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CONTENTS 1Contents1 MASS Software. Part II: Data Proessing 12 Part II. Namespae Index 33 Part II. Compound Index 34 Part II. File Index 35 Part II. Namespae Doumentation 46 Part II. Class Doumentation 577 Part II. File Doumentation 771 MASS Software. Part II: Data Proessing1.1 InstrodutionThis doument represents the seond part of the MASS Software RefereneManual and gives a detailed information on how the sienti� output in-formation is produed from the PMT ount data. The preeding Part Idealt with the MASS devie ontrol issue where the plae of sienti� mod-ules in the general hierarhy of TURBINA modules was spei�ed. So, thequestion "where, when and how the [atmos/sind/san℄ module is used inTURBINA" should be addressed there.1.2 Sienti� modules for MASSThere is a number of modules whih serve for handling of sintillation indies(SI), atmospheri parameters and turbulene pro�les et. "Handling" meansthe reation/alulation of respetive entities, their write/read operationswith �les and export in other modules via some so alled "get"-funtions.
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1.2 Sienti� modules for MASS 2
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Figure 1: Organization of sienti� modules in MASS SoftwareSienti� modules are organized in three hierarhial levels. On the top,the atmospheri alulations module stays (ATMOS), on the bottom - thememory and mathematis (NR and NRUTIL). In the middle - the ount-proessing utilities SCIND and SCAN and theoreti weight alulator WEIF.The module on a partiular level an refer and use the modules from thesame level and below whih is reeted by the arrows on the �gure. The mod-ule names without boxes stand for the ones outside the "sienti�" sope ofmodules for TURBINA (e.g. the night-report reator SUMMARY). Dashedarrows represent the weak dependene and the partiular strutures (fun-tions or types) whih are taken from the module for usage are indiated nearsuh arrows. For example, it's only the type ount t of the detetor pulseounts whih is taken from the (non-sienti�) module IOCOUNT.Eah module has a header setion names "Usage" whih desribes the se-quene of alls to partiular proedures whih maintains the desired way ofdata proessing.See the File Index for the further detailed desription of these modules.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



2 Part II. Namespae Index 32 Part II. Namespae Index2.1 Part II. Namespae ListHere is a list of all doumented namespaes with brief desriptions:atm (Namespae atm ontains the set of funtions of highestlogial level for atmospheri alulations) 4s (Delarations of all funtions and onstants to handle sin-tillation indies) 21wf (Additional to wf t (p. 65), this namespae wf ontainstwo supplementary funtions - getzshift() (p. 47) and thesample progress indiator progress() (p. 48). Also, all themodule onstants are de�ned here) 453 Part II. Compound Index3.1 Part II. Compound ListHere are the lasses, struts, unions and interfaes with brief desriptions:san t 57wf t 654 Part II. File Index4.1 Part II. File ListHere is a list of all doumented �les with brief desriptions:atmos.hxx 77nr.h (A set of NR reipes under use in TURBINA data pro-essing) 79nrutil.h (Memory and errors handling in NR and data pro-essing utilities of TURBINA) 81san.hxx (Servo-sanning (entering, foussing) and sansredution) 84Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5 Part II. Namespae Doumentation 4sind.hxx 85weif.pp 87weif.hxx 885 Part II. Namespae Doumentation5.1 atm Namespae RefereneNamespae atm ontains the set of funtions of highest logial level foratmospheri alulations.Enumerations� enum ordint f FSEE, WSEE, FM0, WM0, FHEFF, WHEFF,ISOPL, M2, TC g� enum what f ATMPAR, CN2PROF, O CSCIND g� enum poweridx f IFSE, IWSE, IISP, IEFF, IISK g� enum n2method f FIXEDLAY = 'X', FLOATLAY = 'L' gFuntions� void update (onst har �w�le, onst har �hek�le, double zshift1,double zshift2, double z0=wf::Z0, double zmax=wf::ZMAX, doubledz=wf::DZ, double dzmin=wf::DZMIN)Update the data strutures for atmospheri alulations with a new weightfuntion �le.� void done ()Dealloate the memory reserved for module strutures.� double getval (ordint what)Return alibrated atmospheri parameter.� double geterr (ordint what)Return the relative error of the alibrated atmospheri parameter.� double getn2see ()Return the seeing omputed from the last restored pro�le.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 5� int getnn2 ()Return number of the Turbulene pro�le altitudes.� double getzn2 (int i)Get the altitude of the restored turbulene pro�le layer.� double getn2 (int i)Get the strength of the restored turbulene pro�le layer or hi-square.� void alint (double �sind, double �sinds)Compute the atmosphere integral parameters and Cn2-pro�le.� double aln2 (double �sind, double �sinds, double �e2sind, double�e2sinds, double zdist, har meth)Restore the low-resolution Cn2 pro�le.� onst double � geto si ()Get the normalized observed-model indies restored by aln2() (p. 13).� void avgint (double desi, double edesi, double zdist)Average Cn2 integrals and ompute from them the atmospheri parame-ters.� void write (FILE �f, onst har �stamp, atm::what what, boolheader=false)Write omputed atmospheri parameters or restored Cn2 pro�le or theheader line for one of them.� void interpolate (double �z, double �intn2, int nz, double �zin=0,double �n2in=0, int nzin=0)Interpolate the last restored Cn2 pro�le into new grid.� onst har � getfmt (atm::ordint i)Get format respetive to integral ID.� onst har � getname (atm::ordint i)Give a name of a �eld in output �le.
