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print ("Fib(%d) = %d" % (n, Fib (n)))
_xhm vy o h mto x ]t Em Y& o c oo "7 "™ etaom’t e Lo T Tyet ao _®
c h D YA ' oh mto x|t 'Em'Y x e~ R =1 -t h “ t xh
h T29 ¢ ~ ot h x hm e x X e c O 7Y "e™ g0 e e Yy -



s o h mttah x t x h T e o)

o - gy o Teo ¥ "O¢ Reo @ O T * T~ X t ™ 0 a x h X h m e 0 a x

on  ph
"0O¢ £¢'@ pht p8
4 2 -~ -~ ~ . A " 3 [ r & e ~ o~ e
o € rLo . h a > h oa‘xe|_®)i</_>ct‘nnm" _he"cag XFaQtEn}’U ¥ ox e a tt . he .
~ , o~ L e~ -~ ~

,,th]_iz_g_._t_thk"e ‘xe_GVY XY e t,)frn (eEedY' o‘ _I_}mh"vcp

def Fact(n):
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1 def sunMa, n):
2 result= a[ 0]
3 i= 1
4 while i< n:
5 result +=  a[i]
6 i+=1
7 return  result
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1 def sumNIA n):
2 result= 0
3 i= 0
4 j= 0
5 while i< n:
6 while j< n:
7 result= result + Ali][j]
8 i= j+1
9 j= 0
10 i+= 1
11 return  result
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1 def fib (n):
2 if n<=1:
3 return 1
4 else :
5 return fib (n - 1) +fib (n - 2)
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Lo mt214.
1 def S(x, n):
2 sum= 0
3 i= 0
4 while i<= n:
5 prod= 1
6 j =0
7 while j<i:
8 prod *= X
9 j+= 1
10 sum += prod
11 i+= 1
12 return  sum
t ™ c “h ™ gx 7ao _’\E_mtEoc h ~ ¢ X _o’eoax hY*_x c
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1 def S2(x, n):
2 sum= 0
3 i= 0
4 while i<= n:
5 sum=sum?* x + 1
6 i+= 1
7 return sum
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1 def pow(x, n):
2 result= 1
3 i= 0
4 while i<= n:
5 result = result * X
6 i+ =1
7 return  result
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1 def pow(x, n):
2 if n==0:
3 retun 1
4 elif n %2 ==0:
5 return pow(x * x, n/ 2)
6 else :
7 return  x *pow(x * x, (n- 1) / 2)
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1 def find (a, n, s):
2 i= 0
3 while i< n:
4 if a[i] ==s:
5 return True
6 i +=1
7 return False
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def binary_search (array , x):
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Gk tys3njae dadedy ¥

k 400At mstd 1 ya3rpjegomedald gd
left= 0 tt Ay ddsy 3109ded dadasedy) vy
right= len(array ) - 1 t8¢ Ay} dd3y genoded da3daedy} vy

while left <right:
m = left + (right - left ) // 2 t6 A}y dd3y ydecdd) Bded dsz3dedy vy
if x > array [n]:
left=m + 1
else :
right = m

return array [right ] ==
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def binary_search (array , x):
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left= 0 te A)Jdd3y 3109ded dadedy) vy
right= len(array ) - 1 t¢ A} dd3y gepnoded dadedy) vy

while left <= right:
m = left + (right - left ) // 2 ¢ 6decddaey b 21dqG4a3D
if x > array [n]:
left =m+ 1
elif x < array [n}:
right=m - 1
else :
return m

return None
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def bsearch_leftmost (array , Xx):
YYY hijypopcyeoe gdiysa dam 24d1ysnyim yonegderided ohddoady Il m anpnd
param AOOAUKk Nidydecryrdony)ae oap Jdygondpy)j me 6pyad i43ah |ayds
param @k tysonjd eoysd
return k 0dede 1ys3n)ded daded] ¥o Yy 6DY&a9d.
left= 0 #310m6e0) atm gdIiysy
right= len(array) #gGepnpopn eGpn)aim gdIiysy
while left <right:
m = left + (right - left ) // 2 #ydecddey) o
if array [n] < x:
left=m+ 1
else :
right = m
return  left
X t m T ex t X - X : o e ~ t 5 "o t = - ao ” G Y o7
co ' X e e ™ " h 'Lmhz‘ i e"h‘ee‘c@'y"’ee“'"t"‘mooh;"’t‘taxx x| e
a et ¥ - e ™ t e Y ¢ m % todm t“foe eh’Eo’ td ' o @ M| da «FFXx  Ya “mo
~ a et array““ame' - XS "t e c;"m:‘h‘oo h ~ a ™ c o h e e © m m ~
se ™ o e omo ¥ ™ omt a ™ ao " S Yy o F e~ lreoy o ¢ d &
;.M e
. _Mt31%6x e " he comb™ea«go]  ’ ee Y S T"eo o ;.om "
def bsearch_rightmost (array , x):
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while left <right:
m = left + (right - left ) // 2 t¢ odecddey) D
if array [n] <= x:
left=m + 1
else :
right =m
return left - 1
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def binary_continuous (f, c, a, b):
vyyy 8a3m edyd¥ydy ) dl y o oi1deciesy NTAY A+ hyysiisl &£ cdeofmaye
f(x)=c
param Ak Odyydor dhyyy 3 1 m
jparam Ak t ysnjd 8)oLdyjim
param Ak el1opnp edsp gedeiss3ay Jo madey adiey) werBym gdiIy3
:param Akléeooo edoan gedeioss3y }J o madey odiey)wyerBym gdI ys
return kK OdoaoAmad3 GJ10) M) m
left= a tc 3102 DuEu® 3D
right=" b tc gepnoae 313 dilZ 91decisas3nD
m= (left+right )/ 20 t© ydedda)n 21decia3n Il AEOt OECEODH*
while left!l=m and m !=right:
if f(m <c:
left=m # [left,right] = [x,right]
else :
right = m # [left,right] = [left,x]
m = (left + right Y/ 20 t6 ydedde) o o2i1dcieasn Il AEOI OECEOD#*
return left
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import math
print (binary_continuous (lambda x: math .tan(x) - 2.0 *x, 0, 0.5, 1.5))
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n, x, y= [int (i) for i in input () .split ()] tc aLevyyony}jm ohid)ah doy ah
X, Y= min(x, y), maXx, y) 6 ogdemdadoyesed oacxg=)yit ¥Yon3 +dhb

I= 0
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class HashTable:
YYYVy¥Onb3zaim gdBawval cdeaohAmeaywrBym sdyddde 3u)1eypded pdydyo

def __init__ (self ):
YYy Ediyreyprgenszioaye y¥pbzai wt YYY
self . max_size= 11 313B31y¥yl ysasdylo Yob3zai |
self . current_size = 0 gdrydL ) ae 6doaegi e ¥YpDbh3zail
self .keys= [Nong * self . max_size yadre yobszeiast +d sg1y¥ymyB 3puwlL i
self .values= [Nondg * self . max_size doniJ1 gdo?mepnji a8l y3zdrdae
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def hash(self , key):
yyy O6dodc¥pessuiitin dam
;param EAUK 33wt
return k- hdI 3" wL o
return key % self . max_size
def put(self , key, value):
Yyyy 8ddne goney 3533wl t a)oLdj ) md
;param EAUK 3 3wt
:param OA1 OAk sy pUL dy} j m
return :None ™™

dd Yob3zai

current=  self .hash(key) t¢ 6d¥dtL ) ae y3d¥ ¥obszai
while self . keys[current ] != None
if self .keys[current ] == key:
self .values [current ] = value
return
current= (current+ 1) %self . max_size
tt matd 33wyt y ¥obzaiis J}d 8)ypneddy) ae
self . keys[current ] = key tt dddpneasd 33ut

self .values [current ] =value t dddonesgd ajnpLdy}yim

self . current_size += 1

def get(self , key):
""" 6dodeyne a)JpLd}jm apn 33wl de
;param EAUK 3 3wt
return k- 8y oL dy Jm YYY

current=  self . hash(key)
while self . keys[current ] != None
if self .keys[current ] == key:
return  self . values [ current ]
current= (current+ 1) %self . max_size
tt matd 33wyt y ¥obzaiis 3 d 8ypneddy) ac
return None
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class HashTable:
31}

def _ setitem__ (self , key, value):

;param EAUK 33wt
;param OAT OAk j dod ejypLdy} ) m

self . put (key, value)

def _ getitem__ (self , key):

;param EAUK 33wt

return self . get (key)

def _ len__ (self ):

return self . current_size

def _ contains__ (self , key):
yyy 8decdopny¥ypnsdy;m dgdepnrden EI
param EAUK 33wt
return kK 4 O0At mstd 3swu elyearBym y
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return not (self [key] is None )

def _ str  (self ):
""" ddedon) vyonsd) 1 m obyddon)yded edrddy OOOs &
k zdbepnsdy iy m ¥obzoetis Yy eamd3adodey o2o63md!

return str (self .keys) + '\n' + str (self .values) + '\n'

o™ T~E"" ho®*ot ™ : m t o h eo O t*m* 70 @ ' oea*y * " x ho*ot x
~ _Mmt31909c ho "o ’ ee YO

M= HashTable() t o0yodecweaed ¥Ypnpbszai w
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M 56] = "RR" # M.put(56, "RR")
M 55] = "b5" # M.put(55, "55")
print (M 56]) # print(M.get(56))
print (len (M)
print (62 in M
s~ . - . B -
s TUEt he™t e a a to"oa h o QY “ee’y £ttH8 T "ca X oy 0
a t t 'E e oe_h t e —~ a et ¥y - com ~* FEeoy e ~ ot ecn "G
e ” P ee YO
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class Node
YyYyy 8dgdelsosjae 33Dy Oo2yads ¥nbhzaiil YVYY
def __init__ (self , key: int, value):
self . key = key te 33 Wl
self .value= value t o) oL d} | m
self . next= None te gdye3pn) )i m } o Joy¥yyg)oe -®yaddxaijg nmeonsae ppd h[Hdr
self .valid= True ft© L& &)} oe o2yads s5d3m dgdeoni sl oadoady| msb
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class HashTable:
YYYyF®nb3aaim y ma3ale 3ds3iosl cdaopphimgdfayyzym edydddas
MAX_SIZE =11 te 313B31y¥YB y3dyisio robazoil
def __init__ (self ):
Yyyy Edjyyecypxgdenszloye yobazai wt YYY
self .slots= [Nongd *HashTable .MAX SIZEtc y3ad¥ya ¥pbpbazait st td 81 ¥ymyrB (3D} i we
@staticmethod
def hash(key: int ) ->int :
vyvyy 6dode¥yne hAdi dazm 33wl o
;param EAUK 3 3wt
return kK hdI 33wl D
return key % HashTable. MAX_SIZE
def put(self , key, value):
YyYyy 8ddne gponeyonsdFymb dd ¥obszai
;param EAUK 33wt
:param OAT OAKk oy bl dy y m
hash_key = HashTable .hash(key) t fHd1i 33 uwL p
slot= self .slots [hash_key] e gd¥ydL ) ae y3dy yYobszail
while slot!= None
if slot . key == key: tt matd 33wyt y ¥obzeois o8)ypneddy ae
slot .value = value e @861 ) wesd o)L dy}} m
slot .valid=  True
return tt gceage) measad cdbdyy sdydduy
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tc 8 33wLde ¥o 9)poplLtdy)jme y gdiopyds 3pJi wyss3n
slot= Nodg key, value)
2 t * T'Ee o QY e m c m _’“‘" e X h o ® - p ¢ Eo 0 (




slot . next =

self . slots [hash_key]

self . slots [ hash_key] =slot
def get(self , key):
YYY O0dodeypne ajpoitdyym an 33wl de
EAUK 33wl
k ®ypuLd}) i m vyvYYy
hash_key = HashTable . hash(key) tt hdri 33wL o
slot= self .slots [hash_key] tc gd¥ydL ) ae y3dy ¥vobszoi
while slot = None
if slot . key== key: te m3td 33wt y yobszatis 9)pneddy) ac
return slot .value tt gdodeypopesd oajpnpuLdyymt +d o21dgdoidnp 33wyl
slot = slot . next tt gdedhdded dd 1 oyyyg)ded dz3dedy vy Yy 30} i
tc m3tdyts y ¥obszeis Jd o)pnedqdy) ae
return None
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n= len (array )
for pass_numin range(n - 1, 0, -1):
for i in range (pass_num:
tc £t3+td Joyvyyglee d3ded)} ¥ edj1ae oabpb gdgdeddy) 1 ¢
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def selection_sort (array ):
YYYy Odpnsziaye pnp3sdGcara

= Y
AOOAUk Opyad s5ygeyd
: None

de¥yyony) i m oabdaecda
3 ddydyagdoah daxdedy) ¥viob

n= len (array )
for i in range(n - 1, 0, -1):
e cdon3ioyeed gdiys Jpebirs3xBided da3dedy) ¥y

maxpos = 0
for j in range(1, i+ 1):
if array [maxpog < array [j]:
) maxpos = |
tte Oi1Jmeed GJlyimea gd¥ydiL)oae 1 Jpopeblr3Biae daded) ¥

array [i], array [ maxpog = array [ maxpog, array [i]
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def insertion_sort  (array ):
""" Odpns3laye pn3edeca¥ye yYydeyyonyjm oy¥nd3duy
AOOAUKk Opnyad sygeyds ddy drvregdoeoh dadedy) vl ob
: None
n= len (array )
for index in range(1, n):
currentValue = array [index] t6 apbpgoneRmydoyesd dazdae dyywstnotearay ddgbhp dy d
position = index te ¥np eded gdeseai iy
tt gdiys gdeeailsl d3m oy¥ynosde gdydL)jded dadaedy) ¥o
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s} - o P o " X t =
if array [positon - 1] > currentValue:
e sayyo ds3dedj ¥y 8pya2y 9gGpnad
array [ position ] = array [ position - 1]
else :
tc @) pnpeddyd gdaeit 1y
break
positon -=1
e Nyyonpos3on gd¥ydtL i ded dadedy ¥yn y a94peddyy gdoai i1y
array [ position ] =currentValue
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def merge_sort (array ):
YYY Odopziaye pD3sdcare Yydea¥yon)jm asza¥y¥me
AOOAUKk Obpyads sygeydadddydgragdoah
: None
print ("Splitting " , array )
if len(array ) > 1
tt Odeboar¥ym ygoysy Jpogls
mid = len (array ) /I 2
lefthalf = array [ :mid ]
righthalf = array [ mid: |

tc Od3 ycGyao) ayed GOYOU3I302Y3) M)
e dam 3doydl o gd3doey
merge_sort (lefthalf )
merge_sort (righthalf )

ayvyyYym dodh os1dydeydon)] ah ygoays.lo

zZ
0
0
0

~— —

while i< len (lefthalf ) and j< len (righthalf ):
if lefthalf [i] <righthalf [j]:
array [K] =lefthalf [i]

i+= 1

else :
array [ k] =righthalf [j]
j+= 1

k+= 1

while i< len (lefthalf ):
array [k] = lefthalf [i]
i+= 1
k+= 1

while j< len (righthalf ):
array [ k] =righthalf [j]
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j+= 1
k+= 1
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def qgsort (array , a, b):
YYY to0ads3d ydeyyon)}m 8bDYy®a9y
AOOAUKk @6Dpnyaod
Ak 3190 8doesp yderyony j m

Ak gepnpopnp edoapn ydeyyonyl il m

if a>=h:
return
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pivot= array[a+ (b - a) // 21 t dgdc} ae daded}) ¥
left= a te 3J108o¢e @8DG3dG
right= b tt geGpnoae B8DG3dG
while True _
while array [left ] < pivot: e Oyhonesdym 8310p J} b gepnodt gds3e | d a8} pe
left+= 1 tc dadedy vyt t+d bi3xBiae pbpbd 6102} ae ap dgdec
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break tc 31 020a2¢€e @6DGb3edeyg dwoeeial W gepnoadeyt 291d gepnaodped
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gsort (array , a, right )
gsort (array , right+ 1, b)
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n=int (input ()) t 31 3B31y¥YB + ahec
= 1 <<n -1 tc Joeadprdild taysd @ Jysso ¥0o ddoy ai
r= 1<<n tc JpecdjI1bdimh Wy taa3d @ Jysz1 o9 ¥o ddeoy) ot B
tt gdyfsoud y¥ teyds o gedeuissy i+t O y dosesadose yayrdal L ays3
tt bydyonvya oyl edozeadapyogaMmiyadyddt I+ d y3zodopwrBym @ f o Wt
for i in range(l, r):

print (bin (i))
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for el_1 in SET_ELEMENTS:
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for el 2 in SET_ELEMENTS:

for el_n in SET_ELEMENTS:
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n= int (input ())

counter= 0 te 311 a3B) a3 313B3dy¥s Loyds
for i in range(1, 10): te odecdbie (ydady bd 13 p31d Leysd J} d ¥cgaesayl nl
for j in range (10): #o0dcdbiec dqdymy¥ysio
for k in range (10): tc odecdbicec ddeoy ot B
if i+j+k==n:
counter += 1
print (counter )
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o “ o a e"e”’ch;""mtt c S co e c h * h h - o x Ot 'E o
T e 1 O : e Y "0 h o - QY XTIt "Em™Y a” to ""0 ax c¥e ey om cqg ha o¥
~ a et v " *eo0o ~ com ™ "o eomt ) o - QY ao ~ t o~
h 13" " " e a et x b T Ee éxma;omc"oh mt ™~ eo p*Of_j_ I -~ 9 :
] Y to oy o ¥ h = * *h o " x a t ™ c¢c h oc o emm ’ " e q‘.:o’a, e ™~
plghp. o~ Tye ao e chpgmpp “ o%to ce™%o coth “eo co®*x " x ™t
CDoaL et eopn T e f@mE _ mex | T 0 o egg h TEme tTgo >
— a x t o h 01 cO ¢ h mt ™~ eo X @
<c(h h o g Q_Yeﬁ aao e |ao_ _o_aO'avevet@A.p\Swﬁ*Jz_oth*m*to|aomY
T _toa 3 o~ c(P«chﬁ"’maJ)xm_a(z'vce c__ ;... e o Yy 0 Lmo_ ot
e 0 a
LI
pPC
cp
t o t o ocxmxh*(e'é“gfi <f‘:"ar<n.ep_r~" L ;.m -
1~ 3 m "aao T 0 agsd e ¢ *gt o~ "pf’fﬁy_‘e;*’h’]’pfxmt'Eh ) o) 0 a
T x oA @
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def sequences(Ist : list , k, n):

] OOk gidygeyds gdedyrpny) dods
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s 7 o h mttah x t x h - o)

;param E k daded)y ¥ d&am O0y¥pDno3ao
param 1 K pDejbisaRd3edeea d} ¥ gdys3sddoy) dy v
if k>n t t£3+d oys daded) vya 2909d oaLrdecgny d
print (*Ist )
return
tt Nyyonoasmeaead dadedj; ¥ E y o2yl 6dsszead2l gdeeill ygaysy
te d¥yceepnyded 1 b gdgdeddy) i h 1 ¥ydenpni 1 mh
for pos in range (k):
Ist_ next = Ist [:] tt Edgswesed ygoayds
Ist_next .insert (pos, k) te oyypnpoameasad dadaedy ¥
sequences(Ist next , k +1, n) &6 zpgyy3pnpeaead cd3ycyao)}d dddpnonj) i m|ioy~r¥y
tte dd3doypnp gecdeGcneD
if __name__ ==" main__":
n= int (input ()
Ist=1]
sequences(Ist , 1, n)
_ x TEt "t o a e’h ® eo ~ c¢cho h * a sy . ® e o ¢} : m " o
321
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_h o 7414[e-olimp,2169.7 ~ "% "e a e™txgh ™ T'Eéx ma o :c mhTomat " e o c
p° ogx ~.,_m _ _o h~ _,eo0ax coh Yy x ¢
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def sequences(Ist

:param 1 OOk

list , n):

gldygaeyds

n= int (input ()
Ist=" [l
sequences (Ist

n)

gdedyynj) dods

param 1 kK Dpeypi3B1ioe dddasdgdoy) dy ¥
k=len(lst) 6 Nesayopitpnesd 313B31y¥YB 3dj190 gd¥yrdtjydl gi1dgdy
if k== n: tt £34+d oys da3ded) yvya o90s5d oarLdecgny) d
print (*Ist )
return
for i in range(1l, n + 1):
if 1 notin st : tt £3t+d dadedy ¥y E 1 d eilyrvayBYym y gid
Ist_ next= st [:] tt Edglweed ygeaeyds
Ist_next .append(i) tt 8ddoneed dd 1 Bded daded); r E
sequences(Ist next , n) #8ddoopny) ) m 6 disjyicaeyfp-oyadfzu adod dy vit
e gd3doynp gcdecpnaeoDn
if __name__=="_ main_":
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def max_score(weight , score, nun):

param x AECEOK gd¥diL b OoDED GW38D3D

:param OAT OAKk gd¥ydL b O9pDGYJIYY¥B GwW3an3D

param | Ol k Jjdedec gedded¥n

global maxScore, W n t e3dbponaBj 1 861}k
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tt ddymes3a @epn3yaeD3Bydl ezabaja cd3ycyld
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if score > maxScore: tt gdecJto)wesd gd¥yrdLiy 90p6Y¥IYY¥YB Gw3anbnaslo
te 8 gd¥ydtL)dw epn3yasgn3B)dwy opnGeYlLy¥Yw 9|y nedd]
maxScore = score tc abdeclenesd dgyeenazxB) ae GdoaoRmMada3 3/gGce |
return
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max_score( weight , score num+ 1) tt geddedy Jd 33npdded Uy Guws3lapns

max_score(weight + 1, score +af[nunj, num+ 1) tt gcecddedy 33pnpdded Yy 6wW3ans
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maxScore = 0 tt e8p3ya6nD3BJ D ODPDGYIYY¥YHB Gw3ans3D
W n= magint , input () .split () 6 openD GwW3an3ID | 313B31yrB 1o} ah ledi de
a= list (magint , input () .split ())) te ygeayds i1} 3dyyde ecduL de
max_score(0, 0, 0) tc y¥onecy cd3ycyaoy) dl hyy 3t gl
print ( maxScore) te oao0dddy) ym cdaysBy¥ynry
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‘_':/'x‘;v c ho h'o_"_z m*mt<a‘ mt‘e\” - "'v l '*m_h<te
m ao’ h o - Q'Y (ORI X c ~ " X "‘*‘; c ho h O -
-~ -~ ~ ~ . ”) p p B . = -~ ’
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minTime= 100500 # 1 J 1t Jp3J1o8pniJnedydad )} m
def findMinTime (time, score, mission_num):
OEIl Ak gdryrdL ) d a)ypnLdyym toyy
OAT OAK gd¥ydL ) as GDAYyy) ds
| EOOEI I ml Ol k 3y dede 61yl

global minTime t e3dbon3>B}J o @eiy) ot td ir1yvyaylB cds3decd

tt Odcel ) ozBpd a3t d dgeoi Bdopy s oyl 6uaydl
if  mission_num >=N:
tc £t3+d oypopLrdyym ti13Bdodl hyysiail b 8a)pnpeddydey cdoapRmMasu
if score >=K and minTime > time :
minTime= time t 864} b cd3daecduy
return

tt cdspgyre 090o3323 bde yceophyonyyme eiysl [T EOOEIT 31 Oi
findMinTime (time, score, mission_num + 1)

nextTime = time +t [ mission_num]
tc £t3t+d diti1433p 8@)eaay Jd edjin apnp ecd3sdecdt ¥vd gi1dejydosey b 8dsoad
if nextTime >= minTime:

return
nextScore = score +a[mission_num] t ephyy ds e yeohyooyym eiysl [ EOCOEIT3I
tt cd3ycya929) e 923323 9 yYyeonhyony ) me 61yl I EQOET T 31 OI

findMinTime (nextTime, nextScore , mission_num + 1)
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maxN = 100
a= [0] *maxN
t= [0] *maxN
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o _ neg _o e
e aLevYyyony i m dojah aopdou
N K= magint , input () .split ()
#a9LeorvYyonyym oncgryrdyrde 6uiyle ¥o toyy IhyBded gedhddady i m
for i in range(N:
afi], t[i] = magint , input () .split ()
findMinTime (0, 0, 0) te yyney 6ds3ycyao)dl hyysial
e Neaodddy) ; m cdayslroyy
if minTime == 100500:
print (-1)
else :
print (minTime)
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1. t 0 hc ,eheoy e 'E0 o0 m t X
2.0 ¢ M Tenmpy(YG. , T T o ee WRRR @ ot h T T et el Y
3. ¢ h “push(itth) ¢ "t © e x t 0" tem™to Ht ™ agy egt’'Eo o mt Ta e C
temmt 7  hog__0oO mt x &
4. c h ”"pap(l/ . Yt h 57 0K mt ¢ "YPc o h t ™ h 9 X m t
. h a Mt e ™ e o) " o cC h ~ ¢ S oc ¢ oe™ T'Ee o e ™ Ot
top () = "0 c o h t = h o X m t x ¥y 7 T e Y e h g ee
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e ;. L N t i . € _ e L . eo ch* hocva"nt*'Y o c
- m e eer]'Yeo‘cc h =2 e h™8 a "h ™ aoat 3y ™o "eo h 9 o mt P



1 2Oy j dadzw ,

JijtOy' w ddH LJHd,3 ?fnfnlsdzcijdlzédcjzfemtst lIIS&)JltslsO‘s_lthGﬁ]\ﬂlz
d LH' 2Mmdzj dedzg? s
stack = Stack () 1
stack . empty() 1 True
stack. push(32) [32]
stack. push(17) [17,32 ]
stack. push(26) [26,17,32 ]
len (stack) [26,17,32 ] 3
stack. empty() [26,17,32 ] False
stack. pop() [17,32 ] 26
stack. top() [17,32 ] 17
Lo T T T m T * Python
"* chomt x h(pyfﬁgﬂa'd’eev"o mﬂv._me*xt‘ e ™ ""ﬁst’)\.: nt""‘x_*\gm
"\( t m t X h@ha*\;ltﬁant LE“X"rﬁc’|‘tmEﬂx'Yz "0 “<h ov“_‘* ’rﬁ'ly<
To T Teey vt Te _aTeey  Tma mppend) tpop o fTmeo R Q0 ® a2,
c a o0Stgck & Mo h~<M%M'ti(,°'|?* ho""ot* T mt _oa e
. _Mt51dd T _ " ¢ __'Y mto "xeoe o nfc' m x @
class Stack:

Yyyy E3zpyt td e6dnzioaye y¥d3 dadsedy) ¥i1 o
J o bonail oD

def __init__ (self ):

Yyyy Ed) yrEysrde
self .items= T[]

def empty(self ):
vyvyy 8dedoisecmgdcdoyrds

retun Kk 4 00At m3std yrds gdedosy ice

return len (self .items) ==

def top (self ):
yyy 6dodecyone odchio
] o i

3y yrxdsan
it Bdey 3a1pDOYBYmM y

uddony) ded ygayasay OUOEIT vvyvy

oD daded) ¥ g6 yxydi i
return k Ndehi 03y yydsy
if self .empty() :
raise Exception ("Stack: 'top' applied to empty container” )
return self .items [-1]
def __len__ (self ):
YyYyy Odaeiuice yxdsy
retun Kk Odesic y¥dsy
return len (self .items)

] Y ¢ h h h oot m t X 3y mt o h a o e o S mtto
— a et mt X t - ® a o oth a ™ e — a et e
., mt514d - e Y mt _x e ™ v @ o *x " o “ e o0 0 m ¢ m |

if __name__=="_ main_":

stack = Stack ()
stack . push(10)
stack . push(11)
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o * *

stack . push(12)
stack . push(13)

print (stack . pop())
print (stack . pop())
print (stack . pop())
print (stack . pop())

“x T'Et “toa ho®ot cho h™a Fx "
13
12
11
10
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e*mtxcx mtTy "to*to opNog@] t " m x
L, mt51e. o e Y mt X Y h X h m Ndﬂ@c?’x'm’f‘h.nxct n x oh D ] o c «
class Node
Yyyy 8dgdeios)ae 33pyt +d edpnpszxiaye oysads yrdsay vYvy
def _ _init__ (self , item):
Yyyy Ediyreysrde
EOAi k ypoby¥pnsdyym o2yasn
self .item = item tt yyodewes gds3d dasm obdeclepny)im Jopop)y¥nsdy) i m
self .next= None t gdy@a3pDj))m }I Db JoDYy¥yg)ae oyads yydsay
o " " T StackTex Y, _& T mx " Y
. m t519p ho® o > ee 'Y -~ e Y mot X Y h x h m eflo ~— m
class Stack:
Yyyy E3pyt td e6donszioaye yr¥yd3 dadedy ¥i1 o
m3 6d3ycGcya92) Yy Y¥eyarycey YYY
def __init _ (self ):
Yyyy Ed)yrx€ysrdec
self .top_node= None t6¢ gdya3nj) ) m b odehio3y y¥ydsy
3 s "o “alomcativn) o X c ho h ~ a x ~ e e 5 cho g m ® e ™ a peo o ® ~ e e "
_ . 97" " @ealldcationg a heo™ t ~* "x ~e& (| tTeE x» c~a QY b



def empty(self ):
yyy O6decdoiceme & y¥yds gdecds) s

return kK 4 O0At mstd y¥yds gdedsy ie

return self .top_node is None

def push(self , item):
YYYy 8ddne dz3>dedjy ¥ y yrds

;param EOAI k daded) vt +d dddpexBym y yrds

new_node = Nodg item ) tc ovrodewesd } do

if not self . empty() : e £t3+d ywdis dod .
new_node next= self .top_node t6 8pe gdya3bpDy¥ay

self .top_node=new node t 961 ) wyeasad odchiosy

def pop(self ):
YYY zpbpbacegpne odechio3y yrdsop
onpe o2ysads gGcoa tBdey geceabacpneYRBYmM

return kK O0pobD)] ¥poo9d)l 1 m odechlosza yxdsay

if self .empty() : tc £34+d y¥yds gdecdsosy i e

raise Exception ("Stack: 'pop' applied to empty container" )
current_top = self . top_node te eapgpne?mydoyescd gd¥ydtjyy o9dechipsay yx¥
item = current_top . item tc apgpne?mydoyesd Jtpopn)ypnsdyim pdehio
self .top_node= self .top_node.next t @®apeis) wyesed odehio3y y¥yd3so J}pbpyrgpyg) &a

del current_top tc oadnameed angne?mydon)eae oyadst td sgiyatyl gd

return item

def top (self ):
yyy 6dodecyone odechios3y y¥dsn
o0pe o2yads gGeea i Bdey 3aIpe¥Bym y

return kK 0 poD) ¥oDo9d) )l m odechlosdea y¥ydsy
if self .empty() :

raise Exception ("Stack: 'top' applied to empty container" )
return self .top_node . item
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539// 512 = 1 mod 27
27 1/ 64 = 0 mod 27
27118 = 3 mod 3
3/11 = 3 mod 0
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converted = converted +

get_char_digit

('stack . pop())

539// 8 = 67 mod 3
67// 8 = 8 mod 3
8// 8 = 1 mod 0
1// 8 = 0 mod 1
i~ " t co” aomy x ~’eo e™ oth a ™~ e h " x TEt"t @
ot h a ™~ e om¢t ~ - ) ° ° T, ee Y x coh yY' «x " _ohoteoax o s
t . X c '**‘;QH(;n‘z tom6Th npplarocwmnoe e o.m _a o |
. mt518..0 e h t x “ee Y : m
def convert (dec_number, base):
Yyyy O0decdyodoecdedyapmdegpd (ay3sdt dd epndonldl yeyydea Leysd]lm
param AAAmT O AAOk o9Ruidyd ddymy¥sdod 1 aysd
;param AAOAKk dylJdon yayydea Leoeyadyym It sk#
return K -togmddyg yayvydea tayadyym o dyjdodwy AAOA
assert 2 <=base <= 16 t¢ @&@doscpeed dy! doy o2i4d di13d)jym
stack= Stack() tt Naes3dcoayyneaead yv¥ydst da3m angeayy dycaen) afh dlyyour
while dec_number > 0:
stack . push(dec_number % base)
dec_number //= base
converted = tt Omddst +t+dsdrygderxydon; d ( aysd
while not  stack . empty() :

return converted
¢ e ~ ® e ” X e __0 hgetmcha? _didit 'I() o0 coo ah >t xo [0"@_5] e MO o
oom ™" X *coxrrq;x a°xa@ev“h_o* * : "ot o 9
. _Mt518p _ho "o  eget"¥nhr digt()e _ € _ Y
def get_char_digit (digit ):
YYY 8dgdei o) ecomdryayddd dgdo d-d vhes yy g@ydgadea L ay3dy) | m
0 =2 Wioaoy € ->'9' 10 ->'A'LL, 15 ->'F
param AECEOk (ayad o gedeisosy dtttit sl
return kK 6 mdd 3 B yicarfige y agadaygwde o Loy3d) i m
assert digit <= 16
if digi t <=9
str_digit = str (digit )
else :
str_digit = chr (ord ("A") + digit - 10)
return  str_digit
17y ¢ h o h h o™ o't cho h™a T e oxmt a o = vy
» M 15138P ho® o . ee Yo
print (convert (100, 2)) #1000y dqois1es3doy yeoy¥ydey Layszd) m
print (convert (63, 8)) #63 yoJylesydeoyyrdey L ays3djm
print (convert (102234, 11)) #102234 y yoaywndesyysdp ) iy dodwy W W
print (convert (2286755, 16)) #2286755 y 11 y¥x) odi pmexygadwey ayady | m
h = - comt ™~
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def bracketsChecker (brackets_sequence ):
yvyy O6dcdo bmckets seguence genoa3Bi o duyussdon gdysiddoyiyrh

