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Application-Layer Protocols
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Applications and Application-Layer Protocols

Application: communicating, distributed p—
processes transport

network
» e.g., e-mail, Web, P2P file
sharing, instant messaging

» running in end systems (hosts)

» exchange messages to
implement application

Application-layer protocols
» one “piece” of an app

» define messages exchanged
by apps and actions taken

/ /

» use communication services application ot Vo f
. Transport application
provided by lower layer nefuork transport
k
protocols (TCP, UDP) physical dota T
physical




Client-Server Paradigm

Typical network app has two
pieces: clientand server cpplicati

. nefwor
Client: date I BN
Q initiates contact with server

(“speaks first") £
O typically requests service from -

server, i

O Web: client implemented in
browser; e-mail: in mail reader

iz
Server.: @ @
0 provides requested service to client T Y
O e.g., Web server sends requested Web € d fransport
page, mail server delivers e-mail data Ink

=<9 University of Kurdistan



>

Processes Communicating Across Network

process sends/receives
messages to/from its
socket

socket analogous to door

» sending process pushes
message out door

» sending process assumes
transport infrastructure on
other side of door which
brings message to socket
at receiving process

host or
server

pro*cess

soclket

-
TCP with

buffers,

variables

controlled
by OS

controlled by
& app developer

host or
server
o

ot

pro;:ess

soclket

v
TCP with
 buffers,
variables
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What transport service does an app need?

Data loss

» some apps (e.g., audio)
can tolerate some loss

» other apps (e.g., file
transfer, telnet) require

100% reliable data transfer

Timing

» some apps (e.g.,
Internet telephony,
Interactive games)

require low delay to be
“effective”

Bandwidth

Q some apps (e.qg.,
multimedia) require
minimum amount of
bandwidth to be
“effective”

Q other apps (“elastic
apps’) make use of
whatever bandwidth
they get

University of Kurdistan



Requirements of Selected Network Applications

Application | Data loss Bandwidth Time
Sensitive
file transfer no loss elastic no
e-mail ho loss elastic no
web documents no loss elastic (few kbps) no
real-time loss- audio: few kbps-1Mbps | yes, 100s of
audio/video tolerant video:10kbps-5Mbps msec
stored loss- same as above yes, few sec
audio/video tolerant
interactive loss- few kbps-10kbps yes, 100s of
games tolerant msec
instant no loss elastic yes and ho
messaging

University of Kurdistan



Internet Transport Protocols Services

TCP service:

» connection-oriented: setup
required between client and
Server processes

» reliable transportbetween
sending and receiving process

»  flow control: sender won't
overwhelm receiver

» congestion control. throttle
sender when network
overloaded

» Nno guarantee on. timing,

minimum bandwidth

UDP service:

>

unreliable data transfer
between sending and
receiving process

does not provide:
connection setup,
reliability, flow control,
congestion control, timing,
or bandwidth guarantee

=<9 University of Kurdistan
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Internet apps: application, transport protocols

(e.g., youtube)

applications application-layer | underlying transport
protocol protocol
e-mail SMTP [RFC 2821] TCP
remote terminal access | Telnet [RFC 854] TCP
web HTTP [RFC 2616] TCP
file transfer FTP [RFC 959] TCP
Name server DNS [ RFC 1034] UDP or TCP
streaming multimedia proprietary Typically UDP

University of Kurdistan
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Connectionless iterative server

Client

Ephemeral port |J-|
L

‘UDP I

L ]

L -
.

L ]

Client .-
Ephemeral port |J_| Pt
I_I_l

‘UDP I

One client
at a time

Well-known port
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Connection-oriented concurrent server

- Parent
Client <orver  Child Child
Ephemeral port — server server
TCP —— ——
- |J‘| cee Ephemeral ports
: / T
A
e L TCP
Client = Well-known port is
Ephemeral port l used only for

connection establishment




Sockets

| Client process‘ Server process‘
——\

Server IP Address
Port I\f&mber‘l ~

\
\

Wejcomin
&@ socLeT g ‘

send pead { ere
ik - 1 Connection
soc?(e‘r F , L ‘

Server IP Address
Port Nttg(.l"\ber'2

\/Zc\ienf IP Address
Port lﬁ‘umber‘
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Domain Name System
(DNS)
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DNS System
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Hierarchical Distributed Name Space