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5.1 atm Namespae Referene 6Variables� onst bool HEAD = true� onst int NMODE = 2� onst double MINRELW = 1e-3� onst int MAXNBASE = 10� onst int NMEAS = 256� onst double POWSEE = 0� onst double POWISP = 5/3.� onst double POWEFF = 1.0� onst double POWISK = 2.0� onst int NPOWER = 5� onst har USEWEIGHT [NPOWER℄[2 �10+1℄� onst har FITSCIND [ ℄� onst double HBOUND = 1.0� onst double KS = 1.73588e+07� onst double KP = 0.000756348� onst double KT = 0.175� onst double DZCN2 = 1� onst har ERRFMT [ ℄ = "%s%7.3f"� onst har ANGFMT [ ℄ = "%s%5.2f"� onst har HEFFMT [ ℄ = "%s%5.0f"� onst har TAUFMT [ ℄ = "%s%5.2f"� onst har ATMDLM [ ℄ = " "� onst har CHI2FMT [ ℄ = "%s%6.2f"� onst har ALTFMT [ ℄ = "%s%4.1f"� onst har CN2FMT [ ℄ = "%s%8.2e"5.1.1 Enumeration Type Doumentation5.1.1.1 enum atm::ordintOrder of atmosphere integrals in their storage matrix and output �le line. Ina �le, eah value is followed by its error. The element "LAST" must alwaysstay at the end sine it gives a number of integrals in enumerationEnumeration values:FSEE free seeingWSEE whole atm. seeingFM0 non-onverted integral of Cn2 over free atmosphereWM0 non-onverted integral of Cn2 over whole atmosphereGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 7FHEFF e�etive altitude of turbulene in free atm.WHEFF e�etive altitude of turbulene in whole atm.ISOPL isoplanati angleM2 seond moment of turbulene (integral(Cn2(h)�h^2dh))TC atmospheri time onstant5.1.1.2 enum atm::whatWriting seletor in write() (p. 17):Enumeration values:ATMPAR write atmospheri parametersCN2PROF write the restored Cn2 pro�le with altitudes and Chi-squareO CSCIND write normalized observed-model sintillation indies5.1.1.3 enum atm::poweridxArrangement of the moment deomposition oeÆients in the oef[℄ arrayEnumeration values:IFSE oef[Free seeing℄[℄:IWSE oef[Seeing℄[℄IISP oef[Isoplanati angle℄[℄IEFF oef[Turbulene e�etive altitude℄[℄IISK oef[Isokineti angle℄[℄5.1.1.4 enum atm::n2methodEnumeration values:FIXEDLAY "�Xed" layers methodFLOATLAY "fLoating" layers method5.1.2 Funtion Doumentation5.1.2.1 void update (onst har � w�le, onst har � hek�le,double zshift1, double zshift2, double z0 = wf::Z0, double zmax =wf::ZMAX, double dz = wf::DZ, double dzmin = wf::DZMIN)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 8Parameters:w�le The �le name of the weight matrix (see wf t::write() (p. 71))hek�le �le to print the moment approximation information forheking (may be null)zshift1 Altitude shift (in [km℄, normally non-positive) for the normalmode or for one part of the generalized mode measurementszshift2 Altitude shift (in [km℄, normally negative) for the rest partof the generalized mode measurementsz0 Cn2 moments deomposition altitude grid: see wf t::setzgrid()(p. 70)zmax see wf t::setzgrid() (p. 70)dz see wf t::setzgrid() (p. 70)dzmin see wf t::setzgrid() (p. 70)This funtion should be alled eah time the sintillation weight funtionsare hanged due to some reason (new star has another spetrum, new systemmagni�ation et.) or the measurement mode parameters (altitude shift ingeneralized mode, number of Base-times per Aumulation time, et.) arehanged.First, if the supplied name of the weight funtion �le di�ers from that loadedbefore (the name is stored internally), this new weight funtions set is readfrom the �le. Also, from the weight �le the number of indies (equal to thatof weights) is derived.If neither the weight funtions �le name, nor the altitude z-shifts of the pupilare hanged, nothing is done but only the reset of the omputed atmospheriparameters.If either the weights or z-shifts are hanged, then the alulations of the Cn2moments are made. They involve the shift of the weights set by zshift1 andzshift2. These shifts an be omputed with wf::getzshift() (p. 47) and arereturned negative by this funtion for positive foal lengths supplied. Thus,the negative zshift implements the generalized mode.The deomposition also involves the approximation of the power-law de-pendenes of altitude by a set of these shifted weight funtions. The SVDmethod is used for this. Approximation enables us to represent the Cn2-moments by a set of sintillation indies. If zshift1 or zshift2 di�er from eahother, then both the oeÆients for generalized and non-shifted modes areobtained. The oeÆients are stored in global arrays to be used in alint()(p. 12).The omputations are done in a loop whih is passed twie.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 9In a �rst loop, the job is done for the Normal mode measurements with onealtitude shift equal to zshift1 (normally it is 0). It goes through steps:� the set of weight funtions is shifted by zshift1 and interpolated intothe equidistant grid with 1km spaing. The obtained matrix of weightsis saved in a global 2-DIM array for usage in aln2() (p. 13).� the set of weight funtions is again shifted by zshift1 and interpolatedinto the user-de�ned altitude grid set by z0, zmax, dz, dzmin.� the altitude grid is sanned and the grid index IBOUND where thealtitude reahes the boundary layer height (�1km) is found.� the shifted weight matrix is opied with transposition into the matrixW for SVD deomposition. It has dimensions nol=Nw x nrow=Nz,where the number of weights Nw is less than the number of altitudesNz. This is ensured in advaned in init().� the obtained matrix W is SVD-deomposed by NR utilitynr::svdmp() into two orthogonal matries U and transposed V anda diagonal matrix of singular values diag(w):(W) = (U) � diag(w1:::wNw)� (VT)� the small singular values are rejeted (reset to 0) to have the minimalratio wi=wmax more than atm::MINRELW (p. 19). If there are stillmore than atm::MAXNBASE (p. 19) singulars, the least values arealso rejeted.� the altitude power vetors h=nem z^k are produed for k=0, 1, 5/3 and2. The zero power (for seeing related Cn2-integral) is made two ways- normal exat unity for whole-atmosphere seeing and with "dumped"values below the altitude grid index IBOUND for "free atmosphere"seeing. The latter is equal to 1 above the boundary layer and mimisthe AB-hannels di�erential sintillation index weight below 1km.� for eah altitude power, the bak-substitution utility nr::svbksb() isused to produe the oeÆients of altitude powers deomposition bythe weight funtions presented in W:oef = (V) � diag(1=w1:::1=wNw)� (UT � h)These oeÆients oef - vetors[ Nw ℄ - are stored as lines of a ma-trix with rows number equal to the number of deomposed powers ofaltitude (5).Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 10� the quality of the approximation of the altitude moments with weightfuntions may be heked if one supplies the non-null �le name hek-�le. Then utility writes then the deomposition oeÆients and theapproximated relations in this �le. The �le hek�le is rewritten eahtime (not appended), and onsists of two similar parts - the �rst forapproximations with zshift1 -shifted weights (normally - non-shifted)and the seond for approximation with both zshift1 and zshift2 -shiftedweights.In a seond loop, the similar work is done using the seond altitudeshift zshift2. Thus, the shifted weights whih are marked as usable inatm::USESHFT are added in the weight matrix for the Cn2 pro�le restora-tion and in the matrix W (rightmost olumns this time) for the deompo-sition of altitude powers. The dimension Nw is inreased ompared to the�rst loop by the number of used shifted weights.The derived deomposition oeÆients are saved as another matrix of oefvetors. In the module, the pointers to these two matries obtained in twoloops are stored as a 2-element vetor of pointers. First element (i.e. matrix)is aessed by the Normal mode results proessing, the seond is aessedby the Generalized mode proessing.Before exit, the atmospheri integral onverted parameters, Cn2 pro�le mo-ments and their errors and number of layers (returned by getnn2() (p. 11))are reset to zero.No job is done if error is set (nr::erget() (p. 81)).5.1.2.2 void done ()Returns:voidThis funtion releases the memory alloated for weights, SED, oeÆientsof Cn2-moments deomposition et by init().Note:This funtion must be kept in strit syn with init(), update() (p. 7)and allo().5.1.2.3 double getval (ordint what)Parameters:what one of omputed parameters - seeing, He�, isoplanati angle et.presented in ordint enumerationGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 11Returns:value or 0 on errorSee also:avgint() (p. 15)5.1.2.4 double geterr (ordint what)Parameters:what one of omputed parameters - seeing, He�, isoplanati angle et.presented in ordint enumerationReturns:relative error value or "bad" value on errorIf the value of parameters is not "bad", the ratio of the error of the parameterto the parameter value itself is returned; otherwise, zero is returnedSee also:avgint() (p. 15)5.1.2.5 double getn2see ()Returns:Seeing by Cn2[℄, arse5.1.2.6 int getnn2 ()Returns:Length of the private omputed Cn2-arrayNote that this number is not neessary the length of alloated array n2[ ℄.See also:aln2() (p. 13)
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5.1 atm Namespae Referene 125.1.2.7 double getzn2 (int i)Parameters:i layer index [0..getnn2() (p. 11)-1℄Returns:altitude [km℄See also:aln2() (p. 13)5.1.2.8 double getn2 (int i)Parameters:i layer index [0..getnn2() (p. 11)-1℄ or getnn2() (p. 11) for Chi-squareReturns:strength [m^-2/3℄Last element of required array ontains the Chi-square measure of the �ttedpro�le aessible as getn2(getnn2() (p. 11)).See also:aln2() (p. 13)5.1.2.9 void alint (double � sind, double � sinds)Parameters:sind array of non-shifted indiessinds array of shifted indies (may be NULL)Using the Cn2-moments deomposition oeÆients and sintillation indies,the alulation of integral atmospheri parameters is performed. Numberof indies in either sind or sinds must be equal to number of weightsdetermined in update() (p. 7) all. No hek of the validity of suppliedsind(s) arrays is done.The oeÆients of multipliation of the indies in normal and generalizedmodes to obtain the turbulene moments are already preomputed in up-date() (p. 7); the results beome aessible after the funtion all by get-val() (p. 10) and geterr() (p. 11). The atmospheri time onstant is om-puted given the desi parameter. If sind(s) or desi parameters are emptyGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 13(NULL or 0, respetively), the alulations for supplied not-NULL parame-ters are only made.The turbulene moments of the power k (see power list in update() (p. 7))are omputed easily as a salar produt:Mk = (s � oefk)Here the vetor s of sintillation indies is omposed of all non-shifted normaland di�erential indies and shifted indies marked by '1' in atm::USESHFT.The omputed quantities are saved in the urrent line of the global storagefor further averaging by avgint() (p. 15). This storage is enlarged automat-ially one it is �lled (initial size is atm::NMEAS (p. 19)).PerformaneOne alulation of integrals takes 5 ms at PC P-III 667 MHz.5.1.2.10 double aln2 (double � sind, double � sinds, double �e2sind, double � e2sinds, double zdist, har meth)Parameters:sind array of average non-shifted indiessinds array of average shifted indies (may be NULL)e2sind array of squared errors of sinde2sinds array of squared errors of sindsmeth atm::FIXED: Use �xed-altitude layers restoration, atm::FLOAT:searh for four strongest layerszdist zenith distane in [degree℄Returns:Minimal hi-square reahed, or "bad" value on errorThe pro�le restoration results in altitudes of the getnn2() (p. 11) layersaltitudes getzn2() (p. 12) with strengths getn2() (p. 12). Two methodsare implemented - the searh for four strongest layers (if not is�xed) andthe searh for the intensity of six layers plaed proportionally in the altituderange with relative resolution 0.5.Similarly to alint() (p. 12), the vetor s of sintillation indies is omposedof all non-shifted normal and di�erential indies and shifted indies markedby '1' in atm::USEWEIGHT (p. 19). The length of vetor is equal (byde�nition) to the number of used weights Nw.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 14Both methods operate urrently with only integer-number altitudes (i.e.0,1,2...km). Meanwhile, the values of weight funtions used for restorationare taken not at these altitudes but at those orreted by seans(zenithdistane) fator.Fixed layers methodFixed layers are plaed proportionally in altitude: 1, 2, 4, 8, 16 km. Inthe generalized mode when shifted indies sinds are available, the groundlayer at 0km is added. Thus, Nlay=5 or 6 layers are �xed in the Cn2 pro�lealtitude grid z[ ℄ (see getzn2() (p. 12)). The 5 or 6 free parameters are thusthese layer strengths.The NR utility nr::powell() is used to minimize the merit funtion of theargument vetor y[Nlay℄ used to produe the syntheti sintillation indiess2(syn)�2 = NwXi=0 (s2(syn)i � s2(obs)i)2"2s2(obs)i ; where s2(syn) = NlayXi=0 y2i �W (zi)Here the weight W is taken from the matrix reated for the pro�le restora-tion by update() (p. 7). The argument y of the merit funtion is takenquadratially to set the non-negativity onstraint on the restored pro�lestrengths. Best �tted y-s are simply squared to produe Cn2-s (see getn2()(p. 12)).Floating layers methodThe three trial layers are plaed in all the possible ombinations in a gridwith 1km spaing between the lowest fourth (�xed) layer and the maximalaltitude zmax (see init()). Minimal distane between layers is MINDH=1km.Number of layers is thus Nlay=4; number of free parameters is 3+4=7. Forall trial ombinations of layer altitudes, the diret