CnnCKM N nTepaTopsbl C pa3HbIX pakypcoB

Python



oW oR

ViTepaTtopbi;

CnnCcoYHble BCTPanBaHUS;
[eHepaTOpHble BblpaXeHus;
[eHepaTopbl;

Mogynb ltertools.



MTepaTop

NTepaTtop — CYyWHOCTb, YKa3biBalOWaaA Ha
eAVHULY JAaHHbIX B MOTOKe AaHHbiX. OT 3TOM
CYLLLHOCTM MOXHO BbI3BaTb MeToA hext(), KoTopbiu
BO3BpPALLAET CIEAYIOW MM 3/IEMEHT B NOTOKE.

B KkayecTBe nNOTOKA AaHHbIX MOFYT BbICTYNaTb
nTepmpyemble  CTPYKTYpbl  AdHHbIX  (CMMCKW,
KOPTeXM, CNoBapu, CTpoku), anabl 1 np. Bce
OYHKLUM, NPUHMMAKOWME CTPYKTYPbl  AaHHbIX,
HESIBHO MOJIy4YalOT UTEPATOP ANA HUX.

B HMX BCcerga MOXHO nepeAaTb Utepartop.



MTepaTop

>>> L= [1, 2]

>>> 1t = (L)

>>> print(it)

<list_iterator object at 0x000000000346F390>
>>> next(it)

1

>>> next(it)

2

>>> next(it)
Traceback (most recent call last):
File "<pyshell#6>", 1line 1, in <module>
next(it)



MTepaTop

>>> for 1 in L:
print(1)

>>> for i in iter(L):
print(1)

>>> 1terator = 1ter(L)
>>> t = (1terator) #
>>> t

(1, 2)



MTepaTop

>>> 1terator = 1ter(L)
>>> a, b = 1terator

>> a, b

1, 2)

>> L = [('a', 1), (5, True), (7, 'abc')]
>>> d = (1ter(L))

>>> d

{'a': 1, 5: True, 7: 'abc'}



MTepaTop

>>>
>>>
wed
Sun
Fri
Tue
Sat

Mon
Thu

d ={"Mon': 1, "Tue': 2,
for key 1n d:
print (key, d[key])
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MTepaTop

Y cnoBapen eCcTb MeToAbl
BO3Bpawawuwme " " Ha KJ0YM, 3HAYEHUSHA, KOPTEXMU
(kntoY, 3HavyeHune). Hanpumep,
ObyseT nocnegoBaTeNbHO 3anMcbiBaTb B key KkawouM, a B

value — cooTBeTCTBYyIOWME MM 3HA4YeHMsA (pPacnakoBKa
KOpTexa).

View — 310 He cnucok! Ho n He utepatop! OH unmeer
HenocpeACTBEHHYIO CBSA3b C 06beKTOM (CoBapem)



WTepaTop vs View

>> d = {1: "a", 2: "b"}
>>> 11 = 1ter(d)
>> 1 1n 11

True

>>> 2 1n 11

True

>> 1 1n 11

False

>>> 12 = d.keys()
>>> 1 1n 12

True

>>> 2 1n 12

True

>>> 1 1n 12

True



WTepaTop vs View

>>>d = {1: "a", 2: "b"}
>>> i1 = iter(d)
>>> 2 = d.keys()
>>>d[3] ="c"
>>> for x in i1:
print(x, end="")

Traceback (most recent call last):

File "<pyshell#51>", line 1, in <module>

forxin ia:
RuntimeError: dictionary changed size during iteration

>>>forxin i2:
print(x, end="")
123



MTepaTop

BaXHO TO, 4TO WUTepaTop «3anoOMWHAET» WMMEHHO MOo3ULUIO
eAVHMLUbl JlaHHbIX B M3MEHAoWeMca crnucke (B cayyvae co
C/N0Bapem byaeT CreHepMpOoOBaHO NUCKJ/IKOYEHME):

>>> L=[1,2,3]
>>> 11 = 1ter(L)
>>> next(1l)

1

>>> L.1nsert(0, 0)
>>> L

[0, 1, 2, 3]

