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122 SONET/SDH

With .tITe adyent of fiber optic transmission lines, the next step in the evolution of
the digital tlme-dlvision-multiplexing (TDM) scheme was a standard signal for-
mat Ca!ll?d synchronous optical network (SONET) in North America and synchro-
nous _‘ffg‘ml hierarchy 7 SDH) in other parts of the world. This section addresses
the ba.sm concepts of SONET/SDH, its optical interfaces, and fundamental net-
work implementations. The aim here is to discuss only the physical-layer aspects
of S_Q_l_\l ET/SDH as they relate to optical transmission lines and optical networks.
Topics'such as the detailed data format structure, SONET/SDH operating spec-
ifications, and the relationships of switching methodologies such as asynchronous
transfer mode (ATM) with SONET/SDH are beyond the scope of this text. These
can be found in numerous sources, such as those listed in Refs. 13-15.

12.2.1 Transmission Formats and Speeds

In the mid-1980s, several service providers in the USA started efforts on devel-

oping a standard that would allow network engineers to inte.rconnect fiber ogtic

transmission equipment from various vendors tthL}gh multiple-owner trun'klng
networks. This soon grew into an international activity, which, after many dltTl?l‘-
ences of opinion of implementation philosophy were resolved, resulted in a series
of ANSI T1.105 standards'® for SONET and a series of ITU-T recommendations
for SDH.'? Of particular interest here are the ANSI T1.105.06 standard and the
ITU-T G.957 recommendation. Although there are some implementation differ-
ences between SONET and SDH, all SONET specifications conform to the SDH

recommendations, —_ o
(_Figure 12-5 Ehows the basic structure of a SONET fraQ—LIEns 1s a two- )

dimensional structure consisting of 90 columns by 9 rows of bytes, where one byte
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90 Columns of bytes
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“ ] |
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| 8 |
Section :E ' Synchronous
9 Rows and X payload
of bytes ‘] line ' a! envelope (SPE) /
overhead llg i
N -"l
P
| -
'\ 1 1
—_— Bt
- 3 Columns 1 Column
87 Columns /:
FIGURE 12-5

Basic Structure of an STS-1 SONET frame.

is eight bits. Here, in standard SONET terminology,
pieces of equipment, a line is a longer link that connec

a path is a complete end-to-end connection. The funda
125-ps duration. Thus, the transmission bit

a section connects adjacent
ts two-SONET devices, and
mental SONET frame hasa
rate of the basic SONET signal is

STS-1 = (90 bytes/row)(9 rows/frame)(8 bits/byte)/(125 us/frame) = 51.84 Mby/s

This is called an STS-1 signal, where STS stands for synchronous transport signal.
All other SONET signals are integer multiples of this rate, so thatan STS-N signal
has a bit rate equal to N times 51.84 Mb/s. When an STS-N signal is used to

modulate an optical source, the logical STS-N signal is first scrambled to avoid
long strings of ones and zeros and to allow

_ easier clock recovery at the receiver.
fter undergoing electrical-to-optical convm resultant physical-layer opti-
cal signal is called OC-N, where OC stands for optical carrier. In practice, it has
,become common to refef to SONET links as OC-N links, Algorithms have been

developed for values of N ranging between 1 and 255, However, in the range from
1 to 192, the ANSI TI

105 standard recognizes only the values N=
1,3,12,24,48, and 192.

In SDH the basic rate is equivalent to STS-3, or 155.52 Mb/s. This is called
the synchronous transport module—leve] | (STM.1), Higher rates are designated
hy STM-M_ (Note: Although the SDH standard usesgtmiion “STM-N,"
here we use the designation “STM-M" to avoid confusion when comparing
SDH and SONET rates.) Values of M supported by the ITU-T recommendations
are M = 1,4, 16, and 64. These are cquivalent to SONET OC-N signals, where
N=3M (e, N=3,12,48, and 192). This shows that, in practice, to maintain
co\mﬁﬁbnhty betwen SONET and SDH, N js g multiple of three. Analogous i
SONE.T, SQH first scrambles the logical signal, In contrast to SONET, SDH do¢s
not distinguish between a logical electrical « gnal (e.g., STS-N in SONET) and 8
physical optical signal (e.g., OC-N), so that both sig;al types are designated by
STM-M. Table 12-2 lists commonly useq values of OC-N and STM-M. ‘

