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1 Exeutive SummaryMost aspets of the EVLA projet are proeeding very well. The antennare-onstrution is proeeding well and no ritial problems have been en-ountered. The very large L-band feed, learly the most diÆult of thenew feeds, is performing well with exellent spillover redution ompared tothe old feed. The monitor interfae board, a ritial omponent in manysystems, appears to be working well. Progress in the eletronis lab is a-elerating, after a worrisome, slow start. Software e�orts are progressing onseveral systems. Requirements douments are mostly in plae, the orre-lator software is improving, and reent suess in testing task in AIPS++is enouraging. The phase-II proposal has been submitted, and (after abewildering delay) the NSF has �nally sent it out for refereeing.Some hardware tasks are behind shedule, a problem that is learly re-ognized by both management and sta�. A plan to reover the sheduleslippage is in plae and, in large part beause of extra hours worked bymany sta�, it appears that the original shedule an be reovered within ayear.While the feed tests have all been positive, there is some worry aboutpurhasing all feeds without omplete system testing. The ommittee re-ognizes that interim observations, whih mix old and new feed designs, mayhave large polarization di�erenes; these problems may be alibrated-out,but in any event this will be a temporary problem and should not be auseto divert e�ort to address it.The eletronis laboratory needs to have two test systems operating si-multaneously in order to simulate interferometri observations and test var-ious omponent subsystems.The system integration and general debugging ativities are urrently inthe hands of a few senior sta�. The ommittee feels that it is very impor-tant to bring some younger NRAO sta� into the debugging/ommissioningativity. This has two main bene�ts: 1) it inreases man-power on this im-portant ativity, and 2) it will give new sta� a broader understanding of theentire system, whih will be important for future operations, maintenane,and enhanements.The software e�orts, inludingmonitor and ontrol, e2e, and post-proessing,at some levels lak full system designs. This may result in extra work, andpossible delays, down the line during the ommissioning phase.The monitor and ontrol is a ompliated and hallenging system whihneeds attention. Neither the sope of the system, the sienti� requirements,3



nor the interfaes appear to be learly de�ned. This may result in signi�antproblems during the ommissioning phase. The ommittee reommends thatthe spei�ation of the maximum number of antennas that an be missingduring interim operations be relaxed to minimize ineÆienies whih mayslow the entire projet.The e2e e�ort is important to the EVLA projet, yet there is a large mis-math between the requirements of the system and the available resoures.A realisti assessment of the required resoures is only possible when anadequate system design is in plae, omplete with a hosen framework, andde�nitions of subsystems and their interfaes. The lak of a suh a designimpats the ability to take advantage eÆiently of software being devel-oped for other projets, partiularly ALMA. Given the lak of resoures, aminimum subset of priority 1 requirements needs to be de�ned.The AIPS++ software has made good progress reently, largely throughthe need to meet the ALMA software shedule, and may emerge as a usabledata-proessing system. As with e2e, the available resoures is a onern.With muh of the development driven by ALMA, the EVLA-spei� require-ments need to be identi�ed and prioritized, so that the required resouresan be identi�ed. We note, however, there is still a large risk as the userinterfae is untested, there is no omplete siene requirements doument,and no lear and spei� design plan for the entire system.The urrent projetion is that ontingeny may be inadequate to om-plete the entire projet, given post-proposal growth in the desired software.We reommend a areful sienti� trade-o� study that onsiders where bestto desope. This would inlude postponing desirable software developmentand not ompleting one (or more) frequeny bands.
