The PRECiS Environment

Glen A. ReeceDepartment of Artificial IntelligenceUniversity of EdinburghAustin TateArtificial Intelligence Applications InstituteUniversity of EdinburghDavid I. BrownMitre CorporationMark HoffmanISX CorporationRebecca E. BurnardISX Corporation

16 March 1994Version 2.0

11Introduction

Military crisis management is a complex problem which requires the activeparticipation of countless planners at a myriad of locations around the world. Fromthe Joint Chiefs of Staff (JCS) and the Unified Commander’s headquarters comesguidance and direction about what needs to be done. Geographically separatedSupported Commander’s component commands are responsible for detailedplanning. These requirements are passed to the supporting commands who identifythe specific units who will deploy to support the operation. When all of thethousands of details are completed, the plan is passed to the United StatesTransportation Command (USTRANSCOM) for analysis and possibleimplementation.Planning is a time-consuming and cumbersome process where each participantplays his part in a carefully orchestrated sequence of events.The system and the procedures to support this process were designed in an era whenthe transfer of data took hours; rapid communications was restricted to thetelephone and conference calls were difficult to arrange; and the facts andinformation needed to make decisions was usually found in a printed book,document, or map.This is the problem which the Advanced Research Projects Agency (ARPA) andRome Laboratory (RL) undertook to examine. Their research projects have focusedon innovative approaches and techniques leading to revolutionary advances instate-of-the art for planning and scheduling. Specifically, ARPA and RL haveembarked on a joint Planning Initiative (PI) to develop and demonstrate the nextgeneration of generic Artificial Intelligence (AI) planning, resource allocation, andscheduling technology focused on achieving significant performance enhancementsover current Department of Defense (DOD) operational planning systems. Thevision of the PI is to demonstrate how planners can utilize new technology whichwill revolutionize the planning process.This new planning process can best be described as Distributed CollaborativePlanning (DCP). It is "distributed" in that planners at multiple locations share data,software, and information on a real-time basis; and it is "collaborative" becauseplanners communicate with each other via video-teleconferences passing writtenand verbal information instantly to each other. The thrust of this research is toeliminate the sequential nature of planning by providing tools which support theway planners would conduct their business if they were in the same room instead ofhundreds of locations around the world. ARPA and RL conduct annual IntegratedFeasibility Demonstrations (IFD1, IFD2, ...) which incrementally demonstrate theintegrated utility of various maturing advanced technologies to satisfy a portion ofthe vision. The demonstrations build upon each other and, with participation ofselected joint operational Commanders-in-Chief (CINCs), are demonstrated in a

Introduction22context to show functional feasibility for future integration into a joint CINC’scommand and control infrastructure.IFD3, which is currently being produced, is intended to illustrate how planners atUnited States Pacific Command (USPACOM), USTRANSCOM, United States ArmyPacific and Pacific Fleet (both simulated by participants at Defense InformationSystems Agency (DISA)), and an analysis agency such as Institute for DefenseAnalysis (IDA) can collaborate over a "global" network to develop a military plan.The specific operational focus is a Noncombatant Evacuation operation (NEO).The data in use for Integrated Feasibility Demonstrations (IFDs) uses real locations,peoples and military data some of which is confidential or sensitive. However,some of the Planning Initiative work involves so called "tier 1" or enabling researchin which ideas are being generated and tested. It was felt that a "cut-down" realisticscenario would be beneficial to such researchers. The aim was to provide non-confidential data that could be used to show the relevance of the enabling researchfor military planning problems. The data would be such that publication and publicdemonstration of results was possible in the scenarios provided.The PRECiS (Planning, Reactive Execution, and Constraint-Satisfaction)1Environment defines the data and hypothetical background for studying logisticsand transportation planning/scheduling problems and Non-combatant EvacuationOperations (NEO) scenarios.The definition of the PRECiS environment has drawn on work by: Brown todescribe a realistic NEO scenario for the Planning Initiative IFD2; Reece and Tate todefine a fictional environment suitable for planning and reactive execution of plansbased on the island of Pacifica ([Reece 1993]); and work by Hoffman to produce a cut-down demonstration scenario suitable for transportation scheduling researchexperiments.Three primary needs of the ARPA/Rome Laboratory Knowledge-based Planningand Scheduling Initiative are to be met by the PRECiS Environment. First, thatrealistic scenarios can be explored from the data provided in the environment, forCourse-of-Action (COA) generative planning, case-based reasoning, transportationscheduling, and reactive execution of plans. Second, requirements of tier 1researchers are sufficiently met by the data in order for them to pursue theirindividual research objectives. Third, entities in the environment are hypotheticaland do not reflect actual peoples and locations yet, are realistic in the types of datathat would normally be available.

