and machines, on-board autonomy, humancontrol, and ground automation.CHASER is comprised of three coalignedinstruments that take data in the far and extremeultraviolet wave-lengths. The first and oldest ofthese instruments (17 years old) is FARUS,which takes a continuous spectrum from 115nm to 190 nm with a resolution of .12 nm.LASIT takes images of the full solar disk of thesun in the Lyman-alpha wavelength (121.6 nm)with a Charge Injected Device imager. The finalinstrument in the scientific package, SXEE,consists of four photometers, each having adifferent metallic coating so as to enable themto look at different wavelengths between 1 and40 nm. The objective of these instruments is tomeasure the full disk solar ultraviolet irradianceand obtain images of the sun in the Lyman-alpha wavelength, providing a correlationbetween solar activity and radiation flux as wellas an association of Lyman-alpha fluxes withindividual active regions of the sun.The flight segment of the DATA-CHASERproject consists of a canister that is equippedwith a Hitchhiker Motorized Door Assembly(HMDA), which houses the instruments andtheir support electronics. The second canistercontains the flight computer for the payload aswell as the 2 GB Digital Audio Tape (DAT)drive that is used to store all data that iscollected during the mission. The payload datais also sent to the ground system through bothlow rate (available 90% of the time, at 1200bps) and medium rate (available whenscheduled, at 200 kbps). The payload is alsocapable of receiving commands sent from theground system when uplink is available.During the mission, the DATA-CHASERpayload will be operating in four differentmodes. Most of the time, when DATA-CHASER is powered, it will be in a passivemode where it is monitoring its state andnotifying the ground of any changes. Duringthe time in the mission when the orbiter isscheduled to point the bay at the sun, theDATA-CHASER payload will shift into solaractive mode where all instruments take data.The data is both written to the DAT drive onboard and downlinked to the ground system forimmediate data analysis. Several times duringthe mission, DATA-CHASER will take datawhile not pointing at the sun. This data is usedfor testing various portions of the DATAexperiment with nonsolar pointing data inaddition to being used for instrumentcalibration.One of the consequences of flying on theshuttle system is that shuttle resources arelimited, and their availability is subject tochange every 12 hours. These resourcesinclude access to uplink and downlinkchannels, and time that your payload is allowedto operate. In addition to these resources, anygiven payload may also have environmentalconstraints as to how much contamination thepayload can take. Another example is thermalconstraints, such as maximum solar point time.STS-85, the flight that DATA-CHASERpayload is scheduled to fly on, is one of themost complicated flights that the shuttle hasflown to date. In addition to the DATA-CHASER payload, there are four otherpayloads sharing the same HH bridge. Inaddition to the IEH-2 bridge, there is anotherHH bridge, a pallet payload, and a Spartandeployable satellite. Needless to say the shuttlepointing requirements are considerably tight.In addition to modeling what the internalconstraints and resources of the payload are,DCAPS must also search the shuttle flight planfor times when we are allowed to operate,downlink our data, uplink new command sets,and when we have to protect the scientificinstruments from contamination events.DATA-CHASER is an interesting scenario forscheduling because of the complex data andpower management involved in the sciencegathering. An automated scheduler must findan optimal �data taking� schedule, whileadhering to the resource constraints. Inaddition, the scientists would like to performdynamic scheduling during the mission. As anexample, the summary data may indicate thepresence of a solar flare. If this occurs,scientists have different requirements andgoals, such as higher priorities on certaininstruments or longer integration times. Thesenew goals may require a different schedule ofactivities.

