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The contents of this document are subject to the copyright notices published on the copyright page associated with this course.

The primary goal of our training material is to teach students to use customer documentation to perform the tasks associated with their jobs. The
purpose of this goal is that many skills learned in class will still be applicable when the equipment and documentation change.

FNC Educational Services Notice

Student guides are intended to be used with customer documentation as it is used in the customer location (CD, online and/or hardcopy). Any cus-
tomer documentation extracts or handouts in the classroom that are not in the format used in the customer location are prohibited for liability reasons.

No reprint or usage of this material is permitted without specific written permission of FNC Training Development Manager.

All training materials are developed and taught to the current equipment release only. Special requests for classes teaching prior releases may be
requested through the FNC Training Manager.
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SONET may be downloaded by 
:

services/pdfs/tech_pub_sonet.pdf 
 18, 2002

uctions

tructions

k

his self-study Tutorial satisfies the prerequisite knowledge of 
ynchronous Optical Network (SONET) needed for 
ttendance at Fujitsu Educational Services training.

ectives

pon completion of this lesson, the student should be able to 
efine SONET terminology, discuss SONET interfaces and 
irtual tributaries, and describe SONET layers and overhead.

ndards
he student may complete the Tutorial and then finish by 
king the Self Evaluation at the end of the Tutorial. If the 

tudent passes the Tutorial, they have completed the FNC 
re-requisite qualification for SONET. If the student does not 
ass the Tutorial, they should review the questions they 
issed in the Questions Review section. Each student should 
e familiar with the concepts and terms of the Tutorial prior to 
ttending class. 

tribution Method
he SONET Tutorial is available at the following Internet 
ddress: 

ttp://www.fnc.fujitsu.com/services/pdfs/ed_serv_sonet.pdf 

he Tutorial may be viewed with Acrobat® Reader.

Optional Reading

Fujitsu Guide to SONET
The referenced  Guide to 
going to the following URL

http://www.fnc.fujitsu.com/

http://www.fnc.fujitsu.com/services/pdfs/ed_serv_sonet.pdf
http://www.fnc.fujitsu.com/services/pdfs/tech_pub_sonet.pdf 
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oded for electrical transmission is 
trical Carrier One (EC-1)

at has been converted to an optical 
sion over fiber is called an Optical 
)

multiples of OC-1 (The “n” means 
ET speed of OC-3, OC-12, OC-24, 
 OC-768 that is applicable)

e number of STS-1 building blocks 
 Optical Line Rate, such as an OC-3 
1 signals, some of which may not 
in their payloads

ide to SONET (FJTU-320-500-
r more information.

ET is constructed:

ELECTRICAL INPUT SIGNALS

OPTICAL INPUT SIGNALS

STS-n Signals

OC-n Signals
Tutorial

NET
ynchronous Optical Network (SONET) is an optical interface 
tandard that allows transmission equipment from multiple 
endors to talk together over Fiber Optic lines. Some features 
f SONET include:

• Supervisory communication via embedded Section 
Data Communication Channel (SDCC)

• Automatic Protection Switching (APS)

• Synchronization Status Messaging (SSM)

• Orderwire (Reserved for voice communication between 
Section Terminating Network Elements [NE])

NET Interfaces

ynchronous Transport Signals-n (STS-n) (“n” means 
number”) are binary electrical signals that carry user data 
nd/or voice traffic. STS-1 is the basic building block of SONET 
ignals which become a component of Optical Carriers (OC). 