method of the restorationof the layers' strengths is performed.For this diret method, the weight matrix W[Nlay x Nw℄ is omposed fromthe ombined weight matrix produed in update() (p. 7) by seleting theneeded olumns orresponding to trial altitudes.This matrixW is inversed with the help of SVD method nr::svdmp() (seeupdate() (p. 7)) (W)�1 = (V) � (diag(1=w)) � (UT )Then the strengths orresponding to the trial layers are diretly omputed:C2n(syn) = sobs � (W)�1Using these strengths instead of y2 in a merit funtion formulae (see above),the hi-square quality of the restored pro�le with urrent trial altitudes isGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 15omputed. The ombination of altitudes when this hi-square is minimal isaepted and available by getzn2() (p. 12) and getn2() (p. 12).In both methods, the resulting strengths of layers are divided by se-ans(zenith distane), to get the zenith-referened result. Thus, the non-zenith position is aounted for twie, in altitudes (see beginning of desrip-tion) and strengths.PerformaneOne restoration takes typially 45 ms at PC P-III 667 Mhz for the methodwith 6 �xed layers, and 140 ms for plaing 3 oating altitude layers plus one�xed.No job is done if error is set (nr::erget() (p. 81)).5.1.2.11 onst double� geto si ()Returns:Pointer to residual sint.indies array where �rst Nidx elements are re-lated to non-shifted indies and further go shifted indies (in generalizedmode)This funtion returns the relative deviations of observed indies from re-stored indies (normalized by observed indies) whih orrespond to justrestrored Cn2 pro�le. The deviations are loated in a plaeholder, whih ispointed by this funtion and whih is dealloated by done() (p. 10). Do notdealloate thus!5.1.2.12 void avgint (double desi, double edesi, double zdist)Parameters:desi average DESI for shifted hannel Aedesi relative error of desizdist zenith distane in [degree℄Given the instantaneous integrals in their storage, their average values andstandard deviations are omputed and put in respetive global vetors. Thefuntion s::avgmatrix() (p. 33) is used for averaging. Errors thus takeinto aount the orrelation of values.Then the average integrals are onverted into atmospheri parameters - see-ing, isoplanati angle and e�etive altitude of turbulene. They are availablevia getval() (p. 10) and - relative errors - via geterr() (p. 11). Also, theatmospheri time onstant is omputed from provided desi and edesi values.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 16Seeing is omputed as � = KS ��1=5M3=50where the zero-moment Mo of the turbulene is:M0 = Z C2n(h)dh(integration goes from 0 for whole-atm. seeing and starting fromHBOUND for free-atm. seeing) and KS is the alibration onstant.Isoplanati angle is omputed as�0 = KP�6=5M�3=55=3 se8=5(z)where the 5/3-th moment of the turbulene pro�le is:M3=5 = Z C2n(h)h5=3dhand KP = (2:91�2)�3=5 is the alibration onstant.Seond moment of the turbulene is related to the di�erential astrometrypreision and the operation of optial interferometers. Unlikely the isopla-nati angle, it is saved in �les with no any alibration to any "angle".The free atmosphere e�etive altitude is omputed aszeff (free) = (Mk1=Mk2)1=(k1�k2)where fk1g is 5/3 and fk2g is 1.The value of He� in the whole atmosphere is omputed by de�nition:zeff (whole) =M1=M0but only if the shifted indies are available.The related to adaptive optis atmospheri time onstant is omputedfrom Di�erential Exposure Sintillation Index (DESI) �2DE as�de = KT h�2DEi�3=5where KT is the empirial alibration onstant.All the used integrals are orreted for non-zero position of the star beforeonversion into atmospheri parameters. For this, they are divided by thefator se()k+1, where  is the zenith distane zdist.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 17Note:During the onversion of integrals into atmospheri parameters, theintegrals are heked to be positive. If at least one of integrals is invalid,the error nr::ERNOD (p. 84) is set whih will blok the writing ofresults by write() (p. 17) unless error is reset by nr::erreset() (p. 83)after avgint() (p. 15) and before write() (p. 17).No job is done if error is set (nr::erget() (p. 81)).5.1.2.13 void write (FILE � f, onst har � stamp, atm::whatwhat, bool header = false)Parameters:f FILE pointerstamp leading word in the output linewhat atm::ATMPAR (p. 7): write atm. parameters,atm::CN2PROF (p. 7): write the Cn2 pro�leheader Write the header line instead of dataThis utility writes the output results of atmospheri alulations on the disk.For what==ATMPAR, the single line is written on disk, onsisting of theaverage atmospheri parameters eah followed by its error. Parameters arefree seeing ["℄, seeing ["℄, isoplanati angle ["℄, seond moment of turbulene[m^f4/3g℄, and atmospheri time onstant [ms℄.For what==CN2PROF, the Cn2-pro�le data line is written. It onsistsof 1) the number of adjusted Cn2 layers, 2) Chi-square 3) the getnn2()(p. 11) altitudes of layers and eah followed by it strength in [m^-2/3℄. 4)the seeing omputed from the pro�le strengthsIf header==true, the header line for respetive what -seletion is written in-stead of data. stamp must then ontain the name of data whih are normallywritten as a stamp when header==false.No job is done if error is set (nr::erget() (p. 81)).5.1.2.14 void interpolate (double � z, double � intn2, int nz,double � zin = 0, double � n2in = 0, int nzin = 0)Parameters:z the grid of altitudes to interpolate to [km℄intn2 output array[nz℄ of interpolated n2 valuesGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 18nz length of z[ ℄zin the grid of input altitudes (last omputed pro�le by default)n2in the grid of input Cn2 strength (last omputed pro�le by default)nzin the length of zin[ ℄ and n2in if not defaultThe system response ("PSF") for the thin turbulene inuene is assumed tobe a Gaussian in a logarithm altitude domain with a 0.5 resolution. In ase oftwo "lose" layers (e.g. �xed layers method with altitude modi�ation fatorequal to 2), the linear interpolation is used. In other ases, the inuene oftwo adjaent PSFs are aounted for or of the one when all the layers areabove or below the urrent altitude z.It is suggested to use this funtion with a proportional altitude grid z[ ℄ (ina logarithmi altitude domain) for the graphi representation of the Cn2pro�le. The output array intn2[ ℄ must be alloated before the funtionall.The default parameters are aimed to replae the last-omputed Cn2 pro�ledata with other arrays zin, n2in, both of the length nzin. This is neededwhen re-drawing all the pro�le data on the display.5.1.2.15 onst har� getfmt (atm::ordint i) [inline℄Parameters:i Integral IDReturns:C-format5.1.2.16 onst har� getname (atm::ordint i) [inline℄Parameters:i integral sequential