
;/01234e3e{z\{wPPQLUjUn\6\T\ J ,, 01 APR 2002  ADVANCED INTELLIGENT NETWORK
GATEWAY Background of the Invention Field of the Invention The present
invention relates generally to computer systems, and more particularly to
providing a messaging interface between one or more computer 5 system
environments. Related Art Telecommunications network products are services
10 provided by telephone companies that are carried on telecommunications
networks. A widely known example is dial-1 long distance voice service
which allows a customer to dial a 1 plus a ten digit number from his or her
home telephone, talk to a party who answers the IS telephone on the line of
the ten digit number dialed, and pay for the telephone call when billed at
the end of the month. Although dial-1 is popular, other calling and payment
options are sometimes preferable. For example, a calling card call allows
an individual 20 to make a call from a phone other than their home phone
and charge the call to the home phone account using the calling card. One
such calling and payment option is debit calling which is also referred to
as prepaid calling. 25 Debit calling allows a customer to put funds in an
account and have those funds debited each time a telephone call is made.
Standard debit call processing includes verification of the account balance
prior to    i  01 APR 2002 WO g9/21312 rrrmsvan22~o connecting the call and
ongoing balance verification during the call. An example of a typical debit
calling customer is a parent who purchases a debit calling card for a child
away from home. 



5 Debit calling, as well as other calling and payment options) are carried
on a telecommunications network. A telecommunications network comprises two
basic elements: telecommunications equipment) which may also be referred to
as network components, and links 10 which connect the equipment or
components. Because call handling and information processing for debit
calling differs from other voice services, debit calls are handled by
specialized components in the telecommunications network. That is, debit
calls are 15 handled using a specialized computer system. A computer
system, such as the those used for debit calling, has a need to communicate
with other computer systems to exchange information between one or more
computer programs executing on each computer 20 system.' A particular
computer program may need to communicate with programs which are executed
on the same computer system or with programs which are executed on other
systems throughout the network. To allow computer programs to communicate
with 25 each other) developers write programs to be compatible with
standards or protocols. A standard or protocol may be used throughout the
telecommunications industry or it may be owned by a private entity for use
with computer systems sold or operated by that entity. 30 Protocols
determine what information is transmitted, what timing values should be
associated with the transfer of information, and what format should be used
to transmit the information. Debit calling is processed by a plurality of 2
WO 99I21312 01 APR 2002 PCT/US98/22270 computer systems that provide
switching and routing functionality, handle individual calls, and store
customer account information. However, computer systems typically run
programs that use different 5 protocols. Unfortunately, a computer program
using one protocol generally cannot communicate with a computer program
using another protocol. This can be overcome by providing code in the
computer program that translates the protocol received 10 from and sent to
the other computer program. However, if a computer program needs to
communicate with multiple computer programs, a significant amount of
additional code may be needed to allow the computer programs to
communicate. 15 As the length of a computer program increases, the cost of
developing, building, and maintaining the computer system increases. Also,
lengthy code and complex equipment requirements increase the possibility of
maintenance problems. Development time and cost 20 increase because longer
computer programs require more manpower and time to develop. Cost of
building the computer system increases because additional equipment such as
links and memory are required. Maintenance costs increase because the
additional code and 25 equipment are more costly to maintain. Also,
additional equipment and code increase the chances of more performance
problems because the additional equipment may have failures and the
additional code may have errors that will affect the entire program or 30
system. Summary of the Invention The system and method of the present
invention allow communication between telecommunications network 



3   0 ~ APR 2002  WO 99I21312 rcrms9a1222~a components that provide debit
customers access to manual operator consoles for customer services. A debit
customer that wishes customer service will be routed to a manual operator
console. However, the 5 manual operator console does not contain debit
customer account information. In order to process the call) the manual
operator console accesses a service data point (SDP) to obtain debit
customer account information. 10 Unfortunately, the SDP uses a different
protocol than the manual operator consoles. The present invention includes
an advanced intelligent network gateway (AINGW) which is a computer system
that provides message transfer and protocol conversion 15 allowing
communication between the manual operator consoles and the SDP. The AINGW
of the present invention can act as a single point of interface between
multiple computer programs using different protocols. 20 The manual
operator console communicates using encoded TCAP messages embedded in MCI~s
proprietary transmission protocol network information distribution service
(NIDS) sequenced packet protocol (NSPP). NSPP is an implementation of user
datagram protocol/internet 25 protocol (USP/IP) and provides communication
with client-server programs. In a preferred embodiment of the present
invention, the SDP communicates using transmission control
protocol/internet protocol (TCP/IP). The AINGW provides a system and method
for 30 converting between the NSPP- based encoded TCAP messages going to
and coming from the operator consoles to the TCP/IP-based encoded TCAP
messages going to and coming from the SDP. Please refer to the attached
Glossary for a reference of acronyms and their 4   01 APR 2002 WO 99I2131?
PCT/US98/? 2:70 definitions. The AINGW of the present invention compr!ses
several software layers for message transfer and protocol conversion needed
for communication between 5 the manual operator consoles and the SDP. The
AINGW includes a basic overseer service (BOSS), an advanced intelligent
network application (AIN APP), an lnterprocess communications manager (IPC
MGR), a NSPP interface module (NIM), an alarm screener, and an 10
operational measurements (OM) module. The BOSS is responsible for starting,
stopping, and monitoring the processes on the AINGW. The AIN APP is a
computer program that includes software layers for receiving, processing,
and sending messages between the NIM and 1~ the IPC~iGR. The NIM is a IPC
MGR NSPP client and server. The IPC-MGR is a TCP/IP peer to peer network
element. The AIN,APP performs protocol conversion by receiving the message
from NIM and sending it to the 20 IPC MGR. The NIM unpacks the message from
the NSPP 



packet before sending it to AIN APP. The AIN APP sends the message to the
IPC MGR, which packs it in a TCP packet and sends it to the SDP. For the
response, the IPC- MGR unpacks the message from the TCP frame before 25
giving it to the AIN APP. The AIN_ APP sends the message to the NIM, which
packs it in a NSPP packet and sends it to the manual operator console. In
order to process messages sent between the NIM and the IPC MGR, the AIN-
APP performs multiple steps 30 for protocol conversion. Protocol conversion
for messages sent from the NIM to the IPC-MGR involves decoding the
message, staring information from the message temporarily in an array, and
reformatting the message. Protocol conversion for messages sent from 5   0
' APR 2002 WO 99/213I2 PCT/US98/22270 the IPC MGR to the NIM involves
decoding the message) validating that an error response message was not
sent, retrieving information stored in an array, and repopulating the
information in the response message. 5 Further features and advantages of
the invention, as well as the structure and operation of various
embodiments of the invention, are described in detail below with reference
to the accompanying drawings. In the drawings, like reference numbers
generally indicate 10 identical, functionally similar, and/or structurally
similar elements. The drawing in which an element first appears is
indicated by the leftmost digits in the corresponding reference number. l5
Brief Description of the Figures FIG. 1 is a block diagram of an advanced
intelligent network gateway (AINGW) interface environment according to a
preferred embodiment of the present invention; 20 FIG. 2 is a block diagram
of the elements of an AINGW in accordance with a preferred embodiment of
the present invention; FIG. 3 is a block diagram of the structure of an
AINGw in accordance with a preferred embodiment of the 25 present
invention; FIG. 4 illustrates the AINGW message flow according to a
preferred embodiment of the present invention; FIG. 5 illustrates the
advanced intelligent 30 network application (AIN APP) message flow
according to the preferred embodiment of the present invention; FIG. 6
illustrates the operation of a basic overseer service (BOSS) of the AINGW
of FIGS. 2 and 3 according to a preferred embodiment of the present 6   01
APR Z002 WO 99/21312 



PCT/US98/22270 Invention; FIG. 7 illustrates the operation of the main
routine of the AIN APP program residing in the main memory of the AINGW of
FIGS. 2 and 3 according to a 5 preferred embodiment of the present
invention; FIG. 8 illustrates the operation of an advanced intelligent
network process message NIM (AIN_PROCESS MSG-NIM) module of the AIN APP
residing in the AINGW of FIGS. 2 and 3 according to a preferred 10
embodiment of the present invention; FIG. 9 illustrates the operation of a
begin. chosen (BEGIN CHOSEN) routine of the AIN APP residing in the AINGW
of FIGS. 2 and 3 according to a preferred embodiment of the present
invention; l5 FIG. 10 illustrates the operation of an advanced intelligent
network process message IPC (AIN PROCESS MSG_IPC) layer of the AIN APP
residing in the AINGW of F1GS. 2 and 3 according to a preferred embodiment
of the present invention. 20 FIG. 11 illustrates the operation of a
transaction capabilities application part message receive (TCAP RECV) layer
of the AIN APP residing in the AINGW of FIGS. 2 and 3 according to a
preferred embodiment of the present invention; 25 FIG. 12 illustrates the
operation of a transaction capabilities application part message send
(TCAP-SEND) layer of the AIN APP residing in the AINGW of FIGS. 2 and 3
according to a preferred embodiment of the present invention; and 30 FIG.
13 illustrates the operation of an advanced intelligent network timer
expired (AIN TIMER-EXPIRED) routine of the AIN_APP residing in the AINGW of
FIGS. 2 and 3 according to a preferred embodiment of the present invention.
7   0 ~ APR 2002 WO 99/21312 PCT/US98/2227(1 Detailed Description of the
Preferred Embodiments FIG. 1 is a block diagram of an advanced intelligent
network gateway (AINGW) interface environment 102. The AINGW 124 is an
interface between 5 a service data point (SDP) 128 and one or more manual
operator consoles 122. The AINGW 124 allows information to flow from the
SDP 128, which stores debit customer account information, to the manual
operator consoles 122A, 122B ... 122n that are used by 10 human operators
to process calls. In order to allow communication between the SDP which
uses transmission control protocol/internet protocol (TCP/IP) and the
manual operator consoles 122 which communicate to the telecommunications
network using network information IS distribution service (NIDS) sequenced
packet protocol (NSPP) which is an implementation of user datagram
protocol/internet protocol (UDP/IP), the AINGW 124 performs protocol
conversion between TCP/IP and NSPP (UDP/IP) . 20 The AINGW interface
environment 102 is one possible environment of an AINGW 124. The AINGW
interface environment 102 described below is included in a
telecommunications network that processes debit calls. The
telecommunications network includes several 25 networks such as first and
second local exchange networks 106 and 132 and an interexchange network
110. The interexchange network Z10 comprises a plurality of switches
including an exemplary interexchange network switch 108 and an exemplary 30
bridging switch 112. In addition, within the interexchange network 110, a
service switching control point (SSCP) l30, an automated call distributor
(ACD) 114, an intelligent service network applications processor (ISNAP)
116, manual operator consoles 122, 



8   0 ~ APR 2002 ~~y() 99/21312 1'CT/LJS98/22270 the AINGW 124, and the SDP
128 are used to process debit customer service calls. The AINGW interface
environment 102 can best be described by referencing the processing of a
typical 5 call. A call is placed by a debit customer dialing an 800 number
using a telephone 104. The call is received by a first local exchange
network 106. A first local exchange network 106 comprises switches and
termination equipment within a localized area. An example of a 10 first
local exchange network 106 is a local telephone operating company network
such as Bell Atlantic. The first local exchange network 106 sends the call
to an interexchange switch 108 in an interexchange network 110. 1~ Similar
to the first local exchange network 106, an interexchange network 110
comprises a plurality of switches, also referred to as exchanges, that are
located throughout a geographic area. For example, a national interexchange
network 110 comprises switches 20 located throughout the nation. The
interexchange network 110 is typically used to process long-distance
telephone calls. When a call is routed to the interexchange network 110, it
may be routed to one or more switches within the interexchange network. 25
If the call is received by the interexchange network switch 108, the
interexchange network switch 108 will route the call to a bridging switch
112. The bridging switch 112 will then route the call to the SSCP 130.
Alternatively, if a bridging switch l12 30 receives the call, the bridging
switch 112 will route the call directly to the SSCP 130. The switches in
the interexchange network 110, including the interexchange network switch
108 and the bridging switch 112, may be implemented using DMS-250 switches
9   p 1 APR 2002 WO 99/2t3(2 PCT/US9A/22270 manufactured by Nortel. When a
customer requires customer service assistance, or if the customer wants to
recharge his or her prepaid card, a human operator may assist. The 5 SSCP
130 sends the call to the ACD 114 by generating a message with the 800
number dialed by the customer. The SSCP 130 sends the call to the ACD 114
via the bridging switch 112. After the bridging switch 112 sends the call
to 10 the ACD 114, the ACD 114 communicates with the ISNAP 116 to route the
call to a manual operator console 122A. The call is handled as a new call
by ACD 114. Exemplary manual operator console 122A allows a human operator
to handle one individual debit call at a time. 15 Manual operator consoles
122 are logically grouped together in groups. The ISNAP 116 selects a
manual operator console 122A and ensures that incoming calls are
distributed among the logically defined groups. The ISNAP 116 has a
database containing routing 20 information (group number) for the 800
number used to dial the call. The ISNAP 116 returns the group number to the
ACD 114, which in turn selects a specific operator 122A from this group and
establishes a software and voice connection to this operation console 



?S 122A. The ACD 114 provides switching functionality between the manual
operator console 122A that was selected by the ISNAP 116 and the
interexchange network 110. The ACD 114 may be implemented using the
automated call distributor manufactured by Nortel. 30 The ISNAP 116
communicates to the manual operator consoles 122 via NSPP on an operator
network center (ONC) wide area network (WAN) and two local area networks
(LANs) referred to as the ONC LANs/WAN 118. The ONC LANs/WAN 118 provide a
connection to the manual 10   0 ~ APR Z002 WO 99l21312 I'CT/US98/22270
operator console 122A and may assist the ISNAP 116 in directing the call to
a manual operator console 122A. The ONC LANs/WAN 118 is a transmission
medium and provides access to databases that store information used to
process calls. The manual operator consoles 122 communicate with the ONC
LANs/WAN 118 using NSPP. The ONC LANs/WAN 118 may be implemented with one
or more WANs and/or LANs using Ethernet technology, a token ring LAN, or
other similar WAN/LAN technology. 10 The manual operator consoles 122 are
computer consoles that receive calls from the ACD 114 and provide the human
operator (not shown) with the information to address the debit customer's
call. Unfortunately, the information received does not 15 include debit
customer account information. The manual operator consoles 122 need access
to the SDP 128 in order to obtain debit customer account information. The
SDP 128 stores debit customer account information used for traffic
handling, service 20 provisioning, and billing of debit calls. In
accordance with the present invention, the manual operator console 122
accesses the SDP 128 via the AINGW 124 and the SDP LAN 126. The AINGW 124
provides protocol conversion between TCP/IP used by the SDP 128 ~'S and
NSPP used by the manual operator consoles 122. The AINGW 124 includes one
or more computer programs with layers that interface with the SDP 128 and
the manual operator consoles 122, perform protocol conversion, and monitor
other processes. -The computer programs of the 30 AINGW 124 will be
described in further detail with the reference to FIG. 2 and FIGS. 4-10.
The selected manual operator console 122A uses information received from
the SDP 128 to process the call and then releases the call back to the
bridging 11 t~~ rnCTrTr rTr'_ cuccT ~nr rr r ~~   01 APR 2002 WO 99/21312
fCT/US98/22270 switch 1l2 via the ACD 114. The bridging switch 112 connects
the call to the receiver 134 via a second local exchange network 132.
Similar to a first local exchange network 106, a second local exchange
network 5 132 comprises switches and termination equipment within a
localized area. The example used in illustrating a first local exchange
network 106, a local telephone operating company network such as Bell
Atlantic, also applies to a second local exchange network 132. 10 FIG. 2 is
a block diagram of the elements of an AIN of the interface environment 102
of FIG. 1. The computer program layers of the AINGW 124 comprise a basic
overseer service (BOSS) 202, an advanced intelligent network application
(AIN APP) 204, an 



