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BAI 1: CO SO LOGIC VA TAP HQP
Muc tiéu:

- Ndm viing dwge Python dé viét cdc doan 1énh xir Iy vé: ménh dé, logic, ding/sai.

- Sir dung t6t cong cu xir Iy trén tdp hop, bao gom: dinh nghia va cdc phép toan.
N¢i dung chinh:

1. Cac phép toan luan ly trong Python

1.1. Luan ly trong Python
Python c6 kiéu dit liéu luan 1y 1a True va False cho cac phép xur Iy 13 == (so sanh bang), != (so
sanh khac), <, >, is (1a), is not va cac phép toan lién quan la: and, or, not, * (XOR).

Vi du:

>>>a = True
>>>b = False
>>>aandb
False
>>>ao0rb
True

>>>a /b

True

1.2.  Biéu thirc diéu kién if
Trong Python, biéu thirc diéu kién if else 1a mot trong cu trac r& nhanh co ban. Cau trac cia
1énh if nhu sau:

>>> if (diéu kién 1):
# khoi 1énh xir 1y diéu kién 1
elif (diéu kién 2):

# khéi 1énh xtr 1y diéu kién 2



elif (diéu kién 3...):
# khéi 1énh xtr Iy diéu kién 3.
else: # truong hop con lai

# khéi 1énh xir 1y cdc trieong hop con lai

Vi¢ce sur dung hi€u qua cAu trac s& dan dén chuong trinh tinh gon. Sinh vién thyc hanh 1énh dudi

day:
>>> def kiemtra_nuocsoi(nhiet do):
if nhiet do < 100:
return "Nuoc chua soi!"
else:
return "Nuoc da soi!"

>>>kiemtra_nuocsoi(100)

........................................................................... & sinh vién ghi két qua.
>>> kiemtra_nuocsoi(99)
........................................................................... & sinh vién ghi két qua.
Sau d6, sinh vién thir mot cach viét ham tinh gon nhu sau:

® kiemtra nuocsoil (nhiet do):

'Nuoc ' + ('da soi!' if nhiet do == 100 'chua soi

Va thuc hién cac kiém tra:
>>> kiemtra_nuocsoil(100)
........................................................................... & sinh vién ghi két qua.
>>> kiemtra nuocsoil(99)
........................................................................... & sinh vién ghi két qua.

Hon thé nita, 1énh r& nhanh if dugc st dung trong “thiét k& danh sach cac gia tri. Sinh vién thyc

hién cac lénh sau:



- Xay dung danh sach gdm céc phan tir thoa diéu kién >5:
>>> for diem_so in range(10):
if diem_so > 5:
ds_dau.append(str(diem_so))

>>>ds dau
.................................................................. & sinh vién ghi két qua.
Va doan code ngin gon:

>>>ds dau = [str(diem_so) for value in range(10) if diem so > 5]

>>>ds dau

& sinh vién ghi két qua.

1.3.  Thur tu tinh toan trong Python

Bén canh do, 1a mgt ngdn ngit 1ap trinh, cac trinh bién dich Python thuong xir Iy phép todn tir trai
sang phai (left-to-right order). Theo d¢, cac biéu thirc logic s& bi anh huéng boi thi ty tinh toan.
Vi du: trong phép toan AND, néu yéu t6 dau tién khong thoa thi ngay 1ap tirc biéu thirc s& mang
gia tri False (sai), nhim giam thiéu cac tinh toan khong can thiét; hodc voi phép toan OR, néu
biéu thirc dau tién thoa thi cac biéu thirc phia sau khong can tinh toan.

Sinh vién thyc hanh cac 1énh sau dé hiéu dugc thi tu tinh toan trong Python:

>»>> a = Trus
»>>> b = Palse

>>> 1/0

Traceback (most recent call last):
File "<pyshell$5>", line 1, in <module>

Wi

ZeroDivisionError: integer division or modulo by zero
- (a == b) [lfD > 0):
{“-_=L_::: l!)
("a kha ")
K&t qua cAu 18nh AT I8 ... oo,

Sinh vién thuc hanh doan 1énh khac:
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False
(1L/0 = 0) (a == b):
("a=b")

("a khac b")

Sinh vién hdy ghi nhan két qua doan 1énh trén va giai thich.

2. Dir liéu dang tap hgp trong Python: Set

Python cung cap nhiing ct phap don gian dé thé hién cac khai niém vé dit liéu roi rac co ban nhu
tap hop, ... cing véi cac ki thuat tinh toan dém va t6 hop trén d6. Cu thé:

e Phép toan trén tap hop (set operators):

Tap hop va cac phép toan trén tap 1a khai niém co ban cua toan roi rac. Theo d6, Python hd trg
kiéu dir liéu list va set dbi twong va cac tdp phép toan trén hai kiéu dir liéu. Véi list, d6 1a tip cac
dbi twong co thé sira doi.

Vi du 1: Tap cac 20 sb nguyén chin dau tién tir 0 theo toan hoc duoc dinh nghia 1a:
S={x|x=2n;0<n <19}

Python s& md ta tap (kiéu list) theo dinh nghia trén la: S = [2*x for x in range(20)]. Lénh:

>>> § = [2*x for x in range(20)]

Sau d0, sinh vién hdy dién két qua vé6i 1énh sau:

>>> S

Vi du 2: Bén canh list, Python hd tro kiéu dit liéu set voi cac phép toan so sanh tap. Sinh vién
thuc tap: So sanh tip nghiém cua phuong trinh A = {x|x* + x — 6 = 0} vatap B = {—3,2}

>>> A = set([x for x in range(-50, 50) if x**2 + x - 6 ==0])

>>> B =set([2, -3])



....................................... & sinh vién ghi két qua tai day (goi ¥: True hoic False).

Cau hoi cho sinh vién: khoang (-50, 50) c6 ¥ nghia gi trong 1énh trén? Thay thé khoang khac
dugc khong? Li do?

SINh VI 118 L0 oot

Vi du 3: Xay dung tap cac sd nguyén t6 nhé hon 40.

Theo dinh nghia, s6 nguyén t6 14 s6 chi chia hét cho 1 va chinh né. Do vy, trong Python, ching
ta ¢ thé xady dung mgt ham kiém tra, tra vé False néu sb khong thoa diéu kién dinh nghia )
nguyén td, nguoc lai tra vé True.

>>> def isPrime(N):
foriin [ x+1 for x in range(N) ]:
if N % i==0 and (i!=1 and i!=N):
return False
return True
Va sau do, chung ta c6 thé xdy dung tap hop cac sd nguyén to:
>>>§ prime = [isPrime(k) for k in range(1,40)]
Két qua la:
5_5:1121:1?:
[True, True, True, False, True, False, True, False, False, False, True, False
True, False, True, False, False, False, True, False, False, False, False, Fal
, False, False, False, False, True, False, False]
>>> §_prime[37]

False
>>> 5 prime[36]

Teira
- & W

Trus, False, False, False,

¥
- T o1 =1 = 1= . =
se, True, False, True, False

Sinh vién thuc hanh:

-S4 36 khong phai 1a s6 nguyén té nén S_prime[36] = True, nguoc lai s6 S_prime[37] = False.
- Sinh vién hay thay thé 1énh S_prime trén bang cach viét theo set nhu sau:



>>>§ prime = set([x for x in range(40) if (isPrime(x) == True and x>0)])
>>>§ prime

................................................................................. & Sinh vién dién két qua.

Vi du 4: Tao tap tich tir hai tip (set product). Gia str, ching ta can ldy 2 lan gia tri nghiém, 20
lan gi4 tri nghiém va 200 lan gia tri nghiém ctia phuong trinh x? + x — 6 = 0. Chung ta c6 thé
viét 1énh nhu sau:

>>> Apro = set([2*x *y for x in range(-50,50) if x**2+x-6 == 0 for y in [1, 10, 100]])
>>> Apro

................................................................................. < sinh vién dién két qua.

Vidu 5: Y tudng twong tu vi du 4 nhung tap tich duogc tao gitr hai nhom gia tri tir 2 tap ngudn:
>>> AB = set([ (x, 2*y) for x in range(-50,50) if x**2+x-6 == 0 for y in [1, 10, 100]])
>>> AB

................................................................................. < sinh vién dién két qua.

3. Dirli¢u dang tap hgp trong Sympy: FiniteSet

Trong ki hiéu toan hoc, chiing ta thé hién cac phan tir ctia tdp hop nam trong dau {} (curly
brackets). Vidu : {3,5,7} 1 tp hop thé hién cac phan cia n6 1a: 3, 5, 7.

3.1. XAy dwng va cac thao tac co ban trén tap hop

3.1.1. Xay dwng tap hop
Dé tao tap hop trong goi sympy cta Python, chiing ta c6 thé sir dung 16p FiniteSet tir goi sympy
nhu sau:

>>> from sympy import FiniteSet
>>>s = FiniteSet(3, 5, 7)
>>> g

{3,5,7}



Trong doan 1énh trén, du tién ching ta import 16p FiniteSet tir géi SymPy va sau d6 tao dbi
tuong tir 16p nay bang viéc chuyén cac phan tir ctia tp hop. Ching ta dit tdp hop tén 1a s.

Dé luu trit cac loai sb khac nhau, bao gdm sb nguyén, sd thuc, phan s trong ciing mét tap hop
nhu sau:

>>> from sympy import FiniteSet

>>> from fractions import Fraction
>>> g = FiniteSet(1, 1.5, Fraction(1, 5))
>>> g

{1/5,1, 1.5}

S6 lugng (cardinality) ciia mot tap hop 13 sé lwong phan tir trong tap hop d6. Ham len() s& duoc
str dung dé dém sd luong phan tu:

>>> g = FiniteSet(1, 1.5, Fraction(8, 2))
>>> g

{1, 1.5,4}

>>> len(s)

3

3.1.2. Kiém tra mjt s6 trong méot tip hop

Dé kiém tra sy ton tai ctia mot s trong tip hop, chung ta str dung toan tir in. Toan tir nay s& tra
vé gia tri chan tri True (néu tdn tai) hodc False (néu khong tdn tai). Vi du: chung ta c6 thé kiém
tra gid tri 8 va 1 c6 nam trong tap s bén trén bang 1énh sau:

>>>81n s
False

>>>11ns

True



3.1.3. Tao tap hop rong
DPé tao mot tap rong (empty set), nghia 1a tdp khong cé phan tir, chung ta tao ddi tuong
FiniteObject ma khong can dwa thong sé vao. Lénh nhu sau:

>>> from sympy import FiniteSet
>>> g = FiniteSet()
>>> g

EmptySet()

3.1.4. Tao tip hop tir List hoac Tuple
Trong Python, mét tap hop cé thé duoc tao tir mot List hodc mot Tuple nhu sau:

>>> phantu = [2, 4, 6, 8, 10]
>>> tap = FiniteSet(*phantu)
>>> tap

{2,4,6,8,10}

O day, ta thay: thay vi chuyén cac danh sach phan tir tric tiép vao tham sé FiniteSet thi chung ta
c6 thé luu trit chung trong mot danh sach phantu (kiéu list). Sau do, chung ta c6 thé chuyén
danh sach nay vao trong FiniteSet bang cti phap Python dic biét nhu trén. Bang phuong phap
nay, chung ta s& sir dung uyén chuyén khi viét cac chuong trinh khi cac phan tir cia tap hop duoc
tinh toan trong chuong trinh.

3.1.5. Loai bo cac phan tir trung va sap thi tw tap hop

Kiéu tap hop trong Python (nhu tip hop trong toan hoc) s& loai bo nhiing phan tir tring va khong
quan tAm dén thir ty ciia phan tir trong tap hop (nghia 14 tap hop c6 thé sip xép lai, khong giit thu
tu ban dz‘?lu). Vi du: khi ching ta tao 1 tap tur list c6 nhiéu phﬁn tr giéng nhau, khi do, céc sb duogc
thém vao trong tap hop chi dung 1 1an. Xét vi du sau:

>>> from sympy import FiniteSet
>>> phantu = [6, 7, 8, 9, 6, 7]
>>> taphop = FiniteSet(*phantu)
>>> taphop

{6,7,8,9}



R& rang danh sach ban du c6 2 phan tir 6 va 7 c6 trung nhau. Tuy nhién, khi chung ta dwa vao
tap hop thi chung s€ dugc loai bé mét cach tu dong.

Luu y: Trong Python, hai kiéu danh sach list va tuple s& luu trit mdi phan tir theo tht tu ciia mdi
phan tir. Tuy nhién, véi kiéu tap hop thi diéu d6 khong con dung nita. Xét chuong trinh in dir liéu
tu tap trén:

>>> from sympy import FiniteSet
>>> phantu = [6, 7, 8, 9, 6, 7]
>>> taphop = FiniteSet(*phantu)
>>> taphop
{6,7,8,9}
>>> for thanhphan in taphop:
print(thanhphan)
........................................................ & sinh vién dién vao két qua
Thuyc hi¢n doan 1€nh 13p in nhiéu lan chung ta s€ théy thir tu cac phﬁn tr xuét ra khong la vén dé.

Khi d6, chiing ta s& c6 khai niém 14 so sanh hai tip hop. Hai tip hop bang nhau theo toan hoc khi
chung cung phan tir. Trong Python, chiing ta c6 thé sir dung phép toan == dé so sanh hai tap hop
bang nhau:

>>> from sympy import FiniteSet

>>>dsl =[2, 4, 6]

>>>ds2 = [6, 2, 4]

>>>ds] == ds2

.................................................. & sinh vién dién két qua
>>> g = FiniteSet(*ds1)

>>> t = FiniteSet(*ds2)

>>> g ==

.................................................. & sinh vién dién két qua

Két qua cho thay th tu ctia cac phan tir khong anh hudng dén tap hop.



3.2.  Tap con (subset), tap cha (superset) va tap cac tap con (power set)
Mot tap s 1a tap con cua tap t néu moi phan tir cia s déu 1a phan tir caa t. Vi du: tap {1} 1a tap
con cua tap {1, 2}. Viéc kiém tra tp con dugc thuc hién bang 1énh is_subset().

>>> g = FiniteSet(1)
>>>t = FiniteSet(1,2)
>>>s.is_subset(t)

.................................................. < sinh vién dién két qua

.................................................. < sinh vién dién két qua

.................................................. < sinh vién dién két qua

Tuong tu, ta goi tap t 1a superset (tdp cha) ctia tip s néu t chira tit ca cac phan tir dugc chira trong
s. Lénh kiém tra 13 is_superset():

>>>g.is_superset(t)

.................................................. < sinh vién dién két qua

.................................................. < sinh vién dién két qua

T4p cac tap con (powerset) ctia mot tp s 13 tap tit ca cac tip con cua s. Tir d6, voi 1 tap, ching
ta s& co 25lphan tir (mdi phan tir 1a 1 tap hop) véi |s| 1a sb6 phan tr cua tdp hop. Vi du: tap
{1,2,3} c6 3 phan tir, do vy, sé luong tip con ciia né 1a 23 = 8, bao gom: {} (tap rong), {1},
{2}, {3}, {1,2}, {1,3}, {2,3} va {1,2,3}.

Kiéu dir lidu tap FiniteSet cung cap ham dé chung ta xir 1y, d6 1a ham powerset(). Vi du:
>>> g = FiniteSet(1,2,3)

>>> ps = s.powerset()



>>> len(ps)

.................................................. < sinh vién dién két qua

.................................................. < sinh vién dién két qua

Bén canh do6, theo dinh nghia toan hoc, mét tap vura 1a tap con va vira 1a tap cha cua chinh no.
Bén canh d0, phép so sanh tap cha “ngat” hodc tip con “ngat” dé dam bao sd phan tir tap cha
ludn 16n hon sé phan tir tap con. Vi du: tap s = {1,2,3} s& 1a tdp cha “ngat” cua cac tap nhu {1},
(2,3}, {1,3} va nguoc lai, cac tap nhu {1}, {2,3}, {1,3} c6 sé phan tur it hon tap cha {1,2,3}.
Quan h¢ do duoc thé hién trong kiéu dir liéu FiniteSet qua 2 lénh kiém tra vé tdp con “ngat” va
tap cha “ngt” 1an luot 1a: is_proper_subset() v is_proper_superset(). Vi du:

>>> from sympy import FiniteSet
>>> g = FiniteSet(1, 2, 3)

>>> t = FiniteSet(3, 2, 1)
>>>s.is_proper_subset(t)

.................................................. < sinh vién dién két qua

.................................................. & sinh vién dién két qua
>>>t = FiniteSet(3, 2, 1, 4)
>>>s.is_proper_subset(t)

.................................................. < sinh vién dién két qua

.................................................. < sinh vién dién két qua

3.3.  Cac phép toan trén tap hop

Céc phép toan tap hop nhu hop, giao va tich Cartesian cho phép t6 hop cac tap hop trong mot s6
phuong cach nhit dinh. Nhitng phép tinh tip hop nay déu hitu dung trén thé gidi thuc dé giai cac



bai toan khi chung ta can xt 1y nhiéu tp hop v6i nhau. Ngoai ra, nhitng phép tinh nay chinh 1a
tién dé dé tinh toan dit liéu va x4c suit cc su kién ngau nhién.

3.3.1. Union va Intersection

Union ctia 2 tap hop 1a phép ndi/hop cia 2 tap chira cac phan tir khac nhau trong 2 tap. Trong 1y
thuyét tap hop dugc ki hiéu bang U. Vi du: {1,2} U {2,3} = {1,2,3}. Trong Sympy, phép hop
duoc hién thuc bang phwong thirc union():

>>> from sympy import FiniteSet
>>> g = FiniteSet(2, 4, 6)

>>> t = FiniteSet(3, 5, 7)

>>>kq = s.union(t)

>>>kq

{2,3,4,5,6,7}

Nhu vay, bén trén, ching ta tim hop cua 2 tap s va t bang phuong thirc union. Két qua tra vé 1a
tap thir 3 o tén 1a kq. O day, mdi phan tir cua tap kq 12 mot phan tr cia mot hodc hai tap dau
tién. Ngoai ra, chung ta c6 thé xtr dung phép toan + dé hop ndi 2 tép hop.

>>> from sympy import FiniteSet
>>>u = FiniteSet(10, 20, 50)
>>>v = FiniteSet(1, 2, 5)
>>>u+v

{1,2, 5, 10, 20, 50}

Phép toan giao (intersection) ciia hai tap 1a viéc tao lap 1 tap mai tir cac phén tir chung ciia 2 tap.
Vi du: giao giita 2 tap {1, 2, 10} va {1, 3, 10} s& dwoc két qua 1a tip méi gdm nhiing phan tir
chung, nghia 13 tip méi s& 1a {1, 10}. V& mat toan hoc, ching ta viét nhu sau

{1,2,10} n {1,3,10} = {1,10}
Trong SymPy, 1énh intersect() dé tim tap giao:
>>> from sympy import FiniteSet

>>> g = FiniteSet(1, 2, 10)



>>>t = FiniteSet(1, 3, 10)
>>> giao = s.intersect(t)
>>> g1ao

{1, 10}

Luu ¥: v6i cac phép toan union() va intersect() déu tra vé cac tip hop (cac FiniteSet) nén ching
ta c6 thé sir dung cac phép 16ng nhau khi chung ta ¢6 nhiing tinh toan lién tiép. Vi du:

>>> from sympy import FiniteSet
>>> g = FiniteSet(1, 2, 10)

>>>t = FiniteSet(1, 3, 10)

>>>u = FiniteSet(10, 20, 50)

>>> hop = s.union(t).union(u)

>>> hop

{1,2,3,10, 20, 50}

>>> giao = s.intersect(t).intersect(u)
>>> giao

{10}

Néu tap tra vé 1a tap rong thi SymPy s& bao d6 1a tip EmptySet(). Vi du:
>>> from sympy import FiniteSet
>>>u = FiniteSet(10, 20, 50)

>>>v = FiniteSet(1, 2, 5)

>>>rong = u.intersect(v)

>>>rong

EmptySet()

>>>rong = v.intersect(u)

>>> rong



EmptySet()

3.3.2. Tich Descart - Cartesian Product

Tich Descart cua tap hitu dung dé tim tit ca cac to hop ciia cac phén tir trong tip hop. Bang cach
sir dung tich ctia tap véi chinh né (co thé sir dung phép toan nhan * hodc lity thira **), chiing ta
s& tim duogc cac td hop trong tap hop, cu thé 1a cac chinh hop.

Vi du:

>>> from sympy import FiniteSet
>>>v = FiniteSet(1, 2, 5)

>>>p =y **2

>>>p

{1,2,5} x {1,2,5}

>>> for phantu in p:

print(phantu)

.................. < sinh vién liét ké ra

3.3.3. Ap dung cong thirc cho tap nhiéu bién
Dé xir 1y timg phan tir trong mot tap FiniteSet, chiing ta ¢ thé sir dung 1énh 1ip for nhu sau:

>>> from sympy import FiniteSet
>>>K = FiniteSet(35, 18, 27, 29, 24)
>>> for k in K:

T=k/10.0

print (T, k)



.................. < sinh vién liét ké ra

Thtr tu ctia cac s6 duoc sap x€p tang dan.

3.3.4. U'ng dung: Tinh toan xac suit sw kién A va sw kién B ciing xay ra
Khi chung ta ¢6 2 su kién va chung ta muodn tinh toan xéc suat xdy ra 2 sy kién cung luc. Vi du:
co hoi cho ching ta lya chon vira 1a s6 nguyén to vira 1a so 1€ (nhu khi chon bién s6 xe).

Dé tinh toan duoc, ching ta cAn xéc dinh xac suét ctia su kién giao gitra 2 su kién:
E=AnB=1{23,57}n{1,3,57,9}={3,5,7}

Chung ta tinh toan xac suit cia su kién cho ca A va B xdy ra cung luc bang phuong thirc
intersect(). Cu thé:

>>> from sympy import FiniteSet

>>> g = FiniteSet(0, 1, 2, 3,4, 5, 6, 7, 8, 9) # cac so co the trong bien so

>>> a = FiniteSet(2, 3, 5, 7) # cac so nguyen to

>>>b = FiniteSet(1, 3, 5, 7, 9) # cac so le

>>> ¢ = a.intersect(b)

>>> len(e)/len(s)

0.333333333333

Nhu viy, xac sudt dé 1 s6 1a sb nguyén t6 1é duoc chon tir 10 sb tir 0 dén 9 13 0.33, nghia 1a 33%.

Théng tin thém: Ung dung trong y té céng dong: Bai todn trén tuy don gian nhung thwong duwoc
dp dung khi tim kiém cdc ca nghi bénh véi tdp hop la nhitng ngwoi xudt hién trong cdc khu
thwong mai noi ¢é bénh nhan. Bé c6 dwoc tdp hop, nguoi ta sir dung cong nghé do séng dién
thoai nhw GMS/3G/4G/..., dé dinh vi tri nguoi mang theo dién thoai. Va sau dé xir 1y dé thong
bdo vé y té cua dia phirong nguoi cu ngu.



BAI TAP CHUONG 1
Bai 1: Tim hiéu su khac nhau va gidng nhau gitta 2 loai kiéu dit liéu tap hop: set (ciia ngdn ngit
Python) va FiniteSet (ctia goi sympy).

Hudng dan: tim kiém trén Google.

Bai 2: O mot trudng, hiéu trudng quy dinh xét hoc bong, tit ca cac sinh vién cd diém trung binh
dwéi 7 hodc diém rén luyén dudi 7 déu khong dwoc xét hoc béong, trudng hop nguoc lai s&
Pugc xem xét hoc bong. Hiy cho biét doan script dudi day da thé hién dung dan theo quy dinh
xét hoc bong chura, néu mudn mé ta theo ding y ciia quy dinh thi can diéu chinh lai nhu thé nao?

if not (diemtrungbinh > 7 and diemrenluyen > 7):
print ("Khong duoc xet hoc bong")
else:

print ("Duoc xem xet hoc bong")

Bai 3: Bac si yéu cdu mot k¥ su viét mot phan mém voi bang dir liéu vé bénh huyét ap thap/cao
duogc thu thap nhu sau:

Phin loai (huyét ap) Tam thu (Systolic) Biéu thirc Tam truwong (diatolic)
Thip (hypotension) <90 And/or <60

T6t nhit (optimal) <120 And <80

Binh thwdong (normal) 120 -129 And/or 80 — 84

Binh thuwong cao 130 -139 And/or 85 -89

THA do 1 (nhe) 140 — 159 And/or 90 -99

THA d¢ 2 (trung binh) 160 - 179 And/or 100 — 109

THA do 3 (ndng) >180 And/or >110

THA tam thu don dgc >140 And <90

Bdng dinh nghia va phdn logi cdc cdp do huyét dp (theo don vi mmHg)

Ttr bang dir liéu vé bénh huyét ap cao (HBP - high blood pressures) nhu trén, sinh vién hiy viét
cac dong 1énh r& nhanh if trong Python.

