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PERTEMUAN 1 

 



 The International  Standards Organization (ISO) 
produced the Open Systems Interconnection 
reference model in 1974. 

 The Reference Model comprises seven layers.  The 
higher ones layers  4 through  7 pertain exclusively to 
end-to-end functions  such as user application,  
messaging assurance, session establishment, user 
servic- es, and the user interface 

 For  telecommunications, the “interface” layers 
(layers  1 through 3) are  those that matter 



  
Levels 

OSI Reference 

Model 

Telecommunications 

Model 
  
Level  7 

  
Application   

  
Level  6 

  
Presentation   

  
Level  5 

  
Session   

  
Level  4 

  
Transport 

  
End-to-End Protocols 

  
Level  3 

  
Network 

  
Network 

  
Level  2.5   

  
Multilink 

  
Level  2 

  
Data Link 

  
Data Link 

  
Level  1.5   

  
Logical Link 

  
Level  1 

  
Physical 

  
Physical 





 Layer 1. The Physical Layer specifies characteristics 
of the physi- cal  data transfer medium for network 
communications and is also responsible for 
monitoring data error rates. 

 Layer 1.5.  The Logical Link sublayer defines a  
service access point and frame format for inter-
station exchanges 

 Layer 2. The Data Link Layer is responsible for error-
free com- munication between two adjacent nodes. If 
an  error is detected, the Data Link Layer requests a 
retransmission of the data 

 
 



 Layer 2.5. The Multilink sublayer provides an  
interface between the logical links and the physical 
medium for specific topologies and access  control 
schemes. 

 Layer 3. The Network Layer is responsible for routing 
and flow control functions. 

 Layer 4.  The Transport  Layer comprises end-to-end 
protocol functions that increase bandwidth and data-
rate speeds. 
 



Telecommunication network design and topology 
standards are managed by  a number  of recognized 
authorities who have worked, nationally and 
internationally, to assist  vendors and developers with 
the challenge of producing generic network 
components. 
 International Organization for Standardization 

(ISO) 

 Based  in Geneva, Switzerland 

 Along with ANSI,  developed the Open Systems 
Intercon- nect (OSI) Reference Model in 1974 

 

 



 International Organization for Standardization (ISO) 

 Based  in Geneva, Switzerland 

 Along with ANSI,  developed the Open Systems Intercon- 
nect (OSI) Reference Model in 1974 

 Electronic Industries Association (EIA) 

 Publishes  “Recommended  Standards” (RS) for physical 
devices and their means of interfacing 

 Institute of Electrical and Electronics Engineers (IEEE) 

 Developed LAN  standards for telecommunications net- 
works 

 Set standards for integrated voice  and data networks 
 
 

 
 



 International Telecommunication Union-Telecommunication 
Standardization  Sector (ITU-T), formerly known as the 
Consulta- tive  Committee for International Telegraph and 
Telephone (CCITT) 

 Based  in Geneva, Switzerland Modem standards 

 X.400 standard and emerging X.500 recommendations for 
receiving gateways for translating email files 

 Digital telephone standards 
 Electronic Industries Association/Telecommunications Industry 

Association (EIA/TIA) 

 Joint effort between the Telecommunications Industry 
Association (TIA) and the Electronic Industries 
Association (EIA) 



 Developed with the intent of identifying minimum requirements 
that would support multiproduct and multi- vendor 
environments 

 Addresses six elements of cabling specifications and require- 
ments that can  affect the type of cable used in a LAN: hori- 
zontal  cabling, telecommunications  closets, equipment rooms, 
backbone cabling, and entrance facilities 

  Cable standards include EIA/TIA-568A and  EIA/TIA-568B 
categories Three, Four, and Five cable 

 Allow for planning and installation of LAN  systems with- out 
knowledge of the specific equipment that is  to be installed 



 American National Standards Institute (ANSI) 

 The United States’  representative to the International  Stan- 
dards Organization 

 Along with ISO,  developed the Open Systems Interconnect 
(OSI) Reference Model in 1974 

 Encourages vendors to develop network equipment  that 
doesn’t rely on a proprietary design. 
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 Numbering  systems provide a  systematic method to 
read, monitor, analyze, and configure 
telecommunications transmissions. Data can be  
transmitted and received in many ways 

 A bit,  which is the abbreviation for binary digit, is 
used to repre- sent characters, describe 
measurements of telecommunications data, and 
encode control information in data fields 

 Two common coding examples (dis- cussed later in 
the chapter) are  Extended Binary Coded Decimal 
Interexchange Code (EBCDIC) and American 
Standard Code for Infor- mation Interchange (ASCII) 



 To  start off, let’s look at  the four most common number- ing  
systems in use  today—binary, octet, decimal, and hexadecimal 

 The binary system is a numeric-based character code set  
consist- ing  of 0s and 1s and have a unique 4-bit binary. 