Root Server

arpa com edu cee org ad coe P

3,15 395 9 4l y oD g 9w e VY slis
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DNSroot Servers

a NSI| Herndon, VA

¢ PSInet Herndon, VA k RIPE London
d U Maryland College Park, MD i NORDUnet Stockholm
g DISA Vienna, VA
h ARL Aberdeen, MD
T |
e NASA Mt View, CA ,

f Internet Software C. Palo Alto,-

CA \

b USC-ISI Marina del Rey, CA
I ICANN Marina del Rey, CA

19
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DNSroot Servers

Server Operator Cities IP Addr
A VeriSign Global Registry Services Herndon VA, US 195.41.04
B Information Sciences Institute Marina Del Rey CA, US 128.9.0.107
C Cogent Communications Herndon VA, US 192.33.4.12
D University of Maryland College Park MD, US 128.5.10.90
E NASA Ames Research Center Mountain View CA . US 192.203.230.10
F Internet Software Consortium Palo Alto CA, US: [Pvd: 19255241
San Francisco CA, US [Pv6: 2001:500::1035
G US. DOD Network Information Vienna VA, US 192.112.36.4
[Center
H US. Army Research Lab Aberdeen MD, US 128.63.2.53
| Autonomica Stockholm, SE 192.36.145.17
J Veridign Global Registry Services Herndon VA, US 192.58.128.30
K Reseaux IP Europeens—Network London, UK 193.0.14.129
Coordination Centre
L Internet Corporation for Assigned Los Angeles CA, US 198.32.64.12
Names and Numbers
M WIDE Project Tokyo, JP 202.12.27.33

“ University of Kurdistan
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Domains

Domain

Domain

21



DNS in the Internet

Root

/0\/

Inverse domain

RY A

Generic domains

R

Country domains

The inverse domain is
used to map an IP
address to a name

=<9 University of Kurdistan
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Generic domains

Root level

Description

Commercial organizations

Educational institutions

Government institutions
International organizations
Military groups

Network support centers

Nonprofit organizations




Country domains

4y Thaw

ce.aut.ac.ir

Ol 8 > ool sla Jils e\f.i.:aj};
Sla wals 55 9 IF awls J 18 oo g
3,15 edgs w |, ol

http://lwww.nic.ir/
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Local DNS Server
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lterative resolution

local
DNS server

Root
hame

server

com
name
server

\

google.com
name server

I

SIS S 5 2

odge ol S s
g;buaox&: I g

s
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DNS Protocol: Forward Lookup Query

Authorized name
server for org. zone

org.

Local

Name Server

www.icann.org.

AN, [,Tni\*'EI'Sit}r of Kurdistan



Recursive resolution

local
DNS server

Root
name

server

=E3b s 9

google.com
name server

28



Query and response messages

Header

= Question section

a. Query

Header
= Question section e
= Answer section =
= Authoritative section e

< Additional information section £

b. Response

=<9 University of Kurdistan
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DNS can use the services of
UDPor TCP
using the well-known port 53.

30



IMNORDU Stackholm
EMNASA Moffet Field CA

F-15C Woodside CA

M-WIDE Kelo

K-LINX/RIPE Lendon

- A-NSF-NE| Herndon VA
i, C-PSl Herndon VA
D-UMD College Pk MD
G-OISA-Boeing Vienna VA
H-USArmy Aberdeen MD
J-MSF-NSI Herndon VA

B-DISA-USC Marina delRey CA
L-DISA-USC Marina delRey CA

a3 0 ol |y 15270,000,000+ &1, F
Syls tolin b gy P

Oovvvievvie e 39y 40 4o WTLD server
2p3 o Slgz |y Gy

18l e 55 51 23 35190 (990 DNS sl mlg
Chedils -

oad migh Juiloy -

olp dadl> -

L5 5l wo gl wleas ¢ sl 33405 DNS 3]
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HTTP and WWW
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World Wide Web

g

Distributed services

AN University of Kurdistan
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Hypertext

Computers

A computer is a digital
electronic machine
made of a CPU, a control

unit, and memory.

Y

IS

Y

It is random
access memory.

RAM

[t is used to do It is part of a It can be RAM or
mathematical computer that ROM. It is used in a
and logical controls the flow computer to store
calculation. of data. information.

CPU Control unit Memory

27 T

It is read-only
memory.