• An STS-1 signal, c
also called an Elec

• An STS-1 signal th
signal for transmis
Carrier One (OC-1

• All OC-n rates are 
any available SON
OC-48, OC-192 or

• OC-n rates carry th
that is equal to the
will contain 3 STS-
have active traffic 

Note: See Gu
500) fo

Next Let’s learn how SON

ELECTRICAL INPUT SIGNALS

OPTICAL INPUT SIGNALS

OC-n Optical Carrier

STS-n Signals

OC-n Signals
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 envelope, sometimes called a 
 to generate all other size envelopes 

in overhead associated with the 
e DS-3 contains only Plain Old 
) channels they are customarily 
DS-0 at 64 kb/s that results in 672 
. Every 24 DS-0 channels are 
r facility, often called a T-1 as a 

erhead for each T-1/DS-1 is 200 Mb/
comes 1.344 Mbs. 28 DS-1 signals 
s the Information payload that is 

head share of the DS-3 is 7.104 Mb/

fore contains the DS-3 as a payload 
uding the sub-STS-1 channel’s 
7.104 Mb/s additional for the STS-1 
d for the total 51.84 Mb/s contained 
.

t Payload Overhead

37.632 Mb/s 7.104 Mb/s

44.736 Mb/s 2.304 Mb/s

44.736 Mb/s 1.152 Mb/s

44.736 Mb/s 3.648 Mb/s

44.736 Mb/s 7.104 Mb/s
 18, 2002

 SONET Is Constructed

w SONET Is Constructed
his discussion will help you understand what the standard 
ONET STS-n/OC-n packages include.

Note: See the following pages for SONET 
Table of Rates and Rate discussion

 standard size was established for the STS-1/OC-1 SONET 
ayload and overhead packaging.

load
he payload is the information the customer wants to send 
ver the network. 

he STS-1/OC-1 Payload is the same as the DS-3 carrier 
ystem used for data and voice transmission many years 
efore SONET became the standard transport method. 

his Payload contains 44.736 Megabytes (Mb/s). Some of this 
ayload includes addressing and signalling for the customer’s 
affic for information sent inside the payload that originates at 
 lower speed, called Sub-STS traffic.

erhead
he overhead is the extra service provider signalling, timing 
nd management information needed to ensure that the 
ustomer’s traffic arrives at the right place in a timely manner.

ach STS-1 has a fixed overhead of 2.304 Mb/s and space 
r “stuffing” bytes of 1.152 Mb/s to provide management 
formation for the traffic contained in the STS-1 package.

ach STS-1 has an additional SONET overhead of 3.648 Mb/s 
r network operations that result in a total bandwidth of 51.84 
b/s.

The SONET Envelope
The resulting STS-1/OC-1
frame or package, is used
and speeds (Rates).

DS-3 size Payloads conta
customer information. If th
Telephone Service (POTS
carried in channels called 
DS-0 Voice/data channels
placed into a "DS-1" carrie
1.544 Mb/s signal. The ov
s so the usable payload be
are in each DS-3 as well a
37.632 Mb/s and the over
s.

The STS-1 envelope there
value of 44.736 Mb/s, incl
overhead, and then adds 
management of the payloa
in the STS-1 rate package

SONET Componen

DS-3

STS-1

STS-1 Stuffing Bytes

SONET Overhead 

STS-1 Composite Package



6 April 18, 2002

How SONET Is Constructed

*
s

 for Millions (Mega) of bits per 

s

Tutorial

kb/s is the abbreviation for thousands (kilo) of bits per 
econd.

**Mb/s is the abbreviation
second

SONET RATES

Signal Level Line Rate Channel

North American Digital Hierarchy Signals

DS0 64 kb/s* 1

DS1 1.544 Mb/s** 24

DS2 6.312 Mb/s 96

DS3 44.736 Mb/s 672

SONET Signals

VT1.5 1.728 Mb/s 24

VTG 6.912 Mb/s 96

OC-1/STS-1 51.84 Mb/s 672

OC-3/STS-3 155.52 Mb/s 2,016

OC-12 622.08 Mb/s 8,064

OC-24 1244.16 Mb/s 16,128

OC-48 2488.32 Mb/s 32,256

OC-192 9953.28 Mb/s 129,024
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(9.95328 actual speed) and is made 
r 4 STS-48 or 16 STS-12 or 64 STS-

ese rates? Every one of them can 
, so long as the aggregate is still the 
 3 or 12 or 48 or 192) rate. 