AOAAEAOOMOANDGAT AAK dyssdono gdysisddoy}lyrh
A

k 400At mstd AOCAAEARGOmGARPAT 4e3dddo) 1y¥h
s = Stack () tc 0vyodewesed gdedoay)1le yvyds
for bracket in brackets_sequence
if bracket== "(" :
s.push(bracket ) t¢ 6d¥vdjiley)ae gdionrvyds 3dyrde)daeo
else :
if s.empty() :
return False e 8ysasadon gdys3itddoj1y¥h Jd gepnpoazxBlB) D
else :
s. pop() tc 0cabacgneasad 3d)rydeydse o cdoas3amduy

return s. empty()

print (bracketsChecker ('(00) )
print (bracketsChecker ('()000)' )
print (bracketsChecker ('((0))' )
print (bracketsChecker (O ))

print (bracketsChecker ('(((0' ))
print (bracketsChecker ('())))' )
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¢ cz¢ (5.1.6)
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e v e - 1
TQ (5.1.7)
t o ot h a ™ ’laeoo tc™h ¢ O>Xmyx ™o i o cC h ™t oh comt ~ t c m Y oc
T (5.1.8
t & x ° ’ comt me ™ eot ™ ¢ Y P
¢ h =
X c h e o tm¥e ¢ ~ T x 7 a ™t Y
c h ~toh aeo’ ee Y ho "t~ "o x 1t Em Y@t “¢xc dm  h ™ e o] o *h c”
aeo’ ee Y ¢ h - "o "™ “ee 'Ya P m Yy ¢ Eo 0 W ohe x 'Kt7Emt Yt o
aeo”’ ee YO © cemY ¢ me’ e oh ™ - *ox " a ™t '
‘ Ao . o - a N
_ '*ao eo"x ctho_oc(h c_. ”vcoav |chvoh*t(t
o0 a x ? c h me "~ c omt me ™ o h a 'hx;e ’ *’“'Y
choﬁo *tkm Y o°F ;t“mh o(aeze A _coha*c_g“o X .. ¢ X c omt ‘v_meo
m e x ‘lao h =~ - c o e x m t h e a o ”hccha) b*;mo oo”c; m“"t @
® 0 59 oc h ~ e~ )3 0 e ™ 90 7 'yt Em 'y T ’ Tge § “a omh g pdp t h a
"o " comt ™~ Cc t*ee Y Y ’ o e h t x ~ ot h ~ - ® o c |
e ot ™ ¢ . ’ c o '’ h e "0 | t o h o - —ye a o “ 7~ o0 h t a o e h t x
e_Y 1 Lhoe (P2 R A . . 0.
" c m™eo 0 X c ohd@ m e eot ™ ¢
0 mc homt t .o L tay a toQ e L .o & i me"™ -
h “h y® ’|tooa heo ° ~ e m a o 706 a ethocaem kK™ toh 1T m o 7T
v o 151 o
+1 T ] /!
"0 "co T OtoE ™ c~ehe Yyygha'e a ™~ eeyYS ate*o 'o’ee 'Wxt * T 7 "X ’ee
0o Fy
(. ")
Ty e . eapy oh ek fHFeyTo 5 "o a mt t 'E ; m "o 6e ¢ h
X P e L L eo ch*_ t _o o h yr t o L& L
ll25*(3+5)l|
"o "7 ™ oh ta ¢ h t oh ee"y e meo o h ~ x5 ¢ m”
t~ a
1. h t oh O’lao e m e h 'Y* o X m c m o t o e o I €
split () )
hrr h > m h S~ ~ N"Xh) -~ 2 hm
2.t o O'lao co 0 e tt o h ° Y . o "®e Y oc
3. .t _ohQlao nc*Othomee”\‘rDmo’“_Y ..h X X comt me e ot c_ o



s"\'oh\rpttah*x_txh* e o)
4. _"ex|ao m c mo_to_e o ~ e c h ™ o ¢
T ¢ _ "o to e 1 oc h ™ ex”™ oa 2 tewE " o g Taeoo 0o moc m x P
ﬂ'_"o to e "‘“’” °x’_‘z_"""" a o =~ X m t __oc h ™~ t
T ¢ _ "o th~ "= %x’> ~ 3% "to gx lao —~ a et : mt
T co Te ™ - T x "o h c'Eoax o e oc h * toh
ﬂ‘_"o to_e | o c h*tohoa ¥ t o "t o 29X ‘lao o] o}
oc(h’tnoh(z"':'hj{v“'ye_\";omt~<\ixa"| o . ~ %o vt c
o™ Mao "o 7 " eo ) m c m_x @
5. m Ty - h e e Y m_‘ex " ee Y o) "'e@ mo no o nlnixlzhc sh "o

X e 'Eo a x m — 7 "t"ot gexx t e’ CEt 4 " eo 00 mec m_x @

. ;. %X e~ " e " mggindCaleulatof ¢x_ Y*°o o * ; m~TQ1 _  h7™ e
o e h t x “ee 'Y e _meo ¢} h'Y*_‘ cdnvert:_‘tom_p‘olish()fze*o ohiah'rﬁto
. "'e".‘(’(e‘ ”‘ohktacp
. _Mmeth15 Y _ o _ TUE_x Tyt onh
Yy 03doj) a3 dgdeconryrdeiuiot td oe3decayydoywrBym y 3np3B3yasmydes ¥o
OPERATORS £ )

"+': 1, 8 Ogdeod¥gdeonyym ¥o eded geldcs¥vdy

- 1, & Ogdeonyde o2udjyi1enjym ¥o eded geudeus yxdy

"2, t Ogdepyde e)jdedyym ¥o eded geldeus ydy

"2, t Ogdeon¥yde di3adyim ¥yo eded geldesydy
}
class StringCalculator

YYY E3xpy e6md3doee 3p3B3yszmydet

Obtoayswe oa)jpnitdyym npeahedyal jdsd o2aepnay o9a3decayrdoywt & dbhb

def __init__ (self , str_expression ):

Yvy Edyyveysrde

;param OOOMAGDPOAOOET T k emddst +d Giyvyork pcoahsdyal ) ac| 026030

self . minfixStr = str_expression tt 6d3d semdd3sstt +d eiy¥ya¥B peahegldyal ] :

e y 1) hirs3yjydey o2a63md!
self . mPostfixList = self .convert to polish () t 6dad sygoeaydsst +d ciyralrh
tt npcahgdvyal J e 2o2a6Dd Y gdyvyhisyjldey 9c¢
def set_expression (self , str_expression ):

YYY zopdne 3pbp3B3ysmydecy pbpeahesdyal } ae 2aaGDD

83m ygedtd)y i m gdeddboitpnexyiymt t+d ohid)eoe goneponed¥yc [BJY Y aY

genoa3xfl) ae necahesedyal e 20aG6Dd Yy Jjyhis3yjypdey 2a63mdi

param OOOMAPDPOAOCOET T k emddast +d eiyrarB pnecahedyal | ac| 0aGDao

return  : None

self . minfixStr = str_expression

self . mPostfixList = self . convert_to_polish ()

def convert_to_polish  (self ):

""" Edyjodeyye pnpeceohedyoel ) ae 0o2aG6Dd o J)hir3yided y gdy¥hi3zgy]y :
83m 3decd3vy)ydl edbdra it Bded edyddut gdeddboitpobexBymt +d
51td 8lJyra¥yB pDecahedvyel )} ae Oo9a6pDad yys dgdeony doat dgldepydc
apnpgeyywriym tdecdgyyegBogrggaggnd vils |j 5 t | Is by

retun kK Omddst +d ei1yvyark pnecahedyal | ae oa6bDa y gdyrhisy)de

infix_list = self .minfixStr .split () t Odesdiameed emdgds J o ¥dad) o

postfix_list = [ 8¢ 6gaydst +d 61y vadyewhd 30yyedey yod ge 3 md |

stack = Stack () tc 8dgdeiosy) ae yrd3 pnpecehedyel ) ah dgdeponrdelo ¥

for token in infix_list: te Avydeyeasd gd oys1fH ¥vdsdyofh 1) hi3y)jded o2&
if token in OPERATORS:tc ¥yda3d)} e dgdepnydcdas

while not  stack . empty() :
prev=stack .top() t gl de3mjded gdgdecdd)s1e dgdenyde a1 YT
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o pd) e e m t
tc £34+d gdgdedd)i1e ¥d3dy e dgdeconvydedae
tt gcldeiydy maded oatae oD geudeclydy gd¥ydt)jded dg
if prev in OPERATOR&d OPERATOR&ev] >= OPERATOR®ken ]:
stack . pop() tt Nadponameasd eded 91 y¥d3y dgdecoy
postfix_list .append(prev) t6 8ddonesgd eded dd gyWxwhisyyded y
else :
break
stack . push(token) t 33ndded gd¥dtLjeoe dgdeonyde Yy yv¥yds
elif token== "(" : tt vydady e 31o9dwy dquyssduyt
stack . push(token) t 33pnpdded e©eded o2 yrds
elif token== ")" : e matd ¥vd3sdy e geonodwy dquyos3duwt
it =stack . pop() et Narrvrdohyeasad dzdedy va 84 y¥yds3y dgdgsy¥ynd
while it!= (" : ttc dqdse J}d @aypbpeddaead o201dgdoidiy 310y yssyt
postfix_list .append(it ) 6 geca i Bdey 3doady dgdeon¥yde dddpneasd
it = stack . pop()
else : te msatd ¥vydady, e dgdecnonj ddae
postfix_list .append(token) t dddoeed sadad By gdyrhisy)dedygleysyt
while not  stack . empty() :
postfix_list . append( stack . pop())
return  postfix_list
@staticmethod
def simple_operation (left , right , operator ): . . o o
yyy 8dgdeios) as edydapoud) dhieyeuwmy viI AEO 1T DAOAOI O OECEOY
:param 1 A EO0k 210ae dgdeny
:param OE CE Ok gepnoas dgdaepy d
;param | BPAOAOI Ok dgdeon¥yda
return Kk ey pi dyym oaconay viIAEO T DPAOAOI O OECEOY
assert operator in OPERATORS
left= float (left )
right = float (right )
if operator == "+":
return left + right
elif operator == "-":
return left - right
elif operator == "*":
return left * right
elif operator == :
return left / right
def calculate_by polish  (self ):
yyy Obteszwe ajoitdjym o2aGepnay o9a3deceayrdoywta dbdedy) dfj e gd
return kK zJyourdy 3y m necahsgdyal j ded 28GDAY
stack = Stack ()
for token in self . mPostfixList:
if token in OPERATORS: te £t3t+td gd¥ydtL})ae ¥vdady dgdeonyde
right_operand = stack .pop) 6 81yr¥npeesesd gdeciece dazdad) ¥ o1 y¥ydsay
te 291dgdoidne genodey dgdeoy duy
left__operand = stack .pop) t B8iryrpeesd deyseae dadad) ¥ 8l y¥yds3y
) te ouggdone 310dey dgdecny) dy
tt ObLayaweed oaintdjim gedyrded pnecaheydevya)ded |[0a6D3d
res = self . simple_operation (left__operand , right_operand , token)
stack . push(res) tt Ea3ndded cdaysByony dbiLaysasdy B y yvyds
else : e £3+td gd¥yrdiL})ee ¥vd3dy e dgdcecnon) ddse
stack . push(token) t E3ndded e©eded y yrds
return  stack . pop()
17y ¢ h chh o hh“0oa* o to * ;"B F(3a5)" h =
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calc = StringCalculator ("25*(3+5)" )

print (calc . calculate_by polish ()
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0 e ™ g0 °© t 'Em 'Y x Y 13 omt ()
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e

1 dz0ud dedz" ,
JjteOy" w ; - ftseo jtlsO" Is! mw
LH' 2 WSt ; .
i dzj dzdz : LH' 2 Mmdaj dzdg?
queue = Queus) 1
queue. empty() 1 True
queue. enqueue(32) [32]
queue. enqueue(17) [32, 17]
queue. enqueue(99) [32, 17, 99]
queue. enqueue(26) [32, 17, 99, 26]
queue. enqueue( "New") [32, 17,99, 26, "New"
len (queue) [32, 17,99, 26, "New 5
queue. empty() [32, 17,99, 26, "New False
queue. dequeue() [17,99, 26, "New" 32
v T~ ~ e TN T R L
C_ X .. ¢T " _x e™ . mt aoo0a y ommcto ’"xt hx * ™ " ¢ 1O ; h
_c . @ 0QueugX™ my o ax ho m"e”@ _‘'ex ‘lacoc h ™~ ¢ T3 ~ t™ o xe e _
., mt52dd - e Yoo h e ™ v @ o *x "o “ e o0 0 m ¢ m |
class Queue
Yyyy Ezoyt t+d edpnpzioaye tdeey dadedy ¥vio
1o bponpais obyddoon)jded ygaysy OUOEITT vyvyy
def __init__ (self ):
yyy Edjy¥veys¥xde Yyy
self .items= [] t6 o0geayds3 d3dedj ¥19 LdGcea
def empty(self ):
yvyy 6decdoiceme (a Ldecen gdedsal m
return k 4 O0At mstd tdeep gdedoay m
return len (self .items) ==
def enqueue(self , item):
YYY 8dddsndes dj ¥ y yisdigedy [Bss
;param EOAT k daded); vt +d dddperBkym
return  : None
self . items . append(item )
def dequeue(self ):
YYY G6Gcabeacpne gderac daded) vy o Ldcea
one ds3dedy ¥ geca it Bdey gecobacepneyBym 18 Ldcso
return Kk 6 derecs dadedy, ¥ L dce o
if self .empty() :
raise Exception ("Queue: 'dequeue’ applied to empty container" )
return self .items . pop(0)
def __len__ (self ):
YyYyy OdeaeiG L dGs o
return kK El1 3B31y¥yB d3xded) ¥yi1o2 y L dcal
return len (self .items)
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m x & 204p X h m e ™ h o e Y : h
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class Node
YYY 8dgdeioiagogaony dce ot

Nuesgbdciene y ydbis j;gdoyyoasdhgmeni 1e}y Loyv¥Yoy) y
511y Y¥eysyycy obdgoyagyespayhsm y o yjoyyyg)ae oyasds

def __init__ (self , item):
YyYYyy Edlyreysrde

EOAI k jpopjy¥onsdyym 2yasn

self .item = item tt gdad da3m abdecienyjm JpDOD)Y¥YDSd) § m
self .next= None t gdye3pnj))m I b JoDyrYyglae o2yads Ldecse o
¢ _oh mt o x O; " o cC mngui "'i’\"'|m hoc¢ ™" & og '|”O"'m, h
TTe 2@
. m t5 290 ho® o > ee 'Y -~ e Y o h Y_ h _th e

class Queue
Yyyy Ez3pyt +d cdpzioaye tdeey dzdedy ¥i10

m3 6d3ycGcyad)Jy Yy¥eysa¥ycecy VYVYY

def __init__ (self ):
yyy Edjyreysrde vYvYy
self .front= None

te dy J4m Jo
self . back = None fc dye3n)Jm J o

Qu Ou

def empty(self ):
Yyvyy O0dedonamen @gdedsos) m
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_0 _ p¢‘ ,,vevmev m t
return k 4 0O0At mstd tdeebp gdedoay m
tt 0bpygeonods ddyexB gdedosemya s3oa1d ddyjd o gdsio AOITO bb
return self .front is None and self . back isNone
def enqueue(self , item):
yyy 8ddone dzded) soysudgdi B
;param EOAl k dadedy vt +d dddperBynm
return  : None
new_node = Nodg item ) tt 0rodewessd Jdoae oysads LdGce e
if self .empty() : tc £3+d Ldecen gdecdsi m
self . front = new_node tt Jdoae oyads> cdbeed gditpy¥ysde L dce e
else :
self .back.next=new_node t dy¥npj} }i1e oyads (decea gdyeasnperBym J o |
self . back = new_node e Oy¥pnyjle oyasda 293paye b Jdoee oypds
def dequeue(self ):
YYY OGabaepne gdeIlae da3dedy ¥y o dee e
opg dz3dedj ¥ gece tBdey gcecabacneyBym 18 Ldecea
return kK 6pnop) ¥ynsesd) i m ecdadoa Ldeeea s5gdecIiae dadedy v Ldpgad
if self .empty() :
raise Exception ("Queue: 'dequeue’ applie d to empty container" )
current_front = self . front e anpgpne?mydoyesd gd¥ydtLiyy sdadoy |Ldecea
item = current_front . item tc anpgpne?mydoyeasad Jypnpopnyy¥ynsdy i m gderdsd
self .front=  self .front . next tc o9pDGBJ ) Wee d ygaddesr a4en y ¥ yg ) &6
del current_front tt oadna3>meed angne?mydon)ae oyads
if self .front isNone: t t£3td edadopn Ldeea y¥ynaon gdecdsos) Bduw
self . back= None tt ndeen gdecdoai m horyry Ldeeoa ¥vds gdcldoay) 1 e
return item
S Y a t o~ 8 oc m™ e o 0 _’“‘“mx T ox én@éuq(fe“ "o
t "dequeueo _oe g _c¢ctx “ T'Ee o T ox . co " vni" te “dp_ugﬁ()ot ’bopo’ “’“M""'c"oe“v:"‘ eao @ o :h\
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self . items . append(item)

def pop(self ):
yvyy 6dodecyne dadedy ¥ o 3i1)im dqdsuyt
return k Oy ¥pyp1e dadedy v y ddsuy

if self .empty() :
raise Exception ("Deque: 'popBack’ applied to empty container”

return self .items . pop()
def appendleft (self , item):
YyYyy 8ddne d3>dedj ¥ dd gditon¥y3y ddsuy
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H® ¢ emply(eq_Y "¢~ ;  ee YT ;| | . _ coho _a o
0® ¢ aPpéndeft (ftem) ¢ © " "t it 8 ocec¢o "t x T " O
no o péplefte( ¢y, ~ Yt T oa et copTt_x T _ "0
p® | c© appénditem) ¢" © " "t jtém "o ect'’ye” " o
cd ¢ pop() €_YY, T A et __ee’Y "7
~ e : e ™ B e t"‘”"‘cve”’“(° e o c ._/-WA ho"“ot* o ¢
X c _m 7y " __me ee’yY oc h™geg T e c ~° he ca ""hh mTaee
. . a et ¥y "o e ™ go t 'Em Y x o 0 9 omt (o)
i w
. ! I Mis WiSE ) O] dede
[fdLoy" ™ LH® 2 Mdsj dedzgv st 50 5 me
: 2 fdzj dzde” s
deque = Dequg) 0
deque. empty() 1] True
deque. append(32) [32]
deque. append(17) [32, 17]
len (deque) [32, 17] 2
deque. empty() [32, 17] False
deque. appendleft (99) [99, 32, 17]
deque. appendleft (57) [57, 99, 32, 17]
deque. pop() [57, 99, 32 17
deque. popleft () [99, 32] 57
¢ 7 _aopeques” Mo 1 h "“V‘CV]’O"‘ X e ™ o vﬂ"‘x""o“‘eo
., m t528d ”’"iY’e"”Y' “”"x7o""eo 0 m c m X @
class Deque
def __init__ (self ):
yyy Edjyrvyeysyde dds3uy
orodewe gdecdoys1e ddst
self .items= T[] tt 0gayds3 dz3dedyj vyio ddsuy
def empty(self ):
yvyy 8dedoiseme (& dqd3 gdedosy) ic
return kK 4 O00At mstd dds gdecdey i
return len (self .items) ==
def append(self , item):
yyy 8ddone dz3>dedj ¥ y 31)dilg ddsuy
pparam EOAl k daded) vt +d dddpnerBym
return : None




;param EOAT k daded) vt +d dddperBynm
return  : None

self .items .insert (0, item)

def popleft (self ):
yyy 6dodecyne daded} ¥ o gdtnony¥sy ddsuyt

return : 6deIries dadedjy ¥y y ddsy

if self .empty() :
raise Exception ("Deque: 'popFront' applied to empty container” )
return self .items . pop(0)

def __len__ (self ):
Yyyy Odeaegice dqdauy

return kK EJ1 3B31yyRB dddaedy) vyio y

return len (self .items)

h ) h  x h oot " x ¥ oc m¥eo o ; S ao’e™ c¢ho mt

. m t5;2.g¢) ho® o 5 * *6\? ;yqf X
if __name__ =="_ main__

D = Deque) tc ovyodeweesed } doae dds

D. append( 32) tc 8ddnesd 8&3yde3diyxdi B ddsuy

D. append(17) tc 8ddpneasd drayd e3diyy¥yd iz ddsy

D. appendleft (99) t¢ 8ddpneasd @Oydgpd orwdss y

D appendleft (57) t¢ 8ddpoeaed 873ydgpdy orwdl3s y

Naer1vydohyesd dy¥ypny) vy ga dddsey )y ¥ 35 W

print (D. pop()) [
Na1r1vydohyeasd gdachrteca dpddasyd ) ¥ 3

#
print (D.popleft () fto

¢ s e., ~ e ™ h -~ o~ “C ,Y > X e ™ o . 'E'X':O ~“ e 0 0 m ¢
o “ T'Ee o c h e 'Ythooa ™0™ o f ™ “Tx my t-~ ’“x;"t m Yy ~ a et
mt o mem Tyt o c ghpéndeft () t “popleft (),; "™ _oe~eeY Y_ o 1 T _e e a -
"oax ¥y e~ To ce o ) : h s h ~T e 0O 7 X s me OOt E
‘ X c Tt ot X : hmo Q3o & oqlNodér{)t(x‘mT‘ Mt h x (gtgx h h o ~ «
® " : T e o) mt h x t x h ¥ X "o T - X 3 0 h a com —~* e e
coc h T e X "o T @
item
€ prev
next >
m x B 2060 Cx'océ“ Mot x 'E com ~™~ ee 'Y e~ coc h ) t‘ e " m
-~ & o & - A~
M 15240 cEX¥ely L T x T ootea 0 emgdeqt XX X

class Node
Yyyy 8dgdelsiageganygds3y vvyy

def _ init__ (self , item):
""" Ed)jyyeysayde oyaszn ddsuy
;param EOAIT k 8aded) v ddsuy

self .item= item t© gd3dt +d ei1yvyavyl daded} ¥y dds3y
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s 'oh\rpttah’x_tx X e 2
self .next= None 6 J bpy¥ygj) ae o2yads
self .prev= None 6 gdgdedd) 1e oyads
f.‘_oh mt o x 0O; c D_aqﬁ‘éZm"'oc'|'hao"'"““‘mc TOo ° omtohoee E
mthx txh T e 7@
. m t52dd ho®o e e’y Py = x'Hmg "y o mthxt txh ()
class Deque
yyy Odp3iaye dd3 m3 ecd3yecya9)jy y¥eysavyyeyt vvyy
def __init__ (self ):
Yyyy Ed)yrveys3-yadwo fawya gdecdsosy)1e dqdst
self .front= None t¢ 6dyean); m J o gderas dadedy ¥ ddsy
self .back= None tc 6dye3on)m o dy¥on)jile daded) ¥y ddsuy
def empty(self ):
yyy 6decdoiceme & dqds gdecdsoy ic
return kK 4 OO0At mstd dds gdedoay i s
return self .front isNone and self . back isNone
def appendleft (self , item):
YyYyy 8ddne ds3dedj ¥ dd gditpnp¥3y ddsuy
;param EOAT k daded); vt +d dddperBkBym
return  : None
node = Nodg(item ) e yvyodewesd J doeoe oyads dqdsuy
node. next = self . front e } pyyygj)oe oyadsddeadnmdi b dedfc1 &8
if not self . empty() : tt matd dddonesed dd Jdgdedos)yBded dqdsuy
self . front . prev=node e ) Joeoe oyads y¥yope gdgdeddy) 1 e da3m gdecrIrds
else :
self .back=node t© m3+t+ doededdd dd gdcdoy) Bded ddbadytyrniydioteee oyadsz
self . front = node tt J doae oyads yyne gdeciae y ddsuy
def popleft (self ):
yvyy 6dodecyne dadedj ¥ o gdto¥yay dqdsuyt
return kK 6derees dadedy ¥ y ddsuy
if self .empty() :
raise Exception (A BT DmAOT 1 Ok 8d)s gdecdsos) ich
node = self . front #node - gdecIiae oyads ddsay
item = node . item tc epgne?mydoyesd Jpbopn)ynsosdy } m
self .front=node .next t6 gdGcIiee y¥pe JpDbyy¥ygjae o2yaszxdase ddsy
if self .front isNone: t m3td o dda3ay byo W dadedy ¥
self . back= None te dd3 y¥ne gdecdsosy) Ja
else :
self .front .prev= None t6¢ 1} pnp31d gdeiae daded) ¥ gdyesperxByn J o
del node te Nadna3mesd oyads
return item
tc edvyrdde ADDPAT A ¥vo DI D gdojiyrwy yoasdrecal s ADPDPAT Al AZLZD ¥o B
def append(self , item):
Yyyy 8ddone dz>dedjy ¥ y 31)3dil ddsuy
pparam EOAl k daded) vt +d dddpnerBym
return  : None
elem = Node(item )
elem. prev = self . back
ifnot  self . empty() :
self . back. next = elem
else :
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self . front = elem
self . back = elem
def pop(self ):
yyy O6dodceyoe adizdienyydrd soy t
return k Oy¥oy ) ie dadedyr y ddsy
if self .empty() :
raise Exception (A DT DPMAAAEK 8d3d gdecdosy ick
node = self . back
item = node . item
self . back = node . prev
if self .back is None :
self .front=  None
else :
self . back. next=None
del node
return item
def _ del__ (self ):
YyYYyy 8dyrceuypasdacayyvydoyerBym d3m 3decds3rv)yded oadnpazdy | n
yy+ h dadedy vy1 0 dd3y y eceioeads dodesdup 3dj } m yoD
return : None
while self . front is not None tc gecdhddeaed gd oyis1h daded) yonh ddasly
node= self .front t apbpgpne?mydoyesed gdya3pn} i m J o dadedy ¥
self .front= self .front .next tt¢ gdcdhddpesyYyuyag) ded dzdedy vy
del node .6 oeadn3meed dadedy) ¥
self . back = None
0 'Ym e a o apﬁ)endibff(()tq)'oe o c h ¢ ~ c¢chocoex lao h o T h ™
t’ ¥ ho ""Ye(ao T3 o*h ™~ e e : [0}
NOER —— 99 € 32 € 17  |me———p None
—_ —_—
o o 9. _m
2" "o e 'Eo o " mtomo X 1t 'Em 'Y oc h * ¢ Y
appendleft (57) t¢ 8ddpneed dzadedy ¥ Nni y gduiords dqdsy
(_co;‘t_x mt”oh'O'|ao eon . _.X’OAZ X ’Y_m "c*Nrbﬁ@i'|a”o
e”mtxece”ha’* A(a(et - _x O
None €= o9 [€——| 3 [€—— 17 |—3 nNore
= —_— —_—
1
57 :
o "o 2. _M
None
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X o T o
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f_ b o ¥ | L2 ;e h xx "o fi " Qb pec’Yia xoxhe “th t oa 3 to to X
(priority, item) 4 __ meo 5h g7y | _"hmteey]rEneye ™~ T ay "o T a et
coh "y X Y o0 a X o e To "™ 7T mwyI - : T eo : e a c h o
1_6t~oh't' ;<h'xq)
2. ¢ M Tempy(Yg; , coheey ;ooh T @
3. ¢ _ N Zingert riority, item) q. Mt "¢ " Rpriority, item) x ., h x @
4. c h “exgractMinimum 0 go t h ac “™ th x . e ~ " a c h o h t toa @
c h o h t t a ™ prioﬂ{y a’l eet” ax ey oa @
o a o c h - " h - “ e ~ ¢ h o h t t e o ,(jpz 3 -
ot h a™~ee YD ¢ a e t x
. M t52&D “E€h "B _ty teo ™~ - h e~ o *x"0o ®"eo o [mec

class PriorityQueue
def __init__ (self ):
yyy Ediyyyeysyde vYyvyy
self . mltems = ] tt 0gayds3 d3xdedj vyio L dcsatygesuyWesaewsl vdoca 5

def empty(self ):
yvyy 6dedoicme L& Ldeeceb gdedsayl m

retun Kk 4 00At mstd tdeebp gdedosy m
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return len (self . mitems)

def insert (self , key, priority ):
YyYyy 8ddne dz3dedjy ¥ y tdeey 6pnade o eded gcldecardrdas

EAUK dsadedy ¥
DOET OEOUKk gcidcardy
: None

self . mitems. append(( key, priority ))

def extractMinimum (self ):
yyy 0dodc¥yne dsdedj ¥ o (deeat +d epnpe jJpneoates geldeavydry

k dsdyy  1Ldeea o Jpeodsatasd gcldecavydydas

if self .empty() :
raise Exception ("PriorityQueue: 'extract_minimum' applied to empty container" )

tc 1ysmeaead dsz3dedjy ¥ © Jpeooteoes gl decardydas
tc y ;olgeu oagodasyt ¥de daded) ¥ dam maded oajourdy ) m DOETC

minpos = 0
for i in range(1, len (self . mitems)) :
if self . mltems[ minpos][ 1] > self . mitems[i][ 1]:
minpos = i

return self . mitems. pop( minpos)[ 0]
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4. ¢ vt c h m c m:xa (’)ét ‘a e m ‘Eo o} m c m _ x 0P
5. th*ao”’”t mt.mc*m_x
o T Lo 8. Python ' R
o e Y ’_Q'Yheo_x bhmxm ctexmh >~ x m"tx ° m 50 ™ e ~ h - e (@)
" b ‘X c‘*_x m t _oa t - : h o0 thcﬁééhm o€ ) Th "
a m t t 'E o_h a T e 79 com —* ee 'y efic v.n;ol’“z ] a m t t 'E e ™ m
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class Node
YYY 8dgdelsosiagoganygaysayt vyvvy
def __init__ (self , item):
yvyy Edjy¥yeysvrde
;param EOAI k j popny¥onsdy )y m o2yason
self . mltem = item tc J popy¥opnsosd)}m 2yaszn
self .mNext= None t gdye3p) i m }J o Jpopy¥ygjlae o2yads ygaysy
. T e Y me m_ x L ar 1 oc m~ ot a<mtco*°m*_2a"'(p h " 7 x(C
o m t5 390 - * e Y Q'Y e o ¢} m ¢ m_x @
class LinkedList
def __init__ (self ):
yyy Edjyrcysxdewe gdecdoyjie 93Amoy oe ygoyds
self . mFirst= None
def empty(self ):
YyYYyy odecdolicecme L& ygeayds e gdecdo) la
return k 4 O0At mstd ygeyds gdedoey e
return self . mFirst is None
def insert (self , item):
YYY Ny¥pnpozame ondpo)epien ydgad gydg sy 3yy g
;param EOAl k daded; ¥ dam 0y¥Dno3a
node = Nodg(item ) tt yrodewesd Jdoee dadedy ¥ ygaysy
node. MNext= self .mFirst t J oy¥yyg) ae d3dedr v ddamdgdaded maae g gdcI
self . mFirst = node tc J Joae dzxded) ¥ y¥pnpe gdeIae Uy Ygaya3y
def head(self ):
Yyvyy 6dodecyne jJpopjr¥onsadj)m edadoa Ygeaysy.
return Kk y opopj¥oned)ym sdadoea ygeoeysy obd . 11A4 m3t+td ygeyds g
if self .empty() :
return None
else :
return  self . mFirst . mltem
def tail (self ):
YYYy o0dodepnye Holyy ygaysy
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if self .empty() :
raise Exception ("LinkedList: 'tail' applied to
self . mFirst . mNext

self . mFirst =
return  self
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Ygoysy
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empty container" )
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class ListWithCurrent

def __init__ (self

):

Yyyy Edjyycysaydewe |} dooe gdec

self . mHead =

self . mCurr =

def empty(self ):
YYY O0dec

None .6 6 dGI a¢

None t6¢ 6d¥dtL ) e oyads

doiteme L& ygoydsa gdec

k 400At ms3td

return self . mHeadis None

def reset (self ):

self . mCurr =

def next (sel

self . mHead

ygeyds d

Y zc6dboevya gd¥yrdL})ee dzdedy ¥

dojle ygoydst

oysds ygaysy

Yygoysy

doy) 1 ¢

Blyvyayvylh oaddyded dadedy ¥p

gdcIiaaegt yyy

f):
yvyy 6dedevye dd Joyyygsded dadedy) ¥vot
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o * *

ddeaddoaye oas3azwlt dyym 301 D) OAOACEI Tt mstd jJoyvyygy ¢
return : None
if self .empty() or self . mCurr. mNext is None :
raise Stoplteration
else :
self . mCurr = self . mCurr. mNext

def current (self ):
yyy O¥vcaeon¥ya gdrdL)]ee dadedy ¥

return kK O0pop) ¥Yonsd) i m gdydLlded daded) ¥vy
if self .empty() :

return None
else :

return  self . mCurr. mlitem

def insert (self , item):
YYY Ny¥opoorea J dooae daded} ¥ Yy ygoeoyds grys3m gdryrdtL ) ds