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2 Committee Charge and Meeting InformationThe harges to the 2004 EVLA Advisory Committee are to evaluate andadvise the NRAO Diretor regarding: (a) the EVLA Phase I projet's teh-nial progress and issues; (b) the projet's software development plan andresoure requirements; () the EVLA Phase I management plan, shedule,and ost, inluding strategies for the e�etive use of projet ontingeny; (d)the sope and maturity of the projet's operations plan; and (e) the relativepriority and sienti� impat of options for hange in projet sope.The ommittee met in Soorro on 14 & 15 Deember 2004. Presenta-tions on all aspets of the projet outlined below were made by NRAO sta�and Peter Dewdney (HIA, Canada). The ommittee toured the laboratoryfailities in the AOC and the telesope onstrution, �ber-opti layout, andnew orrelator faility at the VLA site.3 Projet ManagementThe Committee was pleased to see that a reovery plan to get the projetbak on shedule has been put in plae. The milestones ompleted areurrently apae with the reovery plan, and all involved in the projet areommended for this e�ort.The attainment of �rst EVLA-EVLA fringes is exiting news and a learindiator that the projet is progressing well. The submission of the PhaseII proposal was another positive issue ahieved during 2004.The ost of the e�ort ontributed to the EVLA projet from VLA Oper-ations is of onern. Currently, this ontributed e�ort is 10 FTE/yr higherthan the original baseline plan and annot be sustained by Operations atthis level, espeially with the foreseen tight operations budget. Returningthe ost of this e�ort over the next few years to the onstrution budget,and then reovering the ost from Operations in the losing years of theprojet (2010-2012) might mitigate this problem. However, there is the riskthat Operations may not have the neessary funds at that time, and workthat an be delayed until late in the projet needs to be identi�ed. Theommittee suggests this strategy should be investigated further, inludingexploring potential methods of mitigating the risk of Operations having dif-�ulty ontributing the e�ort in 2010-2012.Another issue that needs to be given serious onsideration is softwareresoures. The sta� available for e2e development are far short of those5



needed to meet the requirements of the urrent e2e design, whih is of on-ern given the ambitious goals for e2e and the maturity of the EVLA projet.The ost of software development, both e2e and AIPS++, also needs onsid-eration. We note that $500K was ontributed to AIPS++ development in2004/05, yet there was no mention whether or not ontributions of this sizewill be required in future years, and whether or not this has been budgetedin forthoming years.The goal of keeping as few antennas out of the VLA for retro�tting withEVLA systems is ommended. However, this may be plaing undue stresson the projet sta�, who are trying to get funtional antennas bak into theVLA as soon as possible. The ommittee will be interested in reviewing thisissue in the future.Finally, the possibility of having to desope some aspets of Phase I wasof onern to the ommittee, sine the two options mentioned, droppingsome bands or reduing the bandwidth, are serious and a�et in importantways several sienti� possibilities of the projet. We urge NRAO to searhwith NSF for a solution to this possible problem.4 Antennas & Feeds4.1 AntennasVLA antenna 14 has now been out�tted with several EVLA feeds and am-pli�ers so that testing on an EVLA-EVLA baseline between the previously-out�tted antenna 13 has started.4.2 FeedsThe EVLA L-band sensitivity from 1.2 to 2 GHz looks exellent. Thespillover of the L-band feed on the EVLA antenna is muh less than the VLA,so that the Gain/Tsys performane is a onsiderable improvement over theVLA. The C-band performane of the EVLA feed is also an improvementover the VLA. There is some onern over the polarization performane ofthe L-, S- and C-band feeds, whih are similar in design. These otavebandwidth feeds use an OMT followed by a quadrature hybrid to form dualirular polarization. The return loss of the OMT is being improved, whihin turn is expeted to improve the eÆieny, remove the trapped mode res-onanes, and improve the polarization orthogonality. However there may bea signi�ant lak of orthogonality between the EVLA and VLA feeds, whih6