>>> next(il)
1



NTepaTop no pannam

f = file("text.txt", "r'")
for 1ine 1n f:
print line

B pe3ynbTaTe MOJYyYUM:
string #1
string #2



Cnavg AN NpuBJIEYEHMUS
BHMMAHUSA




KopoTko npo knaccel B Python

class A:

def __init__(self, a, b):
# KOHCMpyKmop ¢ dsymsa napamempamu
self.foo=a

def f1(self, x):
# memod ¢ 00HUM napamempom
return self.foo + x

def f2(self):

# memood 6e3 napamempos

a=A(2,5)
a.fa(s)



[lonb3oBaTe/IbCkMe UTepaTopbl

NTepaTopbl moryT 6biTe HeckoHeuHbIMKU. TTOHATHO,
YTO TaKMe UTEPATOPbl HE YyKa3blBalOT Ha CTPYKTYpPY
AaHHbIX A dann, pesyabtaT  uxX  paboTeol
reHepupyeTcs «Ha Xxoay». [Jns 3Toro 06bI4HO
MCNONIb3YOTCA PYHKLMN-FeHepaTopbl (CM. Aanee).

[lpn pabote <C 6GeCKOHEYHbIMM UTepaToOpamu
HEKOTOpPble BCTPOEHHbIE PYHKL MM 3aLUKANBAIOTCS.

Hanpumep, max(), min(), list(), tuple(), onepatopsl in
nnotin, a Takxe uukn for.



[Tpnmep N1

class infinite_iterator:

def __init__(self):
self.counter = -1

def __iter__(self):
return self

def __next_ (self):
self.counter += 1
return self.counter

>>> 1t = infinite_iterator()
>>> next(it)
0)



[Tpnmep N22

class counter:

def __init__(self, maximum):
self.counter = 1
self.maximum = maximum

def __i1ter__(self):
return self

def __next_ _(self):
self.counter += 1
1f self.counter < self.maximum:

return self.counter

raise StopIteration()



[Tpnmep N22

>>> 1t = counter(4)

>>> for x 1n 1t:

N print(x, end=" ")
0123
>>> next(i1t)

Traceback (most recent call Tlast):

File "<pyshell#5>", 1ine 1, in <module>
1t.next()

File "example.py", T1ine 9, in next
raise StopIteration()



[Ipnmep N22-a

def send(self, value):
self.counter = value - 1
return next(self)

>>> C = counter(20)
>>> hext(c)

0

>>> c.send(18)

18

>>> hext(c)

19

>>> hext(c)
StopIteration



[Tpnmep Ne3

class fibnum:
def __init__(self):
self.fnl = 1
self.fn2 =1
def __1iter_ _(self):
return self
def _ _next_ (self):
oldfn2 = self.fn2
self.fn2 = self.fnl
self.fnl += oldfn2
return oldfn2
for i in fibnum(Q):
print(i, end=“ “)
if i > 50:
break
112 358 13 21 34 55



[Tpnmep N24

class simple_ints:
def __init__(self):
self.num = 1
def __iter__(self):
return self
def __next___(self):
while True:
self.num += 1
for x in range(2,self.num//2+1):
1f self.num % x == O:
break
else:
return self.num



Bonpoc N21

class cycle_iter:
def __init__(self, L):
self.L = L
self.index = 1
def __iter__(self):
return self
def __next___(self):
if Ten(self.L) == O:
raise StopIteration()
self.index += 1
if self.index >= len(self.L):
self.index = 0
return self.L[self.index]



Bonpoc N21

>> L = ["A", "B", "C"]
>>> 1t = cycle_iter(L)
>>> 1t.next()

IAI

>>> L.insert(0, "z'")
>>> L

[lzl’ IAI’ IBI, ICI]
>>> 1t.next()

>>> 1t.next()
IZi

>>> del L
>>> 1t.next()



OTBeT

>> L = ["A", "B", "C"]
>>> 1t = cycle_iter(L)
>>> 1t.next()

IAI

>>> L.insert(0, "z'")
>>> L

[lzl’ IAI’ IBI, ICI]
>>> 1t.next()

>>> 1t.next()
IZI

>>> del L
>>> 1t.next()



CnncoyHble BCTpamBaHUA
M FreHepaTopHbIe BbipaXkeHWs



CnncoYHble BCTpanBaHUA
(List comprehensions)

>> L = []

>>> for x 1n range(10):
L.append(x)

>>> L

(0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

>>> [X for x 1n range(10)]
[O! 1! 2! 3! 4! 5! 6! 7! 8! 9]



