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THE INFORMATION CONTAINED IN THIS PRESENTATION IS PROVIDED FOR INFORMATIONAL PURPOSES
ONLY.

WHILST EFFORTS WERE MADE TO VERIFY THE COMPLETENESS AND ACCURACY OF THE INFORMATION
CONTAINED IN THIS PRESENTATION, IT IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED.

ALL PERFORMANCE DATA INCLUDED IN THIS PRESENTATION HAVE BEEN GATHERED IN A CONTROLLED
ENVIRONMENT. YOUR OWN TEST RESULTS MAY VARY BASED ON HARDWARE, SOFTWARE OR
INFRASTRUCTURE DIFFERENCES.

ALL DATA INCLUDED IN THIS PRESENTATION ARE MEANT TO BE USED ONLY AS A GUIDE.

IN ADDITION, THE INFORMATION CONTAINED IN THIS PRESENTATION IS BASED ON IBM’'S CURRENT
PRODUCT PLANS AND STRATEGY, WHICH ARE SUBJECT TO CHANGE BY IBM, WITHOUT NOTICE.

IBM AND ITS AFFILIATED COMPANIES SHALL NOT BE RESPONSIBLE FOR ANY DAMAGES ARISING OUT OF
THE USE OF, OR OTHERWISE RELATED TO, THIS PRESENTATION OR ANY OTHER DOCUMENTATION.

NOTHING CONTAINED IN THIS PRESENTATION IS INTENDED TO, OR SHALL HAVE THE EFFECT OF:

- CREATING ANY WARRANT OR REPRESENTATION FROM IBM, ITS AFFILIATED COMPANIES OR ITS OR
THEIR SUPPLIERS AND/OR LICENSORS
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Who am 1?

Mike Tunnicliffe

Work in virtual machine development
at IBM in Hursley

Currently working in the IBM SDK for Node.js
development team and the IBM Java support.
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What is Node.|s"?

The “theory”
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Node 1S...

An event-based, JavaScript framework
for building scalable network applications;
well-suiting to “real-time” delivery

of data to distributed clients.
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Scalable "“real-time” what?

For example: A chat application

Real-time in that updates published as they happen

Scalable to large numbers of concurrent users
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What do you mean
“published as they happen”?

If one user submits a chat message

Other users should (ideally) see that message immediately



Achieving “real-time”

Assuming a client-server application, the clients:

poll the server very frequently to check for updates
or
keep a connection open and server pushes updates
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Frequent polling wasteful

If polling, then the more frequently it happens, then the
more likely there will be no useful updates to observe

Generates network traffic and load on server to
re-establish connection, prepare and send responses
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Keeping a connection open

would be more efficient

But at what cost?



Generic server

Socket bind to a port (eg 80)

Repeatedly:
Socket accept to get new connection

Generate and send response
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Typical approach for server

Use a one thread (or process) per connection model

This does not scale well to many concurrent users
if clients keep connections open

Each thread consumes relatively large amount of memory,
and spend most of their time idle
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A different approach

Single thread handles connections
using event-based approach plus async 10

to allow processing of concurrent requests
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Analogies

Parcel collection depot
- One thread per connection

Depot worker completes all
tickets for a customer
before serving the next

Fast food restaurant
- Events and async 10

Server takes and dispatches
orders moving through the
queue without filling them,;
server interleaves this
order taking with filling
orders as food arrives

© 2011 IBM Corporation



Parcel collection depot

v ¥
O O Depot workers

1| [ | Parcel collection

O O Customers

OO0

Customer queue
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Fast food restaurant
N[ss] S[IT] 8
O O« O

Burgers . _Fries - “Drinks
Ty

Collection D . D iOrderlng
Walt . O Customer

Customer queue

© 2011 IBM Corporation



17

Benefits

Cooperative multitasking provides concurrency
at low overhead
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Drawbacks

Single thread only utilizes one CPU/core/SMT

Tasks must complete quickly so that
other events are not delayed
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Mitigations
Stick to right jobs for the tool (10-bound)

Split CPU-bound tasks to a separate back-end processes

Use multiple Node instances - max 1 per CPU/core/SMT

© 2011 IBM Corporation



20

Result

Scalable, responsive and efficient

provided application tasks are 10-bound
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So...

An event-based, JavaScript framework
for building scalable network applications;
well-suiting to “real-time” delivery

of data to distributed clients.
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But, why JavaScript?