number atm::ordint (p. 6)The names atm::SEENAME ... atm::TAUNAME are returned; for "wholeatmosphere" parameters - starting from the seond harater (�rst is "f"(free)).5.1.3 Variable Doumentation5.1.3.1 onst bool atm::HEAD = trueLast (defaulted to "write data, not header", i.e. "false") parameter inwrite() (p. 17)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 195.1.3.2 onst int atm::NMODE = 2Number of modes: normal and generalized, hene = 25.1.3.3 onst double atm::MINRELW = 1e-3Minimal ratio of the singular value to the maximal one5.1.3.4 onst int atm::MAXNBASE = 10Maximal number of orthonormal funtions to use in h-powers restoration:(to apply after MINRELW based rejetion)5.1.3.5 onst int atm::NMEAS = 256Starting apaity of the integrals storage, measured in base-times per au-mulation time. After �lling the storage, it is realloated with NMEAS-moreapaity5.1.3.6 onst double atm::POWSEE = 0Power of Cn2 moment for seeing5.1.3.7 onst double atm::POWISP = 5/3.Power of Cn2 moment for isoplanati angle5.1.3.8 onst double atm::POWEFF = 1.0Power of Cn2 moment for E�etive altitude5.1.3.9 onst double atm::POWISK = 2.0Cn2 seond moment power5.1.3.10 onst int atm::NPOWER = 5Number of power laws to �t: 2 kinds of 0-th, 5/3-th, 1-st, 2-nd5.1.3.11 onst har atm::USEWEIGHT[NPOWER℄[2�10+1℄Initial value:{ "11001000000000000000",Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.1 atm Namespae Referene 20"10001000001000100000","11111111111100100000","11111111111100100000","11111111111100100000" }Binary mask for using the weights: "1"="use it". Eah line onsists of thenormal weights mask and shifted weights mask onatenated. Now we thususe all non-shifted and As, Bs and ABs weights for all powers.5.1.3.12 onst har atm::FITSCIND[ ℄Initial value:"11111111111100100000"Binary mask for �tting the partiular indies with Cn2 model. As a rule,all the non-shifted and two least size shifted indies must be satis�ed.5.1.3.13 onst double atm::HBOUND = 1.0Height of the boundary layer [kilometers℄ to �t the Cn2-integral for freeseeing (h^0 in integral is fored to resemble the AB-pair weight funtionbelow this height)5.1.3.14 onst double atm::KS = 1.73588e+07Calibration onstant in seeing formula (AstL 45, p.399): seeing[00℄ = KS ���1=5eff M3=50 � se�1(z), where lambda e� is in [mkm℄5.1.3.15 onst double atm::KP = 0.000756348Calibration onstant in isoplanati angle formula (AstL 45, p.399)�0[00℄ = KP � (M5=3=�2eff )�3=5 � se8=5(z), where KP = (2:905 � (2�)2 �(MKM2M)�2)�3=5 � 2062655.1.3.16 onst double atm::KT = 0.175Atmospheri time onstant empirial alibration onstant for DESI for 1,3msintegrations in diameter=2m apertures with -1km shift5.1.3.17 onst double atm::DZCN2 = 1Cn2-pro�le restoration weight matrix altitude spaing: 1km (non-frational!)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 215.1.3.18 onst har atm::ERRFMT[ ℄ = "%s%7.3f"The relative error format (same as in sind.hxx) with a leading "%s" for adelimiter (length orresponds to the length of longest auray heading)5.1.3.19 onst har atm::ANGFMT[ ℄ = "%s%5.2f"Seeing and Isoplanati angle [arse℄ format (with leading delimiter's %s)5.1.3.20 onst har atm::HEFFMT[ ℄ = "%s%5.0f"E�etive altitude [m℄ format (with leading delimiter's %s)5.1.3.21 onst har atm::TAUFMT[ ℄ = "%s%5.2f"Atmospheri time onstant format (with leading delimiter's %s)5.1.3.22 onst har atm::ATMDLM[ ℄ = " "Delimiter of entries in the atmospheri data output �le5.1.3.23 onst har atm::CHI2FMT[ ℄ = "%s%6.2f"Chi-square writing format (with leading delimiter's %s)5.1.3.24 onst har atm::ALTFMT[ ℄ = "%s%4.1f"Altitude of layers reord format with a leading "%s" for a delimiter5.1.3.25 onst har atm::CN2FMT[ ℄ = "%s%8.2e"Cn2-Pro�le values and seond turbulene moment format (with leading de-limiter's %s)5.2 s Namespae RefereneDelarations of all funtions and onstants to handle sintillation indies.Enumerations� enum swhat f DSI, DESI, AFLUX, AFLUXP, MOM g
Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 22Funtions� int napomb (int a)� onst har � apername (int nhan, int index)Return the name for a given index of entrane aperture or ombinationof apertures.� int ind seqnum (int nhan, onst har �name)Return the sequential number of index in storage by its name (ID).� void init (int maxndata, int maxnmeas, int nhan)Initialize the strutures to put the sintillation indies.� void han init (int han, double bkgr, double deadtime=-1, doublenonpois=-1, ount t �data=0)Initialize hannel data in stati hannel array element.� void ompute (int ndata, int �norr, double miroexp, bool isgen)Compute the normal and di�erential (aperture and exposure) sintillationindies.� int geturmeas ()Get the number of measurements done in a urrent aumulation time.� void again ()Reset the ounter of aumulated indies in loal index storages.� void done ()Dealloate the memory reserved for module index storages.� void write (FILE �f, swhat what, onst har �stamp, onst har�suÆx=0, bool header=false)Write the latest instant indies or ount moments to the disk.� void avgmatrix (double ��matrix, int nol, int nrow, signed har�rowselet, signed har selet, double �avg, double �err2, int lag)Average a matrix of values along the seond dimension with row seletion.� void average (bool isgen, int lag)Average sintillation indies and ompute their squared errors.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 23� void writeavg (FILE �f, swhat what, bool isgen, onst har �stamp,onst har �suÆx=0, bool header=false)Write the average (aumulation-time related) indies or hannel uxeson the disk.� double getidx (int meas, swhat what, int i)Get the instant index value.� double � getidxptr (int meas, swhat what)Get pointer to the array of instant sintillation indies.� double getavgidx (swhat what, bool isgen, int i)Get the averaged index value.� double � getavgidxptr (swhat what, bool isgen)Get pointer to the array of average sintillation indies.� double geterridx (swhat what, bool isgen, int i)Get the relative error of the average index.� double � geter2idxptr (swhat what, bool isgen)Get pointer to the array of squared errors of average sintillation indies.� double getmean (bool isor, int i, int meas=-1)Get the mean ount in the hannel in [ounts per ms℄.� double getavgux (bool isgen, int i)Get the average ux in the hannel in [ounts per ms℄.� double geterrux (bool isgen, int i)Get the relative error of the average ux in hannel.� double getsig (int lag, int i)Get the seond moment of ounts in hannel in [(ounts per ms)^2℄.� void stattest (int ndata, double miroexp)Compute the expeted sintillation indies for the results of the MASSstatistial test.� void statux (int ndata, int �norr, double miroexp, int k,bool is�lt=false, double �nonpois=0, double �avgux=0, double�er2ux=0)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 24Reurrene omputer of average uxes and their squared errors from theount series in hannels.� int uxpre (double ux, int maxpre=s::FLXPREC)Return the deimal digits number for the FLUX representation.Variables� onst int DESIBIN = 3� onst har ERRFMT [ ℄ = "%s%8.3f"� onst har IDXFMT [ ℄ = "%s%7.4f"� onst har IDXDLM [ ℄ = " "� onst har FLXFMT [ ℄ = "%s%6.�f"� onst int FLXPREC = 3� onst har FLXDLM [ ℄ = " "� onst har PFMT [ ℄ = "%s%5.3f"� onst har MOMFMT [ ℄ = "%s%7.0f"� onst har MOMDLM [ ℄ = " "� onst int MODENORM = 0� onst int MODEGEN = 1� onst int MODENO = -1� onst int MAXLAG = 05.2.1 Enumeration Type Doumentation5.2.1.1 enum s::swhatEnumeration of entities to aess or write on the disk, to use in get...() andwrite...() funtions.Enumeration values:DSI Aperture indies writing (with DESI) or aessDESI Di�erential exposure indies aessAFLUX Average ux in hannels aess or writingAFLUXP Average ux with non-Poisson parameter in hannels writ-ingMOM Count moments writing