CnncoYHble BCTpanBaHUA

>> L = []

>>> for x 1n range(10):
1f X % 2 == 0:
L.append(x)

>>> L

(0, 2, 4, 6, 8]

>>> [x for x 1n range(10)
1f x % 2 == 0]
[0, 2, 4, 6, 8i



CnncoYHble BCTpanBaHUA

>>> L = []
>>> for 1 1n range(3):
for 3 in range(3):
L.append(10*1+73)
>>> L
(0, 1, 2, 10, 11, 12, 20, 21, 22]

>>> [10*1+] for 1 1n range(3)
for 3 in range(3)]
(0, 1, 2, 10, 11, 12, 20, 21, 22]



CnncoYHble BCTpanBaHUA

>> L = []
>>> for 1 in range(4):
for 3 in range(4):
1f 1 < J:
L.append((Ci, 3))
>>> L
[CO, D, 0, 2), (0, 3, (1, 2), (1, 3), (2, 3)]

>>> [(1, J) for 1 1n range(4)
for j in xrange(4) if i < j]
[CO, 1), (0, 2), COSSHFEEN N2, 3) |



CnncoYHble BCTpanBaHUA

[ expression for iteml in sequencel if conditionl
for 1tem2 in sequence?2 if condition2 .. ]

Takoe BblpaXxeHWe JAeUCTBYeT KaK BJIOXKEHHble UUKAbl  (C
Heobs3aTeNbHbIMM  YCNOBUAMM), K pe3yibTaTaM  KOTOPOro

npUMeHsaeTca BblpaXxeHue expression. [Npy 3TOM BecCb CAWUCOK
COXpaHseTcsa B naMaTu. Hanpumep,

>>> t = 100
>>> [X**2 + t for x 1n range(10) 1f x%2 == O]
[100, 104, 116, 136, 164]



CnncoYHble BCTpanBaHUA

I3Ba1eyem nepsble 3/1IeMEHTbI U3 CMUCKOB...

>>> |i1st_of_lists = [1,2,3],

KRR

7,8,9]11]

>>> for 1list 1n list_of_lists:
11st[0] #knapem ero B CNMCOK

>>> [11st[0] for 1list 1n list_of_lists]
[1, 4, 7]



CnncoYHble BCTpanBaHUA

VI3B1eyemM anemMeHTbl HOMep O U 2 U3 CMUCKOB...
>>> |i1st_of_lists = [[1,2,3],
4,5,6],
7,8,9]]
>>> for 1list 1in lTist_of_lists:
11st[0] #knapem ero B CNUCOK
Tist[2] #knagem ero B CNUCOK

>>> [x for 1ist 1n 1list_of_lists
for x 1in (list[0], Tist[2])]
[l! 3! 4! 6! 7! 9]



Bonpoc N22

Y10 OyseT BbiBEA,EHO HA KOHCO/b?
>>> Tlist_of_lists = [[

N A R
o v N

© o

1]

>>> [func for Tist 1n Tist_of_lists
for first_x in (list[0],)
for func 1in (first_x*+*2,)][1]



OTBeT

>>> |ist_of_lists = [[1,2,3], [4,5,6],
[7,8,9]]

>>> [func for Tist in Tist_of_1lists
for first_x in (list[0],)
for func in (first_x ** 2,)]
[1, 16, 49]
>>> [11st[0] ** 2
for 1ist in Tist_of_1lists]
[1, 16, 49]



CnncoYHble BCTpanBaHUA

Hepo0CTaTKM CMMCOYHbIX BCTPANBAHUM:
* OHUM pacxoAyIoT pecypchbi;
* CNncku BCceraa KOHeYHb!.

Xo4YeTca UTepMpoBaTbCA NO CMUCKY, KOTOPbIM MOXET ObITb
OeckoHeYHbIM, He pacxoAys pecypcbl. T.e. xoTenocb 6ol
MMETb BO3MOXHOCTb NOYYUTb UTEPATOP BMECTO CMMCKA.



[eHepaTOopHbIe BbipaXXeHUA

[lenctByeT  aHaJIOTMYHO  reHepaTopy  CAUCKOB, HO
reHepupyeTcsa He BeCb CMNCOK, A UTepaTop Ha Hero.

