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ABSTRACT

The purposes of this research were to develop and determine the efficiency of web-based
instruction on Synchronous Digital Hierarchy Fundamental . The hypothesis of the study was that
the web-based instruction could be used efficiently as an instruction according to the criterion
(E1/E2 = 80/80).

The instruction consisted of four lessons, covering all behavioral objectives of the
content lesson, the practices, and the test. 20 technicians and engineers of the telecommunication
department at the Provincial Electrical Authority were used as the sample of the study. The
sample was asked to finish the practices during instruction and to take the test at the end of the
study. Data were collected and analyzed to determine the efficiency of the instruction.

The findings showed that the efficiency of the web-base instruction on synchronous

digital hierarchy fundamental was 82.25/81.63 which met the criterion (E1/E2 = 80/80).
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'ﬂ“u:’;lﬂ‘ﬁ 2 SDH Frame Structure & Multiplexing Method
2.1 SDH Frame Structure
2.2 Multiplexing Structure and Procedures
2.2.1 Multiplexing 140 Mb/s signal in to STM-1
2.2.2 Multiplexing 34 Mb/s signal in to STM-1

2.2.3 Multiplexing 2 Mb/s signal in to STM-1



‘mhﬂﬁ 3 Overhead and Pointers
3.1 Overhead
3.1.1 Section Overhead
3.1.2 Path Overhead
3.2 Pointers
3.2.1 Administrative Unit Pointers (AU-PTR)
3.2.2 Tributary Unit Pointers (TU-PTR)
ﬂﬁw‘ﬁ 4 Logic Composition of SDH
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2.1.2 SDH Overview
14 0
10% A 18% Synchronous Digital Hierarchy ( SDH )Iutlszmaaniyawsnniuldisuduy
mavanIesedemsdmsuloudnimas (Optical fiver) Taviigasjaninolumsannii
=1 d { o 1 1 a :
{unSeuny Synchronous MeruysoiUY 55UV digital multiplexing ngminnldoguadni
- o A 1 . i ian e ) = =
Wuiosszuufidiu insevwiidu Plesiochronous 11Ty #1971 Plesio 1M91InM NI ML
v ¥ ¥ ]
viunSoifiouiioniiu (almost) WiNIW Auy  Plesiochronous SeMwAIT ROV
Vs [ ' o a ; a
Synchronous  usigalufieduilu  Synchronous 100%  HyminiAavuluszuuduie  ms
Multiplexing Mudaz szavld3tmsiaui limilousu 1wuns Multplex 910 E1 iy E2
(310 2.048 Mbiv's Thilu 8.448 Mbivsu143515 Bit interleaving TDM vizdin1s Multiplex
L3 g : e o ]
2INTZAY 64 kbps Yumuiu E1 1iu 1935m15 word (character) interleaving TDM i 13l
s @ J
Compatible A1Us2UY  Synchronous Optical Network (SONET) 3aldgnwanniiulu
as = y a a [ § o 1
ansgowsnuielfidumasyudmivnietonsdoamsniuniageiiu Optical Network
¥ '
Taoms19manms Bit interleaving TDM M14Mua 102 MMUAAIINGIIVOY Frame AINAD 125
usec Az CCITT (ITU-T)1A adopted HuIAWAARINA1IINAUWTY Synchronous Digital
»
Hierarchy (SDH) mmtjamnua:ﬂfgﬂwm Plesiochronous Digital Hierarchy (PDH) Uy
Uszuaalanati
1. Yayr1lun139 Drop & Insert
- Yoy . = ' o ' [V ) 1 ¥ o Vv ]
HB99INM3 1935015 multiplex Nuanaanuluudas szavaInauds i linsi
o Vv o J dw o £d 3 A
Drop & Insert M1 1A wAnmendwinuazdunliosgunsal 15U wIndea insert port 2 Mbis
1119 1 port 1AUITTUUATIAMUYYNIA 140 Mbit/s 13192AB9111A15 Demux 910 140 Mbit/s

EN‘JJH“chu 34 Mbit/s 182 Demux ADAINUININ 34 Mbit/s ﬁflu 8 Mbit/s 1% Demux ABAINIIN 8
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E -~ ] d [ ] t:
MAVIUNTEAIN 140 Mbivs Thal dzmudgaennuazdunldeann

140 Mbit/s 140 Mbit's
—140-34 DEMUX —————34-140 MUX

34 Mbit/s 34 Mbit/s

34-8 DEMUX ——>—— 8-34 MUX

8 Mbit/s 8 Mbit/s

———12-8 MUX

8-2 DEMUX

2 Mbit/s

Drop & Add

Ui 2.1 Tlyn1n159 Drop & Insert Tuszuy PDH

2. Jymimadninbilvesszun PDH Tundaziasgudegyii 2.2

Japanese standard North American European standard
standard
5. | 397200 kbit/s 564992 kbit/s
x4 x4
4, 97728 kbit/s 2741786 kbit/s _ 139264 kbit/s
x3 x 6 *Y - x 4
P
-~
3. 32064 kbit/s 44736 kbit/s | 34368 kbit/s
e ey <4
2. order 6312 kbit/s s - 8448 kbit/s
=~ - %3
x4 ~ o x 4
g VA
primary rate 1544 kbit/s 1 2048 kbit/s
x 24 x 30
64 kbit/s

314 2.2 a3y PDH R 1Fu Tuilegiiu

¥
9
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Multiplexing i Synchronous Multiplexing N3
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Hi0991n BiA2WAGDIR ( inflexible) uazi v l991ge

5. ﬁ‘l’fﬂﬁﬁ'ﬂimém Network Management 118& Maintenance support capability !.fl'imiﬂﬂ
Taidi spare signal capacity mﬁaag'mﬂclu Frame Structure ¥94 PDH