1A pr�cis is a short piece of writing which contains the main points of a book or report, but not thedetails.

Introduction33Against the general environment described in this paper, a series of supplementalscenario documents provide individual scenarios suited to a range of researchissues. The intention is that this series of supplemental scenario documents can beaugmented as desired by individual research teams. The general information in thecore of the paper may be extended in the future to support these additional scenariosor scenario detail. As this is a communal document, both created by and of benefit tothe research community, the contents of the document can be changed or redirectedby the researchers within the community. Any additions or modifications to bemade should be sent via electronic mail to arpi@isx.com.Publicly available documents were used as guides to determine some of the factorsused in the paper. Sources include USTRANSCOM [Day & McAlpin 1989, USAF 87],Air Mobility Command (AMC), Military Sealift Command (MSC), and MilitaryTraffic Management Command (MTMC) documents.A glossary of terms and acronyms used is given in Section 5.

42Theater Geography

The PRECiS environment relates to events which are to take place in a hypotheticaltheater of operation. This theater is located in the Pacific Ocean and consists of theisland of Pacifica and four countries on the Pacific Rim. These include a politicallydivided Country-W, an unfriendly country Yia (due to its territorial disputes withPacifica), a friendly Country-X with an airport and seaport in City-K, and a friendlyCountry-Z with an airport and seaport in City-L, airports in cities City-N and City-O,and a seaport in City-M. Other assets which are available for use in the theater arelocated in the United States (see Figure 1).

.

NorthCountry-WPacific RimCountries

PacificaHawaii

ContinentalUnited States of America

Country-Z

Country-Y(Yia)

Country-XSouthCountry-W

City-K

City-LCity-MCity-NCity-O

BAEDCFigure 1: Pacific TheaterPacifica (see Figure 2) is an island state located in the Pacific Ocean. It has a veryinteresting coastline, but remains shrouded in mystery due to its inaccessibility overthe centuries with some areas of the island largely unexplored and unmapped. Theisland was formed by volcanic activity and still has one active volcano. There areactive geothermal areas on the Western part of the island with volcanic mudoccasionally closing the coastal island road for days at a time. A large fresh waterlake has formed in a dormant volcano in the North, and prevailing winds comeover the cliffs from the Northeast. The Southern portion of the island consists ofthe lush, tropical, Abysian Forest, and cotton is grown in the South-Central region.The small fishing village of Exodus is located on the Southeastern tip of the island,and its access is by what can only be described as a trail which limits the types ofvehicles that can enter the village. The remainder of the island terrain consistsmainly of a mixture of low growing shrub and vegetation. Typically, monsoonsoccur during the periods of January-February and July-August.

Theater Geography55Pacifica has two seaports and airports. A seaport and airport are located in both thecapital Delta and the city of Calypso.

ABYSSBARNACLECALYPSODELTAABYSIANFOREST

BridgeMud & Volcanic ActivityFresh WaterHigh GroundMarsh

CliffsSand

EXODUS

Primary Road

Dirt Road404550654070Figure 2: Island State of PacificaAlso shown on the map are the small fishing village of Exodus (located on theSoutheastern tip of the island), a dirt road from the city of Abyss to Exodus, and adirt road which connects just South of Barnacle on the Coastal Road to just North ofthe sand flats (marsh) before the bridge.