hat cross connects can be made 
 all SONET circuits. Localities can 

 so that specific routing at the STS-1 
ut requiring higher protocol support.

o break the STS-1 channel down to 
1.5 level (VT1.5) so that 28 DS-1 
to specific locations.

 the VT1.5 and STS-1 channel 
ant. SONET NEs can provide 
se records current.
 18, 2002

ET Rate Discussion

NET Rate Discussion
ONET is a well-documented transport technology in the USA 
nd Canada.

he Official transport rates common in North America are OC-
, OC-12, OC-48, and OC-192. OC-24 also is a standard rate, 
owever, is seldom used. 

ome Customer Provided Equipment (CPE) does use the OC-
 rate, which is not supported in the USA and Canada SONET 
lan except for local connections. The electrical input rates 
onsist of payload and overhead.

load

he customer’s actual voice or data information that is 
ansported over the network.

rhead

ignal and control information needed to specify payload 
ttributes outside of the payload content.

or Example:

• OC-3 = 155.52 Mb/s and is made up of three (3) STS-1 
channels at 51.84 Megabits per second (Mb/s). 
overhead is 2.304 Mb/s per STS-1. (About 5% of the 
overall bandwidth.) Payload uses 48.384 Mb/s and is 
accompanied by "stuffing" bytes that use another 1.152 
Mb/s of fixed space that result in 51.84 Mb/s

• OC-12 = 622.08 Mb/s and is made up of twelve (12) 
STS-1 channels at 51.84 Mb/s, or four (4) STS-3 
channels at 155.52 Mb/s

• OC-48 = 2.5 (2.48832 actual speed) Gigabits per 
second (Gb/s) and is made up of 48 STS-1 channels or 
16 STS-3 channels or four (4) STS-12 Channels

• OC-192 = 10 Gb/s 
up of 192 STS-1 o
3 channels

What is important about th
be a mix of STS channels
specified OC-n (“n” means

This functionality means t
down to the STS-1 level in
connect to other locations
level can take place witho

Many SONET NE’s can als
the basic Virtual Tributary 
channels can be directed 

Good record keeping as to
connections is very import
reports that help keep tho
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Virtual Tributary

Vir
V
s
s

oup (VTG)

tary Groups 

S-1 Payload

ide to SONET (FJTU-320-500-
r more information.

ad

ad (POH)
S/F)
Tutorial

tual Tributary
irtual Tributary (VT) is designed for transport and switching of 
ub-STS-1 payloads comprised standard 1.544 Mb/s electrical 
ignals (DS-1) without requiring SONET overhead.

• Virtual Tributary (VT)

- VT-1.5 (1.728 Mb/s)

Note: Virtual Tributaries are speeds less than 
the STS-1 rate.

• Virtual Tributary Gr

- Four VT-1.5

• Seven Virtual Tribu

- Fills one ST

Note: See Gu
500) fo

   VT

POH S/F

Used for DS-1s
VT Payload “floats”
Contains 27 bytes
    3 bytes of VT Overhe
          - VT Pointer
          - VT Path Overhe
          - Signaling byte (

Pointer

24 bytes of PayloadPay
lo

ad
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orates many different types of 
 include channels for maintenance, 
hannels, and channels whose use 
erhead is layered and overhead 
ach layer. Layers are assigned 

rformed by the different channels.

mits equipment to access the 
ied in a specific layer without 

 higher layers. For example, some 
s and use only the Section, or only 

head channels without 
nd without affecting the SPE.

d2
16

6 
.3

9
Rows
 18, 2002

al Tributary

chronous Payload Envelope (SPE)
TS-1 Signal Format

he STS-1 signal is divided into a portion assigned to 
ansport overhead and a portion that carries the payload as 
hown above. The portion that carries the payload is called the 
ynchronous Payload Envelope (SPE) and also contains 
verhead for the STS-1 Path. When the SPE is used to 
ansport VT (virtual tributary) signals, VT overhead is present 
 addition to the STS overhead. The uses of the various 
verhead bytes are defined in ANSI T1.105 and Telcordia’s 
R-253.