 The octet system uses  digits 0–7; 8 holds a unique  value that 
is referred to as base 8. 

 The decimal system uses  digits 0–9; 10 holds a unique value 
that is referred to as base 10. 

 The hexadecimal system is a group of binary values referred 
to as base 16. Only numbers 0–9 are  utilized, so values over 
10 are represented by  alphabetical symbols A, B, C, D, E, and 
F 





 Binary numbers consist of a base  2 numbering system of 0s and 
1s (i.e. 01, 0110, 01101110) 
 







 Another numeric base  term found in communication 
protocols is the octet. Octet  numbering is a base  8 
numbering system. 

 A  character code set  containing a  subscript eight (8)  
indicates an  octet number (i.e., 78 ) 



 

 



 The hexadecimal system is a base  16 numbering system. 
Because com- munication  system components, such as 
analyzers that monitor the telecommunication performance of 
a circuit and tools that analyze files  on a floppy  disc,  usually 
work with eight-bit groups, hexadeci- mal notation is a perfect 
fit to represent these values 
 

 
 







Convert decimal 9510 to a hexadecimal value: 
Divide the decimal number by  the hexadecimal 
base,  which is 16 (95 divided by  16 equals 5 with a 
remainder of 15) 
 
Refer to Figure 2.10 to acquire the decimal-
hexadecimal cross-ref- erence value: 

 5 is a valid hexadecimal 

 15 is converted to F 

 Answer is: 5F16 
 









 Within an  arrangement of bits,  these characters must be  
represent- ed in order to convey information: 

 10 numeric symbols 

 26 letters (upper- and lowercase, so actually 52 characters)  

 Special characters ( ,  , %, $, etc ) 

 Punctuation characters (periods, commas, question marks, 
etc. 

 Control characters (LineFeed, CarriageReturn, etc.) Three 
coding schemes are  commonly used to convey data: 

 ASCII 

 Baudot 

 EBCDIC 
 









 A parity check is the simplest bit detection scheme. It appends 
a parity bit to the end of each framed character. To  better 
understand parity checks, let’s examine a 7-bit  ASCII  character 
(Bit paritas disebut juga bit pemeriksa, yaitu bit tambahan 
yang ditempatkan di posisi akhir sebuah byte. Bit paritas 
dipakai untuk tujuan pemeriksaan akurasi, yaitu memeriksa 
kesalahan (error) selama transmisi) 
 

In synchronous transmission, an  odd number of 1s (odd parity) is 

required 



Parity check error detection comes into play when the transmitter is transmitting, 

for example, an  ASCII  “N” character (10011102 ).  Using odd parity, the 

transmitter appends a 1 and transmits 110011102 .  Upon receipt, the receiver 

examines the frame; if the total number of bits  is erroneously inverted during 

transmission—i.e., 100011102 —the receiver detects an  error 



 Vertical Redundancy Check (VRC) and 
Longitudinal Redundancy Check (LRC) 

 Echo Checking 
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 In parallel data transmission, multiple bits  of a  data 
character are transmitted simultaneously over a 
number  of channels 

 Telecommunications refers to any communication 
system that trans- mits or receives data.  Before the 
transmitter and receiver can  exchange data, they 
must agree on a set  of rules between them. Protocols 
are such sets of rules and exist  at many levels,  
governing physical connec- tions, bit formats into 
meaningful groups, interpretation of messages 
speed, service ports, error detection, and error 
correction 
 
 



Telecommunications contain levels  of protocols that enable proper 
communication exchange. 
 First-level protocols govern: 

 Telecommunication device agreement on which physical 
medium to use 

 Representation of information on that medium 

 Transmission speed 
  Second-level protocols govern: 

 Agreement of how bits  will  be  grouped into meaningful units 

 Detection and correction of transmission errors 
 Third-level protocols govern: 

 Agreement of message interpretation between the transmit- 
ter and the receiver 

 
 