63Regional Political Situation

The origins of the Pacificians are shrouded in myth. Most historians believe thatthey came from North Yia during the 3rd century A.D. Buddhism arrived from thePacific Rim 100 years later. The Portuguese, in search of cinnamon and spices, seizedcoastal areas beginning in 1505. The Portuguese were ejected by the British in 1796.On 5th April 1950, Pacifica gained independence from the United Kingdom. A USembassy was established the same year.As with many countries on the Pacific Rim, class, caste, and religion play a part in allPacifica politics. The most serious difficulties are between the Pacifica Ethnicmajority and the Adanan minority, and the Pacifica government and Adananmilitants. The two main insurgent groups in Pacifica are the Adanan Liberators (AL)and the Malte Panef (MP). The AL has strong ties to the fishing communities on thePacific Rim, is most active in the southern provinces and areas of the westernprovince, and has vowed that it will not give up its goal of a separate Tondi stateunder any circumstances. The MP is a leftist, Salamiese militant group establishedin the late 1960’s with strongholds in the northern part of the country. MP goals areto seize power, advocate the establishment of a socialist society, and include socialistdogma in the government.Pacifica is a multi-ethnic, multi-religious, and multi-linguistic country. Salamiesecomprise 74% of the population and are concentrated in the densely populatednortheast. Pacific Tondis, citizens whose South Asian ancestors have lived on theisland for centuries, total 12%. Although most live in the south and west, PacificTondis are found in Delta, the Capital, and throughout the country. A distinctethnic group, the Yian Tondis represent 6% of the population. The British broughttheir forbears to Pacifica in the 19th century as cotton plantation workers. YianTondis remain concentrated in the "cotton country" of south-central Pacifica.However, not all Yian Tondis are Pacifica citizens. In November, 1988, in accordancewith an agreement with Yia, Pacifica passed legislation extending citizenship tosome 23,000 "stateless" Yian Tondis. Under this pact, Yia agreed to grant citizenshipto the remainder, approximately 20,000, who now live in Yia. Another 9,000 YianTondis who themselves are or whose parents once applied for Yian Citizenship nowwish to remain in Pacifica. The Government of Pacifica has stated that this groupmust eventually return to Yia.Other minorities include Muslims, which represent about 7% of the population;Burghers, who are descendants of the original European colonists; and aboriginalVeddahs.Most Pacificians are Buddhist and most Tondis are Hindu. Sizable minorities ofboth Pacificians and Tondis are Christians, most of whom are Roman Catholic. The1978 new Constitution, while assuring religious freedom, grants primacy toBuddhism.

Regional Political Situation77Post-1950 Pacifica politics have been strongly democratic. The government is arepublic with an elected president as Head of State, Head of Government, ChiefExecutive, and Commander-in-Chief of the armed forces. The Parliament sharespower with the President. The Constitution explicitly states that the nationalobjective is the establishment of a "Socialist Democracy". The government is toprovide full employment and an equitable distribution of wealth.Pacifica has a competitive party system with two major parties each of which iscapable of forming a stable government. The two major parties are the UnitedNational Party and the Pacifica Freedom Party. The United National Party (UNP)lead Pacifica to independence. It is currently the ruling party. The UNP’s mainsupport comes from professionals, industrialists, and urban entrepreneurs. ThePacifica Freedom Party (PFP) is the largest of the legal opposition parties. It is a non-marxist party whose followers include Buddhist groups, land-owning rural gentry,Pacifician intellectuals, professionals, and the lower middle class.From its independence, the Tondi minority has been uneasy with the country’sgovernment, fearing that the Pacifician majority would abuse Tondi rights. Thesefears were heightened when, in 1956, the Government declared Pacif the country’sofficial language. The Tondi’s view Pacif to be a denigration of their own tongue.This was the first of many Government actions that the Tondi’s considered to bediscriminatory towards their culture and heritage.The decades following 1956 saw the intermittent outbreak of communal violenceand growing radicalization among Tondi groups. The 1974 constitution changed thecountry’s name to the Democratic Republic of Pacifica, made protection ofBuddhism a constitutional principle, and created a weak President appointed by thePrime Minister.By 1978, Tondi politicians were moving from support for federalism to a demandfor a separate Tondi state - Tondi Elite - in southern and western Pacifica. ManyTondi politicians sought to gain independence by peaceful, democratic means. Themajor Tondi political party, the Tondi United Liberation Front (TULF) won all ofthe parliamentary seats in the Pacifica Tondi areas. Unlike the TULF, the AL soughtan independent state by force.In 1992, the death of 13 Pacifica soldiers at the hands of Tondi militants unleashedthe largest outburst of communal violence in the country’s history. Hundreds ofTondis were killed in Delta and elsewhere, tens of thousands were left homeless,and more than 10,000 fled to South Yia. Members of the TULF lost their seats inParliament when they refused to swear an oath of loyalty. The south and westbecame scenes of bloodshed as security forces attempted to suppress the AL. Terroristincidents occurred in all major cities. The Pacifica Government accused the YianGovernment of supporting the Tondi insurgents.

