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java.nio - Buffer I/iITMO

mark

0 Buffer capacity
A

position limit

® java.nio.Buffer — kKoHTenHep ona XpaHeHNA AaHHbIX
+ capacity - eMKOCTb (MakCcUMasibHbIW pasmep)

+ [Imit - CKO/IbKO MOXHO 3anucatb (He 60/1blle eMKOCTH)
Unn npounTtaTb (He 60/bLUe, YEM 3anncaHo)

+ position - TekyLlaa nosnyms
+ mark - meTka
S,
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java.nio - Buffer I/iITMO

mark
h 4
0 Buffer capacity
A
position limit
® Co3naHune bydepa: ® MeTogbi:
. : + limit(lim) v position(pos)
‘ aIIocate(capamty) + mark() n reset() mark <-> position
+ allocateDirect(capacity) =+ clear() - limit = capacity, position = 0
XX Wrap(array[]) + compact - BCe Heo4YnTaHHOe - B
Hayano oydoepa
+ flip() - limit = position, position =0
%{{) + rewind() - position =0
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3anncb N UTeHue AaHHbIX I/ITMO

® MeToAdbl get n put
+ get - yTeHne n3 dydoepa
+ put - 3anncb B bydoep

® ABGCOJIIOTHaA NHAeKcaLns ® OTHOCUTENbHAA UHAEKCALINS
(ABHOE yKa3aHne nHaekca) (Mo TekyLen no3numnmn)
+ MO3nUna He MeHseTcs * No3ngnda cmellaetcd nocre
‘ onepauuu
+ TONbKO OINHOYHbIE ONnepaLmm
(( * OAWHOYHbIE N TpynnoBblie

13



3anunucb N YTeHue AaHHbIX

® 3anncb

while () { put(byte); }

® yTeHune
flip();

/ITMO

0

capacity

position

while(hasRemaining()) { get(); }

A

limit
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3anncb N YTeHue AaHHbIX ViTMO

® 3anMNUCb 0 capacity
clear(); position _’ﬁ
while () { put(byte); }

® YyTeHune
fip();

while(hasRemaining()) { get(); }



3anncb N YTeHue AaHHbIX I/ITMO

® 3anuchb 1 capacity
[)Ut. _»A

clear(); position limit
while () { put(byte); }
® yTeHune

fip();
while(hasRemaining()) { get(); }




3anuch 1 YTeHUe AaHHbIX I/ITMO

® 3anuck ______ capacity

clear(); position limit
while () { put(byte); }
® yTeHue

fip();
while(hasRemaining()) { get(); }




3anuch 1 YTeHUe AaHHbIX I/ITMO

® 3anuchb ) e ——— capacity
— He—

clear(); position limit
while () { put(byte); }

® yTeHue
flip();

while(hasRemaining()) { get(); }



3anncb N YTeHue AaHHbIX ViTMO

® 3anuch * capacity
t P N

clear(); -9 position limit
while () { put(byte); }

® yTeHue
flip();

while(hasRemaining()) { get(); }



Knaccbl-noToMku Buffer ViTVIO

® ByteBuffer

® CharBuffer

® [ntBuffer, ShortBuffer, LongBuffer, FloatBuffer, DoubleBuffer
= getint(), putint(), getShort(), putShort() ...

® java.nio.ByteOrder

+ ByteOrder.BIG_ENDIAN

+ ByteOrder.LITTLE _ENDIAN

+ nativeOrder()

+ order()

Java 20



java.nio.charset

® Knacc Charset - kognpoBka CMMBOJI0B
+ MeToapbl
+ CharBuffer decode(ByteBuffer b)
+ ByteBuffer encode(CharBuffer c)

/ITMO

21



KaHa/bl

® java.nio.channels
¢ dannoBble KaHa/1bl N CETEBbLIE KaHaJlbl
® OT/1M4YMe OT NOTOKOB
* OOWH KaHaJu1 4513 4TeHUA 1N 3alnucu
+ nogaepXxka Heb1o0KMpPYHLLIErO BBOAA-BbIBOAA
* nogaep>Xka aCMHXPOHHOIo BBOAAa-BbiBOAA
+ YyTeHune 1 3anncb Lenoro éygepa

/ITMO
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KaHanbl - uHtepdencol n FileChannel

Channel

/ITMO

void close() < - _ AsynchronousChannel
boolean isOpen() T Interruptible Channel
NetworkChannel
- - - - - T T T T T T T T |
\ \
ReadableByteChannel WritableByteChannel
int read(ByteBuffer) int write(ByteBuffer)
RN )
S ~ - |\
S N — ByteChannel — 7 N
/] A | \\
/ \ \ \
/ | SeekableByteChannel | \\
// S position() e \
\ N e : \\
ScatteringByteChannel | ;
Y ~ ~ GatheringByteChannel
long read(BAyteBuffer[]) ~ . } - ~ long write(ByteBuffer[])
{ N ;‘/ ~
R
class FileChannel
25




M KaHan FileChannel /ITVIO

® chabpunyHblE METOAbI: * write(ByteBuffer b)
+ FileChannel.open() % 3anucb B KaHaU1 N3 6yo|oepa

+ FilelnputStream.getChannel() ~ ® read(ByteBuffer b)
* YyTeHue N3 KaHasia B bydoep

Channel Buffer

Java 26



UrteHune u 3anucb I/ITMO

ByteBuffer buffer = ByteBuffer.allocate(1000);

® YTeHne n3 dpanna

Path path = Paths.get("in.txt");

FileChannel channel = FileChannel.open(path);
buffer.clear();

int nBytes = channel.read(buffer);

® 3anunchk B chaiin

Path path = Paths.get("out.txt");

FileChannel channel = FileChannel.open(path);
buffer.flip();

int nBytes = channel.write(buffer);

Java 27



MpoABUHYTbLIe KaHabl I/iTMO

® [lepepaya AaHHbIX U3 KaHa/1a B KaHaJl
transferFrom(ReadableByteChannel, long position, long count)
transferTo(long position, long count, WritableByteChannel)

® ScatteringByteChannel / GatheringByteChannel
ByteBuffer bufferArray = new ByteBuffer[3];
for (ByteBuffer buf : bufferArray) { buf.allocate(256); }
scatteringChannel.read(bufferArray);

gatheringChannel.write(bufferArray);

Java 28



OTo6GpaxeHue haiina B namMaThb I/iTMO

® FileChannel
+ map() - nonyyeHne MappedByteBuffer
+ OTOGpaXxeHue hania B NnamMAaThb

® MappedByteBuffer
+ boolean isLoaded()

+ load()

+ force() var mode = FileChannel.MapMode.READ_ONLY;
var buffer =
channel.map(mode, 0, fileChannel.size()),
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TepmuHonorus ViTVIO

® Briyuc/iumesibHasi cemb — cucTeMa As1s nepegayn AaHHbIX
MeXay y3s1amu cemu.