Asynchronous transmission (see Figure 3.2) is characterized by: 
 Digital signal transmission 
 Each  character consists of only a small number of bits  (7 or 8), 

individually framed by  the transmitter 
 No  synchronization required between characters 
 No  precise clocking required 
 Receiver is relied on to maintain synchronization 
 Baudot code commonly used because it requires fewer bits per 

character to reduce timing errors 
 Parity bit present (may  or may not be used)  
 Various phase relationships and frequencies are  contained 
 Transmission of one character at a time 

 



Synchronous Transmissions (see Figure 3.2) is characterized by: 
 Greater efficiency than asynchronous 
 Digital signal transmission 
 Use  of any interface (RS-232, RS-449, EIA-232E, V.345, X.25, 

etc.) 
 Precise clocking 
 Characters consisting of long sequence of bits  sent as a unit, 

with no breaks between adjacent bits,  or sets of bits 
 Synchronization required between characters 
 Same  phase relationships and frequencies 
 Whole blocks of data transmitted instead of one character at a 

time 
 



 One-way transmission 
 Half-duplex transmission (HDX) 
 Full-duplex transmission (FDX) 

 



Physical media encompass the components necessary 

for transfer- ring signals between systems 



 EIA/TIA 232 
 EIA/TIA 499 
 EIA 530 
 G.703 
 V.24 
 V.35 
 X.21 
 



 Asynchronous, serial interface 
 High-speed interfaces 
Network management and reliability depends 
on the wiring system utilized. Three types of 
wiring systems are  used in networks: 
  Coaxial 
  Twisted pair 
  Fiber optic 

 



 Coaxial cable is a transmission medium that 
was  established by  IEEE in 1980 

 Thick coaxial cable works on bus   networks 
using transmission speeds of 10 Mbps. 
According to IEEE standards, the maximum 
cable length is 500 meters. The shorthand for 
these specifications is 10BASE5 
 



 Thick coaxial cable can  be used for two 
different types of transmis- sion  modes: 

 Baseband 

Used on Ethernet networks and supports the 
CSMA/CD access  method 

 Broadband 

Consists of a set of distinct channels. Each  
channel operates at  a  unique  frequency. The 
broadband mode was designed to support diverse 
signal transmissions (cable  TV,  data, etc.) 

 



 Twisted-pair is a type of cable in which pairs 
of conductors are  twist- ed together to 
produce certain electrical properties 

 The circuits formed by  the two conductors 
are  insulat- ed from each other. There are  
three types of twisted-pair cable: 

 Unshielded twisted-pair cable 

 Ethernet twisted-pair cable 

 Token-ring applications of twisted-pair cable 

 



Fiber optic cable is well  suited for FDDI, Fast  
Ethernet, SONET, and ATM networks for 
several reasons: 
 Capability of propagating transmitted light 

wave  at high speeds 
 Supports high bandwidth with low  

attenuation  over long dis- tances 
 No  outside interference problems 
 High security against wire tap 

 



Next Session : Numbering Systems and Character Code Sets … 
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 Signaling is described as any invisible air  vibration 
that stimulates the auditory  nerves and produces the 
sensation of hearing 

 Bandwidth measures the range that a normal human 
ear  is capable of hearing. The lowest range is 
approximately 20 Hz  and the highest range is 
approximately 20 KHz 
 
 



An  analog signal takes the form of a continuously  varying physical 
quantity of electrical signals.  Analog  data  is defined as information 
that can  assume an  infinite number of values during a specific time 
frame 
 Amplitude 
 Frequency 
 Phase 

 
 



 The modem is an  analog-to-digital and digital-to-analog signal 
con- verter that works by  modulating a signal onto a carrier wave  
at  the originating end and demodulating it at  the receiving end.  
The word modem is derived for MOdulation and DEModulation 

 Modulation  converts a communication  signal from  
analog to digital or digital to analog for transmission 
over a  medium between two locations 

 Demodulation  converts the communication signal 
back to its original format. 
 

 



There are  six types of analog modulation: 
 Amplitude Modulation (AM) 
 Frequency Modulation (FM) 
 Phase Modulation (PM) 
 Frequency Shift Key  (FSK) Modulation 
 Bit Rate 
 Baud Rate 

 



 Digital transmission is the most common means of sending or 
receiv- ing  data.  Digital data is defined as information that can  
assume only certain distinct values or patterns during any 
specific time. Two exam- ples  of digital data are  the dial  pulse 
and Morse code 
 





 Impairments to digital transmission include 

 Loss 

 Noise 

 Distortion 

 



 Distortion is any change in the waveform of a 
signal that occurs while it is being transmitted  
over a  telephone circuit 

 There are  two types of distortion 

 Attenuation distortion 

 Delay distortion 

 