15 interprocess communications manager (IPC MGR) 206, a NSPP interface
layer (NM) 210, an operational measurements process (OM) 214, a human
machine interface (HMI) 216, and an alarm screener 218. The IPC MGR 206 and
the NIM 210 provide software interfaces 20 between the AINGW 124 and the
SDP 128 and the manual operator consoles 122 respectively. The AIN APP 204
provides transfer of messages between the IPC MGR 206 and the NIM 210 and
protocol conversion. The BOSS 202, OM 214, and alarm screener 218 provide
measurement 25 data, monitoring, and error logging. The HMI allows
configuration of entities within the computer programs on the AINGW 124.
The AIN SDP link 208 and AIN-manual operator console link 212 provide links
to the SDP l28 and the 30 manual operator consoles 122 respectively. The
AIN manual operator console link 212 provides a link from the AINGW 124 to
the manual operator consoles 122 via the ONC LANs/WAN 118. The BOSS 202 is
responsible for starting, stopping 12 cr rRSTrTr rr~ ci-IFFT IQt n ~ ~a~
0 ~ APR 2002 WO 99l21312 PCT/US98/22270 and monitoring the processes on the
AINGW 124, The BOSS 202 is the first process started during the start up of
the AINGW 124. Monitoring processes on the AIN is done using heartbeats. In
addition, the BOSS 202 S accepts commands from the HMI 216 to start or stop
the AINGW 124 and commands from the NIM 210 to notify of connectivity
problems to the manual operator consoles 122. The BOSS is described further
below with reference to FIG. 5. 10 The AIN APP 204 is a computer program on
the AINGW 124 that interfaces between the manual operator consoles 122 and
the SDP 128. The AIN APP 204 interfaces with the manual operator consoles
122 and SDP l28 by communicating with the two interface 15 programs, the
NIM 210 and the IPC~MGR 206, on the AINGw 124. The AIN APP 204 interfaces
with the manual operator consoles 122 by communicating with the NIM 210 and
it interfaces with the SDP 128 by communicating with the IPC MGR 206. 20
The AIN APP 204 communicates with the NIM 210 and the IPC~MGR 206 by
receiving and sending transaction capabilities application part (TCAP)
messages. A TCAP message is in the same format as the TCAP message defined
by the industry standard format for TCAP 2S messaging for using with
Signaling System Number 7 (SS7) protocol. However, unlike the industry
standard, TCAP messages are used with various protocols and are not limited
to use with SS7. The current industry standard is published in the
International 30 Telecommunications Union (ITU) Signaling System Number 7
(SS7) Integrated Services Digital Network (ISDN) User Part (ISUP) NCT 1.1l3
(1995) document and the International Telecommunications Union (ITU)
Signaling System Number 7 (SS7) Message Transfer Part (MTP) NCT 13
~11RCTTTt ITS' Ct-1~F:T li>t 11 r ~rv   01 APR 200Z 



wo 99ni3~~ ~cTms~snzz~n 1.111 (1992) document which are incorporated herein
by reference in their entirety. In accordance with the preferred embodiment
of the present invention, the TCAP messages received and sent by the ATN
APP 204 include 5 information to process and bill debit calls. The AIN APP
204 receives TCAP messages from the manual operator consoles 122 and sends
the TCAP messages to the SDP 128. When the AIN APP 204 receives a reply
from the SDP 128, the AIN APP 204 sends the 10 reply to the manual operator
consoles 122. In order to send the TCAP messages between the manual
operator consoles 122 and the SDP 128) the AIN APP 204 converts between
TCP/IP and NSPP. The AIN APP 204 includes software layers that 15 receive,
send. and perform protocol conversion. Within the AIN APP process, a
transaction capabilities application part receive (TCAP RECV) layer
receives TCAP messages from both the manual operator consoles 122 via the
NIM 210 and from the SDP 128 via the 20 IPC~MGR 206. Within the AIN APP
process, a transaction capabilities application part send (TCAP_SEND) layer
sends messages to both the manual operator consoles 122 via the NIM 210 and
to the SDP 128 via the IPC MGR 206. An advanced intelligent network process
message NIM 25 (AIN_PROCESS MSG NIM) layer and an advanced intelligent
network process message IPC (AIN PROCESS-MSGlIPC) layer perform protocol
conversion. The AIN APP is described further in FIGS. 5 and 7-13. The TCAP
messaging is encoded in abstract syntax 30 notation (ASN.1). Abstract
syntax notation is a generic computer programming language that can be used
to write message definitions for products that will reside on various
platforms. The ab9tract syntax notation used to encode the transaction
capabilities 14   01 APR Z002 WO 99I21312 PCT/US98/22270 application part
(TCAP) message complies with the industry standard 2.07 and 2.08
established by the Consultative Committee on International Telegraph and
Telephone which is the standards-setting committee of 5 the International
Telecommunications Union (ITU). The AIN APP 204 communicates to the SDP 128
via the IPC MGR 206. The IPC MGR 206 is a TCP/IP interface. In accordance
with the preferred embodiment of the gresent invention) the IPC MGR 206
allows 10 communication with the SDP 128. The IPC MGR 206 is referred to as
a transport mechanism application because it is the mechanism which
processes use to transport messages. The IPC MGR 206 is described further
in U.S. Patent Application serial number IS 08/671,027 entitled, "System
and Method for Interprocess Communication" filed on June 25, 1996 which is
incorporated by reference herein in its entirety. Communication protocols,
such as TCP/IP, provide connectivity for communication between two
networked 20 nodes. Examples of TCP/IP implementations include Multinet, a
computer program produced by TGV, Inc. and UCX, a computer program by
Digital Equipment Corporation. The IPC MGR 206 communicates to the SDP 128
via an 25 AIN-SDP link 208. The AIN-SDP link 208 connects the AINGW 124 to
the SDP 128 via the SDP LAN 126. 



The AIN~PP 204 communicates to the manual operator consoles 122 via the NIM
210. The NIM 210 is a NSPP client and server that runs on the AINGW 124. 30
NSPP is a session oriented, guaranteed delivery, communication protocol.
NSPP is implemented on top of UDP/IP, used by the manual operator consoles
122, to provide faster communication for call processing. Although the NIM
may interface with computer programs 15 ~r roCrr~t rTr ClW ~T Inr rr ~ nr.
01 APR 2002 WO 99121312 PCT/US98122270 by functioning as both a client and
a server, in the preferred embodiment of the present invention, the NIM 210
is a server. The NIM is also referred to as a transport mechanism
application because it transports 5 messages between applications. The NIM
is described in further detail in U.S. Patent Application Serial Number
08/672,139 entitled, "A Communication Gateway" filed on June 27, 1996 which
is incorporated by reference herein in its entirely. 10 The NIM 210
communicates to the manual operator service consoles 122 via an AIN-manual
operator console link 212. The AIN-manual operator console link 212
connects the AINGW 124 to the manual operator consoles 122 via the ONC
LANs/WAN 118. 15 The OM 214 collects call data from the AIN APP on the
AINGW 124. The OM uploads this data, via NIM, to mainframe for further
analysis. The HIM 216 provides access via a series of software menus which
allow the configuration, addition, 20 or deletion of configurable entities
within the computer programs on the AINGW 124. The alarm screener 218
accepts from the other processes on the AINGW 124. The alarms are logged
into an alarms log file and receive alarm treatment. Alarm 25 treatment
consists of thresholding and screening the alarms so the alarms can be
processed by other computer programs on the computer system network. The
AINGW 124 of the present invention is preferably implemented using a
computer system as shown 30 in block diagram form in FIG. 3. The computer
system includes one or more processors, such as processor 306 connected to
bus 304. In a preferred embodiment of the present invention the AINGW 124
is a DEC Alpha server 1000 with one central processing unit (CPU) operating
16   01 APR 2002 WO 99I2131: rc-rms9sn~~~o at 266 megahertz (MHZ). Also
connected to bus 304 is main memory 30B (preferably random access memory,
RP.M) and secondary storage devices 310. In a preferred embodiment of the
present invention, the secondary 



5 storage devices 310 include) for example, a hard drive 312 and a
removable storage medium drive 314 (such as a disk drive, for example). The
AIN-APP 204 is preferably a computer program that resides in main memory
308 while executing. When 10 executing, this computer program enables the
AINGW 124 to perform the features of the present invention as discussed
herein. Thus, the AIN APP 204 represents a controller of the AINGW 124 (and
of the processor 306). In one embodiment the present invention is a 1~
computer program product (such as removable storage medium 316,
representing a computer storage disk, compact disk, etc.) comprising a
computer readable media having control logic recorded thereon. The control
logic, when loaded into main memory 308 and 20 executed by processor 306,
enables the processor 306 to perform the operations described herein. FIG.
4 illustrates the message flow involving an AINGW 124. The message flow is
described with respect to an exemplary call being handled by a manual
operator 25 console 122A. The message flow begins with the manual operator
console 122A sending a TCAP message to the SDP 128 via the AINGW 124 to
obtain information needed to process and bill a debit customer's call. The
SDP 128 provides the information in the TCAP message, also 30 referred to
as a response TCAP message, responding to the manual operator console 122A
also via the AINGW 124. As shown in FIG. 2, several computer programs
reside on the AINGw 124. The programs that provide I7   01 APR 2002 WO
99I21312 r~cTius9snzz~o message transfer between the manual operator
console 122A and the SDP 128 are the network interface module service
(NIMSYS) which is a computer program associated with the NIM 210, the
AIN^APP 204) and the IPC_MGR 206. 5 NIMSYS receives the message sent by
manual operator console 122A and sends the message to the AIN APP 204 for
protocol conversion. The AIN APP 204 sends the message to the SDP 128 via
the IPC MGR 206. When the SDP 128 responds, the IPC MGR 206 receives the
message. 10 The IPC_MGR 206 sends the message to the AIN APP 204 for
protocol conversion. The AIN APP 204 sends the message to manual operator
console 122A via NiMSYS. In step 406, the manual operator console 122A
sends a TCAP/NSPP (UDP/IP) message. The TCAP message 15 sent by the manual
operator console 122A is in NSPP (UDP/IP) compatible format because the
manual operator consoles 122 and operator network center LANs/WAN
communicate using NSPP over UDP/IP. In step 408, NIM receives the NSPP
packet. The 20 NIM transfers the message to the AIN APP service. NIM is
described in further detail in U.S. Patent Application Serial Number
08/672,139 entitled, "A Communication Gateway" referenced above. In step
410, the AIN APP 204 processes the TCAP 25 message. The AIN APP 204
transfers the message from the NIM to the IPC~IGR and provides protocol
conversion from NSPP (UDP/IP) protocol to TCP/IP. The AIN APP 204 is
described in further detail with respect to FIGS. 513. Step 410 corresponds
to steps 508-512 of FIG. 5. 30 In step 412, the IPC,~IGR receives the
message from AID1 APP 204. The IPC-MGR 206 transports the message from the
AIN APP 204 to the SDP 128. The processing performed by the IPC MGR 206 is
described in further detail in U.S. Patent Application Serial Number 18 



0 ? A PR Z002 Vr'O 99I21312 PCT/US98J2227U 08/671,027 entitled, "System and
Method for Interprocess Communication" referenced above. In step 414) the
SDP 128 receives the TCAP/TCP/IP message. The TCAP message received by the
SDP 128 is 5 compatible with TCP/IP. In step 416, the SDP 128 sends a
response TCAP/TCP/IP message. In step 418, the IPC^MGR 206 receives the
message from the SDP 128. The IPC_MGR 206 transports the 10 message from
the SDP 128 to the AIN APP 204. The processing performed by the IPC MGR 206
is described in further detail in U.S. Patent Application Serial Number
08/671,027 entitled, "System and Method for Interprocess Communications'
referenced above. 15 In step 420) the AIN APP 204 receives and processes
the message. The AIN APP 204 transfers the message from the IPC MGR 206 to
the NIM and provides protocol conversion from TCP/IP to NSPP (UDP/IP). The
AIN APP 204 is described in further detail with respect 20 to FIGS. 5-13.
Step 410 corresponds to steps 518-522 of FIG. 5. In step 422, the NIM
receives the message from AIN APP 204. N1M processing is described in
further detail in U.S. Patent Application Serial Number 25 0B/672,139
entitled, "A Communication Gateway" referenced above. In step 424, the
manual operator console 122A receives the message. The response message
received by the manual operator console 122A is in NSPP (UDP/IP) 30 f orma
t . FIG. 5 illustrates the message flow within the AIN-APP. Several
software layers of the AIN APP, mentioned previously in the description of
FIG. 2, receive, send, and perform protocol conversion. The 19   01 APR
2002 WO 99/2l312 PCT/US98/22270 TCAP RECV layer acts as a single interface
for receiving TCAP messages. The TCAP_RECV layer receives both the initial
TCAP message from the manual operator console 122A and the reply TCAP
message from the SDP 5 128. The TCAP SEND layer acts as a single interface
for sending TCAP messages. The TCAP SEND layer sends both the initial TCAP
message to the 5DP 128 and the reply message to the manual operator console
122A. The AIN_PROCESS MSG NIM layer performs protocol conversion 



10 for the initial TCAP message sent from the manual operator console 122A
to the SDP 128. The AIN PROCESS MSG_IPC layer performs protocol conversion
for the response TCAP message from the SDP 128 to the manual operator
console 122A. 15 In step 506, the manual operator console 122 sends a TCAP
message to the AINGW 124. The TCAP message complies with the TTU TCAP
standard referenced above. In order to describe how information is passed
between the manual operator console 122A and the SDP 128, a 20 description
of the TCAP message is provided below. In the preferred embodiment of the
present invention, the fields of the TCAP message are used either to assist
in the transaction of the message or to pass other inforTnation, such as
debit customer account ?5 information, between the manual operator console
122A and the SDP 128. The TCAP message includes two portions: a transaction
portion and a component portion. The transaction portion is used to assist
in sending the 30 message between the manual operator console 122A and the
SDP 128. The transaction portion indicates the message type and provides
information identifying the message and the component portion. The
transaction portion and the component portion are described in 20   01 A PR
Zpp2 W O 99l21312 5 10 20 25 Table 2 At the beginning of a transaction, the
manual operator console 122 sends a begin type TCAP message 30 which
requires a response be returned. The type of message is indicated in the
first field of the message as shown in Table 2. The possible message type
tags PCT/US98/2227() Table 1 below. The transaction portion is described in
more detail in Table 2 following Table 1. Transaction Capabilities A
lication Part Messa aFieldUsageTransaction PortionIndicates the type of
message and thenetwork elements that will receive themessage.Component
PortionIndicates the operation to be performed)provides parameters that can
bespecified on a product-by-product basis,and provides a response to the
messagetransfer. Table 1 Transaction Portion of the TransactionCa abilities
A lication Part Messa aFieldUsageMessage Type TagIndicates the type of
transaction. Thefive types are begin, end, continue)abort and
unidirectional.Total TCAP MessageIndicates the total length of the
TCAPLengthmessage.Transaction PortionComprises a transaction identifier
andInformation Elementtransaction identifier length. Atransaction
identifier permitstransaction association. A transactionidentifier length
indicates the totallength of the transaction identifier.Component Portion
TagIndicates that the component portion ofthe TCAP message
follows.Component PortionIndicates the total length of theLengthcomponent
portions 21  



01 APR 2002 WO 99I21312 PCT/US98/222711 are described in further detail in
Table 3 below. In addition, Table 3 provides the appropriate transaction
identifier for each message type tag. 22   01 APR 2002 WO 99/2I312
PCTlUS98122270 Message Type Definition and Associationwith Transaction
IdentifierMessage Type TagUse of Message Type
TagTransactionIdentifierBeginIndicates the beginningAn originatingof a
transaction and thetransactionneed to return aidentifier isresponseincluded
in themessageJEndIndicates the responseA destinationto a query and an end
totransactionthe transactionidentifier isincluded in themessageContinueA
response to a query,Both originatingwith a prearrangedand
destinationtimeouttransactionidentifiers areincluded in
themessageAbortIndicates an abruptA destinationtermination of
thetransactiontransactionidentifier isincluded in themessageUnidirectionalA
message sent without aA destinationresponsetransactionidentifier isincluded
in themessage. 10 Table 3 In addition to a transaction portion, the
transaction capabilities message also includes a component portion. The
component portion may be one of l5 the following types: invoke, return
result last, return result not last, return error, or reject. In begin,
end, unidirectional, and continue type messages, the component portion
includes information to assist in sending the message. In addition, the 20
component portion of the end type or continue type response messages
includes the information needed by the manual operator console 122A.
Further detail on the component portion is given in Table 4 below. 23   01
APR 2002 WO 99I21312 PCTIUS98/22270 Component Portion of the
TransactionCapabilities Application Part MessageFieldUsaqeInvoke
ComponentIndicates the operation to beperformed and, in the
preferredembodiment of the present invention,parameters needed to perform
theoperation.Return Result LastIndicates that a transaction
completedsuccessfully. Includes a componenttype tag and an invoke
identifier tag.May also include a sequence tag and anoperation and code
tag. In thepreferred embodiment of the presentinvention, parameters are
included ina parameters field that provideinformation about the debit
custome r saccount. A sequence tag is used whenthere is more than one
parameter in acomponent. It is followed by sequencelength.Return Result Not
LastIndicates a response without acompletion of the transaction.Includes a
component type tag and aninvoke identifier tag. May alsoinclude a sequence
taq and anoperation and code tag. In thepreferred embodiment of the
presentinvention, parameters are included ina parameters field that
providerouting and billing information. Asequence tag is used when there
ismore than one parameter in acomponent. It is followed by
sequencelength.Return Error ComponentIndicates either that
invalidinformation was transmitted or asystem failure exists that
prohibitscall set-up. Includes a componenttype tag and an invoke identifier
tag.May also include a parameters field.Reject ComponentIndicates a
protocol error such as amissing parameter. Includes acomponent type tag, an
invokeidentifier tag, a problem code taq,and a parameter field. A problem
codeis preceded by a problem code tag anda problem code length. A problem
codemay be one of the four followingtypes: a general problem) a
returnresult problem, and a return errorproblem. 10 Table 4 