will make the \D" orretion terms on the EVLA-VLA baselines unomfort-ably large during the hangeover period. Polarization observations will bemore omplex during the interim period before all VLA antennas have beenupgraded with EVLA feeds. It is not lear that anything an be done aboutthis, other than performing the neessary alibration.There was some disussion about the possibility of going to linear po-larization by removing the quadrature hybrids in the EVLA feeds and thequarter wave dieletri wedge polarizers in the VLA feeds, but there wasnot muh support for this option and so this option is not suggested by theommittee. The progress on the antennas and feeds is very good, but thereis still a need for omplete testing with the EVLA ampli�ers before the feedsare proured in quantity. However it should be safe to go ahead with prour-ing the large setions of the large L-band feeds, as their design should not bea�eted by the re�nements in the OMT design. The ommittee reognizesthe urgent need to start the prourement of L-band feed.The work on the re�nement of the OMT design should be given the high-est priority. A high priority should also be given to building and measuringthe system noise and polarization of a prototype wideband front-end overthe full otave frequeny band. For this purpose C-band would probably bethe best hoie.5 Eletronis5.1 SheduleWhile there has been exellent progress on the development of new mod-ules to aommodate the very wide bandwidth and frequeny ranges of theEVLA, the development has been slower than expeted due to hallengingrequirements, the need for design robustness before making large quantities,and the omplexity of testing. The design engineers appear to understandthe remaining problems and are making appropriate orretions. We reog-nize that some problems must be �xed before proeeding with manufature,while others an be aepted as ausing limited e�ets upon a small rangeof observations. We believe the EVLA management has the knowledge andexperiene to make these deisions.
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5.2 StaÆngIn general, we note the inreased knowledge of the engineering sta� overthe past few years of working on the EVLA. Many of these engineers hadprevious RF or ommuniation experiene, but were not familiar with thepartiular problems of radio astronomy arrays. This transition is notieableand ommendable.We see a vital need in radio astronomy for engineers or sientists witha broad knowledge of all aspets of the observations in the mode of theretiring B. Clark. This is needed for debugging of the inreasingly om-plex and sensitive systems and for planning of future instrumentation. Thisknowledge inludes: a) the types of soures that are observed, and theirspatial, temporal, spetral, and polarization harateristis, b) atmospheriand RFI e�ets upon phase and noise, ) global understanding of hardwarefuntions suh as polarizers, lobe rotation, dynami range, sampling, andfrequeny synthesis, and ) familiarity with software both for system debug-ging and image proessing. Some suggestions for developing this expertiseinlude the following: 1) enouraging engineering sta� to attend internal(suh as the reent New Initiatives Workshop) and external meetings (suhas URSI) where instrumentation development is disussed; 2) short ourseswithin NRAO to broaden knowledge, perhaps in the form of 1 hour leturesby experts in di�erent topis; and 3) a sienti� sta� and student hiringpoliy whih looks for appliants with broad areas of interest.5.3 TestingWe reommend that more omplete system testing be implemented in theAOC laboratory. Last year's ommittee reommended that equipment fortwo antennas be set up for laboratory testing. We note that there is presentlya test rak for only one antenna. Perhaps this was due to the pressure ofgetting \�rst light" at the site, but we believe the laboratory tests are im-portant for assessing phase stability ontributions and measuring spuriousresponses and emissions from individual omponents of the system. Labo-ratory tests should inlude the e�et of hanging temperature internal to alosed module and due to orientation with respet to gravity.
