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1. BIO vs NIO

REENIO, REIERAIFRESRSBIOHITIIL. EXILLZAT, TSR — TBIORIAPI,
BIO&ZBlocking ION4EE, {+AR&Blocking I0B? XEHSIHEEERNET RIIOMESTN, T
ME—MEFRIBIOIIESTN, UIBRETRRIZUEIMBioTest_in txtiZEEHE, FHISAETEHIEBioTest

out.txt:

public static void main(String[] args) throws Exception {
FilelnputStream fis = new FileInputStream("BioTest_in.txt");
FileOutputStream fos = new FileOutputStream("BioTest out.txt");

byte[] bytes = new byte[512];

int count;
while ((count = fis.read(bytes)) > 0) {
fos.write(bytes, 0, count);

}

fos.close();
fis.close();

}
BAIBFKEE, ANIOWTFER— PSRRI TIE:

public static void main(String[] args) throws Exception {
FileInputStream fis = new FilelnputStream("input2.txt");
FileOutputStream fos = new FileOutputStream("output2.txt");
FileChannel inputChannel = fis.getChannel();
FileChannel outputChannel = fos.getChannel();

ByteBuffer buffer = ByteBuffer.allocate(20);

while (true) {
buffer.clear();

int read = inputChannel.read(buffer);
if(read == -1) {
break;

}
buffer.flip();

outputChannel.write(buffer);

}

inputChannel.close();
outputChannel.close();

}

EENIOTEEESLT, XEARIRES|ASelectorfIIE R FEILES, S|\SelectorEZvELES,
BASEIR, BIOSNIOBLATXE!:

1. BIOE&EFStreamiya=, MNIOEZETFBufferfy7z(;

il
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2. BIOZ[EZH), NIOEIFEZER,
3. NIOHN T Selectorsggt i,

1.1 EFStream vs EFBuffer

XFETStreamiy5z0, AILIERN—NRPIEN—HSIFDH. ENEOFT, TEBRTE
, BB MEASHTER., EXMER T, RENERERTFZAERNE, FRIFHCRPIE
&R TR,

mETBufferfIazl, WA—F, BIRELIEZRI, SCiEEEIBuffers, (REJLAEBufferdristEE
VEREEE, MAMRTMAEIERE. Y, (REEFEHANEFTEEEEER TIRREERNRE
, BFEEFRSRENEREFTTRNEIEZR, TAhAAEEEREFPIIEE.

AilgkStreamtbggiBEid FHABufferedinputStreamZFR 4SS, IKAEIEEFHRITZIRZNMUEBERNE
HNEN. BEREETFRIART, —MREAZBAR, EARHMER, ArsRNERBARYZ
ik, METFBuffer, — N BufferBEaJLUE, BRIV, WITFAR:

public static void main(String[] args) throws Exception {
RandomAccessFile randomAccessFile = new RandomAccessFile("NioTest14.txt", "rw");

FileChannel channel = randomAccessFile.getChannel();

MappedByteBuffer mappedByteBuffer = channel.map(FileChannel.MapMode.READ_WRITE,
0, 5);
// EEEY
System.out.printin(mappedByteBuffer.get(4));
mappedByteBuffer.clear();

/] TER—BufferfaiE\
mappedByteBuffer.put(0, (byte)

'2)
mappedByteBuffer.put(3, (byte)'b’

)';

channel.write(mappedByteBuffer);
randomAccessFile.close();

}

1.2 fHE vs IEfHE

EEFNETRIVIOEZEEN. XMEKRE, J—N&EAAread()gkwrite()/5iAHT, &KESIEZE
, BRIBURIE/S55K. EXNME/BidEY, Z&EFMETEES.

NIORIIEFEEIERY, [F—PMRFREIE KM channel HEEEEERT, ATLAEchannel pROEERES T A
TZEGRE, MAREEEEREUETIE, XEEchannel P ERESIF 2RI, SiEnLMEESE
. SERERESFUA, FEchanneldJEZg], SETUEMETERE, BEchannel/EREF.
IEEEMNAR TR T —NEENNE: BARESENMOEENSPEXRBMEHR. XBKE, WRE

channelbNIOIESRIEAQESTF, FiETEALIFEEREchannelNIOIEE, #a)iR, BN
B&E T EREESOR(FRIsEN.