;param EOAl k daded); vt +d oyr¥poamervxBym y ygoadys
rreturn  : None
node = Nodqg item )
if self .empty() :
self . mHead = node
self . mCurr = node
else :
node. mNext = self . mCurr. mNext
self . mCurr. mNext = node

t St c hz"‘""Ymt o h ee 'Y mc m X m o h mt* laom'y

[ < < < - < * JR— J—

| = ListWithCurrent ()

- Ty fTo 7 “ee Y ~ a et b3 "co “eo

.insert (11)
.insert (12)
.inser t(13)
.insert (14)
.insert (15)
.insert (16)

] Y hx -{!;o*ma’[ov x.r'n*c_;"ééin,ﬁa":'Eeojwz 7Y “hx -eo ) Tomt x c x

def _ str (self ):
return str (self . current ())

c h ¥y ° Ty ) ee 'y cm tooh, emt "ot mTYa_ oceat™xe Too@ t E

*< <

m ~'E mc moc Y gao to A*mteh'yYS Y com ™ "o e o o c h

——e < ~ - + <

. _m t5;3g|__‘ t . h ~ t'ouh QY Yy o m c m X @

* e

class Listlterator
YYYy E3py A¥xdecorydc YVYY
def __init__ (self , Ist ):
yyy Ediyrveysyde 1y¥ydepnpyden
;param | OOk ygayds

self .mCursor= Ist .mHead t6 gd¥dtL} o gdoeaitm 1 ¥ydeoyden Yy 3da3dsi

86

d3>de d}



87

0 pq) L, e e m t
def _ next (self ):
if self . mCursor == None
raise Stoplteration
else :
curr= self . mCursor. mitem
self . mCursor = self . mCursor. mNext
return curr
" h Tt o c o " mgpWithQuent™m ~ mt 5g82ax tooa¥y e cc  Sxtp a X
t h * e h oetom @o
. _Mt5320 _ho”o  ee YO T e Y QY eo o m m_x @
class ListWithCurrent
def _ iter_ (self ):
YYY O0gdiispn3B)ae gdyddqt t+d gdodecyonpe J1¥ydeonrde d3m 3dpEdsial
k Avydeonr¥yde 3dads3i il
return Listlterator (self )
m Y ¢ 'Eo ) a o’ a o m o h m to*t meyY °"\;'Y e a " ee¢ya mcojp
for el in I
print (el)
“ % 0 "0 t i m "~ a
it=iter (I)
while True
try :
print (next (1))
except Stoplteration
break
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class CircularLinkedList
def __init__ (self ):
yyy Edjyrycysxdewe | doae gdedos)le ygoaydst
self .mCurr= None t¢ 6d¥ydlL ) ae oyads ygaysy
def empty(self ):
yyy 6decdoiceme (& ygeyds gdedos) i e
return k 4 O00AY mstd ygeyds 1d siyrerB sddlded dadedy) ¥p
return  self . mCurr is None
def next (self ):
yvyy 6decdempyuyg) ded dadedy ¥vot
ddeddoaye oas3azwltdyym 301 D) OAOACEI Tt mstd jJoyvyygy) ece [dadaedy
return  : None
if self .empty() :
raise  Stoplteration
else :
self . mCurr = self . mCurr. mNext
def current (self ):
yyy O¥vcaeon¥ya gdrdL)]ee dadedy ¥
return kK 6pobp) ¥ypnsosdyim gd¥ydLided dadedy vy
if self .empty() :
return None
else :
return self . mCurr. mltem
def insert (self , item):
YYy Nyypnpoevye Jdoae dzdedy ¥ Yy ygeyds gdedd gd¥ydL ) o6
;param EOAl k daded) vt +d oyr¥poamer¥Bym y ygoadys
return  : None
node = Nodg(item )
if self .empty() :
node. mNext = node
self . mCurr = node
else :
node. mNext = self . mCurr. mNext
self . mCurr. mNext = node
¢ fr . a0y T T xm g e~ T e o) me m s "o *~ - x Of
o ¢ h * ¢ oc h""me® t“8" ee 'YY €~“a@a het T~ " 5 " T ee 'Yy coto reo o
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class Node

Yyyy 8dgdeloiagoganygyodbiiyd aohAmanyded ygaysy vYYY

def __init__ (self , item):
Yyyy Edjyyeysyde oyaaszn

EOAI k 8aded) v ygaysy

self .mitem=item t don}j 1t t+d gdo?menjJs o8 o2yaszde ddsuy
self .mNext= None t¢ J pyrvygj)oae oyads
self .mPrev= None t6 gdgdecddy) 1e oyads

» M t539P T e Y © o QY eo o mc m _ x @

class DoublyLinkedList
Yyyy 8odbiuit}d @29Aman) ae ygoaydst YYY

def __init__ (self ):
Yyyy Edjy¥veysvderydgeya ygdedoy) e ygaydst

self . mFirst= None ftc (:gdGIa»s oyads ygaysy
self . mLast= None ftc O\{YDJJJS oyads ygaysy
self .mCurr= None t¢ 60O¥dL ) ae 2yads ygeysy

def empty(self ):
yvyy 6decdoiceme & ygoayds gdedosy i
k 400At mst+d ygeyds gdedsy .

return self . mFirst is None
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def setFirst (self ):

YYY zcdbavya gd¥ydL jaea gderioe da3ded} ¥ ygaysay YY

self . mCurr = self . mFirst

def setLast (self ):
YYY zcgdbavyea gd¥ydLjaea dy¥ynjlle da3ded); ¥ ygays3y
self . m@rr= self . mLast

def next (self ):
yvyy 6dedevya dd Joyryglded daded) ¥o YVYY
if self .mCurr!= self . mLast:
self . mCurr = self . mCurr. mNext

def prev (self ):
YYY 6dedeva dd gdgdedd) Bded daded) ¥po YyYyY
if self .mCurr!= self . mFirst:
self . mCurr = self . mCurr. mPrev

def current (self ):
yyy Ovcaeon¥ya gdrdL)]ee dadedy ¥
return k 6pop) ¥yonosdy i m gd¥vyrdLided 2yaazn
if self . mCurr is not None
return  self . mCurr. mitem
else :
return None

def insertBefore (self , item):

YYY Nyypnpoevye Jdoae d3dedy ¥ gdedd gdr¥dL ) a6
gdrydtL y o d3dedy ¥ ap3aIneyBym Jo 61yt
;param EOAT k daded) v dam o2y¥pnpoasa Uy ygoyds

return  : None

node= Nodgitem) tt yrvodeweased oyadsat d3m jJdoded d3dedy) vy VY

if self .empty() : e oy¥ypnposan Yy gdedoyie ygoyds
self . mFirst= self .mLast= self . mCurr = node

else :
node. mNext = self . mCurr

if self . mCurr== self . mFirst: e oyy¥ypnos3ap gdedd gderee da3dedy ¥vd

self . mFirst = node

else : tc oy¥yonpo3anp oydedda) s ygoysy
node. mPrev = self . mCurr. mPrev
self . mCurr. mPrev. next = node

self . mCurr. mPrev = node

def insertAfter (self , item):
YYy Nyyonpoavyae J d
dadedy ¥t t+d byo
:;param EOAT k dadad
return  : None

22¢ d3ded)y v glysm gdydtL )} ded
Jy¥noa3dyae y¥yone gdydiL ) aa
¥

J dam o2y¥nos3a y ygeyds

node= Nodgitem) tt yrvodeweased oyadsat d3m jJdoded d3daedj vy Y

if self .empty): t6 oy¥no3pop Yy gdeds)le ygoyds
self . mFirst= self . mLast= self . mCurr = node

else :
node. mPrev = self . mCurr

if self .mCurr== self .mLast: tc oy¥ono3n gdedd gdecIiag dzdedj) ¥vd

self . mLast = node

else : tt oy¥ynos3p oydecdde}Js ygeyasy
node. mNext = self . mCurr. mNext
self . mCurr. mNext prev = node

self . mCurr. mNext = node
self .mCurr=node t dadedj ¥t t+d byo oyr¥yonoazd) ae y¥DO

def remove(self ):
Yyyy Nadon3evye gdydtL ) oae dadedy ¥ 81 ygays3y YYY
if self .empty() :
raise Exception ("DoublyLinkedList: 'remove' applied to empty list" )
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node= self . mCurr ¢ zpbpgone?mydoyeed gdrydL ] ae o2yads

if node == self . mFirst: tte m3td gdv¥ydiL}ee oyads gdeiae Yy ygoys
self . mFirst =node .mNext

else :
node. mPrev. mNext = node . mNext

if node== self . mLast: t¢ m3td gd¥dtL})ae o2yads dy¥pnpjji1e Uy Ygay
self . mCurr = self . mLast =node . mPrev

else :
node. mNext mPrev = node . mPrev
self . mCurr = node . mNext

del node .6 o9adons3dj jnm 2yaszn
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6.1.2.7° " ~ " Python

N A A -~ wo v A v~ f ~ 7 - v ) ) « - 7 ) ‘”L~8
""’wchomtv'*m mcomv’:“pyth@nihk”_’othelmty’*égh‘fﬁ(cmfmx_"\olm”é”*ibo (rﬁ("\dyue_
t ™ 0 0 'o*h"”(ee'y co Y " X toaxzo"‘o":“x(hmc’:m__x’* edl” e E
e”mtk;(:,ceco 'Cckoemv"y\g*ggt?’c\)vmwdt'evchdm"v*oHe;mt"'CE m ¢ mz:;/: ot E ‘).v;/coﬁ\
o - "'Ye(ao *(hg':ho*mxg_f__lhp" ’=':e<*ocoaomoo"(_'g maco*’me;’v”'o*h”'*t*
ol_ac §'2'0t<h”' X t o~ 0 a x *"\'Y"‘V
. _Mmt61dd =o+h"(ee’Y°(h<“‘ X ..,,A'Y’-\v mc m X mec m e
tree= [1, tc 3deu B ddgofm ci1od
[2, te cgi1ody B W
[4, e ca1o0dy B =
[8, tc cu1o0d} B 1y
[14], [15]] te cu1o0d} B
[en, tt c1ody B y
[5, te cuody B =A
[10], [11]]] , t8 Guody B Yy
[3, tc cu1od) B W
[ 6, e g1 0d) B
[12], [13]], 8 GGt 0d} B Yy
[ 7111 e ca1o0dy B =R
<c(hZ'Y"‘o e(o*:)*eo 2! c e x'o"*(h(*é){toa
Ve*( m"‘CV'OcD r"ch* ~ - 5 o # **vmt”‘ﬁt**mw'yu*o x - - "'O;(a

n=tree [1][2)[2][0 t zodcyj djy )y mldd o2ya3zn

o .~ o~ he®e@eoy” Q1 t ° h “ p] T om "t 'E a %h ocah o't" a t

e ”mtoxacxe che * t rye ao e ' mec om * o ¥ h o~ ee’y % “ho -eym’

c h ¢ Eo a x a ~ ’ e comt xc ™ ]t Em" Y x - o~ ~ e ™ - e 0o a x
N A A ~ _—V,\V,.. t ~—V__L I | ~ oW (2 B N SRR B 8
ceom T ovethTroeery Tooh et yaco cbrhgfeo el BT thx

é; m —'Ee % o0 t mt o vz 0 a~ Ot E °© h 0 " e x mt h x t x h

JSONX o h mt o x co " ¥ e c h e e ¢ P h ot 5 o a oy~ "o

to*mtoy Tyl ottt e o mhc xo ;;ecthxt o h® "t o t "e "o 0" o a ”7'Y'hx ¥ x hm

mt h x t x hx @ - o *h ™" e e Yy Glfzg:t h: e oo a® ** xx" |t 'Emx 'YaeTm ¢p '‘Peh” e

m c m o N xc"" e 'Yc g T ap t S m g a”t ceo ¥ X "o T ° h - ‘

mkey
mChildren
mx@14p ¢ x o “ga’ mth t"E c om ~™~ ee 'Y e"” m c mo: ° t
c ’ a o TreeY ™~ "mo h - X ] Tt T x la ox ”OA”Y ¢ 'Eo o X t ™
1_(_t~0h(eeY ‘h(ﬁ 0. . . _oemthx_toh L P
2.0t sdikey(key) (. Mt “eo TO1 7Y __h e TO:; 0
3. t u,(e*y() ce o h t ™ "'O; .coto :eo o X
4. . _ t addchild (chid) ¢ o~ 1 "o mec¢ m_x ° t  cclild o ;eo0 o x ~T" eo
5. © _ t aemoveChid (key) ¢, , -~ YT -~ _ me¢c m_ x ° t ~ coOkey. ;eo0 o x =7
6. - t'gétChildren 0 ¢c o h t ™ m ¢ m o st coto :eo o X
7. . t @etchild (key)cc © . h k™ d 75 “okeyE” ¥_*60O; _e a mt tEmY x mec m
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1 7Y "hx "eomt ¥O6”Tepx m ~ h o Y
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s 7 o h mttah x t x h

. _Mmtgled | c | MNode ~ ™ m X

class Node
""" Eapyt +d edpnpzioaye"™yads dqdecdonp

def _ init__ (self , key):
yyy Edjyrvycysxydewe oyad
;param EAUK 33wl oyasznt +

ddecdon
y¥aodecuweykynm

self . mKey = key

def setKey (self , key):
YyYyy Ny¥yon}jdoszwe 33wyl d3m 2yaszn
;param EAUK jdod o)y puidyym 33wl oo

self . mKey = key

def key(self ):
Yyyy 6dodcymgaan wl
return kK 33 WL o2ya 3o

return self . mKey

def _ str (self ):
Yyvyy 6dode¥pne 33wl Ooyaant
return kK emddst y oeeamds YEAUY

return str (self . mKey

Lo h T h T TreeZx e o e~ T Nbde o m X

. _M 16,18D =o”"h""(ee’Y'(h = X h x hm e 0 a x *""'Y

class Tree(Node):
""" Eaxpyt +doggweys3vyycy doni"¥h ddedod

def __init__ (self , key):

""" Edj y¥yeuysywygsdeuwe od2yad
:;param EAUK 33wt o9yasznt

3 ddecdaono

d y¥yodeuwexBym
super () . __init__ (key)

self . mChildren=[]

def addChild (self , child ):

""" 8ddone dd gdrdtjyded oysaszn aonpdponjae o2yads s5cGepade a8 [01dgd:
;param AEE]l Ak oyeads s5gidddedodst +d dddpexkynm

self . mChildren . append( child )

def removeChild (self , key):
""" Nedosme y gdvdu pdaipsayoyp
;param EAUK 33wl o9ye3zpnt +d oadonamexBym
return kK &A1 OAt mstd oyeds ;3 d siyvyork doareljy opnpdpny a6 B3wL da
for child in self . mChildren:
if child .key() == key:
self . mChildren . remove( child )
return True
return False

def getChild (self , key):
""" znp a9apnpdonj) a6 33wyLdet gdodeypnpe oyads o921 ygeys3y diyd
;param EAUK 33wl oyaszD
return kK ey pneddy) ae oyads mstd eded o) mogdgdydt .TTA y 1)li1dey

™

for child in self . mChildren:
if child .key() == key:
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return  child
return None te m3atd 33wyt }d aypneddy d

def getChildren (self ):
6dodecyne ygoayds disrvde gd¥ydiLided oyaan
return kK 0geyds diJ1yde

return self . mChildren

-~

: L mTe . " Teez"thmoe” _
h t co eo g ee oh®™ th any c ot ¥ exo "Mt
- x e - mt 'Y§Fx th

o h e 'E mt o h

Tt Em ooy o o ) ac
o ¢~ I
“ h e 6. 1.1ph *(_m)ieh)@ t 0Xx o _[ﬁcxh)x(;am

—_ - * w0 * - —_

N N - - < < - -
e ™ T eo "co e o " ¥

T < - < < - ~— L *  © —_— ~

o a m t tEco'Yme

. _Mtg18d _ho "o . ee YO o x %o ~* 7 h “ P

def createSampleTree () :

ovyodecuwonyrea dqdedod by ddysgdd t any¥esayy 3oasydremyt
gd¥yle o2)Jy¥elIiya oyaszxoat dqddopwt e dd J oh o1
Edeuy B yrvrodeasd dJyr¥rnyjie 4 dddoed dd jBJ

tc 0vyodecesed oyseszat td e 3oy¥yme ddecdoo
node7 = Tree(7)

node9 = Tree(9)

nodel0 = Tree(10)

nodell = Tree(11)

nodel2 = Tree(12)

nodel3 = Tree(13)

nodeld = Tree(14)

nodel5 = Tree (15)

tt 0v¥yodeceased o9jJyrvreusI1})u oysesza dqdedoo ¥o dddonesd dd 1} ah
node8 = Tree(8)

node8. addChild (nodel4)

node8. addChild (nodel5)

node4 = Tree(4)
node4. addChild ( node8)
node4. addChild (node9)

node5 = Tree(5)
node5. addChild (nodel0)
node5. addChild (nodell)

node2 = Tree(2)
node2. addChild ( node4)
node2. addChild ( nodeb5)

node6 = Tree(6)
node6. addChild (nodel2)
node6. addChild (nodel3)

node3 = Tree(3)
node3. addChild ( node6)
node3. addChild ( node7)

tc ovrodeweasd 3dcl )} B ddecdon ¥p dddoeed dd JBded 21dgdo
root= Tree(1)

root . addChild (node2)

root . addChild (node3)

return root

dgdedoop
}

gl dd

jiddde

d}J b}
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s ™ o h mttah x t x h T e o)

e dd3do) b gZcodes3G3naw3n g1 dg G dpwouPRewe tdJd e dod
if __name__==" main__":
tree = createSampleTree ()

c h ¥ moe*t m 1y "o x o MM ao’e™ m oh mt™t m’'yY oc m™e
nodell =tree . getChild (2).getChild (5).getChild (11)
g0 "~ t mcom * omp x ¢ x b OFE’ Xt oc @ah® eoe ee x ~ e
coc h< e 'Eo a x cxe_tvmcomo 0o a y chot< L _E® | c_~_oa e o - e
"o “co o eo ®™“h Tt I ec Tom Yy ex T m o ] a t )
~ " ~ Ll w o~ ~ A ] - ~ o ’ L v
i ° " e _. " _ T elT teemona@ie Leo feeasy Tot oo
a mt t 'E mcS nfo ~ Y tom ¢ TE mec mo coh y* o “ e ™ o ™ c )
coh 'Y "o h“e o ¢ "o ’ comt ™ “~"® " c¢cho h =~ = “ e 0O e c
X ~" mc¢c mo ) o a mt t ' E com ™ "o e mt 'E 0 o ° t S " ™a
~—~~ -~ -~ _— . -~ N -~ ~—~ ~ . r .
O; . 2 x mTo e _x Fx' ¢ Tl e 7 FxToTe” tceya 2
e coh 'y o eo o o S X Y_ . oc m e e . L. ;
m e txhx 3 Y h == " e coh ¥y o “eo o 7 hoh ~tm ° 7T
o 90 7 x B h [0
. m tg 1ed =0 *h ™~ ee 'y ° h o e h ¢ oxhhg oe 0”aex - h ™ y"o

class UnorderedTree (Node) :

YYYE3pyesddnsdi aye yreysrvryecy dponjefh jdogdemdadony d ddedod

def __init__ (self , key):

yyy Edjyrcysxdewe oyad
;param EAUK 33wt oyeasznt ¢

dgdecdon
Y

3
d vyyodewerBym

super() . __init__ (key) tt Noe33a3 3d) pvogardgBaded 33pDYyy

self . mChildren={} tc y>doj} o3 dl¥yde oyaszxnt @glya>¥B gneca DB 3

def addChild (self , child ):

vyyy 8ddne dd gd
:;param AEEI Ak oyad

self . mChildren [ child . key()] = child

D aondoj ae oyads
pDeYRBym

def removeChild (self , key):
YYy Nadonasme d3m gdv¥ydlL jddesyde-joyya3nt oyasds
;param EAUK 33wl oyesnt +d oadonamexBym
return kK & Al OAt mst de oywywawh jdorvea) y anodony &6 3 3wl
if key in self . mChildren:
del self . mChildren [ key]
return True
else :
return False

def getChild (self , key):
YYY Zbp apdpj a6 33wl det gdydeismpweaioy dgdois dy) o¢
param EAUK 33wyl oyaszp
return k 93 pedd) e oysads m3td eded oy peddy) dt
if key in self . mChildren:
return self . mChildren [ key]
else :
return None

def getChildren (self ):

yvyy 6dodecyne diyde gdryrdiLided o2yaszo
deturn k 6 dy3isddoyiy¥yhl di1yde
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return self . mChildren . values ()
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def DFgroot ):
Yyvyy Obhid ddedon 2 e3abaeyy
Ol T Ok 3dcii B ddedon o maded gdtearnexBym dbhid

print (root . key() , end=" ->" tc Ogepni Bdoyesed 3dGl )k
tt apgyysneasdad $&3 dam oyt h davyde 3decdy m
for child in root . getChildren () :

DFS child )

" mtomx ‘lao c "™ Db h tTg "o R™ oeo 0 GelAp h] "M e ox oe ™m th or
m_oh mt” Jaom'y oc*m‘egre’ﬁtes‘amp|é‘|:ree9v°cho'h”ao’o
., M tE165D h o o E ee 'Y "~ " mtomx “ee Y o% 50 7 x ~ @ e xfIp
tt dd3doynp gecdeecpnenDn
if __name__==" main__":

tree = createSampleTree () t gl dgecdeepnen yryodedy) }m dqdecdonp

DFStree )

~ h T x TUEt ™t h oot ccohho "Y*ho™ a o ** x0™" «x x ™ e 0”7 B11c © " "o * h -
;”’m c o X X - e x Y

1->2 ->4 ->8 ->14 ->15 ->9 ->5 ->10 ->11 ->3 ->6 ->12 ->13 ->7 ->

.me x| o ST to ao " " e _. - ”\'eooh *rt\?*x tcoo oxy xx M'Y_'o"eT*x+ _ceoxh
Lox 'f"vt X ® . h . - co 3 v* e o ’ .ee 0 "o oot . mE o .o o o ' e
_onh _e ES ~ c ot _a Crexmo” "k co 'x mgo ; “‘"T ’6_x ec xh *ofe:'n;( w'e’”"'YdZ‘k*”v"t(
- . ? ; c ot Va oc h ™ C'O“ ~ ot . _ o h Ve Ed
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def DF&root ):
YYyy Obhid ddedon 2 e3abeyy
Ol TOk 3dcii B ddedon @ maded gdtLernerBym dbhid

tt apgyysneasdad $&3 dam oylsh dayde 3decdy m
for child in root . getChildren () :
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DFSchild ) )
print (root .key(), end=" ->") t Ogcepni Bdoyeed 3dci B giyam dgeoni wopy)ys m d
o°h S x T'Et *toa - X c 1~ ¢ "chomhaaa e” 7'y et Hoylo 7o
h - e * h -

"< * < < -

14 ->15 ->8 ->9 ->4 ->10 ->11 ->5 ->2 ->12 ->18 ->6 ->7 ->3 ->1 ->

~ o~ te ~ woot

Lo Tx 6" elreadthfirstsearchBF§1e e a2 - Y7 "o 9 7T oh ta oY go
t ho g m -~ " e ! a o * 7 oh t a co ' x X -~ * ex Yy om 7
" ocoao o0 ¢ 'Eo ¢} ~“ 7 oxh ~tta x ‘aeo™ -ee”o h ‘o (hh "Qay to"‘”"omZ’o"*e"’;'|oom
m - " e ! 7 o h t a o)
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oh mto x Jt Em 'Y "o " ¢@&;t ho "y nft hex THH he™ ~ "Toe:h gt axx h*g¢* ™™ ‘|t Em
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def BFJroot ):

yyy Obhsid ddedon o2 1IacGal)y
param OT T Ok 3dcii B ddedon o maded gdtLernerxBym dbhid
g = Queud) tte ndeen d3m dgeni Bdopny) afh oyaszis?
g.enqueue(root) t6 8ddnesd y tLdecey 3decis )} B ddecdono
while not  g. empty() : te @g’sa Lt deegooyyml gde
node = g . dequeue() tt hdeded gderiae oysds o Ldcea
print (node. key(), end=" ->") tt Ogcepoi Bdoyeed oemyae o2yads

te 8ddpnpesd o9 tdeey oysfH dsirvrde gdydtLidsed o2yaszn
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for child in node. getChildren () : |
g. enqueue( child ) |
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e gd3doyn gcdeenaeoDn

if __name__==" main__":
tree = createSampleTree () t gl dgecdeenen yryoaodedy } m dqdedonp
BFS tree ) te apbpgyys dbhddy o 18&aGaeyy
~ h ©xh O Etec*thto  h¥*xa” "c oeho’y" o a® 530 " x " h - "o *BT1¢ Bo o
pTm co "X X ’ h e x Y
1->2 ->3 ->4 ->5 ->6 ->7 ->8 ->9 ->10 ->11 ->12 ->13 ->14 ->15 ->
=X - ao ¥ ) e ” ZeYoh t”"’a’\co"‘xohx taoei"|‘f me’YZ e
c ho B e m h ot ™ ¢ m xzq;)O(hbanteaj"otth'Y*e"oa et ahd rh“'a"’z
o) me O "t T oc h” ¢ — ¢ h YT ox h = ™™ e 'E§c om ~
o h tax c¢co "x X ~ f ex 3 e~ "a e x e ™ " eo o
c h h ~ ot ho "m T % Lo — Eoy “Y h el e " ° e "
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def search (root , elem):
"™ 6drys eapndo)jded dadedj¥n y ddcdo.i

Nas3sdecayydoyexyBym gdiys o2 1IacGay}

param OT 1 Ok 3deuy B ddecdonp
;param A1 Al k 1yspnyae dadedy ¥
return kK 4 00At mstd 1ysoyee dadedy ¥ cisyvyorBym y ddedou
g = Queud) tt ndeen d3m dgeni Bdopny}) afh oyasziso
g.enqueue(root) t6 8ddnesd y tLdecey 3decis )} B ddecdono
while not  g. empty() : tc 6d3se Ldeen Jd gdedol) m

node = g . dequeue() tt hdeded gderiacs oyads o L desa

if node.key() == elem: tc £t3t+td daded} ¥ a)ypnedd} d

return T rue tt 6caga) mesad gdiyst gdodecyneasd 400A

ttc 8ddnesd o9 tdeey oysf ds1irvrde gdydtjydsd o2yaszn
for child in node. getChildren () :
g. enqueue( child )

return False tt 6dJodec¥ynecZdd BADoQA | d sl yrvyodEdaedpoy ded

§62 " A u
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class BinaryTree :
YYYy Odonszioaye bijypnecyd ddecdodt vyyy
def _init _ (self , key):
yyy Edjyreysrdec
ovyodecwe Jdoeoe oyadesdBcdopnisjiiinzioaye eded andny) &g
;param EAUkK O6pbpopj ¥psdyjym oyoasnp
self . mKey = key tt 33wt 3decdy m ddedaono
self . mLeftChild = None tt gdsd dam 310ded yay oD
sel f. mRightChild= None t© gd3d d3m gepnpoded yainD
self . mParent= None tt gdad dam bop¥yB3p gd¥ydtLjyded oyaano
def hasLeft (self ) -> bool :
YYY neo e6ly¥yevyk ddedod 3109ded yaoay oD
retun Kk 4 00At mstd ddedod epe 3is0ded yoy)nt
return self . mLeftChild is not None
def hasRight (self ) -> bool :
YYY n& 8i1yvyerxlh dqdecdod gepnoded yaoay oD
return Kk 4 O0At mstd ddecdod epe gepbpoded yoy) ot
return self . mRightChild is not None
def hasNoChildren (self ) -> bool :
YYY Naoa}jopitpne La ebe ddecdod diJ rde
return k 4 O0OAt mstd ddedod jdepe dirdet
return self . mLeftChild is None and self . mRightChild is None
def setNode(self , item):
YYY zZ@8lJ)we gd3ade) ac
;param EOAl k &6dod gidddedod bbd 33wl
if isinstance (item, BinaryTree ): tt ms+t+d EOAI e ddecdoda
self . mKey = item . mKey te @61 ) wyeasd 33wl
self . mLeftChild = item . mLeftChild tc @964 ) wyeed 3109d glrdqddecdod
self . mRightChild = item . mRightChild t 2614 ) weed gepnod gidddedod
else :
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self . mKey = item
def setLeft (self , item):
YYY Z68J)we 3102ded yoy ot
:;param iOAl k 6 p o by ¥bods dgyiydng doc d o
if isinstance (item, BinaryTree ): tt msatd EOAI e ddecdoda
self . mLeftChild = item e 9613 wyeesd oyd girdddecdod
elif self . hasLeft () : e m3td ddedod 6i1yvye¥yh 3102ded| yason
self . mLeftChild . setNode (item) tc apeJ)wyeed oyads
else : tt m3std ddedod jJdepne 310ded yl) D
self . mLeftChild= BinaryTree (item) t y¥yodcecweed ddedod o oyaade [EOAI
tc ¥*np c6dbeasd eded 3102968 Yo} da
self . mLeftChild . mParent= self tc oy¥n)ydosaxdjyim gedd3an da3m oyp¥pnposzd)
def setRight (self , item):
YYY Z68J)we genoded ya) oD
;param EOAl k Eawt bbd gidddecdod
if isinstance (item, BinaryTree ): tt mst+td EOAI e ddedodas
self . mRightChild = item e #8813 wyesd oyd gidddecdod
elif  self . hasRight () : tt m3td ddedod el1y¥year¥B geonodgd Yoy
self . mRightChild . setNode(item) tc apeJ ) wyeesed oyads
else : tt mstd ddecdod jydepnpe geonoded |ya) D
self . mRightChild = BinaryTree (item) to y¥yodcecwesed ddecdod o oyaade |EOAI
e ¥yp ecdbaed e©eded gGpnoas ya) ds
self . mRightChild . mParent = self te oy¥n)ydoadjyjm gedd3an d3m o2y¥pnoazd
def removeleft (self ):
YYy Nedoame 3102ded ya)bD YYY
self . mLeftChild = None
def removeRight (self ):
YyYYy Nadpnpame 310dsesd yYya4D YYY
self . mRightChild = None
C X c‘“"‘_x s e o BQnary‘T’reeh'I -3’ __'x aTrayh ® ™" m™% @
c e o0 g ee * e * he B h oS coth * e o mt o h t " c hmo “a ™o
e‘~(°(e’ e D mt o o1 * e‘h@_2?1.=i‘h?~aoZOWb‘e:g<*gé‘ _mo
‘o %o QY x e ™ m m t oh'o‘tcao’_le‘ao‘h‘x'x"‘vz S T | "\tmt_”\ao,‘
., mtg2ad ho o ee YD o*x "0 ~ ¥ e~heo o " h "~ @
def createSampleTree () :
6ca3and y¥odedyym biyncided dqdedoon
tt 0vrodopgdfGcliIi)ji oyaszxa dqdecdon ¥pnp dddonesd dd ) ah gidddpsdonp
node8 = BinaryTree (8) 6 o0¥yodecdj) }J m o2yaan & 33wyt de r
node8. setLeft (14) te 8ddonooym 319ded girdddedont dddpwyt & 3ay¥vyds W
node8. setRight (15) tt 8ddonony i m gepnoded g i3dedydvedd3o oith dddowt &
node4 = BinaryTree (4) 6 o¥vodecdy) Jm 2yaazn o 33wLdse Yy
node4. setLeft (node8) t© 8ddonoonjJm 319ded gldddecdonp
node4. setRight (9) te 8ddpnooyjm gepnoded gldddecdont dddowt o 3py¥rds
node5 = BinaryTree (5) 6 o0¥vodecdy}) }Jm 2yas3n o 33wyLdg N
nodeb. setLeft (10) e 8ddonoony ) m 319ded gidddedont dddopuwyt & 3ayyvyds W
node5. setRight (11) te 8ddpnooym gepnoded gldddedont dddowt e 3py¥rds
node2 = BinaryTree (2) t¢ o0yodecdy) yjm o2oyaszn 8 33wLde =
node?2. setLeft (node4) tc 8ddpnoswiyyded gldddecdont dddouwyt o 32y rds
node2. setRight (node5) t¢ 8ddpnopnj i m genoded guadddedont dddopwt o di1dddec
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node6 = BinaryTree (6)

node6. setLeft (12) te 8ddpnopnyim 3109ded girdddecdont dddpwyt e 3x3yv¥vds

node6. setRight (13) tc 8ddpnony) i) gsdddedont dddouwt & 3ayrds W

node3 = BinaryTree (3) t¢ oyodecdj) jm o2yaszxn 8 33wLde

node3. setLeft (node6) te 8ddpnoonyim 3102ded girdddecdaono

node3. setRight (7) tc 8ddpnopnyim gepnoded girdddedont dddowt o 3Fayy¥rds

te ovrodeweasd 3decl ) B ddecdon ¥np dddoneed dd JBded o01dgdoidys o

root = BinaryTree (1)

root . setLeft (node2) te 8ddpnonyim 3102ded gsrdddedon dd 3decd)y m

root . setRight (node3) tc 8ddpnoonyim genoded glrldddedon dd 3decdy m

return root t© Yyl 3i dmyw®o 3dci B yrvrodedyded ddecdonp

622._ > 7 n oo T

] - e ™ chomt o) ‘c"boo’hx_ta Ty coe;xh e oh te*a om’g a " OU'VYE
* e he 5 7 h ) ge ’y h =7 e Y - t ceo co e mtQ co t
toax Y ™o amt'Ec(h(*ohx .m 7 ° t< coto e o o X -
coto :eo0 o X 5“’a’é'|’y0_q§o'oaxx'g"‘e"" - a o - o h t a co x

