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. ogrE
— 19904 L =HF Guido van RossumO| 7i&f (4| EztE
— QEAA cross-platform
« Python2| EZ! (1)
— High-level 2104
— Interpreted &0
— Interactive 10§
- K| X|EF Qo]
— Scripting ¢10{
« Python2| E% (2)
- =0 ()
» Easy-to-read - Easy-to-maintain:
- =5 Jl'g, e+d 2of, ..
— C}2 olojeto| lm
« C C++, Java, R




« Python?| &F
— "Python” or “CPython” written in C/C++

* Version 2.7
* Version 3.5

— "Jython” ; Java for the JVM
— "IronPython” ; in C# for the .Net environment
— 20FH Package &&
- JMESE
— Python Interactive Shell — IDLE
— 7|Ef
* Vvim, emacs

« QEAA: Eclipse (PyDev), Komodo, ...
o AE:

— 1Python



« Python O| &4t

— (1) C=}Al (Interactive Interpreter):
- (2) 3480 =5 S Script T2 1249

Source :
Code —E Compiler []—o

Object
Code

=

I
o

—E Executor

™

- BN
* http://www.python.org/
* https://docs.python.org/

— 0—9— O O 1
— Al&S I EQF O] H:
- HE X}E &X

Output |
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https://docs.python.org/
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« Python 7|24 X]|
— MS Windows & AX]|
— Linux 2X]|
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« 7|2 (built-in)

At
 Integers, Floats,
Complex numbers

 Booleans

String

° Long String umin llllll, mroin

List

Tuple
Dictionary
Sets

File Objects

« User-defined

Object
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1

=
- 25 - PEP &
« Class= CHEXIZ A|E
* &= Method 52 camel
type
« Constant = 25 CHEXt
- J|EtHEE AEAL
— Python Style Guide

* http://legacy.python.org/dev/
peps/pep-0008/
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AL (statements)

. J|=

—

— Composition

— AtA=AM (precedence)

* (OHO{ o H

. AMRRIEHE/Q| 9

>>> input()

HEZE F5 A)
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Block X|™
— Indentation — Level & 4 spaces
— ZXZ7dX|™: Boolean 4}t

ZUE !
— if ~ elif ~ else -
— assertion
Loop
— while |oop, Conditional Code
If condition If condition
- for |00p is true is false
If condition

- CrFot iteration = i A e ¥ f cond
List Comprehension code

BESHE (1)

— pass, del, exec, del If condition
E% LH% (2) is false

— Sequence unpacking, ...
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A Z1AX|H: Boolean 4}

False

— False, None, 0O, “", {},0,(]
True

— True, False O}l 7|Efo] B E

LIE X 2[o| 24l True=1,
False=0

— >>> True

— True

— >>> False

— False

— >>> True==

— True

— >>> False==0

— True

— >>> True+False+50
— 51

A

« Truel} False= bool type0

A5
-1 a

— >>> type(True)
— <class 'bool'>
— >>> type(False)
— <class 'bool'>
— >>> bool(")

— False

— >>> bool(0)

— False
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XN AlS
a0 2y
ilfl’eiltigdeglf)cks ) | Eiﬁ_ﬂxl-
var = 100 T
if var < 200: _ z'_>>_
20|E>)|l'lint("Expression value is less than o
if var == 150: : :‘:ﬁr izor;c?’;
print("Which is 150") . : X
elif var == 100: Eﬂuailgty S LAY
'prlnt("Whlch is 100") — UXE FLET Z! - identity vs. equality
elif var == 5.0: ) . >>>x =y = [1,2,3]
print("Which is 50") >>> z = [1,2,3]
elif var < 50: >>> x==y
print("Expression value is less than 50") True
else: >>> X==2
print("Could not find true expression") True
>>> Xisy
print("Good bye!") True
>>> X is z
False
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 Membership & AFXE
—in

« String H| !