6. M3 Mux 311164 Higher rate iumsiuuuamismmizdveudazaie dntuns
M internetworking Y4l possibility ﬁﬂ:rflu'lﬂ'lsa’fri‘imwﬂw?aﬁ‘Jqun
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VYDAV oA A 19% (SDH)
3 _ a v @ o o ¥ . y
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¥
network NIVONUUVIE VY SDH uuﬁsmgmmmnmiﬁmmﬂu direct synchronous Multiplexing
o Y a ' o ° : ; Q4 a o A a ¥V
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PDH IUB3910 tributary signal #1313990 Multiplexed Yu T Higher rate SDH 18Tavasalay
lidp ey intermediate stages wiloununsdl PDH
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2. w3oums Rdmsuises Management L@¥ Maintenance capabilities lAvenuuy

Tnsardnvesdyaia (signal structure) vod5zUy SDH 1¥ieiS09 Management Lay
¥
Maintenance capabilities Pudaliesndn 5 % daiuds Support advance network management
LA¥ Maintenance procedure Taiued1aa
= Yt " g ' as ¥ ' = . =
3. wssumsiuaNuaasd lumsoonoadyana ldiuetad SDH signal i
¥ ]
o 1 " . s s ' o tb '
AW 150 14M511d9 common tributary signal ounmuaniiogluilegtiu Fanuedan
iuiianuaaesdlumstieneadyanumaniszuy PDH muzaudmiumaiiy single
telecommunication network infrastructure 1Ho391nM NI lFauldny common tributary
¥V

signal tneuvianua ¥i1lW PDH nnfiwaeg awnsahauldauiwiuld Taolidailym
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PDH
* Insavonuumwaad 1o lasiie (epadia

dfa a
wosiauoasznulu)

* manAnsTafmansuuuosgeInsia
* whsudyarugnimuammizluuaas
sEAUMITaRImand
* myvaamantuuuinaeiin
. 2 y "
* dsuAamanamiemsUsuniaulanuuy
UNALN
¥
* lidoagalns lusdyanadsudarsy
(frame alignment signal (FAS))
¥ & A a ] [] LY
* MIIIMIeanReYaIdyIula 9
9 : ar a w a o o
Al Idmniumendinsasafmany
¥
doINeeNIMuANeU
* 9n510MIude 140 Mbps gnAmuaiiu

WIATTIU

SDH

Tnsaonyuda Inswa (eoadiames

ﬂ;a;q o as s -
mulunngalas ludivdygimuin
014090 WUDN)
malansTaamangsuuug Insia

¥

dyanuiadmandvavuail lassada

-~ o
sumilouny
M3TAANANFIUUByted DByte
UsuAammanaiomsUsunauinmse
NIAVLVUByteADByte

Y a 4 .
A% A5 U frame alignment word

Y =& A o l ] o
M3INIMIoARdoYeId e Inla q

@l 1 ondan1sanum Pointers

oA IUNAIA 155 Mbps gafmuaiiiy

WIATFIU

2.2.2 SDH Frame Structure & Multiplexing Method

’ ¥
17599319999 STM-1 Frame Structure Sxﬁ‘ljﬁ’cIﬂ (Base level) 94 SDH signal U151

5o Synchronous Transport Module Level 1 (STM-1) %éﬂmwiaz Frame 1/52n9UAY virtual
container capacity ﬁ'ﬂs:nanﬁau 2 dimensions mapping YU1A 9 rows , 270 columns Iﬂtiﬁ' 9
columns lodmsvsenowilu transmission overhead (section overhead LA pointer) U 261
columns Tmaeaz1szneu iy d3uv0a virtual container (VC) Baiiesaniiu ﬁ'ﬁv(?ointers :
H1, H2, H3) uf’t’w:ﬂawﬁ‘lu Administrative Unit (AU) Lﬁﬂﬂ‘iﬂﬂilu'lﬂ dimension Lﬂu 9 rows,
270 columns uaztinav1 1 cell gnl¥lummAudoyavinn 1 Byte foyaly 1 Frame Sy
2,430 bytes HaI0390 1 Byte = 8 bits Fniulu 1 Frame 3 19,440 bits JUvag 1 Frame 917

125 us 1w 1 7117943 8,000 Frame Y1119 bit rate Tng323i150

19,440 bits/Frame x 8,000 Frame/s = 155,520,000 bit/s

= 155.52 Mbit/s
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Frame=125.s [ [ Frame =125us | Frame = 125 us

1 byte = One 64 kbit/s channel
STM-1 = 270 Columns (2430 bytes)

Regenerator
Section
Overhead

A

Administrative Unit

H1}H2|H3
et : Capacity of the 9 Rows

Virtual Container

Pointers

Multiplex
Section
Overhead

W @ N O U & W N -

Overhead width = 9 columns

31U 2.3 Tn390319909 STM- 1 Frame

. i a’r’ =i o o £y A{l] . & "
Virtual Container WU  UTIUNMUUINNIY - Phase alignment %Qﬂﬂuii‘ﬂﬂgiu

F

Administrative Unit Tag a@2u#ivimid1niiy Phase alignment Y AfD Pointer mmﬂ’mhl"ﬂuum

¥
=)

‘VI 4 ﬂlmﬁmmﬂu section overhead Tmm section overhead H 3 rows uiﬂgﬂ%mmi‘lu

. v ; ;
Regenerator section overhead 2% 5 rows mug]n“l‘%'amtﬁu Multiplexer section overhead

¥
dmMTVAIUVDI VC-4 1iUazlsznoudin 9 rows, 261 columns (M3BIMIAY 2349 bytes)
d
' 4 ' = 4 1
dutivzisoni Payload Container ¥4 column usn (lu 261 columns) veiludauves path
H »
overhead tazd@Iumansniiy payload 9599 @IUUDY container C-4 A4 container 93]