® XOoCcm — KOMMbIOTEP, NOAK/THOYEHHbIVN K CETU N UMEIOLLINY
ceTeBOW aapec.

® [Ipomoko/1 — Habop npasus, onpenensoLlnx NopsaokK
NencTenn U popmar AaHHbIX MNPV CETEBOM OOMEHE.

coo == O
CICIGIC]
cmn OGOO coo == (O

000 =|O

coo == QO

5 m




CeTeBasi apxXuTeKkTypa ViTMIO

® K/lueHmM-cepsepHas apxXnutektypa
+ LleHTpasim3oBaHHOe ynpasneHne n ooMeH AaHHbIMU
+ CepBep npenocTaBnsieT CEPBUCHI B PEXMME OXMAAHNA 3anpoca
+ KNneHT nony4vaet pesynbtar OT cepBepa Mo 3anpocy
+ HafgeXHOCTb 3aBUCUT OT cepBepa — KPUTUYECKNIA y3en
® O0HopaHa20B8as apxutektypa (NMpuHroesas)
+ JleueHTpasiM3oBaHHoeE ynpas/ieHne n 06MeH gaHHbIMU
+ Bce y3nbl (pears) paBHoOMNpasBHbl, MOTYT ObITb KIMEHTOM N CEPBEPOM
+ HeT KpUTMyeckoro ysna

S,
—
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Mogenb nepeaayn AaHHbIX I/iTMO

® moaenb ISO/OSI TCP/IP os| Mpumep
® CTekK TCP/IP MpuknagHou HTTP
MpuknagHon MpeacraBUTENbCKUA

CeaHCOBbI

TpaHCNOPTHDLIN TpaHCNOPTHbLIN TCP, UDP
CeTteBoM CeteBoit IP
KaHanbHbIN Ethernet

KaHanbHbIN

( dusnuecknii BUTaA Napa
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MakeTbl /ITMO

® [JakeT = 3aro/10BOK + AaHHbIe

YpoBeHb YpoBeHb + 1
\ A
3 a 3 a
\ A
YpoBeHb - 1 YpoBeHb
\ A
3 [1aHHblE 3 [laHHblE
é) 0100010000111101010 >
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CeTeBoOe B3aumogeiicTBue B Java I/ITMO

® [IpoTOoKON nNpuKknagHoro ypoBHA - HT TP

® [1POTOKO/bI TPAHCMOPTHOIO YPOBHS

® TCP e UDP
+ yCTaHaB/IMBAETCS COeANHEHME + 6e3 yCTaHOB/IEHNE COeANHEHNS
+ NOATBEPXAEHNE NOCTABKU + 0e3 MNoATBEPXKAEHNS OCTaBKU
+ HaZleXXHOCTb Nnepeaavn AaHHbIX + CKOPOCTb nepefayn faHHbIX

&
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IP-agpec ViTMO

® /IneHTUJNLMPYET CBA3b MEXAY poyTepoM U XOCTOM
® |D cetu (npedounkc) + ID xocTta (cydopukc)
® |Pv4 — 32 6uta (194.85.160.55)
+ Knacc A: npedumkc 8 6uTt (0...) + cydocpuke 24 buta
+ Knacc B: npedunkec 16 6ut (10...) + cydbdpukc 16 6ut
+ Knacc C: npecpukc 24 6uta (110...) + cydpdomkc 8 6ut

+ Macka noacetun: 192.85.160.55
= 192.168.0.5/255.255.255.240
= 192.168.0.5/28
® |Pv6 — 128 6uTt [FC05::4429:0:AC02]

:(Loopback (localhost - 127.0.0.1 / [::1]

—
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DNS /ITMO

® DNS — Domain Name Service
® [IpeobpasoBaHne Mmexay AOMeHHbIM nmeHeMm 1 IP-aapecom
® Wwww.google.com ~ 172.217.23.132
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MopT ViTMO

® |P-anpec naeHTNOUUMpyeT XOoCT
® MOPT UAEeHTUULMPYET npoLecc (NpunoxeHue)
® Cokem — nHTepdoenc ansa obmMmeHa — agpec v nopT

® [1ns obmMeHa JaHHbIMU HY)XHO 3HaTh:
+ MPOTOKON
+ |P-agpec n nopt oTnpaBnTens
+ |P-agpec n nopt nonyyarens
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InetAddress /ITVIO

® Knacc InetAddress
+ Inet4Address Inet6Address
® MeTtoabl InetAddress (cTatnyeckue)
+ InetAddress getLocalHost()
+ InetAddress getByAddress(byte[] addr)
+ |InetAddress getByName(String name) — obpatyeHne K DNS
® HecTtarnyeckne metoasbl
+ byte[] getAddress
¢ ) + String getHostName()
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InetSocketAddress /ITVIO

® |netSocketAddress(InetAddress addr, int port)
® |netSocketAddress(int port)
® [netSocketAddress(String hostname, int port)
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CeteBOU OOMEH

® KNNeHT

+ Pabortaet Ha /1t060M XocTe
(cepBep He 3HaeT, rge
NMEHHO)

+ CB0OOO/HbI MNOPT BbiOUpaeTcs
Npu oTnpasneHnn 3anpoca

+ [ocblNnaeT 3anpoc cepsepy,
XX1ET OTBET

® 3anpoc

< CogepXuUT AaHHbIe U
¢ NH(PopMaLIMIO O K/IMEHTEe
)

Java

/ITMO

® CepBep
+ PaboTaeT Ha 13BEeCTHOM
XocTe (n3BecTHbIN IP-aapec)

+ [pocnywmBaeT N3BECTHbIN
nopT (3aBMUCUT OT CepBuCa)