Véi: cot biéu thirc mang gia tri And/or nghia 1a khi hai gia tri & 2 mic khac nhau thi chon mtrc
“c6 bénh” cao hon. Murc ¢6 bénh la muc thép hodc cao; mirc khong bénh 1a mirc Tt nhét
(optimal). Vi du: Tam thu = 85, tim truong = 55 thi s& 1a mirc do huyét ap thap. Hodc khi tdm
thu = 125 nhung tdm truong 14 105 thi két qua 1a THA do 2.



Bai 4: Thue hién bang kiéu set cac tap hop sau:
a. Cho tip hop A vdi x 1a bién sd nguyén nhu sau:
A={x|x*+4x +4 =0}
Viét doan script bang Python in ra tit ca cac gia tri x thda diéu kién cua tap A.
b. Cho tap hop A vdi n 12 bién s6 nguyén nhu sau:
A= {védimoin|n?+ 4 <100}

Viét doan script bang Python in ra tit ca cac gia trin thoa diéu kién cia tap A.

Bai 5: Sir dung biéu d6 Venn dé thé hi¢n 2 tap hop

Biéu d6 Venn (Venn diagram) 1a phuong phap don gian dé thdy duoc quan hé giira tap hop. N6
cho chiing ta thdy c6 bao nhiéu phan tir chung giira hai tap hop, bao nhiéu phan tir trong mot tap
hop va bao nhiéu phan tir khong c6 trong tap hop. Vi du: Xét tap A gdm cac sb duong 1é
(posotive odd) nho hon 20, nghia la A = {1, 3,5, 7,9 ,11, 13, 15, 17, 19} va xét tap B la nhiing
sO nguyén t6 (prime) nho hon 20, nghia 1a B = {2, 3, 5, 7, 11, 13, 17, 19}. Chung ta c6 thé vé
biéu d6 Venn bang Python véi cac 1énh nhu sau:

= matplotlib venn vennsz
= matplotlib.pyplot plt
> SYmpy FiniteSet
= draw_venn(sets):
venn? (subsets=sets)
plt.show()

»>»> 51 = FiniteSet (1, 3, 5%, 7, &, 11, 13, 15, 17, 19)
»>»» 52 = FiniteSet (2, 3, 5, 7, 11, 13, 17, 19)
>>> draw venn([sl, s2])

Sau khi chung ta import cac module va ham can thiét (nhu 14 venn2(), matplotlib.pyplot va
FiniteSet), tit ca viéc con lai 1a tao 2 tap va goi ham venn2 cho tap hop ghép:

>>>§3 =[sl, s2]
>>> g3
[{1,3,5,7,9, 11,13, 15,17, 19}, {2,3,5,7, 11, 13, 17, 19}]

Véi tap ghép, chiing ta s& v& dugc biéu d6 Venn va biéu d6 Venn cho ta két qua:



- Tép A c6 3 phan tir riéng.
- Tap B co 1 phan tir riéng.
- Tép A va B ¢6 7 phan tir chung.

Dé 16 hon, chung ta c6 thé dat tén cac tdp hop bang cach diéu chinh ham v& biéu dd Venn nhu
sau:

>>> def draw_venn(sets):
venn2(subsets=sets, set_labels=("Tap S1', 'Tap S2') )
plt.show()

Va sau do6 thuc hién lai 1énh vé:

>>> draw_venn([s1, s2])

(o x| ~=lof x|
3 Fi 1 3 5 2k
A B Tap S1 Tap S2
4| €[] +a|=] al €[] +a/=]

Biéu d6 Venn thé hién quan hé giira 2 tap hop A va B

Piéu kién: Sinh vién cai ddt hoan tat géi matplotlib_venn

Sinh vién doc thém bai dwéi day dé 1am cac bai tap: Bai tip 6, Bai tap 7 va Bai tap 8:
e Ung dung: Nén tang ciia cong nghé RAID khéi phuc dir liéu

Sinh vién doc va tim hiéu vé phuong phap st dung XOR trong khoi phuc dir liéu khi dia cimg
chura dit liéu bi hu trén hé théng may chu nhiéu dia ctng.

Bai toan thyec tién

Hu hong dia cing din dén mat mat dit lidu 1a van dé xay ra thuong xuyén ddi voi nguoi sir dung
méy tinh. Dé khic phuyc tinh trang trén, cac hé thong server hd tro cong nghé cé tinh ning dic



biét 1a: mdi khi c6 mot dia cing trén hé thong bi hu thi hé théng van tiép tuc chay va dir liéu
khong bj mat dé thay thé 6 ctimg khac.

Giai phap don gian nhit 1a cong nghé sao chép dir liéu tring nhau. Piéu nay nghia 1a s& c6 hai
dia cimg c6 nodi dung giéng y chang nhau. Tir d6, mdi khi c6 mot dia ctimg bi hu va khi thay thé
bang 6 dia méi, dit liéu s& duoc tu dong sao chép tir 6 dia con lai sang 6 dia méi. Giai phap nay
d& cai dat, d& hiéu va don gian nhung hoan toan ton kém vé dia do dung lugng luu trir bi ting
gip doi, cu thé 1a hiéu suat luu trir chi dat 50% luu tri.

Tu do, nguoi ta can tim mét giai phap dé Tuu trix dit liéu, c6 kha nang luu trir hiéu suét cao, st
dung nhiéu dia cting cing lic va viéc phuc hdi dir lidu cho bat ky dia cimg hong nao. Nghia 1a
md hinh luu trir dat dugc bao gdm 3 yéu té:

- Yéu té 1: Hiéu suét luu trix cao.
- Yéu té 2: Khi mét dia cing bi hong, kha nang phuc hdi dit liéu 1a 100%.
- Yéu té 3: Dit lidu c6 kha ning doc/truy xuat dugc song song cing lic.

Phép XOR toan hoc va thé hién trén Python

Phép XOR toédn hoc 1a phép “cong nhi phan khong nho” véi bang chan tri nhu sau:

TT a b aXOR b Luuy
1 0 0 0
2 1 0 1
3 0 1 1
4 1 1 0 Khong “nh¢” sang gia tri hang
“chuc” nhu phép cong

O Python, chiing ta sir dung ddu ~ dé mo ta vé phép XOR. Ngoai ra, 16p operator c6 module xor
dé thuc hién phép XOR. Vi du vé phép XOR:

>>> from operator import xor

>>>a =2 #s6 nhi phan ciia s6 2 1a 10

>>>b =3 # s6 nhi phan cia s6 3 1a 11

>>> axorb = xor(a, b) # du kién két qua: 10 XOR 11 =01

>>> axorb

.......................................................... & sinh vién ghi két qua vao va giai thich.

Vi du 2: Sinh vién thuc hanh cac cau 1énh sau va hiy cho biét gi4 tri ciia phép toan XOR:




>>>a=15 # manhi phan tuong ung 01111

>>>b =14 # ma nhiphan twong tmg 01110

>>>c¢=16 # ma nhi phan twong ung 10000

>>d=a’"b"c

>>> d

.......................................................... & sinh vién ghi két qua vao va giai thich.
Tuw twéng rng dung phép XOR dir li€u

Tu vi du 2, hay thyc hién vi du sau:

Vi du 3: Sinh vién hay cho biét gia tri ctia phép toan XOR sau:

>>>a=15 # manhi phan tuong tng 01111

>>>e¢=17 # manhi phan tuong tng 10001

>>>c¢=16 # manhi phan twong tng 10000

>>>f=a’ec

>>> f

...................................................... & sinh vién ghi két qua vao va giai thich.

Tir két qua trén, chiing ta thay duoc diéu ki diéu cta phép toan XOR, d6 13 kha nang phuc hoi dir
li¢u. Trong vi du trén, gia dinh dir li¢u duoc luu trir 1a a, b, ¢ va d chinh 1a dir li¢u kiém (parity).
Khi luu du 4 khéi trén, gia dinh mat mot khoi dit liéu b thi viée khoi phuc hoan toan 1 ¢6 thé.

Tong quat: Goi A 13 két qua cia phép toan XOR cta n sé tir a; dén a,,
A=aa, ... "a;" ... Nay,
Khi do, a; s€ dugc khoi phuc theo cong thirc:
a; =aa, ... "AN ... Ma,
(Sinh vién c6 thé tw chirng minh)

M6 rong ra, véi bai todn dugc néu & muc 1 cung véi céac ti€u chuan, chung ta c6 2 tiéu chuan
duoc dap tng:

- Dép tmg yéu té 1: vi chi can 1 6 dia dé luu trix dit liéu parity (dit liéu XOR).
- Daép Gng yéu té 2: vi kha ning khoi phuc dir liéu v6i phép xor dir liéu



Cac gidi phap RAID va giai phap RAIDS

Trén thuc té, cong ngh¢ day cac dia doc 1ap (RAID — Redundant array of independent disks)
duogc phat trién dé luu trir dir liéu mot cach an toan va hiéu qua. Véi cac giai phap RAID 0,
RAID 1, RAID 2, RAID 3, RAID 4, RAID 5 va sau d6 nhiéu cong nghé RAID sau 5 hién tai
duoc trién khai & cac hé théng toan cau. Cu thé, chung ta c6 bang so sanh va tim hiéu vé cach
Ivu trir dit li€u nhu sau:

TT | RAID Mo hinh DPic tinh k¥ thuit co ban Ghi chu
1 | RAID RAID 0O Sb lugng dia toi thiéu: 2. | Chi tang tdc,
0 @\ Luu trir vong (stripes), | dia cing hu
A e khong co thong tin kiém | van mit dir
A3 4 AL 161 (parity), nghia 1a khong | li¢u.
ﬁ i dung 15i (fault tolerance).
Thich hop: tinh toan khoa
hoc nhanh hodc cac hé
R N thong game. RAID nay
Disk0  Diskl chu yéu tang toc doc dir
liu.
2 | RAID RAID 1 S lugng dia toi thiéu: 2.
1 P Luu mirror dir liu, mdi
[ — ~ A . A
AL J A1 dir liéu lvu 2 noi. Hiéu
% “a-:—ga/ sut Ivu khong cao, téc do
1 iy
_AY_| |_Aa luu trir chdm. C6 kha nang
phuc hoi dir liéu khi 1 dia
cung bi hu.
—_— Y
Disk 0 Disk 1
3 | RAID RAD 2 S6 luong dia toi thiéu: 3. | Sinh vién tir
2 T o O @ i @ @ St dyng hamming code | tim hiéu
il vivvivsvie= = . .
wwlvlvwlorlesivyles hodc error corection. hamming
3 ﬂ o Hi¢én tai it hé thong sir | code  hoac
dung do hiéu qua khong | error
L { | J cao correction la
DiscO Dik1 Disk2 Disk3 Diskd Disk’ Diské gi.
4 | RAID RAID 3 S luong dia t6i thiéu: 3. | Pay 1a hinh
3 P = S Sy ' Liy dia cubdi cung la | thic so khai
A A | e parity. Cho céac ung dung | XOR dir
A3 A> A6 Apld-0 doc dir liéu nho, chinh stra | liéu.
- - - video khong nén.
Nhanh chéng dugc thay
thé béi RAID 5
— e A
Disk @ Cisk 1 Disk 2 Dick 3




5 |RAID RAID 4 S6 lugng dia toi thiéu: 3.
4 PO E I e Sy f’"é““‘ Cai tién RAID 3. Gia tang
AL A | A | A |Khoiluu
LBL 4 j B2 4 L B3 4 L B 4
c1 €3 €3 L Cs
E— e T
.01 1 LDz b Lb3s b L D J
;
i
i
6 | RAID RAIDS S6 lwong dia toi thiéu: 3. | Pap tng 3
5 I e Sy ) Cai tien RAID 4, céac khoi | tiéu chi de ra

A el A Lj parity luu xoay vong trong  bai
_E1 | | B2 | | B | [ B3 toan ban
el el e dau.
[ o 2L A o B A ih-._"“'_,.vJ

]

I

|
— — - — - -

7 | RAID RAID 6 Sb lugng dia toi thiéu: 4. | St dung 2

6 lr:’i__} Ir“L_I‘dI i I(‘i‘al l(i’—al Tang cudng parity parity nhdm
= e o phue
SIS SNS SRS Sl S bat ki 2 dia
o "-__—:"l = | nao bi hu. Vi
wiwlululs
_ — = — ~— bia parityl
Dizk o Dizk 1 Dizk 2 Did 2 Dizk 4
= XOR(dia
1,2,3)
bia parity2
= XOR(dia
1,2,4)

8 | Cac Vi du: RAID 0+1 (goi 1a | Két hop céc
dang RAID 01); RAID 03; | gidi phép
RAID RAID 10; RAID 50; | RAID.
long RAID 60; RAID 100. Tuy ung
nhau dung.

Poc thém tai: https://en.m.wikipedia.org/wiki/Standard RAID levels

Loi két vé irmg dung XOR trong RAID

Tir day, ching ta c6 thé noi muyc tiéu thir 3 s& hoan thanh khi chung ta diéu chinh/quan 1y duoc
noi luu trix dit liéu parity, cu thé la:

- Pép tmg yéu té 3: vi néu nhu dir liéu duge “bam” thanh cac khéi va parity dugc luu xoay
vong cac 6 dia thi dir liéu duoc trdi déu & cac 6 dia (xem hinh mé hinh RAID5)




Ngoai ra, véi RAID 6, chiing ta c6 muc dung 16i (fault-tolerance) cao hon khi cung lic 2 dia c6
thé bj hong ma dir liéu van khoéi phuc duoc.

Trong bai nay, giai phadp RAID, dac bi¢t [a RAID 5 dugc gidi thi€u cung voi phép toan XOR.
Phép toan XOR 1a mdt phép toan don gian trong luan 1y nhung img dung duoc trong viéc xay
dung hé théng luu trit cao cip hién nay.

.............. Phin bai tap:

Bai 6: Gia st ta co tap dit liéu al, a2, va a3 va A 1a dir liéu ding dé phuc hdi trong trudong hop
mot trong cac dit licu al, a2 hay a3 bi 16i.

A =al”a2"a3

a) Giasiral =10, a2 = 16, A = 17. Hay xdy dung cong thirc dong thoi phuc hoi lai dir liu
a3. Viét doan script minh hoa.

b) Giasal =10, a3 =11, A = 17. Hiy xay dung cong thirc dong thoi phuc hdi lai dit liéu
a2. Viét doan script minh hoa.

¢) Giasira2 =16,a3 =11, A = 17. Hiy xay dung cong thirc déng thoi phuc hoi lai dit liéu
al. Viét doan script minh hoa.

Bai 7*: Viét chuong trinh mé phong phuong phap XOR dé bao toan dit liéu: Chia cit 1 tip tin
text thanh cac dir liéu nho dé chuyén di va c6 thé dung lai thanh file text nhé hon. Khi can s& tap
hop lai (minh hoa cac RAID 3/4/5).

Bai 8*: Tim hiéu va viét chuong trinh mé phong cach thuc hién ctia RAID 6.

(Cac bai tdp * co thé nop vao cuéi khéa dé duoc nhiéu diém cong vao diém thi thuc hanh)
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CHUONG 2: ANH XA VA QUY NAP TOAN HQC
Muc tiéu:

- Hiéu dwoc cdc logi dnh xa. C6 kha ndang thé hién trong ngén ngit Python.

- Hiéu dwoc quy nap todn hoc va phirong phdp viét cac ham dé quy trong Python.
N¢i dung chinh:
1. On luyén kién thirc co ban Python
Nhic lai mot s6 van dé vé xay dung ham (module) trong Python:

1.1.  Viét ham trong Python
Trong Python, mdt ham sb don gian dugc khai béo thong qua tir khoa def v6i tén ham va két qua
tra vé bang tir khoa return. Vi du: Ham tinh lity thira s nguyén x™ nhu sau:

>>> def luythua(x, n):
ketqua= 1
for i in range(n):
ketqua = ketqua *x
return ketqua
>>> luythua(2,1)

......................................................................... < sinh vién dién két qua
......................................................................... < sinh vién dién két qua

Luu y: Mot sb didc diém nbi bat trong Python vé ham:
o Ham “main” cua mot tap tin .py:

La doan chuong trinh nam trong mat khdi 1énh, thuong ¢ vi tri cudi cua tap tin .py. Khi khéi 1énh
nay ton tai, chiing ta co thé “thuc thi” tap tin Python do6 tir dong 1énh cuia hé diéu hanh, nhu:

C:\> python abc.py

Thuc hanh Toan roi rac Trang 3
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Khoi 1énh bat dau tir viéc so sanh 2 tir khéariéng  name va main _ cua Python nhu sau:
”

if name ==" main_'":

#... thuc hién gi do....

Luu y:

o Ham (module) long trong ham (module): Mot module ¢ thé c6 cac module con trong no.

e Ham cua I6p déi twong (object): 1a cac module dugc dinh nghia trong mot ddi twong class.
Céc module riéng tu phia trudc phdico 2 .

o  Sur dung ham trong file Python cung thu muc:

Cau 1énh import la dé triéu goi mdt thu vién. Vi du file A.py mubn sir dung module x trong file
B.py. Do d6, v6i mét file Python c6 sin cac module, ching ta c6 thé sir dung cac module ciia n6
khi chung ta thém duoc vi tri thuy muc cua thu vién vao luc thuc thi (runtime). Hai budc 1¢nh
dudi day hd tro viéc khai bao thu muc cho tap tin thu vién (tap tin B.py) cing thu muc véi tap tin
thyc thi (tap tin A.py):

Budc 1: Dua tép tin thu vién vao cung thu muc voi tap tin st dung cac ham ctia n6. Nghia 1a sao
chép file B vao cung thu muc file A.

Budc 2: Khai bao thu muc cua tap tin thu vién dé import voi 3 1énh (duoc viét trong file A.py):
from os import sys, path

sys.path.append(path.dirname(path.dirname(path.abspath(_file ))))

from B import x

# luu y: khi stir dung s€ la:

B.x(...)

1.2.  Kiéu dir liéu tip hop (set) trong Python
Python hd trg kiéu tap hop 1a kiéu set, kiéu set duoc dat trong 2 dau {}.

Vi du 1: Tao tap hop 3 phan tu:
>>> {2,4,6)

Vi du 2: Lénh tao ra tap hop céc s6 1& nho hon 100:

Thuc hanh Toan roi rac Trang 4
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>>> { n for n in range(100) ifn % 2==1}

Vi du 3: Tao tap rong:

>>>tap _rong = set()

>>> print (tap_rong)

.................................................................... & sinh vién dién két qua

Vi ddi twong tap hop (set) trong Python, cac 1énh xir Iy s& duoc hd tro twong tng véi cac 1énh
toan hoc nhu sau:

Set operators (Toan tir tip hop) MO ta toan hoc M0 ta trong Python
Thudc vé € in
Khéng thudc vé ¢ not in
Tap con [ <=
Tap con (ngat) c <
Hop (union) U |

Hoi (intersection) N &
Hi¢u (difference) — -

Sinh vién thuc tap cac 1énh sau:
>>>setA = { n for n in range(100) ifn % 2 ==1 }
>>>setB = { n for n in range(100) ifn % 2==1}

>>> setA | setB
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>>> 10 in setA

1.3. Ham lambda trong Python

Ham lambda 1a mgt dang lap trinh ham chi tdn tai trén ngdn ngtr bac cao. Dudi day, bai thuc
hanh chi néu mot sb van dé co ban cua dang ham lambda. Nhitng cai dit phirc tap hon s& c6
trong cac cip do 1ap trinh cao cp hon.

Co6 tir phién ban 2.2, ham lambda trong Python goi 1a ham “v6 danh” (anonymous function)
trong luc chay. Theo dd, c6 3 phuong thirc 1am cho ham nay tré nén dic biét: filter(), map() va
reduce(). Mot dic diém 12 ham lambda khong c6 1énh return tra vé nhu cac module ciia Python
nhung né ludn thyc hién cac 1énh trong do6 dé tra vé gia tri.

Vi du 1: Str dung ham lambda dé tinh x?:

>>> def £ (xX): return x**2

>>> print £ (8)
64
>>>

>>> g = lambda x: x**2
>>>

>>> print g (8)
64

g = lambda x: x**3
Vi du 2: Tinh thué theo dja phuong

Bai toan: Gia sir thué mot mat hang nhap khau vao TP.HCM 12 0.012 (nghia 1a 1.2%); & Ha Noi
12 0.010 (nghia 13 1%). Hay viét ham tinh (Ivu : hé thdng tinh thué s& ap dung cho nhiéu dia
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phuong). Nhu vy, & dja phuong ndo can thay d6i thué thi chi can thay doi tai phuong d6 ma
khong anh huéng dén céng thire chung cho ca nube.

>>> def thue(phan_tram): return lambda x: x * phan_tram
>>> hem = thue(0.012)

>>> hn = thue(0.01)

>>>hem(1000000)

12000.0

Vi du 3: Liét ké cac s chia hét cho 3 tir 2 dén 49.
Danh sach s6 tir 2 > 49 la: day so = range(2, 50)
Loc bang ham lambda (str dung filter)

print filter(lambda x: x % 3 == 0, day_s0)

Vi du 4: V& ham map()

Cho 1 day sd, mudn cong cho day sb d6 1 gia tri
>>> print map(lambda x: x * x , day_so)
[1,4,9,16, 25, 36,49, 64, 81, 100]

Vi du 5: Gidi thi¢u ham reduce() cho ham lambda.
Khi mubn tinh tong ctia mot day sb.

>>>day so = range(l, 11)

>>> print reduce(lambda x, y: x+y, day_so)

55

Vi du 6: Tim s6 16n nhat trong mot diy sd

Cho day s6 ds = [20, 25, 50, 103, 13, 19]

Viét 1 ham lambda dé chon sb:

>>>f = lambda a,b: aif (a>b)elseb

Sau d6 viét ham reduce ap ham f1én diy sé dé duoc két qua.
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>>> print reduce(f, ds)

[Ham lambda déi véi ma tran]

Vi du 7: in ra ma trdn dudng chéo I, v6i n 1a sb nguyén (n>1):

>>>imatrix = lambda n:[[1 if j==i else 0 for j in range(n)] for i in range(n)]
>>> imatrix(3)

[[1,0,0],[0,1,0],[0,0, 17]

Hoac doan ma véi thu vién numpy cho ra ma tran don vi voi s6 thuc:

>>> import numpy

>>> list_eye = lambda n: numpy.eye(n).tolist()

>>> list_eye(4)

[[1.0, 0.0, 0.0, 0.0], [0.0, 1.0, 0.0, 0.0], [0.0, 0.0, 1.0, 0.0], [0.0, 0.0, 0.0, 1.0]]

Vidu 8: Inrama tran h¢ sb: v6i n==3 thi 1a ma tran 3x3 ¢6 duong chéo la can 2.
>>> g = lambda n:[[1 if (j+1==1 or j==i+1) else math.sqrt(2) for j in range(n)] for i in range(n)]
>>>g(3)

[[1.4142135623730951, 1, 1.4142135623730951], [1, 1.4142135623730951, 1],
[1.4142135623730951, 1, 1.4142135623730951]]

Vi du 9: Nhu vi du 8 nhung 6 & giita bang 0

>>> g = lambda n:[[1 if (j+1==1 or j==i+1) else 0 if(i==n/2) else math.sqrt(2) for j in range(n)]
for i in range(n)]

>>> g(3)

[[1.4142135623730951, 1, 1.4142135623730951], [1, 0, 1], [1.4142135623730951, 1,
1.4142135623730951]]

Thuc hanh Toan roi rac Trang 8



B6 mén Khoa hoc Dix liéu

2. Anh xa va ham hop

2.1. Phan loai anh xa va mét so tinh chat

Céc vi du sau vé don anh (tiéng Anh goi 13 injection, 1 ham c6 nhiéu nhat mot nghiém), toan
anh (surjection, 13 ham luén c6 nghiém, c6 thé c6 nhiéu hon 1 nghiém) va song anh (bijection, 1a
ham moét nghiém duy nhét).

- DPonanh: f:R—> R véi f(x) =2+ 15hoac f:Z - Z véi f(x) = 2x —1
- Toan anh: f: R — R v&i f(x) = x3 + 3x2 hodc
£:2— (0,1 w61 f(x) = {0 MEL ¥ chan
1néuxlé
- Songanh: f:R — R v&i f(x) =x + 10 hodc f: Z — Z véi f(x) = x + 100
- Khong phai toan anh ciing khong phai don 4nh: f: R — R v&i f(x) = x% + 1

Mot s tinh chit dic biét ciia ham hop céac anh xa:

- Néuham f va ham g toan anh thi f o g s& la toan anh.

- Néuham f va ham g don anh thi f o g s& 13 don anh.

