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System Description:

We will demonstrate the Border Trade Facilitation System (BTFS), an agent-based
bilingual ecommerce system built to expedite the regulation, control, and execution
of commercial trans-border shipments during the delivery phase. The system was
built to serve maquila industries at the US/Mexican border. The BTFS uses
foundation technology developed here at Sandia Laboratories” Advanced
Information Systems Lab (AISL), including a distributed object substrate, a general-
purpose agent development framework, dynamically generated agent-human
interaction via the World-Wide Web, and a collaborative agent architecture. This
technology is also the substrate for the Multi-Agent Simulation Management
System (MASMAS) proposed for demonstration at this conference. The BTFS
executes authenticated transactions among agents performing open trading over the
Internet. With the BTFS in place, one could conduct secure international
transactions from any site with an Internet connection and a web browser. The BTFS
is currently being evaluated for commercialization.

In 1997 the AISL completed a prototype of the Border Trade Facilitation System
(BTES), a collaborative information processing environment that operates on the
Internet and World-Wide Web. The BTFS comprises multiple autonomous
software agents that assist human actors in conducting international shipping
transactions by creating, documenting, monitoring, and coordinating shipment
transactions in information space.

The BTFS prototype demonstrates a multi-agent approach to coordinating a
complex, knowledge-intensive shipping process. We have demonstrated the
following agent behaviors: elicitation, mediation between ontologies, negotiation,
delegation, monitoring, goal satisfaction, and conduct of an authenticated
negotiation protocol for commercial contracts. A typical trans-border documentation
package includes one to two dozen Spanish and English forms. The BTES allows a
registered user to fill out the core documentation set and execute the border crossing
paperwork.

The essential concept of the BTFES is that the physical trans-border shipment of
goods and the required accompanying certification are entirely represented as a set of
events in information space, the state of which both controls and certifies events in
physical space. The BTFS information system contains a real-time transaction-
centric model of the physical border-crossing process. The BTFS design is based on
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three general concepts: (1) creation of a distributed object programming
environment with an underlying secure network infrastructure; (2) a distributed
object representation of a shipping transaction; and (3) insertion of knowledgable
software agents at critical points in the information flow.

The BTFS is supported by the AISL’s distributed object programming system DCLOS
(Distributed CLOS) that provides a seamless design methodology for networked
object environments. DCLOS is essential to networking agents in a collaborative
environment. DCLOS also supports a shared fragmented workpiece object. The
information needed to effect a single shipment is captured in a complex distributed
information structure with compositional semantics called the Maquila Enterprise
Transaction (MET). The components of a given MET are distributed among the
agencies involved in a particular shipment; no one agent or agency has access to all
components. The MET is shared via proxy; when a given agent needs MET
information, it is handed a MET proxy. Access is permitted based on task
requirements and controlled by electronic signature. BTFS agents interact with the
border-crossing process by collectmo and organizing information and posting it in
the MET. Control of the dlstrxbuted computation is decentralized and opportunistic.
Each agent computes new information components based on its internal knowledge
base and the state of the MET . Changes in the components trigger computations in a
manner reminiscent of blackboard systems

The framework comprises two associated abstract classes: agent and agency. An
agency identifies an independent locus of processes, activities, and knowledge
typically associated with some natural partitioning of the application domain.
Agencies are collectives of agents that have ongoing high-level goals stated in
business terms. In particular, the BTES is a distributed set of agencies specialized on
the commercial functions of the various stakeholders in the border-crossing process.
The underlying assumption is that the application is naturally modeled as a group

of interacting agencies, certainly true for the BTFS.

An electronic commerce agency (ECA) is a specialized subclass of the agencies class
that implements architectural features specific to ecommerce applications. An ECA
has the additional attributes of transactions and organizations. The transactions
attribute holds a collection of open and closed transaction objects. The organizations
attribute holds a collection of public proxy objects pointing to agencies that represent
trading partners.

