tir trong cdu hoi khong giéng v6i cau
héi trong tap huan luyén.

Luu dd chwong trinh tinh khoang cach
gitta 2 chudi duogc trinh bay trong hinh 1.
Truéc hét chuong trinh s& dién gia tri chi
muc vao hang dau tién va cot dau tién. Sau
d6 s& lan luot tinh gi4 tri cac phan tir trong
ma tradn st dung cong thic Levenshtein (1).
Két thac qua trinh chung ta thu dugc gia tri
thé hién sy twong dong ctia 2 chudi.

Cau héi va cau | Cau hdi va cau tra loi

tra 10i bang | duoc ma hoa

tiéng Viét

Bién 1a gi g% 0.Oei)lv\vulebfn \u00e0
"A": " Bi\ulebfn

£ t\u01b0\ulee3ng

Bién tugng

trumg cho mot 6 tr\u01bOng cho

nhé dé luu trit m\uled9t \u00f4
nh\uledb \uO111\ulec3
Nu01bOu tr\uleef "

Trong d6, cau hoi 1a “Bién la gi” va ciu
tra 101 1a “Bién twong trung cho mgt 6 nho daé
liew triv”. Theo d6, ky tu “€” s& duogc luu dudi
dang ma hex la \ulebf, ky tug “a” s€ la
\u00e0, va twong tu cho cac ky tu co dau
tiéng Viét con lai.

Dé tim kiém cau tra 16i cho mot cau hoi
trong co s¢ dir licu (CSDL), ta str dung thuat
toan tinh khoang cich Levenshtein dé so
sanh mirc 6 giéng nhau gitra cau hoi duoc
dua ra va cac cau héi co trong CSDL. Néu
gia tri khoang cach Levenshtein nho hon gia
tri dugc cai dat trude, trong bai bdo nay gia
tri nay bang 2, thi hai chudi d6 duoc xem la
tuong dong nhau. Trong tmg dung nay ching
ta lap trinh tim khodng cach Levenshtein cua
2 chudi & muc tir (word) thay vi 6 muc ky tu
(character). Néu 2 chudi giong nhau, gia tri
Levenshtein s¢ 1a 0. Nguoc lai, giad tri do
duoc cho biét s6 tir khac nhau giita 2 chudi.
Bé‘mg thuc nghiém trén tdp dir liéu nhd,

Tach chudi seql thanh cac nir
v luu vio ming seqls

matrix[x, ¥] = min{
matrix|x-1, ¥] 1 1,
matrix[x-1, y-1],
matrix[x. y-1])

matrix[x, ¥] = min(
matrix|x-1, ¥ 1 1,
matrix[x-1, y-1],
matrix[x, y-1] + 1)

‘remm (matrixlsize_x - 1, size_y - 1))

Hinh 1. Lwu do gidi thudt tinh khoang cach
Levenshtein giita hai chuoi

Chuong trinh duoc viét bang ngon ngir
Python va thyc thi trén hé thong nhung
Raspberry Pi. Chudi dau vao dugc lay tir md
dun chuyén tir giong noi sang van ban va
chudi con lai duoc 13y tir co so dit liéu.

Luu d6 chuong trinh chinh dugc mé ta
trong hinh 2. Cau hoi nhan dugc tir mé dun
chuyén 161 noi sang vin ban duoc so sanh véi
tat ca cac cau hoi trong co sd dir liéu. Luu d6
bai toan 1a giai thuat tim 1an so sanh c6 gia tri
nho nhit va nho hon gia tri ngudng. Gid tri
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ngudng dugc thiét 1ap trong bién MaxCost.
Gia tri cost ban dau duoc khoi tao 1a gia tri
16n nhét trong truong hop 2 cau khac nhau
hoan toan. Trong qua trinh duyét hét co s¢ dit
li¢u, gia tri cost s€ dugc cdp nhat va cau hoéi
cO gia tri cost nho nhét s& duge Iuu lai.