ROM

'University of Kurdistan




Browser architecture

Browser ‘

Interpreter

35



Categories of Web documents

‘ Web document I

‘ Static I ‘Dynamicl ‘ Active I

36



Static document

Request

a. Request

>

g

b. Response

Web

document

Web

document

S University of Kurdistan
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Dynamic document

| Program
— Request = = O
Client

Server
a. Request for running a program

i

Document

c. Response

<9 University of Kurdistan
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Active document

Request

Client

Server
a. Request for a copy of a program

Client

Server
b. Sending a copy of the program

-

Document

Client

Server
c. Running the program and creating the document

39



Web and HTTP

A7

Web page consists of objects

Object can be HTML file, JPEG image, Java
applet, audio file,...

» Web page consists of base HTML-file which
Includes several referenced objects

» [Each object is addressable by a URL
» Example URL:

A%

eng.uok.ac.ir/abdollahpouri/index.html

— A _/
V V

host name path name

University of Kurdistan


G:/courses83-1/computer network/folder1/slides 2eE/chapter2/IUSTHomePage/IustHomePage.htm
G:/courses83-1/computer network/folder1/slides 2eE/chapter2/IUSTHomePage/IustHomePage.htm

HTTP Overview

HTTP: hypertext transfer fﬁ;}’fn;
protocol = Apache Web
, = A1y, server
» Web's app layer protocol ——\ l
: PC running 4
» client/server model Firefox

» client: browser that
requests, receives,
“displays” Web objects

» server:Web server sends Storage

objects in response to contents:
requests base files,
bi
> HTTP 1.0: REC 1945 ; objects
> HTTP 1.1: RFC 2068 iphone running

Safari

=<9 University of Kurdistan


G:/courses83-1/computer network/folder1/Extras/other/RFC/rfc1945.txt
G:/courses83-1/computer network/folder1/Extras/other/RFC/rfc1945.txt
G:/courses83-1/computer network/folder1/Extras/other/RFC/rfc1945.txt
G:/courses83-1/computer network/folder1/Extras/other/RFC/rfc1945.txt

HT TP uses the services of TCP on
well-known port 80.

42



HTTP Overview (cont.)

Uses TCP:
» client initiates TCP connection
(creates socket) to server, pgrt 80 HTTP is “stateless”
» server accepts TCP connection from L
Al » server maintains no

Information about past

» HTTP messages (application-layer client requests

protocol messages) exchanged
between browser (HTTP client) and
Web server (HTTP server)

» TCP connection closed

43

University of Kurdistan



HTTP Connections

Nonpersistent HTTP Persistent HTTP

» At most one object is » Multiple objects can be
sent over a TCP sent over single TCP
connection. connection between

> HTTP/1.0 uses client and server.

nonpersistent HTTP » HTTP/1.1 uses
persistent connections
In default mode




Non-persistent HTTP

Suppose user enters URL
www.uok.ac.ir/computer/home.html

1. HTTP client initiates TCP

connection to HTTP serv
(process) at www.uok.ac.ir 2. HTTP ser'ver'_at h°.5'f.
on port 80 www.uok.ac.ir waiting for

TCP connection at port 80.
“accepts” connection,
notifying client

time

3. HTTP client sends HTTP
request message (containing

URL) into TCP connection \4 HTTP server receives

socket. Message indicates request message, forms

that client wants object response message containin
Computer/home.html / P >4g J
requested object, and sends

message into its socket

45
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Non-persistent HTTP (cont.)

5. HTTP client receives
response message con’rainin‘g/
html file, displays html.
Parsing html file, finds 10

referenced jpeg objects /

Time 7. Steps 1-6 repeated for
each of 10 jpeg objects

6. HTTP server closes
TCP connection.

=<9 University of Kurdistan
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Response Time Modeling

Response time:

> one RTT to initiate TCP
connection

» one RTT for HTTP request
and first few bytes of HTTP
response to return

> file transmission time
total = 2RTT+transmit time

initiate TCP
connection

RTT

request { :
file [

RTR

file :
received :

v
time

time to

} transmit
. file

=<9 University of Kurdistan
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Persistent HTTP

Nonpersistent HTTP Issues:

>
>

requires 2 RTTs per object

OS must work and allocate
host resources for each TCP
connection

but browsers often open
parallel TCP connections to
fetch referenced objects

Persistent HTTP

>

>

server leaves connection
open after sending response

subsequent HTTP messages
between same client/server
are sent over connection

Persistent without pipelining:

» client issues new request only
when previous response has
been received

» one RTT for each referenced
object

Persistent with pipelining:

» defaultin HTTP/1.1

» client sends requests as soon
as it encounters a referenced
object

» as little as one RTT for all the
referenced objects

University of Kurdistan
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Response time modeling

Definition of RRT: time to /|
send a small packet to
travel from client to server

and back. initiate TCP
. connection :

Response time: -
» one RTT to initiate TCP request |

connection file |

time to

> one RTT for HTTP RTR /}Transmit

request and first few bytes bl — file

of HTTP response to receivedé

return : i

= . . . - t
» file transmission time time ime

o~jotal = 2RTT+ransmit time

=<9 University of Kurdistan



Persistent HTTP

Nonpersistent HTTP Issues:

>
>

requires 2 RTTs per object

OS must work and allocate
host resources for each TCP
connection

but browsers often open
parallel TCP connections to
fetch referenced objects

Persistent HTTP

>

>

server leaves connection
open after sending response

subsequent HTTP messages
between same client/server
are sent over connection

Persistent without pipelining:

>

>

client issues new request
only when previous
response has been
received

one RTT for each
referenced object

Persistent with pipelining:

>
>

default in HTTP/1.1

client sends requests as
soon as it encounters a
referenced object

as little as one RTT for all
the referenced objects

=<9 University of Kurdistan
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HTTP Modeling

» Assume Web page consists of:
» 1base HTML page (of size O hits)
» Mimages (each of size O hits)
» Non-persistent HTTP:
» M+1TCP connections in series
» Response time = (M+1)O/R + (M+1)2RTT + sum of idle times
» Persistent HTTP:
» 2 RTTto request and receive base HTML file
» 1 RTTto request and receive M images
» Response time = (M+1)O/R + 3RTT + sum of idle times
» Non-persistent HTTP with X parallel connections
» Suppose M/X integer.
» 1 TCP connection for base file
» M/X sets of parallel connections for images.
» Response time = (M+1)O/R + (M/X + 1)2RTT + sum of idle times

=<9 University of Kurdistan

51



HTTP request and response format

g 0 plin

52



S& sl o 5l
CwlgS 50 €9 ¢ 3,90 KB gy ¢ SR
S& sl A 5l
HTTP afeu 'l' ekl g W ‘l' o &
Space

Header name

Header value

Request line
&:a-w‘j’.')': L_,'.

Status lin
Sl g b

ol Cn b ol &g A Jas
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B E Wt S slad
cwlo> 43 &g 4' 29,90 BB g s 'l' HTTP s
GET amawjﬁjigjm&ﬁ;éhgagiﬁum
PUT GMJLHJ:MJAHGJJHJL@@J_JQJJ_Saré-B(_-;'I_,...rL‘.'am

(CI PERETRSCR N

OPTIONS, PATCH, COPY, MOVE, LINK, UNLINK, TRACE,

S University of Kurdistan
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HTTP Reqguest Message - example

HTTP request message: ASCII (human-readable format)

request line
(GET, POST,
HEAD commands)

header
lines

GET /somedir/page.html HTTP/1.1
- Host: www.someschool.edu
User-agent: Mozilla/4.0
Connection: close
Accept-language: fr

—If-modified-since:Sat, 2 Nov 2002 13:45:12

Carriage return,  (carriage return, line feed)

line feed
indicates end
of message

AN, Universit}’ of Kurdistan




Example 1

This example retrieves a document. We use the GET method to
retrieve an image with the path /usr/bin/imagel. The request line
shows the method (GET), the URL, and the HTTP version (1.1).
The header has two lines that show that the client can accept
Images in GIF and JPEG format. The request does not have a body.
The response message contains the status line and four lines of
header. The header lines define the date, server, MIME version, and
length of the document. The body of the document follows the
header (see next slide).