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6 Monitor & Control6.1 Module Interfae BoardThe monitor and ontrol system has adopted a bottom-up approah to thesystem, onentrating on the lowest layers near the hardware �rst. Support-ing development of the hardware is a top priority, and the urrent state ofthe monitor interfae board (MIB) software is up to the task. The status ofthe general MIB software appears to be very good. The design doumentsappear adequate and the demo at the VLA site looked good. The frameworkand servie port douments appear partiularly thorough and usable.The use of UDP as a ommuniations layer an result in dropped paketsand a thorough examination of the impat of dropped pakets should begiven a high priority.6.2 System DesignThe overall system design laks detail and is inadequate to use for staÆngand shedules. The design is also insuÆient to verify whether or not therequired overall performane and throughput will be reahed. The designdoes provides an overall sheme but has little detail on monitor and ontrol.In partiular, in the system doumentation there are no interfae de�nitions,the standard foundation for system design. Early development should bedriven by the monitor and ontrol point de�nitions for the individual MIBs,with some level of administrative ontrol to give them stability. At thisstage of the projet, full estimates of monitor and arhive bandwidth andvolume are expeted. Sub-arrays are an important onstrut, whih shouldbe addressed in the early phase of the design, sine they have a signi�antimpat on the monitoring and ontrol arhiteture at all levels.The high-level design mentions a multi-level hierarhy for the ontrolimplementation, but there was no evidene of further development of thisonept. Top-level spei�ations mention a quality ontrol feedbak meh-anism, whih is indeed essential for omplex instruments like the EVLA.This onept has to be better integrated in the design of the monitor andontrol system. The monitoring and ontrol system is urrently somewhatoperator oriented, and it should be onsidered to what extent siene userswill bene�t from a loser interation with its higher levels.
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6.3 Software Engineering and TestingThere was little information available on software or systems engineering.There are no apparent design and oding standards, or other guidelines forbuilding a system or module. The high level design mentions the program-ming languages that have been used to date, but not what will be used foror why. Automated unit and integration tests are essential for maintaininga stable ode base and should be inluded in the software development plan.There is no integration and test plan. Integration and testing is very timeonsuming, and in the ase of the transition plan it will be quite omplex.Who does the testing, and exatly what tests are to be done, should be partof the development plan. Care should be taken to de�ne a systemati testapproah with prioritized testing requirements targeted at veri�ation of theritial system spei�ations.6.4 StaÆngThe transition plan is very omplex and it follows that it will be very diÆultto estimate the staÆng and shedule required for its implementation. Theomplexity derives from the underlying requirements, and the ommitteereommends that NRAO examine ways to relax these requirements in orderto simplify this plan.7 CorrelatorThe EVLA Correlator projet is well organized and oming along well. TheCanadian partners have done an impressive engineering job{the bandwidthand exibility are outstanding. Like all omplex signal proessing projets,there are sure to be some problems along the way, but the planning andthe expertise of the orrelator team give us on�dene that no really majorproblems are likely. We do have a few modest onerns as detailed below:7.1 HardwareThe design team indiated that liquid ooling may be required, but the ivilengineering for the orrelator ooling plant is already done and the detailedHVAC for the orrelator enlosure is in progress, so some oordination isneeded on an urgent basis. Furthermore, the orrelator room raking planshows that loally the raks will dissipate about 500 W/square foot. This10