ANUYNINY
261 x 9 x 8 x 8000 = 150,336,000 bit/s

= 150.336 Mbit/s
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-¢—Columns—p=
>
I |
z ~
Q
1:
STM-1 E
AU Administrative Unit Overhead (OH)
C Container RSOH Regenerator Section
STM Synchronous Transport Moddule MSOH  Multiflex Section
VC  Virtual Container POH Path
a ¥
31 2.4 Tasaadraves AU-4 uaz ve-4
]-— - ——-u——m-AQ bytes e
i JB'[ o — RSOH
D1
@ —
g B2
w 1 5
D7 'E - —MSOH
0 b B2 IEOE
_L Bes 5T o) o B
S1 M‘l 752 X X |-

g‘ﬂﬁ 2.5 Regenerator Section Overhead (182 Multiplex Section Overhead

3

Vv ’ Il
AU STM-1 9N IHIUTYYIU N tributary signal N1 139.264 Mbivs (E4)14
4 & " e W [ ] a : o
Hazie99InM 14 8,000 Frame/sec FahiusasimsgudInd1avosdaynn 64 Kbivs 31
¥
Tifiams  synchronize 1NAATEAIAGA wazawnsoRIMs MUX  9inseduaislalis

Higher rate %39 DEMUX 910 Higher rate 231184 lower rate TﬁTﬂUﬂidﬁdgﬂﬁ 2.7

1N 139319 Multiplex Azl 2.6 mims 1¥aufinmi33 2.048 Mbps 10 port Tavru
¥ '
STM- 1 (155.52 Mbit/s) 1519z a 301501 1dMamua 63 ports MnTin13 1997109 34.368 Mbit/s

30 44.736 Mbit/s 5IUAUIAI $1UIU port 2.048 Mbit/s NawsalFauldzanas
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Higher order VC Lower order VC

139 264 kbit/s

44 736 kbiv's
il 34 368 kbit/s

U2 |« M 6312 kbit's

TU-12 |4 { ve-12 il 2048 koivs

LEGEND
€ oy : <« { Vet Ecial] 1544 kbivs
8 Pointer processing VC: Virtual Container SR "
+——— Multiplexing TU : Tributary Unit
- --- Alignment TUG : Tributary Unit Group
X AU : Administrative Unit
«<+—— Mapping

AUG : Administrative Unit Group

31 2.6 Tassa$19n1s Multiplex luszun SDH

v ¥
MR 2.6 15MUTIsTUY SDH annsal¥auswiuléng wibutary group aw
A3 PDH v09g 151 uaz tributary group MIWNIATIIM PDH Y09 awsnumile il
anundesrd lumsldanugananlums Multplex figminnl¥audmsy Synchronous Digital

Hierarchy (SDH) Tinann 11/#

Mapping 1unszuaumsiigminnl#iilo tibutaries Qn adapted €AY Virtual
. Ay ' i a A o v Vg . .
Containers (VCs) Tasmumindoyaniovinas iludinioninisdSuuna ustification bits)

waza iy Path Overhead (POH) 1911

4 [ 3

Aligning  nszuaumstl  Wunszinuminnlfidedesnssan  pointer 19711

: . A o : . A Y, Vo
Tributary Unit (TU) Y58 Administrative Unit (AU) mmﬂumﬂﬁ"lﬂnuagﬂu byte usnlu

Virtual Container

¥ . .

Multiplexing 352U UM3iignlHilo lower — order $wmMawgAfioglumaAy
¥ a

(path) ¥BITQYQIUNUYN adapted [WIAUIFUNIITYYINUDY higher order MDD 1FUNI

deya I higher order 9N adapted St Multiplex section

Stuffing 11493910 SDH gneenuuu i Ianuannsalunsseasy (handle) input tributary
rate A1QNA41910 PDH 1dMa1wsi 10 tributary signal gn multiplexed nazgmlsunioiali
ATIA N V9ADINITPBNUY spare capacity V13aumuan 1310 SDH Frame viatiioilu

i
Yt a1 =

¥ i ¥ .
MIR30UNTS THINIINANYINDT MU tributary rate HaMa10H AU @ Surusnniuou
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a3y

o o q’: v a d y
GluaW']‘IJ‘If‘l‘l‘ll'é)\‘lﬂ'l‘j;‘»JEIGIW‘Iﬁﬂ“lf(Multiplexing Hierarchy) space capacity HYZQNIANAIY Fixed

“

€e

2 &4 a Yt ' 19 a A Vv
stuffing bits cum"lwwnmﬂmagmﬂu UAABIANIND 153901 Frame HU9

1IN TA59a319584015 Multiplex 131981 U Tiszdva19gaeziiu Container (C) Faazdpda
@411/ Virtual Container (VC) ﬁ&ﬁ:ﬁﬂﬁ‘;"w VC payload Tauns 19 bit-stuffing L‘ﬁ‘é)ﬁﬂﬁ
Input Ti‘lmlﬂ 1 bit rate WAUNSOMITOUAY 1ﬁ91ﬁ'w§’am?m%’u?%ms Synchronous
Multiplexing 99211113151@ Container (C) 1A% Virtual Container (VC ) WAWEA 53970 C-11
(959 bit rate 1.544 Mbit/s) uauﬁasﬁu stuffing A9z 1.728 Mbivs ﬁ]uﬂ‘izﬁdﬁd C-4
(139.264 Mbit/s)iiaz VC-4 (150.336 Mbit/s) w9 ves sanalu Tributary Unit (TU)
A Ruduiimzay Seludunouiisrinmida Pointer gl