There are  two types of signaling applications 
used in the telecommu- nications facility 
environment: 
  Direct current (dc) 

 Loop Start 

 Ground Start 

 E & M 
 Duplex  (DX) 

 Alternating current (ac) 



Alternating current (ac) signaling systems 
provide a means to convey supervision and 
address information  over a transmission 
facility that exceeds the range of direct current 
system. Two ac signaling formats are: 
  Multifrequency (MF) 
 Touch Tone (TT) 
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 The Data Link Layer is the second lowest level  of the 
OSI  Reference Model 

 A protocol is a set of specific rules that terminals at 
each end of a trans- mission line are  required to 
follow when converting a  received or transmitted  
message into a serial bit stream 
 
 
 



 Connection 
 Connection endpoint identifiers 
 Timeout 
 Addressing 
 Framing 
 Sequencing 
 Parameter 
 Control 
 Line control 
 Flow control 
 Synchronization 
 Error detection 
 Notification of errors 

 
 



 Framing 
 Framing is the first responsibility of any data link protocol. As stated above, 

framing designates the beginning and the ending of a  data block 

 Transparency 
 Transparency  makes a data link protocol invisible to the procedure that 

initiates the communication 

 Time Outs 
 Time outs are  used to prevent deadlock situations from occurring when a 

reject from a not-received frame is not acknowledged by  the receiver 

 
 Flow Control 

 Flow control monitors the line for congested data traffic 



 There are  two primary types of data link protocols 

 Positive Acknowledgment or Retransmission (PAR)\ 

  Automatic Reply Request (ARQ) 
 Implementation of Data Link Protocol 

 Software 

 Hardware 
 Standards for Data Link Protocols 

 High Level  Data Link Control (HDLC) 

 Frame Relay 

 Point-to-Point  Protocol (PPP) 

 Integrated Services  Digital Network (ISDN) 

 Binary Synchronous Communications (BISYNC) 

 Digital Data Communications Message Protocol (DDCMP) 

 Synchronous Data Link Control (SDLC) 

 Local  Area  Network (LAN) standards for bus  or Token Ring net- works. 

 
 
 

 



The BISYNC protocol supports only three data codes: 
 ASCII 
 EBCDIC 
 SBT (6-bit transcode that is rarely used today) 

 





 A specific poll  is a request from the host to 
the control unit asking if a specific device 
attached to the con- trol unit holds any data 
to transmit 

 A DESELECT  service con- sists of the first 
three characters of any poll: 

 Two SYN  characters 

 One End  of Transmission (EOT) character 

 



 The Department of Defense Advanced 
Research Projects Agency Net- work  
(ARPANet) was  designed and packet switching 
was  established for data communications 

 



Bit-oriented protocols are  more commonly used than 
character-orient- ed  protocols 
 Advanced Data Communications Control Procedure 

(ADCCP) 
 High-Level Data Link Control (HDLC) 
 Link Access Procedures (LAP) 
 Link Access Procedures Balanced (LAPB) 
 Link Access Procedures on the D-channel 

(LAPD)Link Access Procedures for Modems (LAPM) 
 Synchronous Data Link Control (SDLC) 

 



Determining which bits  belong to which 
character can  be  a challenge for the receiving 
end of a transmission line.  The main key  is to 
deter- mine which bit is the beginning bit of a 
character, how many bits  are contained in a 
character, and the transmission speed of the 
incoming bits 



 Synchronization between two stations 
 Sequence numbers 
 Framing 
 Delimiting data 
 Error control 
 Transmit control 
  Flow control 
 Transparency 
 Addressing 
 Link initiation and termination 
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 This layer is responsible for establishing, maintaining, 
and terminat- ing  the network connection between 
two transport entities and for transferring data to 
higher layers of the OSI Reference Model 

 The Network  Layer is responsible for controlling the 
passage of packets from their source to their 
destination in the network. It con- trols these passages 
by  attaching its  own control information to the 
packets 

 The addition of these bit controls directs data 
transmission to be  sent over physical paths (i.e., 
cable),  logical paths (i.e., software), and network 
routers 
 
 



 Address packets 
 Ensure and maintain ordering of packets sent through  the net- 

work 
 Issue  acknowledgment receipt of an  entire message 
 In a connection-oriented  network,  establish logical connection 

between two end systems before the system can  exchange 
packets 

 Break down transport  (level  4) messages into  blocks for  proper 
transmission size 