24   01 APR 2002 WO 99121312 PCT/US98l22?70 Because a begin type TCAP
message is sent from the manual operator console 122A) the component
portion comprises an invoke component. The invoke component 5 includes the
operation to be performed and parameters defined on a message-by-message
basis. More information on the query or invoke component is given in Table
5 below. 10Invoke ComponentFieldUsageComponent Type TagIndicates the type
of component.Invoke IdentifierInvoke identifiers are used todistinguish
between multiplecomponents within a singletransaction. The invoke
identifieris preceded by an invoke identifiertag and an invoke identifier
length.Linked Identifier TagLinks multiple transactions.Preceded by a link
identifier tag andlink identifier link.ISOperation CodeIdentifies the
operation to beperformed. The operation code ispreceded by an operation
code tag andan operation code length.Parameter ContentsParameters defined
on a messageby-message basis. Parameter contentsare preceded by the
parameter tag andparameter length. Table 5 20 The parameters contents field
shown in Table 5 in the query or invoke component of the TCAP message
contains parameters that-are defined on a message-bymessage basis. In a
request message` the parameter contents field contains the data necessary
for the SDP ?5 128 to access the customers debit account. In a response,
the parameter contents field contains the status of the customer's account.
In step 508, the TCAP RECV layer within the 25   01 APR 2002 WO 99/213l2
PCT/US9812'_270 AIN APP is executed. The TCAP RECV layer determines which
transport mechanism application sent the TCAP message. In other words, the
TCAP_RECV layer determines whether the TCAP message is received vla the 5
NIM 210 from the manual operator console 122 or via the IPC MGR 206 from
the SDP 128. When the message is sent from the manual operator console
122A, the TCAP RECV layer will determine that the message is received from
the NIM 210. When the TCAP^RECV layer determines the 10 source of the
message, it processes the corresponding decoding and constructing layer.
The decoding and constructing layers are the AIN PROCESS MSG NIM layer and
the AIN-PROCESS MSG IPC layer. The TCAP RECV layer is described in further
detail with reference to FIG. 15 11. The AIN PROCESS-MSG NIM layer is
described further with reference to FIG. 8. The AIN_PROCESS-MSG-IPC layer
is described further with reference to FIG. 1 0. In step 510, the AIN
PROCESS MSG NIM layer is executed. Similar to TCAP_RECV, the 20 AIN_PROCESS
MSG_NIM layer is within the AIN APP computer program. The AIN~PROCESS
MSG-NIM layer decodes the TCAP message and stores the information from the
message in an array. The AIN PROCESS_MSG-NIM layer populates a dialog
identifier which identifies 



25 the element in the array where the information was stored. The AIN
PROCESS MSG NIM layer is described in further detail with reference to FIG.
8. In step 512, the TCAP SEND layer is executed. The TCAP SEND layer is
also within the AIN APP. The 30 TCAP-SEND layer determines which transport
mechanism application will receive the TCAP message. In other words, TCAP
SEND determines whether to send the TCAP message via the NIM 210 to the
manual operator console 122 or via the IPC-MGR 206 to the SDP 128. 26   01
APR 2002 WO 99/21312 PCT/US98/2227U Accordingly, when the message is
received from the manual operator console 122, the TCAP SEND layer forwards
the message to the SDP 128 via the IPC MGR 206. After TCAP-SEND determines
the recipient of the message, it processes the corresponding decoding and
constructing layer. The TCAP~SEND layer is described in further detail with
reference to FIG. 12. In step 514, the SDP 128 receives the TCAP message.
The SDP 128 is a computer system that 10 includes a database that stores
debit customer account information. For typical debit calls, the SDP 128 is
accessed by the SSCP 130. The SSCP 130 provides automated menus that allow
the debit customer to select options and provide 1~ information to process
the call. However, when the debit customer wishes to use customer services,
the call must be routed to one of the manual operator consoles 122 which
use NSPP iUDP/IP) protocol. The manual operator consoles 122 20 request
debit customer information required for processing the call from the SDP
128 a5 occurs with call processing via the SSCP 130. Unlike call processing
via the SSCP 130, the call is routed via the AIN because protocol
conversion is needed. Similar to 25 call processing with the SSCP 130, the
SDP 128 processes the TCAP message using stored debit customer account
information. In step 516, the SDP 128 sends a response TCAP message. The
response is a continue type TCAP message. 30 Like the begin type TCAP
message, the continue type TCAP message comprises a transaction portion and
a component portion which are described in further detail in Table 1 above.
Unlike the begin type TCAP message, the continue type TCAP message has a
continue type 27 ef ~ac~rrrr rTr ~L.IFi=T' Icat 11 r   01 APR 2002 WO
99/21312 r~c~rius9sn2z~o 



message type tag. Further detail on message type tags is given in Table 3
above. The SDP 128 stores the customer account information in the component
portion of the response 5 TCAP message shown in Table 4 above. The
component portion of a successful continue type TCAP message comprises a
return result component. Return Result Com onentFieldUsage10Component Type
TagIndicates the type of component.Invoke IdentifierInvoke identifiers are
used todistinguish between multiplecomponents within a singletransaction.
The invoke identif~.eris preceded by an invoke identifiertag and an invoke
identifier length.Operation CodeIdentifies the operation to beperformed.
The operation code ispreceded by an operation code tag andan operation code
length.Sequence TagMay be used to provide informationabout the component
sequenceParameter ContentsParameters defined on a message-by-message basis.
Parameter contentsare preceded by the parameter tag andparameter length.l5
Table 6 The parameters field of the return result 20 component of the
continue type TCAP message shown in Table 6 is used to transmit the
customer account information. The parameter field shown in Table 6 is in
the same format of the more detailed description of the parameter field
that was discussed with respect to 25 the invoke component of the begin
type TCAP message. The SDP 128 populates the information into the parameter
contents field. In step 518, the TCAP-RECV layer is executed. The TCAP RECV
layer is the same layer that is processed in 28   01 APR 2002 WO 99121312
PCT/US98122270 step 508 when the begin type TCAP message is sent from the
manual operator console 122. Similar to the processing of the begin type
TCAP message. the TCAP RECV layer determines which transport mechanism 5
application sent the TCAP message. In other words, the TCAP RECV layer
determines whether the TCAP message is received via the NIM 210 from the
manual operator console 122 or via the IPC_MGR 206 from the SDP 128. In
step 518, the message is received from the SDP 128, 10 therefore) the
TCAP-RECV layer will determine that the TCAP message was received from the
IPC MGR 206. When the TCAP_RECV layer determines the source of the message,
it processes the corresponding decoding and constructing layer. The TCAP
RECV layer is described IS in further detail with reference to FIG. 11. In
step 520, the AIN PROCESS MSG-IPC layer is executed. Similar to other
layers described above, the AIN_PROCESS MSG_IPC layer is also within the
AIN_APP computer program. The AIN PROCESS MSG_IPC layer 20 decodes the TCAP
message and retrieves the information stored in the array during step 510.
The AIN-PROCESS MSG IPC layer retrieves the dialog identifier from the
message received from the SDP 128. The dialog identifier is used to
identify the element 25 in the array that was used to store the information
during step 510. The AIN PROCESS MSG IPC layer uses the dialog identifier
to retrieve the information stored in the dialog array. The AIN~PROCESS
MSG-IPC layer populates the stored information into the TCAP 30 message.
The AIN PROCESS NiSG_IPC layer is described in further detail with
reference to FIG. 10. 



In step 522, the TCAP SEND layer is executed. The TCAP~SEND layer is the
same layer that is processed in step 512 when the begin type TCAP message
is sent from 29   01 APR 2002 WU 99/Z 1312 PCT/US98I2227U the manual
operator console 122 to the SDP 128. Similar to the processing of the begin
type TCAP message, TCAP SEND determines which transport mechanism
application will receive the TCAP message. In other S words, TCAP SEND
determines whether to send the TCAP message via the NIM 210 to the manual
operator console 122 or via the IPC MGR 206 to the SDP 128. Accordingly,
when the message is received from the SDP 128 with the information
requested, the TCAP_SEND layer 10 determines that the message is being sent
to the NIM 210 to provide the information to the manual operator console
122. When TCAP SEND determines the recipient of the message, it processes
the corresponding decoding and constructing layer. The TCAP_SEND layer is
1S described in further detail with reference to FIG. 12. In step 524, the
manual operator console 122A receives the continue type TCAP message. The
manual operator console 122A retrieves the information from the parameter
contents field of the TCAP message and 20 provides the human operator with
information needed to process the debit call. FIG. 6 is a flowchart 602
which illustrates the operation of BOSS 202. The BOSS 202 is responsible
for starting, stopping, and monitoring the processes on the 25 AINGW 124.
The BOSS 202 process is the first process called during start up of the
AINGW 124. In step 606, BOSS 202 starts through the batch process. The
batch process submits batch jobs that include command procedures that
initiate BOSS 202 and 30 enable BOSS 202 to begin processing. In step 608,
BOSS 202 reads the BOSS configuration file. The BOSS configuration file
contains identifiers fvr each process to be started by BOSS 202 along with
other information about the processes. 30 SUBSTITUTE SHEET (RULE 26)   01
APR 2002 WO 99/21312 PCT/US98I22270 In step 610, BOSS 202 starts the
processes in the BOSS configuration file. In this embodiment, the BOSS
configuration file will call the IPC_MGR 206) the alarm screener 218, the
NIM 210, and the AIN APP 204. During 5 start-up, each process initializes
communication with BOSS 202, performs internal initialization, and sends an
initialization complete message back to BOSS 202. BOSS 202 starts the
processes in the order they are specified in the configuration file. 



10 The IPC MGR 206 is responsible for monitoring BOSS 202. Therefore, the
IPC MGR 206 is the first process that BOSS 202 starts. If BOSS 202
malfunctions, the IPC MGR 206 controls and restarts BOSS 202. In step 612,
BOSS 202 establishes a lock on each 15 process that was started. The lock
will allow BOSS 202 to be notified if a process terminates. In step 614,
BOSS monitors applications' status. BOSS 202 monitors specified processes
referred to as heartbeat processes. The BOSS configuration file has a 20
heartbeat flag) which when set to Y, will cause BOSS 202 to monitor the
flagged or heartbeat process. To monitor a process, BOSS 202 sends a
heartbeat, starts a timer) and waits for a response. If a response is not
received from the process within the time-out period, 25 BOSS 202 will stop
and restart the process. If other processes are interdependent on the
malfunctioning process, BOSS 202 will stop the other processes) restart the
malfunctioned process, and then restart the other processes. In this
embodiment, the heartbeat 30 processes comprise the IPC MGR 206, the alarm
screener 218, the NIM 210) the AIN APP 204, and the OM 214. The HMI 216 is
not monitored by heartbeats. ' In step 616, BOSS 202 stops the
applications. BOSS 202 stops the applications before the AINGW 124 31   01
APR 2002 WO 99/21312 PCTIUS98/2227U system shuts down and is only on
command from the HMI 216. FIG. 7 is a flowchart 702 which illustrates the
operation of the AIN_MAIN) advanced intelligent network 5 main layer. AIN
MAIN is the layer that is first processed when the AIN-APP 204 is started
by BOSS 202. AIN MAIN establishes interconnections between the IPC MGR 206
and the NIM 210 which allows the AIN-APP 209 to perform its function as
interface between the 10 manual operator consoles 122 and the SDP 128. In
step 706, the AIN MAIN reads and validates the advanced intelligent network
(AIN) configuration file. The AIN configuration file contains the
information needed to establish connection with the SDP 128. In 15 another
embodiment of the present invention, the network contains more than one SDP
128. In that embodiment, the AIN configuration file contains the
information needed to establish connections with a11 of the SDPs 128. More
particularly, the AIN configuration 20 file comprises the number of SDPs
128 and for each SDP 128, a unique SDP identifier, referred to as~a server
key, the protocol to be used in communicating with the SDP 128, such as
TCP/IP, and the Internet protocol addresses for each SDP 128. The Internet
~5 protocol address is an address on the SDP 128 identifying a point to
interconnect and access information. Typically a SDP 12B has three Internet
protocol addresses. In step 708, AIN MAIN attaches to the IPC MGR 206. 30
AIN-MAIN establishes an interconnection between the AIN APP 204 and the IPC
MGR 206. AIN APP then tells the IPC MGR to establish TCP connections to the
IP addresses read in from the configuration file. That allows the AINGW to
communicate with the SDP 128. 32   



01 APR Z002 WO 99f21312 rcTms9sr~z~~o In step 710, the AIN MAIN attaches to
the NIM 210. when the AIN MAIN attaches to the NIM 210, NIM announces to
the manual operator consoles 122 that customer service for debit customers
is available. 5 In step 712, the AIN MAIN initializes the dialog array. The
dialog array is an array that can handle 1024 messages in a particular
process. The dialog array stores information about the transaction as the
transaction is taking place. The AIN MAIN stores a 10 dialog identifier in
the transaction capabilities message during the transaction. The dialog
identifier is used to retrieve the information stored in the dialog array
later during the transaction and points to the corresponding element in the
array. 15 In step 714, the AIN MAIN routine establishes communications. The
AIN MAIN routine calls the IPC MGR 206 to establish communications. The AIN
MAIN routine establishes communications with NIM 210 after it has
established TCP connections with the SDP 128 via the 20 IPC MGR 206. In
step 714, the AIN MAIN hibernates and waits for a request to be received
from the NIM 210. FIG. 8 is a flowchart 802 which illustrates the operation
of the process client message ?5 (AIN PROCESS MSG NIM) layer. The
AIN-PROCESS^MSG^NIM layer receives messages from the manual operator
console 122A via the NIM 210 and the TCAP^RECV layer of the AIN_APP 2 04 .
In step 806, the AIN_PROCESS MSG NIM layer 30 determines the operation code
that was sent. An operation code) which is one of the operation codes
defined by NSPP, is sent by the NIM 210. The three possible operation codes
that may be sent by NIM 210 include UNKNOWN) MSG INGW REQ, and MSG-PICK. 33
01 APR 2002 WO 99l21312 PC'TIUS98I22270 Each of the operation codes causes
the AIN-PROCESS-MSG_NIM layer to perform a different function. The UNKNOWN
operation code is an error message that causes an alarm. The MSG_PICK
operation 5 code is used by the manual operator console 122A during start
up to establish that the AIN APP 204 is an available service. TheiMSG INGW
REQ operation code is used by the manual operator console 122A to signal
that a TCAP message is being sent requesting information IO from the SDP
128. If the operation code is UNKNOWN, step 808 is processed. In step 808,
the AIN PROCESS MSG NIM layer logs an alarm invalid message. The alarm
invalid message is logged via the alarm screener 218. After 15 step 808 is
performed, the AIN PROCESS MSG~NIM proceeds to step 832. If the operation
code is MSG_PICK, step 8I0 is processed. In step 81D, the AIN PROCESS~MSG
NIM layer sends a PICILRSP message to the manual operator console 20 122A
via the TCAP SEND layer and the NIM 210. The PICK RSP message indicates
that the AIN APP 204 is an available service. After step 810 is performed,
the AIN PROCESS MSG NIM layer proceeds to step 832. If the operation code
is MSG~INGW REQ, step 812 is 25 performed. Step 812 is the first step in
processing the TCAP message sent by the manual operator console 122A
requesting information from the SDP 128. In step 812, the AIN PROCESS
MSG~NIM layer finds the first available array element in the dialog array.
The 