The BTFS agent society comprises several federated ECAs analogous to the
interested business entities. Each ECA is populated by a heterogeneous collective of
speciated agents, each of which is able to perform a fragment of the information
tasks needed to effect trans-border shipment. Their exact duties are based on the
idiosyncratic business rules of the actual businesses involved, so an operational ECA
must be tailored and situated for each business. Constructing the ECA and the agents
that make it up consists in specializing agents from a set of standard agent classes
constructed for commerce. ECA classes are also pre-defined for the various required
roles: originator, receiver, transport provider, and import/ export broker.
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Submitted for Demonstration:
The Border Trade Facilitation System (BTFS)

System Description:

We propose to demonstrate the Border Trade Facilitation System (BTFS), an agent-
based bilingual ecommerce system built to expedite the regulation, control, and
execution of commercial trans-border shipments during the delivery phase. The
svstem was built to serve maquila industries at the US/Mexican border. The BTFS
uses foundation technology developed here at Sandia Laboratories” Advanced
Information Systems Lab (AISL), including a distributed object substrate, a general-
purpose agent development framework, dynamically generated agent-human
interaction via the World-Wide Web, and a collaborative agent architecture. This
technology is also the substrate for the Multi-Agent Simulation Management
System (VIASMAS) proposed for demonstration at this conference. The BTFS
executes authenticated transactions among agents performing open trading over the
Internet. With the BTES in place, one could conduct secure international
transactions from any site with an Internet connection and a web browser. The BTFS
is currently being evaluated for commercialization.

In 1997 the AISL completed a prototype of the Border Trade Facilitation System
(BTFS), a collaborative information processing environment that operates on the
Internet and World-Wide Web. The BTFS comprises multiple autonomous
software agents that assist human actors in conducting international shipping
transactions by creating, documenting, monitoring, and coordinating shipment
transactions in information space.

The BTFS prototype demonstrates a multi-agent approach to coordinating a
complex, knowledge-intensive shipping process. We have demonstrated the
following agent behaviors: elicitation, mediation between ontologies, negotiation,
delegation, monitoring, goal satisfaction, and conduct of an authenticated
negotiation protocol for commercial contracts. A typical trans-border documentation
package includes one to two dozen Spanish and English forms. The BTFS allows a
registered user to fill out the core documentation set and execute the border crossing
paperwork.

The essential concept of the BTFS is that the physical trans-border shipment of
goods and the required accompanying certification are entirely represented as a set of
events in information space, the state of which both controls and certifies events in
physical space. The BTFS information system contains a real-time transaction-
centric model of the physical border-crossing process. The BTFS design is based on
three general concepts: (1) creation of a distributed object programming

environment with an underlying secure network infrastructure; (2) a distributed
object representation of a shipping transaction; and (3) insertion of knowledgable
software agents at critical points in the information flow.

The BTFS is supported by the AISL’s distributed object programming system DCLOS
(Distributed CLOS) that provides a seamless design methodology for networked
object environments. DCLOS is essential to networking agents in a collaborative
environment. DCLOS also supports a shared fragmented workpiece object. The




information needed to effect a single shipment is captured in a complex distributed
information structure with compositional semantics called the Maquila Enterprise
Transaction (MET). The components of a given MET are distributed among the
agencies involved in a particular shipment; no one agent or agency has access to all
components. The MET is shared via proxy; when a given agent needs MET
information, it is handed a MET proxy. Access is permitted based on task
requirements and controlled by electronic signature. BTFS agents interact with the
border-crossing process by collecting and organizing information and posting it in
the MET. Control of the distributed computation is decentralized and opportunistic.
Each agent computes new information components based on its internal knowledge
base and the state of the MET . Changes in the components trigger computations in a
manner reminiscent of blackboard systems

The framework comprises two associated abstract classes: agent and agency. An
agency identifies an independent locus of processes, activities, and knowledge
typically associated with some natural partitioning of the application domain.
Agencies are collectives of agents that have ongoing high-level goals stated in
business terms. In particular, the BTES is a distributed set of agencies specialized on
the commercial functions of the various stakeholders in the border-crossing process.
The underlying assumption is that the application is naturally modeled as a group
of interacting agencies, certainly true for the BTFS.

An electronic commerce agency (ECA) is a specialized subclass of the agencies class
that implements architectural features specific to ecommerce applications. An ECA
has the additional attributes of transactions and organizations. The transactions
attribute holds a collection of open and closed transaction objects. The organizations
attribute holds a collection of public proxy objects pointing to agencies that represent
trading partners.

The BTFS agent society comprises several federated ECAs analogous to the
interested business entities. Each ECA is populated by a heterogeneous collective of
speciated agents, each of which is able to perform a fragment of the information
tasks needed to effect trans-border shipment. Their exact duties are based on the
idiosyncratic business rules of the actual businesses involved, so an operational ECA
must be tailored and situated for each business. Constructing the ECA and the agents
that make it up consists in specializing agents from a set of standard agent dasses
constructed for commerce. ECA classes are also pre-defined for the various required
roles: originator, receiver, transport provider, and import/export broker.