Hﬁdﬂ?ﬂ'lfu Payload 92§N Multiplex ERYSTRLY Tributary Unit Groups( TUGs ) A1 xN ﬁ
Wou 13 path sznie TUs ez TUGs (ludduidudd) nazszndng TUGs fiegludrdud
fiu TUGs wio ves iogluswugeiuly uansdamqeiigaiiannsa Multiplex 18 uazns
Multiplexing ﬁﬂzﬁwiﬂqﬁ'u'lﬂxﬂuﬁﬁmuﬁa Administrative Unit Group - 4 (AUG-4) ‘?Q
am130 Multiplex (1 STM-N IdamAvams i@y STM-1(155.52 Mbit’s) , STM-4 (622.08 Mbit/s)

Wudu

2.2.3 Overhead and Pointers

1) Overhead

Over head ¥89 STM-1 %39 STM-N Lﬂuiﬂﬂ’c‘f%dlwﬂﬁ’mﬂlm Over head
sonvndiidiudoyn  doRvosmsiauiiinonunsofieznsing Byte Over head 130
wasuunlasiudy o vazlan 141a0hideq Demultiplex dygo

dauiuiiTonesien (Section Overhead 130 SOH) fiodauiilu 9 Byte usnuns
uAazund law 9 Byte u3nued 3 uoduuezdi13dmSy RSOH 130 Regenerator Section
Overhead @ 'mumﬁ'ﬁ; 9 AN 1‘3&1}15"11 AU Pointer (Administrative Unit Pointer) LI ’d"m‘ﬁmﬁﬂ

5 1028199211 MSOH M39 Multiplex Section Overhead



155Mb STM-1  AUG-4 AU-4V(C-4
vC4 4 %3

el 7e3]  34Mb

Each TU-3 consists of B6
columns, so that3 TU-3s are
258 columns. This, together with
the two stuffing columns and the
path overhead form the 261
columns of the VC-4.

Each 34 Mb/s payload "floats* under the corresponding TU-3 pointer

307 2.7 Path Tums Multiplex 910 34 Mbivs 151 STM-1

155 Mb—l—ﬂ'u.' H

VvC-4

¥ TUS A

(A) B = oo

L Ted2
»
REER T

There are 12 columns for each TUG-2, so that the
7 TUG-2s make up B4 columns. Together with
1 the stuff columns and the null pointer,

3w || the TUG-3 makes up 86 columns.

34 Mo

e

The TU-3 payload is fixed, the TUG-2s don’t “float”.

155MhF-T| | P ”TE
vC-4 . “a
- =] =[]
) £ «7

To form VC-12 virtua! containers,
2 muitiframe ha s to be formed .

w3

:

There are 4 Columns for for each
TU-12 so thatthe 3 TU-12 form
the 12 columns of each TUG-2.

Each TU-12 has 4 col. by 9 rows,
7 e T”é“’ T2 a total of 36 bytes for each frame

of 125 ms.
1 TUG2=3 TU12
Each 2 Mb/s payload “floats” in the TU-12 Multiframe with the TU pointers

iR Indcalar J

c3@ 4]

" é o
317 2.8 Path Tun1s Multiplex 910 2 Mbits il STM-1 991114 2 g



RSOH
9 Rows
} MSOH
A Media dependent bytes
X Bytes reserved for domestic use
* Unscrambled bytes
= o
3UN 2.9 dnvazTAusIUY09 STM-1 Overhead
a T ' o
A13199 2.1 Byte @199 1ua2u19129518a (Overhead)
Byte MM
Al, A2 Frame Alignment
Bl1, B2 Quality Monitoring, Parity Bytes
D1,D2,D3 Qgcc Network Management
D4,....D12 Qg Network Management
El, E2 Voice Connection
Jo(C1) Maintenance
KI1, K2 Automatic Protection Switching (APS) Control
Sl Clock Quality Indicator
Ml Transmission Error Acknowledgment

VC-3/4 POH ilumauzii 191umsus sadyanavina 34 uaz 140 Mbps, ATM

VC-11/12 POH ilunmwuzi 19 lumsussyndyanavua 1.544 uaz 2.048 Mbps, ATM
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duinvoayanan wizvaundimanszy L

VC-3/4 POH J1 | Path indication
B3 | Quality monitoring

C2 | Container format

G1 | Transmission error acknowledgment

F2 Maintenance

H4 | Superframe indication

F3 | Maintenance
K3 | Automatic protection switching

N1 | Tandem connection monitoring

VC-11/12 POH V5 | Indication and error monitoring
J2 | Path indication
N2 | Tandem connection monitoring

K4 | Automatic protection switching

U7 2.10 POH ¥03 VC-3/4 uag VC-11/12

2) Pointers

FeE (Pointers) 1133 msnitai Id3umsAaduiun1dluszuy SDH Fldszam
sDH fide ldnfSvusdaiu ldFadedoususzun PDH ms1e 189193 (Pointer) Tiludai
sTyfMLaves Ve udazeu nmeluduiiiy Payload 403 5y STM Andeq Auis1ly
In3095U GPS TumsmidumisiiogveastuuTan §21e3 (Pointer) iorwazamsaasumis

a ) @ 9 A @ 1A A 9/
NBYYDI VC-n niien nnszauunveudsy STM-11a1asasa uazisnmsvodinad fie1eld

Tnsaadumsssyuuudiugnlsi 18 Gondwq 1 Faneasuliifunenn

= =}
Pointer 3 2 Usz1an Ao
1. Administrative Unit Pointer (AU-PTR)

2 . Tributary Unit Pointer (TU-PTR)


CLP10
Textbox


~— 260 >
- 9 >t 261 |
RSOH
AU pointer 2
BT H[HT[HY
83] e[ re[H2
MSOH 2] FHEAES
G 1
[F2) B3] J1
[H41 Fixed justification c2|B3| A
[F3] G1|c2|B3
K3 F2|Gi|C2
N1 Ha|F2| G1
F3|Ha| F2
K3|F3|na
N1|K3|F3
N1| K3
N1
2]
ﬂi ad dy a’:
3UN 2.11 35M15U9% (Pointer) 14ty Mapping Y94 C-3
AU-PTR