3. USER OPERATIONThe DATA-CHASER Automated Planner /Scheduler will be part of the DATA-CHASERmission operations software. It will be aground-based intelligent tool used forgenerating scheduled commands for uplink tothe payload. The user�s manual [3] can befound at the Jet Propulsion Laboratory. Thereare three phases of operating the DCAPSsystem: a goal satisfaction phase, an interactiverepair phase, and an optimization phase.Goal SatisfactionThe first phase of scheduling in DCAPSinvolves generating an initial schedule from aset of high-level, user-defined goals. Thescientist or engineer simply requests one ormore of the predefined goals, and the schedulerwill generate the low-level activities that satisfythe goals. For example, the scientist can simplymake a request for solar observations during allsolar viewing periods. Given this goal, thescheduler will create and position theinstrument data-take activities and theirsupporting activities.Goal satisfaction is a way of generating aninitial schedule. Goals are parameterized, andcreate activities in positions relative to certainschedule events or parameters. In this way, thesame goals can be requested for different initialstates. This makes them more flexible thanalternate ways of creating an initial schedule,such as simply loading activities from a file.For example, the initial state in DATA-CHASER contains shuttle maneuver activities.These activities determine the solar viewingperiods of the payload. The solar observationgoals are based relative to these solar views,and therefore, are applicable to any maneuversequence.Interactive RepairIn the second phase of scheduling, the user hasthe opportunity for interacting with theschedule at a more detailed level. The scientistor engineer can view the activities at severallevels of abstraction. The graphical userinterface (GUI) can display activities from thehighest level, as a single event, down to thelowest level, showing the detailed steps thatmake-up the activity.The user can also modify the schedule bymoving, adding, or deleting activities, as wellas changing activity parameters. For example,the scientist might want to delete a LASIT data-take and replace it with a FARUS or SXEEdata-take. Or, perhaps he/she may simply wantto change the target of some data-take, from asolar scan to an earth scan.Although the user has the capability of makingthese types of adjustments, he/she does notneed to worry about the various interactions,constraints, or resource usage of the activitiesbeing modified. This information is monitoredby DCAPS, and changes are propagated to thedependent objects. The results of themodification, including any conflicts, aredisplayed by the GUI. In addition, when theuser introduces scheduling conflicts, DCAPScan resolve them automatically.DCAPS can be called upon at any time toresolve any conflicts residing in the schedule.Conflicts are violations of resource capacitiesor temporal constraints. In this way, the userdoes not need to be very informed, careful, orspecific about his/her requests. For example, ascientist can move a data-take activity withoutconcern for its power usage. Or, a generalrequest for data-takes can be made, withoutspecifying the exact times for the activities tooccur. Although these changes or requests maycause one or more conflicts, DCAPS canresolve these conflicts with one simplecommand.OptimizationFinally, the third phase of DCAPS operation isschedule optimization. After resolving allconflicts, the schedule may still containviolations of user preferences. Thesepreference violations can be repaired in amanner similar to repairing regular conflicts.The main difference is that the modeler mustexplicitly represent the types of violations andgeneral mechanisms for repairing them. As anexample, considered an engineer�s desire tohave all data written to permanent storage at theend of the mission. Having data in the RAM atthe end of the schedule is a violation of apreference, rather than a violation of aresource.

Preferences can also be expressed in a scheduleevaluation function. In the optimization phase,DCAPS can score valid schedules based on theevaluation function developed by the modeler.One simple evaluation function may give higherscores to schedules with more scienceobservations. Due to the fact that DCAPSutilizes a stochastic scheduling procedure, moreoptimal schedules can be found by simplyrunning the scheduler many times and retainingthe schedule with highest score.4. MODEL REPRESENTATIONIn order to use either Plan-IT II standalone orthe full DCAPS system, the user must write asoftware model of the mission activities andspacecraft resources. This process involvesdefining a set of objects and how they interact.These definitions are then used by thescheduler to create instances of the objects.Model ObjectsThe basic objects in the PI2 sequencing tool areactivities, resources, slots, and dependencies.Activities�Activities are used to model theevents that happen that affect the DATA-CHASER payload, and the actions that theDATA-CHASER payload can take. Allactivities have some basic components: aduration, a list of slots, and a list of slot-valueassignments. In addition, certain types(described below) have a list of subactivities.For these activities, the user can also define aset of temporal constraints between thesubactivities. Next, we describe in more detailthe four basic types of activities: events, steps,step-activities, and activities.Events are used to model activities that do notoccur in a fixed relation to other activities (e.g.Tracking and Data Relay Satellite System(TDRSS) contacts) and are not part of anactivity hierarchy.Steps are the �leaf� nodes in the activityhierarchy tree. In other words, they do notcontain any subactivities. Steps cannot beinstantiated without their parents and are usedto model the activities at the lowest level ofdetail. For instance, we model an activitycalled CHASER-heating, which