*0*"t_on*3 coyne e E®

L. _Mte22D o T x X T, % _ex x ¥ e”heoax h  _®
def DF&root ):

Yyvyy Obhid biyone)ded ddedon o2 g3abayy

param OT 1 Ok Edeujy B biypnpeyded ddedonp

print (root . mKey tt Ogeoni Bdoyesed 3dciy B dsdedy ¥

if root . hasLeft () : tc m3td ddedod ene 3102ded ya) oD

DFSroot . mLeftChild ) te apbpgyysneasad $&3 da3m 3102ded ya) o0

def BFSroot ):
yvyy Obhid biyonce)ded ddedon o2 1Ia6Gal

param OT 1 Ok Edecujy B biyopeyded ddedonp

q= Queus)

while not  g. empty() :
node = g . dequeue()

tt hdeded gdcrae daded)
print (node. mKey tt Ogeopi Bdoyesed oamyac

¥

g.enqueue(root ) t6 8ddonesd y vtdecey 3deit )} B ddecdono

9 Ldese o
dadedy ¥

if root . hasRight () : e matd ddecdod epe gepnoded yo) D
DFSroot . mRightChild ) tc apgyysanesd $&3 da3m gepnoded yol oD
., mte28d o " x X . h e x X @ e ™ heoax h [0}

tc 8ddneed o tdecey 3102ae 1 QgGpDIae yoa)oa> gd¥yrdLided oy

if node. hasLeft () : te m3tddfrdg y e oyads epe 3109ded yeof}p
g. enqueue( node. mLeftChild ) tt dddoneed y tdeey 319ded yoloD
if node. hasRight () : tt m3atd gd¥ydi}ee oyads epne genoded yeoly
g. enqueue( node. mRightChild ) tt dddpnpesd geconddged yal oD
~ c’Eoax ¢xe t a hoe™ Tiye 0 7m 'y* "™ imie o o A Dhye x ™ O T S
co ' x X ~ T X - ’q)h'“ehx* "':""*'\ao*v"‘eo"he:/mo;&)r'r‘]‘)%"‘:a:a'E c”o*e*ljlea
c 'Tmtho m'x *‘“e*e Ya ¢ o Q*’?"a‘ug c<on'“'>d:| x'e\_:"”"e :;q) "(e—"" ’ a - ’ ’
"‘ov‘ o YOt 'E“h ‘“""xm:"t ':t h wm ‘}noe I_o :/e o) *a‘r‘r}
"o ; e ’“’O;“( ) E/h<d1;( z' ev c<h l‘<em’ - e ”varo: oh;o otq)'z'yrﬂ’ig"yg -

- * ~ J— — < < * L
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class SearchTree (BinaryTree ):
YyYyy Eshyjnoneyd ddedod gdiysuyt

Odbpslaye y¥eysar¥yecy doyJ aht y m3i e 00 wwoxsyn upor Bydhy ys dadedy ¥
50 ydedd) Bdeyst an 3depncecaheit})ae LDyt vYvYy

def insert (self , key):
yyy Odyddt +d cdnziaye o2y¥nos3y dadedy¥n y biryone)d |[ddedog

;param EAUK s3uwtt +d 3 ddbhidyd oy¥pnpoava

self . _insert_helper (self , key) & aogyysonesed oy¥onosay dadedy¥vo EAU y dd
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e gdiLealpbwlea o 3dedim

def search (self , key):

vyyy Od¥yddt +d ecdonszioaye gdiys dadedy ¥xo EOAI

;param EAUK tyspyeae dadedy ¥

retur nk Nyeds o 33wl de EAU mstd vosae dadedy ¥
¥o . I-imfst+d daded; v ;d ayneddy aet
return self ._search_helper (self , key) t¢ apbpgyys3oneasd gdrIy oqa&o

6t gdte)ypwyLa @ 3dc ;

@staticmethod
def _insert_helper (root , key):

YYy 8dgdeio} ae cd3ycyao92ee 8dryrddt d3m oy¥pnos3ae

:;param OT T Ok 3dci ) B ngQdeoo y mad o1 dbydiowyr By m

;param EAUKk 83ded); ¥ (s OYy¥DO3 &
if root . mKey > key: tt matd dsdedy ¥y dq3m 2yYy¥D2d3 8
if root . hasLeft () : tt m3td ddedod epnpe 310dsd

tc eabpgyysnesad cdsaycyaos)d oyrnosy EOAI

SearchTree . _insert_helper (root . mLeftChild , key)

else : tt matd ddedod 3 d epnpe 310ded
root . setLeft (key) tt dddo®A§ B cdzs 310ded s poptondso
elif  root . mKey < key: tt m3atd dadedy ¥y d3m 2y¥pDd3a
if root . hasRight () : tt m3atd ddedod epbpe genoded

tc aopgyysneasad Gcdaycyaosy d ogywodsy oEOAI

SearchTree . _insert_helper (root . mRightChild , key)

else : tt matd ddedod }d 8pe gepnaoded
root . setRight (key) t6 dddonesed EOAI y e6dsis geonodsd

@staticmethod
def _searc h_helper (root , key):

YyYyy 8dgdgdeios) ae cd3ycyaoc2ae edyddt d3m gdiysuy

6drys oadieyjwerBym gedhddde o e3abay yt

;param OT 1T Ok 3dci B gidddedon y msdey oadicecy) wexBym gd

;param EAUK tys3spyee dadedy ¥

retun kK gdya3p0jyym y o 94ypnpeddy e dadedy ¥t m3td dzxdedy ¥

¥o . I-infst+d daded) v ;d aypneddy aet

if root . mKey= key: t© m3td 33wyt gdrdtLjded oyaszxn oabilepnervxBBym

return root t gdodecypneasdd o9)jpnedd) ae o2yads

elif key <root . mKey: 6 oagndda3k 1ysnjae d3dedy ¥ s8dsosd
return SearchTree . _search_helper (root . mleftChild , key) if root . hasLeft () else None
else: 6 o9agndds3k 1ysnjee dadedy ¥y 8doad gi1y¥yavyaym Uy
return SearchTree . _search_helper (root . mRightChild , key) if root . hasRight () else None
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Jotondsn
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class SearchTree (BinaryTree ):
YyYyy Eshyjyoneyd ddedod gdIiysuyt

Odps3loaye y¥eysryecy dpnjaht y msuse oy¥pno3np ¥

50 ydedd)y Bdeys an 3depncecaheil}jae byt vyvYvYy

def search (self , key):

vyyy Od¥yddt t+d edpnpzioaye gdiys dadedy ¥yno EOAI

0d ecdasycyeao)jopmedns3lani
param EAUK tyspny)eec dadedy) ¥
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tetun Kk Nuyoads o 33wt de EAU ms3std ¥psaee dadedy ¥ Gily¥a¥RBym U
¥o . I-imMfstd dadedy v ;d @2ypeddy act
node = self tt gdtejopesd o 3decdym
while node is not None
if node. mKey == key: et m3atd 33wyt gdydL)yded oysaszn abireperypgym o
return  node tt gdodec¥ynesed o)Jpnedd} e oyads
elif node.mKey>key: t o0oagpndds3k 1yspnjeoee dadedy ¥y edosd gi1yparayn
node = node. mLeftChild tt cyfAonpesadym 2} a9 dd 310dsed Jotondgno
else : tc oagndd3k 1ysnjyee dzdedj ¥ edosd e6IlypFavyaynN
node = node . mRightChild t¢ cyfpnesadym 29} a8a dd geonoded Jptondgsnop
tt m3td dgyyrdsadpn dd deoyrsnt ¥vd ddedod j d gi1y¥vyer¥Bh [I ysny
return None
def insert (self , key):
vyyy Odyddt +d edpopaioaye oy¥posy dadedy¥ynp y biypnceyd |[ddecdoog
0d ecdaycyao)n cdpns3lanilim
;param EAUK s3uwtt +d 3 ddbhidyd oay¥pnpoavrae
node = self tte gdtLeypnpesd & 3decdy) m
while True
if node. mKey == key: tt m3td 33wt gd¥ydiL)yded oyaszxn abiscpneyBym
break te oyypnpogugredby) o
elif node. mKey > key: tt matd dadedj) ¥ o2y¥ndos3a G8DO GlYyr¥rav¥lym
if node. hasLeft () : tt m3atd ddedod 6pne 3102ded Joptondsno
node = node . mLeftChild tt cyhpnpesadym o) apoidndanoded
else : tte matd ddedod Jd epnpe 310ded Jpntodleznp
node. setLeft (key) t© dddneed EAU y eds3is 310ded s pntodfso
break
elif node. mKey < key: tc m3td daded) ¥y oyry@ymaysgenegpeyayg|li dddac
if node. hasRight () : tte matd ddedod epnpe genoded J otondao
node =node . mRightChild t¢ cyhpneseadym 2)Jaa8 dd gepnoded Jobtods3no
else : tt matd ddedod 3 d epnpe genoded Jpto|ds3o
node. setRight (key) & dddneed EAU y edss gepnodsed J potoldaso
break
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. mx@XI13p  h mt ™ Trylao _X o7 p e~ avmgc< X
- ~_me26e x T  eo 0 cSeafthTreeWitfiDélete < o | T_e~"he a T h o
xmc‘*_oh‘e*as*earChTrggoc_"'h“m@v'Ya' co ’x_x t o~ h‘"‘"“(ee’Y ~ a
n**”":ee'ynx"" )
. Mt 26D T _ " e Y T _erhed g ®ehy " co Tx X
class SearchTreeWithDelete (SearchTree):
YyYyy Oder1eacd)}m 33pyy birypnecydsd ddecdon edoszeolyyw o2adpamye
def delete (self , key):

YYY Nedpnasmedaddd) ey bijocecydey ddedoiu

;param EAUKk 83ded) ¥t msacs gd¥yeibyd oadobpzore o biypnec)dpd dde

self . _delete_helper (self , key)

@staticmethod
def _search_max(root ):

YYy 8dgdeios} ae 6d3ycyady) ae 6 dwyjads oy dy ysoyd gioEdy dirddsde d o 1t
ZeJsdyd @ o3pyvyaody¥vymea bijyonec)jded dqdecdon gdIiysnt |8D3Y &
9)Jpeddy) e geea geadhddeady s ddedoon 2 e3ab Gcyhowt ay|lB 3o1

;param OT 1 Ok 3deu B giridddedan dy emoadey ydEhHi 351 0 oysdls

return Kk 93 pedd) e oyadat

return SearchTreeWithDelete . _search_max(root . mRightChild ) if root . hasRight () else root

@staticmethod
def _delete_helper (root , key):

""" 8dgdei1 o) ae Jed3gdydgdt t+d oadona3rme © ddecdon oyads o
apdn) a6 33wl det m3t goewhppmdey 3ddyc d B u ly

;param OT T Ok 3decu B gidddedon y madey gdrecibyd oadnszajya and

;param EAUKk 83ded) ¥t msaec gd¥yeciubyd o2adpnszare

node = SearchTreeWithDelete ._search_helper (root, key) tt zJ)onfhddeed oyadszt m3ae ¥

tt oadn3ave

if nodeisNone: t t£3t+d 1ysnjeoee dazdedy ¥ yd gryvyoerxlym y ddedoist

et gl1dgcdeGcpnea
return

if node. hasNoChildren () : tc £31+d o)pnpeddia»ay oddad®) dene J otodsjios
if node.mParent isNone : t& t3+td geaddlgdnBi B oyBded ddedon

node. mKey = None tc Odbasgd ddedod gdecdsl 18
else :
if node. mParent. mLeftChild == node:
node. mParent. mLeftChild= None t¢ Nadona3>mee a3 pneddy) ae daded|} ¥
else :
node. mRrent . mRightChild= None t© Nado3mee a8} pedd) ae dadg|dy) ¥
elif node. hasRight () and not node.hasLeft (): t© t3t+t+d o) pedd) ae oyads @8Dnpe 3ol
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s"\'oh‘rDttah’x txh’ *"e‘o
tt gepbOoy 6433y
node. setNode ( node. mRightChild ) tte zpgJs) weasad oypnedd) e oyosds ed
tt gl1ddicecdoda
elif node. hasLeft () andnot node.hasRight (): t© t3+td o)l pedd) ae o2yads 6DBO 31
tt 310y 61433y
node. setNode ( node. mLeftChild ) tt zpgJs) weasad oy pnedd) e oyosds ed
tt glddicdodae
else : #t3td o2)3pedd) ae oyads 6epneg dbhbad
left_max = SearchTreeWithDelete ._search_max(node. mLeftChild ) t zJi onhddeecd
tc ep3yaen3fB)]ae oyads> y 3i1/odey |
left_max_key = left_max . miey .
node. setNode ( left_max_key ) tt zZznpgis)weasd oynpLdyym dadegdyn | |
tc 8} pnpedd) a8 68pD3ya80D3FB) &a
SearchTreeWithDelete . _delete_helper (node. mLeftChild , left_max_key ) & Nmady ;} m o
tc 31909ded gidddecdon J}pnpebi|aB1ide
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@taticmethod
def updateBalance (node):

if node. mBalanceFactor >
AVLTree. rebalance (node)
return

node. mParent. misRoot:
node. isLeftChild () :
node. mParent. mBalanceFactor += 1
node. isRightChild () :
node. mParent. mBalanceFactor -= 1
node. mParent. mBalanceFactor = 0:
AVLTree. updateBalance (node. mParent)

if not
if

elif

if

1 or node. mBalanceFactor <

-1
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class AVLTree( SearchTree ):
def __init__ (self , key=None left =None right =None):
super () .__init__ (key, left , right )
self . mBalanceFactor = 0
self . mIsRoot= False
def setlLeft (self , item):
YYY ZG6J)jwe 3109ded yoay pnt
;param EOAT k &pobj¥onsdym nbd gidddedod
return  : None
if isinstance (item, AVLTree): tt mstd EOAI e dqdedodae
self . mLeftChild = item tt 864 ) wyesd oyd gi1dddecdod
elif self . hasLeft () : tt m3td ddedod e6l1yvyexyB 3102ded| ya)on
self . mLeftChild . setNode (item ) te apeJ ) wyesd oyads
else : tc m3td ddedod Jdepnpe 3109ded Yyl Do
self . mLeftChild =  AVLTree(item) tt yrododuybamdfod o oysaszde EOAI ~o
tt cdbeed e€ded 3109086 ya) de
self . mLeftChild . mParent=self
self . updateBalance (self . mLeftChild ) e dydoady}m bop3ao}jyy da3m geddds o 0y
def setRight (self , item):
YYY Z@8lJl)jwe genoded yol oD
;param EOAl k Eawt bbd gidddecdod
return  : None
if isinstance (item, AVLTree): tt mastd EOAl e ddecdodas
self . mRightChild = item tc oacugyjdyeoyd girddqdecdod
elif self . hasRight () : tt m3td ddedod el1y¥vyear¥B geonodgd yey
self . mRightChild . setNode (item) tt eapel ) wyesd oyads
else : et mstd ddecdod jydepnpe geonoded |ya) D
self . mRightChild =  AVLTree(item ) tt yyodewesed ddedod o oyeaade |EOAI
#ecdbaed eded gepnoas yao) ds
self . mRightChild . mParent = self
self . updateBalance (self . mRightChild ) e dyedfla g m bo3oyyy d3m gedds3s o 2y¥D:
JA’Y*"\‘emxH”‘ee’Y” h T T X ho'*"‘”oe(mh.) "“"E@"agm%;gx"e"@'w"m
QY o_e™h” Xooc "7 h i ¢ 'Eo o ox t” 3y "o " _toh o e
ch Tl Y oc h™ e Y 7 __me O updateBYlante (hh _xTm " g o@®x Yao tw "e
X e ”mt x ceoax ~ mt e X
., mtg2g. ho "o > ee YO t o~ oe o "\ee'y"’"“’emxcp
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@taticmethod
def rebalance (node):
YYY zdley)we bos3opjyyonyjm ddedon y cdobospnpyydony)se| odaI e
param 1 T AAk ecdoebpopsonjydonyn odecriayn ddecdoop
if node.mBalanceFactor< 0. tt dqdedod gdecdolsiIi1ye o2gepnod
if node. mRightChild . mBalanceFactor> 0. t jJ ddbhidyd od3a3d dbdec¥ynj i m
AVLTree. rotateRight (node. mRightChild )
AVLTree. rotateLeft (node)
else :
AVLTree. rotateLeft (node)
elif node. mBalanceFactor> 0. t dqdedod gdedoii1ye o2genod
if node. mLeftChild . mBalanceFactor< 0: t j ddbhidy d odsasd dbdecyny|} m
AVLTree. rotateLeft (node. mLeftChild )
AVLTree. rotateRight (node)
else :
AVLTree. rotateRight  (node)
“_ %7 . afebalancet()x” _  _oh mto x rofatdléftt () t FotateRight L@ . Y_ _ T mx Y,
e ~ ° mec @Ot Fea *a’a™ " Tch "~ of* ht™~eey h e
., mte2gDd ho" o B ee YP T - t ™ c h ™ o ¥ hth™°ee h
@taticmethod

def rotateLeft (node):
YYY zZdieyjwye 68pn3d 310d dbdecy¥nyjm andonydl odecIay &
param 1 T AAk odecrieynt +d dbdeypnerBkynm
node_parent = node. mParent
if node.isLeftChild () :
node_parent . mLeftChild = AVLTree . __rotateLeft (node)
elif  node. isRightChild () :
node_parent . mRightChild = AVLTree .__ rotateLeft (node)

@taticmethod
def rotateRight (node):
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YYY zdley)wye 8np3d gGpnod
t

dbde¥yny y m andonydl odecI oy &
TTAAKk odec1eynt d

pod
d dbdec¥ynevyBym
node_parent = node. mParent
if node.isLeftChild () :

node_parent . mLeftChild = AVLTree . __ rotateRight (node)
elif  node. isRightChild () :

node_parent . mRightChild = AVLTree .__ rotateRight (node)

¢ o

: ao o’ e : c o) a t o” 'e”;""|z — a 2 01 X ¢ h
ot E m 'E o 0 x "co " eo 0 m e~ 3 x * Toa ¥ "0 I
_ rotateLeft () t “_rotateRight () * Y_, o _ T"me c h T x™Tox "7t Emy _“"e 9o c °
oc h ~ ¢ o * ht ™ ee 'y xfm pfea T eeyVY * TFamx x » T mt E oc
c h *x"o c "7 n - ot ceo0 a7 e ex mthx txhx
ao’e™* o%eo t - t oh ¥~ " emo "eomt 5 c¢cx °™ h % 1 € ®me
t h ~ T Ee a ¢
o - ~ye* a0 o ht~ee' Yy 2090~ e " ed yh"mxec xh™* g Y o
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c 77 ohot 6.
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EQULOBG &€ A Q8Wap | A® QU 6 Wi
Cch 6286 ¢ - t 'E mc 7 Ty “‘eao e e e 'Y t o h x '+'Yt""‘6®mo téd Fmbax
o"“ht"eev 'oﬂ*h"6(,2_eZ@Aax e‘"h*mxe_x i
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@staticmethod

def _ rotateLeft (root ):
YYYy 83m gidqddecdon apnpdonjae 3decd)jde odiey)wye en3d 31o0d| dbdc¥

Ol T Ok s3deiy B guadddedon
k 1 doae 3dcis) B gridddecdon gi1y3m dgdepnisl dbdecrony)im

pivot = root . mRightChild tc oderioa)}nt Jpo3dad madl odiey)wexyBym gbdecynp
root . mRightChild = pivot . mLeftChild

if pivot . mLeftChild:
pivot . mLeft Child . mParent = root

pivot . mLeftChild =  root
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node_parent=root . mParent

root . mParent = pivot

pivot . mParent = node_parent

tc Oy doadyym hopsvydey oabobapyydony dyr.

root . mBalanceFactor = root . mBalanceFactor+ 1 - min(0, pivot . mBalanceFactor )

pivot . mBalanceFactor = pivot . mBalanceFactor + 1 + max 0, root . mBalanceFactor )

return  pivot
@staticmethod
def _ rotateRight (root ):

YYY 83m gidddecdon apnpdnj a6 3decdyde oadieyjwye 6n3d genod dbdec

param OT T Ok 3decuy B gidddecdon

return k) doeae 3dei1 i B gidddecdon giry3xm dgdeoni sl dbde¥npy |

pivot = root . mLeftChild te odecria)jnt ypo3dasd madl oadiey)wyerxBym dbhde¥npy

root . mLeftChild = pivot . mRightChild

if pivot . mRightChild:

pivot . mRightChild . mParent = root

pivot . mRightChild =  root

node_parent= root . mParent

root . mParent = pivot

pivot . mParent = node_parent

t Oy doadyym hApsvydey oabobapyydony dy¥.

root . mBalanceFactor = root . mBalanceFactor - 1 - max pivot . mBalanceFactor , 0)

pivot . mBalanceFactor = pivot . mBalanceFactor - 1 + min(root . mBalanceFactor , 0)

return  pivot

‘L X c vt x mt*> h ety o " x T Ieehy”ox ¥T ,x e oy Y e ”

oc cd “ T T e Y ox * e heof x" a” ekhe mt'Ecoc’ox’“_’\x o3| - toC

ST e e Y e 0% 9 " eo oeo t "o oot dT ﬁ“:‘%mxm*ex"’O“'“lete”Yqyoczh
oeo ~ ee 'y ¥ 7" emx x * " o0ocoa e a t o "

def updateBalanceOnDelete (node, came_from_left )

. & B =

o X t ™ T 'Ee o o c m "~ e e T (0]
(: - -~ ~—~~ e e IY X . ~~ z X C ~ ~ X z IY Ba 0 e a ~ I ~—~~ %’.‘
m eoa ¢ ¢ "t~ AV0LFreean tt %@leode() S ™ m z "o ™ emx tco hh *e*om m

. M tB2gD _ho "o 7 a e & 'Yepe YetNode®) O ° X

e
~

class AVLTree( SearchTree ):

aéf setNode (self , item):
YYY Z@J})wye gd¥ydL ) ae o2ya
kDAOAI EOAI Kk 6dgod giddd

3
dod onbd 33wt

super () . setNode (item )

if isinstance (item, AVLTree): tt mstd EOAfdeddde
self . mBalanceFactor = item . mBalanceFactor
] 7Y ho - Tet T AVETREY MTThmx® e e Y mch h eyt oyt eh”"@@h"’”’“x"‘z""“ e
"ocoa T e 7 oc h * ¢ " TAVLTRRee ao x e "™ T x T mx
c h~ ¢ O T T tmooyt ™ da tﬁwo_e“o\g)o
1 _delete helper ) ¢"°coa h e xhma ®©o0o” 3 "o "~ 7yl 7 h %X
Y ™o t o~ ~0; a m t t 'Em 'Y x ® h T
f delete ) ¢cc x* —_;e _ a to” 3 dekte helper)."_T'Y _ao htoe”y * h ~ @
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class AVLTreeWithDelete (AVLTree):
Yyyy Oderacd) ) m 330yy biyoneyded ddecdon e6dszadlyrv¥wy 2adbhbamye

def delete (self , key):
Yyy TNadpop3me oapndoyeae dzxdedy v y bijyneydey dqdedou
k DAOAI EAUK 83dedjy ¥t msae gd¥yeuibyd oadonszoavya o bijyole)dsd

self . _delete_helper (self , key)

@staticmethod
def _delete_helper (root , key):

yyy 8dgdeiygepeoopds sdryrddt +d oadnszme © ddedopn oyadp o
apdon} &8 33wylLdet m3atd ¥p3ae 33wWYL BILyvyeayBym y ddedfout
kDAOAI OT T Ok 3deci} B gidddedon y madey gdreci by d osadpszars

kDAOAI EAUKk 33wl dsdedj ¥ynt msee gd¥yeib)d oadpnzare

node = root .search(key) t6 z) onhddeaed oyadst m3sae ¥edbp oadpn3afo

if node isNoneor node.misRoot: t t£3+d 1ys3pojeae daded) ¥y 1 d Ggiryr¥arBym y
return #¥d gGcegeay meed cdbdyy gu1dgecdecnga

if node. hasNoChildren () : tc £3t+td o
isLeft =node .isLeftChild () tt Zopgpne?
#bop¥yB310

node. removeSelfFromParent () tc Nado3ame )
AVLTreeWithDelete . updateBalanceOnDelete (node. mParent, isLe

€ By 0dd®)y dene jontaodgds3sos
D t ms3ae yayde gd oJdydrid
3 aa - dipety Bty dn
d

)y 8 Oy dozweaed bpbapyy
3

#boxBSJoyBa:g’ d [oy
elif node. hasLeft () andnot node.hasRight (): t© t3t+d o) pedd}) a¢ yads @e6ne 3aI
node. setNode ( node. mLeftChild ) 6 zZznpgiJ}) wesd ouaga eded 31|06 (.

AVLTreeWithDelete . updateBalanceOnDelete (node. mParent, node. isLeftChild ())

8 D|e 31

elif node. hasRight () and not node.hasLeft ): t© t3t+t+d 8} pnpedd) aae o2yadsz
csd gGpboaa

node. setNode ( node. mRightChild ) tc zbpeisi} weed oyads ed
AVLTreeWithDelete . updateBalanceOnDelete (node. mParent, node. isLeftChild ())

else : tc £t3t+d o©)Jpedd)oe oyads> ene dba
left_ max = AVLTreeWithDelete . _search_max(node. mLeftChild ) © z) nphddeed 6pD3yacD3fH
#o0yads y 310day 1 ddde

left_max_key = left_max . mKey
node. setNode (left max key ) to zpoelj wesd o)ptdyym dadedyn T 1T AA o) pcs

AVLTreeWithDelete . _delete_helper (node. mLeftChild , left max_key ) t Neados3>dy i m B 3190
#g1dddecdon yopebiszBIilded d

o E a0 gelete _helper() a "~ _ . co e mtQQ co totho®]y o"oeoe ™a e’ e
T_mt gX6 X _ “SédichTreeWithDelete ._ "¢ e’y ¢o Y 71 ~— ° _x toax gy "o ¢
“ %o e Y eoY G T xcto " x TarrTpylot PEm Yy h ey T om trttt fEmetyo °
updateBalanceOnDelete () = —°Y o©oeo T ee 7y " ¥ * &0 e mxoypdateBalarke’ ()X € T e o’ o X
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class AVLTreeWithDelete (AVLTree):

@staticmethod

def updateBalanceOnDelete (node, came_from_left ):
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__init__ (self ):

Yyyy Edjyyeysvyde vYyvyy
self . mltems = [0]

self . mSize= 0

empty(self ):
yvyy 6dedoiceme (& 3ygn gdecdsj) m

return k 4 O0At mstd 3ygn gdedsay m

return len (self . mlitems) ==

insert (self , item):
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param item: - 83dedy) ¥t +d oy¥ypoamev¥YyBym y 3ygy
self . mSize += 1
self . mltems. append(item) t© Ny ¥no3amead

4 b dyvo
self . siftUp () tt gcdyswesd dadaedy ¥
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extractMinimum (self ):
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return Kk OJ jJ1e8pn3B)ae dadedl ¥ 3yl J

root= self .mitems[1] 6 zpbpgone?mydoyeasd aynpLdyim 3decdy m dqdedo

self . mitems[1] = self .mitems[-1] t¢ 6dedy¥ypnoa3meed b gdcrIy
} e
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self . mSize -= 1

self . siftDown ()
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return  root gdod
siftDown (self ):
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i= 1
while (2 *i ) <= self . mSize:
left= 2 *i
right= 2 *i+ 1
min_child = self . minChild (left , right )
if self .miltems[i] > self . mitems[ min_child ]:
self . swap(min_child , i)
else :
break

i = min_child

siftUp (self ):
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i= len (self .mltems) - 1
while i> 1:
parent=i// 2
if self .mltems[i] < self . mitems[ parent ]:
self . swap(parent, i)
else :
break

i = parent

swap(self , i, j):
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}
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] ds3y
)| ds3y
self . mltems[i], self .mltems[j] = self . mitems[j], self . mitems[i]

minChild (self , left_child , right_child ):
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if right_child > self . mSize:
return left_child

else :
if self . mitems[left_child ] < self . mltems[right child ]:
return left_child
else :
return  right_child

"”’wco’*h(ev’*a* "”mtomx“"'ee'ya* *"vw_oﬁo"_xc* 'h""'oh
c vh ~ a V* “ T Ee ( enlﬁé‘apgorﬂu & e w( - ’\v' - C\,r)'y m't"h"ye_xttxoh‘*’ H°*" ’e(* o ho *° R
;oo

"”““’e*m ,*t‘, ao’<.coavt*t*z "0 ‘mtomx"‘ee'y"ﬁvm_o"
“m actot e ;Tom ho*ot* Y_o o O X e‘m'vh'oa(jx‘s]]'égc”"v_xz
9 " e¥om o xay "0 mg T Tav gttt Em P ] meo sy " T ¢ Eo 0 T om t 'E "o
Hx:xz”*cot a co o0 eoax mFh~t ) : St (D' h ot T - h
o h e “ e - o “ ot "o 0 00 0 ™ Th 3% :'e “t - ooc“’ VO o”'**e"et ; ~ a et
e - 57 3 e a *m _Nq;vw"_oaﬁx e ™ * ao o~ s C< (5 ~~ on
ac<)° X \:t *wm“"a *OH*e a ™ m H<°"“<e :)CD< - - ' '

s’i lo\-h/_ t»a c* h ~ a = ’\\’/Ee o* cDo an 9 h*tr;xo ”ee*cp{ m~  ®* "h* “lota’Em ‘Y h'o ¢ s
® 'm e '(5’|t ‘Em Yv °\; ) — e e' ’Yn mt h ox t”T\h-M ® o <o o X ¢ (0] V<.‘ ®
= h - ° o o - ' -7 me’o_’|t’Em*’Y c”h\amm_'oﬁ ~ee_eY 0 & 3'*(1):0
) ;" moh t x : ~r _ R “homt ~ee \Va ¢ hge m v'@ﬂc“e°e”’ Y e Fa ‘U':m*m:e"’(})'|a(t:'Emt*'Y:,~ tz*l
(’“(a(et mthx_txh* 'e"'30°k~m'yx _oh(ev°<h(““q)6_2_9,h<""'*v
c hom 0O “ee’y °° meQQ ~* Tom'y t~ s "o * X h e c h ~ a 8 |

JhXVH h o “‘v’:oh“tax mohtx_”'ee'Yco":'Y(‘]* xvto\a/xzy"/'oxe

omt""*eme; <_’“<ca{_‘_'*emt o*a‘maa"'fh'!“m“o“’o co CVO'X ~v°m0htou‘eoa
o) oc e m'y X o h ’ e vh ocmv\h/:"”'aevé Y h'e* o méeQ|t Bm Y < O . . ’“( a
omt¢t ™ ee co - ca TMhgpbyYal]™ — T aa eeY]axw h ” e ) c h Tomt *ee
chom ’Ov:ee’Y*eV\'/q)"O'c(hvo(evthx S mé'OTao ’t;*tm<ozt*oo"eo:
—_— ”vv”q) - . « — NS . -— -

=‘xn*’q)<e=e”’<yhe(ao x“"x ;*t‘;‘z "0 om_v""E X Ve°‘_m* .0
e ™ . V* a _ex . V* e ™ ) 6.2.9<he‘ g \"‘v“': '&va ® :\VT t o?"@g"* e xc oyt ht o 3t )crh"
_xc " o *ocoao'o'o e 'Ec o "’QJae‘rrI”_Dwx*zm*o’:"O( c’“ovtco;'moc"'gzo‘pt:cm"’:‘““o'
¢Q ¢

_o ) T'Ye ao *a”"ny*c»h k_o”""h""x’ e e O

| 6 | 1 [76] 7 |13 5 |11 4| 2] 9 |21[32] 3 ][14] 17|

¢ "0 c h c xm ot S "o c a ™ m ao " ~0 co e ¥ e ™ h e
£ Y o*N h ™ ’_6_294_2* e ™ h . m<xme X o ) i ) - )