nly
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Referring to Fig. 12-5, the first three columns comprise transport overhead
bytes that carry network management information. The remaining field of 87
columns is called the synchronous payload envelope (SPE) and carries user data
plus nine bytes 9f path overhead (POH). The POH supports performance mon-
itoring by the end equipment, status. signal labeling, a tracing function, and a user
channel. The nine path-overhead bytes are always in a column and can be located
anywhere in the SPE. An important point to note is that the synchronous byte-
interleaved multiplexing in SONET/SDH (unlike the asynchronous bit interleav-
ing used in earlier TDM standards) facilitates add/drop multiplexing of informa-
tion channels in optical networks (see Sec. 12.24).

For values of N greater than 1, the columns of the frame become N times
wider, with the number of rows remaining at nine, as shown in Fig. 12-6. Thus, an
$TS-3 (or STM-1) frame is 270 columns wide with the first nine columns contain-
ing overhead information and the next 261 columns being payload data. The line
and section overhead bytes differ somewhat between SONET and SDH, so that a
translation mechanism is needed to interconnect them. To obtain further details
on the contents of the frame structure and the population schemes for the payload
field, the reader is referred to the SONET and SDH spf:cif'lczzltions.'6'17

00 X N Columns
] ]
] ]
- .
Secti i -
ion |°|
Rows 4| and 5! SPE y
lme aol
overhead =R
L
] ]
] ]
4 P 2

IXN N&jrungs ‘— 3y

Columns v
\, 87 x N Columns
format of an STS-N SONET frame. g
—_ '
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A key characteristic of SONET and SDH is that they are usually configured as 5
ring architecture. This is done to create loop diversity for uninterrupted service
protection purposes in case of link or equipment failures. The SONET/SDH rings
are commonly called self-healing rings, since the traffic flowing along a certaip
path can automatically be switched to an alternate or standby path following
failure or degradation of the link segment.

Three main features, each with two alternatives, classify all SONET/SDH
rings, thus yielding eight possible combinations of ring types. First; there ean be
either two or four fibers running between the nodes on'a ring. Second, the oper-
ating signals can travel either clockwise only (which is termed a unidirectional
ring) or in both directions around the ring (which is called a bidirectional ring).
Third, protection switching can be performed either via a line-switching or a path-
switching scheme.'®?! Upon link failure or degradation, Jine switching moves all
signal channels of an entire OC-N channel to a protection fiber. Conversely, path
switching can move individual payload channels within an OC-N channel (e.g.,an
STS-1 subchannel in an OC-12 channel) to another path.

Of the eight possible combinations of ring types, the following two archi-
tectures have become popular for SONET and SDH networks:

® two-fiber, unidirectional, path-switched ring (two-fiber UPSR).

® two-fiber or four-fiber, bidirectional, line-switched ring (two-fiber or four-fiber
BLSR).

The common abbreviations of these configurations are given in parentheses. They
are also referred to as unidirectional or bj

directional self-healing rings (USHRs of
BSHRs), respectively.

lf‘ig_lﬂ'iﬁﬂ.shows a two-fiber unidi

convention, in a unidirectional rin
around the ring,
.-H__-_'-‘_———-—

ional path-switched ring network. Pz
g the normal working traffic travels clockwis

on the primary path. For example, the connection from node 110
. TSR - /
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Primary path
1
Node
| fJa———————— Node
Protection path = 2
|
; |
' I
| T |2
' I
I I
|
_______ 6 ]
Node [~~~ — T T T —————- i
4 |e N(;de
3
(a) -
TX
T3 Primary path
4 | )
{ 5
I Node 1
¢
Pt Node e
o 2 _— ¢
I
: 6 Node 3
'\ Protection path__ [ |
3 1 - 2
I T
I FIGURE 12-7
¥ (a) Generic_two-fiber unidirectional net-
RX work with a counter-rotating protection
path. (b) Flow of primary and protection
©® traffic from node 1 to node 3.
.________.__.—-é

ink
203 uss ks 1 and 2, wherea the raffic fom node 8 1L
} and ¢ ~Thus, two communicating no6es 885 oy ange information

around the entire perimeter of the ring. If nodes ( T
- . ey use one-quarter Of It CIE
4 an OC-3 rate in an OC-12 ring, Fheg%ﬁﬁﬁééonal_[lgg the counter-

around w = on all the primary li : inst link or node
clockwise ;atzl;lgisoused as an alternate l'Cfllt.c f?r r:b t:;)aliﬂeﬁjgijdﬂe‘s__To achieve
filures, This prorection parh (ks 5-8) i MAICAE W 4 into both the primary
Protection, the signal from a transmitting nOdF 1 ted protection path on which
and protection fibers. This establishes 2 deSlgngc | to node 3 via links 3 and
raffic flows counterclockwise; namely; from 10 .