- Néuham f va ham g song anh thi f o g s& 1a song anh.

- Néuham f song anh thi anh xa nguoc cua f 14 £~ s& 1a mot song anh

Ménh d& dao cta 3 khang dinh trén 1a khong dung. Tuy nhién, ching ta ¢6 cac ménh dé sau:

- Néu f o g s& 13 toan anh thi f 14 toan anh.
- Néu f o g s& 1a don anh thi g 14 toan anh.
- Néu f o g s& 12 song 4nh thi f 13 toan anh va g 1a don anh.

Luuy: (f o g)(x) = f(g(x))

2.2.  Ham hgp trong Python
Python cho phép ngudi st dung dinh nghia ham hop thong qua vi¢c st dung ham lambda. Sinh
vién thuc tap céac 1énh duoi day:

>>> def alpha(a):
return a+10
>>> def beta(b):
return b*3
>>> def ham_hop(g, 1):
return (lambda x: g(f(x)))

>>>h = ham_hop(alpha, beta)
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>>> h(1)
...................................................... & sinh vién ghi két qua vao va giai thich.
>>> o = ham_hop(beta, alpha)

>>>g(1)

...................................................... & sinh vién ghi két qua vao va giai thich.

3. Quy nap toan hgoc va xay dung ham dé quy trong Python

Quy nap (inductive) todn hoc thudong 1a mot k¥ thuat dinh nghia hodc chirng minh theo nguyén
tdc quy nap (induction principle). Do d6, thong thuong quy nap toan hoc sé& thuc hién 2 budc:
bude 1 14 chimg minh sy dung din ctia ménh dé P(1) dugc phat biéu trong truong hop don gian
va sau d6 budc 2 13 mé rong didu d6 van ding khi P(k+1), véi k 13 s6 nguyén. Trong mot sb
truong hop, két qua chimg minh quy nap gitip chiing ta c6 cai nhin tong thé nhim gidm dwoc xir
Iy tinh todn cho mdy tinh. Vi du: biéu thirc dudi ddy: bén trai can tinh toan toan n phép cong,
trong khi d6 bén phai chi can 3 phép toan gom (1 cong, 1 nhan va 1 chia) cho bat ki gia tri n:

i - nn+1)
i=1 2
Sinh vién thuc tap cac cau 1énh sau:
e Cho biét cic ham tinh thoi gian va phwong phdp sir dung nhw sau:
>>> from datetime import datetime
>>> from datetime import timedelta
>>> def millis(start_time):
dt = datetime.now() - start_time
ms = (dt.days * 24 * 60 * 60 + dt.seconds) * 1000 + dt.microseconds / 1000.0
return ms
>>> def milisec_passed(start_time):

thoigian_troi_qua = millis(start_time)
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s = "Thoi gian da troi qua:" + str(int(thoigian troi qua))+ " mili giay."

return s
o Xady dung cdc ham tinh todn theo vé trdi va vé phdi:
>>> def tong(n):

bat_dau = datetime.now()

ketqua=0

for i in range(n+1):

ketqua = ketqua + 1

thoi_gian = str(milisec_passed(bat_dau))

print(thoi_gian)

return ketqua

>>> tong(100000000)

>>> def tongl(n):
bat_dau = datetime.now()
ket qua=n*(n+1)/2
thoi_gian = str(milisec_passed(bat_dau))
print(thoi_gian)
return ket qua

>>>tong1(100000000)

Trong khi do, d¢ quy (recursive) 1a mot k¥ thuat trong lap trinh dé tridu goi lai ham dang thyc thi
& mot diéu kién nao d6. Nhu vay, mot dinh nghia quy nap chinh 1a mo ta viéc d¢ quy. Tuy nhién,
thue hién dé quy chua chic 1a mot mé ta vé quy nap.
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n

Vi du: Pinh nghia vé: liy thira: x™ = x.x" 1 vax® = 1; va dinh nghia giai thira: k! =

(k—D'kvall=1.

b¢ quy thuong duogc st dung trong cac dinh nghia ham/thu tuc/module trong cac ngdn ngtr 1ap
trinh br?mg viéc no6 thuc hi€n/goi lai cong viéc cua no. Céu trac dé quy doéi khi cé thé mo ta bﬁng
cdu trac 1dp va r& nhanh. Tuy nhién, mot s6 van dé s& phu hop hodc khong phu hop véi dang dé
quy hodc lap. V& nguyén tic, dé xay dung mot tién trinh dé quy, 3 quy luat dugc khuyén céo sir
dung la:

- Phai c6 trudong hop co so. Nghia 1a truong hop ham khong goi chinh n6 nira. Do6i khi
nguoi ta goi 1a didu kién dimng. Vi du: khi tinh giai thira thi truong hop ding 14 khi tinh 0!

- Phai c6 dong Iénh dé ham/module goi lai chinh né.

- Phai di theo dinh hudng xtr 1y tir truong hop d€ quy sang truong hgp co so. Nghia la vigc
triéu goi ham chic chin s& c6 huéng ding thuit toan.

Ba quy luat trén dé dam bao moi ham/module dé quy déu thuc hién it nhat 1 1an va dinh huéng
duogc tinh dung cua thuat toan. Néu chung ta khong kiém soat dugc cac van dé trén, viée dé quy
thuong gy vuot bd nhd hoac vong 1ap khong thoat (vinh cuu).

Vi du: Hay viét chuong trinh dé quy cho diy sé Fibonacci F. Diy Fibonacci dugc dinh nghia nhu
sau F(n): F(0) =0, F(1) = 1 va F(n) = F(n-1) + F(n-2), n>= 2, nghia la chudi Fibonacci s& 1a: 0,1,
1,2,3,5,8,13,21,... Luuy r@ing: cac chi sb co thé thay ddi do c6 mot sé dinh nghia quy dinh sb
dau tién cua chudi 1a 0 hodc 1, cu thé 1a F(0) = 0 hay F(0) = 1. Do d6, mét s chuong trinh tinh
toan F(3) = 3, F(4) = 5, F(5)=8 trong khi d6 mét s6 chuwong trinh khac lai cho két qua F(3) = 2,
F(4) =3, F(5) = 5. Sinh vién thuc hanh viét 1énh dé quy nhu sau:

>>> def fibo(n):
if(n==0)or (n==1):
return 1
else:
return fibo(n-1) + fibo(n-2)
Sau do, sinh vién thtr nghi¢m:

>>> {ibo(2) >>> fibo(4)
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e Ky thuiat Memoization ap dung trong dé¢ quy véi Python

Vi céach cai dat d¢€ quy nhu dinh nghia bén trén, viéc tinh toan sé gﬁn nhu bi “nhan d61”. Vi du:
gia tri F(n-2) bi tinh toan 2 1an tir d& quy, cu thé 1a khi tinh F(n) va khi tinh F(n-1). Va do d6, (n-
1) gié tri tir F(0),...F(n-2) s& “bi” tinh toan 2 1an. Viéc tinh toan lip din dén mat nhiéu thoi gian.
Pé khic phuc nhuogc diém trén, mot k¥ thuat hd tro ngudi lap trinh 1 co ché memoization,
nghia 1a céac gia tri da dugc tinh todn s€ dugc luu trlr & mdt dang dir li¢u goi 1a tr dién (dict) va
khi d4 c6 chi can triéu goi ra. Dudi day 1a cai dat tinh toan dé quy voi ki thuat memoization bang

Python:

>>> def fibo_mem(n, so_da_tinh = {0:0, 1: 1}):

if n notinso_da_tinh:

so_da_tinh[n] = fibo_mem(n-1, so_da_tinh) + fibo_mem(n-2, so_da_tinh)

return so_da_tinh[n]

Sinh vién dién cac két qua tinh todn nhu sau:

>>> fibo_mem(3)
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BAI TAP CHUONG 2

Céu 1: Hiy viét cac chuong trinh (module) Python tinh toan theo 2 cach vé trai va vé phai cua
céc biéu thirc sau:

124224+ 4+ (n—-1)>%*+n*= (%)n(n+ D2n+1)

Va cho biét tinh toan thoi gian troi qua dé may tinh thuc hién 2 ham trén (theo mili gidy) cho
tong tir 1 dén (10000000)2

Céu 2: Diy sd Fibonacci duoc dinh nghia nhu sau F(n):

F(0)=0,F(1)=1

F(n) = F(n-1) + F(n-2), n>=2

Hay viét chuong trinh tinh toan F v&i n bat ki (goi y: n = 10, 100, 1000, 10000) va tinh toan thoi
gian xir 1y tuong Gmg. Yéu cau:

a. Chuong trinh (module) viét theo k¥ thuat 1ap (khong dé quy).

b. Chuong trinh (module) viét bang cach tinh toan truc tiép gia tri s6 Fibonacci theo cong
thirc ma tran (s€ hoc trong thyc hanh dai ) tuyén tinh).

c. So sanh thoi gian thyc thi ctia cac chuong trinh vira viét va trong bai hoc.
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CHUONG 3: PHEP PEM: VE CAC NGUYEN LY
Muc tiéu:
- Vé cdc nguyén Iy cong, nhan, bii trir va nguyén 1y chuong bé cau.
N¢i dung chinh:
1. Cac nguyén ly: cong, nhan, bu trir
Luu y: Trong Python 3.x, dit liéu ciia 1énh print bdt bujc trong (), nhuwe: >>> print(<dir ligu>).

1.1. Cac nguyén ly

Trong Python ciing nhu cac ngdn ngit 1ap trinh cao cip khac, cac bai toan t6 hop thuong duoc
cdu truc bang vong lap for. Vi nguyén Iy céng, chung ta co thé st dung/thyuc thi cac vong lap
theo tuan tu, nghia 1a timg vong Lip déc 1ap véi nhau. Vi du:

CAu thu bong da Viét Nam gom: Van Lam, Tién Diing, Anh Pirc, Cong Phuong, ...
Céu thu bong d4 thé gigi gdm: Messi, Ronaldo, Thonglao, Mbappé, ...
+ Liét ké cau thu bong da Viét Nam:
>>>bongda VN = [‘Van Lam’, ‘Tién Diing’, ‘Anh Dtrc’, ‘Céng Phuong’]
>>> for cau_thu in bongda VN:

print ("Ten cau thu VietNam: ", cau_thu)
................................................................... & Sinh vién cho biét két qua.
+ Liét ké sb cau thu bong da thé gidi:
>>>bongda TG =[‘Messi’, ‘Ronaldo’, ‘Thonglao’, ‘Mbappé’]
>>> for cau_thu in bongda 7G:

print ("Ten cau thu The gioi: ", cau_thu)
................................................................... & Sinh vién cho biét két qua.

Tir d6, ching ta co thé sir dung vong lip 16ng ghép vao nhau (nested loop) dé tinh toan cho
nguyén Iy nhdn. Vi du: Tim sy tranh chip Qua bong vang giita ciu thu Viét Nam va Thé gi6i 1a
su chon 1 tir mdi tap, sb trudng hop duge liét ké 1a tich cua sé luong phan tir ciia 2 tap:

>>> for bong_VN in bongda VN:

for bong TG in bongda TG:
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print ("Kha ning tranh chip qua bong vang giira: ", bong_ VN, " v6i ", bong_TG)
................................................................... & Sinh vién cho biét két qua.

Dudi day 14 4 vi du cu thé hon dé in ra tap s6 bang viéc s dung vong lap 10ng nhau trong mién
s6 nguyén.

+ Vi du 1: In ra cdc phwong dn chon 3 s6 nguyén nhé hon N khéng dm khéng cé thik tw va cé
lap:

>>>N=4 # € gia dinh cac sb nguyén khong vuot qua N 1a 4
>>> for il in range(0, N):
for i2 in range(0, N):
for 13 in range(0, N):
print (i1, 12, 13)
[Sinh vién hy tim hiéu va dién k6t GUA] ... .............co v ee oo e e
+ Vi du 2: In ra cdc phirong dn chon 3 sé nguyén nhé hon N khéng am cé thir tw va khéng lip:
>>> for il in range(0, N):
for 12 in range(0, N):
for 13 in range(0, N):
ifil I=12 andi2 '=1i3 and il !=13:
print (i1, 12, 13)
[Sinh vién hdy tim hiéu va Gien kSt QUAJ ... ... ... oo coe oo ecs e e e e e e e et e e,

+ Vi du 3: In ra cdc phirong dn chon 3 s6 nguyén nhé hon N khéng dm cé ting dan va khéng
lap:

>>>for il in range(0, N):
for i2 in range(il+1, N):
for i3 in range(i2+1, N):
print (il, 12, 13)

[Sinh vién hy tim hiéu va dién k6t GUA] ... .............co oo ee e oo e e
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+ Vi du 4: In ra cdc phirong dn chon 3 s6 nguyén nhé hon N khéng dm cé khéng gidm va cé lip:
>>> for il in range(0, N):
for i2 in range(il, N):
for 13 in range(i2, N):
print (il, 12, 13)

[Sinh vién hdy tim hiéu va Gien kSt QUAJ ... ... ... oo coe oo ees e e oo e e e e et e e e,

Tir céc két qua trén, chung ta c6 thé sir dung giai phap 10ng ghép cac vong lip dé tim cac t6 hop
phu hgp. Hon nira, viéc thyc hi¢n trén céac ) nguyén chinh 1a dé cap dén chi sé cia mot danh
sach (list) cu thé. Vi du: chiing ta c6 thé thay thé 1énh print (il, i2, i3) bén trén bang 1énh cu thé
hon voi tap dir licu can xur 1y, nhu:

print bong VN [il], bong VN [i2], bong VN [i3]
Hodc chung ta c6 thé luu lai cac “phuong an” lya chon trong danh sach, vi du:
>>>N =3
>>> ketqua =[]
>>> for 1l in range(0, N):

for i2 in range(il, N):

for i3 in range(i2, N):
ketqua = ketqua + [(i1, 12, 13)]

>>> ketqua
[Sinh vién hay tim hiéu va dién ket GUA] ... .............co e e ee e e
>>> ketqua[3]

[Sinh vién hay tim hiéu va dién ket GUA] ... ............co oo ee e
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1.2. Thé hién biéu thirc ludn ly biang Python

Su két ndi gitra ludn ly, cac chirng minh va 13p trinh 1a Iinh vuc rdng v6 van trong toan roi rac.
Kiéu dir liéu Bool str dung khi c6 mot biéu thirc can biét diing hodc sai. Sinh vién hay giai thich
ham “ngu y” (implies) bén dudi va tim hiéu gia tri cac 1énh dudi day:

>>> def implies(a, b):
if a:
return b
else:
return True
>>> implies(10, 11)
>>> implies(1, 11)
>>> implies(0, 11)
[Sinh vién hay tim hiéu va dién két QUAJ ... ..........c..ccceoe oo oo e e e e,

A

Phén tich, véi ham implies trén, ching ta d& dang “thé hién” cac biéu thuc logic bang ngdn ngir
Python nhu sau:

x=20andy=>20=>x*xy >0
Khi d6, chung ta c6 thé dua biéu thirc trén vao ham implies dé biéu dién:
>>>x,y=2,3
>>> implies(x>=0 and y >=0, x*y >=0)
[Sinh vién hy tim hiéu va dién ket GUA] ... .............ce oo ees e e
>>>x,y=-2,3
>>> implies(x>=0 and y >=0, x*y >=0)
[Sinh vién hdy tim hiéu va Gien kSt QUAJ ... ... ..o ooe e ees e e e e e e e et e e,

Gidi thich: Biéu thire 2 s6 x va y dwong thi tich ciia chiing luén dwong la diéu luén ding. Trong
liic thuee thi chwong trinh, mdc di gid tri x va y khdc nhung biéu thirc trén la diéu luén ding. Tuy
nhién, luu ¥ rang Python bdt budc phdi hiéu cdc bién. Do dé, cdc bién x va y can dwge khoi tao
truoc.
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2. Ly thuyét tip hop véi kiéu dir liéu list trong Python

Bén canh cau trac dit liéu tdp hop set (duoc gidi thiéu trong chuong 1). Dudi day, ching ta s&
xem xét mot s6 doan ma sir dung céu trac danh sdch list & mo ta va xu 1y dit lidu tap hop trong
mdi trudng Python. Khac véi set, mot gia tri di ton tai trong list hoan toan c6 thé thém mai vao.

Véi dir liéu list, Python chi hd tro toan tir in dé kiém tra phén ti trong danh sach list. Vi du:
>>>N =3
>>> ketqua =[]
>>> for il in range(0, N):
for 12 in range(il, N):
for i3 in range(i2, N):

ketqua = ketqua + [(i1, 12, 13)]

>>> (0, 2, 2) in ketqua

....................................................... # sinh vién dién va giai thich két qua

....................................................... # sinh vién dién va giai thich két qua
e Dudi day 1a mot s6 doan code mé phong xir Iy tip hop véi kiéu list trong Python:
+ Phép giao (intersection) giira 2 tap A va B:
>>>A=1[0,1,2,3,4,5,6,7]
>>>B=[2,4,6,8, 10]
>>> def intersection(A, B):

ketqua =[]

for x in A:

if x in B:
ketqua = ketqua + [x]

return ketqua
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>>> intersection(A, B)
....................................................... # sinh vién dién va giai thich két qua
+ Phép tim tap hi€u (difference) gitra 2 tdp A va B:
>>> def difference(A, B):

ketqua =[]

for x in A:

if X not in B:
ketqua = ketqua + [x]

return ketqua

>>>A=[0,1,2,3,4,5,6,7]
>>>B=12,4,6,8, 10]
>>> difference(A, B)
....................................................... # sinh vién dién va giai thich két qua
+ Phép kiém tra tap con (subset) giira 2 tip A va B:
>>> def isSubSet(A, B):

ketqua = True # DUNG

for x in A:

if x not in B:
ketqua = False # SAI

return ketqua
>>>A=10,1,2,3,4,5,6,7]
>>>B=12,4,6,8, 10]
>>> isSubSet(A, B)

....................................................... # sinh vién dién va giai thich két qua
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>>>B=[1,3,5,7]
>>> 1sSubSet(A, B)

....................................................... # sinh vién dién va giai thich két qua

....................................................... # sinh vién dién va giai thich két qua
Ttr d6, chung ta c6 thé xay dung mot module dé kiém tra sy bang nhau gitra hai tap hop:
>>> def equalSets(A, B):
return isSubSet(A, B) and isSubSet(B, A)
>>>equalSets([1, 3, 5, 7], [7, 3, 1, 5])

....................................................... # sinh vién dién va giai thich két qua

3. Bai toan ng dung 1: XAy dung danh sach tour dia diém du lich tai TP.HCM

Ban Thanh 1a sinh vién nganh Khoa hoc Dir li¢u. Ban dang thuc tap tai cong ty du lich. Cong ty
mudn phét trién nhiéu tour du lich tai Thanh phd H6 Chi Minh, céc tour du lich phai phong phu
vé dia diém dé cac du khach lya chon. Bén canh do, cong ty co thé dé chon lua giap du khach
thay thé nhimg dia diém dang tring tu/bao dudng bang cac dia diém twong ty. Ban Thanh nghién
ctru xtr 1y cong viée nhu sau: “Mot doan du khdch can cdc phirong dn du lich ngan ngdy tai
TP.HCM. Ho dé nghi phia céng ty du lich tw van cdc géi tham quan, nghia la lra chon tdp cdc
diém dén. Puoc biét, méi dia diém dén tham quan sé 16n mot lwong thoi gian nhat dinh. Cho
trude danh sach dia diém tham quan du lich tai TP.HCM va thoi gian tham quan dy kién tai méi
dia diém cung véi s6 ngay doan khdch dén tham. Hay Idp tdp hop nhitng phwong dn dé giri tw
van cho doan du khach lwa chon”.

Vi du: D@t li¢u minh hoa dugc cho trong bang sau, gida dinh doan du khach chi ghé tham
TP.HCM khong qué 1.5 ngay.

Tiéu chi Danh sich dia diém
A Cho BV , Dinh ) Truong
Dia diém 8’1‘2 CiaChi | Bén | Sotht | Thim gh; Poc %3;0 Vin
Thanh my rang ° Lap & Lang
Thoi gian | = 1.0 0.6 0.4 1.5 0.3 0.3 0.3 0.6
(ngay)

Sinh vién hiy suy nghi vé bai toan va thyc hién cac bude dudi ddy dé gitip ban Thanh:
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3.1. Xay dung dir liéu dau vao

Nhu vay, dit liéu dau vao bao gom: tap hop cac dia diém c6 thé di du lich, thoi gian du kién di du
lich tai cac dia diém trén va s6 ngay du lich khong vuot qua cta doan. Chung ta co thé sir dung
danh sach list d& mo ta dit liéu ddu vao nhu sau:

>>>sodiem DL =9

>>> diadiem = ['Can Gio', 'Cu Chi', 'Cho Bén Thanh', 'S& Thu', 'BV thim my ring', 'Chi Hoa',
'Dinh Bdc lap', 'Bao tang', "Truong Van Lang']

>>> thoigian = [1.0, 1.0, 0.6, 0.4, 1.5, 0.3, 0.3, 0.3, 0.6]

>>>songay dulich=1.5

3.2. Phwong phap “vét can” tim tit ca cac giai phap

Biéu dién hé nhi phan: Nhu ching ta da biét, mot so tu nhién co thé biéu dién & cac hé sd khac
nhau nhu: hé thap phéan, hé nhi phan. Vi hé nhi phan, mét sé dugc biéu dién 1a mot chudi cac sd
0 va 1. Véi cac s6 tu nhién 0, 1, 2, 3, 4, 5 ta ¢6 twong tmg 1a cac s6 0, 1, 10, 11, 100, 101 trong
hé nhi phan.

Ap dung nguyén 1y nhan: vi 2 s6 0 va 1, mot chudi nhi phan c6 do dai n s& biéu dién duoc tdi
da 1a 2™ gia tri. Luu y: trong chuong 1, Sinh vién dugc hoc qua khai niém superset cta thu vién
sympy voi kiéu dit liéu finiteset. Theo d0, superset 1a tdp hop chura tt ca cac tap con cua 1 tap.
Muc nay dién giai phuong phép thiét 1ap superset bang phwong phéap nhi phan

Nhu vy, v6i s0 nhi phan ¢6 3 chit so, gia tri biéu dién t6i da cia n6 la: 23 — 1 = 7, do tinh 50 0
la s0 dau tién. Cu thé nhu sau:

H¢ thap phan H¢ nhi phan H¢ nhi phan ¢6 3 chir sO

0 0 000

1 1 001

2 10 010

3 11 011

4 100 100

5 101 101

6 110 110

7 111 111

8 1000 1000 € vuot 3 chir s6, 3 chir s6 cudi 1a ‘000’

Nhin xét: Gia sir, véi 1 chudi nhi phan s ¢é dd dai n. Ban diu chudi s cé n chir s6 0 (nghia
la: s = ‘0....00°). Sau d6, khi chiing ta lan lwot ting 1 don vi cho s dén khi s dat gia tri
2" — 1 thi s sé day di cac trudong hop to6 hop ‘0’ va '1’ tai moi vi tri.
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Ttr nhan xét trén, chung ta tién hanh x4y dung ham cong chudi nhi phan nhu sau:

»>>»> def lietke chuoinhiphan(n):
danh sach = []
#bat_dau = 1

for i in range(0, 2*%**n): # chay den 2"n-1
gia tri = 1
chuoi np = bin(gia tri).replace('0Ob', '")
while (len(chuci np) < n):
chuci np = '0' + chuoi np

danh_sachfappend{chuoi_np] # them chuoi wac kg
#print (chuoci np)
return danh sach
V6i doan ma trén, chiing ta s& chuyén doi s6 ¢ hé thap phan sang hé nhi phan bang 1énh bin().
Minh hoa 1énh bin(): >>> bin(10)
............................................................................. < Sinh vién dién két qua

Tuy nhién, do chudi nhj phan tra v& tir [énh bin ¢6 2 ki tu nhan dang nhi phan 1a ‘Ob’ nén chung
ta str dung 1énh thay thé replace(‘0b’, **) dé x4y dung chudi nhi phan thuan. Thir nghiém:

>>> bin(10).replace('0Ob', ")
............................................................................. & Sinh vién dién két qua

V61 chudi nhi phan cé san, chiing ta s€ thém vao vi tri dau ti€n cta chuodi so luong s6 0 dé chudi
c6 d0 dai n véi n 1a s6 cho trudce. Céac 1énh dudi day minh hoa n =9 (tuong g vdi 9 dia diém):

>>n=90
>>> chuoi_np = bin(10).replace('0b',")
>>> while (len(chuoi_np) <n):
chuoi_np ='0"+ chuoi_np
>>> chuoi_np
............................................................................. < Sinh vién dién két qua
Sau khi nim virng dugc doan ma trén, tir 6, chung ta co thé thuc thi doa ma
Thir nghiém doan ma trén:
>>> lietke chuoinhiphan(3)

............................................................................. & Sinh vién dién két qua
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>>> lietke chuoinhiphan(4)

............................................................................. & Sinh vién dién két qua
Luu y: khéng nén liét ké dén 9 vi s6 lwong phan tir sé twong déi lén (2° = 512)

Véi timg chudi nhi phan dugc tao trong danh sach, ching ta c6 thé kiém tra timg phuong an. O
day, vi tri thir i co gia tri bang ‘0’ trong chudi nhi phan nghia 1a chung ta khong ghé thim dja
diém thir i. Nguoc lai, vi tri thr i ctia chudi nhi phan c6 gia tri bang ‘1’ thi ching ta s& ghé thim
dia diém d6. T4t nhién, rang budc cia bai toan 13 tong thdi gian du lich s& nho hon gia trj tong
thoi gian (goi la gié tri gidi han) cho phép xac dinh (1a songay dulich = 1.5). Voi

>>> def kiemtra chuoil (chuci dang chon, danhsach, gioihan):
tong thoigian = 0
for 7 in range(0, len(chuoi dang chon)):
if chuoi dang chon[j] == "1":
tong thoigian = tong thoigian +thoigian[j]
ketgua = Trus # nghia la OK
if tong thoigian > gioihan:
ketgqua = False # khong ducc
return ketqua, tong thoigian

Diém nhan trong doan ma trén 1a tim nhiing vi tri cia chudi nhi phan mang gia tri '1". Tai céc vi
tri do, thoi gian s€ dugc cong don vao.