Dynamic/higher level languages appealing
First class functions and closures fit well with events
Good competition in JavaScript runtimes
Google Chrome V8 JavaScript engine is fast
JavaScriptis in the browser and is event-based

JavaScript has no 10 library baggage

22 © 2011 IBM Corporation



How does Node.js work?
The “practical’
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A Node application is...

One or more JavaScript files

- App

require

core modules

AN

npm modules
require : express || request grunt moché
3 :
P e e =
The JavaScript files that Many 3 party modules
make up the Node app are available via npm

24
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Hello HTTP World!

helloworld_http.js:

var http = require('http');

http.createServer (function (request, response) {

response.writeHead (200, {"Content-Type": "text/plain"});
response.write ("Hello World!\n");
response.end() ;

}).1listen (8080) ;

(QUICK DEMO)

25
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Hello TCP World!

helloworld_tcp.js:

var net = require('net');

net.createServer (function (socket) {
socket.write("Hello World!\n") ;
socket.end () ;

}).1listen (8080) ;

(QUICK DEMO)

© 2011 IBM Corporation
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Hello World!

helloworld_console.js:

console.log('Hello World!"');

helloworld_console_delayed.js:

setTimeout (function () { console.log('World!"'); 1},

console.log('Hello"'");

2000) ;

© 2011 IBM Corporation



Basic chat server

var fs = require('fs'), http = require('http'); // core mods
var sio = require('socket.io'), validator = require('validator'); // npm mods

fs.readFile('client.html', function(err, client html) {
if (err) { console.log('Failed: ' + err); return; }
var http server = http.createServer (function(request, response)

response.writeHead (200, {'Content-Type': 'text/html'});
response.end(client html);

1)

var sio server = sio.listen(http server);
http server.listen(8080);

sio_server.sockets.on('connection', function(socket) ({

socket.on('message', function (msg) {
sio server.sockets.emit ('message', validator.escape (msg));

© 2011 IBM Corporation




Basic chat server

var fs = require('fs'), http = require('http');
var sio = require('socket.io'), validator = require('validator'); // npm mods

function(err, client html) ({
+ err); return; }

4

fs.readFile (

{ console.log/(
http.createServer (function (request,

response) {

1) ;

if (err)

var http server =
response.writeHead ( ;|
response.end(client html);

}) s
var sio server = sio.listen(http server);
) ;

http server.listen(

, function (socket) {

sio server.sockets.on (
socket.on ( , function (msg) {
sio server.sockets.emit ( , validator.escape (msg)) ;
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Basic chat server

var fs = require ), http = require ( ) ;
), validator = require (

var sio = require (

function(err, client html) {

fs.readFile('client.html',
+ err); return; }

{ console.log/(
http.createServer (function (request,

response) {

1) ;

if (err)

var http server =
response.writeHead ( ;|
response.end(client html);

}) s
var sio server = sio.listen(http server);
) ;

http server.listen(

, function (socket) {

sio server.sockets.on (
socket.on ( , function (msg) {
sio server.sockets.emit ( , validator.escape (msg)) ;
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Basic chat server

var fs = require ), http = require ( ) ;
var sio = require ( ), validator = require (
function(err, client html) ({

' + err); return; }

4

fs.readFile (
if (err) { console.log('Failed:
var http server = http.createServer (function(request, response)

response.writeHead (200, {'Content-Type': 'text/html'});

response.end(client html);

b) s
var sio server = sio.listen(http server);
) ;

http server.listen(

, function (socket) {

function (msg) {

sio server.sockets.on (
socket.on ( ,
validator.escape (msqg)) ;

sio server.sockets.emit ( ,
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Basic chat server

var fs = require ), http = require ( ) ;
var sio = require ( ), validator = require (

fs.readFile ( , function(err, client html) {

if (err) { console.log( + err); return; }
var http server = http.createServer (function (request, response) ({

response.writeHead ( , | : Y) s
response.end(client html);

s

var sio server = sio.listen(http server);
http server.listen(8080);

sio server.sockets.on ( , function (socket) {

socket.on ( , function (msg) {
sio server.sockets.emit ( , validator.escape (msg)) ;
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Basic chat server

http = require ( I

var fs = require )
validator = require (

var sio = require ( )

function(err, client html) ({

fs.readFile ( ,
return; }

if (err) { console.log( + err);

var http server = http.createServer (function (request, response) ({
{ : }) s

response.writeHead ( ,
response.end(client html);
}) s
var sio server = sio.listen(http server);
http server.listen( ) ;

function (socket) {

sio server.sockets.on('connection',

socket.on('message', function (msg) {
sio server.sockets.emit ('message', validator.escape (msg));
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Basic chat client