» 38 shown in Fig. 12-7.

—
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¢ Convequently, two tdentical signala from n l'm!h‘"“:' '";"ll RINYE al thej
destimation froam opposite directions, usuully with lllﬂﬂl:ﬁl w';m. s denitad yy,

g 1278 The roceiver normally selocta the -lu"ﬂl‘ rom l'“ primary  path

However, il continuously comparen the fidelity ol nugll signal and t.hmm’u the

alternate signal in case of severe degradation of Innnl of I'I_l:ill’“"“"y "ll!rml’ Ihus,

cach path i individually switched based on the ¢!uullly ”I e l";m;"? ;;rxml Foy

\ example, it path 2 breaks or cquipmvnlI il:‘mulc 2(::“;. then node 3 will switch 14

| the protection channel to receive signaly from "F-" ' S

L ; Figure 12-8 illustrates the architecture of o lnu'r-ﬂbcr bldlre§1;'tmal fige-

switched ring. Here, two primary fiber loops (with 'lhcf' #tfﬂmc{l!tjahclcd Ip

through 8p) are used for normal hidircclmn'ul cnmmu{moalmn, anc tbc other

) two secondary fiber loops are standby links for prnlcc‘lmn pur‘pmcu‘(wlth ﬁhq'

Q\ ‘“\‘ segments labeled 1s through 8s). In contrast to the two-fiber Ul".'s‘k, the four-fibey
BLSR has a capacity advantage since it uses twice as much fiber gablmg and
because traffic between two nodes is sent only purtia&amund the ring. To see

this, consider the connection between nodes | and 3.(The traffic from node | o
node 3 flows in a clockwise direction along links Ip an p- Now, however, in the
return path the traffic flows counterclockwise from node 3 to node !__glo_t_lg links
7p and 8p. Thus, the information exchange between nodes | and 3 does nof tie up
an@c_pr@mury channel _bandwidlh- in the other half _Q_E.ihs.xjnz.

To see the function and versatility of the standby links in the four-fiber
BLSR. consider first the case where a transmitter or receiver circuit card used
on the primary ring fails in either node 3 or 4. In this situation, the affected nodes
detect a loss-of-signal condition and switch both primary fibers connecting them
to the secondary protection pair, as shown in Figure 12-9. The protection segment
between nodes 3 and 4 now becomes part of the primary bidirectional loop. The
exact same reconfiguration scenario will occur when the primary fiber connecting
nodes 3 and 4 breaks. Note that in either case the other links remain unaffected.
' lls, or both the primary and the protection
could happen if they are in the same c:lb:'\

ot
ok B,
— Q00N .
4 bidimcﬁjnfl loop &0’6 cov™”

4s 3p Nt;de j B Ip | S.k(;. A\A";b
m%ﬁw 8s\\!s 0K i"*
4 bidirectional protection loop = (\\UJ

f‘:df NOﬁe / p QS\O@'&

2

7p| [2p

FIGURE 12-8 _
Architecture of a four-fiber bidirections!
line-switched ring (B
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l pmtOCﬁOll '
* 100]) *
B Node
2 2
f o ,
I Protection switching I
\ Node4 / \ Node3 '
. _\ /
A ek

Card failure  Primary fiber

FIGURE 129
Reconfiguration of a four-fiber BLSR under transceiver or line failure.

duct between two nodes. In this case, the nodes on either side of the f:ailed iptcr-
nodal span internally switch the primary—gath connections from their receivers
and transmitters to the protection fibers, in order to loop traffic ba:ck m1 1thi‘
previoys node. This process again forms a closed ring, .but Jow wntltll all o
the primary and protection fibers in_use around the entire rng, as shown in