  Determine how packets route from one end system to another 
end system 
 



 Resize packets to the sizing requirements of the receiving net- 
work 

 Ensure that subnetworks are  not swamped with too  many pack- 
ets from all of the end systems 

 Ensure that packets are  not sent at a higher speed than the 
receiv- ing  layer can  handle 

 Ensure that network monitoring, traffic pattern analysis, error 
analysis, and packet transfer rate calculation are  performed 



 
 
 

 



Data transmissions 
  Utilize large bandwidth 
  Computer  machine processing data speeds are  

greater than the normal communication transmission 
or bandwidths 

  Require large quantities of bandwidth only for a brief 
time interval; this is known as bursty transmission 

  Have limitations to the time delay that can  be  
injected into a transmission 

 Are  delay-insensitive under a reasonable amount of 
delays 

 



Voice  transmissions 
  Require little bandwidth 
  Hold the bandwidth for a long period of time with high 

utilization 
  Have a high degree of delay sensitivity 
  It is  critical that a  communication  facility never insert 

delays on its own into voice  transmission 
  If delays are  inserted, a voice  transmission cannot be  

prop- erly interpreted on the other end 
 



 The term circuit switching describes a form of 
telephone transmission switching that provides 
connection between communicating parties over 
dedicated facilities 

 By using frequency division multiplexing,  the conversation may 
own a  frequency band 

 For  circuit switching to properly function, multiplexing is used 
to provide dedicated resources and the sharing of physical 
facilities 

Voice and Circuit Switching 
  Voice  is delay-sensitive and has  narrow bandwidth (300–3300  

Hz) requirements 



  Provides a dedicated path between 
communicating parties 

  Maintains a dedicated path for the duration 
of a connection 

  Provides a circuit as a fixed bandwidth entity 
  Provides fixed delay within each circuit 
  Never injects an  intersignal delay 



 A statistical  multiplexer (statmux) connects 
devices located in various cluster locations to 
devices at several other cluster locations 

 The statistical multiplexer functions  well  with 
bursty data trans- mission, because stations are  
usually available whenever a given sta- tion is 
ready to transmit 



 When multiple  statistical multiplexers (statmux) are  
interconnected,  a rich network structure is created, 
with multiple paths available from any DTE  to any 
other DTE  because routing  is complex, the nodal 
processor must select  the optimal path 
 



  DTE  drops a data block into its attached 
node 

  Node performs a routing calculation 
  Data is queued for the selected link 
  Upon availability of the link, the data is 

forwarded to the next node 
  An  identical operation takes place at the 

next node 





Packet switching is an  alternative form of store-and-forward switching. 
The key  characteristics of a message-switched network  are: 
  Store-and-forward network  processes are  used 
  Fixed upper limit on the length of a transmitted entity 
  A long message is broken down into short bursts to allow other traffic 

to be  transmitted over the communication facilities with- out long 
delays 

 Intended to be used principally by  interactive traffic 
 Buffers are  kept in main memory to minimize the delay in retrieving a 

packet from the buffer and placing it on the com- munications link 
  No  archiving is performed 
  When a packet has  been forwarded, its place in memory is made 

available for an  incoming packet 
 



 Channel Service Unit (CSU) 
 Data Service Unit (DSU) 
 CSU/DSU Combination 

 



Local Area Network (LAN)  Topology 
  A Local  Area  Network (LAN) is a common 

computer and telecommu- nications 
network. This section covers the Network 
Layer’s role in this type of network 
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 Overview 
 Numbering Systems and Character Code Sets 
 Physical Layer (Level 1)  Topologies 
 Physical Layer (Level 1)  Protocols 
 Physical Layer (Level 1)  Signaling 
 Data Link Layer (Level 2) 
 Network Layer (Level 3)  
 Network Layer (Level 3)  Protocols 

 
 



 Sebutkan fungsi masing-masing lapisan pada 
model osi 

 Sebutkan perangkat keras yang digunakan di 
lapisan OSI agar dapat melakukan komunikasi 
antar entitas (pengirim dan penetima) 

 Mengapa harus ada sistem bilangan yang telah 
distandarkan oleh ASCII, Boudot dan EBCDIC 

 Jika Hexadesimal FA23, maka nilai desimalnya 
adalah 

 Bagaimana cara Kerja ATM dan Frame Relay, 
jelaskan ? 
 