The SONET signal incorp
overhead channels. These
user channels, orderwire c
is not yet fully defined. Ov
bandwidth is allocated to e
based on the functions pe

This layered approach per
overhead information carr
accessing information from
types of equipment proces
the Line and Section over
demultiplexing the signal a

Section
Overhead

9
Rows

Line
Overhead

Transport
Overhead

STS-1 Synchronous Payload Envelope
(SPE)

Information Payload

87 Bytes

STS

P
a
t
h

O
v
e
r
h
e
a
d

87 Bytes3 Bytes
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Virtual Tributary

STS
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h as some Broadband Integrated 
B-ISDN) and Asynchronous 
loads require multiple STS-1 SPEs. 
ayload, an STS-nc (the "c" stands 
le is formed by linking “n” 
er in a fixed alignment. This payload 
sulting STS-nc SPE for transport. 
on page 18 of this Tutorial.

d7
58

425µs
Tutorial

-n Signal Format Overview
n STS-n is a specific sequence of n x 810 bytes that can be 
epicted as the structure shown above. The Transport 
verhead of the individual STS-n modules is frame-aligned 
efore transmission as depicted above. The associated STS 
TS-n Payload Envelopes (SPE) are not required to be 
ligned because each STS-n has a Payload Pointer to 
dicate the location of the SPE.

STS Concatenation
Super Rate payloads, suc
Services Digital Network (
Transfer Mode (ATM) pay
To accommodate such a p
for “concatenation”) modu
constituent STS-1s togeth
is then mapped into the re
Concatenation is detailed 

9 Rows X 90 Columns (3 + 87) = 810 Bytes per Frame

Section
Overhead

9
Rows

Line
Overhead

Transport
Overhead

STS-n Envelope Cpaacity

1

n x 87 Bytesn x 3 Bytes
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layers, with a specific set of network 
 to each layer, and guidelines for 
the interfaces between layers

et of protocols and interfaces to 
 layer. So far, only the lowest four 
xplicitly defined 

 of these 4 "Layers." These "Layers" 
e OSI model and are described on 

SECTION

LINE

e
ating

ent

Path
Terminating
Equipment
 18, 2002

s Relationship to SONET

I’s Relationship to SONET Layers
 1978, the International Standards Organization (ISO) 
troduced the ISO model for Open Systems Interconnect 

OSI) as a first step toward international standardization of the 
arious protocols required for network communication. 

he OSI model sets the following standards: 

• Establishes data communications standards that 
promote multi-vendor interoperability 

• Consists of seven 
functions allocated
implementation of 

• Details a specific s
implement at each
layers have been e

SONET contains versions
are similar in function to th
the following page.

SECTION

LINE

SECTIONSECTIONSECTION

LINE

PATH

Lin
Termin
Equipm

Line
Terminating
Equipment

Path
Terminating
Equipment

SONET Network

Lightwave 
Regenerators
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ayloads into the format required by 
this layer communicates end-to-end 
H). The Path layer provides signal 
d-to-end payload, and a user 
The overhead for this layer is read, 
or created by Path Terminating 
 POH, the Section and Line 
minated. Therefore, an NE that 
 Equipment will also contain Section 
ipment.

d are part of Transport overhead
Tutorial

NET Layers 

sical Layer

he Physical layer deals with the transport of bits as optical or 
lectrical pulses across the physical medium. There is no 
verhead associated with this layer.

he main function of this layer is conversion between the 
ternal STS-n signals and external optical or electrical 
ONET signals. Issues dealt with at this layer include pulse 
hape, power levels, and line code. 