consists oftwo steps, CHASER-heater-on and CHASER-heater-off.Step-activities are used to model activities at amiddle level of abstraction. They can containsteps, but must also have parent activities. InDCAPS, we model an activity SXEE-Data-Take, which models the SXEE instrumentopening its aperture and taking a scan. In thiscase, there is a step-activity called SXEE-Scan-Step, which has sensor read steps and cannotbe instantiated by itself.Activities are used to model activities at thehighest level of abstraction. They are the �root�nodes in the hierarchy tree, containingsubactivities, but no parent activity. Theactivity and event objects are what thescheduler can instantiate, and Plan-It IIprovides methods to access the varying levelsof abstraction.Resources�Resources define the variousphysical resources and the constraints theyimpose. Resources come in essentially fivevarieties: state, concurrency, depletable,nondepletable, and simple.State resources are used to model the systemsin the DATA-CHASER payload that have statesassociated with them. For each state resource,the modeler must specify the possible valuesthat the state can be. Most of the systems haveat least one state variable, which is whether ornot they are activated. The orientation of thepayload is also modeled as a state variable.Concurrency resource constraints are used tomodel rules that stipulate that an activity eithermust occur with another activity or cannotoccur with another activity. One relationshipthat is modeled with a concurrency resource isthe requirement that a downlink or uplink canonly occur during contact with a TDRSSsatellite. This is modeled as a resource that ispresent when there is TDRSS contact activity,and required when there is a downlink oruplink activity.Depletable resources are used to modelresources with a fixed quantity, such a fuel orRAM. Activities can use some finite amount ofa depletable resource, which may or may not berestorable. The amount used by the activity is persistent to the end of the schedule. Inaddition, the modeler must specify a maximumcapacity for each depletable resource. InDCAPS, RAM is modeled as a depletableresource. Science observations produce dataand use some amount of the depletableresource. Other activities, such as a transfer topermanent storage, may restore this resource.Non-depletable resources are used to modelresources which have a limit to the usage at anyone time, but are reset at the end of the activitythat consumes the resource. Similar todepletable resources, nondepletables areassigned a maximum capacity. Resources likepower are modeled with nondepletableresources.Simple resources are used to model devices thatcan only be used by one activity at a time. Forinstance, each of the instruments on boardDATA-CHASER, FARUS, SXEE, andLASIT, are capable of taking only one image ata time and are modeled with simple resources.Simple resources are essentially nondepletableresources with an capacity of one.Slots�Slots are parameters of activities thatallow them to affect resources. They aredefined separately but referenced inside activitydefinitions along with a value assignment foreach slot. In the slot definition, the modelermust specify which resource it affects. Themain types of slots are: info slots, simple slots,availability slots, choice slots, amount slots,and state slots.Info slots are for embedding text information inactivities. They are merely placeholders and donot have any effect on scheduling.Simple slots are included in activity typedefinitions in order to model usage of a simpleresource. For instance, there is a slot calledFARUS, which is included in activitydefinitions of activities which use the FARUSinstrument. This info slot models the usage ofthe FARUS instrument.Availability slots are the slots that allowactivities to provide or require the presence of aconcurrency resource. There is a slot inDCAPS called TDRSS-coverage and a slotcalled TDRSS-coverage-needed. Both affectthe TDRSS-coverage resource. TDRSSactivities have the TDRSS-coverage slot, anddownlink activities have the TDRSS-coverage-needed slot. TDRSS activities can be placedanywhere and provide the presence of theresource. Downlinks can only be placed inintervals where TDRSS activities are present,since this activity possesses the slot thatrequires the TDRSS resource to be present.Amount slots come in two varieties: amountand reset-amount. Amount slots reduce adepletable or nondepletable resource, and reset-amount slots increase a depletable ornondepletable resource. Amount slots do nothave to be associated with a resource,however. In DCAPS, we have an amount slotcalled Rate, which is how we model thedifferent bit transfer rates in activities that movedata, such as a downlinks or DAT reads andwrites. To find the amount of data an activitytransfers, we multiply the rate by the durationof the activity.There are also two types of state slots: state-users and state-changers. State-user slotsrequire the presence of a certain state in a stateresource, and state-changer slots change thestate of a state resource. The modeler mustdefine the set of possible states. In DCAPS,there is a state resource that models the shuttleorientation, which can be solar, earth, lunar, ordeep-space. Solar science activities require theshuttle orientation state to be solar, whileshuttle maneuver activities change theorientation state.Dependencies�Plan-It II provides the ability toset up links that allow one object to affectanother object. These links are calleddependencies. There are several types ofdependencies based on the types of objects itrelates: slot-to-resource, slot-to-slot, slot-to-activity start or duration, activity start orduration-to-slot, and resource-to-resourcedependencies.Slot-to-resource dependencies are the defaultdependencies in the Plan-It II system. Theyallow a slot to affect a resource, and are createdautomatically when a slot is defined with thesame name as a resource.