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5.2 s Namespae Referene 255.2.2 Funtion Doumentation5.2.2.1 int napomb (int a) [inline℄Formula to get a Number of entrane apertures and their non-redundantombinations having a apertures5.2.2.2 onst har� apername (int nhan, int index)Parameters:nhan number of aperturesindex sequential number of apertureReturns:pointer to name if Ok, or "" if invalid indexName of an aperture orresponds to the given index aording to onvention:For index=0..nhan-1: name='A','B',... (for normal indies of sintillationin a single aperture); for index=nhan: name='AB' (�rst ombination ofapertures), nhan+1: 'AC',...,'BC','BD' and so on.This name is opied in the stati harater string whih ontains 3 haraters(two for the ombination and one for trailing zero) and returns the pointerto this string. Thus, if more than one all to this funtion is done in onestatement, the result is unpreditable.5.2.2.3 int ind seqnum (int nhan, onst har � name)Parameters:nhan number of hannelsname ID of an aperture or the ombination of apertures (e.g. "B" or"AD")Returns:sequential number in range [0..napomb() (p. 25)-1℄ or -1 on error (er-ror is set with nr::nrerror() (p. 83) then)This funtion is needed to aess ertain indies with getidx() (p. 36),getavgidx() (p. 36) and geterridx() (p. 37) to ompute their last parame-ter by the index "name".See also:apername() (p. 25)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 265.2.2.4 void init (int maxndata, int maxnmeas, int nhan)Parameters:maxndata Maximal expeted number of ounts in base time series(one simultaneous measurement of nhan hannels)maxnmeas Maximal expeted number of measurements (a-um.time/base.time) to keep in the storagenhan Number of hannels (entrane apertures)The module ontains the global arrays whih keep the normal, di�erentialaperture and di�erential exposure indies omputed for all apertures. Theseare the matries in whih the rows ontain the simultaneously obtainedindies for one partiular base time.For the sake of a simple ode struture, some intermediate data proessing isdone in advane to alulation of indies itself. For this and for aelerationof logarithmi indies derivation, some work arrays are also alloated.The dimensions of alloated arrays are determined by the numbers maxn-data, maxnmeas and nhan whih are opied in global variables whih areprivate to the module. Another private global variable ounts the performedindex alulations and initialized to zero here. The number of ounts in anysubsequent base-time series should not exeed the value of the parametermaxndata; the same for the measurements number (base times per aumu-lation time) whih should not exeed the parameter maxnmeas.This funtion should be alled, obviously, before the �rst alulation of in-dies.Attention:In addition to init() (p. 26) all, ALL the members of (private to mod-ule) hannel parameter strutures should be initialized by nhan allsto han init() (p. 27) made after the all to init() (p. 26).If the parameters speify the storage dimensions whih are less than thatwhih were previously alloated, the storages are left unhanged.Note:This funtion must be kept in strit syn with ompute() (p. 27).See also:han init() (p. 27) ompute() (p. 27) done() (p. 31)
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5.2 s Namespae Referene 275.2.2.5 void han init (int han, double bkgr, double deadtime =-1, double nonpois = -1, ount t � data = 0)Parameters:han sequential number of the hannel (0,1..maxnhan-1) (see init()(p. 26))bkgr bakground level in [ounts per units of miroexp parameter inompute() (p. 27)℄deadtime non-linearity parameter (the dead-time of PMT) in the sameunits as the miroexp parameter in ompute() (p. 27), e.g. for[se℄ it is about (20-30)�1e-9nonpois non-poisson fator (around unity)data pointer to the bu�er - reeiver of hannel PMT ountsFuntion initializes the han-th hannel with the given parameters.Attention:This hannel data are expeted to be alloated by the all to init()(p. 26).The assignment is made only if the respetive parameter has a sense: non-negative for double-type parameters and non-null for the pointer. Thus, asingle all-initializing all may be split into a sequene of alls whih initialize(or update) some partiular members (e.g., hanging the non-linearity andbakground level in the hannel) leaving the rest non-sense or default.Note:No memory alloation is done here for data[℄ array, it is only pointedto the bu�er already alloated for reeiving the hannel ounts.See also:init() (p. 26)5.2.2.6 void ompute (int ndata, int � norr, double miroexp,bool isgen)Parameters:ndata Atual number of ounts in the hannel bu�ers (equal for allhannels)norr array of numbers of orreted ounts in hannels (replaed withmean if missing)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 28miroexp Exposure time of eah ount (miro-exposure) to salethe non-linearity parameter and bakground in alulations (seehan init() (p. 27))isgen Generalized mode agThis is the main utility in the module SCIND.The parameter ndata must not exeed the value maxndata with whih theinit() (p. 26) was alled; norr[han℄ ollets the number of ounts in re-spetive hannel han whih are replaed with the mean value due to thedata loss in a line.This utility omputes a set of all instantaneous (i.e. determined using indi-vidual PMT ounts obtained during the base time) sintillation indies (SI)whih an be derived for a given number of hannels. Thus, both normaland di�erential indies (DSI) are alulated.The implementation of this funtion depends on the LOGIDX ompilationoption: if it's set, then the "true" alulations of variations of logarithms ofounts is implemented; otherwise - the relative di�erential approximation isused. Here below we refer to these alternative modes of implementation as"if LOGIDX".Calulations of