133



—~

s o h mttah x

o h 1- h . 2- h R e 3- h R e 'E
1 76| 7 | 13] 5 [ 11| 4| 2] 9 |21]32] 3] 14] 17
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
m x @.2042P 0 e * e he ® h o ®
o ”"“'; ao sy ~ h 0 62.4"261"'!e”" xec™ch @ F (@ xoea xx -~y e x t h
- mt_z"ao*to x0T 0 €7 ﬂm”‘oaqao“c"nom ”’(j)“‘ge'y e O
m x @.2043P ¢ X -~ 3 ) e 0o 9 " eo c hom Yt
mx@.2344_,cp _|<h Ho mt ~ & e " heo _xco’oz ® Em"'y




135

_o "CQA_I(h(“’
t’(zﬁo*e* a”m*“ c(h(tﬁoh(e* X * e ™ hex _xc S " o}
e 'Ylao X a”m T a me ¢ ‘'Ya® omt_""e'oa;”’a’|a6"y*mza’y_' ho’"agete: e
- ey m oD c¢co - c O x .*mohto e ;”'mt e a ™ m X
\oh\]__m hv“ 21, hv“<e’ 3:, hv,, e 'E
11 |21 327 [ 13] 6 [ 17| 4] 2] 9] 1|5 ] 3 ]14]76
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
h ¢ '‘Eo a x h x h e x t]x FEM Y" h "¢ TYa 8t e “Mhpme & |x ce ™ * ~E’ a
=" me Olao c h om O " ee ty "B TOEt Yt ach o MM e"YS e o e
e ” *  TE’ T.oa et OH ©oCc e Y]t 'Em'Y x _oh e [0}
‘oh\]__m hv” 22, hv“<e' 3_m hv“<e'E
32 |21 17| 7 | 13] 6 |14 4] 2] 9] 1] 5] 3 []11]76
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
e 'Y'lao 0 0 a m ¢ ‘Ya c h Tomt v ee a — a e toa
‘oh\l_m hv“ 2_00 hv“<e' 3; hv“ e 'E
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def heapSort (array ):
yyy G6icepneidqoaByd ydeyyony s m ohidided epnyaoy
;param AOOAUKk ohQJidy) e 8pyad db}J &hf
size = len (array )
tt Nuidydoadyym y¥yyrysryca dosesdodl 3yge da3m ohidydesd| epyad
tt 83m o9yJ.lf o9y y¥velryifh d2yasxld dqdedon dosesdodl 3yge
tt sda3m o9yes3s1o o Jsypddsypnpece It OEUA Y 54+ &
for i in range(size// 2 -1, -1, -1):
siftbown (array , i, size) t o2dJey) wyeaead gedyJsJ wyonyjym 9} &d
tc 83m oyJuh Oo)Jy¥yeiijyih oysaszxxus1o ddedon dolresdodl 3ygeae
for i in range(size - 1, 0, -1):
tt 0cdy¥pnoameaed JpopebizBiaes dadedy ¥y y 34} diB
array [0], array [i] = array [i], array [0]
tt v*dgde (py~¥aln epnya0oy o-MAjdddydeadd Ef o OEUA
e Nid)ydosrwesd y¥yeysarvxyey dosesdodl 3ydp dasm Lby¥a} o G8DY &0
siftbown (array , 0, i) 6 gedyJ wony)jme daded} vy o 1})dqd3syde M 23} &
def siftDown (array , start , end):
yyy Yy)siaim gedyswon)ym daded) vyio dosesdodl] s3yges 9]
zdleyj) we gedyl woonyym dadedy vido dosres3dodl 3yge
y disiognoeadjis | OBAOGI3AT Ad jJopebhiaBioe dadedy ¥
JjpebiaBras dadedy ¥ dgoymexBym y gdeaisl OOAOO
cparam AOOAUKk Nhi1dyee 8pyadt +d edddawe dose3doy 3ygy
:param AT Ak Odecie dosesadodl 3yge
;param OOAOOKk ddion¥yadoae 1)ddsy



while True
tte Naoajobpitoneasad 3109ded ¥o geonoded yo) 12 gd¥ydL)jded o2yafpn
tt Ajyddsyes epyady gdt eyyodupyysym 24d J y3mt
left= start * 2 + 1
right = left + 1
largest=  start
if left< end and array [left ] > array [largest ]:
largest = left
if right< end and array [right ] > array [largest ]:
largest = right
if largest==  start
break
array [start ], array [largest | = array [largest ], array [start ]
start = largest
= h e a o X - X : tr oy "o e ™ " a e xmo h t*x ’ee;’Ye‘o"‘h
c h * a v TEe o 0 mo h t x “ee 'Yy e l h _th e a t = ch‘_ ;
o ¥ ot )
n oo B o o7 _xc¢ " ™e go cth v Pty T@ o ;om1hd1>€“o_"'t:>5h°xeo
— a e t X _xe ’“'O‘;"‘ oh T ettt c‘_h’“toh ~ ha ect’®o 3 xt ~ o 0 c h
1 Y ¢ E° ) h T X 'P@E‘Peme?nz c "ooa J’ eMt h™ ot~ymh cC:"\a@; et a et p t~
c h 0 h X t ) t @
., mte2d1d 1 T a e t c h o h t teo"; h ()
INF=sys .maxsize tc 6e6dojyn Jdysi}jidj}iyr¥h
class PQElement
YYYy E3py 83dedj ¥ gecideclydyydl tdeea YVYY
def __init__ (self , key=None priority =INF):
YyYyy Ed)Jyreysrdec
:param EAUk CE3wr s 6Ams dadedy) vy
;param POET OEOUk 661 dcitydry
self . mKey = key
self . mPriority = priority
def updatePriority  (self , priority ):
"o ze ) weel deavydy d3xm dzdedy ¥y
:;param DOET OEOUKk &8ecidecusyrdry
return  : None
self . mPriority = priority
def key(self ):
yyy 6dodecyone 33wyl dadedy ¥p
return kK E3wt d3dedy ro
return self . mKey
def _le  (self , other):
Yy 6dcdoaa)lpntne dgdeonyrde A " K
;param | OEAOKk 13180 dadedy ¥
return Kk 4 O0At mstd geidecevydy gd¥ydiL)yded dasdedy vy e6dj1pe pDbd
return self . mPriority <=  other . mPriority
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def

def

def

_ It (self , other):
Yyyy 6decdoaa)pnlLoe

;param | OEAOKk 1} 1 a¢
retun kK 4 O0At mst d

dgdeonydec KA K

dadedy ¥

geidcecavydy gdrdtL i ded da3xdedy yy 68djI1pe anD

return self . mPriority <  other . mPriorit y

_ gt (self , other):
yvyy 6decdoasa) Dl DB

cparam | OEAOK 11 a¢
retun kK 4 O0AtY mst d

dgdeonyde A, KA

dadedy ¥

gcidecavydy gdrdt jded dadedy vy biaBfoe 8D

return self . mPriority >  other . mPriority

__ge_ (self , other):
vyvyy 8decdoeaa,nl pne

dgdeonyde KA, " K

class PriorityQueue
YYy E3py gecidceceydyypn tdeepn } b bonas y¥eysvyyecas dnjoh EYgon vyvvy

def

def

def

__init__ (self ):
yyy Ediyyrvyeysyde v

self . mitems = [ PQElement 0, 0)]

self . mSize= 0

self . mElementsMap = {}
2

0

insert (self , key, priority ):
YYY O2Y¥DOo3a (gnGak
:param E A Uk dad

YY

Enbpecypn 1) dd3yso2 5y @8DY®&0.

cparam | OEAOk 1) 12¢ daded) ¥
return kK 4 O0At mstd geideexvydy gd¥ydiLided dadedy vy biazBres pb
return self . mPriority >=  other . mPriority
c h eh ~" @& gohD t tfe or~" "0 "H t o 59 co'Yme e 'E § " e
X _oa et™h Yy cho h = a (O]
. M t6242h h  oh t te ™ h e * F~ ° o o X ¢ [0}

t +d eddds3uwe L da¢

ya3doyjy a3 8 dzdedy y10o s5d3daedy vt 1) ddays

te
te
e NesdecayvydoyerxBymmdses sagpprdym dadeldy ¥ y
te

¥yn3dsoes d3m 1922ad3dl @881} gelidecisydely dzd

sdadedy ¥t gecidecardyrsd
edy ¥

:param prio OEOUKk gci dcaxdy

return

el = PQElement key, priority )
self . mSize += 1

self . mltems. append(el)

extractMinimum  (self ):
YyYyy 0dodecyne dazda
y +t+1e 6dos3ionit il

return k 83dedy ¥ L de
root = self . mitems[ 1] . key()

self .swap(1, -1) t O6decdy
self . mltems. pop()

del self . mElementsMap root ]
self . mSize -= 1

self . siftbown () 3

te zdi4ey
e tdb d

return root

tt Ny¥nozxmeaead o dyr¥onj) ) wy gdaaf 1 wt
self . mElementsMag key] = self . mSize #S
self . siftUp () tt gedysweaead dz>xdedj ¥ o9e6day

dj ¥ Ldeea © Jpedodatae gclideceovydyds

gl deceavydryr) dl 1deesa 20pspeYBym L aa6| ady) I s
gdam gcecJidecavydyy Yag 0 agtdesed ey yg eyl dcdesvodiy o
o> © Jpeoateed geidecavydrdas

te zopgpne?mydoye
¥npozxmeasd J o gdecIiy gdaae
tt Nadon3xmesd dy¥nj)})ie
te Nadoameed dadedy ¥ o

wemidl ggcdys wonyym o aat

}
gyyreavye gdecdyrypnozxd) a¢
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def swap(self , i, j):
YYy O6decdoaa)jontdyym edyddy boryBsioyBaded 33pyy dbeisly 6.y
J b gdeaiimh E ¥o E y tdeeas 1o gedyrdoadyyme gdoeailil dsz
param Ek gde1aes 1) ddsy
param Ek deyses 1) dqdsy
return  : None
pos_i= self .mltems[i].key() t 6d¥vdtyn gdeaism dadedy¥n E y enyao.l
pos_j= self .mitems[j].key() t 6drdtLypn gdeaism dadedy¥n E y enyaol
self . mElementsMagpos_i] = |
self . mElementsMagpos_j] =i
self . mltems[i], self . mltems[j] = self .mitems[j], self . mitems[i]
def _ contains__ (self , item):
yyy 8decdoasajnitne dggdeoyxde AET K
;param EOAI k E 3 wt
return kK 4 O0At mstd 3swl elyYerkBym y Ldcal
return item in self . mElementsMap
def updatePriority  (self , key, priority ):
Yyyy Odydd gdocdaaeyyyayy deaied | ¥ ot
6eoni we aza1rd y 292gpd3y gidoatdyym gelidearvrdyry y tdeapt vdh
a)JjoLdyym gneonedycy DPOEI OEOU e edj1rae6 Ji95 gd¥yduLyd afotdyy
oepniwye gd gecoa)iagyt oppeJs)jwesed geldeavydy dadedjawmdaltt de o
;param EAUK E3 wt
:param POE|T OEOUk 6doeec gl deavxdy
return  : True
i= self . mElementsMap key]
self . mltems[i]. updatePriority  (priority )
e gedyJswon)im o2edey & dpasdgebdeaydrds
while i> 1:
parent =i// 2
if self .mltems[i] < self . mitems[ parent ]:
self . swap(parent , i)
else :
break
i = parent
return True
=“<he a o x“‘ X : [ e ™ to oty ‘0 a o~ 5
def empty(self ):
def siftDown (self ):
def siftUp (self ):
def minChild (self , left_child , right_child ):
a Y e o ~ %0 e Y e o *xmt h 7 0t Em Y x e ™ el e " eca ~toh
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class SegmentTree:

def __init__ (self , array ):
yyy Edjyrxaysxdelhi jnecyd ddedod gdiysy
;param AOOAUKk Nhidy) e 6pyads dadedy ¥i 2
k= len (array ) e
n= (1 <<int (log2 (k - 1)) + 1) fc
self .mltems= 2 *n* [(] e

® 0w

for i in range (K):
self . mlitems[n+i ] = array [i]

tt epgeaeyyeased dnjJt d3m o2)Jyv¥yyi1131fhH oyaszxr1o ddedon
for i in range(n - 1, 0, -1):
self . mltems[i] = self .mltems[2 *i ] + self .mltems[2 *i+ 1]

self . mSize =n te apgpne?mydoyesd Gdoael1G)Jyr¥rlE epDnyedy

13B31y¥yR d3dedy) ¥12 Yy @8pbpyads2l1 d
doddeaesed c6deesicl1yr¥B 8pnpyaoy dd| y¥ydgc
pyao2 dam abdedsdyjm oysaszso dd

te apbpgeyyeasd dojs o0RhRhidyded 68pya8Yy Yy 3oyr¥r3a dqdecdonp

‘_*”’; a o co*x "o - ® h - * h T a ™ ~ e X “ m a
0 e o 0 e " e 'E 7 T eo 0 a ™ m X a "~ ot a “h a
oeo — e e Y m ‘Eo 0 B hm "y~ "fom T m e 'Eo T dh oo o h e Yy c h h =
e x th e o) x - t o~ oh e m ‘Eo o B h (6}
. m tg.2d3p h oo > ee YP aeet T gpe 'Y
def update (self , pos, X):
YYY zpeljme ayntdyym 33wytn y o2hidydey eoyaol
;param Bl Ok gdeeait tm dadedy ¥yn o0Rhidyjded epopyoaoyt +d gdyeclhbyd
dyym

param 9k Jdod o8} Dol
pos += self . mSize
self .mitems[pos] =x tc z6i1jweed ajpDLdy)jmy 3a2y7Y¥I
te gdedeonfhdoyeasd aypLdyim y 292)Jy¥yeasI1y)ah oyasznh
i= pos/ 2 toc 6deaiim boyB3asioyBaded oyaazo
while i> O:
self . mltems[i] = self .mltems[2 *i ] + self .mltems[2 *i+ 1]

ah

-

il= 2

o m —~* % e "o D bk EbH FoYON " @ bt “h : DR | oc h ~ ¢ Y
‘xe_me:"’ e ™ v'**‘qé“dY; xo"“qE/mfe:/é;i?a;@_"ﬁo‘zh. Tt "v’| a_ov“|éft&f"rigaht" h . h?/

"co T “xo ch~ x a ° v " *eo o " h R T e *x® ao
To e e xmth e&xt'mechv h G'Eo'ax zhk'/y e~ a ™ h h<'|
i * h [left c;' left + 1]a v?w t ot Em_ym x'TE_‘:'c; "a tx j*~3A *h(v 'Jx’“ QO"'miEJE*X;EV“ e{‘"'y“?< "Y_‘_I‘f'?
. a~h _h | ch~ a m eoa m o ho~ 5:'x'“ht”E_*‘ zo_tho(66(_225(“)‘)_(’)"‘“’“"<
se"'\o'v;eo'oz : to.,e mtQ ) an"ha_‘_(trhova"@ '”:'"S(_*ﬂa m. t&dagyg Y™
‘xe_evvo*’;*m’\‘ee'ymxa* e ™ “v*hv'_xcp
. M t6283p _ho o .. ee YD | * ;.m ’\'<"“e°e"’\¢ oeaJ"'thHooa"v"_xxe q_)ev" -

def sun(self , left , right ):
yyy o6yen dasdedjrio o2i1dcioesy o21d 1AEO ddg OECEO

cparam | A/EOk 319D edsp 24 dGlasy
;param OECEOKk geonop edoan 21dGJ a3y
left += self . mSize

right += self . mSize
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res =

while

0

left

if

if

left
res +

right

<= right

%2 == 1:
self
%2 ==0. t6c m3t+td OBQEBG:e

tc m3+t d

. mitems] left ]

-1 Ao o ¢

[[ESER

e gu1dy
left=" (left

self . mltems[ right ]

lepnpeasdym y
+ 1) /I 2

dqdedois |

N

2

Y &4

Y o4
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yoded
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right= (right

return res
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~ e e a 3y om ~E caox x 1" ccoh o *® e o™atx he'y® ex mat (@ h c T
t S a™th cO mx a e ame " x ] Fm 'yh oh hmt o X ot Ty -
- ( - m X h ’ 7 mt h 7’ ~
e . e re0 0 Qa _m a a H_ .. e 0z _ _TE__ E . e e c
I h
.. ee’y . L e
o ao h - e O h ~ - ’ .. _"@raphm t M ¢ e tydg &7 t'h O emx
a to® " 7Ty QY x ~ee’y " o0 g h ~ e h *hoa o
.M t71d0 T _rEtY  dY mMxa Ceomt o

class Graph:
def __init__ (self , oriented =False, vertex_number =20):
YyYyy Edjyyreysxyde esGDhD

param oriented: nea dciloey
:param OAOOA@GmI O AAOKk E.u

¥dopny ae 6GDAH
3B31y¥yB oderie) y eGpDhi

self . misOriented = oriented

d3d L& dclejrdony) ae sG6DAN
self . mVertexNumber = vertex_number 1

tc 0
tt ettt o3B) a3 odera) Yy e6G6D0DhHI
tc ovyodeweed e6pn¥ecai Wy yyeussydyys aongdoydijy Jysmesas
self . mAdjacentMatrix =  []
for i in range (self . mVertexNumber):

self . mAdjacentMatrix .append([ 0] * self . mVertexNumber)

def addEdge(self , source, destination , weight =1):

YYYy 8ddpopjym cdbeo o 3sj3imea 2 ¥vdt3anh OF OOAA yvo AROOET £
param source: 6decion ode) &) D

:param AAOOET AOET 1T k 8cysn o2dGI &) D

param weight: Nobe®dbc o

assert 0 <= source < self . mVertexNumber and 0 <= destination < self . mVertexNumber
self . mAdjacentMatrix [ source ][ destination ] = weight

tte £t3+td ee6pnph e jddeclejyydony) asgt xd cdbo oy¥yn) doare POodcdH
tc 90?meads o odecieaja OI6A0OO dd £0T 1 6A00
if not  self . misOriented:

self . mAdjacentMatrix [ destination ][ source] = weight

70 * m t o h t h ™ 5 'Vlfem"o(hemt‘qﬁonh'ymi“ée‘)e'o(’°(oea go@ ~e’
=X - a“oz ""0* or'n v;“'E (h ’ e*'mx e ™ 'o’ax h"“ _ v;(et ' =
m c r;1 ) e*( mx'Ot’EmY‘ . nz't; Yt zz; "'ot)’":*e‘ec’(,h;lna
'h:‘ th(va* <h'*e O“vvt* e o 0O (h":o'O' A6;<; J'IL'):D
. _Mmt71dd _ho"o = ee’Yp o x o ~ h" ~ @
g= Graph(True, 7) #o0vyodecweasad decie) ydony ae 202pns5d) e eGDhN
g. addEdge( 1, 2, 2) tt cdbed sWt "s o opedwy n
g. addEdge( 1, 3, 7) ttc cdbed sWt ys o opneduwy I
g. addEdge(1, 4, 12) t¢ ecdbed sWt Yyt o opnedwy WA
g. addEdge( 2, 3, 5) tt edbed 35"t yst 8 opnedw N
g.addEdge(2, 5, 7) #ecdbed s5At hs o opbpeduwy |
g. addEdge( 3, 5, 1) tc edbecd syt hs o opnedwy W
g. addEdge( 3, 6, 1) tt cdbed syt hs o opneduwy W
g. addEdge( 4, 3, 3) tt cdbed syt yst o opbpedwy Vy
g. addEdge( 4, 6, 4) tt edbed syt s 8 opsdwy vy
g. addEdge(5, 4, 7) tt cdbed sht yst o obneduwy I
g. addEdge(5, 6, 1) tt cdbed sht h& o opnpecdwy W

‘ o T c h *“:'”";"‘"| o h mt=*ee 'y e~ “~ et ™ e o o h ™
co Trya t ™ a<t<0°<’a' ho*o“t: *"e'a' ) ‘ ' '
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L Mt71020 "7 et ™7 e h = (0]
class GraphWithData ( Graph) :
YYY E3py Jjpoptndds 33pyy OADE
OlyvyeryB gdad jpopnj¥nsdjlm oderiaja Yo edydda cdbdvye| a | ac
DEFAULT _VERTEX_DATA=tc Y agdod |} nonp joydoesrdoy)
def _ init__ (self , oriented bool = False, vertices int = 20):
yyy Edjyyyeysvrde
:param | OEAT OAAk nea deie) ¥ydon) ae sGoh
;param OAOOEAAOKk Eis3B3iyr¥B oderie) Yy e6GDhHI
super () .__init__ (oriented , vertices ) t N&a33a3 3d)jyrey3arden boyB3i1oyBaded
tc 6gayds3 Jpopnj¥nod) B odeI &)
self . mData = [self . DEFAULT_VERTEX_DATA self . mVertexNumber
def setData (self , vertex , data):
YYY Ny¥ojydoadyym ypopjyynesdyym b 2d6Iay y
param OAOOA @k nNdcray o scGohoDo
:param AA OAKk O6pnpony¥onosdy ) m
assert 0 <= vertex < self . mVertexNumber
self . mDatd vertex ] = data
def data(self , vertex ):
YyYyy O60dode¥ne jpopopnj¥onsd)ym andnydl oderiaya escenhy
;param OAOOA@GKk Ndeiel; o seoho
return kK 6pob) ¥ypnoad)ym odeIia}a eGDhD
assert 0 <= vertex < self . mVertexNumber
return self . mDatd vertex |
ct a ™ T Ee amc’t)moema’_h"a’\ ™ e 7 h o " h 0o°h’ meto™ eoe 'Yy hm~c m
t”_o'a))?"h”" e e h = X ™ tg ;Ze dji'"d"’[ye_m cH m_oo"?.nT l e o h a "e(p 10O ¢
h . e
" "*h mx Pl1% o ~ ‘nfoe mx a e omt h * nfxYE12%x ~ -
¢ h . mo  mxa g
1 > {2,3,4
2 > 3.3
3 > {56
4 > 3.6
5 > 4,6
6 > C
mx'p.1915_q) =0 *h ~ e e 'Y h = - _oh mt o XO; mc m o
~ c* T x 3 'y "o h ~ d| “mxe d°F h:”btma""eo_’“'O(;”anQ'Ythn’x
~ 9 'Q"|o°’e'“x'|cq)*3 - e ™ “ 1t Em Y ch mo _ m x a > e omt ) c
m o e Ty ’ *_0 0 o e o n X ® ~c¢"0 m x"me o° o h c-Eo a x m
BCER ee 'y *x-* a o _oh mt o X m™ m o "t ¢ o ’”exoh’*’@;"z "ho T
h e X \chotao;@’Eo'oqu _oh mt™*ee 'Y m o e _”' "0 - o T tE
h’gee”’ %" ’9ao ¥y "0 X c”""_x o h mt~ee "y a™th c m x a
.M e
n h mxe x e o o*h”’<eo mc mo  mxa e omt Ty 7
h mx'p_]___6_x
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s 7 o0 h mttah x t x h T e o)

¢ h ’ ec om m x a > e
1 > {2:2,3:7,4:12}
2 > {3:5,5:7}
3 > {5:1,6:1}
4 {3:3,6:4}
5 > {4:7,6:1}
6 > C
mxPEllep -0 *h~' ee’y ° ™~ eo o h~ ~ @
~ c ™" x 3y Y ™o h =~ l e o h l1e t o "~ e a y to c *b;"m "o "
h Qo O " ¢co " e o coth *eo "o "™ “ty) ° h Fhoud oOt * C @ Mecx ‘M
mx a e omt Ty e o h lTeto ~ e 07140 ™ * a ™ ot* h ™ e vY" o e ™ h r
¢ h ’ ec m o m x a g
1 > {2,3,4
2 > {1,3,4,%
3 > {1,2,4,5b
4 > {1,2,3,5p
5 > {2,3,4,6
6 > (3,4,9
mxEpl7d "o *h~*' ee Yy ho~ o~ oh mto x Q: ‘mc mo
h - o Q M= ™ " cof mto x 0| tmg etho o M xyy e dmtT x et
h o " h s e xmhc‘m@'m‘xao”eomt - 0 e ™ t m com —~ e e
h eo 0O
- T e Yy mec m X m x at h’'REoHMt Yox © m et m 'y
1.VertexBase ¢ © "o _ 7" m T 7y oc mxoh nht 7@y ‘jat offht 'YT(p ~eoe Y
Y oet e h ~ ZQ_"’b'O;a tm*t et ’'E “ce~ th*x’ ee YT
2.Vertex ¢¢8 " "o T"VWeexBaset h v T _x 1 _ _h " ex hgmTg eh ‘e 7 O;
| m x a > e a|’\'Y*nee “hpm * T 'Ee o m t ~" mx ¥ h * h o~ e ' ~
hv"e*a* M D
3.Graphg_ ~m em ¢ mm % a e omt e ~eho” xx fot ™ e yt o ¥ a ’ e e Y
~0; h =~ t h  ~ 7 x * th e ° ~ QO x a ¥ *aomt
o h mt o X ~ ot m o e_'eZ;xeéY'Yoix*xTh‘a T c 60 e o
H(h'*e”’ve&efbrhm avmt*t'Ex mo'vveloha"’evo c ho xmvgm
o W ETAR, T T T @Y o T vemEREsh Ty e om0 e e e
class VertexBase :
YYY hpopodoacs 33zmycah)odAyg
? bpnpadoee 3mpygmwyqt +d dgeyye odeciely scbpbho
Eaxpy @glyvyexBagdami e Amst mhkefcI &) &
p ¥n3des 1l pooyyonoesdym sydbyrd donj 1% | $AOAL YYY

def __init__ (self , key):
Yyyy Edjyreysarde yvyodedy ) m odecI o) &
EAUK Ezwt odcI o) &
self . mKey = key te E3wl 316867mMs odc1Ioyl o
self .mData= None tc 6popnj ¥yonoad)Jm s5dbj1s 2dG6I &) &

def key(self ):

YYY O0dodec¥pnpe 33wl 516AmML odGcI &) &
k Ea3wyLt odecI ay &
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return self . mKey

def setData (self , data):

YYy Ny¥njdoszwe Jpopoon}jr¥nosdyym o o2decI oy}

;param AAOAKk &popny¥yonosdy ) m
return : None

self . mData = data

def data(self ):
vyvyy 8dodec¥ne jponopnj¥nsdjlm odeI &) &

return . 6poD) ¥ODSOSd)] I m odGI &) &

return self . mData

< TVertex T x T ho 7 veré¥Base Y TvM v Q; 0 .m e
" 7™y ho*ot 7 o Th'ceo “mpejghtors = X Y. * X a
8 _"0;  a *x " L mx QT y  h ¢ ree™ n eeee "Ya

Q1T ex ] mxiw " ea o "7 ch  mNeighborsYx To m Mot

{17: 4, 3: 2}

IO 0 »l me.mmrm h 4 em harm, m X ’-‘tma . -~
D . L8 B L LN .0 .

.
—~ g
¢ .Y

oi'oae mth +

. ox —
h T h ™ X
«

.
m m " mnmx Mo °
t c (4 mx o e
0
2

Loomt7ad. 7 T 7 @0 ¢y, m ik Veftéxm.

~

class Vertex (VertexBase ):

def __init__ (self , key):
yyy Edjyreysrvrde yyodedyy m odeI &) &
param EAUK Ezwt odcI &) &

super() .__init__ (key) 6 Ne33a3pesd 3djy¥yeysrxde

def addNeighbor (self , vertex , weight =1):
yyy 8ddnya yyyldno

8ddne cdbedt t+d yagd
6 AOOA®G sdosd byre ob
pbd a3dsswitsiddy rahi3pvy
;param OAOOA Gk NYWwy pq

param x AECEOK nNoeb 6

dwy oderI &) duwt
cde o9dcGI &) &b

d
popbd 33wl O92dGI &) &
dbe
if isinstance (vertex , VertexBase): t© t3+t d 6-ADDADe) o
self . mNeighbors[ vertex . key()] = weight
else : tt Latd 6-A0ORT 533w
self . mNeighbors[ vertex ] = weight

def neighbors (self ):

pe gd¥ydtLjjy odecIay}y
J I

boyB3i1oyBadsed
self . mNeighbors = {} tt 60geyds3 yyyldisio odeIa)a WYDrAGEIMHDIG DGD (

9 odec1iay)d
vydbyd dbAkes3xrd

$ oderI o) &

yyy 6dodeyne ygeyds 33wlido oyJsh yyysdsio gdyrdiydl o

return k 6 geyd3 33wl J12020ydeIr gyxt du

return self . mNeighbors. keys ()

def weight (self , neighbor ):

YyYyy o0dodecyone opbpey GGdbepnt t+d ygdszytogyygddot jy odeI &

;param 1 AECEAT Ok -Y]dgI &} D
return kK NMpbenp ecdbeo

if isinstance (neighbor , VertexBase): t t3+d A. ABQEAIeQ o 51 d 16?2 mb

return self . mNeighbors[ neighbor . key()]
else: t6 t3td A AB@PA] Ga3zwlt s yyysds Bdl
return self . mNeighbors[ neighbor ]

2dGI &) &

G

4
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s 7 o h mttah x t x h - o)

TTh Tt o ¢ Graph® 0”& " T"m oh mvyeptex x | "t

o ok —

L _MTAS T T T &0 Sy, m X Graph.m

~

class Graph:
YYY dcecohbdbdyBym ygaysde yyesisj}ah odeie} vYVYY

def __init__ (self , oriented =False):
Yyyy Edjy¥yeysayde e6phop
;param | OEAT OAAkKk ne decle)} y¥ydony) ae sGDAN
self . mIsOriented = oriented
self . mVertexNumber = 0
self . mVertices= {}

6dad (o decie)yrvydon)ae s6DH
ell a3B) a3 oderiay y seepDhl
0gayds3s s5y3doj a3t odeciay Yy eepDhil| y 9oc
gpe 533wl k odecIiayntd

586 &

def addVertex (self , vertex ):
yyy 8ddne odepb&}iymgtd ¥os3pop odeiayn 3 d elyvyex¥xBym y § dey

pparam OAOOA @Kk sawt s5¥vdhrd 164Ams Jdodl oderI ol o
retun Kk 4 00At m3std odeieynp yygs1ii4d dddpy o

if vertex in self: t6 t3t+d oderayn @giyvyerBkBym y seceohat 11 os/d j d
return False

new_vertex = Vertex (vertex ) t6 yyodecweesed Jdoy odecrioajy o s16e6dyde BAOOAC
self . mVertices [vertex | =new_vertex t dddnesed i w oderajy dd ygeysy oderI.
self . mVertexNumber += 1 tt zbi3zBryeasad mdaiesyyp-3cGcnohi

return True

def getVertex (self , vertex ):
yvyy 6dodecyne oderajy eepnhyt ms3t+td ¥oanp odecIialbn 6lYyY¥prkRBym

;param OAOOAQGKk 33w s¥v¥dbyrd 1686AmMS odcI oy &
return k- Ndec1iay b s6pbho

assert vertex in self

tc Neajonpionpesd 33wyl o9decia}ot m3atd id jpddbhidy) d
key = vertex .key() if isinstance (vertex , Vertex ) else vertex
return self . mVertices [ key]

def vertices (self ):
Yyvyy 6dodcyne ygoydssoyhihywvdeI &) y
return self . mVertices

def addEdge(self , source, destination , weight =1):

YYYy 8ddpopjym cdbeo o 3sj3imea 2 ¥vdtanh OF OOAA xvo AROOET £

cparam O OOAAKk ddeip odcy) &) D

:param AAOOET ACET 1 EcBeysD 2

:;param x AE CE Ok Noen ecdbeo

if source notin self : sderayn Ol OOAA +d ;d siyvyarxBym y
d oderiajy O OOAA

if destination  notin self : d d sl1y¥ayBym

te £3+t
self . addVertex (source ) te ddd
tc £33 }
) to AOGET 1

G
1a)n AAOOET AGET T +
peead odeciajy AAOOE

(@]

self . addVertex ( destination

(@}
(@]
~)

q
tt Ny¥yonjdoswesad o202?mads s¥dbyd cdbeds 615 odcIiaoyneal OI
self [source ].addNeighbor ( destination , weight )

if not  self . misOriented: tt £3td eceonh jddecie)yydonyaet dddoed osodedr)|
self . mVertices [ destination ].addNeighbor (source, weight )

def setData (self , vertex , data):
YyYYyy Ny¥on)ydoady}jm ypoanjy¥ypnsdy)jm 2deI &) &
pparam OAOOA@Kk s3a3w odceria)a pbhd oderayn scepnhoD
:;param AA OAKk I pop) ¥Dnod) I m
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assert vertex in self o6 6dcdoie3p L& 6Jy¥YarBym odeIia)n 9 66D0|MI
self [vertex ].setData (data)

def getData (self , vertex ):
yyy 6dodeyone)jymoonden o¢ o

;param OAOOA@GKk Nderieay o nbd 11 33wt
return kK 0 pDoD) ¥ODSd) ] m odGI &) &

assert vertex in self t 6decdolc3n L& GJy¥a¥Bym odeiayn 2 scbhl
return self [vertex ].data ()

def transpose (self ):
Yyy huydyecewguyfgd) dlgopagdny ded

return k 6 do ae 66 oyhetp Jtydyg dei dlgo e®a oy de d

g_inv = Graph(self . misOriented )
for vertex in self :

for neighbor_key in vertex .neighbors (): t 83 m yyyhdio gd¥ydt)dl odgIay) e

g_inv . addEdge( neighbor_key , vertex . key())

return g_inv

def _ contains__ (self , vertex ): o
yyvydodecdoaoanLdy | m-dgadeadonrgme kEb 6. yrvarxyBym odeialn yl scnh.l

param OAOOA @k nNdgr1 bl) 03 ® @y
return k 4 O0OAt mstd espndpnyo odeIel b Bly¥YarBym y 66DhHI

if isinstance (vertex , Vertex): t t3+t+d 6-ADOAWe) b 5, d 1872 mMs
return vertex .key() in self . mVertices

else : tt £t3td 6-A0ORG s33wyt vt odeI oy &
return vertex in self . mVertices

def _ iter__ (self ):
yyy Axdeonyde da3m gdyszir1ddoytded gedhddesdy it m oyu1h odefiay y
return iter (self . mVertices . values ())

def _ len__ (self ): .
vyyy 8dedoasaypidyym hyyrpsial TATss ms si13Bsiy¥yB odeifp) y ¢

return Kk 31 3B3J4Jy¥B odecie) Yy eGohi

return self . mVertexNumber

def _ getitem__ (self , vertex ):
return self . getVertex (vertex )