high a power density is generally found to be a problem in industrial dataenters, unless ooling with loal hilled-water heat-exhangers is used. (Itis unlear to us just what is intended in this respet; if the \rak as a dut"sheme used for the old VLA orrelator is planned to be used for the neworrelator, we would expet no problem.) If individual rak hilled-waterheat-exhangers need to be added to the baseline HVAC design, an inreasein ost of about $50K might be expeted. It is essential for system reliabilitythat no loal hot spots be allowed to develop within or among the raks.The Correlator Board will require detailed \signal integrity" analysisbeause of the high density of traes. Also, as the design team alreadywell knows, the lok and DC power distribution to the many FPGAs onthe Station Board will need metiulous attention. We applaud the hangeto a \point to point" onnetion sheme on the Correlator Board and thedeision to implement the FIRs using COTS FPGAs rather than ASICs.Adding features suh as exible plaement of bands and VSI interfae isnie, but beware of reeping spei�ations.7.2 SoftwareThe software e�ort looks muh improved sine the last meeting. The new\memo 18" (not publily available on the web) seems likely to go a longway to reduing software risk. Sine software is being developed at Soorroand Pentiton, the projet management will need to be sure that an \usversus them" mentality does not develop, most espeially given the softwareresoure onerns mentioned elsewhere. Mode-free, rules-based design of theon�guration software sounds like a good idea.7.3 SheduleThere has been some shedule slippage, but it probably is not too serious atpresent.The Correlator Chip CDR is sheduled for January 2005; it is importantthat this review does not slip if prototypes are to be available on shedule fortesting. Vendor seletion also should have ourred by the time of writingof this report.Sine Xilinx is shipping Virtex IV on shedule, the availability of theseparts for the Station Board should not be a risk. However, will the required11



modeling tools be available soon enough so that the FIR Chip CDR an beheld in February 2005 as sheduled?The time sheduled for testing prototypes is 9 months; that might beenough (but it is notoriously hard to predit debugging time). The hardwareteam will ertainly need to have good (i.e. expensive) test equipment in plaewhen the testing of the prototypes begins in mid-2005 (lead times an belarge).Deferring work on the Phasing Board is a good idea in order to onen-trate resoures where they are most needed. But, deferral arries a high riskthat the shedule will slip for the phased-up array output apability.Conern was evidened by the Canadian team over possible delays dueto the prourement proess that HIA must follow. The EVLA projet man-agement should therefore keep an eye on this aspet of the orrelator devel-opment.7.4 CostAs noted by the Correlator Projet management, variable exhange ratespose some budget risks, as does the assumption made in the plan that therewill be no ination in the ost of eletronis over the next �ve years. Wehave no pratial suggestions to what, if anything, an be done about thisrisk.The Delay Module was reported as needing revision to redue osts, butno information was given as to the impat if this ost redution annot beahieved. Similarly, it was reported that the Correlator hips vendor quota-tions were expeted to ome in \onsiderably" over the planned budget. Wehope the budget onsequenes beome learer at the two CDRs shedule inearly 2005.Also as noted by the Correlator management, ontingeny frations forthe hardware are relatively small for suh a high-teh projet, and, in gen-eral, the entire budget is \slimly alloated." On the plus side, the FPGAsolution for the FIRs may save money, as will the use of less expensive inter-fae ables (assuming they work). Still it would be prudent for the EVLAmanagement to plan for some modest ost over-runs just in ase.
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8 End-to-End (E2E) ComputingE2e software is meant to \wrap around" the Monitoring and Control (M&C)software and provide what is needed to deal onsistently with the whole ob-serving proess from proposal preparation, sheduling, monitoring, arhiv-ing, on-line pipelining, and full o�-line data redution. The need for e2esoftware in the EVLA is important, and adequate resoures need to be al-loated to ahieving the goals. However, the goals need to be realisti andompatible with a�ordable resoures. At the moment, there is a big mis-math between e2e requirements/goals and available resoures.8.1 Synergy of Software with Other NRAO ProjetsNRAO high-level poliy is enouraging re-use of software on di�erent in-struments. This an be bene�ial both for the optimized use of NRAOresoures and for the resulting uniformity of software produts. However, itdoes present ompliations and requires good management.ALMA software omes into onsideration here beause of ompatiblerequirements, general design, and timing of the two projets. The EVLAe2e software is a good ase for synergy with ALMA software, provided thatsome basi onepts like Sheduling Bloks (SBs), Observing Modes, DataModels, and probably also tehnologies like ommuniations and sriptinglanguages are adopted by EVLA (after applying the neessary instrumentspei� additions to the design).Re-use of software annot happen just by expressing it as a goal forindividual developers. It requires a preise ommitment by the EVLA soft-ware management to establish this as a team poliy. Software sharing (orre-use) may require ompromises, and in this ase we antiipate that theEVLA would have to do most, or all, of the ompromising, given the moreadvaned state of ALMA development.Limited resoures on one projet (e.g., EVLA) is an enouragement toollaborate. Still even this annot work when the level of resoures is too low,as it an result in \waiting to see" what gets produed by the other projet(e.g., ALMA), without the neessary minimum interation that would enablelater re-use. Statements about the wish to re-use ALMA software, withouthaving done the orresponding (same) design hoies in well de�ned termswill not lead to onvergene.In summary, a general synergy poliy exists at NRAO for software, butits implementation for the EVLA is immature.13



8.2 System DesignCurrently, there is not enough detailed design of the e2e software system.The design is developed at the top level, but subsystems are de�ned onlyto the level of general onepts. The next step is to de�ne the subsystems(e.g., Proposal Preparation, Sheduling, Telesope Calibration) and theirboundaries or interfaes. Note that this is not a detailed design of thesubsystems, whih an only be done afterward, but the �rst de�nition oftheir sope and interfaes, in order to assign responsibility to groups orindividuals for the subsystems. This is urgent beause the M&C team isurrently designing from bottom-up, without knowing preisely the sopeand overall system omplexity.In summary, a general design exists, but it is not suÆiently detailed tode�ne either the subsystems or their interfaes.8.3 Implementation PlansThe fundamental tehnology hoies (frameworks) for the EVLA e2e e�ortshave not yet been made. These inlude the ommuniations tehnology (eg,CORBA) and utilities (error, logging, alarms, libraries, tools) to be used byall the e2e software. This might be partly due to the still unde�ned design,although tehnology and frameworks are spei�ally made to be generalenough to aommodate the needs of di�erent projets. Frameworks oftenenable ollaborations aross very di�erent domains (suh as between astron-omy and high energy physis). It is lear that while tehnology deisionswill have to be ompliant with requirements, there are several ways to ful�llthem. A timeline should be de�ned to make a deision on the frameworkfor e2e (whih for ALMA Common Software is muh more than purely aCORBA enapsulation). The deision should then be taken with tehnologyadvie, with resoure or other onstraints in mind, and should be expliit,e.g. where exatly and how ollaboration with other projets is sought. Ingeneral the more one relies on other projets without ontributing to them,the more one later pays in terms of separate development, to the point wherere-use will not exist and dupliation of e�ort will be neessary.In summary, the e2e basi tehnology/framework has not been hosen,whih hinders progress in the detailed design of subsystems and restritsollaboration.
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8.4 Prioritized RequirementsEVLA sta� should be praised for having produed a set of very detailed re-quirements overing all the range of e2e software, namely siene, engineer-ing, operations, real-time and data redution software requirements. Theseprovide a solid foundation for the e2e development work. At the momentthe requirements are very ambitious, and are almost surely beyond the sopeof the projet. The ommittee agrees with the analysis presented by NRAOsta� that it is important to analyze the urrent \Priority 1" (top) require-ments and to ome up with a minimum reasonable subset, taking possiblere-use of ALMA software into aount. Even a subset of the urrent priority1 requirements might require a substantial inrease of e�ort in the e2e (seenext point).In summary, determine a realisti minimum subset of Priority 1 require-ments for EVLA.8.5 Resoures RequiredWhile any projet's resoures are limited, the division of resoures for theEVLA software appears unbalaned. Resoures seem adequate for M&Csoftware, with an estimated 80 FTE-yrs, but the e2e software will likely re-quire more than the planned 30 FTE-yrs (whih may not even be available).Additionally the staÆng pro�le proposed for e2e is very low in the earlyyears, and additional sta� might beome available from the M&C team toolate (2008-2009) and