sintillation indies go through the following steps:� ompute the \raw" means of ounts x ;� if LOGIDX, ompute logarithms of all individual ounts and theirmeans;� alulate the dispersions and auto-ovarianes (lag=1,2) of ounts (or- if LOGIDX - of their logarithms) x :�2k(x) = 1N � k �Norr N�kXi=1 (xi � x)(xi+k � x); k = 0; 1; 2where Norr is a number of pixels in the hannel whih were replaedwith mean x due to the loss in the line (see below);� alulate the ross-ovarianes of ounts x and y of all ombinationsof hannels with lags 0 and 1:�0(xy) = 1N NXi=1(xi�x)(yi�y) ; �1(xy) = 12(N � 1) N�1Xi=1 (xi�x)(yi+1�y)+(xi+1�x)(yi�y);Note that the seond formula is symmetri;� if LOGIDX, de-normalize the dispersions and auto-ovarianes: mul-tiply them by the squared mean ount and by the produt of meanounts in two hannels, respetively ;Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 29� orret dispersions, ovarianes and mean ounts for non-linearity ofPMT L=deadtime/miroexp :xorr = x(1+Lx) ; �2orr(x) = �2(x)(1� 2Lx)2 ; �orr(xy) = �(xy)(1� 2Lx)(1� 2Ly) ;� ompute sintillation indies free from photon noise (using non-Poissonfators P for onversion of means into photon noise dispersion) andinuene of bakground B=bkgr�miroexp, orreted to zero-exposure:normal and ross-hannel (di�erential):s2(x) = 1:5(�20(x)� xP )� 0:5�21(x�Bx)2 ; s2(xy) = s2(x)+s2(y)�21:5�0(xy)� 0:5�1(xy)(x�Bx)(y �By)Here already the non-linearity orreted means, dispersions and o-varianes are used ;� ompute DESI for all hannels, using auto-ovarianes with lags 0 (i.e.dispersion), 1 and 2.s2de(x) = 29  3s2(x) + �22 � 4�21(x�Bx)2!See \Multi-Aperture Sintillation Sensor. Final design report", Appx. C(p.87).Note on norr[ ℄:The ounts from hannels sometimes miss a ertain number of data due tothe data loss in the line. In this ase, the "data provider" is supposed toreplae them with the average ount in respetive hannel. Thus, norr[ ℄ isused only to orret the dispersion of ounts, by derement of the numberof data in alulations.The order of indies in whih they are assigned to the elements of an outputarray (written to the �le or exported by getidx() (p. 36)) is exatly thesame as the order of weights in the weight matrix whih is omputed in themodule WEIF: �rst normal indies, then the ovariane of the �rst hanneldata with the seond, with the third et..., then the ovarianes of the seondhannel with third et. See s::apername() (p. 25) and s::ind seqnum()(p. 25).Performane:The test onsists of alulation of sintillation indies for 4 hannels inlud-ing the DESI alulations for all hannels. It takes:� In relative approximation of indies (normalized dispersion or ovari-ane): 1.7ms at P-III 667 MHz,Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 30� In true logarithmi form (LOGIDX de�nition set): 3ms at P-III 667MHz,The list of features:� the resulting indies in sind are already orreted to zero-exposure;� The ode assumes the bakground level and non-linearity parameterto be saled to the miro-exposure time used for the ount series. E.g.if the ount (miro)exposure is 1ms, then the bakground level of 30nt/s should be set as bkrg=30�0.001=0.03; deadtime of PM of 20ns- as nonlin=20ns/0.001s=2e-5.� Program urrently refuses to proess simultaneously the ount setswhih have di�erent lengths;� The pre-alloated arrays mean, mean, sig are used to store the resultsof statistial alulations. They ontain, respetively: mean ountsand means orreted for non-linearity, dispersions and ovarianes ofounts orreted for non-linearity. Note, that, the i-th element of thedispersion/ovariane array addresses the same hannel or ombina-tion of hannels as i-th element of the sintillation index array. Theglobal arrays r1 and r2 are also used and are aessible similarly tosig.The results of index alulations are put in the urrent measurement's row(see geturmeas() (p. 30)) of the loal index storing matries.The alulations are made irrespetive of isgen parameter of this funtion.This parameter is only saved in additional loal storage to be able to disen-tangle the normal and generalized data while averaging the indies.Before exiting and upon the suess of alulations, the ounter urmeasof the performed measurements is inremented. If the value of urmeasequals or exeeds the delared in init() (p. 26) maximal number maxnmeas(the length of alloated storages for indies), then the error s::EROFL isreturned and no alulation is done.5.2.2.7 int geturmeas ()Returns:measurement numberExample: if again() (p. 31) was just used, the funtion will return "0" sineno measurement were done up to now.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 315.2.2.8 void again ()One the indies in the private module storages are not needed any more(averaged, displayed and saved to disk), the ounter of urrent row in themshould be reset to avoid the matries over�ll.See also:write() (p. 31) average() (p. 34) init() (p. 26)5.2.2.9 void done ()This funtion releases the memory whih is alloated for index storages byinit() (p. 26).This funtion should be alled only to end with alulations at all, sine themodi�ations of arrays may be done by the alls to init() (p. 26) with nointermediate done() (p. 31).Note:This funtion must be kept in strit syn with init() (p. 26).5.2.2.10 void write (FILE � f, swhat what, onst har � stamp,onst har � suÆx = 0, bool header = false)Parameters:f Disk �le struture pointerwhat DSI: write the last obtained index set (both (D)SI and DESI),MOM: write ount momentsstamp Referene string of Mode/UT to put in the �rst olumn (if!header) or its olumn name (if header)suÆx Last-�eld string of a general purpose. Will be put after the lastindex value or last word of the header. By default - nothing toput.header Write header line instead of dataFuntion writes the last omputed indies or moments on the disk in oneASCII line. The �rst token in the line is the referene stamp (whih,e.g., ontains the omment symbol "# ", Normal/Generalized mode symbol"N/G " and some word with the UT hour).� if what==s::DSI:Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 32If header is true, the header is reated like follows:<stamp (name)> SI(A) SI(B) .. DSI(AB) ....... DESI3(A) ..where SI relate to normal indies, DSI - to di�erential indies, DESI3 aredi�erential exposure indies with smoothing 3-element window. Header lineis kept in syn with what is written in data-writing mode (header==false)For writing the index values, the format IDXFMT is used. Numbers aredelimited with IDXDLM. The header-writing all is only possible after theinit() (p. 26) was alled; data-writing is allowed after at least one om-pute() (p. 27) all.The index set is written in one line, whih has a struture orre-sponding to that given in the header: stamp, Nhannel normal indies,napomb(Nhannel)-Nhannel di�erential indies, and �nally Nhannel dif-ferential exposure indies (DESI).