30 dialog array is an internal array that is used for storing transaction
information. In step B14, the AIN PROCESS MSG NIM layer records the sender.
The AIN APP 204 allows access by many transport mechanism applications.
Recording the sender 34   0 ~ APR 2002 WO 99I21312 PCT/U598/22:~~ allows
the AIN_PROCESS MSG_NIM to process messages sent by multiple senders. For
example, SS7 manual operator consoles may be added to the network and
processed by AIN PROCESS MSG_NIM. SS7 manual operator consoles are 5
similar to manual operator consoles 122 except that SS7 manual operator
consoles use SS7 signaling rather than NSPP. The AIN PROCESS MSG NIM could
be used to process the TCAP messages sent by the SS7 manual operator
consoles 122. 10 In step 816, the AIN PROCESS MSG NIM layer stores the
message header. The message header is compatible with NSPP and is stored in
the internal array. When a response TCAP message is sent from the SDP 128
to the manual operator console 122A, the AIN_PROCESS MSG-IPC 1~ will
retrieve the message header and rebuild the message in NSPP format to
respond to the manual operator console 122A. In step 818, the AIN PROCESS
MSG NIM layer decodes the message. 20 In step 820) the AIN PROCESS MSG_NIM
layer determines the value of the choice variable. The value of the choice
variable determines whether the BEGIN-CHOSEN routine is processed or an
alarm logged and abort message sent. The choice variable may be ~5 BEGIN
CHOSEN, END) ABORT, CONTINUE, UNKNOWN, and UNIDIRECTIONAL. If the choice
variable is BEGIN CHOSEN, the BEGIN CHOSEN routine is processed. If the
choice variable is END, ABORT, CONTINUE, UNKNOWN, or UNTDIRECTIONAL, the
AIN PROCESS MSG NIM 30 will log and alarm and send an abort message. In
step 822, the AIN PROCESS MSG NIM layer calls the BEGIN CHOSEN routine. The
BEGIN CHOSEN routine validates and converts data, deconstructs the NSPP
based TCAP message and reconstructs the TCP/IP based 35 SUBSTITUTE SHEET
(RULE 26)   01 APR 2002 WO 99I21312 PCT/US98/2227U 



TCAP message. The processing of the BEGIN-CHOSEN routine is described in
more detail with reference to FIG. 9. After the BEGIN CHOSEN routine is
processed, the AIN PROCESS MSG-NIM proceeds to step 832. 5 In step 824, the
AIN_PROCESS MSG NIM layer logs an alarm invalid message. The alarm invalid
message is logged via the alarm screener 218. In step 826, the AIN
PROCESS-MSG NIM layer creates an abort message. The abort message informs
the manual 10 operator console 122A that the request that was sent to the
AINGW 124 is invalid. In step 828, the AIN PROCESS MSG NIM layer sends an
abort message via TCAP_SEND to the manual operator console 122A. 15 In step
830, the AIN PROCESS~MSG`NIM layer clears the array element. Information no
longer needs to be stored in the internal array for a response message from
the SDP 128 to the manual operator console 122A because the request sent
from the manual operator 20 console 122A to the SDP 128 has been aborted.
In step 832, the operation of the AIN~PROCESS~MSG_NIM is complete and AIN
PROCESS_MSG_NIM hibernates until another message is received. FIG. 9 is a
flowchart which illustrates the 25 operation of the begin chosen (BEGIN
CHOSEN) routine. In step 906, the BEGIN CHOSEN routine saves the
originating transaction ident~.fier in the free dialog array element found
by the AIN PROCESS-MSG_NIM layer in step 812 of FIG. 8. 30 The origination
transaction identifier field is a field within the portion of the TCAP
message as shown in Tables 2 and 3 above. For a begin type TCAP message,
the transaction portion contains a transaction portion information element
as shown in Table 2. As 36 rr rnc-Tm ~T~ ~-t ~cr_ r rn,  ,- ,.-,   01 APR
2002 WU 99/2I313 PCT/L1S98/2227U shown in Table 3, a begin type TCAP
message includes an originating transaction identifier in the transaction
identifier field of the transaction portion information element of the TCAP
message. During the processing of 5 debit customer service calls, the
server-key is populated into the first 3 bytes of the origination
transaction identifier field. In step 908) the BEGIN CHOSEN routine sets
the used/unused flag of the element in the dialog array to 10 used. This
causes the information from the next message processed to be put in the
next dialog array element. In step 910, the BEGIN CHOSEN routine validates
the originating transaction identifier. The length of IS the originating
transaction identifier is validated to ensure it is 3 bytes. In step 912,
the BEGIN CHOSEN routine extracts the server key from the originating
transaction identifier. The server_key identifies the SDP 128 that will
receive 20 the message. The server key is retrieved by the HEGIN_CHOSEN
routine from the origination transaction identifier field in the TCAP
message. In step 914, the BEGIN CHOSEN routine converts the binary coded
decimal server_key to an integer. The 



25 server-key is stored in a binary coded decimal format of 3 bytes.
However, binary decimal coding allows 2 digits to be packed into 1 byte.
After the conversion, the server key will be 6 bytes. In step 916, the
BEGIN CHOSEN routine validates 30 the server key. Validating the server key
involves identification of the particular SDP 128 associated with the
server key and then retrieving the Internet protocol addresses that are
associated with the SDP 128 from the AIN configuration file. The BEGIN
CHOSEN 37 .~.....'r.~r..T.- r.~ r'-rT Ir,r.r r .,   01 APR 2D02 WO 99/2I312
PCT/US98/22270 routine verifies that the server~key is contained in the AIN
configuration file. If the server key is contained in the AIN configuration
file, it corresponds to a valid SDP 128. The BEGIN CHOSEN routine retrieves
S the Internet protocol addresses corresponding to the SDP 128 identified
by the server-key from the AIN configuration file. Each SDP 128 has
multiple Internet protocol addresses which are the addresses on the SDP 128
that identify the possible interconnect points for 10 accessing
information. In step 918, the BEGIN CHOSEN routine adds 0x1000000 to the
dialog identifier and populates the TCAP message with the dialog
identifier. The BEGIN_CHOSEN routine then populates the dialog 15
identifier in the origination transaction identifier field of the TCAP
message. As shown in Table 2) the origination transaction identifier field
is in the transaction component of the TCAP message. The origination
identifier field no longer contains the 20 server-key as the server-key was
removed from the origination transaction identifier field in step 912. The
dialog identifier is populated in the originating transaction identifier
field of the TCAP message in place of the server key. 25 In step 920, the
BEGIN CHOSEN routine encodes the TCAP message. The BEGIN_CHOSEN routine
encodes the TCAP message in the industry standard generic computer
programming language abstract syntax notation (ASN.1). In step 922, the
BEGIN CHOSEN routine sets a 30 timer. In the pref erred embodiment of the
present invention the timer is set to timeout in three seconds. The timer
is configured to ensure that the response message coming from the SDP 128
does not exceed a specified time, such as three seconds in the preferred 38
cmac~rnn n-c ct-1FFT rt~1 tt ~ ~a~   01 APR 2002 WO 99121312
PCTlL~S98I2227U embodiment of the present invention. In step 924, the BEGIN
CHOSEN routine sends the TCAP message to the SDP 128 via the IPC MGR 206 by
sending the message to the TCAP_SEND layer of the AIN,APP 204. FIG. 10 is a
flowchart 1002 which illustrates the operation of the AIN PROCESS MSG_IPC
layer. The 



AIN PROCESS MSG_IPC layer receives messages from the IPC MGR 206. l0 In
step 1006, the AIN PROCESS MSG IPC layer validates the Internet protocol
address and returns the pointer to the service descriptor. The AIN~PROCESS
MSG_IPC layer validates that the Internet protocol address corresponds to
one of the Internet !5 protocol addresses associated with the SDP 128 that
sent the TCAP message. The AIN PROCESS-MSG_IPC layer returns the pointer to
the service descriptor which corresponds to a service. Similar to recording
the sender which was performed by the AIN PROCESS MSG-NIM 20 layer in step
814 of FIG. 8) using a service descriptor allows the AIN_PROCESS MSG_IPC to
process TCAP response messages from multiple services. For example, if a
SDP 128 was installed that used SS7 signaling, the AIN PROCESS MSG_IPC
could process response messages 25 received via the SS7 network. The
service descriptor indicates the service that sent the response message,
such as the SDP 128. In step 1008) the AIN PROCESS-MSG-IPC layer decodes
the message using the ASN.1 decoder which 30 returns the decoded message to
a structured buffer. Thus, the application can access the individual
parameters of the message. The abstract syntax notation(ASN.1) encoding
performed in step 920 of FIG. 9 is decoded. 39   0 ~ APR 2002 WO 99/21312
PCT/US98/2227~ In step 10l0, the AIN PROCESS MSG_IPC layer extracts the
dialog identifier from the TCAP message. In step 918 of FIG. 9, the
AIN_PROCESS MSG NIM layer stored the dialog identifier in the origination 5
transaction identifier field of the transaction portion of the TCAP
message. Because the response message has continue arranged, the TCAP
manage includes both originating and destination transaction identifiers as
shown in Table 3 above. The dialog identifier is 10 stored in the
destination transaction identifier field in the response TCAP message sent
from the SDP 128. The transaction portion of the continue TCAP message is
shown in more detail in Table 2 above. In additzon, the AIN PROCESS MSG-IPC
layer 15 validates the dialog identifier. The AIN-PROCESS MSG IPC layer
validates that the dialog identifier is within bounds. In other words, if
the internal array has 2000 elements, the AIN_PROCESS MSG_IPC validates
that the dialog 20 identifier corresponds to an element between 0 and 1999.
The AIN PROCESS,~ISG IPC layer also validates the dialog identifier by
ensuring that the used/unused flag of the element in the array
corresponding to the dialog 25 identifier is set to used. Validating that
the used/unused flag of the element corresponding to the dialog identifier
is set to used ensures that a TCAP response is not created for a response
that was delayed beyond the timeout period, which is a configurable 30
three seconds in the preferred embodiment of the present invention. The
timeout period is measured by the timer set during step 922 of the
processing of the BEGIN~CHOSEN routine. If the timer expires) an abort
response message is sent to the manual operator console 



40   01 APR 2002 WO 99I21312 PCTlUS98122270 122 and the used/unused flag
corresponding to the element in the array is set to unused. The process for
handling an expired timer is described further with reference to FIG. 13. 5
If the SDP 128 sends a message that is delayed beyond the timeout period,
the dialog identifier is determined to be no longer valid as the
used/unused flag is set to unused. The AIN PROCESS MSG NIM layer discards
the response message as the manual operator 10 console 122A has already
received an abort message and will not accept a response. In step 1012, the
AIN PROCESS,-MSG-IPC layer replaces the destination transaction identifier
with the saved originating transaction identifier. The 15 AIN_PROCESS
MSG_IPC layer identifies the element of the dialog array containing the
NSPP header identifying the manual operator console 122A that sent the
message using the dialog identifier that was retrieved from the destination
transaction identifier of the transaction 20 portion of the TCAP message.
The AIN PROCESS MSG_IPC layer retrieves the originating transaction
identifier from the identified element of the dialog array. Then the
AIN~PROCESS MSG IPC layer populates or stores the originating transaction
identifier in the destination ?5 transaction identifier field of the
transaction portion of the TCAP message. In step 1014, the AIN PROCESS
MSG~IPC layer encodes the response TCAP message. In step 1016, the AIN
PROCESS MSG~IPC layer 30 cancels the timer. The timer is canceled to ensure
that the it does not go off. In step 1018, the ATN_PROCESS_MSG~IPC layer
sends the continue type TCAP message to the manual operator console 122A
via TCAP SEND. The continue type TCAP 41   01 APR 200Z WO 99121312
PCT/US98/22270 message contains the information requested by the manual
operator console 122A in the return result component shown in Table 6
above. The information is stored in the parameter contents field shown in
Table 5 6. In step 1020, the AIN_PROCESS-MSG-IPC layer clears the array
element and sets the array elements used/unused flag to unused. This allows
the array element to be used to process another TCAP message 10 request
from the manual operator consoles 122. 



FIG. 11 is a flowchart 1102 which illustrates the operation of the TCAP
RECV layer. The present invention has a single point of contact for the AIN
APP 204 to receive messages from different transport 15 mechanism
applications, specifically the NIM 210 which interfaces with the manual
operator consoles 122 and the IPC_MGR 206 which interfaces with the SDP
128. This single point of contact is provided by the TCAP RECV layer. 20 In
step 1106, the TCAP RECV layer receives the TCAP message from the transport
mechanism application, either the NIM 210 or the IPC MGR 206. The TCAP RECV
layer receives messages from the NIM when a begin type TCAP message is sent
from a manual operator console 25 122A as described in step 408 of FIG. 4.
The TCAP RECV layer receives messages from the IPC~IGR 206 when a continue
type message is sent from a SDP 128 as described in step 418. In step 1108,
the TCAP RECV layer determines the 30 sender of the TCAP message. In other
words, the TCAP-RECV layer determines whether the TCAP message was received
from the IPC_MGR 206 or the NIM 210. If the TCAP message was received from
the IPC MGR 206, step 1110 is performed. In step 1110, the 42   01 APR 2002
WO 99/21312 PCT/U S98/2 ~27 U TCAP RECV layer pulls the Internet protocol
address off of the stack. The Internet protocol address is one of three
addresses associated with the SDP 128. In step 1112, the TCAP RECV layer
determines 5 whether there are TCAP messages within the TCP/IP message. A
TCP/IP message may contain multiple TCAP messages. If the TCP/IP message
does not contain TCAP messages) step 1124 is performed. In step 1114, the
TCAP RECV layer extracts the l0 TCAP message from the TCP/IP frame. In step
1116, the TCAP-RECV layer determines whether a current or previous TCAP
message was fragmented. The TCAP_RECV layer determines whether the message
is complete. If the message is fragmented or 15 incomplete, the TCAP RECV
layer stores the message in an array and sets a timer. If the remainder of
the TCAP message is received in another TCP/IP frame before end of the
timeout period, the TCAP_RECV layer will process the completed TCAP
response message. If the 20 remainder of the TCAP message is not received
within the timeout period, the array element will be cleared. If no
response TCAP message is received, the timer set during processing of the
BEGIN CHOSEN routine in step 922 of FIG. 9 will expire and the AIN TIMER
EXPIRED 25 routine will be processed. The AIN TIMER-EXPIRED will be
described in more detail with reference to FIG. 13. In step 1118, the TCAP
RECV layer calls the AIN PROCESS-MSG IPC layer. After the AIN PROCESS MSG
IPC layer is processed, step 1112 is 30 performed. If the TCAP message was
received from the NIM 210) step 1120 is performed. In step 1120, the
TCAP_RECV layer pulls the message identifier and service number off o~ the
stack. The message identifier and service 43 



01 APR 2002 WO 99121312 PCT/US98/2227U number are NSPP parameters that
identify the message. The message identifier is populated in the response
TCAP message. In step 1122, the TCAP-RECV layer calls the 5 AIN PROCESS MSG
NIM layer. The AIN PROCESS MSG NIM layer is described in more detail in
FIG. 11. After the AIN_PROCESS MSG NIM layer is processed, step 1124 is
performed. In step, 1124, the TCAP RECV layer hibernates and 10 waits for
another TCAP message. FIG.12 is a flowchart 1202 which illustrates the
operation of the TCAP SEND layer. The TCAP-SEND layer sends messages to the
transport mechanism applications. Like the receive routine, the TCAP SEND
layer is a 15 single point of contact sending messages to different
transport mechanism applications, specifically the NIM 210 and the IPC MGR
206. In step 1206) the TCAP SEND layer determines whether the message is
going to NIM. The TCAP_SEND 20 layer determines which transport mechanism
application, the IPC MGR or the NIM 210, will receive the TCAP message. If
in step 1206 it is determined that the IPC MGR 206 is receiving the TCAP
message, then step 1208 is 25 performed. If the IPC MGR 206 is not
receiving the TCAP message, the TCAP SEND layer proceeds to step 1214. In
step l208, the TCAP SEND layer pulls the server descriptor and dialog
identifier off the stack. The server descriptor includes the server key and
the 30 Internet protocol addresses corresponding to the server key. In step
1210) the TCAP SEND layer rolls through the list of Internet protocol
addresses and finds the first available connection. The TCAP SEND
determines 44   01 APR 2002 WO 99I21312 PCT/US98I22270 whether connectivity
exists to the address on the IPC-MGR and communication can be established.
If connectivity does not exist, TCAP SEND attempts to initiate
communication with another address on the 5 IPC-MGR 206. If connectivity
does exist, TCAP_SEND proceeds to step 1212. In step 1212, the TCAP SEND
layer sends the message to the IPC MGR 206. Operation of TCAP-SEND
illustrated by flowchart 1202 is complete after step 