Cudi cung, ching ta s& thuc hién viéc tim phuong an bang viéc duyét tat ca cc gia tri trong danh
sach phuong 4n tao tir danh sach cac chudi nhi phan vdi module nhu sau:

>>> def tim phuongan(thoigian, gioihan):
search = [] # su dung de tra ve
cac_phuongan = lietke chuoinhiphan(len(thoigian))
for i in range (len (cac_phuongan)) :
dc kg, diem = kiemtra chuoi(cac phuongan[i], thoigian, gioihan)
#print cac_phuongan[i]l, dc kg, diem

if dc kg == True: # chi xet cac phuong an dat
print (cac phuongan[i], dc kg, diem)
search.append(cac_phuonqan[i]]
return search
Thir nghiém v6i dir 1i€u trong bang dir 1iéu du lich bén trén:
>>>songay_dulich = 1.5
>>> tim_phuongan(thoigian, songay_dulich)

.................................................. < Sinh vién mo6 ta vé két qua hiéu dugc. Vi du:

000000001 True 0.6
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000000010 True 0.3
000000011 True 0.8999999999999999
000000100 True 0.3
000000101 True 0.8999999999999999

000000110 True 0.6

3.3. Bb sung yéu ciu veé tour du lich
Trén thuc té, viéc xay dung tour du lich s& phtrc tap hon véi nhimng rang budc va yéu cau tir
khach hang. Théng thuong, nhiéu thong tin khac s& duoc bd sung khi chon dia diém bao gdm:

- Xu huéng giam céic loai dia diém trung.

- Xu huéng ting cac dia diém dugc danh gia cao (nhu theo mot tiéu chi diém: bang luot
Review cua khach hang).

- Lua chon nhitng vj tri thay thé nhitng vi tri dang tring tu, bao dudng hop 1i,. ..

Sinh vién vui long xem phﬁn Bai tap 1. Sinh vién ¢6 nhi€ém vu nghién ctru thyc hién sau budi hoc
va ndp bai dung quy dinh/yéu ciu cua Giang vién phu trach.

4. Nguyén ly chudng bd ciu

4.1. Nguyén ly

Nguyén 1y chudng bo cau (Pigeonhole Principle) 1a mot nguyén Iy don gian. Tuy vay, cac ing
dung ctia nguyén 1y rat phong phu va trdi dai ¢ nhiéu linh vuc nhu: xay dung game truc tuyén,
phan tich/nén tang cho cac bai toan toan hoc.... Vi du vé not s6 phat biéu ctua nguyén 1y va tng
dung thuong thiy:

- Véi diy (n*n+1) sb, ludén tim duge diy con c6 (n+1) sé ting hodc giam.
- [t nhat ¢ 2 nguoi trén thé gidi c6 cung sb lugng soi toc!

Duéi ddy 1a mot ing dung don gian vé ap dung nguyén 1y chudng bo cau trong thyc té:
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4.2. Poc thém va bai tip ning cao: Bai toan ing dung 2: Ao thuit “Tim La bai thir 57

Mot 4o thuat gia moi mot khan gia chon 5 14 bai bat ki trong bo bai 52 14. Ao thuét gia khong
dugc phép xem 5 14 bai dugc chon. Tuy nhién, ngudi tro giup cho do thuat gia biét 5 14 bai va
ngudi tro giup s& l1ay 4/5 14 bai cho 4o thuat gia. Ngay 1ap tirc, o thuat gia nhan dién duoc 14 bai
thar 5!

Thong tin vé bé bai: Mot bé bai g&m 52 14 bai dugc chia thanh 4 “chat” Co (heart), RO
(diamond), Chuon (club), Bich (spade). M6i “chdt” ¢é 13 1d bai tir 1 (con dch, A), 2, 3, 4, 5, 6, 7,
8,9, 10va 1l (Jack), 12 (Queen), 13 (King).

Dé nhan dién dugc 14 bai thi 5, 4o thuét gia phai xir Iy dé c6 2 nhom thong tin: “chat” va sd thu
tir clia 14 bai trong “chat” do.

03 nhan xét quan trong:

o Nhdn xét 1: Theo nguyén 1y Chuong bo ciu: La bai thir 5 phai ciing “chat” voi it nhét 1
14 trong 4 14 bai con lai. Suy ra, thong tin vé “chat” co kha ning dugc giai ma thong qua
thir tur chon 14 bai ciia ngudi tro gitip. Vi du: Ngudi tro gitip chon 14 bai dau tién dé thong
tin vé “chat” cho 14 bai thir 5.

o Nhdn xét 2: Khoang cich ngin nhat giira 2 14 bai cung mdt “chat”: Gia sir thi tu cua
cac 14 bai 1an luot 1a 1 dén 13 va xoay vong lai theo dong hd. Va goi khoang cach gitra 2
14 bai x va y 1a ham Distance(x,y) 13 sb luong 1a bai ti thiéu dé di tir 14 bai tir 14 bai x dén
la bai y. Minh hoa: khoang cach gitra 12 (Q) va 2 1a 3 don vi (vi ... 2 12 (Q) = 13 (K)
=2 1 2 2 > ..), ki hiéu la Distance(12, 2)=3. Vi du khac: Distance(3, 12) = 9. Nhu vay,
khoang cach ngan nhat giira hai 14 bai 3 va 12 1a 3.

Tuong tu (mot s6 vi du khac dé d& hiéu hon):

- Distance(11,3)=5 vi... 2> 1l (Jack) 2 12213212223 > ...
- Distance(1,7)=6vi... > 1(ach) 2223242522627~ ...
- Distance(7,1)=7vi ... 2728292102 11J)212(Q) 2> 13(K) > 1.

Nhén xét: Khoang cach ngén nhat giira hai 14 bai khong vuot qua 6 (<=6).

Chimg minh: Do chon cach bd tri xoay vong nén khong mét tinh tong quét, ta chon 1 14
bai la 1 va 14 bai con lai 1a x. Dudi day 1a hai bién luan:

+ Vi 1<x<=7 thi Distance(1, x) <= Distance(1l, 7) =6
+ Vi 7 < x < 13 thi Distance(x, 1) < Distance(7, 1) = 7. (diéu phai chirng minh)

o Nhagn xét 3: V61 3/5 14 bai con lai, chiing ta cé 6 cach b tri chung (3 14 bai ma c6 6 cach
bd tri languyén Iy.................. & sinh vién dién vao). Gia st thir tw theo “hang” cua
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chung ting dan duoc ma hoa 1a 123, thi cac cach bd tri theo thir tw tir dién cua ching 1a:
123, 132, 213, 231, 312 va 321. Cu thé:

Thir ty tur 123 132 213 231 312 321
dién
Hang 1 2 3 4 5 6

Tu 3 nhan xét trén, gid dinh chung ta ¢6 “hang” ctia 52 14 bai nhu sau:

“Chis” L4 bai

1A K[Q[JTJ1w ]98] 716 5] 41372
Bich ] 5 |9 317 21 | 25 | 29 | 33|37 | 41 | 45 | 49
Co 2 6 | 10 | 14 | 18 | 22 | 26 | 30 | 34 | 38 | 42 | 46 | 50
Chuén | 3 7 |11 |15 [ 19 | 23 [ 27 | 31 | 35 | 39 | 43 | 47 | 51
Ré 4 8§ | 12116 | 20 | 24 | 28 | 32 | 36 | 40 | 44 | 48 | 52

Vi du: Vi 5 14 bai theo thir tu duoc khan gia chon: 3 Co, 5 Bich, 6 Chuodn, 7 Co, 2 RO.

Nguoi trg gitp c6 cac thong tin va xu 1y nhu sau:

Chit ciia timg 14 bai theo thtr tu twong tmg: [‘Co”, ‘Bich’, ‘Chudn’, ‘Co’, ‘R6’]

Khoang cach giira 2 14 ciing “chét”: Distance(3 Co, 7 Co) = 4.

Hang cuia timg 14 bai theo thir tu twong tmg: 46 (3 Co), 37 (5 Bich), 35 (6 Chudn), 30 (7
Co), 52 (2 R9).

“Chat” | 1(4) | K 0 J 10 9 8 7 6 5 4 3 2
Bich 1 5 9 13 17 | 21 25 29 | 33 37 | 41 45 49
Co 2 6 10 14 18 22 | 26 | 30 34 | 38 | 42 | 46 | 50
Chuén 3 7 11 15 19 | 23 27 | 31 35 | 39 | 43 47 51
Ro 4 8 12 16 | 20 | 24 | 28 32 36 | 40 | 44 | 48 52

Sau khi chon 2 14 bai ciing chét 1a 46 (3 Co) va 30 (7 Co), thir tu sip xép ting dan theo
hang cta 3 14 bai con lai 1a: 35, 37, 52 (xép theo hang: 35 < 37 < 52), nghia 13 twong tng:
6 Chudn, 5 Bich, 2 R6. Do d6, néu sip xép theo thir tw thit 4 dé twong tng voi
distance=4 (theo nhan xét 3), nghia la thir tu 231 thi chung ta c6: 5 Bich, 2 R0, 6 Chuodn.

Nhu vay, nguoi trg gitp do thudt gia sé dua ra thu tu cia 4 14 bai nhu sau:

La bai thir 1: 3 Co = Dé suy ra l4 thir 5 ¢6 “chat” 1a Co

3 1a bai con lai s& 1an lugt xut hién 1a: 5 Bich, 2 RS, 6 Chudn. Day 1a thir tw 231 (tht ty
thir 4) theo bang xép “hang” ciia 3 14 bai (37, 52, 35). Tir d6, ao thuat gia co thé suy ra l4
baithdt Scogiatrila3 +4="17.

Vay 4o thuat gia sé két luan: L4 bai thu 5 1a “7 Co”.
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BAI TAP CHUONG 3

Bai 1: Mé rong bai toan chon dia diém du lich cho tour:

Poan du khach yéu cau bd sung: cac dia diém twong tu (nghia 1a cing loai hinh) thi chi can chon
1 d¢ tham quan. Nghia 1a khong di 2 noi D3 ngoai.

Tiéu chi Danh sich dia diém
A X BV , Dinh . Truong
Piadiém | S | cachi | P9B goha | Tham | CM | poc Bao Vin
Gio Thanh . Hoa N Tang
my rang Lap Lang
Thoi gian | 1.0 0.6 0.4 1.5 0.3 0.3 0.3 0.6
(ngay)
~ Da . 1. Da . . )
Loai hinh Da . ngoai/ Van h¢o a ngoai/ Y té Ll?h Lich str L£Ch s,u/ Vin hoa
: ngoai . , | /muasam , su van hoa
lich st Tré em
Goiy:

Thém mot danh sach loai_hinh. Vi du: dit liéu cho 2 dja diém Can Gid va Cu Chi nhu
bang duogc thém la: loaihinh = [[“Da ngoai”], [“Da ngoai”, “Lich su™]].

Vi mdi diém duge chon, xay dung mot tap hop loai hinh duoc chon(dang dir li€u set).
M&i khi thém mét phan tir vao tap hop loai hinh thi kiém soat s6 luong phan tir cia tap
hop. Néu s6 lugng phin tir ting 13 viéc thém vao tip hop s& thanh cong. Nguogc lai,
phuong an dé s& khong dugc str dung do c6 tring 1ap vé loai hinh.

Bai 2: Mé rong bai toan chon dia diém du lich cho tour:
Thém rang budc: sb luong dia diém tdi thiéu. Vi du: S6 luong dia diém di tham qua khong it hon

2 noi.

Bai 3* (Bai tap khé): Viét chwong trinh hoan chinh cho bai toan “Tim L3 bai thir 5.

Trang 16
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CHUONG 4: PHEP PEM - HOAN VI, TO HQP VA CHINH HQP

Muc tiéu:

- Hodn vi, té hop va chinh hop khéng Idp va Idp bang itertool va viét ma Iénh.
- Gi6i thiéu cdc bai todn vmg dung 16 hop trong thuc té.

- Gi6i thiéu van dé ngau nhién tac déng dén tip nghiém.
Noi dung chinh:

1. Giéi thiéu vé hoan vi, to hop va chinh hop

T4 hop, hoan vi va chinh hop 1a nhiing bai toan giai tich t6 hop cac dbi twong trong mot tap hop
c6 san. Viéc xu 1y thuong dé tim ra mot tap hop hodc cac tap hop théa min nhimg diéu kién cho
trude.

Vi du: xét bai toan sau va tim tat ca cac phuong an (nghiém) co thé:

Pé han ché su lay lan cua bénh dich Covid19, mét s6 bién phép social distancing can
duoc trién khai. Tt do, cac trung tAim cach ly xa hoi dugc hinh thanh. Mdi trung tim c6
mot s6 lwong phong dé cac ca nghi nhidm, nguoi dén tir vang dich thuc hién nghia vu
cach ly.
Tuy vay, dé viéc cach ly tdt, mot sb6 van dé vé y té va stc khoe can duogc quan tdm nhu
sau:
- 86 heong nguoi co the cach ly trong 1 phong.
- Swyén tinh: 1a yeu t can thiét d6i voi nguol gia hodc nguoi c6 bénh vé tim mach.
- Giwong tang: d6i v6i thanh nién c6 thé s dung giwdng tang nhung déi voi nguoi
gia va tré em thi han ché (khéng dap ung).
- Giwong chuyén dung: la giudng c6 cham soc y té, vi du: nguoi bi thuong tat,
ngudi can khir trung, ngudi ndm can cac thiét bi truyén dich (nudc bién,...)
- Ngoai ra, con 1 yéu t6 ddi v6i phia cac trung tAm 14 chi phi vé sinh/don phong:
day 1a chi phi ma trung tdm cach ly s& thanh toan cho cac don vi vé sinh y té
nham thuc hién cac cong tac vé: vé sinh, khir trung,...

Van dé can giai quyét: Mot Trung tAm cach ly x3 hoi tir thién hién tai dang c6 4 phong
tréng, voi thong tin nhu sau (luu ¥: chi néu wu diém, dic diém khong mo ta 1a khong co)
e Phong A: chtra it hon 10 ngudi, 1 giwong chuyén dung, yén tinh, chi phi v¢ sinh
phong: 1 triéu ddng/ngay.



e Phong B: chira tir 7 dén 9 ngudi, 2 giwdng chuyén dung, yén tinh, c6 giudng ting,
chi phi vé sinh: 1.5 triéu ddng/ngay.
e Phong C: chtra it hon 7 ngudi, ¢6 2 giwong chuyén dung, yén tinh, c6 giuong
tang, chi phi vé sinh 14 2.5 triéu déng/ngay.
e Phong D: chira it hon 13 ngudi, c6 3 giudng chuyén dung, c6 givdng ting, chi phi
vé sinh 1a 3 triéu ddng/ngay.
Hién tai, trung tim dang tiép nhan 03 nhom nguoi can cach ly xa hoi duoc chuyén dén
véi cac yéu cau duge thu thap nhu sau:
e Nhom 1: 6 ngudi, can 2 giuong chuyén dung, khong yéu cau yén tinh, c6 thé st
dung giudng tang, yéu cau cach ly trong 3 ngay.
e Nhom 2: 10 ngudi, khong thé sir dung giuong tang, khong can yén tinh, chi yéu
cau cach ly trong 4 ngay.
e Nhom 3: 8 ngudi, cin yén tinh, cach ly trong 8 ngay.
Van dé co ban nhét cia mot Cr nhan/K§ sw Cong nghé Thong tin:
- Hay cho biét c6 bao nhiéu cach sip xép cac nhom vao cac phong?
- Cho biét cach xép nao t6t nhat?
- Cau hoi suy nghi thém: Cho nhan xét/y kién trong truong hop. s6 lwong phong va
s6 lwong nhom ting? Nghia 1 hiy néu quan diém dé giai quyét bai toan trén.

[Sinh vién hdy gidi va giri dap dan dén GV trong thoi gian toi da 5 phiit]

Trong Python, thu vién itertools trong Python ¢6 hd trg nhiéu ham xir 1y cac yéu cau cua cac bai
toan t6 hop.

2. Sir dung thw vién itertools v6i cac phép toan hd tro xir 1y vé t6 hop
Luu ¥: dé st dung, ta phai import thu vién itertools bang 1énh, cu thé 1a: >>> import itertools
Gi6i thiéu mot sb 1énh cua thw vién itertools:

e Tich téng tich tu (accumulate): Cho moét tap A = {1,2,3,4,5,6,...}. Téng tich tu thwr i 1a téng
tir phan tr du tién dén phan tir tha i. Vi du:

>>> for 1 in itertools.accumulate([1,2,3,4,5,6,7,8,9,10]):
print(i)

............................................. & Sinh vién giai thich két qua sau d6 dién két qua vao



e Ham lip (repeat): Mdi gia tri c6 thé dugc lap lai nhidu lan
>>> for i in itertools.repeat('Red', 3):

print (1)

e Tich Descartes: cho 2 tap hop A va B, tich Descartes (con goi la Cartesian product) 1a céac
cap gia tri voi moi gid tri & moi tip A va B.
- Phuong phép 1: Viét doan ma thuan bang Python:

>>> i ((1,3) i [1,2] ] [6,7,8,5]):

- Phuong phap 2: Sur dung itertools:

B3 itertools
B i itertools.product([1,2],[6, 7, 8, 9]):
print (i)

Sinh vién cho biét cac két qua (sau khi da c6 1énh >>> import itertools)
>>> for 1 in itertools.product('AB', 'C', 'DEF"):
print(i)
........................................................... & Sinh vién mo ta hodc/dién két qua vao
>>> for i in itertools.product('24', 'IT', repeat = 2):
print (1)

.............................................................. < Sinh vién m6 ta/dién két qua vao



e Hoan vi (permutation): (trong (mg v6i chinh hop chap n tir n phén tir)

>>> itertools permutations
B3> i permutations ("RABC') :

print (i)

e Chinh hgp chip k tir n (permutation):

S>> itertools permutations
3> i permutations ('REC', 2):

print (i)

............................................. & Sinh vién mo ta hodc dién két qua vao

e To hop (combinations):

B3> i itertools.combinations ('RBCDE', 3):
print (i)

............................................. & Sinh vién mo ta hodc dién két qua vao

Vi du khac:

>>> import itertools

>>>nhaccu = 'Pan Tréng Sao Bo'.split()

>>> chonmua2mon = list(itertools.combinations(nhaccu, 2))

>>> chonmua2mon

e T6 hop c6 1ip (combinations):



>>> for 1 in itertools.combinations_with_replacement('ABCDE', 3):

print (1)

e Xoay vong gia tri can lay:
>>> for i in itertools.repeat('Red', 3):

print (i)

3. On luyén co ban vé Python: Him ngiu nhién toin hoc va lip trong Python

3.1.  Co bin vé ham ngiu nhién trong Python
Python hd trg ham cung cip gia tri ngau nhién véi thu vién random:

+ Chon ngiu nhién trong tip hop c6 san:
>>> import random

>>> random.choice(['T40', 'L¢', 'O1', 'Chuoi'])

............................................................................. & Sinh vién dién két qua
+ Phat sinh s thue ngu nhién trong khoang sé thuc [0,1):

>>> random.random() # random s6 thue (float)
............................................................................. & Sinh vién dién két qua
+ Phat sinh s6 thuc ngau nhién trong khoang s thuc [a,b):

>>> random. uniform(4.9, 10.0)
............................................................................. < Sinh vién dién két qua

+ Phat sinh s6 ngau nhién trong khoang 0 dén 5:

>>> random.randrange(6)



............................................................................. & Sinh vién dién két qua
+ Phat sinh s6 ngau nhién trong khoang 50 dén 500:

>>> random.randrange(50, 500)
............................................................................. < Sinh vién dién két qua
+ Phat sinh s6 nguyén chin ngiu nhién trong khoang 20 dén 100:

>>> random.randrange(20, 100, 2)

............................................................................. < Sinh vién dién két qua
+ Phat sinh ngéu nhién 10 gia tri trong khoang 0 dén 99:

>>> random.sample(range(100), 10)
............................................................................. & Sinh vién dién két qua
+ Phat sinh ngau nhién 15 gia tri trong khoang 10 dén 99:

>>> random.sample(range(10, 100), 15)
............................................................................. < Sinh vién dién két qua

+ Phét sinh ngau nhién 5 gid tri trong danh sach [‘a’, ‘b, ¢’, ‘d’, ‘¢’, ‘T, ‘g’, ‘h’, i°, §’]:
>>> chars = [‘a’, ‘b’, ‘c’, °d’, ‘e’, ‘F", ‘g’, ‘h’, i’, §’]

>>>rand5_char = random.sample(chars, 5)

>>> print (rand5_char)

............................................................................. < Sinh vién dién két qua



Muc 3.2 va 3.3 chii yéu gidi thiéu vé cdc irng dung, bé sung kién thirc Python va nén ting
toan hoc cho Sinh vién

3.2.  Ung dung minh hoa: V& ngiu nhién Eclipse
Poan mi dudi day sinh vién thir nghiém vé v& ngiu nhién 250 eclipse. Minh hoa két qua:

@Figurel) - O X
10 3
L J o > ]
a___- “‘, @ -
IP\a @
«
6- ..t" ‘\ 'n-
- - r
= g L
4 &8 .o
2-.. 2% U
O a— “-
e
00 25 50 75 10.0

Luu y: Do ham vé co sw dung cdc thw vién do hoa nén co thé mot so may tinh can cai dat théem
cac thu vién do hoa.

Sinh vién c6 thé tao mot tap tin ellipse.py nhu sau dé thir nghiém, trong d6 cac tham sb cua cac
eclipse s& duoc 1dy ngiu nhién theo ham ngiu nhién rand():

File Edit Format Run Options Windows Help

mport matplotlib.pyplot as plt =t
import numpy.random as rnd
from matplotlib.patches import Ellipse

NUM = 250 £ v& 250 eclipse nglu nhién vi tri, gbec:

ells = [Ellipse (xy=rnd.rand(2)*10, width=rnd.rand(),
height=rnd.rand(), angle=rnd.rand() *3€0)
i in range (NUM) ]

fig = plt.figure(0)
ax = fig.add subplot(lll, aspect='equal')
f e in =lls:
ax.add artist(e)
e.sst_clip box(ax.bbox)
e.set_alpha(rnd.rand())
e.set_facecolor(rnd.rand(3))

ax.set xlim(0, 10)
ax.set_ylim(0, 10)

plt.show()

| «




Luu ¥: Thuc thi bang viéc vao menu Run & Run Module (hoic F5)

3.3.  Bai toan wng dung 1: Gidi thiéu Roullete Wheel — “Chiéc nén ki dié¢u”
[*Muc dich chinh la gioi thiéu khai niém phat sinh t6 hop trong diéu kién co xdc suat].

Trong cac vi du bén trén, cac td hop dugc 1y ra tir tap hop c6 sdn. Do d6, viée tinh toan s& tuan
theo cac nguyén ly cong va nhan nao do theo bai toan. Tuy nhién, trong thyc té, mot s6 bd gia tri
dugc hinh thanh tir sy kién/bién ¢ ngiu nhién. Khi d6, tap hop cac gia tri s& phu thudc rat nhidu
vao yéu t6 (hay ham) ngdu nhién cta hién tuong/sy viéc d6. Dudi ddy 1a minh hoa:

Bai toan: Giao 1o Pgi lo Vo Van Kiét va An Dwong Vuong tai TP.HCM co 1 hé théng den tin
hiéu giao thong (d@én xanh — vang — do). Trén hudng dwong chinh V6 Van Kiét, bé tham so (dén
xanh, dén vang, dén dé) theo thoi gian (gidy) lan lwot la (87, 3, 20).