+ JKOET 3anpoc OT K/INeHTa,
NOCbI/TaeT OTBET

® OTBeT
+ CoaepXnT AaHHbIe

41



Awnarpamma nocrsieqoBartesibHOCTel

KnueHT

CVHXPOHHBbIN 3anpoc

/ITMO

CepBep

ACNHXPOHHbIN OTBET

42



OGMeH no npoTtokony UDP ViTMO

® java.net.DatagramPacket — gentarpammva (nepegaBaembie
NaHHble + cnyXebHasa nHdopmauuns)

+ Alpec oydepa
+ [1nnHa 6ydepa (He 6onee 64 KbanT)
+ Afpec nonyyatens (Npu oTrnpasBneHnm)
® java.net.DatagramSocket — cokeT a5 obmeHa
+ [MopT Ana npocnywmBaHna (4158 NonyvyeHns)
+ Agpec 1 nopt (419 oTnpas/ieHns)

Java 43



Mpumep o6MeHa no npotokony UDP I/iITMO

// KNWeHT

byte
int
Data

arr[] = {0,1,2,3,4,5,6,7,8,9};
len = arr. length;
gramSocket ds; DatagramPacket dp;

InetAddress host; int port;

ds =
host
port
dp =
ds.s

dp =
ds.r

for

}

)

(

Java

new DatagramSocket();

InetAddress.get...();
6789;

new DatagramPacket(arr,len,host,port);
end (dp) ;

new DatagramPacket(arr,len);
eceive(dp);

(byte j : arr) {
System.out.println(j);

// cepBep

byte arr[] = new byte[10];

int len = arr.length;

DatagramSocket ds; DatagramPacket dp;
InetAddress host; int port = 6789;

ds

new DatagramSocket(port);

dp = new DatagramPacket(arr,len);
ds.receive(dp);

for (int j = 0; j < len; j++) {
arr[jl *= 2;
}

host = dp.getAddress();

port = dp.getPort();

dp = new DatagramPacket(arr, len,host,port);
ds.send(dp);
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OGMeH no npoTtokony TCP ViTMO

® java.net.Socket — cokeT ana obmeHa (KNMeHT u cepsep)
+ new Socket (agpec + NnopT — AN4 oTnpasfeHns)
+ Socket ServerSocket.accept() - Ana nonyyeHus

® java.net.ServerSocket — dpabpuka cokeToB

+ new ServerSocket(nopTt) — Ha CTOpPOHE cepBepa
® 0OMeH AaHHbIMUM Yepe3 NOTOKM BBOAA-BbiBOAA

+ Socket.getInputStream()
+ Socket.getOutputStream()
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NMpumep oomeHa No

// KINeHT

byte arr[] = {0,1,2,3,4,5,6,7,8,9};
int len = arr.length;

Socket sock;

OutputStream os; InputStream is;
InetAddress host; int port;

port
sock

6789;
new Socket(host,port);

0s = sock.getOutputStream();
os.write(arr);

is = sock.getInputStream();
is.read(arr);

for (byte j : arr) {
System.out.println(j);

npotokony TCP ViTMO

// cepBep

byte arr[] = new byte[10];

int len = arr.length;

Socket sock; ServerSocket serv;
OutputStream os; InputStream is;
InetAddress host; int port = 6789;

serv
sock

new ServerSocket(port);
serv.accept();

is = sock.getInputStream();
is.read(arr);

for (int j = 0; j < len; j++) {
arr[j] *= 2;
}

0s = sock.getOutputStream();
os.write(arr);
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Mcnonb3oBaHne KaHas10B U java.hio

® [1poTokon UDP — DatagramChannel
+ DatagramChannel open()
+ bind(SocketAddress local) // cepBep
+ SocketAddress receive(ByteBuffer)
+ int send(ByteBuffer, SocketAddress)

+ connect(SocketAddress remote) // KnneHT
+ int read(ByteBuffer)
+ int write(ByteBuffer)

/ITMO
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NMpumep oomeHa no npotokony UDP (NIO)

// KINeHT

byte arr[] = {0,1,2,3,4,5,6,7,8,9};
int len = b.length;

DatagramChannel dc; ByteBuffer buf;
InetAddress host; int port;
SocketAddress addr;

addr = new InetSocketAddress(host,port);
dc = DatagramChannel.open();

buf = ByteBuffer.wrap(arr);
dc.send(buf, addr);

buf.clear();
addr = dc.receive(buf);

for (byte j : arr) {
System.out.println(j);

/ITMO

// cepBep

byte arr[] = new byte[10];

int len = arr.length;
DatagramChannel dc; ByteBuffer buf;
InetAddress host; int port = 6789;
SocketAddress addr;

addr = new InetSocketAddress(port);
dc = DatagramChannel.open();
dc.bind(addr);

buf = ByteBuffer.wrap(arr);
addr = dc.receive(buf);

0

for (int j j < len; j++) {
]

arr[j
}

buf.flip();
dc.send(buf, addr);

.
’
.
’
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icnonb30BaHWe KaHAIO0B U java.nio I/ITMO

® [1potokon TCP

+ ServerSocketChannel
= ServerSocketChannel open()
* bind(SocketAddress local)
= SocketChannel accept() // cepsep

+ SocketChannel
= SocketChannel connect(SocketAddress remote) / KNneHT
= write(ByteBuffer)
= read(ByteBuffer)

49



Mpumep o6meHa no npotokony TCP (NIO) I/iITMO

// KNueHT // cepBep

byte arr[] = {0,1,2,3,4,5,6,7,8,9}; byte arr[] = new byte[10];

int len = arr.length; int len = arr.length;

InetAddress host; int port; InetAddress host; int port = 6789;

SocketAddress addr; SocketChannel sock; SocketAddress addr; SocketChannel sock;
ServerSocketChannel serv;

port = 6789;

addr = new InetSocketAddress(host,port); serv = ServerSocketChannel.open();

sock = SocketChannel.open(); serv.bind(port);

sock.connect(addr); sock = serv.accept();

buf = ByteBuffer.wrap(arr); buf = ByteBuffer.wrap(arr);

sock.write(buf); sock.read(buf);

buf.clear(); for (int j = 0; j < len; j++) {

sock.read(buf); arr[j] *= 2;

}
for (byte j : arr) {
System.out.println(j); buf.flip();
} sock.write(buf);
&

—
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PeXXnMbl 0OMeHa IIiTMO

® H/1I0KMPYIOLLMIA PEXUM

+ MOXHO N1 BbINOJ/IHUTL Onepaumnio = NONbITaTbLCA BbINO/HUTL
» setSoTimeout(long milliseconds)
= Socket / ServerSocket / DatagramSocket