84Logistics Domain Information

This section describes the factors which must be addressed in transportation logisticstype problems and data which is used in the various scenarios. These factors aresufficient to demonstrate various concepts required to address such issues2.4.1Unit SizesUnit size is determined by the number of persons (PAX), number and category oftons (BULK, OVER, OUT, and MTONS), and ULNS that need to be transported.FM-UnitFM-NameServiceULNSPAXBULKOVEROUTMTONS

SAGSurface Action GroupNAVY1637486800154

ACSConv. Carrier Bat. Grp.(F-14 Emb.)NAVY27943559122602687

89124th PAA F-16 ActiveSquadronAIRFORCE872525031602687

89B24th PAA F-16 ActiveSquadronAIRFORCE878524414502016

LIBLight Infantry BrigadeARMY19300559118629316087

IMFMechanized Inf. BrigadeARMY184672103613344743365005

IMBMechanized Inf. Brigade(Separate)ARMY2050561146128821130377245

ACRArmored Cavalry Reg.ARMY1654921362133481290583250

701Marine Exp. Brig.(Assault Echelon)MARINE8711689457891854152106219

5RGRanger BattalionARMY2606120100377

5SBSpecial Forces BattalionARMY28896216645193771

710Marine Exp. Unit (MEU)MARINE532579893192490923394

AFLAerial Port Element (2100S/T /day)AIRFORCE91741512624515

8EVPAA C-130E Active WingAIRFORCE711021427601284

8E216 PAA C-130E Active Sq.AIRFORCE450857620697

8T605 KC-10A Tanker TaskForceAIRFORCE19600102316394

81M24 PAA A-10A Active Sq.Depend.AIRFORCE755018218801912

Table 1: Unit Size Data

2Some of the data has not yet been checked for consistency, but is indicative of what will be provided.There are also some apparent inconsistencies which are actually simplifications. For example, runwaylength is not the only factor for aircraft landing. There are many airports that support the larger C-5that do not support the smaller C-141. This goes to the fact that the C-5 has more tires to distribute itsweight better. The C-141 will ‘‘sink’’ through some runways that the C-5 won’t.

Logistics Domain Information94.2GEOLOC CodesTable 4.2.1, cross references the GEOLOC codes used in this scenario with the cities inwhich they are located. This table also indicates the type of US military base, whereapplicable.GEOLOC CodeCityBase NameServiceLocation Type