- AU-PTR 1/52n0URA90 9 Byte : H1,H2,3xH3, 2XY LA 2 XF
- GuAuA AWMU 0 MF19I0 AU-PTR block 1azandIudumiis 782(0-782)
- ve-4 aunsasunndumialed 18lusen e 0-782
TU-PTR
- TU-PTR U52n9UAI 4 Byte : VI,V2,V3 laz V4
- GuduAaud s 0 nda9n Byte V2 azan@aofumia 139 fouds v2
H"jd Byte (0-139)

- ve-12 mnsaisunindmnialan 18 luszn s unya 0-139

2.2.4 Logic Composition of SDH

[ ]

Tagnaudaunievis SDH wilszneudisdlszneviidhan 4 dau 1dun

I. Terminal Multiplexer Lﬂllﬂﬂﬂitlfﬁi%i’)llﬁiﬂ@'lﬂs Plesiochronous 10

(Y o o Ad o g a i "o " -
Synchronous i@ Iefuud NI Ividudyyrafiisasusiniigeniisens STM-N Tavil
N=1,4,1615udu

2L ]

2. Add/Drop Multiplexer (ADM) iluginsaifivminasdyantesesnun

o

o [ 3/ oy & < a ¥ do o Y
nndyanunannlynuauvinannugndesms  wazdlewSvmsnaudansudad
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'
~ o

Tygamanmumandde lldgamneiidimun - vennniidaiigadnuaslumsiiszuudises
Tisessumsauveudumadodyana v ldszuuinsetwdaldan1dae i

) =

I o — ar = ar 1
3. Regenerator (ugunsaindhmihiicdedyapanninuasdaanudoyaiid
nawmelondniuaaudagnaameuszninama Waumnilawazvuamve iy
e e 3 - - Y 1 e
4. Digital Cross-Connects (DXC) 1lugunsaififimhinannareiiga 1un sims
Mapping ﬁq;tywmdauq 499 PDH 1114 Virtual Container (VC) uazdaimrig Switching

Ty ve vuianen dae

140 Mbit/s — STM-1
2Mows —] TM

STM-1, STM-4

5 ifbiiel 140 Mbit/s
34 Mbiv's — AT M-
switch 34 Mbit/s
8 Mbit/s
—
@ =2 Moivs
) STM-1/STS-3c Gateway to SONET
S
ADM: Add Drop Multiplexer 34 Mbit/s
DXC : Digital Cross Comnect 140 Mbiv/'s

TM : Terminal Multiplexer

3N 2.12 Tnseashansevio SDH

) 1} = G
2.2 SZUVVIATOVIUDUNITUUA

2.2.1 ANUKRNILVDIDUNI A
a A a P vq Y a o 1
N 30INIIANT (2542 :13-14) 1A1HAUNNIOYES BUNTUNA (Intranet) Fuilu
[ =Y n{c‘ 4 4
Lﬂ?ﬂﬁj‘lﬂﬂﬂuwmﬂE]‘a‘m%'ﬂllTﬂdm‘iﬁﬂﬂﬁﬁ’w‘ixuu Transmission  Control Protocol/Internet
Aé 4 1 =y [= v n’:

Protocol (TCP/IP) FatluszuuTys Tnnealunisdemsvouniovodunsuiia aniullsunsy
A =} ' a o =2 o d a A v A B A A '
MsdemsuunIevwsuniuin  sudurseddurssiamorsunlFlumsdomisuumns ot

a d o 0 " A ' a = =l a d o A ]
DUNBIIUA ANUUANANITZTHINUATOVIWDUNIUTA AD DINDTILA 1DnTev10suuila
& & [ w o kY =1 ) 1 A ] a - A ]
Fensayouaenu i TanTavlduasprudnidudiumasedrwdunsuimiuniodo
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o o o
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(E-Mail) msdomsszuuidu(Web) szuumsTeutholidioniii (FTP) uazszuugdoya

wudu

o

o = v ow o o ' ' a =
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HazoummosiuaueIfuNInIg1u TCP/IP mﬂ'auﬂu

v A YV o w a Gl
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Y a
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3.2.2 Tributary Unit Pointer (TU-PTR)
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4.1 Common Network Element of SDH Network

4.2 Logic Function Block of SDH equipment
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1. 52UV PDH uaz SDH TutlszmaInolsuiasgiula

n. yl51) (ETSD) ¥, Y1ju
A, BTN (ANSI) 1. dmninasgu

2. PDH 11910/ 1f1
. Pulse Data Hierarchy
4. Plesiochronous Digital Hierarchy
1. Plesiochronous Division Hierarchy
1. Pulse Division Hierarchy
3. Y0laflodns1 Bit Rate Y94 STM-4
. 155.52 Mb/s 9. 622.08 Mb/s
. 2,488.32 Mb/s 3. 9,953.28 Mb/s
4. Yolanedeidvues PDH
n. §a01n TuM33 TN MIAOAS (Multiplexing)

¥, ga01n TuMsuunyeIN1IMsdoais (De-multiplexing)
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6. VINMNH 1 RSOH,MSOH,POH flonufinuioiavla