10 1212 is performed as indicated by step 1230. If in step 1206, it is
determined that the NIM 210 is receiving the TCAP message, step 1214 is
performed. In step 1214) the TCAP SEND layer determines the message type. A
message type is one of the message !5 types determined by NSPP. The two
possible message types that may be sent include MSG_INGW RSP and
MSG_PICKRSP. Each of the message types causes the TCAP SEND layer to
perform a different function. The MSG-PICKRSP 20 message type is sent to
the manual operator console 122A during start up to establish that the AIN
APP 204 is an available service. The MSG_INGW RSP message type is sent to
the manual operator console 122A to signal that a response to a TCAP
message is being sent 25 providing the information that was requested from
the SDP 128. If in step 1214, it is determined that the message type is MSG
INGW RSP, step 1216 is performed. In step 1216, the TCAP SEND layer pulls
the return code and 30 dialog identifier off of the stack. The return code
indicates whether the message succeeded or failed. In step 1218, the TCAP
SEND layer copies the header from the array element. The NSPP compatible
header was stored in the internal dialog array by the 45 ~. .r, rTT. fir
.'.I .1"1"T' /~. r. r .....   0 ~ APR 2002 WO 99/21312 PCT/US98/2?270 AIN
PROCESS~MSG NIM in step 816 of FIG. 8. In step 1220) the TCAP~SEND layer
builds the INGWRSP message header. The INGWRSP message header is a NSPP
compatible header. The TCAPlSEND layer 5 constructs NSPP headers so that
the TCAP message to be understood by the NIM 210. After step 1220 is
performed, the TCAP SEND layer proceeds to step 1224. If in step 1214, it
is determined that the message type is MSG_PICKRSP, step 1222 is performed.
10 In step 1222) the TCAP SEND layer builds the PICKRSP message header. The
PICKRSP message header is compatible with NSPP. In step 1224, the TCAP_SEND
layer sends the message to NIM 210. Operation of TCAP_SEND, 15 illustrated
in flowchart 1202, is complete after step 1224 is performed as indicated by
step 1230. FIG. 13 illustrates the operation of the advanced intelligent
network timer expired (AIN TIMER-EXPIRED) routine 1302. 20 In step 13D4,
the AIN TIMER EXPIRED routine searches the array for the timer identifier
corresponding to the timer that has expired. In step 1306, the AIN TIMER
EXPIRED routine constructs a TCAP abort message header. 



25 In step l308) the AIN TIMER EXPIRED routine returns a TCAP abort message
to the sender. The TCAP abort message informs the manual operator console
122A that the request message was unsuccessful. If information was
requested by the manual operator 30 console 122A from the SDP 128, the TCAP
abort message indicates that the manual operator console 122A will not
receive the requested information within the timeout period. In step 1310,
the AIN TIMER EXPIRED routine clears 46   01 APR 2002 WO 99l21312
rc~rms9Anz2~o the array element. The data contained in the array element is
cleared and the used/unused flag of the array element is set to unused.
This allows the array element to be used to process another TCAP message.
Operation of the AIN TIMER EXPIRED routine is complete after step 1310 is
performed as shown in step 1312. Other embodiments of the present invention
are possible. Referring to FIG. 1) the AINGW 129 may be used in other
environments requiring protocol 10 conversion. For example) the present
invention may also include a SS7~iGR (Signaling System Number 7 manager)
that is used to interface with one or more computer systems using SS7
(Signaling System Number 7) protocol. SS7 protocol complies with the ITU
standard 15 described in the previously referenced document. SS7 protocol
would be used to communicate with a computer system that interfaced with
the SDP 128. In an embodiment including the SS7 MGR, the present invention
converts from NSPP to SS7 protocol. 20 The TCAP RECV and TCAP SEND layers
include additional steps. In TCAP RECV, an additional step is included to
determine if the message is received from the SS7 MGR. If the message is
received from the SS7 MGR, the AIN PROCESS MSG IPC layer is processed. In
the 25 TCAP~SEND layer, additional steps are included to determine if the
message is being sent to the SS7 MGR. If so, the processing is similar to
if the message is sent to the IPC MGR 206. In addition, the AIN PROCESS MSG
IPC and AIN PROCESS MSG NIM layers 30 include a step of determining whether
the message is being communicated using the IPC MGR 206 or the SS7 MGR. The
decoding and constructing mechanisms include slight modifications needed to
make the message compatible with SS7. 47   01 APR 2002 WO 99/21312
rcTius9ai~2z~o 



Additional embodiments are possible that do not include the starting and
monitoring processes as they are described. Other starting and monitoring
processes may be used and monitoring processes may be omitted. The starting
and monitoring processes include the basic overseer service, alarm
screener, operational measurements process, and the human machine
interface. While various embodiments of the present invention have been
described above, it should be understood that 10 they have been presented
by way of example only, not limitation. Thus the breadth and scope of the
present invention should not be limited by any of the abovedescribed
exemplary embodiments, but should be defined only in accordance with the
following claims and their 15 equivalents. 48 rtIRCTIT11TC Cl.lFi-T /t-7111
F   01 APR 2002 WO 99n 1312 r~cT;us9tcn~z~o GLOSSARY IACD:Automated Call
DistributorThe ACD provides switching functionalitybetween the selected
manual operatorconsole and the interexchange network.AIN:Advanced
Intelligent Network GatewayThe advanced intelligent network gatewayis a
computer system that providesmessage transfer and protocol
conversionallowing communication between the manualoperator consoles and
the SDP.AIN_APP:Advanced Intelligent Network ApplciationThe AIN APP is a
computer program thatincludes software layers for receiving,processing, and
sending messages betweenthe NIM and the IPC~IGR.AIN_MAIN:Advanced
Intelligent Network Main LayerThe AIN~IAIN is the first layer processedin
the AIN APP. The AIN MAIN establishesconnections between the IPC_MGR 206
andthe NIM 210.AIN_PROCESS M5G_IPC:Advanced Intelligent Network
ProcessMessage IPCAIN PROCESS~ISG`IPC processes messagesreceived from the
SDP that are to be sentto the manual operator consoles.AIN~PROCESS MSG
NIM:Advanced Intelligent Network ProcessMessage NIMAIN_PROCESS MSG_NIM
processes messagesreceived from the manual operatorconsoles that are to be
sent to the SDP. 49 ~...rr-~-.s-..~-~ r1 IrrT' ~n~ rl r nv..   01 APR 2002
WO 99/21312 ~cTn~s9s/~22~u GLOSSARYBOSS:Basic Overseer ServiceBOSS is
responsible for starting,stopping, and monitoring the processeson the
advanced inteliigent networkgateway.HMI:Human Machine InterfaceThe HMI
provides access via a series ofsoftware menus which allow theconfiguration,
addition, or deletion ofconfigurable entities within thecomputer programs
on the AIN.IPC~IGR:Interprocess Communications ManagerThe IPC MGR is an
interface layer thatallows interprocess communicationprotocol programs to
communicate withprograms not using an interprocesscommunication
protocol.ISNAP:Intelligent Service Network ApplciaitonsProcessorThe ISNAP
selects a manual operatorconsole and ensures that incoming callsare
distributed among the logicallydefined groups of manual
operatorconsoles.NIDS:Network Information Distribution ServiceNIDS is a
network that distributesinformation such as a client-servernetworkNIM:NSPP
Interface ModuleThe NIM is an interface layer thatallows programs using a
client/serverprotocol such as NSPP to communicatewith programs not using a
client/serverprotocol. e~r roCTtTr rTr e^t~C~T 1n1 tr r ^r~   01 APR 2002
lVO 99!213I2 ncTms9sizzz~u 



GLOSSARYNSPP:Network Information Distribution Service(NIDS)Sequenced Packet
ProtocolNSPP is a session oriented) guarenteeddelivery, packet exchange
protocol.NSPP provides communications withclient-server programs which use
UDP/IP.OM:Operational MeasurementsThe OM collects operating data from
theprocesses on the AIN and uses the datato monitor the processes.ONC
LANs/WAN:Operator Network Center Local AreaNetworks/Wide Area NetworkThe
ONC LANs/WAN assist in thedistribution of calls among the manualoperator
consoles and providesinformation to the manual operatorconsoles to be used
in the processing ofcalls.SDP:Service Data PointThe SDP stores customer
accountinformation used for traffic handling,service provisioning, and
billing ofdebit calls.SSCP:Service Switching Control PointThe SSCP provides
automated menus thatallow the debit customer to selectoptions and provide
information toprocess the call.TCAP:Transaction Capabilities
ApplciationPartTCAP refers to a TCAP message thatcomplies with the ANSI SS7
ISUP industrystandard and is used to transferinformation between the manual
operatorconsoles and the SDP. SI   01 APR 2002 TWO 99121312 PCT/US98/22270
GLOSSARYTCAP_RECV:Transaction Capabilities ApplicationPart ReceiveTCAP RECV
is a single point of contactfor receiving messages from differenttransport
mechanism applications,specifically the NIM which interfaceswith manual
operator consoles, and theIPC MGR which interfaces with the
SDP.TCAP_,SEND:Transaction Capabilities ApplicationPart SendTCAP~SEND is a
single point of contactfor sending messages to differenttransport mechanism
applications,speciifcally the NIM which sendsmessages to the manual
operatorconsoles) and the IPC_MGR which sendsmessages to the
SDP.TCP/IP:Transmission Control Protocol/InternetProtocolTCP/IP is the
protocol used by the SDP.UDP/IP;User Datagram Protocol/Internet ProtocolA
client/server protocol used by themanual operator consoles. 52   01 APR
2002 CLAIMS 1. A method for converting a protocol of a transaction
capabilities application part message between a transmission control
protocol/internet protocol implementation and a user datagram
protocol/internet protocol implementation, comprising the steps of (a)
receiving the transaction capabilities application part message from a
sender; (b) determining the protocol of the transaction capabilities
application part message; (c) if in step (b) it is determined that the
protocol of the transaction capabilities application part message is the
transmission control protocoUinternet protocol implementation, pulling an
Internet protocol address off of a stack; (d) determining whether an
additional transaction capabilities application part message is within a
transmission control protocol/internet protocol frame; (e) converting the
protocol of the transaction capabilities application part message between
the user datagram protocol/internet protocol implementation and the
transmission control protocol/internet protocol implementation; and 



(fj sending the transaction capabilities application part message. 2. The
method of claim 1, further comprising the step of: calling a software layer
for conversion from the datagram protocol to the transmission control
protocol/internet protocol. 3. The method of claim 1, further comprising
the steps of (i) if it is determined in step (d) that said additional
transaction capabilities application part message is within said
transmission control protocol/internet protocol frame, extracting the
transaction capabilities application part message from said transmission
control protocol/internet protocol frame; (ii) determining whether the
transaction capabilities application part message is fragmented; and 53
01 APR 2002 (iii) if in step ii it is determined that the transaction
capabilities application part message not fragmented, calling a software
layer for conversion from transmission control protocol/internet protocol
to user datagram protocol/Internet protocol. 4. The method of claim l,
wherein step (b) comprises the steps of: (i) determining a value of an
operation code; and (ii) if it is determined in step (i) that said
operation code is UNKNOWN, logging an alarm invalid message. S. The method
of claim 1, wherein step (e) comprises the steps of (i) determining a value
of an operation code; and (ii) if it is determined in step (i) that said
operation code is MSG PICK, sending a PICK RSP message to said sender. 6.
The method of claim 1, wherein step (e) comprises the steps of (i)
deterniining a value of an operation code; and (ii) if it is determined in
step (i) that said operation code is MSG INGW REQ, finding a first array
element; 



(iii) storing a header of the transaction capabilities application part
message; (iv) decoding the transaction capabilities application part
message; and (v) determining a variable value of a choice variable. 7. The
method of claim 6, further comprising the steps of: (vi) if it is
determined in step (vi) that said variable value of said choice variable is
selected from the group consisting of END, ABORT, CONTINUE, UNKNOWN, and
UNIDIRECTIONAL, logging an alarm invalid message; (vii) creating an abort
message; and (viii) sending said abort message to said sender. 8. The
method of claim 6, further comprising the steps of: 54   0 1 APR 2002 (vi)
if it is determined in step (vi) that said variable value of said choice
variable is BEGIN-CHOSEN, saving an originating transaction identifier in
an array element; (vii) setting a used/unused flag corresponding to said
array element to used; (viii) validating said originating transaction
identifier; (ix) extracting a server key from said originating transaction
identifier; (x) converting said server key from binary coded decimal format
to integer format; (xi) validating said server key; (xii) adding Ox 1000000
to a dialog identifier corresponding to said array element to convert said
dialog identifier to hexadecimal format; (xiii) populating the transaction
capabilities application part message with said dialog identifier; (xiv)
encoding the transaction capabilities application part message; and (xv)
setting a timer to record time for a response to the transaction
capabilities application part message. 9. The method of claim 1, wherein
step (e) comprises the steps of validating an Internet protocol address;
returning a pointer to a service descriptor; decoding the transaction
capabilities application part message; extracting a dialog identifier
associated with an array element from the transaction capabilities
application part message; validating said dialog identifier; retrieving an
originating transaction identifier from said array element; replacing a
destination transaction identifier in the transaction capabilities
application part message with said originating transaction identifier; and 



encoding the transaction capabilities application part message. 10. The
method of claim 9, further comprising the step of canceling a timer that
was set to record time for a response to said transaction capabilities
application part message. 55   o ~ aPR zoos 11. The method of claim 9,
further comprising the steps of clearing said array element; and setting a
used/unused flag corresponding to said array element to unused. 12. The
method of claim 1, wherein step (e) comprises the steps of searching one or
more array elements of an array for an array element corresponding to a
timer identifier; constructing an abort header for the transaction
capabilities application part message; returning the transaction
capabilities application part message; and clearing a dialog array element
corresponding to the transaction capabilities application part message
identified by information in said one of one or more array elements
corresponding to said timer identifier. 13. The method of claim 1, wherein
step (e) comprises the steps of (i) determining a recipient of the
transaction capabilities application part message; (ii) if it is determined
in step (i) that said recipient requires said transaction capabilities
application part message in the transmission control protocol/internet
protocol implementation, pulling a server descriptor and a dialog
identifier off of a stack; (iii) rolling through a list of one or more
Internet protocol addresses; (iv) finding an available connection; and (v)
sending the transaction capabilities application part message to an
interprocess communications manager. 



14. The method of claim 1, wherein step (e) comprises the steps of (i)
determining a recipient of the transaction capabilities application part
message; and (ii) if it is determined in step (i) that said recipient
requires the transaction capabilities application part message in the user
datagram protocol/internet protocol implementation, determining a message
type of the transaction capabilities application part message. 15. The
method of claim 14, further comprising the steps of: 56   01 APR 2002 (iii)
if it is determined in step (ii) that said message type is MSG PICKRSP,
building a PICKRSP message header; and (iv) sending the transaction
capabilities application part message to a NSPP interface module. 16. The
method of claim 14, further comprising the steps of: (iii) if it is
determined in step (ii) that said message type is MSG INGW RSP, pulling a
return code and dialog identifier off of a stack; (iv) copying a header
from an array element; (v) building an INGWRSP message header; and (vi)
sending the transaction capabilities application part message to a NSPP
interface module. 17. A method for performing protocol conversion of a
transaction capabilities application part message, comprising: receiving
the transaction capabilities application part message; maintaining an array
having one or more array elements; finding an available one of said one or
more array elements; retrieving data from the transaction capabilities
application part message; saving said data in said available one of said
one or more array elements; sending the transaction capabilities
application part message; receiving a response transaction capabilities
application part message; retrieving said data from said array element;
repopulating said data in said response transaction capabilities
application part message; and sending said response transaction
capabilities application part message. 18. A computer system for performing
protocol conversion of a transaction capabilities application message,
comprising: means for overseeing processing during protocol conversion; 57



01 APR 2002 means for interfacing with a received computer program; means
for interfacing with a sending computer program; means for performing
protocol conversion of the transaction capabilities application part
message between a transmission control protocol/internet protocol
implementation and a user datagram protocol/internet protocol
implementation; and means for initiating communication with said means for
interfacing with a receiving computer program, wherein said means for
initiating and said means for interfacing with a sending computer program
further comprise: means for reading and validating an advanced intelligent
network application configuration file; means for attaching to said means
for interfacing with said receiving computer program; means for attaching
to said means for interfacing with said sending computer program; means for
initializing an array; means for establishing communications; and means for
hibernating. 19. The computer system of claim 18 wherein said means for
overseeing processing during protocol conversion comprises: means for
reading a basic overseer service configuration file; means for starting one
or more computer program layers in said basic overseer service
configuration file; and means for monitoring said one or more computer
program layers in said basic overseer service configuration file. 