® HebNOKMPYHOLLNNA PEXNM
+ [poBepKa BO3MOXHOCTU - OTAENbHO OT caMoii onepaumm
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He6nokupyowmii BBoA-BbIBOJ, I/iITMO

® ServerSocketChannel.configureBlocking(false)

+ MeTtoa accept() Bo3Bpallaet SocketChannel nnu null, ecnu
coefuHeHne He yCTaHOB/1EHO

® SocketChannel.configureBlocking(false)

+ MeToabl read 1 write Bo3BpallaroT int — KO/1M4eCcTBO
MPOYNTaHHbLIX 6aNT, UK -1, ecnun gaHHbIX 60/1bLLIE HET.
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Cenektopbl ViTMIO

® abstract class Selector
= open()
+ select()
+ Set<SelectionKey> keys() // key set
+ Set<SelectionKey> selectionKeys() // selected key set
+ /[ cancelled key set
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CenekTopbl - Koum ViTMO

® abstract class SelectionKey
+ interestOps(), readyOps()
+ OP_CONNECT, OP_ACCEPT, OP_READ, OP_WRITE
+ IsConnectable(), isAcceptable(), isReadable(), isWriteable()
+ channel(), selector()
+ attach(Object), Object attachment()
+ cancel()



CenekTopsbl - KaHabl I/iTMO

® abstract class SelectableChannel
+ SelectonKey register(Selector s, int Ops, Object attachment)

= SocketChannel
= ServerSocketChannel
= DatagramChannel
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Cenektopbl U KaHa/bl

KnueHT

Channel

KnueHT

Channel

Selection
Key

|
Selection
Key

KnueHT

/ITMO

Channel

Sehcﬁon
Key

Selector

Channel

CepBep
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Mpumep I/ITMO

Selector selector = Selector.open();
ServerSocketChannel server = ServerSocketChannel.open();
server.configureBlocking(false);

server.register(selector, SelectionKey.OP_ACCEPT);
while(true) {
selector.select();

Set<SelectionKey> keys = selector.selectedKeys();
for (var iter = keys.iterator(); iter.hasNext(); ) {
SelectionKey key = iter.next(); iter.remove();
if (key.isValid()) {
if (key.isAcceptable()) { doAccept(); }
if (key.isReadable()) { doRead(); }
if (key.isWritable()) { dowrite(); }

}
}
selector.close();

Ny
<
—
——

—
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accept, read, write

doAccept() {
var ssc = (ServerSocketChannel) key.channel();
var sc = ssc.accept();
key.attach(clientData);
sc.configureBlocking(false);
sc.register(key.selector(), OP_READ);

/ITMO

}
doRead() {
var sc = (SocketChannel) key.channel();
var data = (ClientData) key.attachment();
sc.read(data.buffer);
sc.register(key.selector(), OP_WRITE);
}
dowrite() {
var sc = (SocketChannel) key.channel();
var data = (ClientData) key.attachment();
d, sc.write(data.buffer);
= ¥
Java
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MpoTtokon HTTP

® URI| — Unified Resource ldentifier
+ URL — Unified Resource Locator
+ URN — Unified Resource Name

/ITMO
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Knacc URL

URL url = new URL("http://www.google.com");
InputStream is = url.openStream();
is.read();

is.close();

Object o = url.getContent(),;

/ITMO
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Knacc URLConnection I/ITIVIO

URL url = new URL("http://www.google.com");
URLConnection uc = url.getConnection();
uc.connect();

InputStream is = uc.getInputStream(),
// 1s.read();

uc.setDoOutput(true);
OutputStream os = uc.getOutputStream();
// os.write();

is.close();

os.close();
uc.close()
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DYHKLMOHAIbHOE NMPOrpaMMUpoBaHue I/iITMO

® OYHKUMKM BbICLLEro nopsaka

+ MOTYT ObITb apryMmeHTamu 1 BO3BpallaeMbiMN 3HAYEHUAMMN
® /leHMBble BbIYNC/1EHUS
® HeT N060YHbIX 3(PJEKTOB

® HeT COCTOAHMSA ® [10CTONHCTBA:

+ [1poLlue TecTupoBaHumne
+ [1polle pacnapannenneaHue
+ OnTuMKM3auna koga
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NTepauus n pekypcus ViTMO

® /ITepauna — Pekypcus
® [Ipobnema pekypcum — orpaHnyeHue crteka
+ BbI30B (PyHKUMN — napamMeTpbl N afipec Bo3Bpara — B CTEK
+ Bo BPEMHA pa6OTbI beHKLLI/IVI NOKaJ1bHbIE MepeMeHHbIEe B CTEKE
+ BO3Bpar — o4mncTKa CTeka 1 nepexop no agpecy Bo3ppara
® PellleHe — XBOCTOBas peKkypcus
+ PeKypCMBHbIN BbI30B DYHKLUUM — MOC/eHAS KoMaHaa

+ BMECTO NOBTOPHbLIX PEKYPCUBHbLIX BbI30BOB — 3aMeHa
€ napamMeTpoB 1 BO3BpaT K Havdany (paktnyecku — ntepaums)
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dakTopuan (pekypcusa)

® /ITepaynd

public int factor(int n) {
int result = 1;
int 1 = 1;
while (i <= n) {
result *= 1i;
1 += 1;
b

return result;

/ITMO

® Pekypcus
+ MnpoLle Koa,
+ npobsiema cteka BbI30OBOB

public int factor(int n) {
return n <= 1 ?
1 :
factor(n — 1) * n;
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CTeK BbI30BOB MpPU pekypcumn ViTMO

® [1pu BbI30BE METOAA - B CTEK appec Bosspara 1
nomeLlaloTCsl NapamMeTpbl U int n
agpec BO3Bpara afpec Bo3spara 2

® [pu paboTe MeToaa - B CTEK i
NOMeLLIatOTCA STIOKa/IbHbIE g/ipec Eo3Bpara o
nepemeHHble JLTL

o -
['lepe/, BO3BPATOM - O4NCTKA public int factor(int n) {
NOKasIbHbIX NEPEMEHHbIX return n <= 1 ?

1 [

o ) .