Slot-to-slot dependencies allow the value ofone slot to affect the value of another slot. Forinstance, in the DAT-transfer activity, there aretwo slots, one that models the removal of datafrom the RAM, and one that models theaddition of data to the DAT (digital tape). InDCAPS, a dependency has been defined thatsets the value of one of the slots equal to thevalue of the other slot (so that the amountsubtracted from RAM is never different thanthe data added to the DAT).Activity start time or duration-to-slotdependencies and slot-to-activity start time orduration dependencies facilitate the modeling ofconvenient relationships among Plan-It IIobjects. For instance, the DAT-transfer has aslot called Rate, which is the rate at which datacan be moved from the RAM to the DAT. Wehave a dependency that sets the amount of datathat is removed from the RAM equal to the ratemultiplied by the duration. An example of adependency that goes from slot to duration is adependency which links the selected target for ascience image to the length of time it takes forthe instrument to scan. The duration of aFARUS scan varies depending on its use of theshuttle orientation state (solar, earth, or lunar).Resource-to-resource dependencies allow oneresource to affect another resource directly.This is very convenient for modeling powerusage, since power consumption can be tied toactivities or states. For instance, powerconsumption by the heater can be linked to anactivity (e.g., the activation of the heater), or toa state of the heater (e.g., when the state of theheater is �on,� more power is used).HierarchyThe modeler can create an activity hierarchywhen defining the activities. All this means isthat activities can have subactivities which canalso have subactivities, and so on. Only theactivity at the top of the hierarchy can beinstantiated in the schedule. When an activity iscreated, all of its subactivities are createdautomatically. Therefore, the scheduler mustschedule the entire hierarchy if it wants toschedule one of the components.In modeling the DATA-CHASER shuttlepayload, decisions had to be made about whereto put activities in the activity hierarchy. Wedecided to model those activities that could bescheduled arbitrarily (and had no subactivities)as events not in a hierarchy. Some activitiesthat were modeled as events were TDRSScontacts, shuttle venting, and very simpleactivities that could occur independently, likerelay activations and HMDA operations(opening and closing).If one event always occurred in some fixedtemporal relationship to another, then wemodeled it as an activity in a hierarchy. Forinstance, a SXEE data-take consists of anumber of calibrations, a door opening activity,several scans, a door closing activity, then adata transfer to the RAM buffer. We modeledall of these activities as steps in an activitycalled SXEE-Data-Take.Common StrategiesThere were a number of strategies that weemployed in the modeling process that mademodeling the DATA-CHASER payloadsimpler.One strategy that we employed was to reducethe number of states that state variables couldhave through discretization. For instance,spacecraft orientation is best modeled with areal valued 3 dimensional vector. But formodeling purposes, we reduced the number ofpossible orientations to a discrete set of four:solar, lunar, earth, and deep space.Another strategy that we employed in modelingDATA-CHASER was to separate onecomponent into several. For instance, therewas really only one memory buffer that wasused for storing several types of data, but wemodeled it as though it were three buffers: onefor science data, one for engineering data, andone for storing data to be downlinked. We alsodid this with power. There are really only twopower sources, DATA power and CHASERpower, but we modeled them as though therewere different power resources for each of thescience instruments and several of the othersubsystems. This allowed us to track powerusage more conveniently.