3HavyeHna OyayT BbIYMCAATBCA MO Mepe Bbi30Ba Y
ntepatopa metoga next(). T. 0. reHepaTopHble BblpaXKeHUs
BoOpanu B ceba BCE nyywee OT UTEpPaTOPOB (3KOHOMMUS
PecypcoB, BO3MOXHOCTb paboTbl C 6HeCcKOHeYHbIMU
nocaeA0BaTe/IbHOCTAMM) UM CMUCOYHBIX  BCTPAMBAHUM
(NPOCTOWN M KOPOTKUM CUHTAKCUC).

BbipaXkeHre npu 3TOM NULLETCH B KPYI/ibIX CKOHBKax.



[eHepaTOopHbIe BbipaXXeHUA

>>> line_list = [" abc ", "ab", "a b "]
>>> [l1ne.strip() for 1ine 1n line_list]
['abc', 'ab', 'a b']

>>> stripped_iter =

(Tine.strip() for 1line in line_Tist)

>>> next(stripped_iter)

"abc

>>> next(stripped_iter)
labl



CnncoYHble BCTpanBaHUA VS
[eHepaTOpHbIe BbipaXXeHUA

CnncoYHble BCTPaNBaHUA HEJ/NIb3A UCNOJIb30BaTb /14
reHepaunmn 6eCcKOHeYHbIX CNMMNCKOB, a TE€HEPATOPHbIE
BblPaXX€HUA — MOXHO.

[eHepaTopHble BbipaXKeHUs BCerga nuuwyTcda B (), HO ecau
Mbl MepeAaeM UX B OQYHKLUWUIO, CKOBKM OT QyHKLUM
CYUMTAIOTCA (BTOPbIE HE CTAaBUM):

>>> sum(len(line) for 1ine in Tine_list)
13



CnncoYHble BCTpanBaHUA VS
[eHepaTOpHbIe BbipaXXeHUA

[Mlpn paboTe C reHepaTOpHbIMK BbIPAXEHUSAMU HAZO0 ObiTb
OCTOPOXHbIM C nepeonpezeneHnemM rnobasbHbIX NeEPEMEHHbIX U

PYHKLNW:
>>> def f(x):

. return xX**2
>>> 1t = (f(x) for x 1n xrange(2, 10))
>>> 1t.next()
4
>>> def f(x):
return XxX**3
>>> 1t.next()
27



Bonpoc

Make list of tuples from the list in the following way.
From[1, 3, 5,2, 2,3, 5,7]to

[(2), B, 5,2), (5,2, 2,3, 5), (2, 2),(2,3), 3, 5 7): (5,7), (7)]



Bonpoc+OTBeT

Make list of tuples from the list in the following way.
From[1, 3, 5,2, 2,3, 5,7]to

[(2), B, 5,2), (5,2, 2,3, 5), (2, 2),(2,3), 3, 5 7): (5,7), (7)]

L=[1, 3, 5, 2, 2, 3, 5, 7]
[tuple(x) for 1 in range(len(L)) for x in (L[i:i+L[i]], )]

[, G,5,2), (5,2,2,3,5, @2,2), 2,3, 3,5,7), (5,7), (7)]



Bonpoc

print(", ".join(["ha" if 1 else "Ha" for i1 in range(3)])+"!")




Bonpoc+OTBeT

print(", ".join(["ha" if 1 else "Ha" for i1 in range(3)])+"!")

Ha, ha, ha!




| eHepaTopbl



def not_a_generator():
result = []

for 1 in range(2000):

result.append(expensive_computation(i))
return result

[1710Xad Npon3BOAUTE/IbHOCTb '



def my_generator():
foriin range(2000):
expensive_computation(i)

foriin my_generator():

print(i)

KomaHzaa yield «3amopaxuvBaeT» BbINOAHEHME QYHKLMN B
yKa3zaHHoM mecrTe!