possibly inlude sta� with bakgrounds unsuitable fore2e work.As a referene, the NRAO part of the ALMA Computing e�ort is al-most exatly the same as the EVLA software e�ort. However, ALMA hasresoures distributed quite di�erently, with more FTE-yrs in the e2e-like ap-pliations than in the monitor and ontrol. The e2e software of ALMA anbe estimated at more than 100 FTE-yrs, assuming the EVLA software met-ris, with an additional 30 FTE-yrs invested in the ommon framework ACS(used both for M&C and e2e in the ase of ALMA). Even assuming heavyre-using from ALMA there is still the need to have a minimum thresholdof sta� to ontribute, so that they an start onsidering in detail and earlyenough what tasks are EVLA (instrument) spei�. We reommend that re-soures are planned for at least one-third the level of orresponding subsys-tems for ALMA. In pratie this might mean that for every EVLA subsys-tem (e.g. Observing Preparation, Sheduling, Monitoring/Exe, Pipeline,15



Arhive, Telesope Calibration), where ollaboration with ALMA is desired,there should be from 0.5 to 1 FTE available. More preise estimates anonly be made when adequate design/tehnology hoie are ompleted. Thebaseline planned resoures might allow this to be ahieved, provided sta�are available early in 2005 at a level of about 4.5 sta�/year for about 7 years.Below this threshold little software re-use/borrowing will be possible. Stillit should be noted that sharing/re-use an exist only if hoies in x8.2 andx8.3 are ompatible with ALMA software.In summary, we urge staÆng the EVLA e2e e�ort at a level of at least 4.5FTE/yrs. With less sharing of software from other projets, more resoureswill be required.8.6 Software StagingGiven the urrent staÆng, monitor and ontrol software will be developedbefore e2e software. While this has advantages of making the telesope itselfwork sooner, it will probably require extra work to adapt the M&C layer tothe rest of the projet software. There is a risk of open-ended developmentin M&C, as the high-level interfaes are not de�ned and the tehnologyto use in e2e has not been hosen. The M&C team at the moment workswith internal standards, but without a general ontext for ommuniations/messages, errors, logs, alarms, data models, et, for the entire e2e system.(We note that the EVLA M&C framework is di�erent from the ALMA's,but we believe there are good reasons for this departure from the re-useparadigm.) The M&C group will have to adapt their output to the e2eneeds, but may also have to hange formats (models) and existing interfaes.While early hoies made by M&C might make interfaes with e2e softwaremore problemati, this is surely possible with some extra work.In summary, the urrent EVLA software development may require aonversion layer between the M&C and the e2e software.9 PostproessingIt is lear that the AIPS++ post-proessing software has made substantialstrides on many fronts sine the last advisory meeting. There is no doubtthat this is largely due to the reommendations made by the AIPS++ teh-nial review (Marh 2003), the hallenge of the ALMA Computing CDR(July 2004), and the fous of the AIPS++ group to meet the ALMA soft-ware delivery shedule. 16



9.1 EVLA featuresManagement has opted for a more \projet oÆe" style of management, withthe setting of projet milestones and shedules for both development and de-livery losely tied to the ALMA software shedule. This has been an impor-tant step in terms of transpareny and aountability of the projet. Thelose similarity between the ore proessing requirements being advanedfor ALMA and those for the EVLA make planning relatively straightfor-ward. However, it was not lear from the material presented what planningis in plae for development of ode targeted spei�ally for EVLA and notfor ALMA. At some point in the not too distant future this needs to beonsidered.9.2 Testing e�ortImproving funtionality, reliability and stability has been the reent goal ofthe projet. This has been attained (seemingly in large part) through drop-ping the graphial user interfae and establishing an integrated developmentand testing plan. In addition to an internal testing yle, that allows forfeedbak from NRAO siene sta�, it also inludes a number of external\testers," through whih an attempt has been made to obtain an impartialopinion of whether or not the goals are being attained. Judging by reportsfrom the external testers it would seem that reliability and stability arenow muh improved, and that the AIPS++ ookbooks and a number of theAIPS++ tools e.g. editing and imaging tools, are superior in many aspetsto those available in AIPS and other pakages. This is very enouraging tothe ommittee and a