5. Automated PLANNER/SCHEDULERThe DATA-CHASER Automated Planner /Scheduler produces a complete, valid scheduleof payload operation commands from a model,initial state, and set of high-level goals. Inaddition, it can input intermediate, invalidschedules (resulting from user changes) andproduce a similar, but valid schedule. Finally,the scheduler can take several valid schedules,score them, and select the most optimalschedule.The planner/scheduler consists of two mainparts, the Plan-IT II (PI2) sequencing tool [4]and the schedule reasoner (see Figure 2). PI2was written by William C. Eggemeyer andoriginally designed as an �expert assistantsequencing tool.� PI2 includes a GUI thatallows for easy manipulation of the schedule.In addition, it serves as an activity/resourcedatabase that supplies valuable information tothe schedule reasoner. PI2 supports complexmonitoring and reasoning about activities andthe various constraints between them. Theschedule reasoner uses Artificial Intelligence(AI) techniques to automatically generate newschedules, repair existing faulty schedules, andoptimize valid schedules. PI2 providesinformation about resource availability andconflicts; the scheduler must decide whichactivities to use to resolve the conflicts andwhere to place the activities temporally. Thetwo components work together to provide easyand fast sequencing of mission activities.Schedule Data-BaseIn the DCAPS system, PI2 is used primarily asa �schedule database� and resource constraintchecker. It was originally developed as agraphical sequencing tool. Activities andresources are displayed on a graphical output.An activity represents some mission event thatoccurs over a period of time and uses some ofthe mission resources. Aresources representssome limited available material whose usage ismodeled as discrete blocks over time.For each type of activity and resource, PI2displays a timeline, which represents thebehavior of that activity/resource type over aperiod of time. When activities are created, theyare placed at a specified time on the timeline.Resources used by that activity are updated toreflect the additional usage. In addition toschedule visualization, PI2 provides an easy-to-use input interface for modifying theschedule. Moving activities is as simple as aclick-and-drag with a mouse.PI2 helps ease the burden on sequencers bycontinually monitoring all activities in thesequence. As activities are added or moved, thechange in resource usage is automaticallyupdated, and the new resource profiles aredisplayed. With this information available, theuser can immediately see the effects of aschedule change on the mission resources. Foreach resource, PI2 also monitors any conflictsthat are occurring on the resource.Conflicts are time intervals where thelimitations of the resource have been exceeded.These conflict intervals are highlighted in red toflag their existence for easy identification.Finally, PI2 monitors any dependencies thathave been defined between activities andresources. The values of specific parameters ofactivities and resources may be functionallydependent on values of other parameters. PI2automatically keeps these parameter valuesconsistent.PI2 also helps out by serving as an activity andresource database, producing/acceptinginformation to/from a sequencer. TheSchedule ReasonerPlan-IT IIGUISchedule DBFigure 2: DCAPS architectureScheduleGeneratorScheduleRepairerScheduleOptimizer

User

Model functional interface to PI2 has been extended tobetter assist an automated sequencer. Abasicset of �fetch� functions have been developed toquickly retrieve information about conflicts andthe resources and activities involved in theconflict. For example, an interface function hasbeen written to fetch the legal times where anactivity can occur in the schedule. Here, �legaltimes� refers to positions where no conflicts arecaused by any of the resources used by thegiven activity.In addition to fetching information about thecurrent state of the schedule, the user will needto be able to change the current state in attemptto fix or optimize the schedule. Some basicprimitive functions are provided by PI2 toallow an external system to add and moveactivities, change their duration, etc. Theseprimitives make up the set of actions that ascheduler can take when trying to resolveconflicts.Schedule ReasonerThe second major component of DCAPS is theautomated schedule reasoner. This is the nextstep in automating and simplifying thespacecraft command sequencing process. Thereare three parts to the schedule reasoner: aschedule generator, a schedule repairer, and aschedule optimizer. First, the schedulegenerator will transform a set of user-defined,high-level goals into a valid sequence of low-level commands. Second, the schedule repairerwill automatically restore the consistency of thesequence after arbitrary user interaction byrescheduling using repair actions. Thescheduler repairer iteratively attempts to resolveeach conflict, which involves making choiceson what to repair and how to repair it. Finally,the schedule optimizer can optimize a validschedule to increase the scientific return.Schedule Generator�The first step insequencing spacecraft commands is to come upwith an initial schedule of events for each phaseof the mission. This process has been partiallyautomated in DCAPS with the schedulegenerator. Expressing schedules and partialschedules to be generated is done through userdefined goals. There are two ways in whichuser goals are handled in DCAPS. First, initialscience and engineering goals are handled withparameterized scheduling functions. Eachfunction implements a goal. For example, thereis a �Place-Power� function that schedulespower switching activities in appropriate placesbased on some engineering parameters.Parameters may include such things as aminimum time between switching, or a poweron during a