20. A computer system for performing protocol conversion of a transaction
capabilities application message, comprising: means for overseeing
processing during protocol conversion; means for interfacing with a
received computer program; 58   01 APR 2002 means for interfacing with a
sending computer program; means for performing protocol conversion of the
transaction capabilities application part message between a transmission
control protocol/internet protocol implementation and a user datagram
protocol/internet protocol implementation, said means for performing
protocol conversion further comprising: means for initiating communication
with said means for interfacing with said receiving computer program and
means for interfacing with said sending computer program; means for
receiving the transaction capabilities application part message; means for
performing protocol conversion of the transaction capabilities application
part message; and means for sending the transaction capabilities
application part message, wherein said means for initiating communication
with said means for interfacing with a receiving computer program and said
means for interfacing with a sending computer program comprise: means for
reading and validating an advanced intelligent network application
configuration file; means for attaching to said means for interfacing with
said receiving computer program; means for attaching to said means for
interfacing with said sending computer program; means for initializing an
array; means for establishing communications; and means for hibernating. 59
.A e.A& .AHf.A9.AN,.AF.AF.A..A,.A.ANf%.A L.A
%.Ale.AN%.Au,.AY,.AF,.Ay.A!.A3l.AN.AF.A.A,.A;.A
.Aa.A?.A3%.A3NS.AR.Ay.A.,.A.A %.A.A.A
nl.A,.A[y,.A.A.AU.A..A!.A.A.A5.A`.A,.A.AU@?.AR.Af{e.ASR.ASUSe.AS9e.ASR7Sj
!%'(4@M-jo|}{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]cTa]ca]c^a]ca]c^a]c^a]c^aU]c<a]ca]caU]c 



a
(4D"""""%%%(())!)G/L/Y/e/u//66)686I68<<=={vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!=!=CCCCDJJJJKKKK,KQQRRR!R0RXXYYY#Y0Y````~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca
]ca!`-`ffffgg"gmmmmmttttt{{{{{mC!/|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!#R"<|
wrmgb\W]]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<G
69AGS_nhnztz(+{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca!+OR^jzKgIn~ytnid_ZU]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]
ca]ca]ca]ca]ca]ca]caU]ca!G>DP\l7L#[LOr{|wrmhc]X]c]caU]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!{%(FRUam|25X[gs/5A~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]c a UV]c aU]c a]ca]ca]ca]ca]ca]ca!AM\0%-;Ikz
p"t"####$m*}wrmhc^Yje`[V]]c]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
m*p********0001177777::;!;-;9;I;
n<<<<==>ztoid^Yje`[V]]c]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca
>9>>>5?I???#@&@2@>@M@U@DEEEE*E2E;
ECEfElEEEEEEF(F~ysnhc]Xoid^Yje`[V]]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]ca]ca]ca]caU]ca]ca]c^a]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca(F+FqF{FFF
FFGGOGXGGGGHhHzHDIIIUIbIIIIJJ'J/JdJpJK{vqlfa[Void^Yje`[V]]caU]ca]ca]c^a]ca]
ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]caKK~LLoMuMMMMBNNN/OOOPtPPQbQQQRmRRR)SSSSPT`TfTrT{vqlgb]X]]]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]caU]ca!rTU6VMVV7WXXRZZZZ:^`aaaaa@bbbbFcccDd^dddWeeeDf}xsnid
_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c,a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Dfnfffgxgg0hhhhhhhi(kFnnooDo{oo1pippqBqqqqqH
rQr|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Qrrrrrs+sjsss-tIttt5u;
uGu~uu4vvvvGwPwwwxSxxxyGyxz{z}xsnid_Z]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7SjfH*f10
%(&'()-,f10%(&'()-m10%(&'()- `10% & &&'()-'10%(&'()- 10%(&'()-4M10%(&'()-j
^i^<*f10%!3`, Y"10%CC&'()-!`, Y"10%((&'()-!,
Y"10%HH&'()-s10%(&'()-`M!10%t&'()- qM!10%Q(Q(&'()-i!"#$%'zodY7f!&
10%""&'()- 10( 10( 10(9<10%(&'()-'!`, Y"10%((&'()-!`, Y"10%ss&'()-!`,
Y"10%((&'()-'(4@M
a?dY7f!!`3"10%""&'()-+!3"10%""&'()-+#lg10%"&'()-Z10%"&'()-`'@l10%"&'()-&910
%"&'()-s C
zX6dY7f!)`3"10%&'()-+!`3"10%&'()-+!`3"10%~~&'()-+!`3"10%""&'()-+`3"10%&'()-
+!.`3"10%&'()-+{\=f!3 310%<&'()-s`10%<&'()- 10" 10"
10"s9`10%"&'()-!`3"10%vv&'()-+!%`3"10%""&'()-+-"}[9{\=f!!`"10%&'()-z&!`"10%
&'()-z&!#v`"10%<<&'()-z&!1"10%%w%w&'()-z&L$ z10%<&'()-%f10%<&'()-
jzX6{\=f!`310%&'()-M!k310%__&'()-M`"10%G&'()-z&!`"10%<<&'()-z&!`"10%&'()-z&
! `"10%<<&'()-z&jlmno|}bCf!`3#Fy10%&'()-`310%&'()-910%&'()-`@&10%&'()- 10<
10<
10<99`10%<&'()-a<4wU3bC!*`"10%ww&'()-+!/`"10%&'()-+!Y`"10%&'()-+!Z`"10%UU&'
()-+!`"10%&'()-+!"10%JJ&'()-+(4D~_@!*`$Fy10%m&'()-F10%m&'()-&,10%m&'()-  10



10
10S`9s10%&'()-!8`"10%&'()-+D~ayW5~_@!!`F"10%msms&'()-m+!K`F"10%>>&'()-m+!UF
"10%>E>E&'()-m+!F"10%VV&'()-m+!F"10%mQmQ&'()-m+ RF"10%&'()-m+
e!""""""wXMB7!! 10m 10m
10m9`10%m&'()-!`F"10%!!&'()-m+!`F"10%mNmN&'()-m+!=F"10%00&'()-m+!`F"10%55&'
()-m+""""#$%^<MB7!!
10!*`lG"10%&'()-G!`lG"10%&'()-G!lG"10%&'()-G#z10%&'()-G10%&'()-'m10%&'()-%%
c&&^'''zX6MB7!!!`FZ"10%ee&'()-s!`FZ"10%&'()-s!`FZ"10%&'()-s!`FZ"10%&'()-s!F
Z"10%&'()-sYG10%&'()-'`(((((()){\=!!!G10%&'()-&'m10%&'()-3 10 10
109s10%&'()-!`FZ"10%::&'()-s!`FZ"10%&'()-s)!)Y))M***{Y:{\=!!!`FF"10%V&'()-+
!`FF"10%&'()-+!`FF"10%&'()-+!l`FF"10%J3J3&'()-+
9FF"10%&'()-+#f10%&'()-*++,v-a.G/wU3{\=!=`FF"10%&'()-+!8`FF"10%&'()-+!)`FF"
10%&'()-+!`FF"10%&'()-+!=`FF"10%++&'()-+!`FF"10%&'()-+G/I/J/K/L/Y/e/u//b@!=
`F!"10%[V[V&'()-+&$3z10%&'()-F10%&'()-'m10%&'()- 10 10 109s10%&'()-/m051A2
3 45wU3b@!
`"10%d6d6&'()-+!`"10%nn&'()-+!3`"10%xx&'()-+!3`"10%xx&'()-+!`"10%&'()-+!(`"
10%&'()-+566666)686I6~_@! `#g10%G&'()-FY10%G&'()-'m10%G&'()- 10 10
10s9`10%&'()-!)`"10%[[&'()-+I666889:wU3~_@! $`y`'10%&'()-!
8y`'10%&'()-!3`F"10%""&'()-!`F"10%''&'()-!`F"10%5C5C&'()-!F"10%:Z:Z&'()-:;
<<<<<=={\=! $`3F10%g&'()-l(10%g&'()- 10G 10G 10G8`10%G&'()-! `y`'10%&'()-!
`y`'10%&'()-=!=9==>?@{Y7{\=!!=`,F"10%BB&'()-+!`,F"10%gg&'()-+!`,F"10%PP&'()
-+!`,F"10%ZZ&'()-+ ,F"10%ZZ&'()-+&$S10%g&'()-@ABCCCCCCzodY:!!&f10%@&'()-
10g 10g 



10g810%g&'()-!=`,F"10%*C*C&'()-+!/`,F"10%88&'()-+!*`,F"10%=?=?&'()-+CCDEFqG
G}[9dY:!!!` F"10%@c@c&'()-+!8` F"10%88&'()-+!=` F"10%<6<6&'()-+!
F"10%FF&'()-+S#f10%@&'()-&3310%@&'()-GHIBJJJKKwX9.:
10@f,>10%@&'()-t8Z10%@H&'()-4!` F"10%$Y$Y&'()-+!` F"10%3030&'()-+!$` F"10%
&'()-+!` F"10%))&'()-+KKKKK,KKMjH: 10@f,>1!`  "10%((&'()-+!
"10%LL&'()-+#z10%(&'()-FG10%(&'()-&'10%(&'()-  10@ 10@MNOPP*QQwU3H: 10!`
"10%nn&'()-+!`  "10%nn&'()-+!/`  "10%&'()-+!.`  "10%((&'()-+!P`
"10%&'()-+!L`  "10%&'()-+QQQRRRRR!R~_@ 10!`  LYG10%(&'()-&m10%(&'()-4 10( 



10( 10(=10%(&'()-yf810%(&'()-!`  "10%s(s(&'()-+!R0RSSTNUUz[9~_@ 10!!`
Y"10%((&'()-+`  Y"10%(&'()-+!A`  Y"10%((&'()-+!`  Y"10%&'()-+!
Y"10%&'()-+#T10%(&'()-UVWXXY YYYz[PE: 10!! 10( 10(
10(>10%(&'()-Sy810%(&'()-!3`  Y"10%((&'()-+!8`  Y"10%((&'()-+!8`
Y"10%&'()-+YY#Y0YZ8Z[^<PE: 10!! !`l"10%&'()-+!`l"10%77&'()-+!l"10%&'()-+#
g10%&'()-310%&'()-@&10%&'()-[[[\\^^wU3PE:
10!`l"10%&'()-+!`l"10%&'()-+!`l"10%&'()-+!/`l"10%&'()-+!`l"10%MM&'()-+!8`l"
10%&'()-+^```````-`~_@ 10!`l#3f10%O&'()-`F10%O&'()-&10%O&'()- 10 10
10810%&'()-!`l"10%&'()-+-``aabc,dwU3~_@
10!`,Z"10%}}&'()-+!P`,Z"10%&'()-+!P`,Z"10%&'()-+!`,Z"10%OO&'()-+!`,Z"10%&'(
)-+!,Z"10%``&'()-+,dd5eeffffwX9.@
10O,>10%O&'()-t810%O&'()-!K`,Z"10%&'()-+!`,Z"10%&'()-+!`,Z"10%OO&'()-+!`,Z"
10%&'()-+fffgg"gghjH@ 



10O,>1!`S"10%<<&'()-+!S"10%<<&'()-+#3S10%<&'()-`F10%<&'()-&l10%<&'()-  10O
10Ohiejj kkTlwU3H@
10!`S"10%<<&'()-+!`S"10%<<&'()-+!`S"10%GG&'()-+!`S"10%<<&'()-+!8`S"10%&'()-
+!.`S"10%<<&'()-+Tllmmmmmmm{\= 10!`FZ10%&'()-`'l10%&'()- 10< 10<
10<@810%<&'()-!`S"10%<<&'()-+!`S"10%<<&'()-+mmnQoopqzX6{\= 10!!`Y
G"10%&'()-,,!`Y G"10%&'()-,,!`Y G"10%&'()-,,!`Y G"10%&'()-,,!Y
G"10%&'()-,,#g10%&'()-q%rrs3tFttwV4{\= 10!!`Y G"10%&'()-,, `Y G"10%
&'()-,,)!`Y G"10%&'()-,,!*`Y G"10%}}&'()-,,!`Y G"10%&'()-,,! `Y
G"10%&'()-,,ttttttttub@ 10!!`Y!FS"10%&'()-+$FS10%&'()-G10%&'()-@&,10%&'()-
10 10 10y810%&'()-uvZwwxryywU3b@ 



10!`FS"10%&'()-+!`FS"10%&'()-+!`FS"10%&'()-+!`FS"10%55&'()-+!3`FS"10%&'()-+
!`FS"10%++&'()-+yz{{{{{{{{\= 10!`F10%@&'()-'y10%@&'()-G 10 10 10&910%&'()-!
`FS"10%&'()-+!`FS"10%&'()-+{{E||}h}h~zX6{\=
10!!K`l"10%))&'()-+!`l"10%AA&'()-+!`l"10%3l3l&'()-+!/`l"10%&'()-+!l"10%<a<a
&'()-+f#lz10%@&'()-h~mC!/wU6{\=
10!`l"10%@&'()-+!l"10%$$&'()-+!%`l"10%$$&'()-+!l"10% K K&'()-+!.`l"10%
&'()-+!P`l"10% + +&'()-+/#~_@ 10!`$f10%m&'()-Y10%m&'()-%m10%m&'()-  10@ 10@
10@910%@&'()-!l"10%&'()-+#RazX6~_@
10!!)`m"10%xx&'()-V*!`m"10%sSsS&'()-V*!%`m"10%&'()-V*!`m"10%&'()-V*!m"10%&'
()-V*S}10%m&'()-DwXMB7 10!! 10m 10m
10m810%m&'()-!*`m"10%QQ&'()-V*!`m"10%ss&'()-V*!`m"10%ii&'()-V*!`m"10%xx&'()
-V*dEMB7 10!! 10m
13y/10%&'()-3&10%&'()-Y10%&'()-S`10%&'()-sF10%&'()-&m10%&'()- q"}^?MB7 10!!
10m9dk10%&'()-'9S10%&'()-@#lf10%&'()-!
32!10%&'()-!32!10%PP&'()-y/10%&'()-w]>7 10!! 109dk10%&'()-9dk10%&'()-
k9dk10%&'()-9dk10%&'()- k9dk10%&'()-&'(12}^F7 10!! 