= h e a o X ~ X : t= o e ™ t S "o X e ™ B e 0 a x o ¢
(inverse (), _ contains _ (), _ iter _ ()X t@®FoTo o hx mteo’ xgQta’Emt§gd* mt kXt E
e ™ o " c Ce . )
=~ c ’ ao o " 3 "0 *x?letmt™eh Qo *h™’ eeoh714F" hh en xa o0 x X ~
: t : > o] _oemthx_toh mx ¥ e “v'avex ..\_,' coc(h('e
a ~ “ e oha™g ~ ¢ ho co ot o % e TEt mty'E "o hebgeom)t 0
c o h e S t o" to e avmt . t E o] e o o h e (0} _.a ;  eoa
“mt L. t X . QY" X a e a b - hx‘ ;_o—m\a/tx’E_xh ”hh_”Y’_.e* maxoa'oexa"('E to g
, % B .o - - w o~ — - ’ ’
oc(h CVY X . . me e m t L. : m @ Lmt e e | ] m x t f
m x a - e omt - c h ) a t h . e O mx a.v e omt - X : : 73 ; h o
h x ;e om t v' a < 1 . “ee 'Y @d@Eggg()' 0” vheu (m"’e G| c h . vh X e ™ ’Yﬂ e omt - .
" co " e x h ’ e x ¥ Y "o oe ™ "mx te Y]

R — . . < * —_ - R —
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s"\'oh\rpttah*x_txh’ e 9
., M t716b ho 0 d7%x 2oy h~ ~ o
g= Graph() t6 ovyodecweasad jddcile} ¥ydony) ae 6G6DA
g.addEdge(1, 2) t6 cdbeo sWt S5 ¥yp s54at W
g.addEdge(1, 3) 8¢ edbep sWt yst8 ¥yo sWt ysb
g.addEdge(1, 4) t¢ cdbeon sWt Yyt ¥yo syt W
g.addEdge(2, 3) t6 ecdbepn s5at Yyt ¥o syt [
g.addEdge(2, 4) #edbeop 35t ystb ¥o syt =A%
g.addEdge(2, 5) t6 edbep s5at hs yp s5ht %
g.addEdge(3, 4) to¢ csdbeon syt yst8 ¥o syt ys
g.addEdge(3, 5 t ecdbeo syt hs ¥p shit  yd
g.addEdge(3, 6) 6 cdbepop syt hs ¥p s5hHE  yd
g.addEdge(4, 5) tc edbep syt hs ¥yp s5ht  yb
g.addEdge(4, 6) #ecdbeop syt s ¥p s5hHht  yb
g.addEdge(5, 6) tc edbeo sht R yp s5hHt hy
87.2..° -~ ° " " - ’ )
721.7 et T T
= "7 o h t aoa co "x X -~ * e x a ’ o0 "€™eoao tm Yy b
ho =~ h ee Y ° Ty h ~ [0
s oh cobax X B e qJ-fII’StSﬁ&.KﬂlhKDFS)’ “ ™ oh ta T Thyr B 0‘16 "oxa X
" mtomo x|t|:_tmeY mmth"’f‘go ”Vg"‘oz_hho”“t‘ e " T a e x B h
O T*me Y_ c o x qchh e xo)* g0 7| 0™ e o o€ %atﬁx ’
m*tx'“ c_Y ch* Y_ . a mcho®*x lao “v" o™ th'o ~<"h'Y°*”"etx* x’('ly_‘w
t o e ™ ¢ m t c e E 20" x o’ eo ™ h e e a o’ ”:'nxtt’ee':“’L/"\'E
0 e” "3 0 0’ ex h ’ e X - h e*’ oa@ 'mex™t tc’lo toh®y ¢ ~ a e
co’x_’)'(":“ e X Y h ~ - ® e ™ To 1 e o 0 * ™ o h t a x Ty 7
h e X 'Y_ovmt‘htx| co'x_cp 1Y ° h co'x_ o > T m
" S e ™ - e o colzy’o”_ = eﬁxq]_ cho’;h‘e’m@)e X - h e M P
O:
5/
m x B2l g 7 h ~ - - e x co : e ™ 0
¢ * h co ;‘I_o o h e “c¢ e’x T mo "o ™™o xa h "o *7Yy" x e ™
h ’ e h ~ "q)‘_" X coc h " e 'Eo a x c h _A’" X ho"\\
e ™ ch — " H - o p t o a ¥ e c'aho = oM 1T t° ° oM Toea J T e
"om 'y eo QO 0o " e o & h e h ~ o T o o *h o~ e 0% 50 "
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3 <€« l 2
°4
p 5 = =
mXRR2_C o0 . - @ : .
h = e H ® h " e p ®
~ = ~ ]
¢ X c " x ° ¥ _cax Em 'Y h Yy %hhrme x hemo pe® ‘x X T oh
’“"‘oe’x‘Y0a|xzzo"t;oeocj"h”"eov hy ceo t h ¥ eho~ -~ me t c o "X
mxmmh3“t<2e “vavex<.hﬁ(wz cwoh;“tnaxco XY _ X . . X . ex
® T e h " e S "o~ X e e x t c o t oheo 0 ~ae 'Eo 0 oc h
¢ -
- X lao ¢ o " xPython O h* metxoT"e@fgph h . T _ o T e e~ oo m c
m x a oMt~ ¢p~ ¢ Y © T onh t a x m ~ T 1t Em Y B o 5 ¢ "cho h =
T e h " e t - "regxmr Mg ca x xhm e * ex"@pohhta~o”
mt72¢g o X -~ * ex T Ty h ~

def DFgraph, start ):
yvyy Obhid eeonhon o g3abajy gdtajowyta @ andoyjdl oderI oyl p

param COAPEkK daeph
param OOAOOk nNderialjn o madl oi1dbyonerxyBym apnpgyys dbhddy|o s3o
return kK Oy dsay b 21doidpy afh odeI oy

visited = set () tt 91doJ1dony 4 O9dGI &) &
__dfs_helper (graph, visited , stat ) t& apogyys3pnesed $&3 o odcria)a OOAOOD

return visited

def __dfs_helper (graph, visited , start ):
YYYy Ods3ycyads)ae ddgdeis)ae gdryrddt +d edonzxaioaye dbhid e6ephoD

:param COADEK 4G o h
param OEOEOAAKk Nidoidoji odecI &)
:param OOA OOk Nderialn @ madl o1dbyonervBym aongyys dbhddqy o2 e
print (start , end="") tc Ogepni Bdoyeed dadedy ¥ J} o ohddlu
visited . add(start ) tc 6deitpnesed yronevrdoee dadedy ¥ m3 021doidp) a¢
te d3m oyJ.h yyysds19o9 y¥yonerdoded dazdsdy ¥y
for neighbour in graph[start ].neighbors () :
td }d byza 21doidny i

if neighbour notin visited : f© m3 1
__dfs_helper (graph, visited , neighbour ) t¢ @apgyys3necd $&3

“ 0% ¢ h h ot ho%otx ™0™ ho*h> tea x Iet® ohh maxoe xh ~

_m t7.2d® h o 0 e e YO oé’x'o“ ) ) . L

- - —

g= Graph(True) tt orvrodecwesd Jddcie) ¥ydon) ae o6G6DAN

g.addEdge(1, 2) t©© cdb
g. addEdge(1, 3) # cdbe
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)
?

s~ oh mttahx_txh e o)
g.addEdge(1, 4) toc cdbed sWt yb
g.addEdge(2, 3) t8¢ cdbecd st yb
g.addEdge(2, 5) to cdbed 35t h &
g.addEdge(3, 5) 6 edbecd 35yt hi
g.addEdge(3, 6) 6 ecdbecd 35yt h§
g.addEdge(4, 3) t8¢ cdbecd 35yt vyb
g.addEdge(4, 6) t6 cdbecd syt h
g. addEdge(5, 4) t ecdbed sht us
g.addEdge(5, 6) 6 edbecd sht N}
S cxm®t Taoe 'Eo 0 c o x h 7 eA_EAZeHZ p t = n
L, m t726d h o o > ee YP© e xxp x
DFg, 1)
print ()
DF&g, 9)
print ()
DFg, 4)
print ()
DFg, 2)
o " x °"”Y’:“oe’xeco"°o_x ® e ™ _h~e com-" "o e mt 'E o*
123546
5436
4356
23546
=X P ey 7 e " * ™ o h t a T x ° ch~ c0O ~t *o_ e
Tom 'y e a mt ™ hto o~ to (0] o ¢} o ao " X ~ ot
* = o h t a c h c e Y m oD ho%otx x ¥ "'ut""i_ax to’O'(xo_“‘)eix'YZcom_e
e 0":'0 " eo t . X m o) hDFg_)x'hmaxe o) o h Mt *ee Y % &’loegh ~t a x
c h ™ T e az_’Y’_Yo_a{'aehd”“:"'5°""Eo c ho t m h "t % > “ % o homt
co'x_x’\+ e x o h mt o X 1t 'Em 'Y ° 7Y ho QY"’eeY'”°"’;z
c h 10 a X "o ’ e ™ ""Yq_/X*C@ DE§eo §h "mto Qplt Em Y ° 7Y e~ go ">
c h h : tlo ™ oh ™ : Q'Y e a
s o h t a e " m_"”*e mt 'E ¢co "Xx X -~ % e X e t E ®
h - e ~ h ~ ~ : h : a ™ t h cO mxa eomit) g Y " "oh h & ;a"'
¢ h e~ c”‘*_x h e G ~ h ~ X : h : m c mo  mxa@gXxeomt
m h e EhgxExt e h "oaxqg [ C"E__wGHE N * h X h = )
722.7 o
se ™ 7o peo "o co " x X -~ e x 3 co "x oa h e x
o "x _ x §™ eh o firstBAENRBFE)” T, oh ta co "x x "®Mtoms x FtXEM Y m;
com ™ "o e o 0 c h Y ox o h a 9 h e h = 3 co e ™ 0O;
h sy o0 *h~" e o 7d4ceo™: he "mQ@:e  x’ h " e M D
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%
e

4 \ 5
& S - -~ . e g~ o ’
L MXPXAO " o - hBx" "o o e O L
v = A 2y
] 7TY com™ "o eo o c Y x o h 9 h he mt o hx™| t*pnh "¢ o::
¢ 0 t_x X c©O ;<h'x o ° 1Tt 'Em 'Y mt hto“ ~<h € 'h . )3
'oh*ta o} 'Y' | X t _oaxz o} c o . C'Y;(h' e c o ho e Y
- > 2 - & ~ N ” ~— a2 a7
.o oy ¢} Im o 9 090',0(hrr3x'm .z e ey coOXx E" . oO,@Eo 20 .
¢ ¢« -
7 " x lao ¢ o ' xPython " ot enxt o“@”{mygph h T o “ e " e ™
m x a e omt [0}
, mt72® o X ’ h e x STy h ~ -

def BFYgraph, start ):
yvyy Obhid eeonho o 12d6aajy gdtejowyla o oandojdl oderI a) &

:param COADEk denph

‘param OOA OOk jNodea ama dl o1 dbyonexyBym apbpgyys dbhddy o9 1 aclay) y
return kK 60geayds3 56} doe)ys o2udoido)ah ode1I oy

visited = set () e 91dosdonys odGI &) &
q = Queud) te ovrodewesd Ldecey
g. enqueue( start ) tc 8ddneed y Ldecmdecyapgydoy
visited . add(start ) te ¥op gdaypnpipnpesd 11 m3 o21doisdnyoy
while not . empty() : e cf)g’sa» tdeen 3} d gdecdsay) m
current=q .dequeue() t hdeded gdeciee d3ded} ¥y o Ldece o
print (current ) tc Ogceponi Bdoyesd oemyas dadedy) ¥

#8ddneasad o tdeey oy4shHh yyyadisio gd¥ydiLyded dadaedy vy
for neighbour in graph[current ]. neighbors () :
if neighbour notin visited: tt m3ais +d 3y d byszxe 21doidnoy i
g. enqueue( neighbour )
visited . add(neighbour ) #0deisltoneed m3 o0J1doidnyy

return  visited
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def wave( graph, start ):
YYY Yyoa3BBdoee pn3gscdecaryet +d oa3dcay¥ydoye 8DY O
21dy¥nyde 91d y¥neydodl ¥ydus3sa dd gdydiy dl
dam o929yt dyJm e byso 299d 2udosdny o odeI o) oD
param COADEK dcoh
param OOAOOk Ndecriay o & mM3adl gdteypopexvyBym dbhiad
return k 6geyds3 oJ1dy¥n)de o9ud y¥oneydodl odecieayea dqd 3dsesydl ode
q = Queud) C orvyodeowesed Ldecey
g.enqueue(start ) t6 8ddnesed y tdeey yroneydoy odeI &y y
te 03doy a3t +d da3m oyis1hHh odeie) 6Iy¥Yay¥YB o91dy¥ypjyias 21d ygneydo

distances

while not
curre

for

return d

= {stat : 0} t8 Naidy¥on} B 2u4d yropeydoydylaiydL 3e dd ydbd

g. empty() :

nt=q .dequeue() tt hdeded gdciac daded) ¥ o (deeao
te 8ddpnpeed 9 1tdeey oyJIsfH yyysrtdsi9o gd¥ydiLjyded dzdedy vy

neighbour in graph[current ]. neighbors () :

if neighbour notin distances: te maud 3 d
g. enqueue( neighbour )
distances [neighbour ] =distances [current | + 1

istances

bysa 201doJdpoy 4
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distances = wave(g, 1)

print (distances )
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INF=sys .maxsize t¢ 66doJ b Jdyssjtrdjjiyy¥h

def waySearch(graph, start , end):
yvyy 6diys 1 pnesdedyided 1 3mfpy carleq ndsoed asnc pshood b J &6 &

param COADPEK dcnoh

param OOAOOk dditon¥sadon odGI o) D
:param AT Ak El1)jitdopnp oderI o) D
retutn k ygeyds odecirey Jpnpesdedyrided 13mhyt +d ygdasytne 3JdecI oy

assert start != end
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te 03doyas3tsadgrdebmodcIria)a 3533wyl s glyvyayl 33wyl o9decia)o|la m3d
sources= {start : Nong tc 83m y¥ypnecydodl odecriejo Jd o0a29ypLdyd 823J1d3e

g = Queud) e 0rodeweasad Ldecsey
g. enqueue( start ) tc 8ddneed y tdeceqgIigpncyrdoy od

while not  g. empty() :
current=q .dequeue() tt hdeded gderiecs dadedy ¥ o Ldcea
te 8ddpnpeed o9 tdeey oyJsfH yyysrdsi9o gd¥ydiLjyded dzdedy vy
for neighbour in graph[current ]. neighbors () :
if neighbour notin sources: t© m3J4 +t+d 3 d bysze 21dosdpny
g. enqueue( neighbour )
tte gco tBdey d3>m 3dosjdl odceciaja apngne?myrdoyescd [odeI o
sources [ neighbour ] = current

if end notin sources: t 13mhy 1 d 1yl ye
return None

tt bydyeed 13mh oo ddgdededwy yrdsy
stack = Stack ()

current= end
while True
stack . push(current )
if current== start
break

current = sources  [current ]

way=[ #06dy3i1ddoji1y¥B odc1iael 13mhy
while not  stack . empty() :
way. append( stack . pop())

tt 6dodeyneed 1 3mh
return  way

way = waySearch(g, 1, 5)
print (way)
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g= Graph(True) tc orvrodecweed dcecie} rdonj) ae eGDA
g.addEdge(1, 2) tc cdbed s Wt n s
g.addEdge(1, 3) t6 cdbecd sWt yb
g.addEdge(1, 4) t¢ ecdbecd sWt ysb
g.addEdge(2, 3) t8 cdbecd st yb
g.addEdge(2, 5) tc cdbed =35t h §
g.addEdge(3, 4) toc cdbed 5yt yb
g.addEdge(3, 5) 6 edbecd 35yt hi
g.addEdge(3, 6) to¢ cdbecd syt hHg§
g.addEdge(4, 6) tc edbecd syt hM§
g.addEdge(5, 4) t edbecd sht yb
g.addEdge(5, 6) 6 edbecd sht N}
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o " X 'lao " o c o g@fs heppero'a"tm'ﬁ_zllie”’x a : ecozfz;"’on+ 90 7 e
Loh T ex KeyoT@Gta o T g Tm 00 "_xdfs xhelger (_X T Y eRey) & e e OME
co "oa T eey

-> Key
- c ° crom 90 7 x h " e (')‘dPs+héIpér()L') go" x " o ah™ ehyn e o
<- Keysoahids
, tm €7.25] h oo > ee YO o * “ e Y "ocoa > e o ¢} a t o "[x co
def __ dfs_helper (graph, visited , start ):
YYY Od3ycyeao) aoccdiyddiibgdgoacdnzrioaye dbhid eeonhpnp o9 e3abay)y
COADEK 4G ph
OEOEOAAK Nidoidojs odecI &)
OOAOOKk Nderieayn o madl o9i1dbyonexyBym eapgyys dbhdqy o2 6
print ("->", start ) #ohddoadyym y oderstgty a 33wL de
visited . add(start ) tt 0delipesd y¥neydoee dadedy ¥ m3 021doJ1dpny) ¢
te d3m oyJ.sh yyysd19o9 y¥yonerdoded dzdasdy vy
for neighbour in graph[start ].neighbors () :
if neighbour notin visited te m3s +d 3 d bysza 201doidnoy i
__dfs_helper (graph, visited , neighbour) t© apopgyys3nescd $&3
print ("<-", start "soahM)ds #o0ahaid © odere)} a OOAOO
c “k xmt a o T Tyt @'EC o h™ ** e x
» m t7 260D ho® o > ee YD =™ c X m c o ' x X ~ @ e X (0))
DFfg, 1) #oapbgyys3 gdiysy o9 e3abajy gdioajowyta @ o2dGcI o) a W
Tx TUEt * ot ho*ot * ™ o h t a x e ™ ® e o e o
->1
->2
->3
->4
->6
<-Ek s50@8hids
<-f s508ahids
->5
<-Is s5028ahids5
<-t6 5028ahid5
<- 23502ah1db
<-t5 350ahi1ds}
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Y co m Ty "b”;ye): e e ” g€ x ~ *hc’' metsh a ™ e x com o e m tt 'E X
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3. o htx”c'paho'y*_o ey hmc’xrﬁ‘OEt_"tmothotcm’“'oee YO o o
=X - ao s "o c ™ 7 "onh ot*a’xhxaetxc‘b"':"ee:r,b(otathoa tox I -
L I ¢}
t S e” - a o “ 7~ ohht xt a* eteo'yP “ 0 ao;’e’o‘ o mto QD Y T ee 'Y ¢
h ™ Jog o e aq/erteX_Z"”mc m ™~ mt 7%&4cxo T ya S 0 ':“x*xt’E c o e";”“t
e ™ 90 7 t 'Em Y h = e ™ c - M Fo Bt |7Y oghEot @x Tod xaox "o
) h = e~ "o *t o o a” ] o T hy
Tx_7.. @¥Lleg9go h ' e~ * e "Te~T
f.._hn oDVile  § B com co " x _ x -~ * e X X e X h
ﬂ’ohe OY_["1°] Yu_~ " m co "x x h " e @ e x T
L, _Mt726 0 ° 7 h e e/dNex. T m X
WHITE=0 t Ndecrayn bisdegddedafggeiyyd j d o21doidony} o
GRAY=1 t Ndcra}n yscdedg)dddH@Bc pols er3a Yy o20dGeI &y} y
BLACK=2 t Ndcriejn (dec) degdl d3 d3awyd 3,3 oaec13a 8@ 29dGI &) &
class ColorVertex (Vertex ): o
YyYyy 8dgdelos)ae s3apnyt s3ptondds ssonyy 6A00ATS
epe gdasd {1#§%16& odecrayat +d
des3deeayrydoyerBym damin3efday ey cwdipdy d an
def _ init__ (self , key):
super () . __init__ (key)
self . mColor = WHITE
def set Qolor (self , color ):
self . mColor = color
def color (self ):
return self . mColor
1 e c *hy " eve ™ - t a t o ° "o ° "~ “ee Y h ’ e X h = 5
_"®m | 7Y e E° , © (®I6rGraph,20 ] T®TMT T "Grgphd ¢ Thimx e ™ - addVeflex 3., t 0 T 0 a
. _Mt726D _ho "o  celdtGMphI. " th e 'Y_©° o Cglorvertexa.¢ —yh  _ T7Im x

class ColorGraph ( Graph) :
Yyyy deoht +d eiyrvexk odceiraje #1171 06 A00ADYVYY

def addVertex (self , vertex ):
yyy 8ddne odeiajy y eenht ms3td ¥o3p odceiajn jd elypmpavyhiyn

param OAOOA@GKk 33wyt s¥dbyd 16Ams j dodl odocrI oy &
return k 4 O0At mstd oderieyo yygiiyd dddoy o

if vertex in self: t¢ £t3td odecioa)}n @enghehiBklm gygad } d ycdbo dgdpnonopcx
return False

new_vertex = ColorVertex (vertex ) tt yyodeweasd Jdoy odwener) y o J16dy) da
self . mVertices [vertex ]| =new _vertex t dddneed +w odecialy dd ygeysy odcrI.
self . mVertexNumber += 1 tc zbizxBiryesed 31l 3B}y a3 odcIia) (YU 66D
return True

"™ h t e ™ ® a o “ ™ o h t a

‘ def __ dfs_helper (graph, vertex , stack): |
YyYYyy Ods3sycyoeo) ae swddiyei d)jednsdoaye vydgdadest } d
vydeyyosoppicgayrdoywLt a gdiys 9 e3abay)y
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s 'oh\rpttah*x_txh* e 9
:param graph: d e ph
param OAOOAQGKk odecioeyp o madl gdieyonexyBym gdiys o9 s3abayy
:param stack: gd¥ydtL J e yr¥d3 ou1dydeydoy) ah odecI &}
return  : None
if vertex .color () ==BLACK: t6 odGcIie}pn gdoJlyryodganiBdédonpdo
return
if vertex .color ) ==GRAY: t Ay¥yoa)}Jly¥yB 16l yedoos dojypnipnet +d ajpnedd}
raise Exception tt gddpns3Bin cdbd¥yop p3xecdecerey Jd enpe ydjyy
tt Nhddesed y oderI oy y
vertex . setColor (GRAY tt gdeisiitpnpeed odeciajy yi166a68 3d3Bdedet w¥dbyd
for neighbour_key in graph[vertex ].neighbors (): t da3m yyy.1dso yy¥yoneydoded dzdedy
neighbour =  graph [ neighbour_key ]
__dfs_helper (graph, neighbour , stack) t @apbpgyys3nesgd $&3
e Nefhddesed o odeI o) &
vertex . setColor (BLACK #6deitpneesed oderaljy m3 dgeoniBdoonly 5L dell 6 3
stack . push(vertex .key()) t© Ny¥yopoasmeasad odecIoa}jy Yy yYygoayds o2i1dydecydony ah
def topological_sorting (graph):
Yyyy Yyjsiuatm vdgdadeltjded ydeyyony i m odeia)} e6G6DHD
param COADPEK geGph
retutn kK ygeyds3 yvdgda3delt )} d ou1dydeydon)eafh odc1I o)
stack = Stack () tc 0vyds3t +d bydd gi1yvyevye o2s1dydeydoni s dzded) vo
for vertex in graph: tt dam oyJlh o9odeia) e6G6DhD
tc eapbpgyysonmesd gdiys o9 e3abay oy
__dfs_helper (graph, vertex , stack)
tc ovyodeweed ygoeyds ¥vdgdz>deist ) d ouadydeydony ah ode1I o)
sequence = ]
while not  stack . empty() :
sequence. append( stack . pop())
return sequence t¢ 6dodecyoneed ygoeydst +d eisyrverBk osdydervrdonyifs dadc
T he ao x = x ; topblogical” 3sorting ()% ¢ ® € x ¢ 7 A,"" e x _e _ec_0O1t E
‘_‘ e 0+ov’evmt'E co~Q'Y"e‘ t*az o] h‘l a o’ avmt*t
c "9 7 ao ' mxtt ] o “”d‘""hbh”n(‘Em’Ze‘“"‘t*’E’ig° R o T e
h e h __x h m_dfs ehelper ()a"’xt*o* c h c e 'Yt m ~haoo¥aoxt xc o DTt ex™ “cho
Ty P “t 'EO 5 ¢ h _’\‘°e*3 T | coth o )a(’t(ot'o"é"Eeto*aax e
“ ™ o h tax @ "~™ch _"“"Z’Y_"‘o h ~ a "~ - o " e " h —o
- Z2h h e o ‘_"'o 2 Qhy™ e a|tho""Eeo-"t_o - h e ™ s
mo h t x “ee Y 'e"'c”’o"‘cmdoe; e QOch e e "“"x*xt'Echo ® e m

. _Mt72§. ho "o ' oeceo’Y® = ;

g= ColorGraph (True) t¢ 0 ¥ 9 d cdupsiced}
g.addEdge(1, 2) 6 cdbecd sWt A
g.addEdge(1, 3) t6 cdbecd sWt yb
g.addEdge(1, 4) tt ecdbecd sWt yb
g.addEdge(2, 3) t8 cdbecd st yb
g.addEdge(2, 5) t cdbecd s5At hi
g.addEdge(3, 4) tc ecdbed 5yt yb
g.addEdge(3, 5) t6 ecdbecd 35yt hi
g.addEdge(3, 6) tc edbecd 35yt My
g.addEdge(4, 6) 6 cdbecd syt h
g.addEdge(5, 4) 6 cdbecd sht yb
g.addEdge(5, 6) 6 edbecd sht N}
s = topological_sorting (9)
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o "v’“ TP ohv
print (*s)
. x TEt~*toa ho%ot 7T oh tax %x°
123546
726.. " 0._ T T
s oh t a S ) mtomx Ot 'Em Y . QY eomt h ™~ . °<” TE "
“ ™ oh ta~ g co "x’ xh ex @ T¥cehx ~“F%° ¥ “o* ¢ h  h t : e o
“coxmt t co "x  0gx ~ ¥ ex g’ h ex (o 7 Y_o 7 h e t o~
L, mt728. h h _” e o h ‘e to “eo o] h =~ - e ™ . Q'Y e m E
def _ check_connected helper (graph: Graph, start ):
Yyyy ddgdeioyae edyddt ms3ae o0a3deayrvrdoywrad gdrys o e3pbay yt
gdedoiceme L& J1ylye 13mh o21d odecIiay a OOAOO dqd oy.sh ode1ay e
:param COADEK dcnph
:param OOA OOk 6dtnyadon odGIa) D eenhp
return Kk 4 O0At mstd 13mh J1yrye ¥o &AIT OAt mstd
visited = DF3 graph, start )
for v in graph. vertices ():
if v notin visited: tt manyR © odeciay Jtd bysp 291dosdpinp gid| LDy ¢
return False t ¥vd eepnph 3 d e 82?may aa
return True e m3td 1 d @)y pnpeddy d ) do-iedeon hd pg oadhmaeojdeser o )
def checkConnected (graph: Graph):
YYY 6dedoliceme L(a o Jddele)vrdonyae eGepDh 9202AmMay aa
param COAPEkK daeph
return Kk 4 O0OAt mst+d eeph e @aohAmayae ¥o &AI OAt mstd i
assert not  graph . misOriented tc 6dedoicemeedt td ecenh e J}d decle) vdony aa
return __ check_connected_helper (graph, 1)
¢ "'(e“'h(""""(mh t a ao’e™ ao * _xh”"t t” o a : eoay "o* e
e ™ t . "'E_ mt E <otoo° ozac'\o_e"'<oeth‘H Qﬁ{"‘etonat( @P° e x o ac o
] T ¥ E° oy Y_ h =~ e '( *x 7 a o . _oh mtoﬁxﬁ”‘t co'x_“
Tom 'y e a h € Eo DY " a mt 'E to o 3 "o * chomto ) B Pt
"o "™t "o ‘e el a h _oacoe efo oy Qey"€omhtt Fqg 7Y ¢ 'E° o Fx 7
. _oh mto x "t m~T e ¥y _T0O:;"a X Y_o ax " xg® o a Eh ~0;
_oacoe et . Q'Y eomt s "o Y_ o e” T 7 t 'E " co Te ™ h
L, mt7.2.g_o'x__"\'E_omt _oacoe e t . Q'Y e omt h =~ ~
def __dfs_helper (graph, visited , start , connected_component ):
YyYyy Odsaycyad)ae ddgdeios)ae e8dyddt t+d e6donzxioaye dbhid e6cepophop
0cea i Bdeyt d3m o1dosdoyah odecie) obdeiepnexBym 1) hdeebpiim
ged I1hy1t 3degdydyra 802Amay dyrl
:param COADEK dG o h
;param OEOEOAAKk o03dojy a3 o91dosdonyafl oderI o)
:param OOA OOk Nderaln o madl o1dbyonperyBym aopgyys dbhddqy o ¢
:param conneA OAAMAT I BT 1T AT Ok 6dede gd¥dt ) dl s3degdydy e o22Amaydy
visited [start ] = connected_component tt 6delipnesd y¥yonecyrdoase dadedj ¥ m3 o1 d:
te ¥*op oepbpgone?mydoyesd e€ded 3degdyi|d) 3y
te dam oyuds yywyonerdoded dadedy) ¥y
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s"\'oh\rpttah*x_txh* e 9
for neighbour in graph[start ].neighbors () :
if neighbour notin wvisited : t6 m3J1 +d }d bysza o201doidny U

__dfs_helper (graph, visited , neighbour , connected_component) tc angyy3nesgd $&3

def findConnectedComponent (graph: Graph):
YYy 6dedoliceme (a3 e Jddelie)jvydon)ae eGepDh 202AmMay aa

param COAPEkK daepnh
return @ E1 3B3J1y¥B 3degdyidy ¥y o2oRmMa)ydyys Jddceclre)yydonjyded &ephoDp

assertnot graph.misOriented t O0dc doJ cmeas dt +dds 1eeqg ovhg oen | jad

visited = { tc 03doy) &3 o91dosdpnyah odecIiea)}t B8IYT¥erY¥YBE QgDGO
tc s0dcrieo)pnk Jdedec3zsadegd) dj yazao?ma)}dyyvissd

connected component= 0 t© EJ 3B31y¥B 3degdydy ¥y 22?2ma)dy¥ys eGpnphop
for v in graph. vertices () :

if v notin visited: tc £t3+d mM3apyB © odeie) byszon J}d o91dosdoy|o gid

connected component+= 1 tc ¥d 9?moa3zxpnym Jdoon 3dgdyd)¥yn aa2?ma}dyy

tt epbpgyysnesd $&1B da jodociidpeo laqd
__dfs_helper (graph, visited , v, connected_component)

print (visited ) #8am rvdyyvyyony} )} niegpaddladadms ®ti doJ d mple dBd @1 &) &
ttc Jdedenea aypnedd)ah 3degd)dy ¥ 209?2maydyrit| dd m:

return connected_component

h(nhoh""_oxt* "”‘"*ohn*\efia(o Ty h”’h*meX'p.j_._g_f’h"’(eoax e ™

. _Mt729 ho "o * ee’Y® o 'x_ °_ YEeomtt  chac e et
g= Graph() t6 o0vyodecweasad jddcile} ¥ydony) ae e6G6DA
tt 6decio 3degdydy¥yo o20?may)dyrl
g.addEdge(1, 4) 6 ecdbecd sWt yb
g.addEdge(1, 7) to¢ cdbecd sWt %
g.addEdge(4, 7) t edbecd syt 1%
#8cysmgegd) dy ¥y 82?2 moay) dy ¥l
g.addEdge(2, 3) 6 ecdbecd s5At yb
g.addEdge(2, 5) tc edbecd s5At hi
g.addEdge(3, 5 t cdbecd syt hi
g.addEdge(3, 6) 6 edbecd 35yt h§
g.addEdge(5, 6) tc ecdbecd sht N}
print (YE13B31y¥yB 3degd) dj,¥findConhegedCdnpanerk (gy)