Fig. 12-10.
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The optical layer is based on wavelength-dependent concepts when it 11e§ directly labove
the physical layer. Hence the entire physical mterconnectefd netwo‘rk Prow‘des.w.ave engetl(;
signal service among the nodes using either single or mulnhqp. This situation is 1llustrat 1

in Figure 15.18. Three network nodes are interconnected using two wavelength channels

M S T~
Node 1 Node 2 Node 3
o g —
(a)
A Node 2 A )
Node 1 | /{ Node 3
I— >
A, A,

— Wavelength in use -----

ength-dependent interconne
vertible node (Node 2)

Available wavelength
Figure 15.18 Wave|

ction: (a) fixed wavelength nodes;
(b) wavelength con
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g1 o O eERE = A

o wh Wavelength routing networks 993
- d A,) where the solid | .
(ie. A AN Ine connecting th

el and the - & the nodes repre i 1
foghcharel 1 e desh i s e e, e
o single wavel > connect with node 3 then as indicated in Fi usfé 18
there is 1O g ength channe] available to establish li b
when a lightpath cannot be established on 5 2 lightpath between them.

referred to as a wavelength continui link using a single wavelength channel it is

o traint. A methodology to reduce this wave-
¢ Wavelength channel at node 2 by converting

h is available between node
i : s2and 3) t bl
fink between node 2 and 3 to be established. This process is shown i:l;igu)reol??s(z)a-

wavelength f:on\iersml:] (see Section 10.5) is required to convert from A, to a compliant
wavclcngt!l (Lf-;j e output port of network node 2 (which functions as an intermedi-
g md?) - pr9v1de a path. Hence the newly set up path uses two wavelength
stages (1.e. two_ hops) ?o mterconflect nodes 1 and 3. Such networks which employ wave-
length conversion dev1ce.s (or switches) are known as wavelength convertible networks.

Several networ!( architectures can be employed to implement wavelength convertible
networks. Three different WDM network architectures employing the wavelength conver-
sion function are shown in Figure 15.19. Full wavelength conversion, where each network
link utilizes a dedicated wavelength converter, is depicted in Figure 15.19(a). All the
wavelength channels at the output port of the optical switch will be converted into their
compliant wavelength channel by the appropriate wavelength converter (WC). For ex-
ample, the topmost wavelength converter changes incoming 4, into A, which is then con-
nected to a multiplexer. There is no need, however, for wavelength conversion of the local
add/drop channels. _ .

It is not always required to provide the wavelength conversion function within every
network node and it is more cost effective to implement networks with fewer and henc.e
shared wavelength converters. So-called sparse wavelength convertible network archi-
tectures employing a number of wavelength converters as a wavelength converter bank
(WCB) functioning on a shared basis per link and per node are shown in F(;&‘:: gé;al’:
and (c), respectively. The arrangement of wavelength converters organized 1

' i i icing the optical
i i i 15.19(b). This figure depicts a WCB servicing
illustrated in the inset to Figure (v)elength B i rcugh e B

fiber links where only the required wa .

(i.e. in Figure 15. 19(3) the wavelength channel A, is converted ]:o ar\:;vel;:ﬁtg);he il:l:;:;n{:&;
By contrast two optical switches are required to construct the shared glc witeh 2 switches
convertible network architecture indicated in Figure 15.19(c). Optlc thsl case the wave-
e omerd wavlength chamnel 1 e S, 0 e T e
length channel A, is converted to wavelength ¢ on to the multiplexer).

: - : : nnecti .
Switched through optical switch 2 tol?:!?l‘:;?: ;:: the network links, however, increase the

Al velength ¢ A : ly at the wave-

cmpl:;gi:ynol;rzlsvirtc?:;n‘;anodesgin ordinary OXC;::':crl:ljh“:grngfiﬁg;%z (MG-0XCs)
; ens , ot
:.:gf level. Moreover, th.e congliJrT:; 'g b:oar:cessed at multiple :;velscgisatthgefaﬁlg?g;% -
such ft::lteﬁrghewt;ﬁ;;qujgim cross-connects, etcie ;nﬂ s ;zs S rougha Fode, et
Outpy y . oly either terminate at or transpart ultiplexers/demultiplexers
ma;’at]trafﬁc does not simply érom one layer 0 another \ngath m ! aﬁn b wrcgripe
50 be required to transport elength C v &5
£.51). Th?:lcomplcxity can be hannel. Such waveband switching (WBS)