Next Session : QUIS 
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 The International Telegraph and Telephone Consultative 
Committee (CCITT)  is one of the committees of the International 
Telecommuni- cation Union (ITU), an  agency of the United Nations 

 CCITT recommendation X.25 is a description of the network proto- 
col  to be  used by  public data networks (PDNs) 

 X.25 adalah protokol standar ITU-T untuk komunikasi packed 
switched wide area network (WAN) 
 
 



 To  utilize a voice  telephone network, certain 
procedures defined by the network must be  
followed 

 Based  on these frequencies, the network 
agrees to send call- progress signals to inform 
the user of the status of her call: 

 Busy  tone 

 Reorder tone 

 Ringing tone 





 X.25 defines the interface between Data Terminal Equipment (DTE) 
and Data Circuit Equipment (DCE). The DTE  represents the end 
user, or host system. The DCE  represents the boundary node of the 
Packet Switched Public Data Network (PSPDN)—in other  works, 
the  DCE  is the point of access into the network 

 Physical Layer (Level 1) 

 Data Link Layer (Level 2) 

 Network Layer (Level 3) 

Device yang digolongkan DTE adalah end-system seperti terminal, 
PC, host jaringan (user device), Sedang device DCE adalah device 
komunikasi seperti modem dan switch. Device inilah yang 
menyediakan interface bagi komunikasi antara DTE dan PSE. 
Adapun PSE ialah switch yang yang menyusun sebagian besar 
carrier network 
 







 Initiating communication between DTEs  and 
DCEs (Memulai Komunikasi) 

 Ensuring that frames arrive at  the receiving 
node in the correct sequence (Memastikan 
bahwa frame yang tiba di note penerima dl 
urutan yang benar) 

 Verifying that receiving packets are  error free 
 Providing one of three primary unnumbered 

command collisions 
 Network Layer (Level 3) or Packet Level  

Protocol (PLP) 





The X.25 Packet Link Protocol (PLP) provides a subset of the functions 
defined by  the OSI Network Layer 
 Provides message fragmentation  for transmission; reassembles the 

message at the arriving end (Menyediakan Proses Fregmentasi 
Pesan) 

 Provides a concentration facility 
 Deals  with a single physical and logical connection in the Physi- cal 

and Link Levels  of X.25 
 Provides up to 4,095 logical channels on a single physical channel 
 Supports a virtual circuit 
 Does  not support datagram service 
 Provides rules for the establishment of virtual calls (Menyediakan 

aturan) 
 At virtual call setup, network assigns  a logical channel number to the 

call and all packets refer only to the logical channel 
 



A packet-switching network  utilizes user-to-
network and user-to-user protocols. 
 
Basic required user-to-network protocols: 
  Address the DTEs 
  Provide congestion control of traffic 
  Detect and correct errors 
  Provide a physical connection 
 



 Packet switching is the X.25 Network Layer (Layer  
3) of the OSI Refer- ence Model. Packet switching 
most commonly follows the X.25 stan- dards for bit-
oriented protocols 

 These nodes perform basically three functions: 

 Establish a  connection between 
telecommunication network equipment and the 
equipment using the network 

 Direct switching operations by  determining the 
route 

 Transmit data from one network to another 
network 

 



 The X.25 standard defines communication 
between Data Terminal Equipment (DTE) and 
Data Communications Equipment (DCE) 

 The DTE  is attached to a Pack- et Assembler 
and  Disassembler  (PAD). The PAD  offers the 
following functionality: 

 Translates data from DTE  format into X.25 format 

 Translates X.25 format into DTE  format 

 Provides extensive error detection and correction 

 Can send out data from several DTEs  at the same 
time 

 



  Packet switching is a store-and-forward 
switching method—messages are  stored and 
then forwarded to their destination 



The main functions of packet switching are  to: 
 Transfer data by  creating control and data 

packets 
 Connect and supervise circuits to remote DTEs 
 Implement  LAP-B  procedures  to  transfer  

data  across  the  
 DTE–DCE interface 
 Ensure no loss of data through flow control 
 Ensures correct addressing of data and control 

packets 
 



 Permanent Virtual Circuit (PVC) 
 Switched Virtual Circuit (SVC) 
 



 Virtual circuits networks 
  Datagrams 

 



These tables provide a tool for associating identifiers with routes on an  end-
to-end basis. 
The workstation labeled A  indicates that it wishes a  connection to the 
workstation labeled B and that it will  refer to this connection as con- 
nection 4: 
  Workstation A transmits a message to workstation B 
  Router 1 performs a routing calculation 
  Router 1 determines the best  current path to workstation B is via router 