1.3 Selectors

NIO=fSelectorsfiF N R LIS Z N channel, {RAETLUESZ N channeliEAEI— N selector b
REER—NEFEE "select MR IFIZEIchannel, E& X" "select" " EEZFE ANchannel, X/ sele
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torflEIEENMEEETEZ M channel T ER 2 Ti5E. R~IIBNT:
//ERE: ATHHR, Bi8T KEtry catch5E{A4MEDIE

public static void main(String[] args) throws Exception {
ServerSocketChannel serverSocketChannel = ...;
Selector selector = Selector.open();
// iFMsocketiEzZEselector £, jFAAIchannel AserverSocketChannel
serverSocketChannel.register(selector, SelectionKey.OP_ACCEPT);

while (true) {
/] EHERGHERNSEM (BRIZOP_ACCEPT), WNREFE, METHIT, AMFE, XEMEEE
HBEAREZERIAPI: selectNow()) .
selector.select();
// SRS EBIAILEREERIselectionKeyFlIZR
Set<SelectionKey> selectionKeys = selector.selectedKeys();

selectionKeys.forEach(selectionKey -> {

// ZHaiselectionKey &0 1ERE

if(selectionKey.isAcceptable()) {
ServerSocketChannel server = (ServerSocketChannel)selectionKey.channel();
SocketChannel client = server.accept();
client.configureBlocking(false);
// ..
// iEROP_READZIslector t, jEfffYchannelaclient
client.register(selector, SelectionKey.OP_READ);

// HgiselectionKey2&H]IE
} else if(selectionKey.isReadable()) {
SocketChannel client = (SocketChannel)selectionKey.channel();
ByteBuffer byteBuffer = ByteBuffer.allocate(1024);
int count = client.read(byteBuffer);
/..
1 }
// &= selectionKeys, FRREELNIE, NEESESHITEG
selectionKeys.clear();
}
}

1.4 Y0faliess

NIORIFHERRAN T E /D ENHIEEEIEEZ N channel (MEisRk/XE) , KINEEVEFRNAR
RITEIRTEENES, F EErEBRIR.

SFFE N socketiEZ KR, AFEEzero-copylIEZE, SIANIOLLFRAIENNERIER, FESHE.
LIINRES—EFiniER, T2t LAFABIOKZERENSE,

(ENRIFREESEIEMT LLRNER, SNERRELPERNYEE. REANHERSUTIRE=XM
A, NIOmEBIFEBERILE.
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Connection

Connection |«

Connection [

Java NIO: B2 EIR A SRS
MRRRELERERE, MESMNERESAENNKIO, BIiF— P HERIBIOHMRHIEAIERE,

Connection —»[ Thread J

p
Server " Thread Connection Thread
Socket P’L

Connection —»[ Thread J

Java 10: —MEER— P EIEEIE

2 Channel

—/channel{RE—MNLRRGER:, TIRRTLIREMRE. M WEEEFHmEAN, XL
ESHF— T EES T RYIOERE, LIRS,

—/Achannel BARFEHNEAR XTI, — N channel—BRIEMEFERE, —BXIHMSERS
., WNER—channel2XFIAZ, KB FiZchanneli#{TI0ER{EEEHIH ClosedChannelException
#l#r— 1 channel 2B FEALAEILisOpenTTiZ,

channelR&AZ&EREBURTEIRRISEI.

3 Selector

SelectorE(+4? BE2—SelectableChannelX5IZ B&IET5 88 (multiplexor),
—selectora] LUEH SelectordE ARG JopentlfESE, XFEIEZEFMER T ZAREIARIselect provide
kIR, —selectortB AT LUBIHABE— 1 BE X select providerfJopenSelector/5ik52]. — s
lectorfliZfe2—BEHE, BEEIERclosessi%,

selector5channel ;A< R KM SISelectionKeyXdg:, — M selectoréiz="selection keyfJsE

1. key set, @& =HgichanneliEffitEselector LASkeys, XMNESTILIBEkeysHiEEE.
2. selected-key set, XPMEEERE ST channel B346EIIAkey, XNESIEIselectedKeysT5iE18
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. selected-key setRkey seth—MFE.

3. cancelled-key set 2{RFIBLEEWECH, BIRIRBMkey sethfEiRIIkey XN ESASWERE
@, cancelled-key set2key setfi—FEs,

NiEliEselectorly, X=NESEPETHY.

channelifgfregister3 0, — P XIhzATkeyFi=NINZlselectorfiYkey setsh, cancelled-key set%
T—XselectionB{FRIHAEIR. key set ABRAREMEIRIZHHT.