56
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Example 1

Client
-

Request (GET method)

GET /usr/bin/fimagel HTTP/1.1
Accept: image/gif
Accept: image/jpeg

Response

HTTP/1.1 200 OK
Date: Mon, 07-Jan-02 13:15:14 GMT

Server: Challenger
€1 MIME-version: 1.0

Content-length: 2048

(Body of the document)

Server

I |

=<9 University of Kurdistan
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Example 2

This example retrieves information about a document. We use the
HEAD method to retrieve information about an HTML document.
The request line shows the method (HEAD), URL, and HTTP
version (1.1). The header is one line showing that the client can
accept the document in any format (wild card). The request does
not have a body. The response message contains the status line and
five lines of header. The header lines define the date, server, MIME
version, type of document, and length of the document (see next
slide). Note that the response message does not contain a body.

University of Kurdistan
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Example 2

Client Server

I |

Request (HEAD method)

HEAD /usr/user/filel .html HTTP/1.1
Accept: */*

Response

HTTP/1.1 200 OK
Date: Tue, 08-Jan-02 13:15:14 GMT

Server: Challenger
MIME-version: 1.0

Content-type: text/html
Content-length: 1020

Y University of Kurdistan
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SMTP
and POPS3
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Email address

L.ocal part |(@ Domain name
Address of the The domain
mailbox on the name of the

local site destination

=<9 University of Kurdistan
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Electronic Mall

Three major components:
» user agents

» mall servers

» simple mail transfer protocol:

SMTP

User Agent

» Sometimes is called:
“mail reader’

» composing, editing, reading
mail messages

» e.g., Eudora, Outlook, elm,
Netscape Messenger

» outgoing, incoming
messages stored on server

AN, Universit}’ of Kurdistan

server

[Ii1iri1] outgoing

message queue

[0 user mailbox
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User agent

User Agent

Composing Reading Replying to Forwarding Handling

messages messages messages messages mailboxes

=<9 University of Kurdistan
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Electronic Mail: Malil Servers

Mail Servers

» mailbox contains incoming messages for user

» message queue of outgoing (to be sent) mail messages

» SMTP protocol between mail servers to send email messages
» “client”: sending mail server (sending agent)
» ‘“server’: receiving mail server (receiving agent)

SMTP SMTP SMTP SMTP
server client server client
= B 2

Message queue-

_—
mailboxes [0 —

Mail server Mail server

Il 1]]

66
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Example: Userl sends message to User2

1) Userl (sender) uses UA to 4) SMTP client sends Userl’s
compose message to message over the TCP
userZ2@dyahoo.com . connection.

2) Userl's UA sends message to  5) User2's mail server places the
his mail server; message message in User2’s mailbox.

placeq N MESSage queue. 6) User2 invokes his/her user agent
3) Client side of SMTP opens TCP to read message.

connection with User2’s mail
server.

webmail .uok.ac.ir

server

I
15 )]

yahoo.com

server

(3 )i
O

nw Userl@webmail .uok.ac.ir

userZ2@yahoo.com

=<9 University of Kurdistan
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SMTP commands

WS o Byxe |y 005,85 g, asliy HELO

WS o aseis | sy saxiw 8 :MAIL FROM

WS o aseine | 005 ,.5 :RCPT TO

QS o ateies |y sl 450y DATA

Lled oo ahad 1y LLS | -QUIT

Lled oo AL 0¥ Slowisgy Ol jgiws b alal, ;o :HELP

=<9 University of Kurdistan
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C:\> telnet www.uok.ac.ir 25
Connecting to www.uok.ac.ir ...
220 PARSDATA Mail Server (IMail 8.00 2586-5) NT-ESMTP Server X1

250 hello PARSDATA Mail Server

MAILFROM: Abdollahpour@uok.ac.ir

250 ok

RCPT TO: Abdollahpour@uok.ac.ir

250 ok deliver to alternate

———=——=ooo—ooooooooos 4l Al g A g =========
DATA

354 ok, send it; end with <CRLF>.<CRLF>

FROM: Abdollahpour

TO: myself

Hi this is a sample e-mail to show SMTP in action.