Boolean ¢ AHX}

— Short-circuit Logic
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Loop

while loop . for loop
>>> x =1 — Code block =82 for each
>>> while x <=100: element of a set (or sequence, or
print(x) other |terable.object.)
x+=1 — & iterable object = iterate 7|5
st 2%
>>> words =
['this’,'is','a’,'wonder’]

>>> for word in words:
print(word)

this

is

a
wonder
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 Range
>>> range(1,10,3)
range(1, 10, 3)
>>> print(range(1,10,3))
range(1, 10, 3)
>>> list(range(1,10,3))
1, 4, 7]

— # Python 2.x0{| A 2| xrange=
3X0| A rangelf ZE LA S

Dictionarydj| C{{$t iteration
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o [teration 2t utilities
— Parallel iteration

>>> # zip

# enumerate()£ index& 0|&

7=,

>>> for i,vin

enumerate(['tic’,'tac’,'toe']):
print(i,v)

0 tic
1 tac
2 toe

Reversed & Sorted iteration

17




* Loop O LI =
— break
— continue

=1
o

EH
H

while True/break idiom

while Truez FotEI=0|E 2

DXL O if /bre
X 2|

QD
~
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Sk=~ (Functions)

70
— %F_/I\_'?
e o}

A

T2
def

20| A 2| Parameter
copingl| &X
e Local — 2= LYY A EL ...
* Nonlocal —previously bound variable in the closest enclosing scope
* Global - gt== 510] =X§5t11 O|F 2= §H0| A global 4421510 access, &
Recursion
Lambda expression
— In-line Z2|ot= YFo| X2 gh== (E return 20| Y=
Generator gt
—  X}AlIO| QL= iteratorE MO
— vyield & 0| &
Decorator 2t

o=tol of T
, class, design patterns, .

-|>+

oi +>

a
N
Al

=)

Dgtlﬂgt

— Functionk 1%t class2 Al BH=0f assign Z| AL} parameter2 Al M= = QICH

19



SEA
b0l A
— def — function= M9

Documenting

20




Parameter

- &80

« 49| Al: Formal parameter

« DZE A|: Actual parameter =
argument

— Local H=9| &X|
* local scope (KtA10] X|H =

S g
- = Uiz 7[2He 2 EE9

copy= TE0{M 0|8
« Lt parameter objectE HfE 4%
immutabled|| &2
_ ==
o TT
* Positional parameter,
« Keyword parameter,

« default parameter

>>> def try_to_change(n):
n="Me"

>>> npame="You'

>>> try_to_change(name)
>>> name

'You'

>>> def change(n):
n[0] = "Me"

>>> names = ["You","Her","Him"]
>>> change(names)

>>> pames
['Me’, 'Her', '"Him']
>>>

21




« Parameter?| 7|=H=

>>> def print_params(*params):

print(params)

>>> print_params(1)
(1)

>>> print_params(2,3,4)
(2, 3, 4)

>>> print_params('hk’,
‘john’,'obama’)

(‘hk’, 'john’, 'obama’)
>>>

O 2| Keyword parameter § & 7%

OPA
%

22




Scopingl| &X|
— Namespacezt?

(= 52l) 0| 50| EXst=
]
A

S 9| invisible dictionary =
scope

— Nested scope

Function ¢t9| function — 0|:
using one function to create
another.

X gr== (recursive functions)

# 0O

# factorial@| H9J: (a) 19| factorial2 1
# 1 0|4t n9| factorial2 n x factorial(n-1)
>>> def factorial(n):

if n==1:

return 1

else:

return n * factorial(n-1)

— Local, nonlocal, global, =

Local — gk L Of| A{BF ...
Nonlocal — closest enclosing
scopel| H=

Global -

— Rebinding global variable

Making them refer to some
new value

HeF 2f WOA] Z
2t X}=9 2 local

FEA XIS

rEox
1

F

‘oA

Mot
rr

A
T

N
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Lambda &=
>>> t2 = {'FtoK': lambda deg_f: 273 +
(deg_f -32) *5 /9,
'CtoK': lambda deg_c: 273 + deg_c}
>>> t2['FtoK'](32)
273.0

Generator &=
>>> def four():
x=0
while x <4:
print("in generator, x = ", x)
yield x
x+=1

>>> for i in four():

print(i)

in generator, x
0

in generator, x
1

in generator, x
2

in generator, x
3

>>> 2 in four()
in generator, x
in generator, x
in generator, x
True

=

24




Decorators

— Wrapping function
(= decorator)
— +

— Wrapped function (&
« 20j| wrapping function@|
argumentZ 0| &)

« @decorate
sk=d9|()