(303MUAINY)
n.13.4 v.23.4
A.3.4.5 1124

7.STM-1 @13150 Mapping dayay1ad 140 Mb/s I8Aveadymy o
.1 9. 2
f.3 3. 4
8. oy In(ES) 139.264 Mb/s HIMM3 adaptation 110 C-4
uarvziumila
n. 149.760 Mb/s Y. 139.264 Mb/s
A. 155.52 Mbrs 3. 622.08 Mb/s
9. C-3 = VC-3 ~>TU-3->TUG-3-> C4-->VC-4 --> AU-4--> AUG-1--> STM-1 1iludunon
YDIN15 Mapping Ty ol
. 1.5 Mb/s to STM-1 4. 2 Mb/s to STM-1
f1. 34 Mb/s to STM-1 3. 140 Mb/s to STM-1
10. fumisinaaIgaBuduYes Ve-3 ogila
n. AU-PTR 4. VC-4
f. AU-4 3. TU-PTR
11. Multi frame 1/52n80R20 C-12 $119UA Frame
n. 1 Y. 2

f. 3 1 4

unn 3
12. STM-1 Overhead E1, E2 imihiila
f. Frame Alignment
9. Order wire for Voice Communication
. Clock Quality Indicator
1. Automatic Protection Switching (APS) Control
13, wihil K1LK2 o
N. Frame alignment
¥. 1%& W51 Order wire for Voice Communication
A. dadyy v OAM 551914 NE llag NMS

1. Automatic Protection Switching
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14. 90lafio Byte Y8949 Lower Order Path Overhead (LO -POH)
n. V5,J2 K2, K4
9. J1,B3,C2,G1,F2,H4,F3 K3, N1
f. V5,J2, K2, N4,N5
1. J1,B3,C2,G1,F2,H4,F3 K3
15. Byte lavos AU-PTR 1¥d M5V Positive Justification 1o
Negative Justification
. HI 9. HI,H2
f. H3 1Y
16. TU-PTR 1U52nouaay Bytes mudola
n. H1,H2,3xH3,2xY,2xF
4. H1,H2,3xH3,3xY,3xF
fn. VI,V2,V3 V4

1. V1,V2, V3, V4 V5

4
UNn 4
17. Munwnuwav1afe Terminal Multiplexer (TM)
/ k \
1 2 4
n. 1 €. 2
f.1,2 1.3,4,5

18.40laRonT1N U041 Regenerator (REG)
f). Cross-Connects ﬁ'iytym STM-N
v, i I dyaruignaaneusgriiemas Waumniawazvuamiwe udy
=4 1 o " @ @ 1 1 [
a. v/ ld dyawben eonid dygrundnuazdade Tudaning
NI PTG T TR
e ° Y 4 o . . ¥
19. qﬂﬂsm“lﬂmwummms Multiplex, De-multiplex (t8i¢Cross-connect 14
n. T™ ¥. REG

. ADM 1. DXC
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20. Qﬁﬂ‘imiﬂﬂ'ﬂ Multi port device
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12. 9

17. 7
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1. DXC
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2. Tuszuu PDH MInABINS dryayis 2 Mb/s 9INERYRIM 140 Mb/s dzdnaiidunsuaudela
N. Multiplex : 140 Mb/s--> 64Mb/s-->32Mb/s-->2Mb/s
9. De-multiplex : 140 Mb/s--> 64Mb/s-->32Mb/s-->2Mb/s
f. De-multiplex : 140 Mb/s--> 34Mb/s-->8Mb/s-->2Mb/s
4. Multiplex : 140 Mb/s--> 34Mb/s-->8Mb/s-->2Mb/s
3. é’mwmmﬁ‘aﬁmf':ujm (Basic Bit Rate) 489 SDH 719
. STM-1 (155.52 Mb/s) V. STM-1 (622.08 Mb/s)
. STM-1 (2,488.32 Mb/s) 1. STM- 1 (9,953.28 Mb/s)
4. 91af0dA31 Bit Rate 493 STM-16
. 155 Mb/s Y. 622.08 Mb/s
f. 2,488.32 Mb/s 4. 9,953.28 Mb/s
5. M3 Multiplex Y03 PDH 1933m31a
N. Bit Interleaved Multiplexing
4. Byte Interleaved Multiplexing
1. Frame Interleaved Multiplexing
1. gnnnde
6. N3 Multiplex Y93 SDH 19353518
. Bit Interleaved Multiplexing
4. Byte Interleaved Multiplexing
1. Frame Interleaved Multiplexing

3. gyt
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7. volaRedofvos SDH

- o =1 o v W

n. i8a3nE lumssu-dedyaage

¥, M3padnIaeanly iy (Drop) wazdedyauoonliadd) v ldne
=1 [ d‘l - ar 3 = ] 2

A. UANUUNToD LAz IR UM IHUSMS I luewaala

1. 0nNNe

W Q

8. 1olafadaidvuns SDH

I3
h oA

f. D318 Bandwidth ﬁ“l%’amﬁu Bandwidth cI‘fiild.l@%"l(Low band width utilization ratio)
v, fidnsnnus lumsiu-dedyanugs
f. ﬁmmzjamﬂiummuwﬁmmsﬁ"ams (De-Multiplexing )
1. InmgennlumIsmreesmsdoms (Multiplexing)
9. STM-1 Frame Hau1awinla