Bo Bpemsa Bo3Bparta - o4UMCTKa factor(n — 1) * n:

y OT NapamMeTpoB 1 BO3BpaT )
S,
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dakTopuan (XBocToBasi peKkypcus) |IiTMO

® XBOCTOBasA pekypcus ® O6bIYHaAA peKypcus
public int factor(int n, int p) { public int factor(int n) {
return n <=1 ? return n <= 1 ?
p : 1 :
factor(n — 1, p * n); factor(n — 1) * n;
} }
ks

public int factor(int n) {
return factor(n, 1);
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dakTopuan (XBocToBasi peKkypcus) |IiTMO

® XBOCTOBas peKypcus azipec Bo3spara 1
agpec Bo3parta 2

public int factor(int n, int p) { :
return n <= 1 ? ntn
P intp

factor(n — 1, p * n);

}
}

public int factor(int n) {
return factor(n, 1);
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91eMeHTbl A-ucuncieHus

® AnoH3o Yepy (Alonzo Church)
® 3.a+1 — Aa.a+1 —

/ITMO

Na.a+1 — Aa.a+1

+ a — apryMeHT Bblpa>keHuns a+1

® [lepemeHHaq: x
® Onepauuu:

+ AbcTtpakuusa: Ax.f (cBasbiBaHMe X ¢ pyHKUneMn f)

+ Annnukauyua (npumeHeHune): f g

(NnpumeHeHne f K aprymeHTy g)
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Mpumep

®inc(x)=x+1 Inc(3)
®f(x)=x+1 f(3)

®(x) > x+1 ((x) = x+1)(3)
® AX.X+1

® CBOoOOOHbLIE N CBA3AHHbIE MEPEMEHHbIE
AX.X+Yy

( cBsi3aHHas cBob6ogHas
¢

/ITMO
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dYHKLUMM 06paTHOro Bbi3oBa (callback) I/iITMO

® [Mepepava hyHKUUM C LENbIO ee Aa/ibHeNLlero Bbi3oBa

+ peannsauus AeUCTBUA pa3HbIMKU crocobamm, BbIoMpaembiMn BO
BpeMs NCMNOJTHEHUS

+ peasim3alns aCUHXPOHHOW peakLum Ha CoObITUS
® BapuaHThbl peasin3aunm
+ yKaszarenu Ha pyHkuuio (C, C++)
+ peneratbl (C#)
+ 0O6bEKT NHTepderica ¢ MeToAoM / aHOHUMHBIN Knacc (Java < 8)

¢ + A-BblpaxeHunsa (Java 8+)
)
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[pakTnyeckue
npumepbl



public
public
public
public
public

static

public

class Student {

String
double
double
String
String

[Mpumep - CNUCOK CTYAEHTOB

getName() { ... }
getAge() { ...
getAngark() { }
getGroup() { ... }
getEmail() { ... }

List<Student> students;

static void printAlLl() {
for (Student st : students) {
System.out.println(st.getName()),

/ITMO
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CNUCOK OT/INYHUKOB rpynnbl I/ITMO

class Student {

public static void printAlL() { ... }

public static void printExcellentFromGroup(String g) {
for (Student st : students) {
if ((st.getGroup().equals(g) & & (st.getAvgMark() > 4.75)) {
System.out.println(st.getName());

}
}
}
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Cn1COK MOMoAbIX OT/INYHUKOB I/ITMO

class Student {

public static void printAlL() { ... }
public static void printExcellentFromGroup(String g) {...}
public static void printExcellentAndYoung() {

for (Student st : students) {

if ((st.getAvgMark() > 4.75) && (st.getAge() < 20)) {
System.out.println(st.getName());
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Cnuncok n3opaHHbIX :)

interface Checker {
abstract public boolean test(Student st);

}

class Student {

public static void printSelected(Checker ch) {
for (Student st : students) {
i1f (ch.test(st)) {
System.out.println(st.getName()),

/ITMO
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NHTepdeiic n Knacc ans otéopa I/iITMO

interface Checker {
abstract public boolean test(Student st);

}
class Student {

public static void printSelected(Checker ch) {...}
b

class ExcellentAndYoungChecker implements Checker {
public boolean test(Student st) {
return (st.getAge() < 20) && (st.getAvgMark() > 4.75));

3

¥
Student.printSelected(new ExcellentAndYoungChecker()),

s,
—
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AHOHUMHBIN Knacc I/ZITMO

interface Checker {
abstract public boolean test(Student st);

}
class Student {

public static void printSelected(Checker ch) {...}
b

Student.print(new Checker() {
public boolean test(Student st) {
return (st.getAge() < 20) && (st.getAvgMark() > 4.75));

1)
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DyHKUMOHaNbHbIV NHTEpdeinc I/iITMO

@FunctionalInterface interface Checker {
abstract public boolean test(Student st);

b
class Student {

public static void print(Checker ch) {...}
b

Student.print(new Checker() {
public boolean test(Student st) {

return (st.getAge() < 20) && (st.getAvgMark() > 4.75));
1)
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Nam6aa-BblpaxeHue ViTMO

@FunctionalInterface interface Checker {
abstract public boolean test(Student st);

b
class Student {

public static void print(Checker ch) {...}
b

Student.print(new Checker() {
public boolean test(Student st) {
return (st.getAge() < 20) && (st.getAvgMark() > 4.75));

1)

(Student st) ->
(st.getAge() < 20) && (st.getAvgMark() > 4.75))
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Nam6aa-BblpaxeHue ViTMO

@FunctionalInterface interface Checker {
abstract public boolean test(Student st);

b
class Student {

public static void print(Checker ch) {...}
b

Student.print((Student st) ->
(st.getAge() < 20) && (st.getAvgMark() > 4.75)) );
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Nam6aa-BblpaxeHue ViTMO

@FunctionalInterface interface Checker {
abstract public boolean test(Student st);

b
class Student {

public static void print(Checker ch) {...}
b

Student.print(st ->
(st.getAge() < 20) && (st.getAvgMark() > 4.75)) );

Student.print(st -> st.getGroup() == 3145);
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java.util.function.* I/iITMO

interface java.util.function.Predicate<T> {
abstract public boolean test(T t);

b
class Student {

public static void print(Predicate<Student> ch) {...}

}

Student.print(
st -> (st.getAge() < 20) && (st.getAvgMark() > 4.75))

)i

Student.print(st -> st.getGroup() == 3145);