tion Layer
he Section layer deals with the transport of an STS-n frame 
cross the physical medium. This layer provides framing, 
crambling, Section error monitoring, and Section level 
ommunications overhead (such as local orderwire). The 
verhead for this layer is read, interpreted, and modified or 
reated by Section Terminating Equipment (STE).

e Layer
he Line layer deals with the transport of the Path layer 
ayloads across the physical medium. All lower layers provide 
ansport for this layer.

he Line layer provides synchronization and multiplexing for 
e Path layer. The overhead associated with these functions 
cludes overhead for maintenance and line protection 
urposes and is inserted into the Line overhead channels. The 
verhead for this layer is read, interpreted and modified or 
reated by Line Terminating Equipment (LTE). The Section 
verhead must be terminated before accessing the Line 
verhead. Therefore, an NE that contains Line Terminating 
quipment will also contain Section Terminating Equipment. 

Path Layer
The Path layer maps the p
the Line layer. In addition, 
via the Path overhead (PO
labeling and tracing for en
channel from end to end. 
interpreted, and modified 
Equipment. To access the
overhead must first be ter
contains Path Terminating
and Line Terminating Equ

Section and Path overhea
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Trace
J1

BIP-8
B3

ions Signal Label
C2

Path Status
G1

User Channel
F2

ions Indicator
H4

ions Growth
Z3

ions Growth 
Z4

Tandem Connection
Z5
 18, 2002

ET Overhead

NET Overhead
he overhead components of the SONET STS-n envelope are 
hown below. Each of these parts are explained on the 
llowing pages.

Transport Overhead

Section Overhead Framing
A1

Framing
A2

Trace/Growth
J0/Z0

BIP-8
B1

Orderwire
E1

User
F1

Data Communications
D1

Data Communications
D2

Data Communicat
D3

Line Overhead Pointer
H1

Pointer
H2

Pointer Action
H3

BIP-8
B2

APS
K1

APS
K2

Data Communications
D4

Data Communications
D5

Data Communicat
D6

Data Communications
D7

Data Communications
D8

Data Communicat
D9

Data Communications
D10

Data Communications
D11

Data Communicat
D12

Sync Status/Growth
S1/Z1

REI-L/Growth
M0 or M1/Z2

Orderwire
E2
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Section Overhead

Se
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 frame alignment pattern (11110110  

rowth (Z0)

tes the position of the STS-1 within 
l. For example, STS-1 #1 is 

o defined for Path Defect Indicator 

tion error monitoring by means of a 
e (BIP-8). The BIP-8 is calculated 
evious STS-n frame.

et aside for the network provider 

n Channel (D1, D2, and D3)

ations channel (Section DCC) at 
ed monitoring, control or 

ide to SONET (FJTU-320-500-
r more information.
Tutorial

ction Overhead

his section describes each of the Section overhead bytes.

Framing (A1 and A2)

Two bytes which provide a
00101000).

Section Trace (J0)/Section G

STS-1 Identification indica
a multiplexed STS-n signa
assigned (00000001). Als
(PDI).

Section BIP-8 (B1)

The B1 byte provides Sec
bit-interleaved parity 8 cod
over all the bytes of the pr

Orderwire (E1)

Local Orderwire.

Section User Channel (F1)

Section User Channel is s
(currently undefined).

Section Data Communicatio

Provides a data communic
192 kb/s for message bas
configuration.

Note: See Gu
500) fo

Framing
A1

BIP-8
B1

Data Com
D1

Framing
A2

Orderwire
E1

Data Com
D2

STS-1 ID
C1

User
F1

Data Com
D3

Pointer
H1

BIP-8
B2

Data Com
D4

Pointer
H2

APS
K1

Data Com
D5

Pointer
Action

H3

APS
K2

Data Com
D6

Data Com
D7

Data Com
D10

Sync Stat
S1

Data Com
D8

Data Com
D11

FEBE
Z2

Data Com
D9

Data Com
D12

Orderwire
E2
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t in bytes between the pointer and 
PE.

arry an extra payload byte if needed 
s.