Van de: Voi 20 lan ngau nhién den giao 1o trén, hdy cho biét so lan gap den xanh, den do va den
vang la bao nhiéu?

Nhu vay, viéc gdp tin hi¢u dén xanh, do, vang co thé xem nhu 1a mot viéc hoan toan ngﬁu nhién
v6i nguoi di trén dudng. Tuy vay, kha ning (hay xac sudt) gip ting loai s& khac nhau. Néu ma
héa thanh 3 loai: 0: xanh, 1: vang va 2: d9, thi chung ta s& c6 cac chudi ngau nhién nhu:
[0,0,1,2,0,0,2,...], [0,1,1,0,0,2,2,2,...] hoan toan khac nhau ting v&i mdi ngudi (hodc lan thue thi
chuong trinh). Hién nhién, chudi ngau nhién nhung s& vu tién nhitng khoang gia trj 1on. Vi du:
dén xanh chiém nhiéu thoi gian hon thi gia tri 0 s& xuat hién nhiéu hon trong cac 1an mé phong.

Duéi day 1a mot cai dat vé thuat toan Roullete wheel dé cac ban sinh vién thu nghi¢m va hiéu
hon vé hién tuong nay. Chi tiét vé& nguyén 1y thi vi Roullete wheel, con goi 1a banh xe Roullete
— nhu chiéc non ki diéu, s& duoc mo ta rd hon trong cac bai hoc vé théng ké hodc sinh vién co
thé doc thém trén mang dé nghién ctru, tim hiéu.



Ln) Python 2.7.8: roulettewheel.py - C\Users\new_dell\Downloads\roulettewheel.py — O 4

File Edit Format Run Options Windows Help
___future port division i
import numpy as np
1y random, pdb
operator

=f roulette_selection (weights):
ed sel

T e

§ sort the weights in ascending order
sorted_indexed weights = sorted(enumerate (weights), key=operator.itemgetter(l));
indices, sorted weights = zip(*sorted_indexed weights);

calculate the cumulative probability
tot_sum=sum(sorted weights)
prob = [x/tot_sum for x in sorted weights]
cum_prob=np.cumsum (prob)
$ select a random a number in the range [0,1]

random num=random.random/()

index value, cum prob_value in zip(indices,cum prob):
if random num < cum prob_value:
. index value

{Ln: 30|Col: 0
Sau do, cac sinh vién s€ thur nghiém thuc thi:
>>> xanhdo =[87, 3, 20] # khai tao cac gia tri

Sinh vién c6 thé thir nghiém nhiéu lan doan 1énh sau va nhan xét (luu y: 0 tuong tmg voi dén
xanh, 1 tuong tmg véi dénvang va 20 tuong trng voi den do):

>>> for i in range(20):

print (roulette selection(xanhdo))

Sau d6, sinh vién c6 thé thir nghiém diéu chinh vector thdi gian cta dén xanh/vang/dé nhu sau:
>>> xanhdo =[27, 3, 30] # khéi tao céc gia tri: dén xanh gin bing dén dé

Va nhan xét cac két qua tir cau 1énh dudi ddy voi cau 1énh bén trén (vé ti 16 “gip” cac dén):
>>> for i in range(20):

print (roulette selection(xanhdo))

Sinh vién ¢6 thé tim hiéu thém tai: https://vi.wikipedia.org/wiki/Roulette




4. Téap phii trim tdi thiéu (Set Cover Problem)

Y tudng cua tap phu trum téi thiéu 1a lwa chon s6 lugng cac tAp con ctia mot tip hop gdm nhiéu
tap con dé mdi phan tir ctia clia tap d6 déu xuét hién.

Hon thé nita, néu cac phan tir c6 trong s6 thi chiing ta c6 thé cuc tiéu chi phi cta tap chon.
Vi du:

Tap A gom 10 phan tir {a, b, ¢, d, e, f, g h, i, j} chia thanh 4 tap con S;,S,,Ss,S, nhu sau:
Sl = {al b! l}, SZ = {al iljl gr h}l 5‘3 = {drfl b}l 54 = {Cr el i}

Nhu vay, chi can 3 tip S,, S5 , S, 1a chung ta c¢6 thé c6 moi phan tir ctia tap A.

5. Bai toan irng dung 2: Chon tap cac camera quan sat hoi chg

Gia dinh bai todn nhu sau: San van dong Quan khu 7 td chirc hdi chg. San van dong dugc chia
thanh 25 khu vuc, mdi khu vue dugc danh sd tir 1 dén 25. Trude do, san van dong da lép dat 12
camera hd tro an ninh 1an lugt duge danh thir tu 1a: 1, 10, 101, IV, V, VI, VIL, VIIL IX, X, XI va
XII. Mdi camera phu trach dugce cac khu vuc cua hoi chg nhu sau:

Vitricamera Khu vwe hdiche trién 13m

l 1,3,4,6,7
I 4,7,8,12

1l 2,5,9,11, 13
% 1,2, 18,19, 21
v 3,6,10,12, 14
VI 8, 14, 15, 16, 17
Vil 18,21, 24, 25
VIl 2,10, 16, 23

IX 1,6, 11

X 20,22, 24,25
XI 2,4,6,8

X1 1,6,12,17

Bai toan: La nguoi di thué camera dé giam sat an ninh, ban hiy chon cac phuong an thué it nhat
cc camera dé phu toan bd 25 khu vuc hoi cho. Vi du: Nhin vao bang trén, ching ta théy, néu da
thué 2 camera I va III thi sé khong can thiét thué thém camera IX. Vi khu vuc 1, 6, 11 d3 duoc
giam sat bdi camera I va II1.

Phin tich: Bai toan trén c6 thé giai bang vét can, nghia 1a chung ta s& chon va thir tat ca cac
nghiém, tit ca cac t6 hop ciia 12 camera. Nhu viéc st dung phuong phap xdy dung chudi nhi
phan va lién tuc cong 1 don vi dé sau d6 kiém tra chudi. Véi quy tic dém, sé luong truong hop
ching ta can phai thir 1a: 2'2 = 4096 trudng hop. Phuong phap vét can s& tim dugc tt ca cac



nghiém. Tuy nhién, thoi gian tim kiém va thach thirc tinh toan s& 1a mot vain dé khi tap hop ting
1én (nhu cac tap hop gdm vai ngan phan tir tir s& gip trudng hop goi 13 bung nd t6 hop nhu dé
tinh 2% véi k > 1000).

Mot giai phap khac chung ta c6 thé sir dung 1a phuong phap Heuristic, nghia 1a phuong phap thir
nghiém gan dang. Phuong phap Heuristics chi dam bao viéc tim nghiém twong dbi, nghia 1a thoa
man dugc nghiém tim dugc dung nhung viéc tdi wu con phu thudc vao chién lugc trong tim
kiém.

Gia su véi chién lugc: “Tai moi bwoce, chon 1 camera phu nhiéu khu vwc chwa dwoc phu
nhat!”. Khi do, chung ta s€ c6 cac budc sau:

Budc Camera da chgn Cac khu vue duge phu Cac khu vye ochu’a
dugc phu
1 I [Phu dugc S khuvuc] 1,3,4,6,7 | 2,5,8,9, 10.. 25
2 I, 11T [10]1,2,3,4,5,6,7,9,11, 13 8,10, 12, 14, 15..25
3 I 111, VI [15]1..9,11,13..17 10, 12, 18..25
4 L 111, VI, VII [19]1..9,11,13..18, 21, 24, 25 10, 12, 19, 20, 22, 23
5 I, 111, VI, VIL, VIII [21]1..11, 13..18, 21, 23, 24, 25 12, 19, 20, 22
6 I, 111, VI, VII, VIII, X [23]1..11, 13..18, 20.. 25 12, 19
7 L 111, VI, VIL, VIII, X, 1 [24]1..11,13.. 25 19
8 L I, VI, VIL, VIII, X, I, IV | [25] 1..25

Dién gidi: Tuy budc 1 va mot s6 budc sau c6 nhi€u lya chon khac, ¢ vi du nay, ching ta gia dinh
budc 1 chon camera 1. Va ti€p do 1a cac budce 2..8 s€ ké thura két qua chon & cac budc trude dé
chon.

Thuc hanh xay dung cac doan module hién thwe y twéng trén:
Dé thyc hién ¥ tudng trén, ching ta can nhiing cong viéc nhu sau:

- Khi tao bang dir li¢u quan sat cac khu vuc cua 12 camera.
- Céac ham chon camera sao cho nhiéu khu vuc chua dugc quan sat.

+ Ham tim s6 hrgng phén tir ¢6 trong tip A ma khong c6 trong tip B:
>>> def difference(A, B):
phantu_moi = 0 # phan tr c6 trong tdp A ma khong co trong tap B
for x in A:
if x not in B:
phantu_moi = phantu_moi + 1

return phantu_moi



+ Ham thém nhirng phan tir trong tip A ma khéng c6 trong tiap B vao tap B:
>>> def add(A,B):

ketqua =B

for x in A:

if X not in B:
ketqua = ketqua + [x]

return ketqua
¢ Thuec hién xir ly:
+ Khai bdo cac camera phu cac khu vuc:
>>>1=]1,3,4,6,7]
>>>11=[4,7,8, 12]
>>>[11=[2,5,9, 11, 13]
>>>1V =11, 2, 18,19, 21]
>>>V =][3,6,10, 12, 14]
>>> VI =8, 14, 15, 16, 17]
>>> VI =18, 21, 24, 25]
>>> VIII = [2, 10, 16, 23]
>>>[X=]1,6, 11]
>>> X =20, 22, 24, 25]
>>>X[=1[2,4,6, 8]

>>> X1 =[1, 6, 12, 17]



B6 mén Khoa hoc Dix liéu

+ Khai bdo tdp cdac hop camera va tdp hop cdac khu vuc:
>>> cameras = [I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII]
>>> khuvuc = range(1,26) # 25 khu vuc tir 1 dén 25
+ Xu Iy chinh:
>>> tapphu =[] # Ban dau tap phu 1a tap rong.
>>> while len(tapphu)<len(khuvuc):
max_new_cameras = 0 # sd cic camera m&i nhiéu nhat c6 thé thém vao tap phi
for camera in cameras:
max_new_cameras = max(difference(camera, tapphu), max_new_cameras)
luachon =0 # duyét 1an nira dé tim vi tri camera c6 s6 khu vuc phu nhiéu nhat nhu trén
while difference(cameras[luachon], tapphu) < max_new_cameras:
luachon = luachon +1# vi tri camera se duoc chon
if (luachon < len(cameras)): # dé dam bao vi tri cameras 14 ton tai
tapphu = add(cameras[luachon], tapphu)
print (“Camera: ”, luachon+1, cameras[luachon], tapphu) # két qua cac budc
............................................................................. & Sinh vién dién két qua
............................................................................. # va so sanh véi két qua
............................................................................. # trong bang bén trén
+ In ra két qua va kiém lai:
>>> tapphu.sort()

>>> print (tapphu)

Thuc hanh Toan roi rac Trang 15



B6 mén Khoa hoc Dix liéu

BAI TAP CHUONG 4

Céu 1: Thir nghiém chay chuong trinh Roullete Wheel v6i nhiéu bo tham sé dén xanh/vangdo
khac nhau, nhu:

[47, 3, 501, [17, 3, 50], [77, 3, 50]

Luu ¥: mdi bo dir liéu thyc thi chwong trinh nhiéu 1an (khoang 10 1an).

Céu 2: Phan tich va viét lai chuong trinh Set Covering bang:

- Sur dung dang tap hop (set) trong Python.
- K§ thuat dé quy
- In ra nhiéu nghiém (tit ca cac nghiém co thé).

Thuc hanh Toan roi rac Trang 16



B6 mén Khoa hoc Dix liéu

THUC HANH TOAN ROT RAC

TAI LIEU PHUC VU SINH VIEN NGANH KHOA HOC DU’ LIEU

Nhém Giang vién bién soan: TS. Hoang Lé Minh — Khuu Minh Canh — Pham Trong Nghia —
Nguyén Cong Nhyt — Tran Ngoc Viét - Hoang Thi Kiéu Anh — Lé Ngoc Thanh — D3 Dinh Thu —
Nguyén Hiru Tri Nhat — Lé Cong Hiéu — Nguyén Thi Thanh Binh — Nguyén Thai Hai — Huynh
Thai Hoc va cac Giang vién khac

TP.HCM — Nam 2020

Thuc hanh Toan r¢i rac Trang 1
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MUC LUC
CHUONG 5: QUAN HE TRONG TAP HOP ......oovueeeeieeeeeieeeeieseseee s sessestessssssssssasssesasssssassss s ssssnsanes 3
1. Dén nhap: Bai toan ndi ddi — néi that: Knights va KNAVES.......cc..eeeeeereevereereeeeeeesseesseesesssesssssesseesenn. 3
2. Toém lugc: Quan hé trén cac tap hop va biéu dién QUAN €.t 5
3. [Poc thém] Bai toan tmg dung 1: Biéu difn co SG dit HEU........oveveveeceeeeeeeeeeseeeeeeeeesesees s 8
4. [Doc thém] Bai toan tmg dung 2: Hop 1y hoa diéu kién tim kiém trén dit liéU..........cceveveveererenene. 10
5. Khai ni8m V& 1D trNN LOZIC......viviviieeeeieeeeseeeeeseeeee e see s s s s e es s esess s s s s s s s sseseseas 12
5.1.  Gidi thiéu vé 18p trinh 10€IC VA 0T PYSWIP.........vmeeeeeeeeeeeeeeeeeeee e see s 12
5.2.  Caidat goi pyswip dé minh hoa cac suy dién ludn 1y trong PYthon ...........cceeeveeceeereeeecrenrennene. 13
5.3.  Minh hoa ST dUNE O PYSWIP ..eerrereerrireeierieeeeiresreete sttt sttt sseesre st e e ressee s s sseesnesreemeennens 15
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CHUONG 5: QUAN HE TRONG TAP HQP
Muc tiéu:

- Tim hiéu vé cdc loai quan hé giita hai ngéi trén mét tdp hop
- Biéu dién quan hé, suy ludn bang todn hoc va Python

- Cdc trng dung sir dung quan hé todn hoc dé xir 1y div liéu
Noi dung chinh:

1. Dan nhip: Bai toan néi doi — néi that: Knights va Knaves

Bai toan dan nhép cho thay cac tap dit liéu luan 1y doi khi 6 sur lién hé (quan hé v6i nhau). Mo rong ra, voi
cac dir libu khéc, sur lién hé giita cac tap c6 thé ton tai nhiéu méi quan hé. Trong phan dan nhap nay, ching

ta xét dén quan hé gitta 2 tp s kién c6 chung dic diém lién hé vé thoi gian nhu sau:

Hai 6ng James va Jonathan déu néi ddi vao nhimng ngay nhat dinh.

James n6i ddi vao thtr Sau, thir Bay va Chu Nhat, nhung noi that vao tat ca
nhiing ngay con lai.

Jonathan néi ddi vao thir Ba, tht Tu va thir Nam, nhung noéi that vao tat ca
nhiing ngay con lai.

Thé thi vao ngay nao trong tuan ca hai déu néi “Ngay mai, toi s€ noi doi?”

Cdc nhan xét:

Nhan xét 1: Goi noi déi 1a Fasle, néi sai 13 True. Nhu vay ta s€ 1ap dugc 1 ham tra vé tri
ding sai (nhu mot ham Bool vdi “ndi dbi” duge xem nhu “mach dao”, nghia 1a nguoc
lai).

Nhén xét 2: Ham Bool s& nhdn vao 1 gia tri dau tién 1a Sai (n6i déi). Tuy nhién, gia tri s&
dugc tinh toan phu thudc vao gia tri ngdy. Cu thé: Néu hom nay 1a ngay noéi dbi (False)
thi v6i gia tri dau tién 1a False thi két qua s& 12 True. Nguoc lai, néu hom nay 1a True thi
mai s€ la False.

Nhan xét 3: Nghia 1a ham Bool s€ c6 2 giai doan: budc 1: tim dy bdo ngay mai tu gia tri
hém nay va bude 2 1a xac dinh sy dung dén tir du béo va thuc tién.

Nhan xét 4: voi 1 tudn co 7 ngdy va xoay vong, néu chon ngay dau tién cta tuan 1a Thir 2
thi chiing ta can xét dén ngay Cha Nhat. Nhu vay, voi moi ngudi James hodc Jonathan,
chung ta can mé ta tinh trang néi déi ctia ho v&i 7+1 gia tri (dé xoay vong)

Nhin xét 5: James va Johnathan 1a 2 bo dir li€u khac nhau.
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Sinh vién thyc hanh tim ngay ca 2 cung n6i cau: “Ngay mai, toi s€ néi doi!™!

Bang “chan tri” ctia ham “néi doi™:

Su that Hom nay Du bao Ngay mai tur Su that Ngay mai Két qua so sanh
(1) cau n6i Hom nay 3) trung khép
(2, dwoc suy tir 1) (giita 2 va 3)
That D6i That Sai
Déi Dung
That Dung
Doi That Doi Sai

Bang chan tri v€ cau néi cua James va Jonathan:

Tht2 Thae3 Thae4 Thad Tht6 Thit7 Chanhiat Tht?2

James That That That That Doi Doi Doi That
Cau noi cua Sai  Sai Sai Ding Sai  Sai  Ding
James ) ) )
Jonathan That Doi Doi Doi That That That That
Cau néi cua . . . . . . .
Jonathan Pung Sai Sai Dung Sai Sai Sai

Dién giai bang trén: Véi James, thr 2 va thu 3 déu nodi that. Do d6, néu tha 2 James noi: “Ngay

r
A

mai ndi doi” nghia la ménh dé€ nay sai. Tuong tu véi Chu nhat va Thr 2, James n6i do6i ma noi
“Mai no6i do1” nghia 1a ménh dé dé s€ bung.

Doan ma Python nhu sau:
>>> James = [True, True, True, True, False, False, False, True]
>>> Jonathan =[True, True, True, True, False, False, False, True]

>>> ngay trong tuan = ["Thu 2", "Thu 3", "Thu 4", "Thu 5", "Thu 6", "Thu 7", "Chu nhat",
V!Thu 2"]

- Code chwa rut gon:

»»» for i in range (0, &):
if ((James[i] = True and James[i+l] == Fals=e)
or {[(James[i] == False and James[i+l] == True))):
if {((Jonathan[i] == True and Jonathan[i+l] == Fals=e)
or | {(Jonathan[i] == Fal=se and Jonathan[i+l] == True}})

print (ngay trong tuan[i])
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........................................................................ & sinh vién dién két qua tim duoc.
- Code rut gon:
Tim ra quy luat 1a hdm nay va ngay mai phai khac nhau.
>>> for i in range(0,6):
if ((James|[i] and not James[i+1]) and (Jonathan[i] and not Jonathan[i+1])):

print (ngay trong tuan[i])

........................................................................ < sinh vién dién két qua tim dugc.

2. Toém lwge: Quan hé trén cac tip hop va biéu dién quan hé

DAn nhép: Thong thudng, véi cac phan tir (nhu sé liéu) duoc cho, ta goi chung 1a mét tap hop,
chung ta can tim méi quan hé giita cac phan tir d6. C6 nhiéu loai quan hé giita hai phan tir véi
nhau, nhu quan hé toan hoc chia hét, déng du (cung s6 du khi chia cho 1 sé), 16n hon, nhé
hon,...

Vi du: Cho ngau nhién mot day so S co thw tw gom 10 so tw nhién tw 1 den 99. Sau do, vng voi
maoi so, hay tim so lwong cac so phia sau noé lon hon no.

Sinh vién thyc tdp cdc cau lénh sau:
>>> import random
>>> S = random.sample(range(l, 100), 10) # ldy mau 10 sé ti nhién trong [1, 99]

>>> print (S)

>>> S =[]  #day tS lwu trit s6 lwong sé nam ¢ phia sau S; ma 1ém hon S;, i=0,n-1
>>> for i in range(len(S)):
tS.append(0)
forjin range(i, len(S)):
if S[i] < S[j]:
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tS[i] = tS[i] + 1

>>> print (S)

Quan h¢ trén tap hop:

- Dinh nghia: Mot quan hé hai ngdi tir tdp A dén tap B 1a tap con cua tich Descarte R € A X B.
- Kihi¢u: aR b [thay cho (a,b) € R].

Vi du:

- Quan hé gitra 2 tap: A 1a tp sinh vién; B 1a tap 16p hoc. Khi do
R = {(a,b)| sinhvién a trong lop hoc b}
- Quan hé u6c sb: Tap A = {1,2,3,4,5,6}, R = {(a, b)|a la wéc sé ciia b} Khi dé:
R ={(1,1),(1,2),(1,3),(1,4), (1,5),(1,6),(2,2),(2,4),(2,6), (3,3),(3,6), (4,4), (5,5), (6,6)}

Tinh chit:
Cho quan hé R trén A, quan h¢ R duogc goi la:

e Phinxa:néuVa € 4,aR a.
Vi du: Quan hé uéc 6 vi moi sb déu 12 uéc sb cua né. Vi du: 10 1a udce sd cua 10.
e Doiximg:néuva € A,vb € A:(aRb) —» (bR a)
Vi du: [Quan hé ddng du] a, b,k € Z,a = b (mod k) = b = a (mod k)
e Phin xtrng: néuVva € A,vb € A:(aRb)A(bRa) - (a=Db)
Vi du: Quan hé < trén trudng Z 13 phan xtmg vi véi 2 sé a,b € Z: (a < b) A (b < a) -
(a =b).
e Bicciu:néuVa,b,c € A, Vb€ A:(aRb)A(bRc) »aRc
Vi du: Quan h¢ < trong trudng s6 Z, i.e. néu a nho hon b va b nhé hon ¢ thi a nhé hon c.

Chung ta c6 thé biéu dién quan hé ctia cic phan tir trong mot tap hop bang it nhat 2 cach:

- Phuong phap 1: Str dung ma tran, diy cac vector dé mé ta cac quan hé trong mot tap hop.
- Phuong phap 2: Thong qua mdt ham (module) ¢6 2 tham s6 1a 2 phan tir cua tap hop. Néu hai
phan tir 6 quan hé thi ham (module) s& tra vé gid tri 1a True (dGng), nguoc lai 1a False (sai).

Phuong phap 1: Biéu dién quan hé R ciia tip A v6i tip B bang ma trin

- Biéu dién bﬁng ma tran, goi la ma trdn M véi cac phﬁn tor la my; voi i biéu thi dong va j biéu
thi cot.
- Mbi dong 1a timg phan tir cia tap A.
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- MBJi cot 1a timg phan tir cua tap B.
- Hai phﬁn tr c6 quan h¢ duge mo ta béng gia tri 1, nguoc lai la gia tri 0.

Sinh vién thuc hién cdc lénh thuc tdp sau:
>>> import numpy as np

Sinh vién tao 1 tdp tin Excel co tén la monhoc.xlsx va lvu vao o6 dia D: co ngi dung nhw sau:

Toan roi

Mén hoc (A1) | AP tinh 1 p o066 Vatly | Hoéahoc | Thé duc
i co ban ’ rac : : )

Mon hoc (A2) (Luu y: gid tri 1: la mén ¢ dong can dwoc hoc trwe mon & cét )

Lap trinh can ban 0 1 1 0 0 0
Dai s6 0 0 0 0 0 0
Toén rdi rac 0 0 0 0 0 |
Vit ly 0 0 0 0 0 0
Hoéa hoc 0 0 0 0 0 0
Thé dyc 1 1 1 1 1 0

Tw do, GV huong dén sinh vién doc dir liéu tir Excel thanh ma trdn cdc quan hé theo bang trén:
>>> import pandas

>>> df = pandas.read_excel('D:\\monhoc.xlsx")

>>> print (df.columns) # liét ké cac cot dir li¢u

>>> gjatri = df['<tén cot>'"].values # doc 1 cot dir li¢u

Sau d6 thuc hién cac 1énh doc dir liéu vao mang/ma tran ciia Python/numpy dé xir 1y tiép tuc cac
yéu cau bén dudi, nghia 1a xem xét cdc tinh chat ma tran.