<!DOCTYPE html>
<html>
<head>
<title>Example chat</title>
<script src="/socket.io/socket.io.js”></script>
<script>
var socket = io.connect ('localhost:8080");
socket.on ('message', function (msg) {
var log = document.getElementById('log')
log.innerHTML = msg + '<br>' + log.innerHTML;
}) s

function send() {
var msg = document.getElementById('message') .value;
socket.emit ('message', msqg);
document.getElementById ('message') .value = '';

</script>
</head>

<body>
<input type="text” id="message” onkeypress=’”>
<button type="button” onclick="flINell)’ >Send</button>
<div id="log”></div>
</body>
</html>
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Basic chat client

<!DOCTYPE html>
<html>
<head>
<title>Example chat</title>
<script src="/socket.io/socket.io.js”></script>
<script>
var socket = i1o.connect ( ) ;
socket.on ( , function (msg) {
var log = document.getElementById ( ) g
log.innerHTML = msg + + log.innerHTML;
}) s

function send () {
var msg = document.getElementById (

socket.emit ( , msqg);
document.getElementById ( ) .value =
</script>
</head>
<body>
<input type="text” id="message” onkeypress="jEENIAIiutishRelsECNNCHENEENN-T-tolc NG NN

<button type="button” onclick="ESsel@l’ >Send</button>
<div id="log”></div>
</body>
</html>
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Basic chat client

<!DOCTYPE html>
<html>
<head>
<title>Example chat</title>
<script src="/socket.io/socket.io.]js”></script>
<script>
var socket = io.connect ('localhost:8080");
socket.on ( , function (msg) {
var log = document.getElementById ( ) g
log.innerHTML = msg + + log.innerHTML;
b)

function send() {

var msg = document.getElementById (
socket.emit ( , msqg);
document.getElementById ( ) .value =
</script>
</head>
<body>
<input type="text” id="message” onkeypress="jEENIAIiutishRelsECNNCHENEENN-T-tolc NG NN

<button type="button” onclick="ESsel@l’ >Send</button>
<div id="log”></div>
</body>
</html>
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Basic chat client

<input type="text” id="message” onkeypress="jElNEAuehNelsECNICHEERENN-T-Volc NO NN
<button type="button” onclick=’ ”>Send</button>

© 2011 IBM Corporation




Basic chat client

function send() {
var msg = document.getElementById (
socket.emit ( , msqg);
document.getElementById ( ) .value =

<input type="text” id="message” onkeypress="jElNEAuehNelsECNICHEERENN-T-Volc NO NN
<button type="button” onclick=’ ”>Send</button>

© 2011 IBM Corporation




Basic chat client

socket.on ( , function (msg) {
var log = document.getElementById ( ) ;
log.innerHTML = msg + + log.innerHTML;
})

<div id="log”></div>
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Basic chat demo
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Counting lines

count_lines.js:

var fs = require('fs');

function printLineCount (filename) {
return function (err, data) {
var count = data.toString () .split(/\n/).length;

console.log(filename + ':' + count);

fs.readFile('a.txt', printLineCount('a.txt'));
fs.readFile('b.txt', printLineCount ('b.txt'));

© 2011 IBM Corporation
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Counting lines

count_lines.js:

require ( ) ;

function printLineCount (filename) {
return function (err, data) {

var count

data.toString() .split (/\n/) .length;

console.log(filename + ':' + count);

, printLineCount (
, printLineCount (

© 2011 IBM Corporation
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Counting lines

count_lines.js:

var fs = require ( )

function printLineCount (filename) {
return function (err, data) {
var count = data.toString() .split( ) . length;
console.log(filename + + count) ;

fs.readFile('a.txt', printLineCount('a.txt'));
fs.readFile('b.txt', printLineCount ('b.txt'));