Hardware requirements:

A large (vour choice, I recommend at least 17 inch) multisync monitor




Border Trade Facilitation System (BTEFS)
Storyboard

. Sign on to BTFS; opening screen

. Initiate transaction for shipment

. Contact transport firm; arrange for transportation

. Fill out required forms (a)

. Fill out required forms (b)

. Initiate verified transaction; inspect open transactions
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2. Initiate transaction for shipment

@ B . Netscape: Shipment-Initiator a=
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Border Trade Facilitation System Sqi

Maquiladora Enterprise Transaction

ACCEPT CONTRACT? @YES @ NO
Date: 5/27/97 Invoice Number: T07478
CARRIER: Contract Freighters, Inc. ITV PROVIDER: Contract Freighters, Inc.
Initiator: Jeime Gonzales
ORIGINATOR: Wire Components S.A. e CV, ORIGIN: Industrial Park Plant
CONSIGNEE: New Mexico Mators, Inc. DESTINATION: West Albuquerque Warehouse
BROKER: Rudelph Miles & Sons
Shipment Manifest
N ¢ Conta - 3/  Net Weight Gross Weight v
Part Number Coun! ntainer Description Cont. by (ib) alue($)
252521 112 cartons Wiring Assernoly 200 392 443 $77538.72
Plan Route:
Departure Date (mm/dd/gy): 5/27/97 Departure Time: 0830 Deperture Window: +or-[__15min |
Arvival Date (mam/dd/yy): 5/27/97 Arrival Time : 1300 Artival Window: +or-[_30min |
Driver:
Las Cruces |
Ports of Exit/Entry: [ SanGerorime - Santa Teresa | ‘Waypaints: gi?};g ity [
Alamogordo |¥
Anslyze 1= [ Abort |
L4
riaes] =24
3. Contact transport firm; arrange for transportation
® e . . _Netscape:Shipment-initiator az
| Back | [ Howe | [[eat | [Retoad [images [ Prat [ 7ma ] | | {m]
Location {file:/ / /LRPE20Backups /DomenicyE20Demo /BTFSE 204~ 15-57 /eci—webpages /HCHI-ified B 20 iles /Shipment- Initiator html ] ;
Border Trade Facilitation System ’
Maquiladora Enterprise Transaction
Date: 5/27/97 Invoice Number: T07473
Initistor: Jaime Gonzalez ey /o
ORIGINATOR: [ Wire Components $.4.de C.V. ORIGIN:| Industrial Park Plant |
CONSIGNEE: | New Mexico Motors, Inc. DESTINATION: | West Albuguergue Warehouse }
CARRIER:[ Contract Freighters, Inc. ITV PROVIDER: | Contract Freighters, Inc. i
ENTRY BROKER: [ Rudolph Miles & Sons PROVIDEITV: G
EXIT BROKER:| Rudolph Miles & Sons
Departure Date _ /5 oo ah Departure _:
¢ rdd/gy): 5/27/97 Departure Time: 0830 Window: T ¥ 15 min
Arrizal Cete- ' ; : 1360 vl Window: + o -(_min ]
(mmsddsypy. > 2797 Arrival Time : 130 Arrival Window: +or-__0min |
Shipment Manifest
) - Qty/ Net Weight Gross
Part Number Count Container Description Cont. (b}  Weight (i) Value($)
25252-1 1127 [ cartons Wirizg Assembly 200 39z 443 77838.72
gy o = =
b
Fing ) [==214




4. Fill out required forms (a)

_ Netscape:pedimento

i

Hit

l Back ‘ l Home HReload Tlmagesl Qpen [ Print [ Find H ”Netscape!

Location: [fﬂe £ { /LRP's%20'W ork®202\P /BTFSE20Alpha-6-2 /BTFS /Mexncan®B20documents /pedimento-de-expor tacion html |