Suy ra [cdch kiém chitng ma trdn quan hé véi cdc tinh chat):

- Quan hé phan xa: ma tran vudng (do A = B) va dudng chéo chinh (\) bang 1, i.e. m;; = 1,Vi

- Quan hé ddi xtng: céc tri 0, 1 dbi xtmg qua dudng chéo chinh (\), i.e. m;; = m;;, Vi, j

- Quan hé phan xtmg: ma tran vudng (do A = B) va céc tri 0, 1 d6i xtmg qua duong chéo phu
(),ieemy;=0Vm; =0->1i+j

- Quan hé bic cau: my;=1my=1-> my =1
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Hay viét chwong trinh bing Python kiém tra cic méi quan hé (cho trong mét ma trin) cé bi
chong chéo nhau hay khong? Vi du: i phu thugc j, j phu thujc k va k phu thugc i.

Goi y: SV ¢6 thé xem lai Bai todn loan tin (Chwong 3, Thire hanh Dai s6 Tuyén tinh)

Quan h¢ twong dwong: 1 quan hé khi c6 céc tinh chat phan xa, dbi ximg va bic ciu.

Khai niém 16p twong duong: Vi du 16p tuong duong modulo 8 chura 3.

Quan h¢ thir tu: 1a quan hé khi ¢6 cic tinh chét: phan xa, phan x{mg, bat cau.
Vi du: quan hé < trong sb thuce, sé nguyén; quan hé udce sb trong s6 nguyén.
Véi tap sd nguyén duong:

- Quan hé¢ < 1a quan h¢ tht tu toan phﬁn trong tap. Vi moi s6 déu co quan hé.
- Quan hé “udc s6” khong phai quan hé thtr tu nhung khong toan phan vi ton tai cac phan
ttr khong phai ude sb cuia nhau.

Thit ty tir dién:

Cho (4, <) va (B, <) 1a 2 tap th tu toan phan. Tht tu tir dién < trén A X B nhu sau:
(a1,b1) < (az, by) néu (a; < ay) V(a, = az Aby < by)

Vi du:

Tap bang chit cai X = {a,b,c},védia <b < c va 1 € X" 1a chudi rdng thi th tu tir dién la:
Y* ={A,a,aa,ab,ac,aaa, aab, aac,aba, abb, ..., b, ba,bb,bc,...,c,ca,ch,cc, ...}

Hodc: ¥ = {0,1} v6i 0 < 1thi 0111110 < 10

PHAN 3 VA 4 SINH VIEN PQC PE CO KIEN THUC (BIET VE BAI TOAN)
3. [Poc thém] Bai toan ving dung 1: Biéu dién co sé dir liéu

Trong thyc té, quan hé giira cac tap hop duoc tng dung trong cac mé hinh luu trix dit lidu. Vi du:
hai tap hop Sinh vién va Mén hoc s& c6 mdi quan hé véi nhau. Cu thé 1a mdi Sinh vién s& co
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quan hé Hoc cac Mon hoc: Hoc(Sinh vién, Mon hoc). V61 mo ta nay, chung ta s€ c6 2 tap hop
co ban la Sinh vién va Mo6n hoc. Va duédi day 1a mdt bang dit 1i€u minh hoa cac mo ta quan hé
Sinh vién va Mo6n hoc:

Mon hoc: Lap t1:1nh Pai s6 Toan roi Vit ly Héa hoc | Thé duc
i co ban ’ rac ’ i j

Sinh vién (Luu y: gia tri 1: Sinh vién co hoc mon twong vung, 0: nguoc lgi)

Vin Hau 1 1 0 1 1 0
Quang Hai 0 0 1 1 0 1
Xuan Truong 1 1 0 0 1 1
Van Puc 0 0 1 1 1 1
Dirc Chinh 1 0 0 1 1 0
Van Toan 1 1 0 1 1 0

Tat nhién, d6i voi mbi tap, nhitg quan hé trong chinh tap d6 ciing 13 mot thanh phan can biét.
Vi dix liéu thuc té, ching ta phai xem xét cac quan hé mé ta voi sy hop ly. Vi du: véi Mén hoc,
chiing ta c6 thé c6 quan hé gitra cic mén hoc 1a: Tién quyét (mon can hoc trudc), nhu sau:

Toan roi

Mon hoc: Lap t1:1nh Pai 6 Vit ly Héa hoc | Thé duc
i co ban ’ rac ‘ : )

Mon hoc (Luu y: gia tri 1: la mon o dong can dwoc hoc trude mon & cot )

Lap trinh can ban 0 1 1 0 0 0
Dai s0 0 0 0 0 0 0
Toén rdi rac 0 0 0 0 0 |
Vat ly 0 0 0 0 0 0
Hoa hoc 0 0 0 0 0 0
Thé duc 1 1 1 1 1 0

Vi bang trén, ching ta phai diéu chinh lai gia tri trong quan hé Tién quyét giita 2 mon Toan roi
rac va Thé duc. Vi & dong mon ‘Todn roi rac’ yéu cAu hoc trudec mon ‘Thé duc’. Tuy nhién, &
dong cudi mén ‘Thé dyc’ ciing yéu cau cin phai hoc truéc mon “Toan rdi rac’! Piéu nay co
nghia 13: Quan h¢ mén Tién quyét la quan hé c6 thir . Tién quyét dé chi dén thoi gian hoc
trude va sau. Do vy, 2 mon trén can sira ddi thir tu dé c6 diéu kién phan xéng! (Gia dinh diéu
chinh vi tri dong Toan roi rac, cot Thé duc sang gia tri 0)

| Toan roi rac | 0 | 0 | 0 | 0 | 0 | 0 |

Hon thé nira, mot s6 quan hé s€ mo ta su lién quan cua nhiéu tap hop. Vi du: Quan hé Hoc duoc
bo sung thém Hoc ky dé biét duoc chinh xac Sinh vién hoc mén hoc d6 & Hoc ky (bao gém hoc
ky, nién khoa), cu thé quan hé dugc tao thanh tir bo 3 tap hop: Hoc(Sinh vién, Mon hoc, Hoc ky).

Ttr dir liéu trén, ching ta c6 thé tim kiém duoc nhimng thong tin can thiét. Dudi day 1a mot sb
truy van co ban trén dir liéu ma chung ta c6 thé xay dung dugc:

Thuc hanh Toan roi rac Trang 9



B6 mén Khoa hoc Dix liéu

- Sinh vién X da hoc dugc nhitng mén gi trong hoc ki nay.
- Két hop v6i mon tién quyét dé suy ra sinh vién X di hoc dugc tit ca nhitng mon gi.

Nhu vay, vé co ban, sinh vién s& hiéu dugc phuwong phap luu trit dir liéu 1a thiét 14p nhitng quan
hé cua cac tap dir liu. Hién nhién, dé thé hién dit liéu trong co s& dir li€u, ching ta con nhiéu ky
thuat khac dé giai quyét cac van dé gip phai trong: tim kiém, luu trit, thdng ké,.... Cac mén hoc
nhu thiét ké co s& dit liéu ¢ cac hoc ky sau s€ giup cac ban sinh vién ndm rd hon. Vi du: cdc mo
hinh dit liéu tuan theo cac chuan 1, 2, 3,...; mé hinh dit liéu Nosql,...

4. [DPoc thém] Bai toan rng dung 2: Hop Iy héa diéu kién tim kiém trén dir liéu

Viéc hiéu rd vé ciu tric dit lidu, nhirng quan h¢ trong dit li¢u va bﬁng cac bién ddi luan ly, chiing
ta d& dang thay d6i cac diéu kién tim kiém trén dir liéu nhdm ting tdc tinh toan. Ung dung dudi
day lién quan dén luat De Morgan ndi tiéng:

Il
Ny
oo]]

AUB N

oo ]l

ANB =AU

voidA={xeUx¢g¢A},AcU
Chung ta xét 2 bai toan sau:
o Kiém tra sw “Tdich roi” (disjoint) ciia hai tdp doi twong:

Cho 2 dbi tuong, moi ddi tuong 1a mot tap hop. Phép kiém hai dbi tuong tach roi dugc dinh
nghia nhu sau:

disjoint(A,B) & Ax:(x E AANx € B) v6i A, B la2tap hop

Bai toan minh hoa: Cho 3 tap dir li¢u Tré em (goi 1a tap A), Phu nit/Gidi nit (B) va Bénh nhan so1
(C). Hay tim tdp nhitng ngwoi khong phdi la bénh nhén séi ma la tré em hodc phu nir. Biéu
thirc toan hoc chiing ta can tim nhu sau:

'((AUB)N ()
Bién dbi bang luat phan phdi, ta co:
H((AuB)NC)=1((ANC)U(BNC))
Ap dung dinh luat De Morgan:

=1 (ANnOUBNO))=1ANnCNI(BNC)
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Nhu vay, vé ludn 1y, chiing ta thiy rang hai biéu thirc: biéu thirc dau tién ! (A U B) N C) va biéu
thac tht 2! (AN C) n! (B N C) la nhu nhau.

=] -(auB)ne) —(Anc) TED A(BnO)
777221 AVE ] A T2 B
¢ R T

Tuy nhién, trong thyuc té, tuy thudc vao dir li¢u, viéc xu ly cac bi€u thure s€ c6 do phuc tap khac
nhau va dan dén toc do xtr Iy khac nhau vi céc li do va giai thich sau:

- Viéc tinh toan tdp (A U B) s& ton nhiéu thoi gian dé xir Iy do trén thuc té tap tré em va tap
phu nit rat 16n. Kha nang chiém trén 60% dit liéu. Sau do, véi lugng dir liéu do, chung ta
thuc hién phép N véi tap C 1a tdp bénh nhan 1a mdt tdp khong 16n trén thyc té. Viée xir ly
phai tuan tu timg budc.

- Haiphép xr Iy (A N C), (B N C) va sau d6 1a phép ldy phu dinh co6 thé doc 14p v6i nhau nén
viéc xir 1y hoan toan tach biét. Cac hé thdng c6 thé chia thanh 2 tién trinh/ludng cung lic
thuc thi.

o Phép todn kiém tra sw “Khdc nhau” (difference) ciia hai tdp déi twong:
Phép kiém khdc nhau duoc dinh nghia nhu sau:
difference(A,B) & (x € A\B) & (x € AAx & B) v&i A, B la 2 tap hop

Bai toan minh hoa: Cho 3 tap dir liéu Tré em (goi la tap A), Phu nit/Gi6i nit (B) va Bénh nhan so1
(C). Hay tim tap nhitng Tré em khong 1a Gi6i nit ma khong nhiém bénh sdi. Nghia 1a ching ta
can tim tap hop sau:

A\(B\C)
Thay thé phép hiéu \ bang phép N, ta co:
A\(B\C) = A\(BN ()
Ap dung dinh luat De Morgan cho vé phai déng thirc trén, ta co:
.=A\(BNnC)=(A\B)U (A\()

Ap dung 1an nira thay thé phép hiéu \ bang phép N, ta co:
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.= (A\B) U (A\C) = (A\B) U (4N ()

Nhu vay, tuong tg nhu trén, vé luan ly, ching ta théy rﬁng hai biéu thuc: biéu thuc
A\(B\C) va biéu thirc (A\B) U (4 N C) 1a nhu nhau. Tuy nhién, trong thuc té, tiy thudc vao dir
li¢u, viéc xur ly céc biéu thuc s& c6 dd phtrc tap khac nhau va dan dén tdc do xu 1y khéc nhau vi
cac li do va giai thich sau:

- Viéc tinh toan tap A\(B\C) sé& phai tuan tu thuc hién cac bude.
- Hai phép xir Iy (A\B) va (4 N C) c6 thé xir Iy cung luc khi thyc thi.

PHAN DUOI PAY GIANG VIEN CUNG CAP KIEN THUC CO BAN, SINH VIEN
THU'C HANH VA THU NGHIEM NHU BAI TAP VE NHA:

5. Khai niém vé lap trinh logic

Luu y 1: Phan nay tdp trung gidi thigu sinh vién sw ton tai va cdc khdi nigm co bin nhit vé lgp
trinh va ngon ngiv Igp trinh logic. Chi tiét hon dé lgp trinh logic trén cdc ngén ngit nhw Prolog
ciing nhu khai thdc chi tiét cic ham trong géi thu vién PySWIP sé dwoc hoc & cdc mén chuyén
nganh hodc sinh vién c6 thé t kham phd thém. Do @6, phan nay la phan bé sung trong I6p hoc,
chi khuyén khich hoc sinh nghién civu, tim hiéu va tham khao thém chir khéng bat buéc.

Luew ¥ 2: Sinh vién nghién ciru nén tw xem phirong phdp cai dat cdc géi thw vién phan mém dé
lam thém o nha.
5.1.  Gié6i thiéu vé lap trinh logic va g6i PySWIP

¢ Khai niém chwong trinh logic

Tir nguyén 1y co ban: “Moi thudt gidi c¢é thé biéu dién bdng tdp quy tdc véi 3 cdu tric: tudn tu,
chon va lap (dé quy)”, mot nhanh lap trinh goi 1a 1ap trinh logic dugc ra doi. Lap trinh logic c6
thé xem nhu viéc thé hién tap cac luat, mdi luat 13 sy két hop ctia cac ménh dé ménh dé va mdi
ménh dé 1a mot dang tan tu. Ttr do, nguoi lap trinh chi viéc khai béo, con viéc xur 1y luan 1y déra
két qua 1a do hé thong.

Vi du: nguoi 1ap trinh khai bao lut: tong 3 goc tam giac bang 180, sau d6 cho biét 2 goc thi hé
thong sé& suy luan ra gia tri goc thi 3.

Hién tai, ngdn ngit Prolog la ngdn ngir 1au doi va ndi tiéng vé 1ap trinh logic.

e Cic thanh phin trong chwong trinh logic:
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Tan tir c6 dang nhu sau: f(aq,ay, ...,a,) latan tlr & f:D; X D, X ... X D,, - {True, False}
Céc D; 1a cac mién cho trudc va a; € D;. Ménh dé (clause) 1a dang cac tan tir.
Cac luit (rule) 1a tap hop cac ménh dé: p(...) : — q1(...), q2(...)s vy G (o)
Chuong trinh logic: {Rule: p;(...),p2(...), ... }
Vi du: 2 mo6 ta quan hé Ong véi sy trg gitp cia mo ta quan h¢ Cha me nhu sau:
Ong(X, Y) :- Chame( Z, Y)
Ong(X, Y) :- Cha(X, Z), Chame(Z, Y)

Gidai thich: & luat tht 1: néu X 1a ong cua Y thi tdn tai mot Z 1a Cha hodc Me cua Y; déng thoi
luat thor 2 mo ta 1a: X 1a Cha cua Z hoac Z c6 quan h¢ Cha me cia Y (déu , 0 luat tha 2).

e Ciu triic mdt chwong trinh logic:
Mot chuong trinh logic thudng gdm 3 phan:

- Phan khai bao cic ménh dé (Predicates), khai bao cac hang, bién, tan tu,...
- Phin than chwong trinh (Clauses): khai béo cu thé cac quy ludt, quy tic (dir liéu).
- Phan dich (két luan, Goal).

5.2.  Cai dit goi pyswip dé minh hoa cac suy dién luin 1y trong Python
e Gibi thiéu vé g6i phan mém PySWIP:

PySWIP 1a mot g6i phan mém Python 1am ciu ndi dé thuc thi cic chuong trinh ngdn ngit Prolog
v6i nhitng dong 1énh theo dang ngon nglr Python. Loi cua PySWIP 1a g6i SWI-Prolog, mét ma
ngudén mod duoc phat trién tir nam 1987 dugc sir dung nhiéu trong web ngir nghia.

Yéu cau cai dit:

* Python phién ban 2.3 hodc cao hon.

* ctypes phién ban 1.0 hodc cao hon.

* SWI-Prolog phién ban 5.6.x hoac cao hon (phu hgp véi cac phién ban khac).
* Thu vién chia sé libpl.

* Trén hé théng Linux va Win32, trén tit ca cac hé POSIX.

e Chi tiét cai dat:

Cai dat bang lénh pip install. Pip install 1a 1 1énh trong thu myc Scripts:
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Tt thuy muc Anaconda3 dugc cai dat, thuc hién 1énh: Scripts\pip install pyswip
Vi du: Anaconda dugc cai dit & 6 C:\Anaconda3 thi:

C:\Anaconda3> Scripts\pip install pyswip

C:~Anacondal>scriptss~pip install pyswip
Collecting pyswip
Downloading https:--files.pythonhosted.org/packages 68/cd-YdefcB5eb2Y63142865

45331 hBeB6Sff822384dbef caf 22c4B01 F5YA6 LY pyswip—A.2 . 8—py2 _.py3—none—any.whl
Inztalling collected packages: pyswip
Successfully installed pyswip—@.2_8

Luu y: Néu tap tin pip di cii (c6 phién ban cap nhat méi thi sit dung 1énh Python dé cip nhat):

- Tap tin pip.exe da cii va dugc yéu cau cap nhat mai:

- Thuc hién viéc cap nhat phién ban moi:

C:sAnaconda3d>python —m pip install —upgrade pip

Collecting pip

Using cached https:/sfiles.pythonhosted.orgs/packages/d8-f3-413bah4f fABelfc4828
df 597926472121 7df 8eB8583ea85385d51125deef f/pip—12.8.3—py2 . py3—none—any.whl
Installing collected packages: pip

Found existing installation: pip ?.8.1

Uninstalling pip—9.8.1:
Successfully uninstalled pip—7.8.1

Successfully installed pip—17.6.3

Sinh vién c6 thé tham khao thém thong tin tai: https:/github.com/fOma/pyswip3

Trang web download: https://code.google.com/archive/p/pyswip/downloads

*Luu y: Trong Windows, goi pyswip c6 thé bi 16i cai dit (do thiéu thu vién libswipl), nhu sau:

Command Prompt

criptsipip install pyswip

Requirement already satisfied: pyswip in c:\anaconda3‘\lib\site-pac

Could not f h URL http i.or [: There a problem c
Max retries exceeded wit Y, e/ d by 55 r{"Can’t ¢

Khi d6, ching ta nén kiém tra viéc thiét 1ap duong din (path) ddi véi thu muc
Anaconda\Library\bin va thyc hién viéc cai dat bd sung géi SWI-Prolog twong thich véi
Windows tai dia chi: http://www.swi-prolog.org/download/devel (/devel hodc /stable) cung voi
viéc thiét 1ap duong din Path (tai Enviroment Variables cho thu muc cai dat). Sau d6, chung ta
tat va khoi dong trinh IDLE dé tai lai cac thu vién.

Hién nhién, ching ta c6 thé xda goi bang 1énh pip uninstall pyswip va thuc hién cai dit moi.
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£ SWi-Prolog 8.1.2 Setup - Variable Value
. Installing Seftings OneDrive CA\Users\new_dell\OneDrive
X Please walt whie SWI-Frolag 8.1.2 s being nstaled. PATH CA\Users\new_dell\AppData\Local\Microsoft\WindowsApps:C:

TEMP C\Users\new_del\AppData\Local\Temp
L ST ™P C\Users\new_dell\AppData\Local\Temp
=
Settings Edit environment variable X
b information | | %USERPROFILE%:\AppData\Local\Microsoft\WindowsApps New
C\Python27T\ArcGIS10.3
Setings C\Anaconda3 Edit
5 C\Program Files (x86)\Graphviz2.38\include
C)\Anaconda3\Library\bin
Environment Variables... ! \ \ Browse...
C\Program Files\swipl
L Delete
|

5.3.  Minh hoa str dung goi pyswip
Duéi day 1a mét s6 vi du don gian st dung goi pyswip.

Luu y:

- Dir liéu déu phai viét thirong, khong dwege viét hoa;
- Han ché khodng trdng, vi du khéng cé khodng trang: phaichet(X):-connguoi(X);
- Cdc tir khéa phai viét nhw mé ta, nhw: X, Y, What, Which.

e Vidu 1: Li¢t ké dir liu tac gia va tic pham

Sinh vién thyc hanh nhap céc 1énh dudi day:

>>> from pyswip import Prolog

>>> tgtph = Prolog()  # khai bao quan hé giita tac gia tac pham la mot d6i tuong Prolog

>>> totph.assertz('tacgiatacpham(nguyendu,truyenkieu)') # nhéap dir liéu nguyendu, truyenkieu
>>> tgtph.assertz('tacgiatacpham(nguyendu,thanhhienthitap)')

>>> tgtph.assertz('tacgiatacpham(nguyendu,namtrungtapngam)')

>>> totph.assertz('tacgiatacpham(nguyendu,bachanhluctap)')

>>> list(tgtph.query('tacgiatacpham(nguyendu, X)')) # truy van két qua da nhap
................................................................................... & sinh vién dién két qua.
>>> for tg in tgtph.query('tacgiatacpham(X, Y)'): # truy van : liét ké toan bd
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print(tg["X"], ' viet ra tac pham: ', tg["Y"])
................................................................................... & sinh vién dién két qua.

e Vidu 2: Suy luan tam doan luian:

Tam doan luan 1a mot cach suy luan trong dién dich.
Ménh d&: “Moi ngudi déu phai chét!’

Dir liéu: Ong Micheal Jackson 1a ngudi

Suy ra: 6ng Micheal Jackson phai chét

Sinh vién thyuc hién cac budc sau:

- Khai bao ménh dé: phaichet(X) voi X 1a d6i twong connguoi.
- Khai béo dir liéu connguoi, nhu: micheal jackson,... (bang 1énh assertz)
- Tao ra cic truy van, nghia 13 két qua: (Which) 13 con nguoi? (What) phai chét?

>>> from pyswip import Prolog
e = Prologl()
>>> p.assertz('phaichet (¥) :—connguoi (¥) ")

>>> p.assertz('connguoi(trinh cong son)"')
>>> p.assertz('connguol(vo tong)')
>»> list(p.query('connguoi (Which) '})

P
P
>>> p.assertz('connguoi (micheal jackson)')
P
P

< sinh vién dién két qua.

< sinh vién dién két qua.
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CHUONG 6: CO BAN VE PAI SO BOOL,
FINITE STATE MACHINE

Muc tiéu:

- Khdi niém vé dai s6 Bool

- Biéu dién Finite State Machine trong Python
N¢i dung chinh:
1. Co ban vé dai s6 Bool véi Python

Tom tat ly thuyét: Cho B = {0,1}, bién x duoc goi la bién bool néu nd nhan gia tri 0 hoac 1
trong B. Khi d6, mot ham sé f (x4, x5, ..., X,) duoc goi 1a ham bool néu nd x4c dinh trén tap

B™ = {(x1, %2, .., xp)|x; € B,i = 1,n}

Céc dic tinh: cho hai ham s6 bool, phép toan hoi (A), phép toan tuyén (V) cho hai ham sb va
phép toan phut dinh cho mot ham sb déu sé cho két qua 1a mot ham sé bool. Cac ki hiéu:

- Hoéi cua hai ham bool: (f A g).
- Tuyén cta hai ham bool: (f V g).
- Phu dinh cta ham bool: f.

Vi du 1: Cho ham bool theo bang sau va hiy xac dinh biéu thirc bool va thé hién bing ngdn ngi
Python:

X y Ham f(x,y)
1 1 0
1 0 1
0 1 0
0 0 0

Nhan xét: f(x,y)=1 khi va chi khi x=1, y=0 va f(x,y)=0 trong cac truong hop con lai cua gia tri x,
y. Tir @6, chung ta c6 thé két luan biéu thirc bool ctia ham f(x,y) 1a x A y.

Vi Python, chung ta ¢ thé viét cac ham thé hién ham bool. Mot cach don gian 1a liét ké tat ca
cac truong hop twong tng vai gia tri cia ham bool cho trong bang:

Sinh vién thuc hién thé hién cia ham f nhu bén duéi:
>>> def bool_xy(X, y):
kq=0

if (x==1) and (y==1):
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kq=0

if (x==1) and (y==0):
kq=1

if (x==0) and (y==1):
kq=0

if (x==0) and (y==0):
kq=0

return kq

Thuyc hién chay chuong trinh:
>>> for x in [1,0]:
foryin[1,0]:
print (bool xy(x,y))
Cai tién ham theo phan tich:
>>> def bool xyl(x,y):
kq=0
if (x ==1) and (y==0):
kq=1

return kq

Thyc hién chay chuong trinh 14n nita:
>>>for x in [1,0]:
for y in [1,0]:
print (bool xy(x,y))
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Vi du 2: Trong hinh bén dudi, hai mach duoc thiét ké vai cung mot chuc nang. Trong dd, mach
bén trai nhiéu linh kién hon mach bén phai nhung cting mét tinh ning.

Out= AB + AB + AB
01 10 11

Hgidgie

Sinh vién hay viét chwong trinh bang Python dé mé ta hai mach bén trén.