” error monitoring. BIP-8 calculated 
 STS-1 SPE of the previous frame.

ching bytes.

hannel (DCC) (D4 through D12)

ations channel for message based 
uration at 576 kb/s.

)/Growth (Z1)

ssaging.

wth (Z2)

FEBE) / Future growth.

ide to SONET (FJTU-320-500-
r more information.
 18, 2002

 Overhead

e Overhead

he Line overhead bytes 

Note: A "byte" is the name for the eight bits 
that form the standard character used 
in communications.

STS Payload Pointer (H1 an

Pointer indicating the offse
the first byte of the STS S

Pointer Action Byte (H3)

This byte can be used to c
during pointer justification

Line BIP-8 (B2)

The B2 byte provides “line
over all Line overhead and

APS Channel (K1 and K2)

Automatic Protection Swit

Line Data Communication C

Provides a data communic
monitor, control and config

Synchronization Status (S1

Synchronization Status Me

STS-1 REI-L (M0 or M1)/Gro

Line Far End Block Error (

Orderwire (E2)

Express Orderwire.

Note: See Gu
500) fo

Framing
A1

BIP-8
B1

Data Com
D1

Framing
A2

Orderwire
E1

Data Com
D2

STS-1 ID
C1

User
F1

Data Com
D3

Pointer
H1

BIP-8
B2

Data Com
D4

Pointer
H2

APS
K1

Data Com
D5

Pointer
Action

H3

APS
K2

Data Com
D6

Data Com
D7

Data Com
D10

Sync Stat
S1

Data Com
D8

Data Com
D11

FEBE
Z2

Data Com
D9

Data Com
D12

Orderwire
E2
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STS Path Overhead

ST
T
w
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T
s

titively transmit a 64-byte, fixed 
h receiving terminal can verify its 
e intended transmitter.

” error monitoring. BIP-8 calculated 
frame.

C2)
 the construction of the STS SPE.

 convey back to an originating STS 
status and performance.

for VT payloads.

E.

r Tandem Connection Maintenance 
l.

ide to SONET (FJTU-320-500-
r more information.
Tutorial

S Path Overhead
he STS Path overhead (POH) is assigned to the payload and 
ill remain with the payload until it is demultiplexed. It is used 
r functions that are necessary in transporting STS SPEs. 

elcordia (formally BellCore) defines the STS POH such that it 
upports the following classes of functions:

STS Path Trace (J1) 
Path trace is used to repe
length string so that a Pat
continued connection to th

STS Path BIP-8 (B3)
The B3 byte provides “path
over SPE of the previous 

STS Path Signal Label (
Path Signal Label defines

Path Status (G1)
Path Status is allocated to
PTE the Path terminating 

Indicator Byte (H4)

Multi-frame indicator byte 

Path User Channel (F2)

User channel between PT

STS Path Growth (Z3, Z4)

Reserved for growth.

Tandem Connection (Z5)

The Z5 byte is allocated fo
and the Path Data Channe

Note: See Gu
500) fo

Trace
J1

BIP-8
B3

Signal
Label

C2

Path
Status

G1

User
Channel

F2

Multiframe
H4

Growth
Z3

Growth
Z4

Growth 
Z5

Trace
J1

BIP-8
B3

Signal
Label

C2

Path
Status

G1

User
Channel

F2

Multiframe
H4

Growth
Z3

Growth
Z4

Growth 
Z5
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 are assigned as follows:

ed for BIP-2 error performance 
 calculated to give even parity over 
its in the previous VT SPE. Bit 2 is 
ven parity over all even bits in the 

EI (REI-V) indication that is sent 
ng VT PTE if one or more errors 
he BIP-2.

emote Failure Indication (RFI-V) in 
us DS1 mapping.