2 
  Router 1 may change the identifier because it serves  a number of 

workstations 
  Router 1 forwards the setup packet 
  One of the set  up packets may already be  using identifier 4 on the path 

from router 1 to router 2 
  As long as router 1 internally equates input identifier 4 with the output 

identifier 8, no problem arises 
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 Frame Relay is similar to the X.25 and ISDN network  specifications, 
with additional enhancements 
 



  May transmit a high volume of data (Dpt Mengirima data 
yang banyak) 

  Has  the capability for high bandwidth LANs  and WANs 
  Uses multiplexing along with virtual circuit techniques 
  Interfaces with networks that are  capable of doing their 

own error checking (Mampu melakukan pengecekan errot) 
  Does  not incorporate extensive packet-error checking on 

intermediate nodes (Frekuensi kesalahan tidak dimasukkan) 
  Achieves a high-speed data transmission form of packet 

switch- ing (Bisa mencapai kecepatan tinggi pada saat data 
ditransmisikan) 
 



 Transmission speed (data  rates)  are  usually: 
 Uses fiber optic cable 
 Carries smaller packet sizes 
 Contains less error checking 
  Used  with TCP/IP- or IPX-based networks that 

handle end-to-end error checking at the DTE 
  Capable of handling time-delay insensitive 

traffic, such as LAN 
 internetworking and image transfer 
  Uses variable-sized packets (frames) 

 



Frame Relay structure  is based on the 

LAPD  protocol standard : 

• Flag  field (Begin) 

• Frame Relay Header field 

• Information field 

• Frame-Check Sequence (FCS) field 

• Flag  field (end) 
 



Frame Relay service eliminates time-consuming 
error-handling  processing through the following 
functions: 
 Improved reliability of communication lines 
  Increased error-handling sophistication at end 

stations 
  Discarding of erroneous frames 
Kurang Jelas Akses di sini 
http://adi0511.blogspot.com/2009/11/pengertian-
frame-relay.html 



Multiprotocol over Frame Relay is a method 
of encapsulating various LAN  protocols 
over Frame Relay 
 Q.922 Address 
 Control 
 Pad 
  Network Layer Protocol ID (NLPID) 
 Frame Check Sequence (FCS) 

 





 SNAP Header 
 Frame Relay Data Packet Types 
 Virtual Circuits 

 



 Telecommunications service resides primarily 
in the first three layers of the OSI Reference 
Model 
 



  Segmentation of upper-layer applications 
  Reliable transport over an  internetwork 
  Guarantee that data is transmitted reliably from the 

point of ori- gin  to the destination node 
  Reliable service 
  Assurance that data is transmitted and received in 

sequential order 
  Mechanisms for the establishment, maintenance, and 

orderly termination of virtual circuits 
  Establishment of a high level  of packet error checking 
 Handling transport for fault detection and recovery 
  Maintenance of information flow control 
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 The Integrated Services  Digital Network  (ISDN)  is a  protocol that 
describes how users of a private or public network exchange 
informa- tion about incoming and outgoing calls 

 The benefits of ISDN are: 

 Layered protocol structure compatible with OSI 

 Provides voice, data, and video services over one network 

 Network management services are  offered via intelligent nodes 

 Communication  channels are  offered in multiples of 64 Kbps, 
such as 384 Kbps and 1536 Kbps throughput 

 Provides switched and nonswitched connection services 

 May provide videoconferencing through  high-bandwidth  capa- 
bilities 

 







• The ISDN proto- col  provides a wide 

range of services for voice, nonvoice, 

data, audio, video, graphics, digital 

services, and interactive data 

transmissions 

• All protocol services are  available at a 

common point using a univer- sal socket,  

which comprises both hardware and 

software 



Integrated Services  Digital Network (ISDN) 
is viewed as a standard for connection to a 
public network. 
By this method, exchange of signaling 
information  occurs between users and the 
network 



Integrated Services  Digital Network (ISDN)  
is a protocol that may be used in a private 
network . An  ISDN private network con- 
sists  of a  connection of two or more 
switches with ISDN signaling between them 







 There are  two different types of ISDN 
network signaling: 

 In-band signaling 

Switches must send signaling information  
internally  to provide required services  

 Out-of-band signaling 

Out-of-band signaling is an  alternate choice to in-
band signaling the uses  a signaling path distinct 
from the voice  path 

 





Next Session : ISDN Data Rate Interfaces 
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 Basic Rate Interface (BRI) 
 Aggregate data rate of 144 Kbps 

 Bit transfer rate of 192 Kbps 

 Difference between aggregate data rate and bit transfer rate is overhead associated 
with signaling, timing, and framing func- tions 