particular state of a differentresource.Second, science goals can also be expressedthrough data-take requests, which do not haveto be a part of the initial schedule generation.For example, a scientist can request tenadditional scans from a particular instrument tooccur any time during some phase of themission. This type of general request does notinclude specific locations or necessarysupporting activities. The scheduler will simplyplace them at random positions and allow anyconflicts to be resolved by the automatedrepairer.Schedule Repairer�The generated initialschedule may still violate some of thespacecraft constraints. Also, the scientists andengineers might feel that their goals were notcompletely satisfied, and may need to interactwith and modify the generated schedule. Bymodifying the schedule, new conflicts may beintroduced. Therefore, we need some way ofautomatically resolving any existing conflicts inthe schedule, while disrupting the current stateof the schedule as little as possible. Having theprocess automated allows the user to be lesscareful, and therefore spend less time on thedetails of sequencing the activities. Whengeneral requests or changes have been made,all conflicts can be resolved by executing onesimple command to invoke the schedulerepairer.Before describing the schedule repairer, wemust present a few definitions. A�hardconflict,� or just �conflict,� is a violation of oneof the resource constraints. Aconflict occursover a certain time period and is caused byactivities called �culprits.� For example, if thepower capacity is exceeded from time t1 to timet2, then a conflict exists from time t1 to time t2,and the culprits are any activities that use powerduring this time (see Figure 3). A�softconflict� is a violation of one of the user’s highlevel goals. �Hard conflicts� are violations of legal constraints, while �soft conflicts� areviolations of user preferences. �Choice points�are places in the scheduling algorithm when adecision must be made. For example, whenthere are many conflicts to resolve, thescheduler must decide which conflict to resolvefirst. A�hard choice,� or just �choice,� is adecision made solely on the basis of possiblehard conflicts. It may be decided, for example,not to place an activity at a certain time becausenew conflicts will be added as a result of thatplacement. A�soft choice� is a decision madeon the basis of user preferences or heuristicswith the hopes of generating a more optimalschedule. An example of a user preference is apriority scheme on certain activities. Oneheuristic may be to move lowest-priorityculprits to the nearest legal position.There are three possible actions to take inattempt to resolve a conflict: move, add, ordelete an activity. The �move� action involvesmoving one of the culprits of the conflict to apositions that will either resolve the conflict orat least ensure that the moved activity is nolonger a culprit. Some conflicts can be resolvedby adding a new activity. These activitiesusually provide some resource that waspreviously not available. Finally, a conflict canalso be resolved by simply deleting the culprits.This is obviously not a preferred method and isonly used as a last resort.The resolution of a conflict greatly depends onthe type of resource that is in violation. Thereare five different types of conflictscorresponding to the five types of resources. Astate conflict occurs when an activity requiresthe resource to be in a state which it is not. Theculprits in this type of conflict are all of theactivities that require the incorrect state and theactivity that changed the resource to theincorrect state. Several possibilities forresolving a state conflict include moving theculprits to another interval where the requiredstate is present or adding an activity that willchange the state of the resource to the requiredstate.Aconcurrency conflict is when an activityrequires the presence of the resource during atime for which it is absent. The culprits in thistype of conflict are all of the activities thatrequire the presence of the resource. To resolvea concurrency conflict, the scheduler can movethe culprits to an interval where the resource ispresent or add an activity that provides thepresence of the resource.A depletable conflict means that the activities ofthe schedule have used too much of theresource. In this type of conflict, the culprit isthe activity that caused the resource to overflowduring the time that it first overflows. Somedepletable resources have �resetter� activitiesand this sort of conflict can be resolved byadding an activity that �resets� the availableresource. For example, a downlink activity willfree up space in the downlink buffer. Anondepletable conflict is when activitiesoveruse a resource during a particular timeinterval. The culprits in this type of conflict areall of the activities that use the resource duringthe conflict interval. This sort of conflict can beresolved by moving or deleting culprits. Thereare no activities in the DATA-CHASER modelthat can add to a nondepletable resource.Simple conflicts occur when two or moreactivities use the same resource at the sametime. This type of conflict can only be resolvedby moving culprits.For any type of initial schedule, the schedulerepairer must find the correct activities to move,add, or delete and position them temporally insuch a way that no conflicts remain. Thescheduler makes decisions randomly except atcertain choice points where heuristics are used.The scheduler relies on some interfacefunctions to PI2 that describe the conflicts inthe current schedule, describe the activities thatcould resolve a conflict, and manipulate theschedule. We first describe the randomscheduler, followed by the heuristicenhancements that facilitate scheduling withinthe DATA-CHASER domain. The ultimate taskFigure 3: Conflicts

PowerCapacityCulpritsConflict t1t2