Gan chudi cin tim vao seq
va gia tri maxCost

results =[]
temp = 15

x=0

+¥
doc céu hoi [!11’1 x tir CSDL. va luu vao
bién chatbot_seq

1

| cost = levenshtein(seq, chatbot_seq['Q']) |

temp = cost
results = chatbot_seq['A']
x+t

returm results

Hinh 2. Luu do giai thugt tim kiém dua trén
khoang cach Levenshtein

3. KET QUA THUC NGHIEM VA
THAO LUAN

Muc dich st dung thuat todn khoang
cach Levenshtein thay cho cac mang no-ron
la hudng dén mot hé théng nhd, gon, c6 kha
nang thyc thi tét trén cac hé thdng nhing co
cdu hinh phan ctng thép cho cic thiét ké

robot di dong. Dé so sanh thoi gian dép tng
cua thuat toan Levenshtein vdi cac mang hoc
sau, tac gia thyc thi 3 m6 dun: thuat toan tim
cau tra 101 dya trén Levenshtein, mang no-
ron tich chap (CNN), va mang no-ron hdi qui
duogc cai thién (Long-short-term memory).
Mang no-ron CNN va LSTM duoc thiét ké
st dung thu vién Keras. Cac module duogc
thyc thi trén phan clmg nhung Raspberry Pi
dé do téc do dap tmg khi dwa 10 cAu hoi ngd
vao. Hé théng nhing Raspberry Pi 3 sir dung
bd xur Iy ARM Cortex-A53 véi b nhd RAM
c6 dung luong 1GB thich hop cho cac tng
dung di dong nhu robot va cac hé théng tu
dong diéu khién [17], [18].

Chatbot stir dung gidi thudt khoang cach
Levenshtein dugc so sanh vdi chatbot sur
dung mang CNN va mang LSTM vé thoi
gian dap tng. Mang CNN dugc thiét ké bao
gdm 1 16p Convolution v6i ham kich hoat
ReLU, 1 16p Maxpooling, 1 16p két ndi day
da voi 256 no-ron va 1 16p ngd ra véi 100
no-ron dé phan 16p. Cac cau ngd vao duoc
ma hoa sir dung ma one-hot cho ting ky tu.
Mbi ky tu duoc biéu dién dudi dang mot
vector. Cac vector ciia mot cau tao thanh mot
ma tran 2 chiéu cho ngd vao cia mang CNN.

bPéi véi mang LSTM, su dung kién tric
Encoder-Decoder & muc ky tu. Ngd vao va
ngd ra cia mang Encoder-Decoder ciing str
dung ma one-hot.

bPéi voi tap kiém tra duoc tao ra tir tap
huén luyén, trong d6 cac ciu sai ngiu nhién
0, 1, hodc 2 tur. B chinh xac cua 3 md hinh
duogc liét ké trong bang 3.

Bdng 3. So sanh do chinh xdc cua chatbot sur
dung thudt toan Levenshtein, mang CNN va

mang mang LSTM.
Levenshtein | Mang CNN | LSTM
100% 99% 88%

Pic diém cua céc mang tich chap la cho
két qua tot khi ngd vao bién thién nhe boi cac
16p maxpooling chi 1ay két qua 16n nhét trong
ctra s6 ma khong quan tdm vi tri cia phan tir
16n nhat. Trong khi d6 mang LSTM duya trén
du doan cac ky tu tiép theo dua trén cac ky tur
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hién tai va trude dé lai cho ra sai sb 16n khi
ngd vao thay doi. Ky thuat so sanh dung
Levenshtein kha don gian va trong truong hop
sai sO nhé c6 thé dam bao duge do chinh xac
kha tét. Vi tap nho va sai sé dic dudi muc
ngudng thiét 1ap cho giai thuat thi chung ta
van dat ty 16 100%. Két qua d6 chinh xac dé
kiém chimg rang d6i voi tap dir liéu nho va
cho tmg dung robot tra 161 mot sé ciu c6 trong
kich ban trudc thi ¢ thé sir dung giai thuat
Levenstein thay cho cac céu triic phirc tap nhur
CNN va LSTM. Ty 1¢ nhan dang cua cac
mang phu thuge nhiéu yeu t6 nhu s6 no-ron,
s0 lop mang, cac thong so cai dat moé hinh.