ntain the VT Path Signal Label to 
t of the VT SPE. Of the eight 
ues (000 to 111), only the codes 
T size have been assigned. The 
re reserved to be assigned as 
VT payload mappings.

s 5 through 7 of the Z7 byte) is a VT 
ct Indication (RDI-V) signal.

ide to SONET (FJTU-320-500-
r more information.
 18, 2002

ath Overhead

 Path Overhead
our bytes (V5, J2, Z6, and Z7) are allocated for VT POH. The 
5 byte is the first byte of the VT SPE (i.e., the byte pointed to 
y the VT Payload Pointer). The J2, Z6, and Z7 bytes occupy 
e corresponding location in the subsequent 125 
icrosecond frames of the VT superframe.

Path Overhead (V5)

he V5 byte provides the same functions for the VT Path that 
e B3, C2, and G1 bytes provide for the STS Paths. It is used 
r error checking, signal label, and Path status. 

The bits within the V5 byte

• Bits 1 and 2 are us
monitoring. Bit 1 is
all odd numbered b
calculated to give e
previous VT SPE

• Bit 3 is a VT Path R
toward an originati
were detected by t

• Bit 4 is a VT Path R
the byte-synchrono

• Bits 5 through 7 co
indicate the conten
possible binary val
defined for each V
remaining codes a
required for future 

• Bit 8 (along with bit
Path Remote Defe

Note: See Gu
500) fo

Section
Overhead

STS-1
Pointer

Line

Overhead

STS-1
envelope capacity

STS-1

Synchronous Payload
Envelope (SPE)

VT
payload

VT Payload Pointer

VT Path Overhead

VT Synchronous
Payload Envelope

payload

Section
Overhead

STS-1
Pointer

STS-1
Pointer

Line

Overhead

STS-1
envelope capacity

STS-1

Synchronous Payload
Envelope (SPE)

VT
payload

VT Payload Pointer

VT Path Overhead

VT Synchronous
Payload Envelope

payload
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VT Path Overhead
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3 rates, the SONET standard 
ervices using concatenation. Super 
s that require multiples of the STS-1 
apped into an concatenated STS-n, 
-nc is addressed as a single entity 

, and transported through the 
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Tutorial

NET Concatenation
oncatenation as defined in SONET is illustrated above. In 
asy to understand terms, "to concatenate" is to chain things 
om different places into the same "flow."

he best way to describe this process is to think about a traffic 
erge from three feeder highways into a super highway. Many 

f us see this merge (concatenation) of traffic into one steady 
tream as "drive time" during rush hours. 

o make this work in principle over a SONET link, we have to 
ut a "flagman" at each "on ramp" (STS-1) to ensure that all of 
e incoming traffic arrives at its destination, in the proper 

rder and on time.  

For payloads at above DS
provides for Super Rate S
Rate Services are service
rate. These services are m
or STS-nc signal. The STS
and multiplexed, switched
network as a unit.
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his lesson provided background SONET information. Topics 
cluded:

• SONET terminology

• SONET interfaces and virtual tributaries

• SONET layers and overhead
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NET Self Evaluation
NC requires that the student pre-qualify before attending 
ujitsu Educational Services Training.

he basics discussed in this prerequisite training course 
erves to prepare prospective students for the product specific 
aining course so that time is not devoted to covering material 
at the student should already know.

he Self Evaluation requires a minimum of 12 correct 
esponses. If fewer 12 answers are right, you should review 
nd retake the Self Evaluation until you do reach 12 or more 
ight answers. The answers to the Self Evaluation follow the 
uestions, and contain links to the material used to develop 
e questions in your self study Tutorial.

rospective students who wish to gain more in-depth SONET 
formation are encouraged to download the Fujitsu Guide to 
ONET located at:

ttp://www.fnc.fujitsu.com/services/pdfs/tech_pub_sonet.pdf

http://www.fnc.fujitsu.com/services/pdfs/tech_pub_sonet.pdf 
http://www.fnc.fujitsu.com/services/pdfs/tech_pub_sonet.pdf
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_________ payloads.                
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ET Self Evaluation

NET SELF EVALUATION (15 Questions)
ircle the Letter of your Choice and then compare your 
nswers on the Self-Evaluation Answer Sheet on page 23.