Zkeyfychannel X5Xi7, sxETERkeyIcancel 5%, #aSEUX 1 key#NElcancelled-keyd, c
ncelled-key set&fE F—)KselectiontS{ERT#REIR, AT, XttkeyeMselectorfIFiakey setdt
P&,

ZfiTselectionBERY, keyiGatiiiZlselected-keyd, BidEAMsetiremovessiE, & B set
iteratorfiremoversix, — M keyalLAEEM selected-keyd#gpg, BRILZAL, selected-keyi@HHE
bR, EHASEEselectionfZFIBER,

3.1 Selection

EE—selectioni®fEth, keyAJLABFINEselectorflselected-key setdr, WETLAM#EFEER, sel
ctiont2{EEARR18select(), select(long)fselectNow() /5%, RIAT=NEE:

1. fciBcanceled-keyfkey NFRESE SR, HEBKRXIMchannelfSEHMER. XNEEBHIT

, canceled-keygi&zrzs,
2. fEselectioniBEFHARY, IVMREETRRERERSE, LIBIAE N channel 2&EEFREkeyXt
?;JL)‘—( BESTMCHIETIORIE, XF—channelfls, WRESHFINANEE, ETRAIERS

17

1. tNBRchannelfiJkeyFHik B Eselected-keys, NiiBkeyiAselected-keysr, ERFtEEIIAre
cjliy-operation set, XPMESARIFMEIX M channel AL TRIEMEE. A ZATICRAready set
WiEhR,

2. iR channelfkeyE2 & fEselected-keys, MISBkeyniAready-operation set, FfEZEIC
Hready setff=#ireE. RAFER, NEERIERFIRERreaddy set21Z (s, (bitwise-disjoined)

FiaTEkey setdhfikey, SNRFARTIZBinterest set, APAE Aselected-key#KEF, EAkeyXIMAY
eady-operation set=#&E .

3. WNRTEHITE2ERS, BkeylIATcancelled-key set, BRATHIISMEAES15PRME,

selectionfB{FEFF— 1 8Z N channel N 2ESFEEE, BURTHITHRARGE, Rselect(), sel
ct(long)ifEselectNow().,

4 Buffer

BufferASmE—RW7F, KELILE, BLr LN E, HiERNE. SEPREEIdBufferskLIIAT
BRTEEE I, BufferiRiR Mt X FEURIGIMIFITE N, HETLIBEREIRFRIESIFE. Java
K7 R AR R R E R EIMAIBufferdéaY, fNintBuffer, LongBuffer, CharBufferZ,;&5Bool
anBuffer,

FrEiEaEEE 2@ I BuffersiiftiTaY, KizAsHIMERE R ChannelEAEUEIER, SEEZE
ChannelSEEREURAIIE .
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4.1 10/EEEIR

RANN MRS RIFEEERREIR, BABAMBLENRER SRR 7 ## TIORIRESEI, (]
B— T AXPHIE— 1 BIORIGIF:

public static void main(String[] args) throws Exception {

FileInputStream fis = new FilelnputStream("BioTest _in.txt");
FileOutputStream fos = new FileOutputStream("BioTest out.txt");

byte[] bytes = new byte[512];
int count;

while ((count = fis.read(bytes)) > 0) {
fos.write(bytes, 0, count);

}

fos.close();
fis.close();

}
4.1.1 read() & write()
TERMERAER, RETUTER:
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ask for data

Hardware

User space Kernel space
| 1
I I

read() syscall

I >
I I
I I
I I
|

l copy data to user buffer l
P i S e 1
L

| code logic continues

write() syscall, copies data to kernel socket buffer

write() returns

User space

1. JVME&iEread )R SER.

data to kernel buffer through DMA

3. JEE——

g
|
|
|

Kernel space

2. BAEREBE L ORI, B ERYEEERinput socket buffer,

3. BFRFIEIEEHERFS, BT XHIMREIAFE, IWhtread()73iERMEL

4. WMHUTAEZEE, Fakixwrite(RIRSFEER,

Hardware

5. B ERRB L T IMEERZS, FBEUENAFSEHIE output socket buffer,
6. BMERFIREZERFZ, IVMYEHITRERNIBIE,

IR SR BRI IRSHRENT, EEAETLURFRNIE, E2MRFAREANE
SFRNMAFKG, ERNAAREY. R EEFIFHEAR ETRR, FI2RSEENAHEN.