Iniciar un Nuevo Pedimento de Exportacion

Pedimento Consalidade? [J S

Fecha de Pago: 55/—5/97 No. Pedimento: 3776-768281

. Clave Pedimento: e
Tipo de Operacion: 2 T.C

AdvanasSEC. 872 Factor Moneda Extranjera: 1

Transporte: et
[ 7Carretera | Peso:201

Fecha Present: E?/ 5/9? o

Ju]» @

RF.C.: UIR9412 Pals comprador: 68 Pais de Origen: N
Exportader Nombre i Domicilio:
Nornbre: Wire Components S.A. de C.U. D
Domicilio: 1261 Parque Industrial Judrez )
Ciudad/Estsdo: Ciudad Judrez, Chih. Cédigo: 32636
Factuweas: (1) Te?478
Fechas: 22/5/97
Formna de Factuzacién: F,0.B.
Compradexr Nombze 57 Domicilio:
Normbre: New Mexico Mo'tors, Inc. ) B
Dormicilio: 2345 Eubank NE
Ciudad/Estade: Albuguerque, NM ’ ' Cédign: £7123 Sellos
Marcas, Nimmezos: 2 Conocimientos, ¢ Guia @ Vehiculos Mos.: Yalor Comexcial
4 S/M S/N i ) o ) CHI354 T 77538.72
ViMe: 77538.72 o V.Dls: 77538.72 Tlates: ) ' Seguzos S
N Descripcion de Mercancias Precio Unitario Comerdal Tasa
0. P ! . ]
Orvden Fracddon . Cantidad Dridad 3 Can_l.f}'A/U.M.T. FP Impuesto
Fermiso(s) Claves Nimeros / Firma DIS

Ensamblaje de Cables 387.69 77538.72  EXTA
1 9202.99.8865 288 | D6Pieza | 288786 2 9 ’
w S T 27538.72
Acuse de recibo: Cédigo de Barra: Contribuciones:
AT Jw
Obsarvaciones:
Totales:
Efectivo : 9 )
Otros @ 29
- T Total : 9
Patente : 8776 Nombre : Jaime Gonzalez
RFC : GOJR-S68505gj Firma de agente : -
| Agregue |1 linea(s) | Anslize | | Guarde | | Termine | [ Resetear | | Desechar |
Destino/Origen : Frania Fronteriza -
stes] [=7]




5. Fill out required forms (b)

* ... Netscape:Entry/lmmediate Delivery
ENE [(Home | [ gait | [Retoad | images | Print | Fnd |
Location: (file:// /LRPE20Backups/DomeniciB20Demo /BTF3E204-15-97 / eca—webpages /HCHI- 1Tiea®2 3Tes /246 1 -form htm] j
DEPARTMENT OF THE TREASURY
UNITED STATES CUSTOMS SZRVICE
Entry/Immediate Delivery
Elected -
JR L —_— N ey T T e— Entry S
L pate 5/27/97 2. ;f::z 5/27/97 3. codesMarne 801 ABI/A 4. Mumbex 66512345678
e e e e Single S Broker/ e e CONSimpe - o or oo
5. Fort Santa Teresa, NI (2408} &, Trans. 123 7. Importer Fila  21.-12345478 3. Numbge’;e 37-1234567M11
Bond Numbez
New Mexico Motors s ?ﬁ::z 37-123456701
Ultimate | 2345 Eubeank SE B
10.Consignee | Albuquerque, MM 87123
Harme
1% >
New Mexico Motors
Importer | 2345 Eubank SE
11.0f Fecord | Albugquerque, NM 871Z3
Name
1@ B p— T
. Location of
3p Cme : 14, Goods: Codeis}
~ods /Mame(s)
Vovage! Vessel
1"‘?1%@{/ 15, Code/Name
Taip
US. Port
N Manitest G.O. Total —as
160t Santa Terssa MM (2408) 17., 18. 4. 19 alne 77538. 72
Unlading
20. Description of Merchandise
112 cartons of wiring assembly ;
ﬁ
! |
!" O SEP—— - A S U N o e e e - e ; i
2LIT/BL/AWE Code  22.1T/BL/AWE No. 23, Manifest Quantity 24, TSUSA Number 25. Country of Origin 26. Manufacturer ID
112 980Z. 00 3065 M= ICWIRCON12343UA
27. Certification 28. Customs Use Only
M Other agency action required, namely:
[ 1 %
Fing | =P




6. Initiate verified transaction; inspect open transactions

® ... Netscape:Transactigns

[ Back T . l Honi, | Edit 1 IRe]aad |Images{ Print [ FinL’ [ }

Location: h’ﬂe 14 ALRPEZ0Backups /DomenisiB20Demo /BTFSE204~ 1 5-97 /eca—webpages /current-shipments hitral i

Al
'2 [T

Current Transactions

TransNo. Priority  Destination Description Status find

EU-1923 URGENT ACSA/Mexico Zireke, Switches, Part No. 234453, for £l Feso NEW
istribution

- El Paso iyt 133 o

EU-2324 HIGH [ 0% . ACSA, Wiring Hamesses NO. WH-3456566, NEw

TO7478 Normal Albugquerque W.C.S.4,112 cartons Wiring Asserbly NEW )

TRAN
TRAN §f
PEND §
PEND
CLSD ﬂ
cisD &
ciso &

ritny EP