25




TLOl O] Ol=x
-”-l'EI 7(' HEEII

o

— GO|HE 8ot gfr]o = XE
o+ )|

file object = open(file_name [, access_mode][, buffering])
— File mode

— Buffering

ot 2t Methods

— Read, Write

— Pipe

— Read, Write Lines

— o B

— ZF=Q methods

o L{-&0f CH2t Iteration (‘4=

— Byte T2, Line e, SMZ 17|

— File Iterator

A

rot
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ot 7|
— File mode
« open()2| Mode argument

oy
T 27|

‘W' M|

‘a’ Append

‘b’ Binary (Ct2 model]| =7}

'+ Read/write (CI2 moded|| =7}

— Binary ZEQ A= MS
WindowsOj| A 2] #nWrES H
A 7|= 28 a2 dEH o
4

Buffering
— HDD Ol H22[& O] &
e 0 (False); unbuffered
* 1 (True); buffered
« 2 =Xt= buffersizeE BA| (-18
default buffer sizeE 2|0))
H = stream;
— sys module

— sys.stdin, sys.stdout, sys.stderr
File-like
— Streams
* o module
- (REHEHO 371X RY)
« text I/O, binary I/O, raw I/O.
« ZhZiof s Ctdst MAEXE HE
- Concrete objects?} streams
— urllib.urlopen

27




el
— oo

Methods

\J

| 9 )

250

>>> f = open('somefile.txt’,'w’)
>>> f.write(‘hello, ')

7

>>> f.write("World')

5

>>> f.close()

>>>

>>> f=open('somefile.txt’,'r")
>>> f.read(4)

"hell’

>>> f.read()

‘o, World’

28




ModuleL 37| 5 (8 EH 2
up )
— Attribute?} dot operator

— namespace?l| =X
— Scope®t lookup Tt+%!

NEE= 2=
— time module

— math module

AEXAYE B

29




Data Structures

Holy =
— HIo|H=E &8st 7|=0f &5l 20 =2 A
(collection of data elements, structured in some way)
— (3%) Built-in + =&t
— Container typel| H|O|H £ =
« Sequence = mapping by element position ($|X|4f &, index)
« Mapping = mapping by element name (&, key)

Built-in Sequence
— List

— Tuples

— String

— Buffer objects

— Xrange objects




« Sequence CHot
— Indexing
— Slicing
— Adding
— Multiplying

Membership 20l

31



List

=
E X|-
= o
— “Mutable!”
Indexing
Slicing
Adding, Multiplying, Membership
List2tHA 2t
List methods
— Method = object0f 2tH =l ot
(a function tightly coupled to some object)
— object.method(arguments)

32



.+ Listof| CH3H =+
- 7le
* (Sequence &5&)

 Indexing, Slicing,
Concatenating, multiplying

+ 017]0fl FIFBHA ..

— BHZEEY: Item Assignment
>>> x =[1,1,1]

>>> X[1]

1

>>> X[1] =2

>>> X

[1, 2, 1]

33




|
o
Ja
0E

2| Ljo| elementE accessd}

— & 39| [indexl, index2]
— index1€ inclusive, index2=
exclusive

>>> tag = '<a
href="http://www.python.org">Pyth
on web site </a>'

>>> tag[9:30]
'http://www.python.org’

>>> tag[32:-4]

url = input('Please enter the URL: ')

domain = url[:-4]

print("Domain name: '

+ domain)
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Sequence®| F7}
- © E2type2 A
Membership
>>> permission = 'rw'
>>> 'w' in permission
True
>>> 'X' in permission
False

# spam filter0| 0| &

>>> subject = '$$$ Get rich now!! $$$’
>>> '$$$" in subject

True

>>> users = ['hky','foo’,'bar’]

>>> input('Enter your name: ') in users
Enter your name: hky

True
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Multiplication

Length, Minimum, Maximum

List() &=

>>> list('"Hello')
['H', ‘e, 'I', 'I', 'o']
>>> a = list('"Hello')
>>> a

['H', ‘e, 'I', 'I', 'o']
>>> ""join(a)
'Hello'

36




List Methods

append()

— >>> st = [1,2,3] # HEGHY &
ojgt A

count()

extend()

— # Z9|: concatenationd} C}E -
extended sequence is modified,

— # vs. ordinary concatenation: £t
3| M =2 sequence’t Ht=tE

index()

- Mg 2dkl= &€=29| index
insert()

pop()

37




remove()

reverse()

sort()

— ; sort lists ‘in place’

- >>> # J &l copys= 0|8t LK}
ST RESCIT

- 7+§' &OétkE(nét%hir?gM?mm e
HA — HA 9)

— >>> # 0| & QSN =...