[eHepaTOp

>>>

>>>
>>>

>>>

>>>

def infinite_generator():
= ©
while (True):
yield 1
1 +=1
it = infinite_generator();
it.next()

it.next()

max(1t) #BbINO/IHEHUA 3TOWM CTPOKWU Bbl HE AOXAETEeChb



[eHepaTOp

>>> def counter(maximum):
for 1 in range(maximum) :
. yield 1
>>> gen_obj = counter(10)
>>> gen_obj.next()

>>> gen_obj.next()

9

>>> gen_obj.next()

Traceback (most recent call last):

File "<pyshell1#81>", 1ine 1, 1n <module>
gen_obj.next()

StopIteration



>>> for 1 i1n counter(10):
print 1
>>> a, b, ¢ = counter(3)



OKOHYaHMe reHepaTopa

[eHepaTOpbl BblbpacbiBalOT mckatoveHne Stoplteration w
npekpawanT WTepMpoOBaHME TeHepaTopHOro obbekTa,
Korga:

* BbINOJIHAETCA MHCTPYKLUMA return, B reHepaTopax OHa He
MOXEeT COAEep>XaTb BO3BpaLl,aeMoe 3HayeHue (Hanpumep,
return g);

* BbIMOJIHEHME QYKHLMM OKa3blBAETCA «3a MNOC/IeAHEN
CTPOYKOW» FreHepPaToPa, T.€. MHCTPYKL UM 3aKOHYMNIUCD;

* B reHepaTope creHepmpoBaHoO UckaoYeHune Stoplteration.



[eHepaTOpPHbIN 06BEKT

[eHepaTopHbIM 06beKT — 3TO 6osblie, Yem utepatop. OH
COAEPXKUT METOAbI:

* _next_ (),
* send(value) 3agaTb 3HaYeHME reHepPaTOPHOMY OOBEKTY;

* throw(ex_type) BbIOpOCUTbE UCKAOYEHME B reHepaTope (Ha
MecTe MHCTPYKL MK yield);

* close() reHepupyer wucknwouveHne GeneratorExit BHYyTpM
reHepatopa. [eHepaTop MOXeT oOTpearMpoBaTb Ha 3TO,
creHepupoBaB uck4yeHue Stoplteration nam GeneratorExit.
OTnaB/iMBaHME UCKAKOYEHUS U FeHepauus Yero-ambo apyroro
npueeger K RuntimeError! 3T0T MeTos  Bbi3blBaeTcH
cbopuiMkoM Mycopa nepes YHUUYTOXEHMEM TFeHEepPaTOPHOro
obbekTa.



[lpnmep

>>> def counter(maximum):
1 =0
while 1 < maximum:
try:
val = (yield 1)

1T val is not None:

1 = val
else:
1 += 1
except Exception:
1 = -10

counter(5)
c.next()

c.next()

c.send(4)
c.throw(Exception)
c.next()

c.close()
c.next() #StopIteration



Mporpamma

>>> C = counter(5)
>>> c.next() ——_
0

>>> c.next()

1

>>> ¢.5end(4)
4

-10

>>> c.next()