© 2011 IBM Corporation
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Counting lines

count_lines.js:

require

function printLineCount (filename) {
return function (err, data) {
var count = data.toString () .split(/\n/).length;

console.log(filename + ':' + count);

fs.readFile('a.txt', printLineCount('a.txt'));
fs.readFile('b.txt', printLineCount ('b.txt'));
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Event loop example

Hypothetical internal implementation of readFile():

function readFile (filename, cb) {
nb open(filename, function(err, £d)
if (err) cb(err, null);
nb read(fd, function(err, data) {

cb (err, data);
nb close (fd);

Oops: Diagram in following animation contains a mistake

© 2011 IBM Corporation



function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )-length;

function readFile(filename, cb) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);

var fs = require('fs');
fs.readFile( . printLineCount(

fs.readFile( , printLineCount(

MAIN console.log(filename + " ' + count);

nb close(fd); }
j N }
) .
} printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
QUTPUT

46 © 2011 IBM Corporation



EXECUTING |
var fs = require('fs’); function readFile(filename, cb) { function printLineCount(filename) {
L = fs.readFile('a . printLineCount( 4 nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( ' nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb close(fd); }
1) }
) T
printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
MAIN ®
OUTPUT

47
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INITIATING FILE OPEN OPERATION ('a.txt’)

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
L = fs.readFile('a . printLineCount( 4 nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( ‘ nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb close(fd); }
IR }
]

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE ., o PENDING EVENTS 10 CALLS
MAIN ® nb_open() handler @ open()
® o BN -fd
OUTPUT
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INITIATING 2" FILE OPEN OPERATION ('b.txt")

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( ; nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb_close(fd); }
IR }
]
}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP _J EVENT QUEUE PENDING EVENTS \ 10 CALLS
MAIN ® ,,'__’a nb_open() handler @5-| open()
S © EED = fd
e S B XL - =
nb_open() handler @r open()
[ 'b.txt ] Cay O b.txt | - fd
OUTPUT
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var fs = require('fs’);

fs.readFile(
fs.readFile(

MAIN

. printLineCount(
, printLineCount(

TO COMPLETE

function readFile(filename, cbh) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);

nb close(fd);

)
HY
}

function printLineCount(filename) {
return function(err, data) {

var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_open() handler @5-| open()
@1 O] ‘a.txt') -~ fd
nb_open() handler @r open()
Cay O 'b.txt' - fd
OUTPUT

50
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FILE OPEN OPERATION COMPLETES ('a.txt’)

var fs = require('fs’); function printLineCount(filename) {

function readFile(filename, cb) {

=

fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( 0; nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN cb(data); console.log(filename + " ' + count);
nb close(fd);
IR
)y s
} printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT 1 nb_open() handler &
1T d &t

nb_open() handler @r
OUTPUT

51
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ADDING OPEN HANDLER (‘a.txt') TO EVENT QUEUE
);

. printLineCount(
, printLineCount(

var fs = require(
fs.readFile(

function readFile(filename, cbh) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split(
+ count);

)
)

fs.readFile(
MAIN

)length;

console.log(filename +
}
}

nb _close(fd);
1)
)
i

printLineCount()

readFile() INACCURATE
/' CODE
EVENT LOOP J EVENT QUEUE / PENDING EVENTS 10 CALLS
WAIT > nb_open() handler @
fd
nb_open() handler @r open()
Cay O b.txt | - fd
OUTPUT
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var fs = require('fs');
fs.readFile(

fs.readFile(

. printLineCount(
, printLineCount(

function readFile(filename, cb) {

\r—n'f:..
=
Nt

nb_open(filename, function(fd) {
nb_read(fd, function(data) {

cb(data);
nb close(fd);

f N
)
}

}

printLineCount()

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split(
console.log(filename +

)length;

+ count);

readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_open() handler @
fd
nb_open() handler @r open()
Cay O b.txt | - fd
OUTPUT

53
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INITIATING FILE READ @wmm (a.txt')

var fs = require('fs’); function printLineCount(filename) {
fs.readFile( . printLineCount( - return function(err, data) {

fs.readFile( , printLineCount( . i_Fb__l‘Elﬁdnlfunct_iﬂh{data) { var count = data.toString().split( )length;
i ch(data); console.log(filename + " ' + count);
nb_close(fd); (®

¥):