— sort()2| option

« # 1179| sorting:

* https://wiki.python.org/moin/Ho
wTo/Sorting

ue
St

I

ncelf| = O|& 7}

38




List Comprehension

- g
- ZHESHME 2!
>>> [x*x for x in range(10)]
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]
>>> # 392 L+ X|= =8
>>> [x*x for x in range(10) if x %
==0]
[0, 9, 36, 81]
>>> [(x,y) for x in range(3) for y in
range(2)]
[1()(]). 0), (0, 1), (1, 0), (1, 1), (2, 0), (2,

result=[]




Tuples

18

— Immutable sequence
- :I'LT'_‘ I EE:: 11 )
Operation

Methods

=Q 2L
— MapO| A 2| key (cf. list= keyZt & &= 1 3)
— o= LYRISEAO|AMO| HIBIZIO 2 o|g

40



1= ArEE Y
>>>1,2,3
(1, 2, 3)
>>> (1,2,3)
(1, 2, 3)
>>> ()

()

>>> 42
42

>>> 42,
(42))

>>> (42,)
(42))

tuple()

oo

A
T
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Dictionary

= >>> eng2sp = {}
— W& & mapping H|O|E Ef & >>> eng2splone’] =
(KVP) >>> engZsp['two’] =
— AFEA g<sp
< >>> print(eng2sp)
AY A Hip i >>> print(eng2sp['two])
dict gr==
7|25 ol 5
— len(d)
— d[k]
— dlk] = v
— del d[k]

— kind

42




Dictionary Methods
— clear

— copy
— fromkeys

— get

43




has_key

Al

|
O

>>> # d.has_key(k)

>>>d = {}

>>> d.has_key('name’)
items2} iteritems
keys2} iterkeys

setdefault

update

= kind Eh Python 30 g

Pop

popitem

values@} itervalues

44




EH= (1) pass, del, exec, eval

pass() ; do nothing

— if name=="park":

—  print('welcome’)

— elif name=="bush':

—  pass

— else:

—  print('we are waiting’)

del(): delete

exec()

— Execute a series of Python
statements

eval()
— Evaluates a Python expression
and return the resulting value

45




H = (2) Sequence unpacking, ...

Sequence unpacking

Chained assignment2}
augmented assignment

assert
- EeAs 07 Sofu B
— 2UZF 9| checkpointZ =&

x = y = somefunction()

>>> x=2

>>> X+=3

>>> x*=5

>>> X

25

>>>

>>> spname = 'foo'
>>> spname +="bar"
>>> sname *=3
>>> shame
‘foobarfoobarfoobar

46




String

7 i I
7] " 1 1 uin miin 1 1

— concatenation

— Input()

Raw string

str()2} repr()

— str() ;human-readable,

— repr() ; representations to be read by the interpreter

— 2 70| gizt=El M E Q2. O: numbers, lists, dictionaries
— J2{L}, Strings, floating point numbers 52 =2t AS| E2t3
Formatting ; ... &t, string module

Methods




« Raw string
« str()2f repr()

>>> x=10 * 3.25

>>> y=200*200

>>> s = 'The value of x is ' + repr(x)
+',andyis ' + repr(y) + "..."

>>> print(s)

The value of x is 32.5, and y is 40000...

>>> # The repr() of a string adds
string quotes and backslashes:

>>> hello = 'Hello, world#n'

>>> hellos = repr(hello)

>>> hellos

"'"Hello, world##n'"

>>> print(hellos)

'Hello, world¥n'

>>> repr((x,y, (‘ham’,'eggs’)))
"(32.5, 40000, (‘ham’, 'eggs'))”

Formatted printing

48




String Methods

join

replace

Split

Strip

find




Module

- The
— T2~ OfQ (Python, C, C++, ...)
_ o5t
1=
« Module 2411t 0| &
— Module#:tM
— Import ans
- AMzE
— Private name

« Scoping Rule




7 &
_ m2 73 I} (Python, C, C++, ..)
— ook

=

. namespaceE =06l name clashE gtX|
— Namespace = &ZE 9| dictionary of identifiers