. x TEt " toa ho ot cho h™a xt
{1:1,4:1,7:1,2:2,3:2,5:2,6: 2}
El13B31y¥yB 3degd)ydy vy aoAmaydyvik f
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oh 7271 - 2" X o h lTe t"®@° ™ @o & » . e o * e o 7 ho’e xe Qt| 'E t -
t h = ee YY
1) ¢m h ~ e h ~ bt T0.7 om "y e a : h ~ e
2) (I- h ’ Dq -~ om rY) e Q-'YO o) o~ 4 X '-‘h ,E e h -~ -~ ¢
’0’:‘ hrw rI m ’\'EEO . Q,Y.e a¢
]o ® ee’Y ¢ 17 t o h a 1 toh ~“ T UEe a @ | meo y ° Ty T
"o ~'Ee a hy t De'dr pB FEF “¢c “h "o ™ xao t ] Fh"a mex T ~ TYg
v* o hp e
0b U8
Jh x - X a o bt t o h a “h e txX*py3 “oh(y, mee x | T Yo - h
L b 08
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VELEEVICENVE]
S“mtomx ‘lao - e ™ ® e X t o h a x Ty co*x*c"om t 'E o h t e
“c xmt t co 'x X Y T emog T W6 T l‘)"ch*d’“x e h ee Q o 0
c h oe ™t mYs "0 m h 7 e "chdtey opa | 0y o ho ¥ oh RN
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c ot _Teo c o ’OEXH“"‘*IG 1 h & ecoo Hewaeio ee QD Yo CT ;" tT coxmt ot
H<h Le” 3 co “<h <eeom.o'o h o ot S c<h ”_(oheeta*cm Yy 0 X n
e ™ t S "o m T he emtc Feob ™™o pyt“ co Ox’ - = ex g ' h e x 3
m —* " e mt 'E * 7 oh t a xx e o’h tt’EM™ Yy tcTo ‘ox 'O X' Y
(oL h o mot jaween  mm 5 S QYNE amw TEeo
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def checkStrongConnected (graph: Graph):
YyYyy 6dedoiceme L& e delejyrdoonpsdbe genh yaszBid a20Amay) o
da3dGecayrdoyeyBym gdiys o2 e3abeyy
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param COADEK dcnoh
return Kk 4 O0At mstd eeoph e ye3zBid ao0hAmayae ¥vo &AI OAt msd4d

assert graph.misOriented t 6decdoiemeedt +d senh © decie) yvydony aa

to dedoitemesd gdeid ¥yodedoady jm yvyddecdagak

to t z ddmsadl eodponjydl his3sydoonydl odeieyjoa J1ylye 13mh ¢dd oyl

ifnot _ check_connected_helper (graph, 1):
return False

2= O

ttc 6decdoitemeed deysed yodedoadyym vddedaeak

te nt z 3dogpdd oedobon s1yjye 13mh dd ddmsdl andonjdl hisydoony)d

graph_inv=graph.transpose () t o0dbuyddopnrenpngd) dod) dmdny ded

return __ check_connected_helper (graph_inv , 1)
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L, mt73q_et“oh<ee’y vh*etx e(choOVe*a* _ vt*e a (0}
N=7 tc eamds3192 yYyJl1¥3a 3pnpbicay) vy
M=7 tc yv¥ydogL 23190 YIl¥3a 30biceca) vy

maze=[] t o6rodecd) s m gdedses) Bd] eobp¥yeceil dam apnpdopopnyjm 30bl Gay) Yy
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for i in range
row= [0Q]

(N+ 2):
*(M+2) e

maze append( row)

cmdd3 e8DY¥Gait U

vyal o-t, at ddydBexdydonexyBBym a M

]~ - e o o) e o > e " t m T Ee Tt e S Y eo
. mt73g. ho "o ’="e’ee'Yq? e e Y . ~Ee o) _" t e
mazd1)[ 1] =1 t¢ 21 3BJ b 33J7ra)D 3pDbHIGa) Yy
mazd1][ 2] =1 t¢ 2138} b 33J¥a)JD 3pbicay) ¥y
mazg1][ 3] =1 t¢ 21 3By D 331r¥a4 0D 3opbicay Yy
mazd3][ 3] =2 t6c yronec¥ydon 331r¥ajpD 3Fnblcay ¥y
mazd7 71 =3 #3133t dop 331 7¥e)} D 3FDDHbIGe) YY
Txe ¢ Y ® ee’Yy % h etx e ™ _h~e ¥ "0 e o0 " a
“ ™ oh tax ¥y *x°* a “t -~
. mt739 ¢ - ee 'y —~~° h e t x e ™ h * e

return

for row in
for el

param | AUAK

x e < <

def showMazé maze :
yyy Yyysiutm hdeenydon)dsed

maze
in row:

print ("%3s" % (el,), end="")
print ()
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mazdy][ x] & 331 ¥a)] D

pbicGcay)l vyt

t-dyop mf d dew By @d 1g Wa3 y

mt 'E e e ee 'Y coa a 00 oSh c oe "Q'Y € "
c o " e 9 ~ a et mc oxm od¥*xte h I > ™~ fex
—_ - - A o2~ —_

La gt . t o® hy" ¢ "eo a e gc(‘()e S yt'e_”aty*c S0 "
e 8~ t @

mazdi][j] & 331 ¥a) D

pbicey) vyt

t-dyesps ml didew Bwwnd gL a3 y

- s

Do e o ¥y 0 ao’ e R o h mto x t e mc om ”’“
Y _To ar™h  pye t x otx pt Emy - T “ t x h co h 'Y ~ 5% to
., mt738. ¢ Tt yht e t% .t xh
def inputMaze (N, M):
™ Yyysilm alLe¥yonylm 3obice)] ¥y & 33D02ID¥YG
jparam . k 31 3B31y¥YB emd340 y 3pnbicay) ¥
‘param - k 31 3B3J1y¥YB y¥ydoiLas3i102 Yy 3pbicey) ¥l
return kK eopY¥Gcait m 3pnblcoay ¥y
maze=[] t o0rvodecd) m gdedoyBdl @eobnycail d3m apdponID) M 3DPI G} ¥
rowd= [0] * (M+ 2) tt gderiee e6mdds3 epnycailt +d o0eorpLpne odghiyy
maze append(row0)
for i in range(N):
str_row = input () 6 ZLeaYyonyjm 6md3n & 33DI2JIDYYGBS
row = list (magdint , str_row .split ())) te 6decdyodacdy jyg sy oi ysah  aylds
row. insert (0, 0) tt dddoony ) m 319dl Cyr¥viy)aC 3pbicay) ¥y
row. append( 0) e dddpopnyym gepnaodl Cyxiy) o€ 3pbicey) ¥y
maze append( row) e dddponopnyym emd3an dd 3opbicay ¥y
rowLast= [0] * (M+2) #dyv¥ypnj) }le emdds 6pnycaist +d o209} pDLDEE J &9} W Y
maze append( rowLast )
return maze tt 6dodeynesed yryoded) ae 30bicayl ¥
Xt : tx ~eey ~ F h et x 0 oha ™ eo X ; -~ Y _Tcho h
tmto ¢ ..xTcrs h~asQ m~aomt eo *x -~ "o ™*eo h Y t
mt e ~F  h et x O t s T Y T3S Tetxeg p¥hxe e T e~ PYT
maze = inputMaze (7, 7)
h c Eo a x _onh mtxﬁ"‘, a ™ oo mt Ty 0’ eo 0 h’Y*_"' —
e F h et x ¥ "’coﬁ “eo "o "o o Leomt e”g(*(eo"ﬁ '(¢.
1111111
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0010001
11111083
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s'oh\rpttah*x txh* e 2
T hoet @ ]hxg T'Ec * mTdE tmht o ¢ X ~ % h et o . _TE_
”’“toa"‘t ;'EOZnt'YEh'r"‘“ - ~x P
. _Mt734 7 . tx T"eey T"F h o etx * T
def readMazeFromFile (fileName , M:
YYy Yyj3ildlm ate¥yonym 3pbircece) vy a8 yd3syrdoded hpeay
param AET A. AT Ak 16/Am vydsyxyxdoded hpneayt +d Gi1yyarB 3pbigoy ¥
jparam - k 31 3B3JYy¥YB y¥ydogLea3192 y 3pnpblicey ¥l
return K e@pbp¥Gceit nm 3pbicey) ¥y
maze=[] t ovyodecd) 1 m gdedos) Bdl epbpyeceil d3m apnpdopopj}jm 3DpJGaY) X
rowd= [0] * (M+2) #gdec1iae eomdds e6pnycailt +d o020y pLipbne odechif wy y=xlI
maze append(row0)
te ziteaYyony) )i m 3obirceca) vy o hpesy
with open(fileName ) as f:
for str_row in f:
row = list (magint , str_row .split ())) tc 6decdyoded) )} m emd3n Yy ygayds i
if len (row) == tc zophayy 0201d opnedah emda340 y 31}i1 hpgsay
break
row. insert (0, 0) e dddonopny i m 310dl Cyvi1y)}aC 3pnbicoe) ¥y
row. append( 0) tc dddonopny i m geonodl Cy~¥viy}alC 3pblcey) ¥y
maze append( row) e dddpoony ) m emd3an dd 3nbicey ¥y
rowLast= [0] * (M+ 2) e dy¥yony)j)i1e e6mdds3 en¥ecat st t+d oOa0)DLDE |} &9} W
maze append( rowlLast )
return maze t¢ 6dodcypnesd yrv¥odecd) ae 3pDbicGce) ¥
¢ - c ]~ ¢ " c¢cho h * a a ™t a -~y
maze = readMazeFomFile ("maze.txt" , 7)
- S  mazetxt a m t t 'Em Y X t ’ c*c ¢ b "0 - —~ ¢ ho h ~ a t
1111111
1010101
1120111
1000001
1110111
0010001
1111103
] Y co x X X ¥ h et ™ g o h m¢t o x Ot 'Em 'Y t DFSBF!St*e’”’h
o) ~Eo t "o ™ oodh toa § T ye at ¢ ~ ¢ 7 © T oh t a s "y 7 0o a
] Y hx,eo o 0o to 0 h x %t hh eht")ax'”’éeY_L’)oC’ homm“;éee"
o h mt o x 1t Em 'y ° - " ocoa > e 9 mec m
di= [0, -1, 0, 1] t zeustdyym gd emd3nh
dj= [-1, 0,1 0 t zestdyym gd yrxdogtLasnh
X c"“"_x ’Y_'o hx 59 ao - - co h t - 7.3.2, o h
t~ m ¢ m
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d= [-1, -1, 0, 1, 1, 1, O, -1] t zeistdy 3 m gd cemd3nh
di= [0, -1, -1, -1, 0, 1, 1, 1] t zgut dy Jdp gdayxh
Y "o “Tocxm 't Em 'Y hx g 793_g)_"6°" o e~ v T 0" "Ktmx emh "y mm%xmn™ &
(ij)j coth Feo oe ™t t o~
for k in range (len (dx)) :
process (i+di[Kk], j+dj[K])
process (i) . Y_°o X "o __oex |t EmY e” " 7T () eo QO 77T _h etx
730~ B U T « o~ o T
o " x h e x93 ~Eo Ty o R fradgh et e : a e ® h e Yt E
mt ™ e® ™ hte 7 7T oh t a Ty h ~ o) h ot “ 7™ oh t a c o "X
Y ~ "o o Y e peo 0 e o a t oc hye 8 o € x otha Q&t o "xa «x (
e ™ c h -~ " o) ~Eo o o “ ™ o nh tax I "o "o o T tE e™a
co "t 0 o >~ ot e S Y "o t - S to 2 e ™ ohot "~ "o e
sT " ct ™ ¢ Y 9 ~'Eo o o * T wmHhy e &x T Teyh Tmit “keet Toc8E Cxego
ho "d4e mt ES ) a"ht h"eg'y €8°* heg et @~ th c cd ThY T Ttoe
e oha* ¢ 0O c¢cho ® c® ~"e s mT o f gt T Rk T e XE 8 mt ™ ht
—~ F h et x ) coto:eo T c h ~ o pf""“'Y" |~ tyh ¢yt e dec O
a ™ th cOo *x-° a o e ™ - ot 9 ~Eo oD a™* th c O —* h et x @
1 -1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1 -1
1 -1}(-1 -1/ /-1 -1 -1 -1 -1
-1 -1 -1.-1 101 -1 1
1 -1 -1 1 -1 -1 -1 -1 -1
1 -1 -1 -1/-1 -1 -1 -1 -1
4 1 1 1/41 1 1 -1 -1
1 -1 -1 -1 -1 -1 -1.—1
1 1 -1 -1 -1 -1 -1 -1 -1
L. MXEP6. e e T _ " e Y o, TE0 o T avthi YO
i h n7B.8e "X B e o e c ~ T thho g@®x" Y TFo M eatx ¥y 737 "o *h
c h co;‘t 0 3™ xg0 ™ X ao ¥ ho exhp c 'Eo a x e a ™ 'e‘; e ey
o) ~Eo o~ a™th tgE I “"oe 'Yt Tac o T Tt* @ " a e F h et x
] 7Y mt *hto o t o . 5 : Y o 7 co . e ™ 't 'Em Yy ot *x o X"OT?t *Em
e ™o ee Y nod 1~ 7 T e n t a e 69 e "MEo QD coz‘t’“d’ho'@qtﬁ"o; e e ‘Ya t
: h X Toe” * Ot 'Em’ Ye h* mx B “ e o090 h " e ™ te Y " "o ¢ Eo 0 e
" o e ™ ® e o c " cho h ~ax ¥ ) h T x ] o) ~Eo e
e F h magett c o ;”'t o - start” Pt e fi "cyo X e ™ ee YIS “cc 0" cgh oe Xh'EFoa "X c
a~ht ¢Od
L _Mt736 T xe _e_Y "o " __ meqQ] of g ° " hex vt c~co d0O1 o
di= [0, -1, 0, 1] t zestd} s m gd e6md3nh
d= [-1, 0, 1, 0] #zgustdy 3 m 9gd y¥ydogtL a3nph

def wave(maze start ):

yyy hyysiitm gdbyddoe hoaszxBdodl eon¥eeais d3m >1bicayyy|las Yy
| AUAK Opbvcaim 3pbicae) vy

O0OAOOKk ovonerydagoewdloss-Of JAdca emdsn ¥ro yxydoglLasan 91dgdo
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return kK 8apgdo)dypn hoe3xBdobp 8DYGai M
n= len (mazd tt 313B31y¥rB emdsiso y ep¥ycail I AUA
m=len(mazd0]) t 3.13B3JyrB yrdogtasziso y en¥rcaiis | AUA
tt yv¥odedy jm ¥p J}Jlilpn3ioapniim hoazxlBdodl epDY¥YGail
tc ¥n3dl 9 6decguiec)idy¥vyist t+d 1 68pDn¥YGaim 3pbicay) Yy
waveMatrix =[]
for i in range(n):
row= [-1] *m
waveMatrix . append( row)
g = Queud) e ovrodeweasd L deey
g.enqueue(start) t¢ 8ddnesed y Ldeey 3ddecdeynyea yronecryrdodl 334 Foy) o
waveMatrix [start [O]][ start [1]] =0 t6 Nt dy¥ypnp) B 21d y¥ypnpe¥ydodl 33srve)o|dd yd
while not  g. empty() :
current=q .dequeue() t& hdeded gdeiecs dadedi ¥ & (dcea
i=current [0] e 3ddecdeypyon gdrdtjded e6md3n 8DYGai I
j=current [1] e 3ddecdeypyro gdrdt)jded yrdoLa3n 68DY¥GH
te 8ddpnpeed o9 tdeey OYJ Yyylsdjis 33I1¥e) o
for k in range (len(dj)) :
i1= 1 + di[k] tc 3ddcday) opyyoyyands3gpdl 331 rv¥oy) o
j1=j +dj[k] tt 3ddedeynpyn yydogtrta3dn yyyltdyBdl 331 ¥vay o
tt m3s t+d 3 d byza 21doidonyl1 ¥D Yy mM3J @8doyop gdedyyloprayl
if waveMatrix [i1][ j1] ==-1 and mazdil][ j1] = O:
g. enqueue(( i1, j1))
tc Ny¥yon)dozwesed o21dy¥ni B 1o ddeyeiw birzxBry J 19 |dz>m g
waveMatrix [i1][ j1] =waveMatrix [i][j] + 1
tt 6dodecypnpeasad hoeaskdoy ewBDaaieiyty vo O OOAAO
return  waveMatrix
¢ _ 7. _ e_1T ¢ _Tcho ha® hpapdt™x c'o 7t ed(303Fox "0 tt e a
waveMatrix = wave( maze (3, 3))
h('x’\'Et”’toa . ”‘;’Eon" a ™ th c'Y
m x B3R7. ~'Eo o~ a™th e’y ¢ m 7Y ho®ot 3 ’“Eo o
¢ f™ . a0 3y co c a ™ th €_c 0o ;" t o6 em(@ezpoo ity ToET " mT “te B
T F _h _etx 3 o _h ar®gE7)"xmt “Teo'mp " oe Q9 T tt epmHD
733. . ° .
.|""Y"v"' x “eey ~'Yox ¥ ¢ ® ;Tom 3 _oe’"eeYo“ A'E°~° o 7
Y o’ eo 7 -~ ot e b3 ooh?*” e ™t - e Y o~ a c h
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o * ° -~ T <oh
om  TUE a” 0; 2. TUEo | x a "~ tth ¢’'0O oo er fe o _So "’“"'Y‘ e ® Eo 0
c e ™ 0; . ® eh ® t” Fo . " xmxen™T hTya® o ymoxxm 'Y "0 E x et . ee
a_e a e~ o°" e co . _° coto ;eo o @
m x E38. S *eo“’\ee’y""yox o 2. ’\'Eo“o'oga""th*
Tt " ao . _ h 7" e T x_"eey 7 7T'Ypx X o€BEohoet
"ocoa eo ~ a™th c S X t™ o 0 h o *a h x Y_ a ™ th cY 7
co e " e” ® ae gioa H Fxea op Ce ten; a o #FRRoXH to ; % "o e
YoM,
. _Mt736.¢ " Tx_Teey " TY¥ox
di= [0, -1, 0, 1] t zeutdy )} m gd emd3nh
d= [-1, 0, 1, 0] t6 ze4+dy 4 m gd y¥ydogtL a3nh
def findWay (maze start , end):
YYY zZdbeconoagw ddmifedadai i
cparam | AUAK Oonyeaim 31bical vy
param OO A OOk 6dinyadon ¥vdL3op 13mAy
param AIIA_XR Ei1jidopn ¥vdut3pn 13mhuy
retutn kK Op¥Yecaim y msate yedold adbeonoady d 1 3mh
waveMatrix = wave(maze stat ) # hydyeed HoeaBdoy eb¥Gcai w 3pbicay ¥
if waveMatrix [end[O]][ end[1]] ==-1: & Ei1}i doo ¥dut3p }d ddymepmhal } d¥og7ygm
print ("The way doesn't exist" )
return
n= len (waveMatrix ) tt 313BsJsy¥k emdslo y eorcail | AUA
m= len (waveMatrix [0]) t¢ 31 3B3Jy¥B y¥ydogta3io y enrceiis [ AUA
tt ep¥yGceitm ;b mM3s1e bydd gdapbpanid 1 3mh
matrix =[]
for i in range(n):
row= ["." ] *m
matrix . append( row)
matrix [end[O]][ end[1]] =" F" t O0deped ¥dauisyy m 13mhy bysoduy &
current=  end e Oyh gditeynesd o 31})im
while True
if current== start :
matrix [current [O]][ current [1]] ="S" t O6deped ¥dit 3y gdito¥3y 13mAhy buys:
break
i= current [0] t6 3ddcde)onyn gd¥ydL)ded e6mds3np G6DY¥YGai J
j=current [1] t 3ddcde)op¥yon gdrdtL)jded yrdoLa3p G8DYGaH J
for k in range(len (dj)) :
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'oh\rpttah’x_txh* e 9

i1=i+di [K] & 3ddede)} nyn emd3np yyytsdyBdl 3317ve) &

jl=j+dj [kl & 3ddecdoe)dgwayardyyysdy Bl 3317vay o

current= None

if waveMatrix [il][ j1] ==waveMatrix [i][j] - 1:
current= (i1, j1) te z)Jonpeddy;d 331¥a)Jy @ madl 8a gGacell 32
matrix [i1][j1] ="#" t 8ddapedgcdeisjy ¥dL 3y 13mhy
break

return  matrix

¢ _oh mt ™~ ‘lao e ™ ' X xe ¢ 'O""ﬁ'\yet "é)Z“ ‘é‘eéYoé?%lﬂgX“t’)h om xoe
"0 co e ™ 1t 'Em Y X _@ug)te" o teo,fx|te'ErhtY'a (17}7)60'0 _ooh"
wayMatrix = findWay (maze (3, 3), (7, 7))

~ h x TVEt "t e e hYjggMatrix© t h a” Jao m g a~t ceo o *h~ e -

CHBEH

CHLOH#H L

.S . HH#H

....... # .
....... # .
....... # .
....... F .

e " mcom % co®x "o ~Yox ¥ x ° co ht ™t com ™ "o e
o, . TEo_x a~th QO a_  “x" ao cho go” ot o0 to . __eec’Y ’
m_ oh mt~® laom’y mt oa X Y e x"“x;fofavo gt gx T tT "x Tet YO

mt739.¢ " "x_Teey TYox @
di= [0, -1, 0, 1] t zestdy st m gd emd3nh
d= [-1, 0,1, 0] t8¢ zeutdy} m gd y¥ydogtL a3Dph
def findWay (maze start , end):

YYY tysape 13mfh y 3pnpbicayl ¥

param | AUAKk Opb~¥vceceim 3pbicay ¥y

cparam OOA OOk 6ditpo¥ysdop ¥dL3p 13mhy

param AT Ak Eisjpidobn ¥dt3an 13mhy

return k 6geyds3t 331 7o) I3mAuy

waveMatrix = wave(maze start ) tt6 hydyeho ea3Bdoy ep¥ecaei w 30bicay) ¥y

if waveMatrix [end[O]][ end[1]] ==-1: t&¢ Eis1} i dopo ¥dt3n ;1 d ddymapmhas J} d¥o g7y g

return ]

stack = Stack() tc F}qdueeg’ 13mh o0 ddgdededwy yxydsy

current= end tt Oyh gdteypesd & 31})im

while True

stack . push(current ) t6 Niydohyeed y yrds gd¥ydiL 3y 331ve)y I1I3mhuy
if current== stat : & t£t3t+d gd¥yrdit3p odeiayn 13mhy e yroecydoduy
break tt 0yl 33lI¥e)e I13mhy cly¥ymyBym y yrdsy
i=current [0] t¢ 3ddcdepgpdryrdtL ) ded e6md3n @GDYGai I
j=current [1] t 3ddcde)onyn gd¥ydtL)yded y¥ydoLa3D @8DYGai I
for k in range (len (dj)) :
i1=i+di [K] &t 3ddecde)} p¥yn 6mds3nD yyltld)y Bdl 331 ve) e
ji1=j+dj [K] 8¢ 3ddecda) op¥yo yvg’ogt 3payyyl1dyBdl 331 ve
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6 tysomeaead 331¥e)jy © mM3adl 8a geaeI1isza Yy gdrdLioy
current = None
if waveMatrix [i1][ j1] ==waveMatrix [i][ j] - 1:
current= (i1, j1)
break
tt Nidy dozrweasad 13mh o1 y¥ydsy
way = ]
while not  stack . empty() :
way. append( stack . pop())
return  way
=" m e a o co x ~'Yox t a ’ 9 " e a s a 5 "o
way = findWay (maze (3, 3), (7, 7))
x TEt * t ooa Wasf”y*é‘"’_t_m'temoa_ eeo
[(3,3),(2,3).(1,3), (1,4),(1,5),(2,5), (3,5). (3, 6), (3, 7), (4, 7), (5, 7), (6, 7),
(7, 7]
"0 " co " com ™ "o e omt Tt e e™ ° eo o ~'Yoax @
§7.4._\,_“,\,,,, o v",‘ o m
~ c”"‘_xz Y_’o h ~ -0 e S to = 7Y co x » _oho
co " x X " he e xc ° ® o | meo ¥ oo e o) h =~ ~ 5 -
"o ’ e x " TYox ¥z Yoo o om T T ot Em Y x° h g o eod*74d)e Mo x ©o ko t I *
) h ~ e M X h-”’ e X |'.|¢GCOhZO p"‘ t"'; nh
pO cO o0 po TO(p
o o "o e Fx " "o h e D "t m x a - "co " e 9 h
X - e 0 a X -
C a "" p h ~ h > X t o
e ohot e x c ¢ho * :
% o0
PO TO ¢8
o AaZwE Mo
me x | e T * ™ o h t a x ’z’“at‘_m“hZ“'Y'_‘ ogh ~t7a o i t amt h S SF
- To c“‘o h ’ -~ 5 "o "% "'x oTUYQt eE _ohot~’ " T Yy X - e o)
m o0 mec c X t o"”\‘mt'E"mtomx “ee YO 0 a X c o o] h
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c o ~'Ee ’ o) 0 o c h - o e~ " - I | T obhoa™a
- > "o a mt t 'E h *h o~ " Qlaeo - S Y "o h ~ ¢ e a
h ? '0'“ Y 'om‘t'E chomto “*‘e ;'t' P avmt‘t'E 'h .
v 7y v = ATy
t S ¢ o 'yme ad "~ TG h te " et "¢ ee Yy e"™ ohot "o o " T Yo x
% > — > — ’ ~ —~ r e
h &0 o 7410 h.|*mee ox’ e o “<h L& _mt e o cQ|(t”]E*m,Y*e 0
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m_ohot o o Yo X L m t hto“ol _|QP<cho et ox oh oc oatto“aedo o,
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3 1
2 5 oo
y
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PA3_e _c_ " _""cec_Y e~ ~e ee Y o .
T c 'Eo a x t " c c S 8t oa €h & xmh™ydo Fm *y "mt e g¢c o
® mt~hto o h 7’ e “"ooa @ S5 * hh 'a @gep "‘efh"(Y"‘x"'y_’tho'a eex t 'Em
-~ -~ ’ L >~ ) 2 7 .on 4 3
JTetT e AT mwm T x e 9 cUDYEXDgo CTeoh Toech ox
"mt *e 'E - mt ™~ hto o h h e @ T oy o g@Xx ‘e 6 "oy gx m| ~ h 7 a
"7 Yo : h vz toh *aer Qlao e ™ “ e t ™ ee Yy mxm .o t o~ v.a : e o
m ™~ e chogg m e ™ - “ 1t 'Em 'Y h - m=*ue T7O° mxmo "o ahgp *h ™3
t 5 - h a o h 7 B M CM(ph"’ e 0 'HeSo agxy t * TP om "mt e
| 1] /e -~ r . ~ r
m_ e, ee mt 'Ep "o a Ch*m L ao X "(h . ex H cmxﬁa(h _©
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o h mttah x e 9
m x B4o8. e o — ee Y e~ et ™~ e 'E mxm B . h e
= h " e c e 20" t 'E >o0o"eo o h Fh™y toax oeo T eey
m emx ¢ "~ ¢ Eo a x - h " m 'y CQ_hh”"‘q)t‘h*"'e‘“ 'Y # 630 ah t @ x "X 0
h Tx TRt 7t xh e cX o - "ebod "o0o" og ”?efy"ofq) eo y ™" s
t - ¢ oy tax @ ~ofF e ™ t e ™ ohot -’ " T Yo B mt™hto
mgs Pt h= € ohpthx meo s e~ ohot -’ " TUYause ph thza
om ’E_' X t‘_cnntaxt h‘e"v_ﬂzle'y_"xm'(f"a’@q-.:‘ett'oq;“‘eo ao’ e”™ L.
t S ¢ m Ty p t h‘c_oh"‘”‘ 6 b " taxo x —~éeg 8Bt ee 'YX "0
"mt v e E ® mt~hto o h 7 e " oe o eh”’ he m xhe* x* e"x”;xt’E
m Ty - h ee‘%Y h o™ o
1Y TUx _"eeY T Teygx 3T oUY_e g X'Yh * oc’e"oy % h e Fx " ao
h " e x Y o T a c h T X coto -ex @
] 'Y h - e ~ " 7T o Nertdx&E X Y ho ¥ x foaoc7]@y oo "x* T mtc oe Ty
¥ "he e Y e oha~ g ~ <c¢cho "o ’ e X e ™ ohot "o ) T TY o X ®
h e > Y o T a c h T X coto -ex c o c 'Eo a x e ™ oh ot
.~ M t7.44. . T"VertexForAlgorithmge © _ " e t “Vertex. _
INF=sys .maxsize t¢ 66doJ b Jdyssjtrdjjiyy¥h
class VertexForAlgorithms (Vertex ):
Yyyy Es3pyt t+d e ederecdyyme 33pyy dqa3m odecIrayja s6bDhHD
NesdcecayydoyerkBym y pr¥decadorBofdbeagsepb HIt I
OryrveryBl dddo¥yadoy ¥vdhjityy 13 hdeeniswyt +d yddbhidl o ds3n
def __init__ (self , key):
yyy Edjyreysrde yyvyodedyym o20deI &) o
;param EAUK E3wlt o9deI &) &
super () .__init__ (key)
yyy Nidydd@nyszdod jpopnjyynsosdygdzawapucrrmgyydceodyIrded 1 3mAy
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21d ddmsadl h ydo l odeciayeo dd gdrduy dl
Nesdecayrdoye ft
self . mDistance = INF  fc du
yyy 8odcecdgdforadod jpoojyy¥yonodym b o2deIayy
deria}jn © m3dl gecaceiszxa gd jonpesdedidey 1 3mhp
y gdrdL gayy odms dqdmsadey 3ecdiis pnD3sdeca¥yey YVYY
self .mSource= None t 8d gditpnp¥3y cdbdya pnp3esdecyaasy 209

3y cdbdye n3xedGcearey 209

def setDistance (self , distance ):
Yyyy Ny¥onjdo3we o21dyr¥n} B d3m gd¥ydLydl odeciI ay o

;param AEOOAT AAk 6dop o2i1dy¥ony B

self . mDistance = distance

def distance (self ):
yyy 6dodeonye gd¥vdtjyy o24sdy¥ni BB y oderI ay i

return k- Nidy¥ypny B y oderI ay |

return self . mDistance

def setSource (self , source):
Yyyy Ny¥on)jdsarwe dqodecdad d3m gdryrdtL )y dl odec1 oy &

;param O1 OOAAKk 6dod dosdecdad o0dGcI o) &
return  : None

self . mSource = source

def source (self ):
YYy O0dodcecy¥ne dodecdad da3am gd¥ydtL ) dl odcrI o) &

return k 89ded3ad gd¥ydiL ) dl odc1I oy} &

return self . mSource
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class GraphForAlgorithms ( Graph):