HELO PARSDATA
header
p—

blank
line

.::::::::::::: Jall Al ===============

250 Message queued

QUIT

221 Goodbye SMTP &, gws b s ) o0 4 Jeaa] JLa

Connection to host lost
@University of Kurdistan
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Non-ASCII code Non-ASCII code

7-bit ASCII 7-bit ASCII

7-bit ASCII

Sz SMTP G b 51 58 ASCll b sla iS1,15 das o o5kl &5 ol Sheo5 |55 53 MIME

-

LS aam 5 Sl 3 ASCllesls 41, ASCII 18 6315 45 5 503
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MIME header

From: Userl@mail.uok.ac.ir
To: User2@yahoo.com
Subject: Picture of iust
cc: User3@tu.ac.ir
j MIME-Version: 1.0
| Content-Transfer-Encoding:
I Content-Type: image/jpeg
|

Examples of other Content-Types:

Image/gif
Text/plain
Text/html
Audio/basic
Video/mpeg

University of Kurdistan
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Mail Access Protocols

i SMTP SMTP

Receiver

sender's mail receiver's mail
server server

» SMTP: delivery/storage to receiver's server (PUSH)
» Mail access protocol: retrieval from server (PULL)
» POP: Post Office Protocol [RFC 1939]
» authorization (agent <-->server) and download
» IMAP: Internet Mail Access Protocol [RFC 1730]
» more features (more complex)
» manipulation of stored messages on server
» HTTP: Hotmail , Yahoo! Mall, etc.




POP3 Protocol

authorization phase _—

» client commands:
» user: declare username
» pass: password
» server responses
» +O0OK
» -ERR
transaction phase, client:
» list: list message numbers
» retr: retrieve message by

number
> dele: delete
» quit

/

> University of Kurdistan

|m QOQNnNNOQLNLNOLNNn®n 0||9 Quna 9|

+OK POP3 server ready
user USERI1

+OK

pass zxcdvf

+OK user successfully logged on

list
1 498
2 912

retr 1
<message 1 contents>

dele 1
retr 2
<message 1 contents>

dele 2
quit
+OK POP3 server signing off
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FTP

JU Jst Sy
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FTP uses the services of TCP. It

needs two TCP connections. The well-

known port 21 I1s used for the control/

connection, and the well-known port
20 Is used for the data connection.
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FTP

User
®
? J.&:.o salaiu! TCP JL.GS‘ 99 J| FTP JSSJJ?.
User
interface
Control connection
Control

Control
process process |

Data transfer
process

Data transfer
process

Data connection
Client Server

control connection: “out of band”




FTP: Separate Control, Data Connections

TCP control connection
port 21 (persistent)

gl=
'— <
FTP client TCP data connection

port 20(nonpersistent) FTP server

» FTP client contacts FTP server at port 21, specifying
TCP as transport protocol.

Client obtains authorization over control connection.

Client browses remote directory by sending commands
over control connection.

» When server receives a command for a file transfer,
server opens a TCP data conn. to client at port 20.

Y VY
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File transfer

Storing a file

-
Control . Control
Data connection
process > process
Client Retrieving a file Server

-
Retrieving a list
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Control and data connections

Client

Server Client

Control Control Data transfer
process process process

DATA
TRANSFER

Control connection

~<— Command exchange [

<— Command exchange [—>]%<

-~
-~
-~
-~
-~
-~
-~
-~
-~
~ -
-~

-
-
-
-
-
-
-
-
-
-
-

Records of file ..........

Records of file ..........

Data connection

Server

Data transfer
process

=<9 University of Kurdistan
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List of FTP commands in UNIX

Commands

!, $, account, append, ascii, bell, binary, bye, case, cd, cdup,
close, cr, delete, debug, dir, discount, form, get, glob, hash, help,

lcd, Is, macdef, mdelete, mdir, mget, mkdir, mls, mode, mput,
nmap, ntrans, open, prompt, proxy, sendport, put, pwd, quit,
quote, recv, remotehelp, rename, reset, rmdir, runique, send,
status, struct, sunique, tenex, trace, type, user, verbose,?

& University of Kurdistan
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Example 1

$ ftp ftp.uok.ac.ir
Connected to ftp.uok.ac.ir
220 Server ready

Name: Abdollahpouri
Password: XXXXXXX

ftp > Is /usr/user/report
200 OK

150 Opening ASCII mode

226 transfer complete
ftp > close

221 Goodbye

ftp > quit

AN University of Kurdistan



Example 2

-
$ ftp internic.net
Connected to internic.net
220 Server ready
Name: anonymous
331 Guest login OK, send "guest" as password
Password: guest
ftp > pwd
257 '['is current directory
ftp > Is
200 OK
150 Opening ASCII mode
bin
ftp > close
221 Goodbye
ftp > quit

AN University of Kurdistan



Telnet

(remote login)
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» Questions