10 k9dk10%&'()-9dk10%&'()- k9dk10%&'()-9dk10%&'()- k2Dmnou]C7 10!!
109dk10%&'()- k&9dk10%&'()-)9dk10%&'()- k&9dk10%&'()-)9dk10%&'()-x^?7 10!!
109dk10%&'()-9dk10%&'()- k9dk10%&'()-9dk10%&'()- k9dk10%&'()- !"GrZ:7 10!!
1+1p10%"&'()-pv p'+1p10%"&'()-p+1p10%"&'()-p 310%"&'()-9dk10%&'()-
kGHIOUVgtX87 10!! +1p10%"&'()-p+1p10%"&'()-pv p-+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-pxX@7 10!! v p+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-p+1p10%"&'()-pv p 2pX<7 



10!! +1p10%"&'()-pv p+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-p+1p10%"&'()-p2YZnsW77 10!!+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-p+1p10%"&'()-pv p+1p10%"&'()-pxX@7 10!!v
p+1p10%"&'()-p+1p10%"&'()-pv p+1p10%"&'()-p+1p10%"&'()-pv p)*@hijpX<7
10!!+1p10%"&'()-pv p+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-p+1p10%"&'()-pjsW77 10!!+1p10%"&'()-p+1p10%"&'()-pv
p+1p10%"&'()-p+1p10%"&'()-pv p+1p10%"&'()-pdC 10!!+1 3410% &'()- 3&m10%
&'()- 10"10"10" 3@910%"&'()-+1p10%"&'()-pv pvU4 10! 3310%"&'()-
3@&l10%"&'()-10 -10 10  3S`910% &'()- 3L10% &'()- 3$FS10% &'()-c?vU4 10!
3#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X 3#Yf10%"&'()-dHvU4
10!
3#3t!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X!9EFGH{
_CvU4 10!
3#t!10%"&'()-X(t!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-XHITUV\t
dDvU4 10!
3#t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-XtcCvU4
10!
3#t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-Xd@vU4
10!
3##3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!dH,4t!10%"&'()-
Xt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-XdD,4t!10%
"&'(t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-X!"#$=I
cC,4t!10%"&'(t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'(
)-XIJKL\jkd@,4t!10%"&#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#
3cQ!klmn~hL04t!10%"&'()-XQt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'
()-Xt!10%"&'()-XdD04t!10%"&t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&
'()-Xt!10%"&'()-XcC04t!10%"t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X
#3cQ!t!10%"&'()-Xd@04t!10%#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'
()-X#3cQ!hL04t!10%"&'()-XQt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'
()-Xt!10%"&'()-X"#$%&.hL,4t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#
3cQ!t!10%"&'()-Xt!10%"&'()-X./06JXY`<,4t!10#3cQ!&t!10%"&'()-Xt!10%"&'()-Xt!
10%"&'()-Xt!10%"&'()-X#3cQ!YZ[nz{|}dH,4t!10%"&'()-XQt!10%"&'()-X#3cQ!t!10%"
&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X}cG,4t!10%"&'()-Xt!10%"&'()-Xt!10
%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-XgG,4t!10%"&'()-Xt!10%"&'()
-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-X`<,4t!10%#3cQ!t!10%"
&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ! 



dH,4t!10%"&'()-XQt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%
"&'()-X
-hL,4t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%
"&'()-X-./01:;
<hD)t!10%"&'()-X#3cQ!t!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-Xt!10%"&'()-X#3cQ!<
Go|[:-10# FS910%#&'()- =`F&F"10%s!&'()- `F&F"10%#&'()- ZF&F"10% &'()--
&F&F"10%P&'()- FF&F"10%F&'()-cG/10%`~#`&'()-)10%`~#`&'()-) F#g10%`~#`&'()-
FLfG10%`~#`&'()-
F$m10%`~#`&'()-10#10#!"#)/0AkS7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)-10%
`~#`&'()-)10%`~#`&'()-)A_`asW7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~
#`&'()-)10%`~#`&'()-)xX@/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()
-)89:pX</10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-):
abcsW7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@
/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)EFGpX</10%`~#`&'()-)10
%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)GlmnsW7/10%`~#`&'()-)10%`
~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@/10%`~#`&'()-)10%`~#`&'(
)-)10%`~#`&'()-)10%`~#`&'()-)
EFGpX</10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)Ggh
isW7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@/1
0%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)=>?pX</10%`~#`&'()-)10%`
~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)?bcdsW7/10%`~#`&'()-)10%`~#
`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@/10%`~#`&'()-)10%`~#`&'()-
)10%`~#`&'()-)10%`~#`&'()-)
345pX</10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)5WX
YsW7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@/1
0%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)
DEFpX</10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)Flm
nsW7/10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)xX@/1
0%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-))*+456pX=/10%`~#`&'()-)1
0%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)10%`~#`&'()-)69ADEFGS_vU4
&310%="&'()- &',m10%="&'()- 10="10="10=" `910%="&'()- s610%="&'()-
`610%="&'()-_n|\<vU4 1/"10%l"!l&'()-1/"10%l"!l&'()- RYI!10%l"!l&'()-
\YI!10%v v&'()- y10%="&'()-
f#lf10%="&'()-eG+41/"10%l"!l&'()-'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!
l&'()-'-"1/"10%l"!l&'()-"AeE+41/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-
1/"10%l"!l&'()-'-"-1/"10%l"!l&'()-1/"10%l"!l&'()-ABCDabcdlP441/"1/"10%l"!l&
'()-1/"10%l"!l&'()-'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"diK/4
1/"10%l"!l&'()-('-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-('-"1/"10%l
"!l&'()-nN04'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"1/"10%l"!l&'
()-1/"10%l"!l&'()-)*+,RjN.41/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"
-1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-RSTUklo~lP041/"10%l"!l&'()-1/
"10%l"!l&'()-'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"~iK/41/"10%
l"!l&'()-'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-('-"1/"10%l"!l&'()
-nN04'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"1/"10%l"!l&'()-1/"1
0%l"!l&'()-@ABCejN.41/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"-1/"10%
l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-efghlP441/"10%l"!l&'()-1/"10%l"!l&'(
)-'-"1/"10%l"!l&'()-1/"10%l"!l&'()-1/"10%l"!l&'()-'-"<dC441/"10%
<,!10%"&'()--& K,!10%e$&'()--
*10%e$&'()-1/"10%l"!l&'()-('-"1/"10%l"!l&'()-<hklmnzvU4 y#FS10%e$&'()-
&F10%e$&'()- &10%e$&'()- 10e$-10e$10e$ &910%e$&'()-
W,!10%q"!q&'()--cu&xz|[:vU4   `S"10%#&'()-, `S"10%!&'()-, .`S"10%e$&'()-,
%`S"10%e$&'()-, {`S"10%e$&'()-, S"10%"&'()-,zqtwxyz|obU4
9'm10%+$&'()-10e$10e$10e$ ,&910%e$&'()- `S"10%#&'()-, `S"10%e$&'()-,
`S"10%#&'()-,_J|[:bU4  ` F"10%#&'()-+ )` F"10%#&'()-+ ` F"10%&'()-+
F"10%(#&'()-+ #f10%+$&'()- sY10%+$&'()-Jn69T(|[:bU4  ` F"10%+$&'()-+ `
F"10%+$&'()-+ ` F"10%#&'()-+ ` F"10%+$&'()-+ X` F"10%#&'()-+ `
F"10%&'()-+(+OPQR^jzvU4 #S10%R$&'()- s310%R$&'()- &10%R$&'()- 10"10"10"
,>10%"&'()- Sy810%+$&'()-z]|`@vU4 # K"10%v"v&'()- K"10%v"v&'()-
oM!10%v"v&'()- $M!10%2#&'()- ~M!10%&'()- f10%R$&'()-eG+4 K"10%v"v&'()-'J"
K"10%v"v&'()- K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()-)HeE+4
K"10%v"v&'()- K"10%v"v&'()- K"10%v"v&'()- K"10%v"v&'()-'J"- K"10%v"v&'()-
K"10%v"v&'()-HIJKhijklP44 K" K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-'J"kiK/4 K"10%v"v&'()-('J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-('J" K"10%v"v&'()-nN04'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()- K"10%v"v&'()- ,-./PjN.4
K"10%v"v&'()- K"10%v"v&'()- K"10%v"v&'()-'J"- K"10%v"v&'()- K"10%v"v&'()-
K"10%v"v&'()-PQRSyz{|lP44 K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-'J"|eG+4 K"10%v"v&'()-'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-('J" K"10%v"v&'()-!"jJ,4'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()- K"10%v"v&'()-"#$FGHIonR24
K"10%v"v&'()- K"10%v"v&'()- K"10%v"v&'()-'J" K"10%v"v&'()- K"10%v"v&'()-
K"10%v"v&'()-opqrlP44 K"10%v"v&'()- K"10%v"v&'()--'J" K"10%v"v&'()-
K"10%v"v&'()- K"10%v"v&'()--'J"iH44 K"10%v"v& *3"10%#&'()-  *3"10%4&'()-
'10%#&'()- K"10%v"v&'()-'J" K"10%v"v&'()-KvU4 `310%#&'()-
&'m10%#&'()-10#10#10# &910%#&'()-& *3"10%#&'()-  *3"10%!"&'()- w|[:vU4
m"10%&'()-+ `m"10%A#&'()-+  m"10%#&'()-+ `m"10%>"&'()-+& m"10%#&'()-+ #
g10%#&'()-!(|[:vU4  m"10%#&'()-+ m"10%#&'()-+ `m"10%"&'()-+ `m"10%#&'()-+&
m"10%)#&'()-+ m"10%#&'()-+vU4  "10%#&'()-+ #S10%#&'()- sFY10%#&'()-
l%310%#&'()-310#10#10# 810%#&'()-n-|[:vU4  ` "10%#&'()-+ =` "10%#&'()-+ U`
"10%#&'()-+ ` "10%#&'()-+ A` "10%"&'()-+ ` "10%<#&'()-+-|[:-410# =10%#&'()-
@y810%#&'()- ` "10%#&'()-+ ` "10%Q&'()-+ ` "10%k!&'()-+ 4`
"10%"&'()-+bA410#   %`3S"10%#&'()-+ {`3S"10%|"&'()-+ 3S"10%#&'()-+
s310%#&'()-  &Sm10%#&'()-10#10#-||[:A410# `3S"10% &'()-+ `3S"10%#&'()-+
`3S"10%#&'()-+ %`3S"10%#&'()-+ `3S"10%4"&'()-+ `3S"10%#&'()-+GvU410
10%"&'()- # y10%#&'()- `F10%#&'()- y&10%#&'()-10#10#10#
f810%#&'()-GJ|[:vU410  )` m"10%<#&'()-) 3` 



m"10%#&'()-) ` m"10%K#&'()-) ` m"10%9"&'()-) ` m"10%$#&'()-)
m"10%9"&'()-)k|obU410 %m10%sR$s&'()- 10#10#10# 810%#&'()- ` m"10%"&'()-) `
m"10%#&'()-)  ` m"10%"&'()-)|[:bU410  3`Z"10%tR$t&'()-+ 8`Z"10%yR$y&'()-+
Z"10%<#&'()-+ Z"10%R$&'()-+ ,#T10%sR$s&'()- 310%sR$s&'()-c>ABzY8+410sR$s
810%sR$s&'()-- `Z"10%sw"s&'()-+- Z"10%kR$k&'()-+- Z"10%k"k&'()-+-
Z"10%oR$o&'()-+-!`Z"10%s4 s4 &'()-+BCDP\l*7bA410sR$s  `@"10%$&'()-+` @"10%
&'()-+ f# z10%&$&&'()- &F10%&$&&'()- $m10%&$&&'()-`10sR$s
10sR$s7L]|[:A410sR$s  `@"10%&$&&'()-+ /`@"10% " &'()-+ `@"10% T# &'()-+
/`@"10%"$"&'()-+ `@"10%]#&'()-+ `@"10%&D&&'()-+YvU40sR &FZ10%&$&&'()-
$10%&$&&'()- 10&$&10&$&10&$& 810%&$&&'()- `@"10%$&'()-+
%`@"10%!&'()-+#[l|[:vU40sR  3`&Y"10%'< '&'()-s* 8`&Y"10%'b#'&'()-s*
&Y"10%6$6&'()-s* &Y"10%6$6&'()-s*  ;10%&$&&'()- f#f10%&$&&'()-l|[:vU40sR
`&Y"10% " &'()-s* `&Y"10%&a&&'()-s* &Y"10%!"&'()-s* &Y"10%"- "&'()-s*
&Y"10%"$"&'()-s*  `&Y"10%:$:&'()-s*vU40sR #S10%#&'()- LYG10%#&'()-
,&10%#&'()-10&$&10&$&10&$& y=10%&$&&'()- y810%&$&&'()-9pu|[:vU40sR  B`
"10%#&'()-+ `  "10%"&'()-+ `  "10%m&'()-+ `  "10%#&'()-+ `  "10%#&'()-+
"10%"&'()-+u.ZFLOxy|[:-410# @>10%#&'()-` S810%#&'()- 8`  



"10%#&'()-+ )`  "10%#&'()-+ `  "10%&'()-+ *`  "10%#&'()-+yz{bA410#
nF"10%"$"&'()-x* X10%9$9&'()- ,# g10%9$9&'()- 410%9$9&'()-
y&10%9$9&'()-10#10#3|[:A410# .`nF"10%"&'()-x* `nF"10% $ &'()-x*
`nF"10%9z#9&'()-x* `nF"10%m"&'()-x* `nF"10%9#9&'()-x*
`nF"10%!&'()-x*(%(RSTU|[NA410109p#9109p#9109p#9 yf>10%9p#9&'()-`
810%9$9&'()- `nF"10%9$9&'()-x* /`nF"10% $ &'()-x* `nF"10% $
&'()-x*Uam|Qx4|[:NA41010  `m"10%:d":&'()-+ `m"10%&$&&'()-+ 4m"10%a$a&'()-+
y# g10%&$&&'()- 9Z10%&$&&'()-  %l10%&$&&'()-46$25XY|[:-410&$& ,>10%&$&&'()-
810%&$&&'()- `m"10%&$&&'()-+ `m"10%]#&'()-+ `m"10%"""&'()-+
)`m"10%6_"6&'()-+YZ[gsJbA410&$&  ` @Y"10%"&'()-+  @Y"10%B&'()-+
f#3z10%#&'()- L410%#&'()- %l10%#&'()-410&$&10&$&J||[:A410&$&  `
@Y"10%#&'()-+ ` @Y"10%"&'()-+ ` @Y"10%"&'()-+ 3` @Y"10%#&'()-+ `
@Y"10%"&'()-+ ` @Y"10%#&'()-+|[NA41010#10#10# ,910%#&'()- ` @Y"10%r"&'()-+
` @Y"10%b &'()-+ ` @Y"10%"&'()-+ ` @Y"10%j!&'()-+$|[:NA41010
=`@"10%S#S&'()- `@"10%I?$I&'()- @"10%X"X&'()- ,#3z10%`?$`&'()-
Z10%`?$`&'()- &m10%`?$`&'()- $dp|[:NA41010 &Z"10%6?$6&'()-l
*`@"10%Df!D&'()- `@"10%11&'()- `@"10%D"D&'()- `@"10%``&'()-
`@"10%I?$I&'()-pwvU410 9G10%#&'()- %ym10%#&'()- 10`?$`10`?$`10`?$`
810%`?$`&'()- F`&Z"10%###&'()-l <`&Z"10%(?$(&'()-ld gQe |[:vU410
F`fm"10%#&'()-+ `fm"10%#9"#&'()-+ B`fm"10%Y#&'()-+ `fm"10%"&'()-+
fm"10%#&'()-+ f#Yf10%#&'()-e vA/|[:vU410  `fm"10%$#&'()-+  `fm"10%!&'()-+
`fm"10%&'()-+ `fm"10%&'()-+ %`fm"10%#&'()-+ %`fm"10%<#&'()-+/2345AM\0vU410
ql 10%#&'()- #z10%#&'()- 9SG10%#&'()- $10%#&'()- 10#10#10#
810%#&'()-0(|[9vU410 !`9"10%&'()- % P`9"10%T#&'()- % `9"10%#&'()- %
`9"10%O#&'()- % 9"10%&'()- % 9"10%#&'()- %\|[NA41010#10#10# &910%#&'()-
9"10%7#&'()- % 9"10%#&'()- % 8`9"10%#&'()- % 89"10%A#&'()- %%u|[:NA41010
`G"10%M#M&'()-* G"10%;#;&'()-* fX10%M,$M&'()- ,#lT10%M,$M&'()-
310%M,$M&'()- %10%M,$M&'()-uNs|[:NA41010 `G"10%v&'()-* =`G"10%v#&'()-*
8`G"10%#&'()-* P`G"10%,$&'()-* `G"10%#,$#&'()-* `G"10%M"M&'()-*svU410
s,Y10%#&'()- ,&10%#&'()- 10M,$M10M,$M10M,$M 9910%M,$M&'()- `G"10%,$&'()-*
`G"10%Mn"M&'()-*-Y[- |[:vU410  ` %10% &'()-, ` %10%&'()-,  w` %10%&'()-, `
%10%A&'()-,  %10%&'()-, #f10%#&'()--  !!)"";#|[:vU410   ` %10%$&'()-, `
%10%< &'()-, ` %10%l &'()-, ` %10% &'()-, ` %10%&'()-, ` %10% &'()-,;
########$vU410 y#Y10%9$9&'()- LZ10%9$9&'()- $10%9$9&'()- 10#10#10#
,910%#&'()- %` %10% &'()-,$$%%%&'|[:vU410  F`Sl"10%1!1&'()-+
`Sl"10%?$?&'()-+ `Sl"10%99&'()-+ `Sl"10%I!I&'()-+  `Sl"10%M!M&'()-+
Sl"10%WW!W&'()-+''((m)*m*|[:vU410  `Sl"10%!&'()-+ `Sl"10%'/"'&'()-+
`Sl"10%,$,&'()-+ `Sl"10%1"1&'()-+ `Sl"10%:$:&'()-+
`Sl"10%9$9&'()-+m*p********vU410 #g10%&$&&'()- 9G10%&$&&'()- %m10%&$&&'()-
109$9109$9109$9 y>10%9$9&'()-M 810%9$9&'()-**+!,,,U-|[:vU410  `F"10%q
&'()-+ `F"10%,Z,&'()-+ `F"10%&i"&&'()-+ `F"10%1$1&'()-+  `F"10%:$:&'()-+
F"10%11&'()-+U--1.. /00|[:vU410  `F"10%#&'()-+ `F"10%$&'()-+ `F"10%"g
"&'()-+ `F"10%"g "&'()-+ `F"10%'$'&'()-+ `F"10%&#&&'()-+000000011vU410
f#Ff10%3(3&'()- &310%3(3&'()- S&10%3(3&'()-10&$&10&$&10&$& &910%&$&&'()-
`F"10%$&'()-+1P223455|[:vU410  `@f&10%. (. &'()-,, "`@f&10%\&\&'()-,,
G`@f&10%7 