INACCURATE

CODE
EVENT LOOP J EVENT QUEUE A PENDING EVENTS\ 10 CALLS
nb_open() handler @— nb_read() handler d)-l read()
fd Sai OEEE = data
nb_open() handler @r open()
=3 Cay O b.txt | - fd
OUTPUT
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FILE OPEN OPERATION COMPLETES ('b.txt')

var fs = require('fs’);

function readFile(filename, cb) {

function printLineCount(filename) {

fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( 0; nb__r_ee_i_d_{fd.:'funct'inn{data)'{f var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd);
1)
}-}'}' printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_read() handler d)-l read()
Ca.oxc] O OEER < da

a nrl;_open() handler @
=3 fd®t +
- 1= “‘-—-—-

OUTPUT

55
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ADDING OPEN HANDLER ('b.txt') TO EVENT QUEUE

var fs = require('fs’); function readFile(filename, cb) { function printLineCount(filename) {
fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( . printLineCount( N: nb_read(fd, function(data) { var count = data.toString().split(/\n/).length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd);
1)
}-}'}' printLineCount()
readFile() INACCURATE
/ CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS\ 10 CALLS
WAIT nb_open() handler nb_read() handler ® read()
fd [ 'a.txt' ® OBl =data

OUTPUT
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FILE READ OPERATION COMPLETES ('a.txt’)

var fs = require('fs’);

function readFile(filename, cb) {

function printLineCount(filename) {

fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( 0; nb__r_ee_i_d_{fd.:'funct'inn{data)'{f var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd);
1)
}-}'}' printLineCount()
readFile() INACCURATE
/ CODE
EVENT LOOP J EVENT QUEUE PENDING E\.\'EI’\ITSJ 10 CALLS
WAIT nb_open() handler n nb_read() handler @
fd data ®+ —t

OUTPUT

57
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ADDING READ HANDLER ('a.txt’) TO EVENT QUEUE

function printLineCount(filename) {

function readFile(filename, cb) {

var fs = require('fs’);

fs.readFile( . printLineCount( nb open(ﬂlename function(fd) { return function(err, data) {
fs.readFile( , printLineCount( nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN ch(data); _ console.log(filename + " ' + count);
nh _close(fd); Cj }
}-}'}' printLineCount()
readFile() INACCURATE
/ / CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT - nb_open() handler - o

nb_read() handler @&
[ 'a.txt' | data

| |1 I |

OUTPUT

58 © 2011 IBM Corporation



|||
[
il
||||“||

EXECUTING OPEN HANDLER ('b.txt')

var fs = require('fs’); function readFile(filename, cbh) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) {
fs.readFile( . printLineCount( : nb_read(fd, function(data) {
ch(data);
nb_close(fd); (®
}): (o)
)

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

readFile()

EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_open() handler @&
[ ‘b.txt' fd

— A / = = 3 5

nb_read() handler

INACCURATE

CODE

data

- - - - - -

OUTPUT
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INITIATING FILE READ OPERATION ('b.txt’)

var fs = require('fs’); function readFile(filename, cbh) { function printLineCount(filename) {

fs.readFile( . printLineCount( - nb_open(filename, function(fd) { return function(err, data) {

fs.readFile( , printLineCount( i nb _read(fd.Ifunct'inn{data)'{. var count = data.toString().split( )length;

: ch(data); console.log(filename + " ' + count);
nb_close(fd);
1)
)
}

printLineCount()

INACCURATE

readFile()

'-r'
ey /

CODE
EVENT LOOP J mE PENDING EVENTS 10 CALLS
nb_open() handler @ nb_read() handler nb_read() handler ® read()
[ 'b.txt' fd | || data [ 'b.txt | ® OB =data

1
]
|

e meil ;

OUTPUT
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ABOUT TO EXECUTE READ HANDLER (‘a.txt’)

-

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
fs.readFile( . printLineCount( nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd); Cy }
| }
}} X \ printLineCount()
readFile() INACCURATE
/ CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
- nb_read() handler nb_read() handler ® read()
data [ 'b.txt' ] ® © 3 - data

OUTPUT
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var fs = require(
fs.readFile(
fs.readFile(

ANDLER ('a.txt’)

function readFile(filename, ch) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);
nb_close(fd);
3
P
}

NG RE

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split(
console.log(filename + " ' + count);
}
}

);
. printLineCount(
, printLineCount(

N
)

)length;

]

printLineCount()

INACCURATE

readFile()

_— CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_read() handler @ nb_read() handler ® read()
data ® © 3 - data
OUTPUT
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INITIATING PRINT OPERATION ('a.txt: 10"

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb_close(fd); i
3
P
}

S

printLineCount()

INACCURATE

readFile()

_— CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_read() handler @ nb_read() handler (b-l read()
[ 'a.txt data =3 OOl —data
console.log() handler printf{)
o< CEmD
OUTPUT
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INITIATING FILE CLOSE OPERATION ('a.txt’)

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) { var count = data.toString().split( )length;
ch(data); console.log(filename + " ' + count);
nb close[fd} G }
3 }
P

printLineCount()

readFile() INACCURATE

_— CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_read() handler @ nb_read() handler ® read()
[ 'a.txt data =3 ® OB =data
1 console.log() handler printf()
® DY 2 txt: 10]
% 4 A 5t 5
nb_close() handler close()
® © B
OUTPUT
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FILE CLOSE OPERATION COMPLETES ('a.txt’)

var fs = require('fs’);

function readFile(filename, cb) {

function printLineCount(filename) {

fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( 0; nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd); (#| b
| }
}} ) printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_read() handler ® read()
® OBl = data
console.log() handler printf{)

nb_close() handler

@.-

=

OUTPUT

65
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PRINT OPERATION COMPLETES ('a.txt: 10')

var fs = require('fs’);

function readFile(filename, cb) {

function printLineCount(filename) {

fs.readFile( . printLineCount( N; nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( 0; nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd); (#| b
| }
}} ) printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_close() handler nb_read() handler ® read()
® OBl = data
console.log() handler printf()

I—Ilﬁ_i

=

|

1@

a.txt: 10

66

OUTPUT
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FILE READ OPERATION COMPLETES ('b.txt')

var fs = require('fs’); function readFile(filename, cb) { function printLineCount(filename) {

fs.readFile( . printLineCount( nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( nb_read(fd, function(data) { var count = data.toString().split( )length;
MAIN ch(data); console.log(filename + " ' + count);
nb_close(fd); (#7| b
3 }
}} ) printLineCount()
readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_close() handler j

nb_read() handler @
[ 'b.txt' data & —

— A

console.log() handler

lﬁ_ll—l
1
]

OUTPUT

a.txt: 10
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var fs = require('fs’); function readFile(filename, ch) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) {
ch(data);
nb_close(fd); (&)
3
P

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_close() handler > console.log() handler
. A = = 5 5 =
nb_read() handler @1
data
OUTPUT

a.txt: 10
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L fs.readFile(

o W 4 %; ~ 5§
| = [ | §
| ™ k‘. leI— k)'-ag.-« k&.lll"

var fs = require('fs’);

fs.readFile(

MAIN

. printLineCount(
, printLineCount(

B

ING LOG HANDLER

3
)

function readFile(filename, ch) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {

cb(data);
nb_close(fd);

ol

}

function printLineCount(filename) {

return function(err, data) {

var count = data.toString().split(
+ count);

console.log(filename +

}

printLineCount()

)length;

readFile{) INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
console.log() handler :‘
nb_read() handler } [ ]
data
OUTPUT

a.txt: 10
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EXECUTING LOG HANDLER

function readFile(filename, ch) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
ch(data);

var fs = require('fs’);

fs.readFile( . printLineCount(
L fs.readFile( , printLineCount(

MAIN

nb_close(fd); ol
1)
P

readFile() INACCURATE

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

CODE

EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS

~ i .

nb_read() handler @
data

console.log() handler

a.txt: 10

70

OUTPUT
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var fs = require('fs’);
fs.readFile( . printLineCount(
fs.readFile( , printLineCount(

HANDLER ('b.txt’)

function readFile(filename, ch) {
nb_open(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);
nb_close(fd); (®) |
3
P
}

readFile() INACCURATE

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_read() handler @
data
OUTPUT

a.txt: 10
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INITIATING PRINT OPERATI ('b.txt: 24")

var fs = require('fs’); function readFile(filename, ch) { function printLineCount(filename) {
fs.readFile( . printLineCount( - nb_open(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb_close(fd); i
3
P
}

printLineCount()

readFile() INACCURATE

— CODE

EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS

nb_read() handler @ console.log() handler printf()
[ 'b.txt' ] data ® @

OUTPUT

a.txt: 10
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INITIATING FILE CLOSE OPERATION ('b.txt'")