-9

>>> c.close()—_
>>> c.next() -
~~~gome info~~~
Stoplteration

«ConporpamMmma»-reHeparop

>>> def counter(maximum):

™ =0

while | < maximum:
try:

S val=(yieldi)

>>> c.throw(Exception) .

if val is not None:
| = val
else:
| += 1
except Exception:
i =-10




[lpnmep

def fibnum():
fnl = 1
fn2 = 1
while True:
yield fn2

(fnl, fn2) = (fnl + fn2, fnl)

for x in fibnum(Q):
print(x, end=" *)
if x > 50:
break
112 358 13 21 34 55



[lpnmep

def simple_ints():

hum = 1
while True:
hum += 1
for x in range(2, num/2+1):
if num % x == O:
break
else:
yield num

for x in simple_ints():
print(x, end="“ )
if x > 60:
break
2 357 11 13 17 19 23 29 31 37 41 43 47 53 59



[lpnmep

class node:
def _init__(self, value=0, left=None, right=None):
self.value = value
self.left = left
self.right = right
def __iter__(self):
return inorder(self)

nl = node(l)
n4 = node(4)
n3 = node(3, nl, n4)
n9 = node(9)

n6 = node(6, right=n9)
root = node(5, n3, nb6)




[lpnmep

>>> |ist(root)
[1, 3, 4, 5,6, 9]

>>>def inorder(t):
if t:
for x in inorder(t.left):
yield x
yield t.value
for xin inorder(t.right):
yield x



[lpnmep

>>> |ist(root)
[1, 3, 4, 5,6, 9]

>>> def inorder(t):
if t:
yield from inorder(t.left)
yield t.value
yield from inorder(t.right)



ltertools



Moaynb itertools

CoaepXUT YHKLUM ANS:

1. CO3J3aHWUA WuUTepaTtopoB (B TOM 4UCAEe HA OCHOBe
MMEILLLMXCA NTePaToOpPOB);

2. 06paboTKM nTepUpyeMbIX 3/IEMEHTOB;
3. PUAbTPOBAHWMSA BO3BPALLAEMbIX UTEPATOPOM 3HAYEHUN;
rPyNnNUPOBKY BO3BPALLAEMbIX UTEPATOPOM 3HAYEHUMN.



Itertools

>>> 1mport itertools

>>> 1t = 1tertools.count(10)
>>> 1t.next()

10

>>> 1t.next()

11

>>> 1t = 1tertools.repeat("abc") #n
>>> 1t.next()

"abc'

>>> 1t.next()

"abc'’



Itertools

itertools.count(start=0, step=1) - beckoHeuHas apuPmeTmyeckas
nporpeccma c nepsbiM YsieHOM start u warom step.

itertools.cycle(iterable) - Bo3BpaLwaeT no ogHOMY 3HaYEHUIO K3
nocneA0BaTe/IbHOCTU, MOBTOPEHHOM HEeCKOHEYHOE YMCIO pas.

itertools.accumulate(iterable) - akkymyavpyet cymmbi.
accumulate([a,2,3,4,5]) -->13 6 10 15

itertools.chain(*iterables) - Bo3BpalLaeT no ogHOMy 31eMeHTY
13 NepBOro nTepaTtopa, NMOTOM U3 BTOPOro, A0 TeX Nop, MOKA
MTepaTopbl He KOHYATCS.



Itertools

itertools.combinations(iterable, [r]) - koMbUHaLMKM AnNHOM r U3
iterable 6e3 noBTOpAOLWMXCA 31€MEHTOB.

combinations('‘ABCD', 2) -->ABACAD BCBD CD

itertools.combinations_with_replacement(iterable, r) -
KOMOMHaumu aanHom r nz iterable ¢ nosTopsatowmmncs
3/1eMeHTaMMu.

combinations_with_replacement('/ABCD’, 2) --> AAAB ACAD BB BCBD CCCD DD

itertools.compress(data, selectors) - (d[o] if s[o]), (d[1] if s[1]), ...
compress(‘ABCDEF', [1,0,1,0,1,1])-->ACEF



Itertools

itert%(l)ls.permutations(iterable, r=None) - nepecTaHOBKM AVHOWN I 13
iterable.

itertools.product(*iterables, repeat=1) - aHasOr BAOXEHHbIX LLUKNOB.
product('ABCD', 'xy') --> Ax Ay Bx By Cx Cy Dx Dy

itertools.starmap(function, iterable) - npumenseT pyHKLMIO K KaKZOMY
3/1IeMEHTY NOCNeA0BaTeNIbHOCTM (KaXAbIW 3/IEMEHT PACcNakoBbIBAETCS).

starmap(pow, [(2,5), (3,2), (20,3)]) --> 32 9 1000

itertools.tee(iterable, n=2) - kopTex 13 n uTepaTopos.

itertools.zip_longest(*iterables, fill=None) - Kak BcTpoeHHas pyHKL A
%_||||3, HO bepeT caMbIn 4IMHHBIM MTepaTop, a bonee KOPOTKME AONONHSET
ill.

zip_longest('ABCD', 'xy', fillvalue="-') --> Ax By C- D-



[lpnmep

[1ist(f) for r in range(len(L)+1) for f
1n 1tertools.combinations(L, r )]



[lpnmep

[1ist(f) for r in range(len(L)+1) for f
1n 1tertools.combinations(L, r )]

L=[1, 2, 3]

(.1, (i1, t21, (31, [1, 21, [1, 31, L2,
31, [1, 2, 3]]



[lpnmep

[ [a*b for a,b 1n x 1f a]
for x in [ zip(x,L)

for x 1n 1tertools.product(
[1,0],repeat = len(L) ) ] ]




[lpnmep

[ [a*b for a,b 1n x 1f a]
for x in [ zip(x,L)

for x 1n 1tertools.product(
[1,0],repeat = len(L) ) ] ]

(1, 2, 3J, [1, 21, (1, 31, [1], [2, 3],
(2], [31, L[]l