i C
one single waveband to be switched as 2 unique
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An optical switch represents the single most dynamic element in an optical network which
traditionally can switch data between different ports of a network. Broadly, as with elec-
tronic switching, optical switching can be classified into two categories which are circuit
and packet switching. An optical switch performs various digital logic operations (see
Section 11.4.1) allowing signals to switch from one state to another. Therefore larger arrays
of optical switches can switch signals from one port to another. These arrays of switches
form circuit switching fabrics known as optical cross-connects (OXCs) which incorporate
switching connections or lightpaths. A router, on the other hand, routes data packets
instead of providing circuit-switched connectivity. In this case the data is split into packets
which are routed separately through the network and then are reassembled at the receiving
terminal to reconstitute the original message. This process provides for more efficient use
of the available bandwidth.

Both circuit and packet switching techniques are used in high-capacity networks. In
circuit-switched networks the connection must be set up between the transmitter and
receiver before initiating the transfer of data. When the network resources remain dedi-
cated to the circuit connection during the entire transfer and the complete message follows
the same path, the circuit is said to be static. SDH/SONET (see Section 15.3.1) is an ex-
ample of a static circuit-switched network. However, if the network resources can.bc
reallocated without being physically disturbed the circuit is referred to as being dynamic.

15.5.1 Optical circuit-switched networks

In circuit-switched networks a connection is established using available network msf’“mcs
for the full duration of the transmission of a message. Once the complete message is sui.‘;
ccsst_'ully transmitted then the connection is removed. A circuit-switched environmer!
requires that an end-to-end circuit be set up before the actual transmission ¢an take place-

A fixed share of network resources is then reserved for the specific transmission which 1
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Optical switching networks 999

2
,/
F 4
Logical P ? o3 B
connection a
or path

~ Optical fiber

Figure 15.23 Optical circuit-switched network

other transmission can use. A request signal must, however, travel from the source to the
destination and it should also be acknowledged before the transmission begins.

Figure 15.23 provides a block diagram illustrating an optical circuit-switched (OCS)
network. In this configuration six optical nodes (i.e. a to f) are interconnected and a
requested logical connection or path for optical signal wavelength, A,, is established
producing a circuit path through network nodes a, b, d and f. Optical nodes of an OCS
network contain optical switches where large multiport optical switches (i.e. a switching
fabric) or an OXC (see Section 15.2.2) are used to establish conl?ections bethen the
desired input and output ports. Although different component enabling technologies (see

Section 11.6) can be used to construct such optical switches, the basic optical switching
function remains the same. Figure functionality at optical nodes b

15.23 illustrates this . :
and d. For example, a 2 X 2 optical switch at node b t?nables cross-connection using
ports 2 and 3, whereas node d employs a direct f:onnectlon for po1:tsh1 at;d 3. Hence ;
logical path or an optical circuit from node a to fis created for the lightpath using sign

wavelength A,.

It should be noted that an optical
IP networks (see Sections 15.3.1' an
service signals can use the aval

continuity constraint (se€ Section
lightpaths using the same wavelength can only carty

i g i overcom
destination. Nevertheless this constraint can be

i hange the
A t ports of the optical nodes to ¢
function (see Section 10.5) 15 used at the OUtpUOIz:S S @ works are suitable for i

Wavelength of the signal as requlred In gcni’;al(scc Section 15.2.4) where a large volume
tation in public telecommunications network e. OCS therefore has become an umbrella
real tme: ay reservation [Ref. 67].

of traffic js required to be switched if w
erm to cover many network aIChltGCt“‘he:ve emerged to bring optical network services
§ concept tomers [Refs 67-69]-

Various networks using the OC "
. g the . dential cus
tly from the long-haul t0 business and 757

traffic from both SDH/SONET and
d 15.3.5) with the limitation, however, that only in-
rk resources. Furthermore, the wavelength
the flexibility of OCS networks as
the traffic from the source to the
e if the wavelength conversion

switch can handle
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A disadvantage of OCS is that it cannot efficiently handle bursty traffic (TCC S:ﬂlon
15.5.4). In such traffic conditions the data is sent in optical bursts of d.lffcrcnt (t_:ngt ts. ana;lc
u.\emfo“’ the resources cannot be readily assigned. For example, an act“_"i1 “Scl" t!f‘la Il’_:fﬂ
times) needs large bandwidth when sending a burst a5 compared Wit ':a' ;y g
Pand“’idth for a nonactive user (i.e. off-peak times). Bursty traffic 1 theneiOre & arac::;
ized by both peak and average bandwidth, and much of the bandwidth remains unu
with the transmission of bursty traffic in as OCS network [Ref. 70].