ERE EEXMIFF, NARSEFHRETREIRFS, URNEBREEHERNZSETERBUERN
RABANR TSI, SENATMEMENR, EXFHERT, zero copyse=rl LAB{ERM. zero ¢
PYRIEMSLHLRBE— M tE, BURTIRFRFRWASLIN. FELinuxRGHiEH T sendfile().
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4.1.2 sendfile()

{EFsendfile(), FRAEEIRZERXFF

User space

Kernel space

sendfile() syscall

User space

Hardware

ask for data

Kernel space

Hardware

XEMERFEMAFE—TNESAEN. NEMERFENRE, XEEZzero-copyT, EURBH
MRZSENZERFS. MTARERESHBEN—RE? XEFEN, BEEEDMALEEERE
MRE=RIGFIETX) . NREESTHscatter-n-gather, PZESHUENGFETLABRAY, AT HRE

TRXTE
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User space

Kernel space

sendfile() syscall

sendfile() returns

ask for data

Hardware

|
|
|
-t
|

| reads data from kernel through scatter/gather DMA |

e
|

User space

Kernel space

RZwebfR$Z8857 Fzero-copy, tbilTomcatflApache, EEBISE=F.
EJavafNIOh, Rt T transferTofmiEXIzero-copyifit 7378,

4.1.3 mmap()

Hardware

FEizero-copylIRRARFE—IRT, MERFTLTERMENS, RHEEREERR. XBEE—
FHEEXN, BEFEAAI, Bimmap, short for memory-map.
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User space Kernel space Hardware

mmap()

I I I
I I I
| > I
| | maps data into memory |
I | 2
| manipulates data in memory directly without syscalls | |
| » I
| | flushes data (timing managed by OS) |
| | ™
| munmap() | |
| gl |
| | |
User space Kernel space Hardware

mmapSFEFIS IR EN %S, METLIBSAASTERLE, BRT A ARENEH. 515
AR, XBEHRES TAX LT, BR—BERERFEXHMSERNT, MAILBKEERIERS
MAREEBENATEFL: ARATTLEEHENES, IMEiEHENNTT, R TEERE, &
BNEPXFHITES.

M, KNRERENTE. mmapRRiEsn THMISESH, BEEAMULABEEEER, X
THEAERSHISTHL, BIFSIBINENESRS AT (E AR ER RSN HHIRTF=EABAETLB E
P, WEBEFEUnNmappinglGRIFTEIME). page faut RTFHEAX, EANZEENEREERER
FZEMTLB, FEUAES I Ammap(RY, WUt TIERENN, LABSIERRAIIERE.

Elavarh, HEIFMAYSERnioFAIMappedByteBuffer,

4.2 HeapByteBuffer

BT AR 75183, XEBRIHeapFR~iZByteBuffer2ZHIE/VMANESES,

I, BUTRGCHEF NN, A, EARIIFHN, XHMEKRE, MREE2ESINIKERR, )
MEESH—HEXTTERBX.

4.3 DirectByteBuffer

CHONIE]EE 755858, IVME(ER EEEHEIMDERTF. BRAEAR
ZIVMHERE, HENAEEINTN, EAZGCHEHE, XHMEKE, WREEEnative codedh

E (e ESO0penGLAY) , DirectByteBufferfi@—1"5e=MIEZE. A, MHFEEBCEERNTE
P ECESRMLAE R AR,

4.4 MappedByteBuffer

GRS 73568, HUT , BHEESEEIVMESNY. Mapp
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dByteBufferABT EBR0S mmap(RI—8%, LUENISEZEFRGIMWIEERTE.

4.5 IhZ&

sendfile() 5§ mmap(THRERAKRE, REHTEM. MERIHIsocketEUERIERRIRT R, XEE
, LR AT, NAEBSESAHEE, FRLUAFESIIREE, MR, EHRAREMRM, 7~F
R NEEABREXAMERS R L, ERELRTES, EASHIBRT, KIE&RERIROI (
BENRER) , BERGEBIIEER, MARERETERR, BTREIVMRIRE, MTEREE
REZERHREATRE, BEEBHR.

1. http://tutorials.jenkov.com/java-nio/nio-vs-io.html

2. https://www.quora.com/Why-is-NIO-much-more-efficient-than-BlO-even-though-NIO-doe
nt-save-any-CPU-circles

3. https://xunnanxu.github.io/2016/09/10/1t-s-all-about-buffers-zero-copy-mmap-and-Java-N
O/
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