SONET consists of _________ and ___________ signals                

• (A) Electrical, Radio 

• (B) Optical, Radio  

• (C) Electrical, Optical 

• (D) None of the Above

How many "VT 1.5s" are contained in a VTG? 

• (A) 7

• (B) 4

• (C) 28

• (D) None of the Above  

How many OC-3s can be carried in an OC-48 Link? 

• (A) 12  

• (B) 4

• (C) 16 

• (D) 8

SONET is the standard in ________________ 

• (A)   USA

• (B)   Canada 

• (C)   Both A and B

• (D)   None of the Above

5 What is the format for
Network?

• (A) DS-3

• (B) OC-3

• (C) EC-1

• (D) VT-1.5

6 Virtual Tributary (VT) i
and switching of ____

• (A)  STS-1     

• (B)  Sub-STS-3   

• (C)  STS-3    

• (D)  Sub-STS-1

7 Path and Line Termina

• (A) SONET Multipl

• (B) VTG

• (C) T-1 Carrier Sys

• (D) None of the Ab

8  Electrical and Optical s

• (A) Radio Transmis

• (B) SONET 

• (C) All of the Abov

• (D) None of the Ab
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9

1

1

1

 contains the SDCC

place in the _______ Layer

 between STS-3 and STS-3c

 data can pass over an STS-3

rhead is concatenated in an STS-3 

 up of three independent signals and 
 of a single composite signal.

rhead is not concatenated in an 
Tutorial

Orderwire is part of the _____ TRANSPORT overhead.

• (A)  Line 

• (B)  Section

• (C)  A and B 

• (D)  None of the Above

0  How many VT-1.5s can be transported in an STS-1?.

• (A) 30

• (B) 24

• (C) 28

• (D) 31

1  The B3 byte provides _________ error monitoring?

• (A) Path

• (B) Line

• (C) Section

• (D) None of the above

2  How many Virtual Tributary Groups are possible in an 
STS-1

• (A) 1

• (B) 7

• (C) 4

• (D) None of the above

13  What overhead Layer

• (A) Physical

• (B) Section

• (C) Line

• (D) Presentation

14  APS signalling takes 

• (A) Physical

• (B) Section

• (C) Line

• (D) Presentation

15  What is the difference

• (A) Only non-voice

• (B) The STS-1 ove

• (C) STS-3 is made
STS3c is made up

• (D) The STS-1 ove
STS-3c 
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PASS. If you get fewer than 12 
at you refer to the page of this 
cation" for the source of the 
 missed.

ect Answer Answer Location

C Page 4

B Page 8

C Page 7

C Page 7

D Page 8

D Page 8

A Page 12

B Page 4

C Page 14

Page 15

C Page 8

A Page 16

B Page 8

B Page 13

C Page 13

C Page 18
 18, 2002

ET Self Evaluation

f Evaluation Sheet (Electronic)
orrectly answer 12 for a PASS. If you get fewer than 12 
orrect, we recommend that you review using the clickable 
ookup Answer that lets you jump to the source of the 
formation in the question missed.

Self Evaluation Sheet (P
Correctly answer 12 for a 
correct, we recommend th
tutorial under  "Answer Lo
information in the question

Question Correct Answer Lookup Answer

1 C Review

2 B Review

3 C Review

4 C Review

5 D Review

6 D Review

7 A Review

8 B Review

9 C Review Part 1

Review Part 2

10 C Review

11 A Review

12 B Review

13 B Review

14 C Review

15 C Review

Question Corr

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
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