S,
—
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Predicate - ycnoBue ViTMIO

import java.util.function.*;
class Student {

public static void print(Predicate<Student> ch) {
for (Student st : students) {
if (ch.test(st)) {
System.out.println(st.getName());

}
}
}
}

Student.print(st -> st.getGroup().equals("3145"));
s,
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+ Consumer - NPUHATb pe3ynbrar

import java.util.function.*;
class Student {

public static void handle(Predicate<Student> p,
Consumer<Student> c) {
for (Student st : students) {
if (p.test(st)) { c.accept(st); }
h

}
}

Student.handle(st -> st.getGroup().equals("3145"),
st -> System.out.println(st));

/ITMO
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+ Iterable - yHuBepcanbHbIi 0OPAOOTUUK IIiTMO

import java.util.function.*;
class Student {

public static <X> void handle(Iterable<xX> 1,
Predicate<X> p,
Consumer<X> c) {
for (X e : 1) {
i1f (p.test(e)) { c.accept(e); }
h

}
}

Student.handle(Student.students,
S -> s.getGroup().equals("3145"),
s -> System.out.println(s));
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Ccbinka Ha meTtog (Method Reference)

import java.util.function.*;
class Student {

public static <X> void handle(Iterable<X> 1i,
Predicate<X> p,
consumer<x> c);
public boolean checkGroup(String g) {
return this.getGroup().equals(Qg);

}
}

Student.handle(Student.students,
s -> s.checkGroup("3145"),
s -> System.out.println(s));

/ITMO
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Ccbinka Ha meTtog (Method Reference)

import java.util.function.*;
class Student {

public static <X> void handle(Iterable<X> i,
Predicate<X> p,
consumer<x> c);
public boolean checkGroup(String g) {
return this.getGroup().equals(Qg);

}
}

Student.handle(Student.students,
s -> s.checkGroup("3145"),
System.out::println);

/ITMO
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BapuaHTbl CCbIJIOK Ha MEeTO/, I/ITMO

® AHasior nambaa-BblpaXeHus ¢ BbI30BOM MeToaa
® CuHTakcuc: TypeName: :methodName

+ Type::staticMethod + X -> Type.staticMethod(x)

+ object::instanceMethod * X -> object.instanceMethod(x)

+ Class::instanceMethod * (Class x) -> x.instanceMethod()

+ Type.super::instanceMethod * X -> Type.super.instanceMerhod(x)
» Class::new * X -> new Class(x)

+ type[]::new * X -> new type|[x]
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@Functionallnterface u A /ITMO

® \-BblpaxeHne — Brnok koga anst oobsaABNeHNs aHOHUMMHOW
doyHKLUMN.

® \-BblpaXeHne MMeET ueneBon Tun PyHKLUMOHANBbHOIO
MHTEpdenca

® OyYHKUMOHANbHbLIN MHTEPdENC - TONLKO OAUH abCTPaKTHbIN
mMeTon

+ He cuuTtas default n metogos Object
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@Functionallnterface u A /ITMO

® \-BblipakeHne MOXXHO MPUCBOUTb NepeMeHHOU
+ Comparator<integer> comp = (X, y) >y - X;
® \-BbipakeHNne MOXHO nepenartb MeToay
+ public static <T> void sort(T[] a, Comparator<? super T> c)
+ Arrays.sort(array, (s1, s2) -> s1.length() - s2.length);
+ Arrays.sort(array2, comp);
® \-BblpakeHNne MOXXHO BEPHYTb U3 MeToada
+ public static <T> Comparator<T> reverseOrder()
+ Arrays.sort(array3, Collections.reverseOrder());
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CUHTaKcuUc A-BbipaXKeHUM ViTMIO

napaMeTp -> BblpaXeHue

(napameTpbl) -> { WHCTpyKuun; 3}

(int x, int y) -> X + vy

(X, y) ->x *y

() -> 42

(String s) -> System.out.println(s)
X ->Xx / 2

c ->{ int s = c.size(),; c.clear(), return s; }

\)
R

S—
—
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3axBaT nepeMeHHbIX ViTMO

® O61acTb BUAUMOCTU A-BblpaXeHns = 06nacTb BUOANMOCTU OKpYyXKatoLlero 6soka

® B A-BblIpaXxeHN MOXHO UCMOJIb30BaTb TO/IbKO 3(PJEKTUBHO oUHASIbHbIE
nepemMeHHble N3 OKpYyXXaroLlero ero 6/10ka

® \-BblpaXeHNe 3axBaTbiBaeT 3HAUEHUS NEPEMEHHbIX N3 OKPYXXatoLero or1oka.

® A\-BblpaXkeHne + 3HauyeHnA 3axBadyeHHbIX NepeMeHHbIX = 3aMblkaHne (closure)
public static void repeatMessage(int count, String s) {
Runnable r = () -> {
for (int 1 = 0; 1 < count; i++) { println(s); }

}

new Thread(r).start();

}
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dyYyHKUUOHa/IbHbIE NHTepeichl ViTMO

® java.lang.Runnable
void run();
new Thread(() ->{ ... }).start();
® java.util.Comparator<T>
iInt compare(T ol, T 02);
Collections.sort(list, (X,y) ->Vy - 2 * X);

® java.util.function.* - Ha6op PYHKUNOHASIbHbIX NHTEpP(ENCOB
00LLlero HasHauyeHusa 4114 pa3HbIX C/lyyaesn

S,
—
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MakeT java.util.function I/ITMO

® Supplier<R> { R get() }
® Consumer<T> { void accept(T t) }
® Predicate<T> { boolean test(T t) }
® Function<T,R> { R apply(T t) }
+ UnaryOperator<T> { T apply(T t) }
® BiFunction<T,U,R> { R apply(T t, U u) }
+ BinaryOperator<T> { T apply(T tl1, T t2) }
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Supplier ViTMO

Supplier<R> {
R get()
}

void Logger.log(Level level, Supplier<String> msgSupplier)

« IntSupplier { int getAsInt() }
+ LongSupplier { long getAsLong() }
+ DoubleSupplier { double getAsDouble() }
¢ +* BooleanSupplier { boolean getAsBoolean() }
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Consumer /ITMO

Consumer<T> {
volid accept(l t)
default Consumer andThen(Consumer after)

}

void ArraylList.forEach(Consumer<? super E> action)