. 9 rows x 270 columns 9. 270 rows x 9 columns

. 9 rows x 8000 columns 4. 8000 rows x 9 columns

2w a.2 g mvsuasudioiudean 10— 11

10. INAWA A 2 AU-PTR o Rufiminoaala
n. 1 V.2
f.3 1. 4
11.9900W7 712 PAYLOAD o iufinuioiavla
n. 4 U5
M. 4,5 % 12,345
12399331 ITU-T G.707 madaesudola
n. Container C-4 . Multiplexing Structure
f. Frame Structure 3. Overhead
13, Cd-> VC-4 > AU-4 ~->AUG-1--> STM-1 (lusunouvos
13 Mapping dya 10 1a
A. 1.5 Mb/s to STM-1 9. 2 Mb/s to STM-1
f1. 34 Mb/s to STM-1 3. 140 Mb/s to STM-1
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14. C-4 Container i1 1911 1a
f. 9 rows,84 columns 9. 9 rows,260 columns
f. 9 rows,270 columns 4. 9 rows,280 columns
15. Yolagnsas
n. STM-1 = AU-4+SOH
Y. STM-1 = AU-4+POH
f. STM-1 = VC-4+AU-PTR
1. STM-1 = C-4+ POH
16. 1 STM-1 131150 Mapping dFayqy1os 34 Mb/s Tdfg0edaynn
n. 1 ¥.2
n.3 1.4
17. C-3 Container Hyuamla
N. 9 rows,84 columns 9. 9 rows,260 columns
. 9 rows,270 columns 4. 9 rows,280 columns
18. 1435 mslalumssay TuG-3 il c-4
f. Bit Interleaved Multiplexing
9. Byte Interleaved Multiplexing
1. Frame Interleaved Multiplexing
1. gAnNde
19.C-12 --> VC-12 -->TU-12-->TUG-2-->TUG-3--> C4-->VC-4 --> AU-4 --> AUG-1--> STM-1
uduApUYDIMS Mapping dyanula
f. 1.5 Mb/s to STM-1 9.2 Mb/s to STM-1
f. 34 Mb/s to STM-1 3. 140 Mb/s to STM-1
20. STM-1 @1130 Mapping daya1a: 2 Mb/s T@fgeedaya
f. 30 9. 32
f. 63 3. 128
21. C-12+ LO-POH Byte lavanamilu ve-12
n. V5,J2,N2K4 1. V4,J2,N2,K4
f. V5,J2,N2 K1 1. V4,J2 N2 K1
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22. Yolagndes
N. VC-4 = 3xTUG-3,TUG-3 = 7xTUG-2,TUG-2 = 3xTU-12
V. VC-4 = 3xTUG-3,TUG-3 = 7xTUG-2,TUG-2 = 63xTU-12
fl. VC-4 = 63xTUG-3,TUG-3 = 7xTUG-2,TUG-2 = 3xTU-12
1. VC-4 = 3xTUG-3,TUG-3 = 3xTUG-2,TUG-2 = 7xTU-12
23. STM-1 Overhead Al, A2 vnthiila
. Frame Alignment
¥. Order wire for Voice Communication
A. Clock Quality Indicator
1. Automatic Protection Switching (APS) Control
24. dedyy 910 Node A TJEa Node B 1si Node Bl 145D A1,A2 Byte 9217 alarm 1a
. OOF (Out Of Frame) 9. LOF (Lose Of Frame)
. AIS(Alarm Indication Signal) 4. LOF tag AIS
25, ‘i’}’ﬂiﬂﬁﬂﬁﬁ1ﬁﬂjm Data Communication Channel (DCC) Byte : D1-D12
. Frame alignment
¥, 19§15 Order wire for Voice Communication
A. A9 YYIU OAM 5¥1319 NE tag NMS
1. Automatic Protection Switching
26. 991af0 Byte Y939 RSOH Favua
n. A1LA2,B1,D1,D2,D3,E1,F1,J0
9. B2,D(4-12), E2,K1,K2,S1,M1
f. A1LA2,B1,B2,DI-D12,E1,E2
1. A1,A2,B1,B2, K1,K2,S1,M1
27. Uolafe Byte U943 High Order Path Overhead (HO -POH)
. V5,J2,K2 K4
%.J1,B3,C2,G1,F2,H4,F3, K3 NI
f. V5,J2,K2,N4,N5
1. J1,B3,C2,G1,F2 H4,F3 K3
28. Byte 1ﬂﬁ1ﬁﬁ1‘ﬁ Automatic Protection Switching
n. K3,K4 4. H3,H4

f. V4,V5 1. F2,F3
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29. 49 1af0 Path User Channel
n. K3.K4 %, H3,H4
f. H3,H4 3. F2.F3

30. Yo laneniinnves Administrative Unit Pointer (AU-PTR)

¥
[ '

A, TS VUFF MU Byte 450 (J1) ¥94 VC-12
v, Wa M Byte 1150 (J1) U949 VC-4
A, M muy R byte 131 (V5) Y94 VC-12
1 Wdmuydaaumia byte LL50 (V5) Y09 VC-4
31. AU-PTR 152noudie Byte mudola
n. H1,H2,3xH3,2xY,2xF
9. HI,H2,3xH3,3xY,3xF
f. V1,V2,V3,V4
1. V1,V2,V3,V4,V5
32. Byte “l.mmflu‘ﬁxﬁu Pointer value
n. H1 ¥. H1,H2
f. H3 LY
33. $olafenri1fiveq Tributary Unit Pointer (TU-PTR)

o 1

0. Wdmdutadsumia Byte 1430 (J1) 484 VC-12
v, Wdmsusasaumia Byte 1130 (J1) ¥B3 VC-4
A, WMy sd Byte 1150 (V5) 499 VC-12
o Wamsutaasunie Byte 1150 (V5) 484 VC-
34, SUMLUTUAUYDIVBY VC-12 Multi-Frame 9204 1a
1. V1,v2 v. V3
f. H1,H2 1. V4,V5
35, AN VC-12 Multi frame 150910 89
n. 0-782 . 139 — 782
. 0-139 1. 0-155.52
36. Terminal Multiplexer (TM) ﬁ"lﬁﬁ1ﬁ1ﬂ
1. Cross-Connects 'Efagtuuwm STM-N

o

1. i dyaungnaamousznams nuuiiauazyuamivoudy

2

a. aa/ld dyaudes senvinad dyarundnuazdane lUdaganuie

SRR TG EN UL TG TRL



37. Qﬂﬁiﬁf Glﬂﬁmﬁﬁmmfumuﬁaﬁv Convert O/E--> Sampling --> Judging -->Regeneration &
Reforming --> Convert E/O
n. ™ v, REG
. ADM 1. DXC
38. Add/Drop Multiplexer (ADM) ﬁ‘lﬁﬁTﬁ'iﬂ
. Cross-Connects ﬁ'ﬂgi}‘lm‘l STM-N