Luu y: Trong thuc té, mdc du mong muén ban dau cia dai sé Bool la t6i thiéu mot thiét ké
“mach” nhung viéc thiét ké mach trong thuc 1é 1a mét van @é lém. Vi viéc thiét ké mach sé anh
huong dén d bén cua thiét bi, linh kién, mirc d6 “chiu dung” vé dién dp hodc cac hiéu ung
nhiéu (trong cdc thiét bi am thanh, thu phdt séng, ...trong cdc méi treong khdc nhau), ciing nhie
nang lwong tiéu thu va cdc yéu té khdc... Do d6, mdc di viéc sir dung cdc gidi phdp dai s6 Bool
dé lam don gian hoa mach la mot véan dé khac. Péi khi, véi cac thiét ké phuee tap thi mach tro
nén én dinh, bén va chéng nhiéu khi dwa vao sir dung.

2. Khai niém vé May trang thai hitu han FSM (Finite State Machines)

Mot “Finite State Machine” viét tit 1a FSM con duoc goi 1a “may trang thai” hodc “Finite State
Automaton” 12 may ao goém tap cac trang thai (bao gdm trang thai khoi dau va mot hodc nhiéu
trang thai cuéi), mot tap cac sy kién nhap, 1 tap su kién xuit va 1 ham chuyén doi trang thai.
Ham chuyén doi trang thai léy state va su ki¢n nhap la dau vao va tra vé tap cac su ki¢n Xuit mai
va trang thai tiép theo (trang thai mdi). Mot sd trang thai duoc goi 13 trang thai “chim dut”
(terminal states) khi khong thé chuyén sang trang thai khac.

Hoat dong cua mot FSM bat dau bang mot trang thai goi 1a trang thai khoi dau va xu 1y xuyén
sudt cac dich chuyén phu thudc vao cac trang thai khac nhau va théng thuong két thic khi &
trang thai cudi. Mot trang thai danh dau mot dong thanh cong cua hoat dong dugc goi 1a mot
trang thai duoc chap nhan (accept state). Ky thuat state machine hién tai duoc st dung trong cac
ung dung: tro choi (games), giao dién ngudi s dung, giao thirc mang va cac chuong trinh phan
tich.
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2.1.

Mo hinh toan hoc:

Mot may trang thai hiru han xac dinh 1la mot bo 5: (%, S, s, 6, F) voi:

% 14 bang chit cai diu vao (tap hitu han va khong rdng céc ki hiéu).

S 1a tap trang thai hiru han va khong rong.

So 12 trang thai ban dau, 13 1 phan tir cua S.

& 1a ham chuyén ddi trang thai, duoc mo ta nhu sau: 6:S XX = S

Trong may trang thai hitu han khong xac dinh, ham trén s€ 1a §: S X X — 0(S), nghia la
8 s& tra vé 1 tap cac trang thai, trong d6 o(S) 1a power set (tdp cac tap con) cta tip S.

F 14 cac trang thai cudi (tdp ndy co6 thé 1a tap rong), nghia 1a F 14 tdp con cua tip S.

Hé may trang thai hitu han (FSM — Finite State Machines) c6 nhimng tmg dung nhu bo diéu khién
cac bo phan nhu dong co, phanh... cua tau dién ngdm khi mudn dimng tau khan cép & cac van toc:
50km/h, 100km/h, 300km/h. Nhiéu hé FSM duoc cai dat dé dap Gmg nhu cau sir dung, dic biét
trong cac hé¢ théng nhung, diéu khién, vi diéu khién dé dam bao vé an toan va on dinh ctia mot hé

théng.

2.2.

Vi du: Mach dién dén diéu khién tin hiéu giao thong

Mot mach dién cho dén xanh — do giao thong s& gdm 3 trang thai: sO (xanh), sl (vang) va s2
(d6). Ct mdi gidy, mot tin hiéu diéu khién dugc dua vao va trang tai bién d6i duge mo ta nhu

sau:

Trang thai hién tai Tin hiéu diéu khién vao Trang thai twong lai
SO 0 SO
SO 1 S1
S1 0 S1
S1 1 S2
S2 0 S2
S2 1 SO

RO rang, voi hé théng mach deén giao thong 1a mot minh hoa cho state machine khi théa 2 diéu
kién: ¢ thé biét duoc trang thai bién doi khi biét dir liéu va c6 luu trang thai hién tai.

Luu y: bién global trong Python cé nghia la sir dung bién toan cuc
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>>>» trang thai = "s0"
>>> def chuyen( tin hieu):
7lobal trang thai
1f trang_thai == "=s0":
if tin hieu == 0:
print ("0 - s0")
trang thai = "s0"
elif tin hieu == 1:
print ("1 - s1")
trang thai = "s1"
elif trang thai == "s1":
if tin hieu == 0:
print ("0 - =s1")
trang thai = "s1"
elif tin hieu == 1:
print ("1 - s2")
trang thai = "s2"
elif trang thai == "s2":
if tin hieu == 0:
print ("0 - s2")
trang thai = "s2"
elif tin hieu == 1:
print ("1 - s0")
trang thai = "s0"

Sau d6, sinh vién c6 thé thu nghi¢m bién d6i trang thai:
>>> tap_tinhieu =[1,0,1,0,1,1,0,0, 1] # thiét 1ap tap dit liéu dau vao
>>> for i in tap_tinhieu:

chuyen(i)

Bén canh viéc xay dung chuong trinh nhu trén, Python hd trg ching ta phuong thirc viét don
gian va hiéu qua hon. Chung ta hady xem xét doan ma dudi day:

>>> trang_thai = "s0"

>>> trangthai_ke = { 's0" ['s0', 's1'],
's1": ['s1', 's27,
's2" ['s2', 's0"]}
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>>> ket_qua = { 'SO': [ 05 1]5

's1: 10, 1],
's2: [0, 1]}
>>> def chuyen trangthai( tin hieu):
ylobal trang thai
chuoi in = str(ket qua[trang thai] [tin hieu])
chuoi in = chuoi in + " - " + trangthal ke[trang thai][tin hieu]

print_(chuoi_in) B
trang thai = trangthai ke[trang thai][tin hieu]
Sau d6, chung ta c6 thé thir nghiém:
>>> tap_tinhien=1(1,0,1,0,1,1,0,0, 1]
>>> for i in tap_tinhieu:
chuyen_trangthai(i)

........................................................... # so sanh két qua v6i chuong trinh bén trén.

3. Xiy dung chwong trinh kiém tra ngir phap don gian

Gia dinh chung ta muon nhan dién nghia ciia moi cau nho vdi mdt bd tr vung va nglr phap toi
gian theo quy tac nhu sau:

e Nhiing ciu phai bat dau vai tir “Python is” va tiép theo sau la:
e Mot tinh tur, hodc tur “not” (khong) cung véi mot tinh tur.

- “Python is great” (nghia tich cuc) [Python vi dai]
- “Python is stupid” (nghia tiéu cuc) [Python ngu ngdc]
- “Python is not ugly” (nghia tich cuc) [Python khong x4u xi]

Neéu khong phai mau trén, nghia la cau da viét sai!
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Tu do, ching ta s€ c6 mo hinh xtr Iy nhu sau:

Tra vé 1561 Sai (Error): khi bat dau cau khong phai 13 chit “Python” hodc chir ké
tiép khong phai chit “is”/“is not” hodc chit tiép theo sau chit “is”/“is not” khong
phai chir “not” hoac khong phai mot tinh tir (adjective).

negatwﬁ*

po sunz

adjegtive

smmethmg

adpctwe

Chuong trinh trong Python

Dé cai dit vi du trén, chiing ta xdy dung chuong trinh Finite State Machine nhu sau:
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s

lass

ae

m

m

m

StateMachine:

£ init  (self):
self.tap xuly = {}
self.trangthaiBatdau = None
self.trangthaiRetThuc = []

Hh

them Trangthai(self, trangthai, xuly, trangthai ketthuc = 0):
trangthai = trangthai.upper()
self.tap xuly[trangthai] = xuly
if trangthai ketthuc:
self.trangthaiKetThuc.append (trangthai)

Hh

thietlap TrangthaiBatdau(self, trangthai):
self.trangthaiBatdau = trangthai.upper()

Hh

thucthi (self, dauvao):

xuly = self.tap xulylself.trangthaiBatdau]

m

raise InitializationError("Phai gii .thietlap TrangthaiBatdau() truoc khi goi .thucthi() ")

if not self.trangthaiEetThuc:
raise InitializationError ("It nhat 1 trang thai phai lz trang thai ket thuc")
(TrangThaiMoi, dauvao) = xuly(dauvao)
1f TrangThaiMoi.upper() in self.trangthaiRetThuc:
print ("Den dich! ", TrangThaiMoi)
else:

xuly = self.tap xuly[TrangThaiMoi.upper()]

Thé hién code:

class StateMachine:

def init (self):

self.tap xuly = {}

self.trangthaiBatdau = None

self.trangthaiKetThuc =[]

def them Trangthai(self, trangthai, xuly, trangthai_ketthuc = 0):

trangthai = trangthai.upper()

self.tap xuly[trangthai] = xuly

if trangthai_ketthuc:

self.trangthaiKetThuc.append(trangthai)
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def thietlap TrangthaiBatdau(self, trangthai):

self.trangthaiBatdau = trangthai.upper()

def thucthi(self, dauvao):
try:
xuly = self.tap_xuly[self.trangthaiBatdau]
except:

raise InitializationError("Phai gfi .thietlap TrangthaiBatdau() truoc khi goi .thucthi() ")

if not self.trangthaiKetThuc:

raise InitializationError("It nhat 1 trang thai phai la trang thai ket thuc")

while True:
(TrangThaiMoi, dauvao) = xuly(dauvao)
if TrangThaiMoi.upper() in self.trangthaiKetThuc:
print ("Den dich! ", TrangThaiMoi)
break
else:

xuly = self.tap_xuly[TrangThaiMoi.upper()]

Va chwong trinh sir dung 16p trén FSM.py:

# Thuc thi chuong trinh nay su dung goi statemachine.py

- Dua thu vién statemachine vao str dung

Thuc hanh Toan roi rac Trang 11



B6 mén Khoa hoc Dix liéu

- Khoi tao cac danh sach “tir vung”

# Thuc thi chuong trinh nay su dung goi statemachine.py

from statemachine mpoort StateMachine

mn

tinhtu tichcuc ["vi dai™, "sieu", "wvui", "de", "giai tri"]

tinhtu tieucuc = ["chan", "kho", "zau", "kem"]

from statemachine import StateMachine
# Khoi tao cac danh séach tur vung:
tinhtu_tichcuc = ["vi_dai", "sieu", "vui", "de", "giai tri"] # danh séch tinh tur tich cuc

tinhtu_tieucuc = ["chan", "kho", "xau", "kem"] # tinh tir ti€u cuc

- Khai bao trang thai ban dau:

lef trangthai baudau(txt):
splitted txt = txt.split (Non=s, 1)
tu, txt = splitted txt i1f len(splitted txt) > 1 =ls= (txt, "")
1f tu == "Python":
trangthaimoi = "Python state”
else:
trangthaimoi = "error state™
return (trangthaimoi, txt)

def trangthai_baudau(txt):
splitted txt = txt.split(None, 1)
tu, txt = splitted_txt if len(splitted txt) > 1 else (txt, "")
if tu == "Python":
trangthaimoi = "Python_state"
else:
trangthaimoi = "error_state"

return (trangthaimoi, txt)
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Cac doan code tuong tu:

- Khai béo trang thai python
- Va cac trang thai tiép theo (is, is not, tinh tir)

Fh

mn

trangthai python(txt):

splitted txt = txt.split (¥Ncocne, 1)
tu, txt = splitted txt if len(splitted txt) > 1 =ls= (txt, "")
if tu == "is":
trangthaimoi = "is state™
else:
trangthaimoi = "error state™
return (trangthaimoi, txt)
def trangthai_python(txt):
splitted txt = txt.split(None, 1)
tu, txt = splitted_txt if len(splitted txt) > 1 else (txt, "")
if tu =="is": # néu tir 1a “is’ thi
trangthaimoi = "is_state" # trang thai mai la is_state
else:
trangthaimoi = "error_state" # nguoc lai trang thai mai 14 16i (error_state)
return (trangthaimoi, txt)
def trangthai is chuyentrangthai (txt):
splitted txt = txt.split (¥cone, 1)
tu, txt = splitted txt if len(splitted txt) > 1 else (txt, "")
if tu == "not™:
trangthaimoi = "not state™
elif tu in tinhtu tichcuc:
trangthaimoi = "pos state"
elif tu in tinhtu tieucuc:
trangthaimol = "neg state"
else:
trangthaimoi = "error state”
return (trangthaimoi, txt)
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def trangthai_is_chuyentrangthai(txt):
splitted txt = txt.split(None, 1)

tu, txt = splitted_txt if len(splitted_txt) > 1 else (txt, "")

if tu == "not":
trangthaimoi = "not_state"
elif tu in tinhtu_tichcuc:
trangthaimoi = "pos_state"
elif tu in tinhtu_tieucuc:
trangthaimoi = "neg_state"
else:
trangthaimoi = "error_state"

return (trangthaimoi, txt)
i=f trangthai isnot chuyentrangthai (txt):
splitted t=t = txt.split (Non=s, 1)
tu, txt = splitted txt if len(splitted txt) > 1 else (txt, "")
if tu in tinhtu tichcuc:
trangthaimoi = "pos state”
21if tu in tinhtu tieucuc:
trangthaimoi = "neg state™

trangthaimoi = "error state”

return (trangthaimoi, txt)

def trangthai_isnot _chuyentrangthai(txt):
splitted txt = txt.split(None, 1)

tu, txt = splitted_txt if len(splitted txt) > 1 else (txt, "")

if tu in tinhtu_tichcuc:

trangthaimoi = "pos_ state"
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elif tu in tinhtu_tieucuc:
trangthaimoi = "neg_state"
else:
trangthaimoi = "error_state"

return (trangthaimoi, txt)

- Vakhai bao trang thai tiéu cuc
=f neg state(txt):
print ("Chao!™)
return ("neg state",™")
def neg_state(txt):
print ("Chao!")
return ("neg_state","")

- Va ham main dé goi:

if _name =="_main__":

m = StateMachine()

if  name == " main ":
m = StateMachine ()
# add_state
m.them Trangthai("Start", trangthai baudau)
m.them Trangthai ("Python state", trangthai python)
m.them Trangthai("is state", trangthal is chuyentrangthai)
m.them Trangthai("not state™, trangthai isnot chuyentrangthai)
m.them_Trangthai{"neg_state", None, trangthai_ketthuc = 1)
m.them_Trangthai{"pos_state", None, trangthai_ketthuc = 1)
m.them_Trangthai{"error_state", None, trangthai_ketthuc = 1)
# set start
m.thietlap TrangthaiBatdau("Start")
# run
m.thucthi ("Python is vi dai™)
m.thucthi ("Python is kho™)
m.thucthi ("Python is =au™)
m.thucthi ("Python is xaoc™)
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# add state

m.them_Trangthai("Start", trangthai baudau)
m.them_Trangthai("Python_state", trangthai python)

m.them Trangthai("is_state", trangthai_is chuyentrangthai)
m.them_ Trangthai("not state", trangthai isnot chuyentrangthai)
m.them_ Trangthai("neg state", None, trangthai_ketthuc = 1)
m.them_Trangthai("pos_state", None, trangthai_ketthuc = 1)
m.them_Trangthai("error state", None, trangthai_ketthuc = 1)
# set_start

m.thietlap TrangthaiBatdau("Start")

# run

m.thucthi("Python is vi_dai")

m.thucthi("Python is kho")

m.thucthi("Python is xau")

m.thucthi("Python is xao")

Két qua thyc thi 1a (khi dén dich nghia 13 cAu néi da dung ngit phap!)

==================== RESTART: C:/Anaconda3/Scripts/FSM.py =
Den dich! pos state

Den dich! neg state
Den dich! neg state
Den dich! error state
>>> |
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BAI TAP CHUONG 6

Céu 1: Thiét ké thang may! Hé may trang thai hiru han trong Python

Trong diéu khién thang mdy, vi tri tai mdi tang s& 1a mot trang thai ciia thang may. Sau d6, thang
may s& nhan dugc cac 1énh di 1én hodc xudng tuy theo ngudi st dung va hé thong diéu khién
thang may s€ thuc hi¢n cac tac vu theo trang thai. Cu thé hon, chung ta c6 bai toan nhu sau:

Nha ga metro gdm 2 tang (tAng Trét va ting 1). Nha ga c6 1 thang may danh cho ngudi
han ché 1én xudng cau thang (ngudi gia, ngudi khuyét tat, ngudi bi thuong & chan) st
dung voi 1 nat bam diéu khién dé di gira hai tang. Pén tin hi¢u cua thang l1a: mau Tim
khi thang & ting Trét va mau Hong khi ¢ tang 1.

Tai mdi thoi diém, bd diéu khién sé kiém tra trang thai cta thang dé di 1én hodc xudng va
thay d6i tin hiéu den.

Ban duogc giao nhiém vu lép trinh mot doan chuong trinh cho con chip nhung dé diéu khién
thang mdy c6 1 nat nhdn mdi ting. Hay viét chuong trinh bang Python dé diéu khién cua thang.

Thure hién:
e V& lugc dd FSM cho hé théng.

Luu ¥: Lwoc do la hinh anh tong quan ciia hé thong. Cdc trang thdi ciia hé thong dwoc thé hién
bang nhitng dwong tron. Cdc miii tén chi hiedng thay doi trang thdi ciia hé thong.
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CHUONG 7: PO THI VA CAC TiNH CHAT CUA PO THI
Muc tiéu:

- Khdi niém vé biéu dién dé thi trong Python

- Dinh nghia vé su lién thong cua do thi.

- Xt Iy vé dwong di, chu trinh cia do thi bang Python.

- Khai phd cdc tinh chdt ciia do thi théng qua g6i networkx ctia Python

Noi dung chinh:
1. Biéu dién @6 thi trong Python

Hién tai, mot do thi dugc biéu dién bang nhiéu dang trong cac ngdn ngit 14p trinh. Dudi day, hai
dang co ban trong ngdn ngtr Python duoc gidi thi¢u.

1.1.  Biéu dién d6 thi bang ma trin ké
Ma tran ké 13 hinh thirc biéu dién dd thi don gian nhét. Ma tran ké 12 ma tran vuong nxn voin la
s6 dinh cua d6 thi. Cac quy tic biéu dién mot ma tran ké 4 = {aij}, 1<i<nl1<j<n

e Ma tran gdm n dong va n cot twong tmg véi do thi n dinh.

e Giatricuaa;; thé hién mét hodc nhiéu dang thong tin duoi day:

- Su két ndi (ddi voi @6 thi chi quan tam dén két ndi): gia tri khac 0 dé cho biét c6 su két
nbi tir dinh i dén dinh j.

- Chiéu dai/gia tri/ham phat/kha nang tiép can tir dinh i dén dinh j (gia tri v6 cing xem nhu
hai dinh khong c6 su két ndi truc tiép; gia tri 0 cho thdy hai dinh tring nhau; gia trj am
cho thiy day 1a két ndi nguoc chiéu);

- Dang d6 thi: d6 thi c6 huéng thuong cic canh ngugc hudng s& co gia tri am (nghia la:

a;j = —aj).

Tuy nhién, nhuoc diém cua phuong phap thé hién nay la: viéc thé hién d6 thi 1on va dic biét 1a
thua s& ton rat nhiéu tai nguyén. Do ma tran ting mii 2 theo kich thudc cta s6 dinh.

1.2.  [Poc thém] Sir dung ciu tric dir liéu ciia Python
Sinh vién tham khao thém va thuc hanh truc tuyén tai day véi su hd tro cia giang vién:

https://www.python-course.eu/eraphs python.php
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2. Mot sé dic trung va tinh chét cia do thi
Duéi day 1a mot s6 chi s vé dac trung cling nhu cac tinh chét ciia mot do thi/mang.

2.1.  Cic chi so va tinh chit co ban vé dinh va canh, loai d6 thi
Dbé danh gia muc do phtrc tap va sy két ndi trong cuc bo ciia mot dd thi/mang:

e Chisd y: 1ati sb giita s6 lién két thyc su va s lién két c6 thé c6 trong mang. Cong thirc:

Ll
lmax 3(71—2)

X = ,n:s6 dinh hodc nit cia mang

Nhin xét:

- (ngudng it lién két) 0 < y < 1 (ngudng nhiéu lién két)

e Chisb a: 1a ti s6 gitta s6 luong vong thuc su va sd luong vong cuc dai trong mang (Vong
lién két gitra 3 dinh, khong tinh vong bao trim).

c _ C
Cmax (271 - 5)

a =

Nhan xét: véi mang it lién két, chi s6 a khong thich hop dé danh gia. Véi mang co6 chi s6 a 16n
(a gan bang 1) thi mang c6 su két ndi t6t. Ung dung trong viéc phan tich két nbi giao thong.
Tinh todn xem noi nao “giao thong thuan tién”

2.2.  Cic thudc tinh ciia do thi
Cho dd thi G = (V, E) v6i V 1a tap cac n dinh va E 13 tap cac canh.

Goi khoang cach giita hai dinh u, v (u, v € E) trong db thi G 1a d(u, v).
e Phi’ cua mot dinh (eccentricity)

Phu ctia mot dinh ki hiéu 1a ecc(v) 1a khoang cach xa nhit dén cac dinh khac. Nhu vay, theo
dinh nghia, do la:

ecc(v) = max{d(v,x)}, (v € V)
XEV
(* la tw tam dich)
e Puong kinh cua d6 thi (diameter), ki hiéu 13 diam(G):

Puong kinh cua dd thi duoc dinh nghia 1a d6 dai 16m nhét trong cac dudng di ngin nhét gitra hai
diém bat ki trong G. Nhu vay, theo dinh nghia, dudng kinh cua db thi G 1a Diam(G):
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Diam(G) = max {ecc(v)|}

Ung dung: X¢ét thoi gian cham nhat dé loan 1 tin. Vi du: sang 8 gid 00 hing ngay, tit ca cac ngan
hang, cura hang déu duoc cap nhat gia ngoai té, gia ) phiéu. Do do, truéc do, mot doan ma script
webservice duogc cai dit dé chuyén dén cac may. May cham nhét trong hé thong ciing phai duoc
chuyén dén trude thoi diém 8 gio 00.

e Ban kinh ctia do thi (radius), ki hiéu 1 radius(G):

Nguoc véi duong kinh ctia do thi, ban kinh ctia @b thi dugce dinh nghia 1 gia tri nhé nhét cua
phu ctia do thi. Nhu vy, ban kinh cua d6 thi duoc dinh nghia la:

radius(G) = min {ecc(v)|}

Ung dung: Trong mdt thanh ph, néu cac khu trung tim dugce xem 1d mot diém ciia d6 thi (c6 cac
canh 1a cac duong két ndi) thi viéc tim ban kinh d6 thi 1a tim vi tri dé dat céc tién ich xa hoi nhu:
tram y té, tram chira chay. Cac dinh c6 ecc bang v6i ban kinh c6 thé duogc xem 1a cac dinh trung
tam cua do thi.

3. Sir dung go6i networkx dé gii cac bai toan d thi

3.1. Gidi thiéu goi networkx
Thu vién networkx 1a mot thu vién dé xu ly mang/d6 thi trong Python. Networkx c6 cac kha
nang:

e Phan tich mang co ban:

- Thé hién c4c khai niém co ban ctia db thi.

- Thudc tinh v& loai va ciu tric cta do thi.

- Nhan dién cac node trung tdm cua dd thi.

e Truyén thong trong mang:

- Nhom va phan hoach d6 thi.