+ IntConsumer { void accept(int v) }
+ LongConsumer { void accept(long v) }
¢ + DoubleConsumer { void accept(double v) }

Java 104



Predicate /ITMO

Predicate<T> {
boolean test(T t)

default Predicate (Predicate other)
default Predicate (Predicate other)
default Predicate ()

}

boolean ArrayList.removelf(Predicate<? super E> filter)

+* IntPredicate { boolean test(int v) }
# LongPredicate { boolean test(long v) }
;gé + DoublePredicate { boolean test(double v) }

—_—
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Function /ITMO

Function<T,R> {
R apply(T t)
default Function andThen(Function after)
default Function compose(Function before)

default Function identity()
}

<R> R String.transform(Function<? super String,? extends R> fT)

» IntFunction<R> { R apply(int v) }
+ DoubleFunction<R> { R apply(double v) }
+ ToLongFunction<T> { long applyAsLong(T t) }

& =+ IntToLongFunction { long applyAsLong(int v)
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UnaryOperator ViTVIO

UnaryOperator<T> extends Function<T,T> {
T apply(T t)
default UnaryOperator andThen(UnaryOperator after)
default UnaryOperator compose(UnaryOperator before)
default UnaryOperator identity()

}

+ IntUnaryOperator { int apply(int v) }

+ LongUnaryOperator { long apply(long v) }

+ DoubleUnaryOperator { double apply(double v) }
&
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BiConsumer /ITVIO

BiConsumer<T, U> {
void accept(T t, U u)
default BiConsumer andThen(BiConsumer after)

}

+ ObjIntConsumer<T> { void accept(T t, int v) }

+ 0bjLongConsumer<T> { void accept(T t, Llong v) }

# ObjDoubleConsumer<T> { void accept(T t, double v) }
&
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BiPredicate

BiPredicate<T, U> {

boolean test(T t, U u)

default BiPredicate
default BiPredicate
default BiPredicate

}

(BiPredicate other)
(BiPredicate other)

()

/ITMO
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BiFunction /ITMO

BiFunction<T,U,R> {
R apply(T t, U u)
default BiFunction andThen(BiFunction after)

}

ToIntBiFunction<T,U> { int applyAsInt(T t, U u)
ToLongBiFunction<T,U> { Llong applyAsLong(T t, U }
(

}
u)
ToDoubleBiFunction<T,U> { double applyAsDouble T t, Uu) }
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BinaryOperator I/iTMO

BinaryOperator<T> extends BiFunction<T,T> {
T apply(T t, T t)
default BinaryOperator andThen(BinaryOperator after)
static BinaryOperator maxBy(Comparator comp)
static BinaryOperator minBy(Comparator comp)

}

IntBinaryOperator { int applyAsInt(int v1, int v2) }
LongBinaryOperator { long applyAsLong(long v1, long v2) }
DoubleBinaryOperator { double applyAsDouble(double v1, double v2) }
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Maket java.util.stream I/ITMO

® KoHBeWepHasa o6paboTka AaHHbIX

® [JOTOK — nocsiefoBaTe/IbHOCTb 3/1EMEHTOB

® [TOTOK MOXET ObITb NOC/1IeA0BATE/IbHBIM UKW Napasi1efibHbIM
® KOHBeWep — nocnenoBare/ibHOCTb onepaumn
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KoHBeliepbl 1 KONMeKun I/iTMO

® OT/INYMA KOHBENEpa OT KOIeKUnmn
+ DJIEMEHTbl He XpaHATCcA
+ HeaBHas ntepaums
+ QYHKUMNOHaNbHbBIM CTU/TIb — Onepaumn He MEeHAKT UCTOYHUK
+ BONBLWMHCTBO onepalnn padboTaroT ¢ A-BblpaXKeHUAMMN
+ JleHnBoe BbINOJ/IHEHNE
+ BO3MOXHOCTb HeorpaHM4eHHOro ymcna 3/1eMeHTOB
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CocTtaB KOHBeNepa

® KOoHBeWep =
+ VICTOYHUK
+ [MpomexyToyHble onepauun (0O nnu donblue)
+ 3aBepluarollada onepauua (ogHa)

/ITMO
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Mpumep ViTMO

List<String> words

long count = 0;
for (String s : words) {
if (s.length() > 5) {
count++;

}

¥ long count =
words.stream()
.filter(s -> s.length() > 5)
.count();
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CTOYHUKN KOHBeunepa

Collection.stream()

Arrays.stream(T[] array), .stream(int[] array)
Stream.of (T values)

IntStream. range(int, int)

Files.lines(Path), BufferedReader.lines()
Random.1ints()

Stream.empty()

Stream.generate(Supplier<T> s)
Stream.iterate(T seed, UnaryOperator<T> f)

/ITMO
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MpoMeXyTouHble onepaLuy I/iITMO

® BosBpallakT NOTOK
® BbLINO/THAKTCA "NeHnBo"

+ BbIMNOJ/IHEHNE onepaLlun NPONCXOANT, KOraa Bbl3biBaeTcs
3aBepliaroLlasn onepauus

® [lendaTca Ha:

+ He xpaHsLme coctosaHme (stateless)
" BbINOJ/IHAKOTCA BHE 3aBNCUMOCTWN OT APYTUX S3/TEMEHTOB

+ XpaHswme coctoaHue (stateful)
¢ = BbIMO/IHEHME 3aBUCUT OT APYrMX 3/IEMEHTOB (COPTUPOBKA)
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3aBepLwiarowme onepauun

® BosBpallaloT pesynbrar
® /In60o nMerT NoboYyHoe AencTBUE
® [JOTOK npekpallaeT cyLiecTBoBaHme

/ITMO
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Knaccbl u uHTepdeiichbl ViTMO

® HTepdoenc BaseStream

+ void close()

+ S parallel()

+ S sequential()

+ S unordered()

+ |terator iterator()

+ Spliterator spliterator()
® IHTepdelic Stream<T>

g) MHTepdencsl IntStream, LongStream, DoubleStream

—
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Spliterator I/iTMO

® [TapannenbHbin Iterator

+ Spliterator trySplit() — Bo3BpaLlaeT YacTb 3/IEMEHTOB Kak
OTAENbHbIV cninMTepaTop

+ boolean tryAdvance(Consumer action) — BbINOJ/IHUTb
onepauuio Ang o4yepenHoro asieMeHTa