signi�ant step in the right diretion, most partiularlytoward the eventual development of a muh wider AIPS++ user base.Given the test reports, it is unfortunate that the push to enlarge theuser base for AIPS++ has been given a low priority due to the shortage ofsta�. We strongly enourage that the size of the pool of external testers isenlarged if at all possible. This serves the dual purpose of inreased feedbakto the developers, at the same time expanding the user base.9.3 User InterfaeOf moderate onern is that the testers note the urrent ommand-line in-terfae is far from intuitive and the ookbooks are vital to being able tomake progress. It is understood that the CLI is a short-term measure so17



that funtionality and stability of AIPS++ an be pursued, and that de-velopment of the user interfae is urrently a low priority, awaiting furtherdevelopment of the \Framework." Given both the importane of the userinterfae and that prototyping of the "Framework" is planned for the omingyear, it would be reassuring to hear more about development of the interfaeat next year's meeting.9.4 Resoures for EVLA AIPS++An enduring onern of the ommittee is that the bulk of the urrentAIPS++ e�ort is driven by the demands of the ALMA software develop-ment, testing and delivery shedule. It is lear the EVLA bene�ts fromthis e�ort, with many aspets of the post-proessing software requirementsommon to both ALMA and the EVLA. However, there are some signi�antdi�erenes in the requirements for the two arrays (e.g. RFI rejetion, wide-�eld imaging), and the plan to arry out a post-proessing "requirement-by-requirement" omparison for the two arrays is sound. We enourage theompletion of this study so that the sope and sale of the EVLA-spei� re-quirements are identi�ed, and the impat on resoures and projet planningan be fully understood.9.5 Priority 1 requirementsWith the strong fous on post-proessing for ALMA, there is some onernthat the resoures required to address the EVLA-spei� requirements willnot be available. A areful audit of the EVLA software requirements toensure the priorities of various apabilities are set appropriately - akin tothe ALMA Requirements Audit. We aution that suh an audit should notbeome a mehanism to water down the requirements to suh an extent thatAIPS++ funtionality is so severely limited that little is to be gained fromits use. One these true \Priority 1" requirements are established, a realistiassessment of the resoures is then possible.10 Desope OptionsThe growth of the projet, partiularly in the areas of e2e and post-proessingsoftware (AIPS++) sine the phase I proposal, might require some desop-ing of other aspets of the projet. However, before deiding on spei�18



desope options, a areful balaning between the added apabilities of mod-ern software and the loss of sienti� apabilities through desoping othersystems is needed.At this point in time, remaining ontingeny funds would allow the pro-jeted ompletion of the full projet. However, as it is early in the projettimeline, NRAO is ating prudently to start to assess desope options, shouldthey be needed later.The simplest, most modular, desope options involve not onstrutingsome reeiver bands. The ases for three suh bands were presented to theommittee: S-, X-, and U-band. Eah ould provide savings of roughly$1.5M, while minimizing the sienti� impat of the resulting gap in on-tinuous frequeny overage (whih was a highlight of the EVLA onept)While dropping one band would produe perhaps a tolerable gap in fre-queny overage, dropping two or more bands ould open up huge holes inthis overage. This would likely have a strong negative impat on some highvalue projets, suh as observations of moleules in high redshift galaxiesand proto-galaxies.Clearly a areful sienti� trade-o� study needs to be done to balanedesirable software development, that bene�ts large numbers of users andNRAO in subtle ways, against the diret losses that would our by droppingone or more frequeny bands.11 Phase IIThe ommittee ongratulates NRAO for submitting the phase-II proposal.The Deadal Survey highly reommended the entire projet stating that\...The addition of eight new antennas will provide an order-of-magnitude inrease in angular resolution. With resolutionomparable to that of ALMA and NGST, but operating at muhlonger wavelengths, the EVLA will be a powerful omplement tothese instruments for studying the formation of protoplanetarydisks and the earliest stages of galaxy formation."The ost savings that would arue from onstruting both phases at thesame time are signi�ant, and we strongly endorse the ompletion of theentire EVLA projet.
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