YYYE3pnyt td e cderaecd) ) me 33p0yy dam seonho ' OADE

NesdecayrvrdoyexBym y p03s6dcearvaevdic dodetaty ¥e ot 8D}

0]

hds
Osryrveoddbdgnyadoy ¥dhyatutyy 11 hdeenitwt +d 1 ddbhidyr o dan

def addVertex (self , vertex ) -> bool :

yyy 8ddne odeiajy y eenht ms3td ¥o3ono odeciaypn Jd 81y
pparam OAOOA @Kk sawt s5¥vdbhrd 164Ams jdodl odeI o) o

return T OOAt mstd oderiey o yygii1jyd dddoy o

if vertex in self: t6 t3t+d oderayn @gi1yvyeoerxBym y seseohist 11 o>s

return False

new_vertex = VertexForAlgorithms (vertex ) t6 y¥vodeweaead Jdoy odeIao)y
self . mVertices [vertex | =new_vertex tt dddpneed it w odecriajy dd yge
self . mVertexNumber += 1 tc zbl3Bryesed 31l a3B) a3 odecI

return True

def constructWay (self , start , end):
yyvydad8dgiosyaee edyddt +d bydye 13mht 6195 dodeo
Odsd byvye sanyrvydydoonea 3a1d giysam dil] pn3edcary
syoaszskBdodedt 8de 3 yWdhpednp th degiedpy bpmss oapbpgayywrh
ddgdeiosyy 14 hdeent sy vy odec1ia) o ecoDhbt

cpara mMOOAOOKk Ndeiey ot +d gdiupbpysade 1 3mhuy
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;param AT Ak Ndec1ieypnt +d e 3u3ide I3mAy
return kK Edeydot t+d el yvevyh jyweaywWdksd rader &3 mhht
td ygdsytne oderiala OOAOO ¥vo AT A ¥vo eded opDsy| YVYY
if self [end].source isNone: t 13mhy 4 d 1y})ye
return None , INF
e bydyeesed 13mh en ddgdedseduw yrdsy
stack = Stack ()
current= end
while True
stack . push(current )
if current==  start :
bre ak
current= self [current ].source ()
if current is None :
return None
way=[ t O0dys3s1ddojiy¥yk odere) 13mhy
while not  stack . empty() :
way. append( stack . pop())
tt 6dJodecynesaddogmboeny ¢
return way, self [end]. distance ()
= . he ao x " x  GraphFcorAlgdritlns "ao _m_t T tmEcondtructMay () X ¢ h e ™ . ee Yy
" eo t " T'Yo X h = c . mTYyg . ofRTh e T “ee Yad TtTodhht alm x™x 7
Y c” " x ¥ Y_"o h “h® eto ™eo e a mt t 'E ¢ -
. mt748.s —~ o h t a Q(_o’ﬁ"a"‘" e“”"*"y © h g _"‘ e’ Qlaeo ~ "o
def BelmanFord(graph: GraphForAlgorithms , start , end): .
Yyy OdpszJlaye 33DYyal ) ot -Yogesddos adysen hedeansheinoptn +d J deowyB ilas3 310
;param COADEKk daeoh
param OOAOOk o0¥pnec¥dob o0dGIal D
param AT Ak Eisji dopbp odecrI oy oD
retutn k Edeydsest +d e6i1yvevyh jyweasyWEg yrabdel &3 mht
td ygdasytpne odeciaja OOAOO ¥vo AT A ¥o eded opbs6Yy YYY
te AJ1iti1pnp3zioayesd dddoyadoy 1) hdeeniatwy y eceonhis d3m cdbgra b3
for vertex in graph:
vertex .setDistance (INF) t¢ Nidy¥yoni B d3m 3dsydl oderaja 201d y¥ypnperdod
tc y¥onoarv¥RBym m3 jdysisjurd}pjiy¥h
vertex . setSource (None te Ndecria}j o © mM3dl geaer13a gd jypes3sdedigesy 13
te Nidy¥yoy B 91d gddedl djJd Jo doc 1008099y DL De¥Y By m m3 MM
graph [ start ]. setDistance (0)
for i in range(len (graph) - 1):
for vertex in graph: tc 83m oyulh odeIie} eG6DhAY
for neighbor_key in vertex . neighbors () : tt 83m oyl h gydyyditdiddl oder gy o
neighbor =  graph [ neighbor_key ] e hdeded oydeguealijpy ano 14 dd3|lydas
tc Obtaoayswesad gdrdyite) y-oyuylydio} B8 y odeI &y U
newDist = vertex . distance () + vertex .weight (neighbor_key )
te £3t+td gdydyitieypn oJ1dwywod wydydomi apr 11 gdydLy d o) bl
if newDist < neighbor . distance () :
e zel1 )y weesed gdydiL)d 8oL d)il-ymyvpidyrdbuoayssddae a) .
neighbor . setDistance (newDist )
tte Nyyon)ydoszweaed da3m yyylrdiBdl oderajoa 1dqd)vyehisoyrd
neighbor . setSource (vertex . key())
return graph. constructWay (start , end)
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def BelmanFordClasical (graph, start ):

YYY Espyel ] et bp3sdbperdn hddssgeogmhi ot +d edosyrhk eonvyve i dssze o

0decdosememeoh i a33a 01dAes); dl opnea
:param COADEk deph

‘param OOAOOk oOrvpe¥don 2de6I &} D
return kK & Al OA+Y mstd occiph ayadtiel yowad¥ ec) gl opng o

tt Ayi1ii1p3lrtoyessd dddn¥adoy 1y hdeenisw y ee6ohs d3m cdbdya p3
for vertex in graph:
vertex .setDistance (INF) t¢ Nidy¥yon} B d3m 3do)dl] od&upalysiandljyuapye3dod

te Nidy¥yny B 21d gdeidl oderioeja dd Jdl 9 o229y pnlLDBYRBYmM M3 MM
graph [ start ]. setDistance (0)
for i in range(len (graph) - 1):
for vertex in graph: h ode1ie) e6G6DAHY
for neighbor_key in vertex . neighbors () : h oyduysyditdiudal o de
neighbour = graph [ neighbor_key | ded -ydjgyuayoy an 1} q
e Obtoayswesad gdrdyite)y-wyuylydio} B y odeI &y U
newDist = vertex . distance () + vertex .weight (neighbor_key )
tc £3td gdydiiieyrpn oJ1dwywoid wpdydomi ol Il gdydL i d o) bl
if newDist < neighbour . distance () :
te zeljywesed gdydL ) d aypLd) )-mypridyxdbuosysddaa o) 1
neighbour . setDistance (newDist)

1
1

5§88
S o©
0wy
@3 &
o H
o< u—
Q¢
@

tt odedose3n J o Jomoysy¥yBl ia3310 o o21d?ec6)dwy opnsduy
tt Oyy hosyet)d odlecywdeaswiym tidsgdy o et d y ddji1e o odlcI ay
#9091 p0peddyn ou1dyro) Byrdoeidd riaydeeyinmptt nyeasedt +d o3 opeddy d  a33 01d
for vertex in graph: tt 83m oylh odecrey) sG6DHY
for neighbor_key in vertex . neighbors () : tc 83m oylh yyyasdsio gd¥yduy)dll odec:
neighbour =  graph [ neighbor_key ] tt hdeded -oydiggualjoy ap 1) dd3yds
tt ObtLaoayszwesed gd¥d)ile)]y-wyyydm] B y 92derI ay
newDist = vertex . distance () +vertex .weight (neighbor _key)
tc £34+d gdryrd)iieypn o1-dywyynidz wdydowieews 11 gdydLyd 9y oL dy
if newDist < neighbour . distance () :
return True e zypeddyd 233 201d?ec68)dl | opneat
return False #deoh 3 d ei1ylerxlZ {3310 2o201d?e6)dl oDpD6 ot
s’“'oh*ta co " x x c. _ Tx “V°Q'|aeo"’“’”'*z e'“q"_todwjf)xcp] :eo'“’e:/“
“v"‘mt(’x"‘“t« Ta e T o Tt o 2 e"“"et""(e’Ex 'h”” v(’)"'o
. h > " _eo Ta e ch ¢ e 'Yt Em 'YX ao’e’”ca:dni‘c’:‘eE'Yi”v‘h?ﬁ"‘bt.;L‘
cothge™e ohot ™ " 7Tvyg e " eo0 @
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def BelmanFordOptimized (graph: GraphForAlgorithms , start : int , end: int ):
vyyy Ogvacioadon) aoe parEédeédredimssemhoot +d JdeowyB i &3340 01
Oyy odiey)werxkym gdedoiscant +d mstd ;o gdojydey 3cdfs cdb
sddyeafh @261} y deyrxonjiaimht o odecieypnh oaypnpeddyah 3 b gdgdeo
¥d pnp3edecaye hops3yat)d @®ap3is)tLted yodwy e6dbdyy
param COAPEkKk daenph
param stAOOk o6rvone¥ydoo o0dGI &) D
param AT Ak Eisj i dop o0dGI &) D
retutn kK Edeydot td e6i1yvevyh jyweayWEsg yrabder &3 mht
t+d ygdsytpnpe odeciaja OOAOO ¥vo AT A ¥o eded o9D6Y
te AJl1il1pn3zioayesed dddo¥yadoy 1) hdeeniatw y ececonhis d3m cdbgra b3
for vertex in graph:
vertex .setDistance (INF) t Nidy¥yon} B d3m 3ds)dl] odepalystsandijyuapyesdod
vertex . setSource (None tt Ndecrayon o mM3adl gecaersza gd ypesdedrgsy 13
te Nidy¥yn} B 21d gdci1 dl ooedoginajnae yadzdy mp dnjs of
graph [ start ]. setDistance (0)
for i in range(len (graph) - 1):
tt Osv3pt td pzesdecexye +d ;d eap3isjL1ed ecdbdyy 4 JddbhRbdyp o
isRelaxed =  True
for vertex in graph: te 83m oyJu1fh odecie}) eG6DhY
for neighbor_key in vertex . neighbors () : tc 83m oyJi1h yyysidsi9o gdrdisydl o
neighbour = graph [ neighbor_key | tt hdeded -oydigyuajpy an 33wl (6
tc Obtoayswesad gdrdyise)y-oyuylydio} B y odeI oy U
newDist =vertex . distance () +vertex .weight (neig hbor_key)
tc £3+d gdryrdiitiern o1dwywoidl wydydomispsr Il gdryrdL i d o) plt
if newDist < neighbour . distance () :
tte zel)jwesed gdydiL ) d oot d) j-mypidyrxdbuoasysddaec a) .
neighbour . setDistance (newDist)
e Nyyony doszweaed d3m yyylrldiBdl odera)a 1dqdy yehilsonyd
neighbour . setSource (vertex . key())
tt Nyroy dozweed doayons3yt +d ovesdoasap) gfddapsdbdgedqedhdd
isRelaxed = False
if isRelaxed: tc £3t+d J o gd¥ydLydey 36dil ecdbdre np3xedecavyaey Uy ol
te eeconhi } d OJq ysdym oddy) afh o611}
break tt gcoageo)mbami ul oaeg’eaxeqi dys3i13B3a oyl o2us(dyrnpyl
return graph. constructWay (start , end)
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e ™ oh o't " 7Yy mo "‘"‘(eho":’eev'|"'h"i"‘ mcn)'ao‘ltm;z*;)ec\h/eo’t*(:.-)'| e ™
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e’m_o h~0v°’rn’t “ e E 59 40 ._."" X ec*'anx > 'Y_"o e'X’c‘a'yz_'\ot‘a’ o h ’mt """ ()h
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def Dijkstra (graph, start , end):
YyYYyy Odp3ioaye pnp3ecdcaye 83des3yy¥ea
param COAPEk daenph
cparam OOA OOk o¥pe¥ydop odeIa) D
param AT Ak Eiji dop odeI ol D
return kK Edecydsest td ecuiyverh jyweawWdEsd yabder &3 mht
td ygdayitone odcriaya OOAOO ¥vo AT A vo edesd opnsy
te AJ1iti1pnp3xioayesd dddoyadoy 1) hdeeneaweyt eeconhas d3m cdbgra b3
for vertex in graph:
vertex .setDistance (INF) t¢ Nidy¥yni B da3m 3ds)ydl] odeua)yysisandiyvinyerdzsdod
vertex . setSource (None tc Nderia}jon © mM3dl geaersza gd Jjpes3sdedIigey 13
tt Nidyryoni B y yyonecdydoywd dDiddsIiwynewsgod] odecre)a dqd ydbds oeo
graph [ start ].setDistance (0)
pq = PriorityQueue () e o0vrodecwesd gecldecavydryryy Ldesey
pg. insert (start , 0) tc 8ddnesed y tdeey gdionysdogecndecawngyde |
tt Noddded eoyadt td bydd esyvravye doayn3y ta hisydooyn|osd o
tt Ay Ji1iipnszioayesad epyads dtdidp) mepekAl PAodecrayn ; d hisydony oo
fixed= [False] * len (graph)
while not  pg. empty() : .
vertex_key =pg . extract Minimum() tt hdeded 13 dd3ay o9decrea}ja o Ldeead 8 J D
fixed [vertex_key ] = True tt ¥p gdajypioesd IJ m3 hisypoojy
vertex = graph [ vertex_key ] tt hdeded oderiajy oanp 1) ddsyds
if vertex_key== end: e £3+d gdydi}]ee da3dedy ¥y e 1ysnj|as
break tt gdiys apnodcecidy d
for neighbor_key in vertex . neighbors () : te 83m oyl h gydysyditdpudol odeG1I oy &
if fixed [neighbor_key ]: tt mad gd bysza his3ydony.
continue
neighbour = graph [ neighbor_key ] tt hdeded oydiyuadioy ap 33wl dae

tc ObLaysawesed gdydyiti1ey) y-oyyydiny B
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newDist = vertex . distance () + vertex .weight (neighbor_key )
e £t3+d gdyd)iieyp o oJdywywyodd wdydomieepws I 1 gdydL )y d 93 oL dy
if newDist < neighbour . distance () :
tc ze1)wesd gdydiiyd a)yoLd)iwmypridyydbuoyssddae o) 1
neighbour . setDistance (newDist)
te Nyynydoszwesed da3am yyys1d)Bdl odeciajoa 1ddy yahisnrde
neighbour . setSource (vertex_key )
if neighbor_key in pq: tc £t3t+t+d odec1Iaoa) b yuyyiyd Ledicyowa¥ i3
tc gdedenhdoyesed 1] gecideceoerxdy o L deal
pg. updatePriority  (neighbor_key , newDist)
else :
tc nbd dddnesed dz3xdedyr dqd (deceat m3td eded rpnpae +d
pg. insert (neighbor_key , newDist)
return  graph. constructWay (start , end) tt 6dodeyoneed 13mh ¥vo eded o206 Y
~ e ™ e 0 a x ~ mt e x c¢cho h™a c h " F AR EM Y oh m
=" x - ao ¥ o) Y_ "o - - X m o) h * h h ™ X o e~ o s
"7 o h t a co " x ex - B o a x e N~ (0]
743._ 6 T b
s ™ oh t a S F c o e "o ~ T odrexa @ m _ole ” "me dElya ot 7 o’
e~ ee 'Y c o hhvy ex o % poh”™ xmt o x ‘| t 'Em "Yh X he = “cah eoxh t "t o
] mt h > X Y o0 a x c h o h t t o’ eo 7 e och™ ¢ Eo “ e o h
mt‘htouath"vodx“ht_h*'Ze X ‘:‘kobbziﬁtﬁzs*:lmcﬁma e X lxe_ev'o C')<“h
m_ho X ~ot xe'q)’ch'ya coe'oxa_z c h o h t t *x " ‘e‘,‘t my -
"Qw Qo Qo
Q0 g xe c Y>> e ™ - e e 'Yy Y o 7 o h e OO0t E Goh twyt X "My qox h
1, _ _m@Qbgoux mt e " x e c_YZYOY_"_ o"eweod| _e & t omTgE -
o 'ym e a o c e ™ c h - " co'x_x X DN hce’d\t'te‘e;o"’eh"’“etoal
St "o e " Ot E " co " eo m¢t ™*hto X t~” e g x_’“t e co
m x B.4o22 S " eo — ee 'Y ~ T'Yox - o) ~'Eo 0 'Oga‘th
x x ° ao ot S T chxom g *clotx Em* ¢ Th "Yae *t X 'o*h"?_’glzqy t3 e ™ hht mm
h 90 X : _"t e X m x m e 0 1 o*e”’_o o 0 T 7Y xm o) _"
“m¢t omx “ee 'Yy 7 oh tax —]oh mahoco x ha® " x 1t HEmeyx xp ~ o % x " x
¢ 'Eo o e h e t x



6| 54| 3|4]|5
514|131 2]|3|4]|5
4 | 3| 2 1|12| 3| 4
3| 2 1|-1 2| 3
4 | 3| 2 12| 3| 4
51413123 |4]|5
6| 5|41 3|4|5]|6
mXxPA23C Teo T ee’y T Tygx T g TE° _0oQ a~th
o ohot ~’ Ty fx To e ™ B e o @ h ot S Y e*”“;"”“a*oz "e Ty
om ~E h x c o — F h et x -7 me - m Yy x m o) e ch 'ya
- 0 a X h ™ gx e X ¥ hx g e ’ - o] e a ™ m emx y om -
mao“b"hoeohxo*’g;*am’E*te‘ba a "‘om'Y'e<ao e _'x o xv’\’E'< to
Tomt ot mYyY "o e "X e ™ ohot ' a " T'Ypo0a ¥y X c h o h t t
L. oh_*mto“x'|t'Em'Y L. homt re ™ ‘xe_ev'y’?‘"v"z'o<hﬂht*am‘t/*s;|eq;'o"
a o’ X "mt e ' E § e e ™ "mt e 'E e~ c To " e 0 B [
"o ho ~t™ "o x Ot 'Em 'Y mc h ™~ - o h B coto -eo ~ ch o h t
e ¢ x ‘ot - s e e ™ ~ ot e ™ *x " Tom 'y ex t” e seo h ~ e ‘
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co t_x h o ot‘ 'oh*taxzt ev'Y_ e ¢ L. Ot E e L. _
X e e"‘"’xao’ h T T Ee a - t ohoa ~Y oct a e T 7 oh
no ® a o h A O ~© — oh t a x S F e ~ c h -~ " c o " x X 1
e ™ a e T o ¥ Tyt Em Y. c*oof""tt X0 oc Ver’fEXWﬂtﬁHemistG“ m™* o I h oe 'Ya h &~ mx
VertexForAlgorithms  © ¢~ m ™ e o a x 741 " m te ‘B0 ax T m _ Y xmDato, h ' e’ “ta B t”o
ooh " e ™t h ’ e e ™ c o " e [0)
, m t74€&.¢ h ’ e ™ h =~ . . h m t o 0

class VertexWithHeuristic ~ (VertexForAlgorithms )
YyYyy Espyt +d e cderacd)yme sconhon 6A0OOA@&I O!'1 Ci OEQEI O
NasdecayrdoyexyBym y n3redecaval Hijt
Oiyvoywh dy ym doceyvyel)dl hyypsisl sdoceyvyesyst +d 3 dgbhidy

def _ init__ (self , key):
yvyy Edjyreysarde o9deI &) &

EAUK Ezwl odcI &) &
super () . __init__ (key)
self . mHeuristicvalue= 0 t zj) ot d} 3 m docdyvyetL )} dl hyysiisl sdoecpyv¥easnD

def heuristic (self ):
YYY z}popLrLd}ym docgayyases y gdryrdtL jie odGcI oy 1
k doceaeyyesy y gdydL)le odeI oy I
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def

yyy 8ddone oderajy y seceopht m3std ¥np3o oderayn 3 d e6ly
:param OAOO%@R 33wt s¥dbyd 16Ams Jydodl] odecrI ey &
retun Kk 4 00At mst+d oderieyn yygisi1yd dddoy o

if vertex in self: t6 t3td odecraBpmeyywsenhst 1] osd 3 d ¥vedb
return False

newVertex = VertexWithHeuristic  (vertex ) © yrvodecweed J} doy odecreyy a |

self . mVertices [vertex ] =newVertex t dddonesd i+ w oderajy dd ygaysy

self . mVertexNumber += 1 tt zbili3Briyeed 31l a3B) a3 odeIa) 4

return True

distance (self , source, destination ):

YYY Neoajonpitpnpe sddedyecal jy o21dyrony B 59d gemaese 31} 4l
¥o AAOOGEIT AGEIT y scephi

;param O1T OOAAKk &deipn oderI &) D

;param AAOOET AOET T k 8cyspn o9dGI &) D

return k dddedycal o o01dy¥o) B 6. sdestdaiana) nea O OOAA ¥

source_position = self . getData (source )

destination_position = self . getData ( destination )
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return self . mHeuristicValue
def calculateHeu ristic (self , other ):
Yyyy 8dgdeisos)ae gdyddt t+t+d oy¥ynydarwe oipnpLdyim docay~xpl ) dl
NaebaeconeyBym ygdi 1p3Bj a6 La)de & pD)JbD31ay 93pyvyaoddyrde 660
s54pnpgceas33nd o 8an3desydyvs ou4d ¥vdgdadesl eccephybt
Oyy doceyrasowhkByamomeLeaddedycal J o 21dy¥yn} B 59gd gemeiles 81 ¢
‘param other: 1} 10D odenahm
position = self . mData
if isinstance (other , Vertex ):
dest_position = other . data ()
else :
dest_position = other
assert position is not None and dest_position is not None
self . mHeuristicValue =  ((( dest_position [0] - position [0]) ** 2) +
(( dest_position [1] - position [1]) ** 2)) ** 0.5
¢ Fr s a0 ¥ ¢ _ ¢ "a; met'YE e mtco ®o 7 xe ¢ T 0y~ of
a coto eoQ h " eo QO t~ B Y_©o O e "0 0O h " eo O h = 7 d
Fhovot e e x h ” etx eh™™ “o h%oot "7y o > “a'yyl ~ 7@ "o h t a S FO
c h oc  PaiAGtaph X" m hy oe o | a\erfexWhthHeuristc _ > ™ x _~ ~ h
a h’c’“ee“a e~ "mt~e 'E a ’ e a (6]
L, M t748.10 " e”™ ,¢c 7o " e
class PlainGraph ( GraphForAlgorithms ):
Yyyy deonht odeciej)ea maded ciy¥ymyl eddedyceceael s 3ddecdey) pyet
D opepn edbdlg¥ypj a1 6195 } &Ba }
Nes3sdecayydoyeryBym dam ydy¥yyon) i m np3edecayaey HI
def addEdge(self , source, destination , weight =1):
Yyyy 8ddonopnyym cdbepn o 3is1j3imea o ¥dtanh OF OOAA xn AROOET £
@ onpedwt td ddelojwye eddedycal jle d24dy¥nys 8195 i aep o2dGI
;param OT OOAAKk 6decip odeIay) oD
‘param destinaton k 8ecyepn o9deGI &} D
:;param x AECEOK Nb e-ph decdehoean ) ¢ goepnedydet +d jddbhidy) ag zo1d
weight = self . distance (source, destination )
super () . addEdge( source , destination , weight )
def addVertex (self , vertex ) -> bool :

oY By n

b dddr

gdy) da
2dG1I o
6 G6DhHI




s 7 o h mttah x t x h - o)

assert source_position  isnot None and  destination_position is not None
return ((( destination_position [0] - source position [Q]) ** 2)
+ (( destination_position [1] - source_position [1]) ** 2)) ** 0.5
" "<ao t ¢ _h “ ™ oh t a sFpxX "o a "~ . "om’“v“eo +><°< c o
_m t7;4.g_'s "" o h *_t a S F
def AStar (graph, start , end):
yyy Yyssiaimt +d edonazieye gdiys 13mhy y ececohis 6195 doden ode
param COAPEk daenph
;param OOAOOKk o¥Yypnpec¥ydopb 020dGI o) D
param AT Ak Eisji dop oderI o) oD
retutn kK Edeydot td e6i1yvevyh jyweayWEsg yrabder &3 mht
td ygdayitone odciaja OOAOO ¥o AT A vo edsd opnsy
te AJi1ii1pnp3zroayesd dddony¥yadoy J;hg’GGoiawusqqi eceonhis d3m cdbgra b3
for vertex in graph: te 8a3m 3doejydl odecrIay o o hop
vertex .setDistance (INF) ftc Ni dy¥ynonl B 21 d- ;yd‘pm;mgo(gJJ;JyYB
vertex . setSource (Nong tt Nderayjon o madl geecrsza gd Jonesdedridey I
vertex . calculat eHeuristic (graph[end]) t Obt ay3wesed ol ot dy |l m docayvall dl
te Nidyypnpy B 21d gdeidl odecrieya dd 41 dl 9 o@as9)pDLDBYRYM M3 M
graph [ start ]. setDistance (0)
pg = PriorityQueue () te 0vyodecweasad gecidecerdriy Ldecsy
pg.insert (start , 0) et 8ddnesd y tdeey gditop¥ysdoy odecIrajy o9 |jyshkd
ttc Noddded enyad2t t+d bydd ei1yvyayvya doajn3y Lo hi yg’oo;o 29d 2
tc AJJ1iipnszioyesad 6pyad ojotLdyymea &AI OA s5+d dojyoinpet d oda
fixed= [False] * len (graph)
while not  pg. empty() : tt 6dse Ldeen Jd gdedsy m
vertex_key = pq . extractMinimum () tt hdeded J1)ddsy odeciajoa o Ldcea a |} D:
fixed [vertex_key ] = True te ¥*op gdeajyoipnesd 11 m3 his3yobpopnjy
vertex = graph [ vertex_key ] tt hdeded gdrdily oderaly an J)ddsydas
if vertex_key== end: e £3+d gd¥ydi}ee da3dedy ¥y e 1ysnj|as
break tt gdiys eanodecidy d
for neighbor_key in vertex .neighbors (): t 820mi1fH yyysds19o9 358D 33WLbeap gdrd
if fixed [neighbor_key ]: e m3us t+d 3 d bysza hisaydonjy i
continue
neighbour = graph [ neighbor_key ] tt hdeded oydjoyuaioy an 33wl de
tt ObLeayswesed gd¥vdyile)y-yuyydmw); B y oderI oy I
tt 1T Ax$EOO Cs@ 9pe1d)d @ pn3scdcavaedas
newDist =vertex . distance () +vertex .weight ( neighbor_key )
tc £3+d gdyd)itiern o1-dwyynidz wdydoi e bl ddpmeL 4 d
if newDist < neighbour . distance () :
te zeJ)jwesd gdydiLyd a)yoLrd}jwmypiridyydbuoyssddae o) 1
neighbour . setDistance (newDist)
tt Ny¥yonjdoszwesed dam yyyld) Bdl oader ajoe gichd)r eah yslndde
neighbour . setSource (vertex_key )
tt hdeded o)ypiLdy;m docayralydlyshduwitsi sl y oderI oyl
h = neighbour . heuristic ()
#f(x) = g(x) + h(x) -dbLrazxweesed Jdooe geudeygdxdobm odel &
f = newDist + h
if neighbor_key in pg: t6 £3t+d oderiea}jonp yyyld elyyayBym y|Ldecal
tc gdedenhdoyesd 1] gecuidecerxdy o9 L deal
pg. updatePriority  (neighbor_key , f)
else :
te npbd dddneed daded} v dd (deeat m3td eded rne +t+d
pg. insert (neighbor_key , f)
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return graph. constructWay (start , end) tt 6dodeyonesed 13mh ¥o eded oDBY
7.4.4.~“A,—mt~(,_,,“w“..w' , v - N A~y ~ A
JeT S 7ABYMUY_o & 077 @ _§Vmspahgingree)s. QY eo , o e oh fieto

e LUV ENY e, T e, LQYre e 0 0T eEe , 0 MU XY
e ' a m®>>6y* & o Yo "o ¥ x t7 ohh to h**h **Snec ot h *eo 3

a ™ m a ™~ T 'Ee x ~E mt 'E h * h 5t~ s to* c h c’Eocax ¢ h~ :
h e s to mt Yy o ® hg pdn T hEShpom x Yy -0 * a = | aomt ht t
mt Y o - h ¢}

m x B.4o24D " o h ‘e to ~ e h *h t o @ o} o gmt’Y(

L;<“*‘_eoz o_vn.1t’Y_oH< .<h<“° a o ) Toxot co X o e<_h\-

0 o co ™ x "o Pco " xEl*mt 'Yooy o™ “omyt~o mho x“Ot “E > 00°h et a o~ g0 *

e * ch -~ " co ' x ~T B Ee xc x e t T cbmeh @7 aom’y e Mmtcyo dx do o

h x e ~e e 0 a X h = (0}

i e " ; 742\ e _ar” —'Ee ,a __mt 7y o - a ° ,h o oah ™" “Q~7¢"e o of ‘et 'Bmh

® h ) ¢ Eo 0 h ~ “ 3y "o a & oa'Q/e* ah* T'Ee o* xa ’a"d ex ™ “~ tk d mx a
ro h AL x* h ~ > e o e’ o”h’ ‘ee t b “ e ta® e oa "o fge 'y o Gh “* hh* 3 o”"o
70 7 Yyt 'E " o a e a ™ T 'Ee o o mt 'Y o 0 o, - h - e ™ h m X e X ‘
m to’y oo h =~ ‘hq) 0 0 e
) ** MM UYE® goc o ST e
'E ¢ o ¥ x 0 a h" o’ -
a xm a ~ c ™ h ™ a a mt
h i ~ t oao” ~'Ee 9
t oEF e 8 ¥ xg7po axt ha e a°



-~ -~ s n = -~ r | -~
L. e . t . chvoh* t (tev oho' . S o] Q' e ot 'E xmv avmt S
h oex @
mex TE "™ o0h t a co¥x "o e ™ m %t o"ya ) 0 8% hQ ™3 oh t a h
-~ ~ s - -
; o h . t a X 0 h x R . [0) eg FTnocahxo nctx\gc_*f‘muorl*et*agq ?_.b* a (0)
° Y 7T oh % xax c lhoa 'Y ~tjoaX 3 0”0 e~ Q; @€Y 'Y ® e 0 a e o
< < . . < o p . - . . . L o e —
-~ o~ h Xritx'n\ ~ -~ = hn«,f‘ hh~hm ’ P ~ P
0 ™ o eo o e ok h~f &m B hhdh™ga e "o Lo 00
ST ox “ 1t 'Em 'Y do e Smt & e 2 Mt t m h " e 7 " eo 0
e 7 7 7 o h t a h a "~ oth a"x e’| : “h ™ e : QY "~ e e o h
o T'ye ao e™ ch -~ " lA25x 0 0 ch “x @ oe oa " ™’'Eeho Mm®& e xmt
’ & - S —~ ’ . ” — . ~
c _h 0 a x _hoge_ o . h |ao o T Ee X L. h L ex Y_o co ; e |
mx P26 S F h " Jao co "t o X h ~ ex ~ 71y coi®*x "o
c h ¥y m h B mxm ° h 7~ e 0 e ™ 50 " ao h 7 ex ¥ ™o
h('(hz o mc o X 'Ot'E..‘h L, ex 0 : mxmv'eva* “<h . © a'z
t = o) Ch o™ k"~ : h - h ¥ "0 @ co TXx ;h‘ "Ote’E a hy te™ p a ™ 0Ot E -
o " e x c o) h ’ e Y e ™ ch -t 5 h ~ e X p ®
h ~’ e X p(_D
"™ met™ c e 0 a X "0 h o t ™ "o X 1t CEn
h o 9 ® h - e ™ a e "o | - o
mec o Tx “ h ’ th * *droa 3§ o mco T
1 - < < < *
2.

196



mx B8P Jo " 7 Jao T h - h ' ex o@

h ® h ’ e MS nov” YE E "o & " h ™~ “ Te " eo X o ¥ h ~ lao

197



—~

S

t

'oh\rpttah’x X e 9
_mt74d0, " T _ "~ e_’Y * 7, oh tamt 'Yho mdg & o % x "o
def Prim(graph):
yyy Odoszioye pesde@dikeddsse 3pc3oy)ded ddedoonp
param COADPEKk oanpndn)ae sepoh 3y o bonoes maded bydyexBym 3pnpesnpy) d d
return k eeopht t+d e @1} 18D3KB) a8 3pG3pnyj)}asd dqdecdode d3m andony de
assert not  graph . misOriented
assert checkConnected (graph)
stat= 0 t8c Nabaepnesd ddoeselhm mMmMyigdtoradoy @ m3adl yroeyye b3sg
te AJ1ii1pnp3ioayesed dddonyadoy 1) hdeeniatwy y ececonhis d3m cdbgra n3
tt 6 npascdcares O6caent im dddon¥sdon 4y hdeepniism o0aa,DLODEYRBYM
tt odec1re)s m3 ouddrdgBooaddgdbyddonydsed ddecdont
for vertex in graph:
vertex .setDistance (INF) t¢ Nidy¥yn} B da3m 3dsjdl] odeioajoa 1jJIi1iiD%loyex
vertex . setSource (None te Ndecria}j o © mM3dl geaer13a gd Jjpes3sdedIigsy 13
tt Nidyroni B y y¥ynecdydoise odaxdadd] ddawed ao0iddf wdbdds o2e9|) DL DB~
graph [ start ]. setDistance (0)
pq= PriorityQueue () t© o0vyodcecweaead gecidecerdyiy Ldeey
tt 8ddnesd y tdeey ©® geldeceaydyde oyJs odecIoaj o eGebDhDH
for vertex in graph:
pg. insert (vertex .key() , vertex .distance ()) tt dd gecJsdda&rvdw dy¥yn) B y odgr ey
while not  pqg. empty() :
vertex_key =pq .extractMinimum () t© hdeded 1) ddsy odcieloe o Ldeea|a | D0t
vertex = graph [ vertex_key | tt hdeded odecrajy oap J1})ddaydse
for neighbor_key in vertex . neighbors () : te 8am oyush yyysdisio gdydi ) dl| odacrI e
neighbour = graph [ neighbor_key ] tt hdeded oydiggyuajoy eap 1) dd3yda
newDist = vertex . weight (neighbor key ) 6 Nasa} ot npesd 9 p ey caddaeoy 6¥IDS|y yy 1 d
tt t3td odanyaydo j d dddny o dd 3o egadoyydidieide jdod codiodoy ¥ip 4 By
te odeiyayyisds 8djin ap JJ1 gdyduiyd aypopurdyim
if neighbor_key in pg and newDist < neighbour . distance () :
te zeJ)jwesd gdydiLyd a)yoptLd}lywmypiridyydbuoyssddae o) 1
neighbour . setDistance (newDist)
te Nyynydoszwesed da3am yyysd)Bdl odeciajoa 1dd) yahi3nrde
neighbour . setSource (vertex_key )
pg. updatePriority  (neighbor_key , newDist) ¢ gdecdeonhdoyeed | J gecidecerdy
tt hydyeed ecoht +d e s3pcspny)ase ddecdodae
spanning_tree =  GraphForAlgorithms ()
for vertex in graph:
destination = vertex . key()
source = vertex . source ()
if source isNone :
continue
weight = vertex . weight (source )
spanning_tree .addEdge(source, destination , weight )
return  spanning_tree
‘ *"‘,ﬁa*otza ~ h oa” ® X co " ':‘e*m e ™ “ ™ oh t a 1. mt h
h _oh 't ter~ ;. ho” o " o Yl e ™ o’ eoax’y ~ho g - Fhot T h
_ x TEt *toa ho%ot 7T oh tax |co"“x°oomoecboom"‘YZ'tho’Y$m
. 9_"eo o h o~ = t~* "o~ Ot EmY o eo o o ohmox h“ "o a h
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