- Tim kiém céc “cong dong” trong mang/dd thi tinh va dong.
e Cac g dung vé phan tich mang

Hién tai, goi networkx duogc tich hop trong goi phdn mém Anaconda. Cac thanh phan cin ban
ctia goi networkx bao gom:

- Db thi: co thé 1a d6 thi vo huéng (Graph) hoic hiru (c6) hudéng (DiGraph).
- Node: cac nbt cta dd th.
- Edge: cac canh cta db thi

Dé sir dung goi networkx, chiing ta phai tham chiéu thu vién

>>> import networkx as nx  # sir dung voi tén goi la nx hodc >>> import networkx
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3.2.  Tao lap d6 thi vd huéng véi networkx
>>> g = nx.Graph()

>>> g.add_node('TP.HCM")

>>> g add node('Dong Nai')

>>> g add_node('Ba Ria Vung Tau')

>>> g add _node('Lam Dong')

>>> g.add node('Can Tho')

>>> g add_node('Long An')

>>> g add_edge('TP.HCM', 'Dong Nai')

>>> g add edge('TP.HCM', 'Ba Ria Vung Tau')
>>> g add_edge('TP.HCM', 'Long An')

>>> g add_edge('Dong Nai', 'Lam Dong')

>>> o add edge('Dong Nai', 'Ba Ria Vung Tau")

>>> print (g.number_of nodes())

............................................................ & sinh vién dién vao

>>> print (g.number_of edges())

............................................................ & sinh vién dién vao

>>> print (g.nodes())

.............................................................................. & sinh vién dién vao
>>> print (g.edges())

.............................................................................. & sinh vién dién vao
>>> print (g.degree('TP.HCM"))

............................................................ & sinh vién dién vao

>>> print (g.degree())
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.............................................................................. & sinh vién dién vao
>>> print (list(g.neighbors('TP.HCM")))
.............................................................................. & sinh vién dién vao
>>> g has_edge('Lam Dong', 'Long An')
............................................................ & sinh vién dién vao

>>> nx.shortest_path(g, 'Lam Dong', 'Long An') # da c6 mang ludi duong di
........................................................................... & sinh vién dién vao

>>> nx.shortest_path(g, 'Lam Dong', 'Can Tho') # hién tai chua xay dung mang duong di
........................................................................... & sinh vién dién tén Exception
>>> g add node('Tien Giang')

>>> g.add edge('Tien Giang', 'Long An')

>>> g add edge('Tien Giang', 'Can Tho')

>>> nx.shortest_path(g, 'Lam Dong', 'Can Tho') # hién tai d4 bd sung thém duong di
........................................................................... & sinh vién dién vao

>>> nx.shortest_path_length(g, 'Lam Dong', 'Ba Ria Vung Tau')
............................................................ & sinh vién dién vao

>>> nx.shortest_path_length(g, 'Dong Nai', 'Ba Ria Vung Tau')
............................................................ & sinh vién dién vao

>>> nx.shortest_path_length(g, 'Lam Dong', 'Long An')

............................................................ < sinh vién dién vao
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BAI TAP CHUONG 7

Cau 1: Cai dit cic ham tinh toan ciu tric mang:

- Chisd X cua mot dd thi/mang.
- Chi s a cia mot dd thi/mang.

Cau 2: Cai dat thuat toan Dijsktra theo cAu trac dir liéu ma tran ké.
Cho mot dd thi c6 trong $6 G = (X,E) v6i X, E lan lugt 1a tap dinh va tap canh. Xét anh xa:
W:E->R
e > w(e)
Ta c6 cac dinh nghia sau:
(i). w(e) 1a trong sd/trong lwong ctia canh/cung e
(ii). Cho 2 dinh a,b € X. Pat o = {L|L dwong di tir a dén b}.
Gia sir ton tai Ly = min {w(L): L € gp}. Khi d0, L, goi 1a duong di ngan nhét tir a — b.

Vi bai toan tim duong di ngan nhét giita hai dinh, yéu cau cua do thi 13 d6 thi khéng c6 mach
am (vi néu c6 mach am thi cang di con duong cang ngan do trong sd/trong lugng 1a s6 4m).

Nhic lai thuat toan Dijsktra:

Dijkstra 14 thuat toan tim dudng di ngan nhat tir dinh dau tién (0) dén médt dinh khac trong dd
thi voi trong s6 moi dinh déu dwong, nghia 1a: w(u) > 0, Vu.

Thudt todan:

bat:
w(u), néuu=u;; €U
L=(LU) U(,)'lLU= OO,néuu=uij$U
0,néui=j

Goi (i) 12 d6 dai dudong di ngdn nhat tir mot dinh khac dén dinh i,i € X = {0,2,...,n — 1}; luu
¥: tap dinh bat dau tinh tir 0 cho phul hop v&i ngdn ngir Python.

" (i) la gia tri tam (tinh) cua m (7).
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Thuét toan thuc hién cac budc sau:

Buée I: m*(0) = 0; m*(i) = oo, Vi # 0; S=X. Tap S l1a tip cac dinh can duogc tinh toan. Néu
dinh nao dugc loai noi day, nghia 1a d6 dai duong di tu dinh do dén dinh 0 da x4c dinh.

Budce 2: Chon j € S thoa: n*(j) = minw*(i),i € S. Dat, nghia 1a cap nhat d6 dai duong di tu
dinh 0 dén dinh j va loai bo j ra khoi tap S:

n(j) < ()
S<S—{}
Néu § = @: dimg thuét toan.

Budce 3: V6i moi i € {lancan j}n S, dat P = n(j) + Lj;. Khi do, dat: (i) = min {r" (i), P}.
Néu *(i) = P thi danh dau dinh i(7* (i), j)

Sau d6 tré lai budce 2.

Vi du: Cho dd thi sau:

Pinh\Pinh 0 1 2 3 4 5
0 0 7 1 oo 0 %)
1 7 0 4 4 2 0
2 1 4 0 0 6 0
3 00 4 oo 0 2 5
4 (o) 2 6 2 0 3
5 00 00 00 5 3 0
Thuc hién cac budce cia thuat toan, ta duoc nhu sau:
Bude 1: m*(0) = 0; " (i) = oo, Vi # 0,5 = {0,1,2,3,4,5}
" (i) 0 1 2 3 4 5
bo dai 0 o0 0o o0 00 00

Budc 2: j = 0; ©°(0) = 0; S « {0,1,2,3,4,50\{0} = {1,2,3,4,5}

Buéc 3:i € {lancan 0} n S = {1,2} n {1,2,3,4,5} = {1,2}. Thuc hién gan lai:
(1) « min{r*(1),7(0) + Ly;} = min{oo,7} =7

Tuong tu:

m*(2) « min{n*(2),7(0) + Ly} = minf{oo,1} =1
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(i) 0 1 2 3 4 5
bo dai 0 (o) [ 00 00 00
0 (dinh0, do6 dai7) (0,1) o) 00 00

Budc2:j =2; 7*(2) = 1; S « {1,2,3,4,51\{2} = {1,3,4,5)
Buéc 3:i € {lancan 2} n S = {1,4,5} n {1,3,4,5} = {1,4,5}. Thuc hién gan lai:

m*(1) « min{r*(1),7(0) + L,;} = min{7,1 + 4} =5

m*(4) « min{n*(4),7(0) + L,4,} = min{oo,1 + 6} =7

m*(5) « min{r*(5),7(0) + Ly} = min{oo,1 + 2} = 3

0

" (i) 1 2 3 4 5
P dai 0 (0,7) (0,1) % % o
0 (2,5) (0,1) 00 (2,7) (2,3)

Sinh vién ty thuc hién cdac budc sau va lap lai dén khi thudt todn dirng:
Buéc 2:...

Budc 3:...

Buoc 2:...

Buoc 3:...
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CHUONG 8: PO THI DANG CAY

Muc tiéu:

- Tim hiéu vé do thi cdy: dinh nghia, tinh chat, cdc loai cdy, cdc thudc tinh cia cady.
- Cdc thudt todn xir Iy cdy: duyét cdy, cdy khung va cdy khung toi thiéu.

- Gidi thiéu trmg dung cdy trong thuec tién xit Iy bang Python.

- Cdc thao tdc lénh bé sung véi g6i NetworkX.

Noi dung chinh:
1. Do thi cay (Tree)

Bai nay gidi thiéu vé mot loai do thi dac biét, d6 1a cay. Cay la mot dang do thi ddc biét nén nhin
chung cy s& ap dung duoc tit ca cac thudt toan xir Iy cia do thi nhu tim duong di ngin nht, ...
Ngoai ra, ciy c6 riéng nhirng tinh chat va cac bai toan riéng.

1.1.  DPinh nghia, tinh chat
- Cay (tree): 1a mot d6 thi lién thong va khéng c6 chu trinh.
- Rumg (forest): mot rimg c6 p cdy. Mdi cay 1a mot do thi lién thong, do dé, rimg 1a do thi
c6 p thanh phan lién thong. Mdi thanh phan lién thong 13 1 cay.
- Cay c6 huéng 13 mot do thi c6 hudng. Trong cdy cd hudng, mot dinh duoc goi 1a ré (root)
néu tir d6 co thé c6 duong di dén dén cac dinh con lai.

1.2.  Pinh Iy co ban vé ciy
Nhitng diéu sau day 1a tuong duong:

i. Glacay.

ii. Giita 2 cip dinh bat ky c6 1 day chuyén duy nhat ndi chiing véi nhau.

iii. G lién thong tdi tiéu, nghia 1a néu x6a di 1 canh ctia G thi khong con lién théng nira.

iv. Thém mot canh vao giita 2 dinh khong ké nhau thi ta s& c6 mot chu trinh so cip duy nhét.
v. G lién thong va co6 n-1 canh.

vi. G khong c6 chu trinh va c6 n-1 canh.

1.3.  Cay khung va ciy khung tdi thiéu

Cay khung hay con goi 1a cy tdi dai (cdy bao trum/chum): Cho méot dd thi G = (V, E), mot dd
thi cay K = (V,U) duoc goi 1a cay khung ctua G néu K 1a dd thi con cua d6 thi G: c6 moi dinh
ciaddthiGvalU C E.

Cay khung nho nhét: Xét G c6 trong s canh, khi d6, néu tong cac canh ciia ciy K 14 nhé nhét thi
d6 1a cay khung cta dd thi G. Cy khung nho nhit dugc minh hoa véi cac tmg dung nhu: xay
dung mang luéi dng nudc/day dién ngin nhét tai cac thanh phd hodc khu vuc dén cu.
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Tur mot dd thi G, hién nay co nhiéu thuat toan dé xac dinh cay khung nhd nhét nhu: Prim,
Kruskal, Boruvka. Trong do, phé bién 12 2 thuat toan Prim va Kruskal nhu sau:

- Prim: tiép c4n chiéu sau (depth search) v6i y tudng budc dau tién chon diém vi va canh
ngin nhit tir dinh d6 dé “loang” rong ra cac dinh con lai chura dwoc xét cia dd thi cing
v6i canh ngin nhat ma khong 13p thanh vong.

- Kruskal: tiép can chiéu rong (width search) véi ¥ tuong budc dau tién chon canh ngin
nhét cia dd thi trude vi nhan dinh: canh ngén nhét cua dd thi luén nam trong

Hinh minh hoa 2 thuat toan: [Giang vién c6 thé giai thich thém]

Prim’s Algorithm

1 3
Given a network............ Choose a vertex Choose the shortest edge from
this vertex.
. .2\.
4 6 g \ -
Choose the Repeat until you have a minimal

Choose the e ap—— spanning tree.

nearest

vertex mot vertex not

. ver in the
yet in the ‘solution
. $]
solution. when there 4
2 3 is a choic, 3
- choose
either.
’ -
Kruskal’s Algorithm
1
Given a network............ Choose the shorrest edge (if Choose the next shortest edge
there is more than ene, choose and add it.........
any of the shortest)........
\ 2 2
4 ?T " 6 Repear uniil vou lave a minimal
ioose the :

Choose the orsxt spanning iree.

next ;

shioriest 3 shortest

edge which edge "'-"f‘ h

swonldn’t wonldn't

create a - create a

cvele and - 2 cyele an

add it. add it.

G6i networkx hd tro viéc tinh cay khung/cay cuc dai ti thiéu nhu sau:

Thuc hanh Toan r¢i rac Trang 4



B6 mén Khoa hoc Dix liéu

Sinh vién c6 thé tham khao tai day:

https://networkx.github.io/documentation/latest/reference/algorithms/generated/networkx.algorithm

s.tree.mst.maximum_spanning_ tree.html

Cu thé xét dd thi cac tinh thanh phé nhu sau:

>>> import networkx as nx

>>> g = nx.Graph()

>>> g add node('TP.HCM')

>>> g add node('Dong Nai')

>>> g add node('Ba Ria Vung Tau')

>>> g add node('Lam Dong')

>>> g add node('Can Tho')

>>> g.add node('Long An')

>>> g add node('Tien Giang')

>>> g add edge('TP.HCM', 'Dong Nai', weight = 50)

>>> g add edge('TP.HCM', 'Ba Ria Vung Tau', weight = 120)
>>> g add edge('TP.HCM/, 'Long An', weight = 40)

>>> g add edge('Dong Nai', 'Lam Dong', weight = 230)

>>> g add edge('Dong Nai', 'Ba Ria Vung Tau', weight = 60)
>>> g add edge('Tien Giang','29") # lénh g& nham

>>> g remove_edge('Tien Giang', '29') # x6a lénh gd nham
>>> g add_edge('Tien Giang', 'Long An') #lénh g thiéu chiéu dai (trong s6, weight)
>>> g remove_edge('Tien Giang', 'Long An') # x6a 1énh g6 thiéu chiéu dai
>>> g add edge('Tien Giang', 'Long An', weight = 29)

>>> g add edge('Tien Giang', 'Can Tho', weight = 200)

>>> g add edge('Long An', 'Dong Nai', weight = 70)
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>>> g remove_edge('Tien Giang', '29') # 1énh s& bao 16i vi canh nay da dugc x6a trude do.
......................................................... # sinh vién ghi nhan exception

Pé xem d6 thi, chung ta co thé xem: cac dinh:

>>> g nodes()

Tuy nhién, chiing ta van phai x6a dinh (node) ‘29’ do 1énh tao ra:

>>> g remove node('29')

>>>g.nodes() # da xoa dinh ‘29

Thé hién dit liéu cac két ndi va ¢ sép Xép cac canh ndi theo tén canh cua do thi g ban dau:
>>> sorted(g.edges(data=True))

Gia str, can xdy dung dudng truyén Internet voi sé luong day 1a ngin nhat giita cac thanh phd
bén trén, chung ta c6 thé xem xét xay dung ciy khung tdi thiéu nhu sau:

>>>T = nx.maximum_spanning_tree(g)

Thé hién dit liéu va cac két ndi ciia cay toi dai

>>> sorted(T.edges(data=True)) # tuong tu thir nghiém véi [énh >>> T.nodes()
Giang vién cung sinh vién v& d6 thi g ban dau va do thi cay khung T dugc tao thanh.
Tai liéu tham khao: Sinh vién c6 thé tham khao thém tai:

https://networkx.github.io/documentation/latest/reference/algorithms/generated/networkx.algorithm

s.tree.mst.maximum _spanning tree.html
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2. Mot s6 tham khao vé h tro ciia goi Networkx dé xir Iy mang dé thi va cy:

bung ¢ gbc do cac mot chuyén gia vé khoa hoc dit liéu, bén canh viéc tim hiéu yéu cau bai toan
va thuat toan xir 1y, khai thac cong cu phan mém 13 su can thiét va yéu cau nhu mot k¥ ning.
Theo d6, goi networkx 1a mot thur vién véi nhidu cai dat dé xir Iy cac bai toan ma sinh vién can
nim rd st dung. Dudi day 1 liét ké mot s6 bai toan vé do thi va ciy co ban dugc xir Iy bang gbi
networkx:

e Phin tich Pagerank (chi s6 két ndi):

Gia dinh sinh vién d3 tim hiéu vé phan tich pagerank (trong Thuc hanh dai sb tuyén tinh vé tng
dung tri riéng/vector riéng). Sinh vién c6 thé st dung ham trong géi thu vién networkx dé phan
tich v6i gia dinh cac lién két trén 1a cac lién két dé “xép hang”. Luu y: dd thi dugc xét bén trén 1a
dd thi vo hudng (xem nhu cac lién két 1a 2 chiéu).

>>> nx.pagerank(g, 0.85)

{'TP.HCM": 0.13445880738149718, 'Dong Nai': 0.2351507400853221, 'Ba Ria Vung Tau":
0.11598739208998513, 'Lam Dong': 0.13355497428234894, 'Can Tho': 0.13462563996889287,
'Long An'": 0.09373705822226845, 'Tien Giang'": 0.15248538796968533}

Tham khao: https://networkx.github.io/documentation/latest/reference/algorithms/link analysis.html

Va cac bai toan khac nhu: [giang vién cung cip thong tin thém]
e Do thi hai hudng (bipartite) — giai cac bai toan vé “ghép doi”

Tham khao: https://networkx.github.io/documentation/latest/reference/algorithms/bipartite.html

e Bai toan tim phu ngin nhit (covering) — ¥ tudng nhu bai toan tap hop phu (set covering)
Lénh sau dé phén cac ving gan nhau:
>>> px.min_edge_cover(g)

{('Can Tho', 'Tien Giang'), ('Ba Ria Vung Tau', "TP.HCM'), ('Long An', 'TP.HCM'), ('TP.HCM',
'Long An'), ('Dong Nai', "Lam Dong')}

Tham khao: https://networkx.github.io/documentation/latest/reference/algorithms/covering.html

e Cic bai toan vé duong di/chu trinh (tournament)

Bai toan duong di Hamilton:
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Tham khao: https://networkx.github.io/documentation/latest/reference/algorithms/tournament.html

3. Bai toan irng dung 2: Bai toan tich lily dong chay — Cau chuyén ngap khi mwa tai do thi
Duéi day 1a mot ing dung ctia cdy do thi trong viéc tinh toan tich lily dong chay.

3.1.  Gidi thiéu mo6 hinh tich lily dong chay don dong (single flow), thuat toan D8

Cac khai niém co ban:

e Hé thdng thoat nudc bé mit:

Watershed

(Basin, Catchment,
Contributing area)

Watershed Boundaries

(Drainage Divides)

-

Pour Points
(Outlets)

Bao gom:

- Céc luu vuc (watershed): 1a mdi ving nuéc chay doc lap. TP. H6 Chi Minh phan thanh
nhiéu luu vyc 16n khac nhau nhu: Tan Héa — Lo G6ém, Bic Nhiéu Loc, Nam Nhiéu
Loc,... Va modi luu vuce 16n d6 bao g6m nhiéu lvu vuc nhé hon.

- Céc bién gioi cua luu vuc (watershed boudaries).

- Nhing diém tiép nhan nudc (pour points).

Gida dinh quy ludt cia dong chdy la: dong chdy sé chdy tir noi cao sang noi thip nhit va
khéng c6 trwong hop chdy ngwee lai tiv noi thdp sang noi cao.
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e Quy trinh tinh todn:
Pé tinh toan dong chay nudc, 2 buéc CHINH duoc xur 1y

- Budc 1: Huéng dong chay (FLOW DIRECTION): 1a tinh toan huéng di chuyén ciia dong
(nudce) tai mdi diém (vi tri dia 1y).

- Budc 2: Tich lily dong chay (FLOW ACCUMULATION): 14 tinh gia tri tich lily tai mdi
diém.

Luu y: Cac budce xtr Iy chuyén nganh s€ dugc mo ta trong cac bai giang khac.
e Tinh todan hudng dong chay va tich lily dong chay (véi mo hinh don dong):

C6 nhiéu thuat toan tinh toan hudng dong chay. O ddy, ta xét mo hinh D8, mot mé hinh vé dong
chay don dong, nghia 1a tai 1 vi tri chi c6 thé chay dén 1 trong 8 vi tri 1an can c6 d6 doc thap

nhat. Vi du:

ﬂ- — -~

Elevation Flow Direction

Direction Coding

- Elevation hoic DEM: 1a do cao cta dja hinh thuc té.
- Flow Direction 1a huong dong chay dugc ma hoa theo cdc ma hudng (direction coding).
Tai 1 vi tri s& co 8 vi tri ing cir vién dé dong chay dén.
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Cu thé tinh toan bang trén: Tir bang do cao (elevation) hay con goi 1a mé hinh d6 cao s6 (DEM —
digital elevation model), ta s€ tinh toan ra bang Flow Direction v6i quy luat: Tim hwéng cé do
ddc cao nhit. Vi du: 6 cudi cung mang gia tri 12 ¢6 3 6 xung quanh 1a 16, 19 va 11. Nhu viy, dg
doc cao nhit trong truwong hop nay la 6 11. Vi ching ta c6 cac tinh toan nhu sau:

12-11

Xét 6 11: d6 doc tir 6 12 d6 vé la: = 1, v6i k 1a khoang cach giita 2 6 (thang hang nhau).

Xét 6 16 va 19: chic chian khong c6 dong nguoc tir 4o cao 12 sang 16 hay 6 19. Bé thuyét phuc,

1;;6 < 0, gia dinh k 14 khoang cach giita 2 6. O day 6 16 chéo nén c6 V2.

ta thuc hién tinh toan:

Tir d6, chung ta c6 thé 1ap dugc hudng dong chay theo quy dinh vé hudng nhu bang ma hudng.
Két qua duoc nhu sau:

Direction Coding

Tir ddy ching ta c6 thé xay dung duoc cay dong chay.

3.2.  Buwéc chuin bi cho viéc xir ly
Cac budc thuc hién:

- Giang vién huéng dan sinh vién doc dit liéu tir ma tran hodc tap tin hodc béng Excel.
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- Xay dung ham tao dd thi cay theo cac dinh. Gia dinh mdi d6 cao cua dinh duoc cho la
mot sb thuc. Néu gia tri do cao 1a -9999 thi khong xét hudng cho diém tai vi tri do.

- Xay dung ham tinh toan hudéng chay cua dong tai mdi dinh.

- Xay dung cdy (d0 thi) theo huéng dong chay tai mdi dinh.

- Tinh toan luong tich trit dong tai mdi dinh bang cach dém s6 node cha ctia dinh/node.

3.3. [DPoc thém] Cai dat thuit toan D8
Duéi day 1a mot hién thuc cho thuét toan D8 ma ham tinh tich lity khong phai dang cay d6 thi.

Sinh vién c6 thé doc hiéu va diéu chinh theo hudng xay dung d6 thi véi muc dich chinh 14 tinh
toan tich lily dong tai mdi vi tri.

import math

import numpy as np

def tinh_huong(dem, m_dong, n_cot, vitri):
huong = np.zeros((m_dong, n_cot))
for dong in range(m_dong):
for cot in range(n_cot):
XX, yy, mymax =0, 0, 0
for i in range(-1,2):
for j in range(-1,2):
if (i*i+j*j>0) and \
(dong+i>=0) and (dong+i<m_dong) and \
(cot+j>=0) and (cot+j<n_cot) and \
(mymax*math.sqrt(i*i+j*j) < dem[dong][cot] - dem[dong+i][cot+j]):
mymax = dem[dong][cot] - dem[dong+i][cot+]

XX =1

Thuc hanh Toan roi rac Trang 11



B6 mén Khoa hoc Dix liéu

Yy =]
huong[dong][cot] = vitri[xx+1][yy+1]

return huong

def tinh_tichluy(p, q, m_dong, n_cot):
for i in range(-1, 2):
for j in range(-1,2):
if (i*i+j*j>0) and \
(p+i>=0) and (p+i<m_dong) and \

(q+j>=0) and (q+j<n_cot) and \

(huong|[p+i][q+j] == vitri[-(i-1)][-(-D)]):
tl.append(1)
tinh_tichluy(p+i, g+j, m_dong, n_cot)

return len(tl)

vitri = np.array([ [32,64,128],[16,0,11,[8.4,2]])

#dem = [ [0 for j in range(n_cot)] for 1 in range(m_dong)]

# Gia dinh dir lieu dia hinh dem la mot bang 6x6 dwoi ddy:

dem = np.array([ [78,72,69,71,58,49],
[74,67,56,49,46,50],
[69,53,44,37,38,48],
[64,58,55,22,31,24],
[68,61,47,21,16,19],

[74,53,34,12,11,12]])
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m_dong = dem.shape[0] #6

n_cot = dem.shape[1] #6

tichluy = np.zeros((m_dong, n_cot)) #[ [0 for j in range(n_cot)] for i in range(m_dong)]

huong = tinh_huong(dem, 6,6, vitri)

for i in range(m_dong):

for j in range(n_cot):

tichluy[i][j] = tinh_tichluy(i, j, m_dong, n_cot)
print (dem)
print (huong)

print (tichluy)

Két qua tinh toin:

RESTART: C:/Anaconda3/Scripts/singleflow.py
>>> dem
array([[78, 72, 69, 71, 58, 49],

[74, 67, 56, 49, 46, 50],

[69, 53, 44, 37, 38, 48],

[64, 58, 55, 22, 31, 24],

[68, 61,47, 21, 16, 19],

[74, 53,34, 12, 11, 12]))

Thuc hanh Toan r¢i rac Trang 13



B6 mén Khoa hoc Dix liéu

>>> huong

array([[ 2., 2., 2., 4., 4. 8.],
[ 2., 2., 2, 4., 8, 8],
[ 1., 1., 2, 4., 8, 4],

[128.,128., 1., 2. 4. 8],

>>> tichluy

array([[ 0., 0., 0., 0., 0., 0.],
[0, 1., 1,2, 2., 0.],
[0, 3., 7,8, 1,0.]
[0, 0., 0,20, 0., L],
[0, 0., 0., 1,24, 0.],

[0., 2., 4., 7.,35., 0.]])

Goi y: néu ma trdn dem c6 m dong va n cét thi chiing ta phai xdy dung cdy do thi c6 huéng cé
mxn dinh. Nhitng dinh lién két véi nhau sé theo gid tri huwéng dong chay.

Sau dé, viéc tim dong tich lily bang thudt todn tim tong sé cdc node cha ciia mét node.
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