 Point-to-point is supported 

 Uses two channels, B and D 

 Primary Rate Interface (PRI) 
 Supports high-speed networks with data rates up to 622 Mbps 

 Point-to-point only 

 For  large computers 

 May be configured as either 23 B channels plus one D channel at 64,000 bits  per 
second or as 24 B channel 

 Uses two channels: B and D 

 

 
 









 Access to packet-switched services 
The ISDN does  not know how to handle user data 
packets; therefore, the ISDN must assign  a B channel 
in circuit-mode and provide a connec- tion between 
the user’s packet mode device and a port at a packet 
switch 

 ISDN virtual-circuit bearer services 
When using virtual-circuit  bearer services, the ISDN 
network and the packet network are  merged so that 
the local  exchange carrier knows what to do  with the 
user data packets 
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 Asynchronous Transfer Mode (ATM)  is an  international 
standard developed by  CCITT. The existence of multiple 
communication stan- dards, such as  FDDI, Ethernet, and 
Token Ring has  directed the requirement for an  
international  standard—Asynchronous Transfer Mode 
(ATM)  is such a standard and has  gained wide 
acceptance for network interoperability 



 Handles data, voice, and video transmissions 
  Dependable and flexible at geographic distances 
  Accommodates high-speed telecommunication 
  Provides potentially significant cost  saving in 

network resources 
  Encodes in fixed-length, 53-byte relay units of 

data called cells 



  ATM is used for LAN  and WAN communications, because 
it provides flexibility over geographic distances 
 





 Access to packet-switched services 
The ISDN does  not know how to handle user data 
packets; therefore, the ISDN must assign  a B channel 
in circuit-mode and provide a connec- tion between 
the user’s packet mode device and a port at a packet 
switch 

 ISDN virtual-circuit bearer services 
When using virtual-circuit  bearer services, the ISDN 
network and the packet network are  merged so that 
the local  exchange carrier knows what to do  with the 
user data packets 
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 Digital Subscriber Line  (DSL) technology  provides high-
speed, non- switched digital data transport 

 A DSL modem is similar to the modem used for Basic 
Rate ISDN— in fact, some may argue that it is the same 
modem. DSL transmits data in both directions 
simultaneously at  160 Kbps over copper lines 

 The distance on these copper lines may run to 18,000 feet 
on 24-gauge  wire. Data streams are  multiplexed and 
demultiplexed into two B channels (64 kbps each),  a  D  
channel, and some overhead 
 





  High-speed transport  for small business customers, 
corporate telecommuters, or high-end residential 
customers 

 Lower speed 128 Kbps to 388 Kbps and 1.5 Mbps with a 
minimum downstream speed of 388 Kbps 

  Provides high-quality video files,  animation features, 
color-rich graphics, and large data-file transfer from work 
to home or vice- versa  over a voice  line 

 Ten to fifty times faster than ISDN or analog dial-up 
  Efficient use  of cost  and time 



  Support for ISP applications 
  Customer’s DSL  modem contains a  rate-adaptation 

feature to coordinate a “handshake” with the Central 
Office equipment 

  High level  of security 
  Service  with dedicated Central Office access 
  ATM backbone 
  Customers have choice of ISPs 









 Transmits T1 or E1 signals over a single pair 
  Operates over POTS 
  Supports single-line POTS  and T1 and E1 

simultaneously 
  Works well  for individual subscriber premises 

because it only requires one line 
   Supports applications requiring symmetric access 
  Complements ADSL 



 Asymmetric Digital Subscriber Line  (ADSL) (see 
Table 15.4) transmits an  asymmetric data stream. 
More transmission goes  downstream  (pos- sibly 
1.5 or 3.0 Mbps) to the subscriber and much less  
goes  upstream (possibly 64 Kbps).  
 



 Very High Data Rate Digital Subscriber Line  
(VDSL) uses asymmetrical transceivers at  data 
rates higher than ADSL  (see Table 15.5). Upstream 
rates are  within the range of 1.6 Mbps to 2.3 Mbps 



 Synchronous Optical NETwork (SONET)  is a  
standard for optical telecommunication 
transport. SONET Ring and Access Service  is 
avail- able  out of both the CPUC and FCC  
tariffs. This service has  the high- est level  of 
redundancy and network availability 



 Reduction in equipment requirements 
 Scalable access service 
  Flexibility to grow or upgrade 
 Synchronous multiplexing format capability 
 Centralized fault monitoring 
 Increased network reliability 