o

v il danafignaameussniams IWduniiduaznnamveady
a. av/ld dygmdes eonadh dyapamdnuazdsae ldsganuo
3. IULATUEN T YN
39. 4o lafegingal 3 port device
. T™ . REG

fl. ADM 1. DXC

'
= o

¥ o« 3
40. N17 Cross-connect a."f]u'ﬁumﬂan maqqﬂnsmmwﬂﬂ
. TM . REG

f. ADM 3. DXC
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2 4 4 4 3 15 75.00%
3 3 5 4 4 16 80.00%
4 3 5 5 2 15 75.00%
5 3 5 5 4 17 85.00%
6 4 6 5 4 19 95.00%
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9 4 6 4 3 17 85.00%
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1 4 5 4 3 16 80.00%
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13 4 6 4 4 18 90.00%
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9 +1 0 +1 2 0.67 | aeandeyl¥ld
10 1 +1 0 2 0.67 | aoandeyl¥la
11 +1 +1 +1 3 1.00 | aoandany/l¥la
12 +1 +1 +1 3 1.00 | aoandoy/l¥ 1A
2 13 +1 +1 +1 3 1.00 | aoandoy/lyla
14 +1 +1 +1 3 1.00 | aeandoy/1¥1a
15 0 +1 +1 2 0.67 | aoandoa/ 14 la
16 +] +1 #§ 3 1.00 | aoandoy/ldla
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27 +] +] +1 3 1.00 | aeanaeylyld
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56 +1 0 +1 2 0.67 | aoanany/lula
57 +1 +1 +1 3 1.00 | aeandey/1Fla
58 +1 +1 +] 3 1.00 | woanany/l¥ld
59 0 +1 +1 2 0.67 | aoandey/ldld
60 +1 +1 +1 3 1.00 | aeandey/l¥la

* Mg : uuunadeuden 1,2,9,32, 37 wanamstsziivluasusn liaeandes ua

Y ar v VY = P @ 3y 1 Vv ¥
Adve 1 lvIvdnssnadinsisdevdnaswudnlsing aeandemnde
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- AANNLINIY BINIDTUN 1AZ AIAINTONUVBINVUNATOU I N=20

MITIN 9.6 MANVOINIIY BT WU 1AL AINNUTONUVDILULNATOY 71 N=20

‘ng’E)‘ﬁ F, E, p r q pq
1 10 6 0.80 0.40 0.20 0.16
2 9 5 0.70 0.40 0.30 0.21
3 8 3 0.55 0.50 0.45 0.25
4 10 6 0.80 0.40 0.20 0.16
5 10 5 0.75 0.50 0.25 0.19
6 9 5 0.70 0.40 0.30 0.21
7 8 3 0.55 0.50 0.45 0.25
8 9 5 0.70 0.40 0.30 0.21
9 9 5 0.70 0.40 0.30 0.21
10 10 6 0.80 0.40 0.20 0.16
11 9 5 0.70 0.40 0.30 0.21
12 10 5 0.75 0.50 0.25 0.19
13 9 4 0.65 0.50 0.35 0.23
14 10 5 0.75 0.50 0.25 0.19
15 9 5 0.70 0.40 0.30 0.21
16 8 3 0.55 0.50 0.45 0.25
17 7 3 0.50 0.40 0.50 0.25
18 3 4 0.55 0.30 0.45 0.25
19 8 4 0.60 0.40 0.40 0.24
20 10 6 0.80 0.40 0.20 0.16
21 7 4 0.55 0.30 0.45 0.25
22 6 4 0.50 0.20 0.50 0.25
23 6 3 0.45 0.30 0.55 0.25
24 8 4 0.60 0.40 0.40 0.24
25 10 5 0.75 0.50 0.25 0.19




= ]
M1TNN 2.6 (919)
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‘{lfﬁlﬁ p r q Pq
26 0.45 0.30 0.55 0.25
27 0.55 0.30 0.45 0.25
28 0.50 0.40 0.50 0.25
29 0.65 0.30 0.35 0.23
30 0.75 0.30 0.25 0.19
31 0.65 0.30 0.35 0.23
32 0.35 0.30 0.65 0.23
33 0.55 0.30 0.45 0.25
34 0.65 0.30 0.35 0.23
35 0.60 0.40 0.40 0.24
36 0.65 0.30 0.35 0.23
37 0.55 0.30 0.45 0.25
38 0.70 0.40 0.30 0.21
39 0.65 0.30 0.35 0.23
40 0.50 0.40 0.50 0.25
41 0.65 0.30 0.35 0.23
42 0.55 0.30 0.45 0.25
43 0.45 0.30 0.55 0.25
44 0.65 0.30 0.35 0.23
45 0.75 0.30 0.25 0.19
46 0.55 0.30 0.45 0.25
47 0.65 0.30 0.35 0.23
48 0.60 0.40 0.40 0.24
49 0.75 0.30 0.25 0.19
50 0.70 0.40 0.30 0.21
51 0.55 0.30 0.45 0.25
52 0.65 0.30 0.35 0.23




. .
M1319N 3.6 (D)
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Yy a
yon

Ey F, p r q Pq
53 9 5 0.70 0.40 0.30 0.21
54 9 6 0.75 0.30 0.25 0.19
55 8 S 0.65 0.30 0.35 0.23
56 9 6 0.75 0.30 0.25 0.19
57 9 5 0.70 0.40 0.30 0.21
58 8 5 0.65 0.30 0.35 0.23
59 10 5 0.75 0.50 0.25 0.19
60 9 5 0.70 0.40 0.30 0.21
37U 493 274 38.35 21.90 21.65 13.21
nio 8.22 4.57 0.64 0.37
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-msmmanuudslsiu
, o -G
n(n-1)
20x32142 - (768)°

S

20x19
642840 —-589824

380
= 139.52

o K {I_qu}

" K~1 5°
) 60 [ 13.21
59 139.52

= 0.90
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