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

var fs = require('fs’); function readFile(filename, ch) {

fs.readFile( . printLineCount( - nb_open(filename, function(fd) {

fs.readFile( , printLineCount( i nb_read(fd, function(data) {
ch(data); console.log(filename + " ' + count);

}

nb_close(fd); | Ql

}

2

b printLineCount()

readFile() INACCURATE

CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_read() handler @ ""-‘.,i console.log() handler printf()
[ ‘b.oxt data ® @
=" R : = e
nb_close() handler close()
@® O 'b.txt'
OUTPUT

a.txt: 10
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PLETES ("b.txt: 24')

var fs = require('fs’); function readFile(filename, cb) {
fs.readFile('a.txt’, printLineCount( - nb_ocpen(filename, function(fd) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) {

MAIN cb(data);

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;
console.log(filename + " ' + count);
}
}

printLineCount()

nb close(fd);
)
)

readFile{) INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT 1 console.log() handler '
J @&+ -+ —
nb_close() handler close()

® © S

OUTPUT

a.txt: 10
b.txt: 24
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function readFile(filename, cb) {
nb_ocpen(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);
nb close(fd);

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split(
+ count);

var fs = require('fs’);
fs.readFile( . printLineCount(

fs.readFile( , printLineCount( )length;

console.log(filename +

}

)
)
}

}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT console.log() handler -|_
nb_close() handler close()
® O 'b.txt’ |
OUTPUT

a.txt: 10
b.txt: 24

© 2011 IBM Corporation



function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

var fs = require('fs’); function readFile(filename, cb) {
fs.readFile('a.txt’, printLineCount( - nb_ocpen(filename, function(fd) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) {

cb(data);
nb close(fd);
1)
)

console.log(filename + " ' + count);
}
}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
console.log() handler :‘
nb_close() handler close()
® O 'b.txt’ |
OUTPUT

a.txt: 10
b.txt: 24
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var fs = require('fs’); function readFile(filename, cb) { function printLineCount(filename) {
fs.readFile('a.txt’, printLineCount( - nb_ocpen(filename, function(fd) { return function(err, data) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) { var count = data.toString().split( )length;
cb(data); console.log(filename + " ' + count);
nb_close(fd); }
1) }
)
}

printLineCount()

readFile() INACCURATE

CODE

EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT [
|_Inb_close() handler
["b.vc’] @t + —

OUTPUT

a.txt: 10
b.txt: 24

77 © 2011 IBM Corporation



78

i *‘l - Cl OSFE

e B0 1‘\"_} 1’-—;—? "Ia-=- J

function printLineCount(filename) {
return function(err, data) {

var fs = require('fs’); function readFile(filename, cb) {
fs.readFile('a.txt’, printLineCount( - nb_ocpen(filename, function(fd) {
fs.readFile( , printLineCount( i nb_read(fd, function(data) {
cb(data);

nb close(fd);

var count = data.toString().split( )length;
console.log(filename + " ' + count);

}

}

)
)

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP EVENT QUEUE PENDING EVENTS 10 CALLS
WAIT nb_close() handler
frimee
OUTPUT

a.txt: 10
b.txt: 24
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var fs = require('fs’);
fs.readFile('a.txt’, printLineCount(
fs.readFile( , printLineCount(

function readFile(filename, cb) {
nb_ocpen(filename, function(fd) {
nb_read(fd, function(data) {

cb(data);
nb close(fd);

)
)

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

readFile() INACCURATE
CODE
EVENT LOOP J EVENT QUEUE PENDING EVENTS 10 CALLS
nb_close() handler :‘
OUTPUT

a.txt: 10
b.txt: 24
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function readFile(filename, cb) {
nb_ocpen(filename, function(fd) {
nb_read(fd, function(data) {
cb(data);

var fs = require('fs’);
fs.readFile('a.txt’, printLineCount(

fs.readFile( , printLineCount(

MAIN
nb close(fd);

)
)

readFile() INACCURATE

function printLineCount(filename) {
return function(err, data) {
var count = data.toString().split( )length;

console.log(filename + " ' + count);
}
}

printLineCount()

CODE

EVENT LOOP EVENT QUEUE PENDING EVENTS 10 CALLS

EXIT

a.txt: 10
b.txt: 24

OUTPUT
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