ETZBOceanside, CACamp PendletonMarinesorigin

UTBSSan Diego, CA-Navyorigin

UTACSan Diego, CA-Navyseaport

QKJASan Diego, CAMiramar NASNavyairport

UTLRSan Francisco, CA-Navyorigin

UTLSSan Francisco, CA-Navyseaport

UTKYSan Francisco, CA-Navyairport

SYZPHonolulu, HIPearl HarborNavyorigin

SYZZHonolulu, HIPearl HarborNavyseaport

YVEWHonolulu, HIWheeler AFBAir Forceairport

JKFQTacoma, WAFt. LewisArmyorigin

PSBDTacoma, WAMcCord AFBAir Forceairport

WPVTTacoma, WA-Navyseaport

DCOACity O, Country Z--airport

NCLACity L, Country Z--airport

NCLSCity L, Country Z--seaport

SCMSCity M, Country Z--seaport

UCKACity K, Country X--airport

UCKSCity K, Country X--seaport

9CNACity N, Country Z--airport

CPSACalypso, Pacifica--airport

CLPSCalypso, Pacifica--seaport

DLTADelta, Pacifica--airport

DLTSDelta, Pacifica--seaport

Table 4.2.1: GEOLOC Codes4.3AirliftAircraft data used in the environment is shown in the tables of this section. Table 2describes passenger/cargo capacity, range, and landing requirements. "Range" datacalculations include assumptions regarding the weight of reserve fuel, aircraftoperating weight, the weight of fuel to an alternative destination, and others. TheFlt-hours/day column indicates the maximum authorized aircraft type utilization.That is, for the entire fleet of aircraft type X, the Flt-hours/day value indicates themaximum number of hours that an aircraft of that type may spend IN FLIGHT(onloading and offloading times do not affect these times). The maximums areapplied at the "fleet" level so that for example, a maximum Flt-hours/day of 8 hoursis satisfied by a situation where we have 3 aircraft, one of which is in the air for 24

Logistics Domain Information10straight hours and the other two on the ground during that same time period. Thesetables also reflect assumptions such as weather conditions, sea level, operatingweight, and others.TypeOUTOVERBULKPAXwith cargoPAXSpeedRangeFlt-hours/day

C-5101.074.582.87373436550010

C-141029.926.026153425400010

C-130011.413.889128027005

B7470108107.6408408450350015

Table 2: Airlift CapacitiesTable 3 describes turnaround time data. Turnaround time consists of three separatetimes: onload time (the time to load the aircraft), enroute time (the time to refuel),and offload time (the time to unload the aircraft). It is assumed that theonload/offload times given are for fully loaded aircraft.TypeOnloadEnrouteOffload

C-51:451:151:30

C-1411:301:401:20

C-1301:201:251:00

B7475:001:303:00

Table 3: Turnaround Data4.4SealiftSea vessel data is shown in Table 4. It describes MTONS (which can be filled byOutsized, Oversized, or Bulk tons at 1:1 ratio), speed (in knots---nautical miles perhour), berth size required by ships, as well as load and offload times (in days). Notethat a sealift does not normally carry PAX, speeds can be maintained for 24 hours aday, and range is assumed not to be a limiting factor. All units are given in knots.TypeMTONsSpeedBerthLoad-timeOffload-time

Breakbulk2087420.5C5.05.0

Container2452016.1B1.51.5

RORO3875523.5A0.30.3

LASH4204220.0A0.70.7

Sea Barge4240020.0A0.40.4

Table 4: Sealift Capacities

Logistics Domain Information114.5Ground TransportationBorrowing from the terminology from the aircraft types used in PRECiS, the groundtransport data for the PRECiS environment is shown in Table 5.TypeOnloadEnrouteOffloadPAX CapacityRange

Ground Transport0:200:150:2050348

Table 5: Ground Transport Data4.6Airport CharacteristicsThe ability of aircraft to land at different airports is determined by a number offactors, two of which are the length of the runway and the weight of the payload.The characteristics given here show which types of aircraft are capable totakeoff/land at which airports, the maximum on ground (MOG), and number oftakeoff/landing pairs that can be supported (Sorties).CodeNameState/CountryC-5C-141C-130B747MOGSorties

CPSACalypsoPacificaTTTF15165

DCOACity-OCountry-ZTTTT25240

DLTADeltaPacificaTTTT30315

NCLACity-LCountry-ZTTTT25240

PSBDMcCordWashingtonTTTT70500

QKJAMiramarCaliforniaTTTT70500

UCKACity-KCountry-XTTTT25240

UTKYSan FranciscoCaliforniaTTTT70500

YVEWWheelerHawaiiTTTT70500

9CNACity-NCountry-ZTTTT25240

Table 6: Airport Data4.7Seaport CharacteristicsSimilar to airport characteristics, those for seaports define which types and numberof vessels can dock at a particular seaport. This data is given in terms of berth sizesfor both ships and tankers. The berth sizes for ships (i.e., A, B, C, D, E, and F) aredecreasing size berth types, as are those for tankers (i.e., TA, TB, TC, and TD).