15.5.2 Optical packet-switched networks

ansported entirely in the optical

In an optical packet-swi k data is tr
p packet-switched (OPS) networ At bl packet switch per-

domain without intermediate optoelectrical conversions. Al :

forms the four basic functions of routing, forwarding, switching and buffering. The rout-
ing function provides network connectivity information often through prcallo_catcd routing
tables, whereas forwarding defines the output for each incoming pac!(et (i.e. based on
a routing table). The switch directs each packet to the correct output (i.e. defined by the
forwarding process) while buffering provides data storage for packets to resolve any con-
tention problems which may occur during packet transmission.

Figure 15.24 shows the overall structure of a typical packet. It contains a header
or label and the payload (i.e. data) and it requires a guard band to ensure the data is not
overwritten. The label points to an entry in a lookup table that specifies to where the
packet should be forwarded. Such a labeling technique is much faster than the traditional
routing method where each packet is examined before a forwarding decision is made.
At the receiving node these labels are required to be recognized from the lookup table
and then the data is reassembled sequentially. Since labels define the routing criteria it is
therefore sometimes referred to as label switching, which includes several functions
_involved in the labeling technique such as assignment (or writing) recognition (or reading),
swapping (or exchanging) and forwarding etc. [Refs 71, 72].

Thc process of address lookL}p, howevser, can be replaced by address matching using
optical correlators [Ref. 71], which are switching devices employing digital logic gates to
perform optical pattern recognition similar to detecting an address from a lookug s
A set of optical correlators can therefore determine whether a packet i y P :
ticular switch by correlating the address encoded i packet is destined for a par-

into the packet with the switch’s own

address. If there is a match, the payload is extracted _
is forwarded to the next switch. and processed. Otherwise, the packet

Standard low bit rate

Bit rate and fo
and format rmat mutually agreed

between source and dest edge routers «

i | Header/label @ :
E :

Guard band i

|3
x

Packet duratiﬂn\‘_‘~>5Gluard o
Figure 15.24 Optical packet-swi :
~switched network
Packet format

Ve
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packet-switched network. Reprinted with permission from

Figure 15.25 An optical
Ref. 5© IEEE 2006

' The packets in an OPS network can carry different types of traffic (i.e. voice, data and
video) and therefore such an optical packet switching scheme can integrate existing
SDH/SONET and IP-based optical networks. An example of an OPS network is illustrated
in Figure 15.25. It shows a long-haul or core network connected to both a SONET and an
IP network. The edge routers (i.e. network nodes at the edges) perform the functions of
ataching and detaching a label as identified for labels 1 and 2 attached to two different
Optical packets being transmitted to specific networks (i.e. to the IP and SONET client net-
works). Within the OPS network, however, the core router only processes the label where
the content of the payload remains the same (i.e. the payload can carry ATM traffic or IP

: " . ing function typically involves the following four
Packets at different bit rates). This routing :
Steps which are: (a) extraction of the label from the packet; (b) processing of the label to
. l‘o:tinarei;ﬂ(‘::-; :tion' (c) routing of the payload alnd contention resolution if neces-
*ary; and (d) fewriting of tl;e label and recombining s:i Wlllh mz;’;;a‘gomz‘; :‘; I?m;
? . cc
work s i ly the label is processed € /
With Illli ‘;;;:g:ldefet;dm_@d;i‘; )tIhG optical domain, the OPS sstworkis groerally tefetood it
% an optical label-switched (OLS) nztswogtl; ork configuration to route packets while also
Figure 15.26 depicts a generic OL5n interfaces. In this particular imple-
®Xlracting ar. : input and output 11 o dei
g and rewriting labels at 1np il electronically and the payload (i.e. data)

Mentation only the detached label is Prs:nt through the optical switch fabric to the desired
i g

in optical buffers beforctf?e;npmcssor and control section regenerate the label
Uput s. Fi , the routin. ; e.
M mhiléla\:li{h t.hc dat-a at thc Ol.ltp“t ll'ltel'fac
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