Module 2t 1} 0| &
— Module%tA

— import &
. import & qualification0| Z o &t
- Hudz

. 20| A

AN
: 7()(thon AR Qtofl AX|, sys.path #1Z, PYTHONPATH O]

— Prlvate name

g, pth ot

51



« Scoping Rule
— &=NM:
— Local > Global > Built-in
* locals()

 globals()
e dir(__builtins_)

Built-in
namespace
[ \
Built=in
functions
Global
namespace \
Module Module
functions variables
Local
namespace \
Local Local
functions variables

52



« # module &M Gl 0| &
>>> import [I02_mymath
>>> area(2)

12.56636

>>> 1102_mymath.pi
3.14159

>>> [102_mymath.area(5)
78.53975

>>> from 1102_mymath import
area

>>> area(10)
314.159

# module EfM 4 2

>>> import sys
>>> sys.path

['C:/Python31/DBnet’,
'C:WWPython31WWLibWWidlelib’,
'C:WWWindowsWWsystem32WWpyt
hon31.zip’',
'C:WWPython31WWDLLs',
'C:WWPython31WWlib',
'C:WWPython31WWlibWWplat-win',
'C:WWPython31',
'C:WWPython31¥WWlibWWsite-
packages']
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II. stz BEIAE X 2| (Text Processing)

IR

-1 1T /|

e nltk



N

Bl A E
-1 ——
- At
- EHA

A2|ef XA K E|

O.IE ol &4

= 29 201 0| &4

AHE M

- A EH—'—_I'__ =1/

. PREN
=

. olojeA

Ral
e
2
B Q@

|.

|
0

1 EH

_ o|O

0

[{d

|.

_ Ci3l =

O

_ Zo

24

=41 (lexical analysis, morphological analysis)
=41 (syntactic analysis, parsing)

=41 (semantic analysis)

= *" (discourse analysis)

g OH* (ambiguity resolution)
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SEf 2 24

4k
— Morphological analysi

n

- HOword)(gt=0f - 0| 2)= T doh= 4 SEIAS SIAOI =1
A % OlL} =95, & 20| 2ot YHja= H¥E SHo=

E _J.\_ morpheme)E,_P?
1. o|0|7F Y= E| AT EFZ|(minimally meaningful unlt)
- 2 2N, B7Tel £2 LEfLE Tof EE Eofo] 2

W02 2% £0j M SR 0 £HO(0]ZH0 FAL} O
51O ofyE 20] Aol 2 AL,
~ 0|0y mfaf
- FEfOf FALO| Chet S2ld (+ E[0{A7] ZH))
- =47|ES ’XfEE 2X| '%E’E 2Xol 2XH &
- obX} 2 O 09| A, ==0le] 2K
- o= ZEO| =X

56



« 03] 24 (Lexical Analysis)
_ %I—I

x4

+ ErOl/0| =l HEjZX S0 Cfet YurHel A M4 0|2 5
o EHol2 TASHs HEf£0 28 B2 Ay

© (SHZ0]) O3] HEIA(=UT HEj2)Q B8 HEA(= HA| HEfL)
7b ZeLE|of CHO|S 0|20 2 CHO|2RE 2 HEjAS 22(5tn 2

2| =l HEf a0 AN 2 OF .
— WEfA 2M7|9] EAL EfH (POS, Part of Speech)
« Markov Model Tagger
Hidden Markov Model Tagger
Transformation-based Tagger
Neural network

Decision Tree ...
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M0y 2040 02040

A
L4,

rot

12 0f
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B~ &4 g
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LELSS FEA 47

o L=

-1 1

— http://sjc333.egloos.com/2837613

— http://kkma.snu.ac.kr/

— https://kldp.org/node/93512

— http://nlp.kookmin.ac.kr/HAM/kor/ham-intr.html
— http://konlpy.org/ko/v0.4.3/

- (235 E€8R)

+ Al Lt

— http://ithub.korean.go.kr/user/main.do
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konlpy

e
- o= SEXC|E flet Lo’ T 7| X|
— http://konlpy.org/ko/v0.4.4/
— https://github. com/konlpy/konlpy
Konlpy7t O] 83H= HEfA £ 2to| =2z
— Kkma - http://kkma snu.ac.kr/
— Hannanum - http://semanticweb.kaist.ac.kr/hannanum/
— Twitter - https://github.com/twitter/twitter-korean-text/
— Komoran - http://www.shineware.co.kr/?page id=835
— Mecab - https://bitbucket.org/eunjeon/mecab-ko-dic
X1|4- ’|s