Logistics Domain Information12Berth Types Available

CodeNameState/CountryABCDEFTATBTCTD

CLPSCalypsoPacifica196315310220

DLTSDeltaPacifica0611325100010

NCLSCity-LCountry-Z835521302100

SCMSCity-MCountry-Z677120301100

SYZZPearl HbrHawaii¥¥¥¥¥¥¥¥¥¥

UCKSCity-KCountry-X141199003220

UTACSan DiegoCalifornia¥¥¥¥¥¥¥¥¥¥

UTLSSan FranciscoCalifornia¥¥¥¥¥¥¥¥¥¥

WPVTTacomaWashington¥¥¥¥¥¥¥¥¥¥

Table 7: Seaport Data4.8Travel DistancesTravel distances are given for land, air, and sea in Tables 8, 9, and 10 respectively.No travel time is given as it is dependent upon other factors (such as weather).Note, all land distance data is given only for in-theater locations and not POEs orPODs unless they are to be in-theater. Land distances shown are on primary roadswhere possible. Segment distances have also been shown previously on Figure 2.4.8.1LandWhere there are multiple distances shown for a city pair, these numbers indicate thedistance following alternate routes between the cities, e.g. when travelling fromAbyss to Delta, the two numbers indicate the distance following opposite directionsaround the island.AbyssBarnacleCalypsoDeltaExodus

AbyssX408565/13540

BarnacleX4595/10580

CalypsoX50/150125/155

DeltaX105

ExodusX

Table 8: Land Distance Table

Logistics Domain Information134.8.2AirUS POEsTheater Staging & POEsPODs

PSBDQKJAUTKYYVEWDCOANCLAUCKA9CNACPSADLTA

PSBDX10506752700600061006500590062506300

QKJAX4502630695070507400690071007150

UTKYX2400650064006700645066006550

YVEWX350036003700345028002830

DCOAX10040080700710

NCLAX320160610620

UCKAX460500520

9CNAX670680

CPSAX45

DLTAX

Table 9: Air Distance Table4.8.3SeaUS POEsTheater StagingPODs

SYZZUTACUTLSWPVTUCKSNCLSSCMSCLPSDLTS

SYZZX26302450270037003600355028002830

UTACX460110074007050700071007150

UTLSX70071507100695073007350

WPVTX73007330715087008750

UCKSX250300500550

NCLSX75600650

SCMSX550590

CLPSX60

DLTSX

Table 10: Sea Distance Table

145Glossary

BULKBulk cargo; Materiel generally shipped in volume where the transportationconveyance is the only external container, such as liquids, ore, or grain.MTONMeasurement Ton; The unit for volumetric measurement of equipmentassociated with surface-delivered cargo. Measurement tons equal total cubicfeet divided by 40. (1 MTON = 40 cubic feet).OUTOutsized cargo; Cargo that exceeds 1,090’’ x 117’’ x 105’’, that is too large forC-130/C-141 aircraft.OVEROversized cargo; Cargo that exceeds the usable dimension of a 436L pallet,104’’ x 84’’ x 96’’, or a height set by the particular model of aircraft.PAXPassengers.PODPort of Debarkation; The geographic point (port or airport) in the routingscheme where a movement requirement will complete its strategicdeployment.POEPort of Embarkation; The geographic point (port or airport) in an objectivearea that is the terminal point for strategic deployment for non-unit-relatedsupplies and replacement personnel.ULNSUnit Line Number; A seven-character alphanumeric code that uniquelyidentifies each force requirement.

15References

[Day & McAlpin 1989] Day, D. S. and McAlpin, S. R. (December 1989) SupplementaryMaterial Describing USTRANSCOM Transportation Planning. Department ofthe Air Force.[USAF 87] Department of the Air Force, HQ, USAF, Washington, DC 20330-5000(May 1987). Airlift Planning Factors (Military Airlift). Air Force Pamphlet 76-2.[Reece 1993] Reece, G. A. and Tate, A. (March 1993) The Pacifica NEO Scenario.Technical Report ARPA-RL/O-Plan2/TR/3. Artificial Intelligence ApplicationsInstitute, University of Edinburgh, Scotland.