+ void forEachRemaining(Consumer action) — BbINO/THUTb
onepauuvio 414 Bcex OCTaBLUMXCA 3/1EMEHTOB
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MpoMeXyTouHble onepaLuy I/iITMO

® MeToabl A1 NPOMEXYTOUHbIX onepauuni (stateless)
® Stream<T> filter (Predicate<T> p)

+ BO3BpALLLAET NOTOK N3 3/IEMEHTOB, COOTBETCTBYHLLMX YCTOBUHIO
® Stream<R> map(Function<T,R> mapper)

+ Nnpeobpa3syeT NoToK 3/IeMeHTOB T B NOTOK 3/1eMeHTOB R
® Stream<R> flatMap(Function <T, Stream<R>> mapper)

+ NpeobpasyeT KaXabl 3N1eMeHT NoTtoka T B NOTOK 3/ieMeHToB R
® Stream<T> peek(Consumer<T> action)

&, + BbINOMHAET AeiCTBME A1 KaXK0ro asiemeHTa notoka T
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[TpomeXyTouHble onepauunn

® MeToAb! A1 NPOMEXYTOUYHbIX onepaunn (stateful)
® Stream<T> distinct()

* BO3BpawaeT NoToK HEMOBTOPAKLWNXCA 3/IEMEHTOB
® Stream<T> sorted(Comparator<T> comp)

+ BO3BpaLlaeT OTCOPTUPOBAHHbI MOTOK
® Stream<T> limit(long size)

+ BO3BpaLlaeT yCeuyeHHbIN NOTOK U3 Size 3/1eMEHTOB
® Stream<T> skip(long n)
¢ + BO3BpallaeT NoToK, NponycTMB N 3/IEMEHTOB

)

L S

Java

/ITMO
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3aBeplualoLie onepaLum I/iITMO

® void forEach(Consumer<T> action)
® void forEachOrdered(Consumer<T> action)
* BbIMOJ/THAET |EI,EI‘/JICTBI/Ie ANA KaXA0ro asieMeHTa rnoToka
* BTOpOI7I BapPUaHT rapaHTUnpyeT CoxXxpaHeHne nopdaanka a/ieMeHToB
® Optional<T> min(), Optional<T> max()
% BO3BpawarT MUHUMaUIbHbIN U MaKCUMasTbHbIN AJIEMEHThI,
® |ong count(), int (long, double) sum()
% BO3BpawakT KoOIM4ecTBO U CyMMY 3/1EMEHTO
® Optionallnt, OptionalLong, OptionalDouble
%{{) + Int getAsint(), long getAsLong(), double getAsDouble()
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Knacc java.util.Optional<T> I/iTMO

® O60/104Ka: COAEPXUT UK HE COAEPXKUT 3HaYeHne
® poolean isPresent() - true, ecnn 3Ha4YeHne ecTb
® T get() - BO3BpaLLaeT 3Ha4YeHue

® Optional<T> of(T value) — Bo3BpaLlaeT 060/104KY CO
3HaYeHnem

® T orElse(T other) — Bo3BpaLllaeT 3HauyeHne unn other

® void ifPresent(Consumer<T> action) - BbINO/IHAET AeNCTBUE,
eC/IM eCcTb 3HaueHue
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3aBepLwiarowme onepauun

® T reduce(BinaryOperator<T> accumulator)
.STream
.reduce((a, b) ->a * b) // nogcyetr npousseneHus
® R collect(Collector<? super T,A,R> collector)
.Stream
.collect(Collectors.tolList());
® Object[] toArray()
® | ist tolList()

/ITMO
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3aBeplualoLie onepaLum I/iITMO

® uHteppenc Collector<T,A,R>

+ T - BXOOHble 3neMeHTbl, R - pe3ynbTaTt, A - akKKyMyJiaTop
e knacc Collectors
+ toCollection(Supplier factory), toList(), toSet()

» toMap(Function k, Function v, BinaryOperator merge, Supplier factory)
- joining(String delimiter, String prefix, String suffix)
> mapping(Function<T,U> mapper, Collector<U> s)
» minBy(Comparator), maxBy(Comparator)
- counting(), summingDouble(), averagingDouble()
reducing(identity, Function<T,U> mapper, BinaryOperator op)
» groupingBy(Function<T,K> classifier)
» partitioningBy(Predicate<T> predicate)
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MpoBepku I/iTMO

® pboolean anyMatch(Predicate<T> p)
* NCTUHa, eC/in yC/ioBne BbINOJ/THAETCA XOTA Obl A4 OAHOIo 3JieMeHTa
+ [1pn HaxoXgeHnn NepBoro coBnageHua npekpatwlaeT NpoBepKy
® poolean allMatch(Predicate<T> p)
* UCTUHa, eC/11 yCnoBue BbINMOJTHAETCA A1 BCEX 3/IEMEHTOB.
+ [1pn HaxoXXaeHnn rnepBoro HecoBnageHnsa npekpawllaeT NpoBepKy
® poolean noneMatch(Predicate<T> p)
* NCTUHa, eC/in yC/oBne He BbINMOJTHAETCA H ANA OAHOro asieMeHTa.
+ [1pn HaxXoXXAeHnn NepBoro coBnageHnsa npekpatwaeT npoBepky
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NleHUBOeE BbINOJSIHEHNE I/ZITMO

var list = new ArraylList<>(List.of(1,2,3));
var stream = list.stream()
.peek(System.out::println)
filter(i -> 1 % 2 == 0)
.peek(i -> System.out.println("> "+1));

System.out.println("Ready");
list.add(4);

long count = stream.count();
System.out.println("Count: " + count);

s,
—
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NleHUBOeE BbINOJSIHEHNE I/ZITMO

var list = new ArraylList<>(List.of(1,2,3)); Ready

var stream = list.stream() 1
.peek(System.out::println) 2
filter(1 -> 1 % 2 == 0) > 2
.peek(i -> System.out.println("> "+1)); 3

System.out.println("Ready"); 4

list.add(4); // 4 Toxe nonageT B stream! > 4

long count = stream.count(); Count: 2

System.out.println("Count: " + count);

S,
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Mpumep

public static void main(String[] args) {
List sortedArgs =
Arrays.stream(args)
.filter(s -> s.length() < 5)
.map(String: :toUpperCase)
.sorted()
.collect(Collectors.toList());

/ITMO
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