Thoi gian dap tmg véi mau thir 1a 10 cau
héi trong c6 trong CSDL cua chatbot xay
dung v&i thuat toan tim kiém dwa trén
khoang cach Levenshtein so vd&i chatbot
dugc xay dung véi mang no-ron CNN va
LSTM duoc thé hién trong bang 4.

Bdng 4. So sanh thoi gian dap vung cua thudt
toan so sanh theo khoang cdch Levenshtein,

mang CNN va LSTM
M0 hinh va thot gian dap ung (s)
1:/;3;1 Levenshtein | Mang CNN | LSTM
1 0.001 0.303 1.3521
2 0.003 0.301 1.345
3 0.005 0.301 1.342
4 0.007 0.310 1.534
5 0.028 0.309 1.432
6 0.034 0.302 1.476
7 0.024 0.300 1.421
8 0.026 0.302 1.486
9 0.029 0.300 1.422
10 0.034 0.305 1.496

Thot gian gian dap ung cua chatbot duoc
xdy dung voi thuat todn tim kiém dua trén
khoang céch Levenshtein nhanh hon so véi
chatbot xdy dung bang mang CNN va mang
LSTM, khi c6 cung s6 cau hoi trong CSDL.
V6i nhimng cdu hoi cang co nhiéu tir trong
cau thi chatbot s& cang mat nhiéu thoi gian
dé so sanh va tim ra cau tra 10i thich hop.

Tinh trung binh, chatbot sir dung thuat toan
tim kiém khoang cich Levenshtein nhanh
hon 15 1an so voi mang CNN va 75 lan so
voi mang LSTM.

Céc chatbot hién nay da phan dya vao
cac mang hoc sau va xu ly ngon ngir tu
nhién, trong d6 phd bién 1a kién tric mang
Long-Short-Term Memory. Két qua cua céc
chatbot sir dung cic mang no-ron cho két qua
t6t hon, tim kiém chinh xac va théng minh
hon. Tuy nhién dé thyc thi cac mang no-ron
CNN va mang LSTM cén nhiéu tai nguyén
va thich hop trén cac may tinh co toc do xir
1y cao va dung lugng luu trit 16n. Cac mang
CNN va LSTM khi dugc trién khai duéi cac
hé théng nhing c6 tai nguyén giéi han s&
khong hi€u qua. Trong khi d6, thyc thi
chatbot dya trén gidi thuat tim kiém
Levenshtein don gian, st dung it tai nguyén,
thich hop v6i viée trién khai trén kién trac hé
théng nhing nho nhu Raspberry Pi. Nhu vay
viéc xdy dung k¥ thuat tim kiém cau tra 10i
voi1 Levenshtein don gidn, tai nguyén con lai
cia hé théng nhing Raspberry c6 thé siu
dung cho cac muc dich khéac cho robot nhu
xur ly anh ngd vao, nhan dang tiéng noi, va
quyét dinh, diéu khién ngd ra.

4. KET LUAN

Chatbot dugc xdy dung trén thuit toan
tim kiém bang khoang cach Levenshtein co
thoi gian phan hoi nhanh hon 15 1an so véi
mang CNN va 75 1an so véi LSTM. Céc ciu
hoi va cau tra 16i dugce thiét ké trude va luu
vao co s& dit li¢u. Thudt todn tinh khoang
cach Levenshtein don gian, st dung it tai
nguyén va hi¢u qua khi dugc thuc thi trén hé
thong nhung Raspberry phuc vu cho viéc
thiét ké cac robot di dong. Chatbot sir dung
khoang cach Levenshtein 1a mot modé dun
trong thiét ké robot di dong co kha ning giao
tiép voi con ngudi bang giong noi.
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