&7 &'()-,, L`@f&10%7 N'7 &'()-,, `@f&10%7 v&7 &'()-,, @f&10%< (<
&'()-,,5566Q7777|[:-4103(3 `910%3(3&'()- `@f&10% ( &'()-,, =`@f&10% O&
&'()-,, `@f&10%$ >%$ &'()-,, .`@f&10%. D'. &'()-,, `@f&10%$ #$
&'()-,,777777l9:bA4103(3  ` Z"10%#&'()-G  Z"10%#&'()-G #f10%#&'()-
`YY10%#&'()- @&10%#&'()- 103(3103(3:::;; ;!;-;9;vU410 G10%`?!`&'()-
%l10%`?!`&'()-10Q"10Q"10Q" @>10%Q"&'()-s 810%#&'()- ` Z"10%$#&'()-G9;I;R;T;
U;V;[;v;kK+4+a10%`?!`&'()-R+a10%`?!`&'()-R
+a10%`?!`&'()-R+a10%`?!`&'()-R+a10%`?!`&'()-R #g10%`?!`&'()-v;w;x;
;;;;;xX@4+a10%`? +a10%`?!`&'()-R+a10%`?!`&'()-R!
+a10%`?!`&'()-R+a10%`?!`&'()-R ;;;;;<<<pX<4+a10%+a10%`?!`&'()-R 



+a10%`?!`&'()-R+a10%`?!`&'()-R
+a10%`?!`&'()-R+a10%`?!`&'()-R<G<H<I<l<m<n<<sW74+a+a10%`?!`&'()-R+a10%`?!`&
'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R<<<<<<<<xX@4+a
+a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R
<<===@=A=B=pX<4+a+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R
+a10%`?!`&'()-R+a10%`?!`&'()-RB=j=k=l=====sW74+a+a10%`?!`&'()-R+a10%`?!`&'(
)-R +a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R======>>xX@4+a
+a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R >>:>;
><>d>e>f>pX<4+a+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R
+a10%`?!`&'()-R+a10%`?!`&'()-Rf>s>t>>>>>>sW74+a+a10%`?!`&'()-R+a10%`?!`&'()
-R +a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R>>>>>>??xX@4+a
+a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R
??4?5?J?o?p?q?pX<4+a+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R
+a10%`?!`&'()-R+a10%`?!`&'()-Rq?}?~??????sW74+a+a10%`?!`&'()-R+a10%`?!`&'()
-R +a10%`?!`&'()-R+a10%`?!`&'()-R +a10%`?!`&'()-R???????#@yX74+a >10%k
&'()-M S910%k &'()-+a10%`?!`&'()-R +a10%`?!`&'()-R+a10%`?!`&'()-R 



#@$@%@&@2@>@M@V@W@vV:+a S10%9 9&'()--S10%9 9&'()- #lf10%9 9&'()- `Y10%9
9&'()- f&10%9 9&'()-10k -10k 10k W@X@^@u@v@w@@@tT<:+a  -S10%9 9&'()-S10%9
9&'()- S10%9 9&'()-S10%9 9&'()- @@@@@@@@pX<:+a S10%9 9&'()- S10%9
9&'()-S10%9 9&'()- S10%9 9&'()-S10%9 9&'()-@@@@AAA;AsW7:+aS10%9 9&'()-S10%9
9&'()- S10%9 9&'()-S10%9 9&'()- S10%9 9&'()-;A<A=A\A]A^AAAxX@:+a S10%9
9&'()-S10%9 9&'()- S10%9 9&'()-S10%9 9&'()- AAAAAAAApX<:+aS10%9 9&'()-
S10%9 9&'()-S10%9 9&'()- S10%9 9&'()-S10%9 9&'()-AAAA B!B"BDBsW7:+aS10%9
9&'()-S10%9 9&'()- S10%9 9&'()-S10%9 9&'()- S10%9
9&'()-DBEBFBlBmBnBBBxX@:+a S10%9 9&'()-S10%9 9&'()- S10%9 9&'()-S10%9
9&'()- BBBBBBBBpX<:+aS10%9 9&'()- S10%9 9&'()-S10%9 9&'()- S10%9
9&'()-S10%9 9&'()-BBBBCCC8CsW7:+aS10%9 9&'()-S10%9 9&'()- S10%9 9&'()-S10%9
9&'()- S10%9 9&'()-8C9C:C^C_C`CCCxX@:+a S10%9 9&'()-S10%9 9&'()- S10%9
9&'()-S10%9 9&'()- CCCCCCCCpX<:+aS10%9 9&'()- S10%9 9&'()-S10%9 9&'()- 



S10%9 9&'()-S10%9 9&'()-CCCCD DDDsW7:+aS10%9 9&'()-S10%9 9&'()- S10%9
9&'()-S10%9 9&'()- S10%9 9&'()-DDD/D0D1DTDUDxX@:+a S10%9 9&'()-S10%9 9&'()-
S10%9 9&'()-S10%9 9&'()- UDVD|D}D~DDDDpX<:+aS10%9 9&'()- S10%9 9&'()-S10%9
9&'()- S10%9 9&'()-S10%9 9&'()-DDDDDDDEsX7:+a `y>10%>!&'()-sS10%9 9&'()-
S10%9 9&'()-S10%9 9&'()- S10%9 9&'()-EEEEEE*E3E4EvV:+a  10%!&'()-Y-
10%!&'()-Y `#S10%!&'()- `G10%!&'()- `&,10%!&'()- 10>!10>!910>!4E5E;
EdEeEfEmEnEtT<:+a  - 10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y
nEoEEEEEEEpX<:+a  10%!&'()-Y  10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 



10%!&'()-YEEEEEEE'FsW7:+a 10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y
10%!&'()-Y'F(F,FEFFFGFoFpFxX@:+a  10%!&'()-Y 10%!&'()-Y  10%!&'()-Y
10%!&'()-Y pFqFFFFFFFpX<:+a 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y  10%!&'()-Y
10%!&'()-YFFFFGGG$GsW7:+a 10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 



10%!&'()-Y  10%!&'()-Y$G%G&GMGNGOGnGoGxX@:+a  10%!&'()-Y 10%!&'()-Y
10%!&'()-Y 10%!&'()-Y oGpGGGGGGGpX<:+a 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y
10%!&'()-Y 10%!&'()-YGGGGGGGHsW7:+a 10%!&'()-Y 10%!&'()-Y  10%!&'()-Y
10%!&'()-Y  10%!&'()-YHHH+H,H-HRHSHxX@:+a  10%!&'()-Y 



10%!&'()-Y  10%!&'()-Y 10%!&'()-Y SHTHaHbHhHHHHpX<:+a 10%!&'()-Y
10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 10%!&'()-YHHHHHHHHsW7:+a 10%!&'()-Y
10%!&'()-Y  10%!&'()-Y 10%!&'()-Y  10%!&'()-YHHHIII;I<IxX@:+a  10%!&'()-Y
10%!&'()-Y  10%!&'()-Y 10%!&'()-Y <I=IBICIDIgIhIiIpX<:+a 



10%!&'()-Y  10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 10%!&'()-YiIIIIIIIIsW7:+a
10%!&'()-Y 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y  10%!&'()-YIIIIIIIIIyXK>+a10
10  f910% &'()- 10%!&'()-Y  10%!&'()-Y 10%!&'()-Y IIJJ'J0J1J2JpT<>+av 0@10%
&'()-0@10% &'()- #Yz10% &'()- F10% &'()- &m10% &'()-10
2J=JbJcJdJqJrJsJkS7>+a0@10% &'()-v (0@10% &'()-0@10% &'()-v 0@10%
&'()-0@10% &'()-sJJJJJJJJsW7>+a0@10% &'()-0@10% &'()-v 0@10% &'()-0@10%
&'()-v 0@10% &'()-JJJKKK7K8KxX@>+av 0@10% &'()-0@10% &'()-v 0@10%
&'()-0@10% &'()-v 



8K9K`KaKmKKKKpX<>+a0@10% &'()-v 0@10% &'()-0@10% &'()-v 0@10% &'()-0@10%
&'()-KKKKKKKKsW7>+a0@10% &'()-0@10% &'()-v 0@10% &'()-0@10% &'()-v 0@10%
&'()-KKKLLL2L3LxX@>+av 0@10% &'()-0@10% &'()-v 0@10% &'()-0@10% &'()-v
3L4LTLULVL|L}L~LpX<>+a0@10% &'()-v 0@10% &'()-0@10% &'()-v 0@10% &'()-0@10%
&'()-~LLLLLLLLsW7>+a0@10% &'()-0@10% &'()-v 0@10% &'()-0@10% &'()-v 0@10%
&'()-LLLLLM*M+MxX@>+av 0@10% &'()-0@10% &'()-v 0@10% &'()-0@10% &'()-v
+M,MQMRMSMmMnMoMpX=>+a0@10% &'()-v 0@10% &'()-0@10% &'()-v 0@10% &'()-0@10%
&'()-oMrMsMtMuMMMMBNvU4 s$10%$&'()-  s$10%$&'()-  10%$&'()-@ '@l10%$&'()-10
10 110  910% &'()-BNNN/OOOP|[:vU4  10%$&'()- y$10%$&'()- y!10%$&'()-
y@10%$&'()- yM10%$&'()-  10%$&'()-PtPPQbQQQ|[:vU4  y10%$&'()- f10%$&'()-
$10%$&'()- y!10%$&'()- FS10%$&'()- y!10%$&'()-QRmRRR)SS|[:vU4  y,$10%$&'()-
y*!10%$&'()- S)y10%$&'()- &10%$&'()- y$!10%$&'()-
"10%$&'()-SSSPT`TcTdTeTfT|[NA410$10$10$ 810%$&'()- 210%$&'()- F1!10%$&'()-
/10%$&'()-  .$10%$&'()-fTrTlUUU6VMV|[:NA410 @10%e$&'()- !10%e$&'()-
!10%&'()- $10%]&'()- $10%e$&'()- s'm10%e$&'()-MVVV7WWXX|[9NA410!L!Z10%
&'()- d$10%e$&'()-  _5$10%T&'()-  $10%e$&'()-  _$10%&'()-
f10%e$&'()-XXX&YY ZRZ|Z9NA410 Z@)$10%&'()-!V@)$10%}}&'()- @)$10%e$&'()-
@)$10%J&'()- QL!Z10%xx&'()- QL!Z10%xe$x&'()-RZZZZZZZJ[[vU4 _fl$10%d&'()-(
fl$10% $ &'()-' 'm10% $ &'()- 10e$10e$10e$ 810%e$&'()-
4y10%e$&'()-[\\]]]:^|[:vU4 _ fl$10% $ &'()- _fl$10%&'()- fl$10% $ &'()-
fl$10% $ &'()- Zfl$10%P"&'()- Zfl$10%&'()-:^^^____|Z9vU4
Ly$10%&'()-!Ly$10%&'()- y$10% $ &'()- Ly$10%l&'()- Gy$10%&'()-
L:y$10%&'()-_``aaaaaa|obU4 L'm10%3$3&'()-(10 $ 10 $ 10 $  @810% $ &'()-
y2$10% $ &'()- Vy$10%b&'()- y$10% $ &'()-aaa@bbbb|[:bU4  S@10%3$3&'()-
,!10%3$3&'()- fz10%3$3&'()- , `10%3$3&'()-  910%3$3&'()- fz10%3$3&'()-
bFcccDd^dd|[:bU4  yz10%3$3&'()- SF10%3$3&'()- S$10%3$3&'()- !10%3$3&'()- f
10%3$3&'()- 10%3$3&'()-ddWeeeDfnf|[:bU4  ,&:10%3$3&'()- ,$10%3$3&'()-
S"10%3$3&'()- fL!s$10%3$3&'()- ,!10%3$3&'()- ,10%3$3&'()-nfffgxgg0h|[:bU4
y31s$10%3$3&'()- 



@/!10%3$3&'()- ,.g 10%3$3&'()- yy,z10%3$3&'()- ff)10%3$3&'()-
,'!10%3$3&'()-0hhhhhhhhIivU4 S$10%3$3&'()- 'Sl10%3$3&'()- 103$3103$3103$3
@810%3$3&'()- 610%3$3&'()- y2Z10%3$3&'()-Iiiipjj(kk|[:vU4  SY$10%3$3&'()--
S$10%3$3&'()-Z  _S$10%&'()-Z  S$10%3$3&'()-Z  S$10%3?3&'()-Z
S$10%3$3&'()-kRl(mmmFnn|[:vU4  y2s$10%3$3&'()-3 rSY$10%&'()--
SY$10%3$3&'()-- dSY$10%X&'()-- dSY$10%&'()-- ZSY$10%&'()--nnnnnooDo{ovU4
&'10%3$3&'()- s10%3$3&'()- y&9m10%3$3&'()-103$3103$3103$3 @810%3$3&'()-
Qy2s$10%&'()-3{oo1pippqBq|[:vU4  f10%3$3&'()- f,$10%3$3&'()- !10%3$3&'()- S
M10%3$3&'()- SL$10%3$3&'()-   !10%3$3&'()-BqqqqqHrQr|[:vU4  s10%3$3&'()-
10%3$3&'()- ls10%3$3&'()-  10%3$3&'()- ,10%3$3&'()-
S10%3$3&'()-Qrrrrrs+sjs|[:vU4  ,'10%3$3&'()- f&10%3$3&'()- y`$s$10%3$3&'()-
&!y10%3$3&'()-  10%3$3&'()-  10%3$3&'()-jsss-tIttt|[:vU4  ,l410%3$3&'()-
f31$10%3$3&'()- f-10%3$3&'()- ,f,!10%3$3&'()- f*S10%3$3&'()-
,,)!10%3$3&'()-t5u8u9u:u;uGu~uuvU4 9!10%3$3&'()- 10%3$3&'()-
L'10%3$3&'()-103$3103$3103$3 @810%3$3&'()- @6`10%3$3&'()-u4vvvvGwPw|[:vU4
s10%3$3&'()- @!10%3$3&'()-  10%3$3&'()- S10%3$3&'()- S`$10%3$3&'()- S
$10%3$3&'()-PwwwxSxxx|[:vU4  !10%3$3&'()- !10%3$3&'()-  310%3$3&'()-
10%3$3&'()- !10%3$3&'()-  ys10%3$3&'()-xyGyxz{z||[:vU4  !10%3$3&'()-
!10%3$3&'()- 810%3$3&'()-  9!10%3$3&'()-  310%3$3&'()- L10%3$3&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font$n%K,39@HOV]cjqx~FmyQCzTZ4  '-4
8%=BFtJeQW^ek:r{w|~=`<+{Am*>(FKrTDfQr{zji'
jD"%')*G//5I6:=@CGKMQ!RUY[^-`,dfhTlmqtuy{h~/#2G2jHtIk.Y}
-<A:GG?5F6_AdR~e<zJ(zHkP|"oGB7luyU4YJ$pe /0us-
;#$'m**U-0157:9;v;;<<<B==>f>>?q??#@W@@@;AAADBBB8CCCDUDDE4EnEE'FpFF$GoGGHSHH
H<IiIII2JsJJ8KKK3L~LL+MoMBNPQSfTMVXRZ[:^_abdnf0hIikn{oBqQrjstuPwx{z 



!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'6Times New RomanArialCourier New"h Root EntryWordDocument\
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-. 