St= O corpus
- ot=0f M| R E/E|
- dEix =4 8 FALEZ

S gl
— h

ttp://kkma.snu.ac.kr/
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nltk

e
— Python package that implements many standard NLP data
structures, algorithms

— First developed in 2001 as part of a CL course at University of
Pennsylvania

Q= AN

— http://www.nltk.org

62



=8 task

NLTK 2=

s

Accessing corpora

nltk.corpus

corpora SllexiconsOj Cliet & Q9IEHI{O|A

String processing

nltk.tokenize

Sentence B! word tokenizer

nltk.stem Stemmers

Part-of-speech tagging nltk.tag & A (POS) tagger

Classification nltk.classify Decision tree, maximum Entropy
nltk.cluster K-means

Chunking nltk.chunk Regular expressions, named entity tagging
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— Solr/Lucene
— ELK (ElasticSearch/Logstash/Kibana) &
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Pythong 0|23t API 0| &

. API2t?

— RESTful API (REpresentational State Transfer)
¢ = producerQ} consume?t9| lighter weight &4l > HTML I 0| X| 2|

XML E}Q! MEHE 9lof £¢

= O

* JSON & EHE E1|0|E1 S MlE (3 550 XML, RSS 5)
— =4 QIHullof HTTP (Hypertext Transfer Protocol)E O|&

« REST #4824

— Resource

—

. %%H'“ IDE 7}X|= MH 2| ResourceE [AICZ 22I0|HEL XS
A

« URI Q] 0: '/groups/101/member/12532'

— Method
e ResourceE ZXAIS= A}

* =2 method: GET, POST, PUT, DELETE &

Method, CRUD, SQL H|

Method CRUD  SQL

DELETE Delete  DELETE
POST Create  INSERT
GET Read SELECT
PUT Update UPDATE
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Open API & &

https.//locu.com/

& C' | @ https://dev.locu.com/console/
o) (3 Java (7 Electronics R DEFAS22 (O r (O python (1 BD (] MongoDB (7] elearning (B ShellWaveX - YouTu

DEVELOPER CENTER | APJI CONSOLE

Venue Search Console

Name:
Categories:
Cuisines:
o
API Has Menu:
CONSOLE

Website URL:
Open at:

c
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https://locu.com/
https://locu.com/

HOlH=4 & =8 1{7[X]

* ipython,

*  numpy,

- matplotlib,
* SCIpy

« pandas
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#!/usr/bin/env_python

import sys
from nltk.tokenize import wordpunct tokenize

def read_input(file):
for line in file:
# split the line into tokens
yield wordpunct_tokenize(line)

def main(separator= #t’):

# input comes from STDIN (standard input)

data = read_input(sys.stdin)

for tokens in data:
# what we output here will be the input for Reduce step,
# i.e. the input for reducer.py
#
# tab-delimited; the trivial token count is 1
for token in tokens:

print '%s%s%d" % (word, separator, 1)

n

if _name__ == " _main_ "
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reduce.py

#!/usr/bin/env python

from itertools import groupby
from operator import itemgetter
import sys

def read_mapper_output(file, separator= #t'):
for line in file:
yield line.rstrip().split(separator, 1)

def main(separator= #t)):
data = read_mapper_output(sys.stdin, separator=separator)
for current_word, group in groupby(data, itemgetter(0)):
try:
total_count = sum(int(count) for current_word, count in group)
print "%s%s%d" % (current word, separator, total count)
except ValuekError:
pass
if _name__ == " _main_ "
main()
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MNe| ZEE
— Technology
« DBMS
o ZHMA|AH/framework
« MapReduce
— Raw O|O|H =t&
o AMEM - Ct=0] X 2|, Thesaurusl| =&, n-gram — 22+0] X2
- M2 BUE
* Linux - 7t &

MLEZE 24 7|8

— VSM (vector space model)

— Text classification — Naive Bayes, SVM

— Clustering — Hierarchical clustering, Flat clustering
— LSI (latent semantic indexing)

— Link A
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