� if what==s::MOM:If header is true, the header is reated like follows:<stamp (name)> MEAN(A) MEAN(B)... SIG(A) SIG(B) .. COV(AB) ... COV1(A) ... COV2(A) ..where SIG relate to dispersions and COV to ovarianes of hannels and toauto- and ross-ovariane of the signal in hannels with lag 1 and 2.For writing the moment values, the format MOMFMT is used. Numbersare delimited with MOMDLM. The header-writing all is only possible af-ter the init() (p. 26) was alled; data-writing is allowed after at least oneompute() (p. 27) all.As a last �eld for both what-seletions, the suÆx string may be printed. InMASS Software it is an optional address reord to link the instantaneousindex values with the ount series data in the ount-�le from whih theywere derived.� This funtion must be kept in strit syn with ompute() (p. 27).� The write() (p. 31) must not be alled if again() (p. 31) was alreadyalled after the ompute() (p. 27) all.See also:init() (p. 26) ompute() (p. 27) again() (p. 31)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 335.2.2.11 void avgmatrix (double �� matrix, int nol, int nrow,signed har � rowselet, signed har selet, double � avg, double �err2, int lag)Parameters:matrix matrix[nrow℄[nol℄ of values to average along seond dimension(i.e. to obtain an average row). Meanwhile, if nol==1, matrix isinterpreted as a vetor to be averaged into one number.nol number of olumns in matrix[ ℄[ ℄nrow number of rows in matrix[ ℄[ ℄rowselet row seletion vetor[nrow℄ (set NULL to selet all)selet seletion value in rowselet (no matters if rowselet==NULL )avg vetor[nol℄ of resulting average values (one value if nol==1)err2 vetor[nol℄ of resulting squared errors of avg.values (one value ifnol==1)lag maximal lag in orretion of error for the orrelation of valuesThe rows are seleted for averaging from the storage matrix by omparisonof respetive values in rowselet with selet up in a range of the storage rownumbers [0..nrow-1℄. Average value is thus derived for eah olumn for rowswith index row omplying the rowselet[row℄==selet ondition.Errors of average values are omputed orreted for orrelation of values asgiven in Korn & Korn "Spravohnik po matematike" 4th edition, setion19.8 with lag of auto-ovariane up to lag:�2x = 1N 24�2x + 2 lagXk=1(1� kN )�k(x)35where the �k is the ovariane of values x with the lag k and �2x is thedispersion of values�k(x) = 1N � k N�kXi=1 (xi � x)(xi+k � x); �2x = 1N � 1 NXi=1(xi � x)2If a given lag is more than nrow, the maximal lag is taken as nrow-1.See also:average (p. 34)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 345.2.2.12 void average (bool isgen, int lag)Parameters:isgen ag that the generalized mode was usedlag Maximal ounts lag to aount for the index orrelation in the errorof mean (MAXLAG may be set)This utility is alled normally after aumulation time span during whihrows of the index matries are omputed geturmeas() (p. 30) times times.It is aimed to obtain some mean value of eah index or, in other words,to implement the averaging of the index storage along its time-dimension.Also, the squares of unertainties of these indies are assessed.The omputed average indies, average shifted indies, and DESIs (both nor-mal and shifted) are put in the global vetors, to be aessed by getavgidx()(p. 36) and geterridx() (p. 37). Note, that the errors are omputed andstored squared absolute errors, meanwhile the latter funtion returns therelative index value.The utility avgmatrix() (p. 33) is used for averaging all the storages.Note:To the moment, the average index itself is a simple mean with no re-jetion; it an in priniple be implemented as a mean with rejetion oras a median.5.2.2.13 void writeavg (FILE � f, swhat what, bool isgen, onsthar � stamp, onst har � suÆx = 0, bool header = false)Parameters:f Disk �le struture pointerwhat DSI: write the average indies, AFLUX: write the average han-nel uxes, AFLUXP: write the average hannel uxes with non-Poisson valuesisgen "false": write non-shifted values with errors, "true": writeshifted values with errorsstamp Referene string to put in the �rst olumnsuÆx Last-�eld string of a general purpose. Will be put after the lastnumber in a line or after the last word of the header. By default -nothing to put.header Write header line instead of dataGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 35Funtion writes the average values omputed by average() (p. 34) and theirerrors on the disk in one ASCII line. The �rst token in the line is thereferene stamp (line pre�x and UT normally).For writing the index values and their errors, the format IDXFMT is used;numbers are delimited with IDXDLM. For writing the uxes and their errors,the format FLXFMT is used; numbers are delimited with FLXDLM; thenon-Poisson parameter P has a �xed format "%6.4f".The set of values is taken from shifted or non-shifted parts of storages,aording to the parameter isgen.The values are written in one line, whih has the following struture:� if what==DSI:stamp, average normal and di�erential indies for all hannels and theirombinations, eah followed by its error and average di�erential exposureindies (DESI) eah followed by its error.� if what==AFLUX:stamp, the average uxes eah followed by its error, for all hannels.� if what==AFLUXP:the same as for AFLUX, but eah ux error is followed by the hannel non-poissonity parameter from the hannel struture (see han init() (p. 27)).It is supposed that this parameter is updated by statux() (p. 41) withnon-default nonpois parameter before.As a last �eld, the suÆx string may be printed, similarly to write() (p. 31).This option is added to make it possible to save the individual MASS ountsin test modes, e.g. the Detetor Test. The suÆx may thus ontain theoptional address to link the obtained data with the ount series data in theount-�le plus the number of base-time series whih results were averagedand whih ount bu�ers are written starting from this address.Note:This funtion must be kept in strit syn with average() (p. 34).See also:init() (p. 26)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 365.2.2.14 double getidx (int meas, swhat what, int i)Parameters:meas Measurement (row number of the index matrix)what 0 for usual index, 1 for DESIi index of hannel or ombination of hannels [0..napomb() (p. 25)-1℄Returns:the index or some bad number on errorOne may use geturmeas() (p. 30)-1 for the parameter meas, to return thelast obtained measurement result. Indies are ordered in the returned vetoras spei�ed in apername() (p. 25) doumentation; the length of vetor isnapomb(Nhannel) or Nhannel for what==1 (i.e. DESI).5.2.2.15 double� getidxptr (int meas, swhat what)Parameters:meas Measurement (row number of the index matrix)what DSI: for usual index, DESI: for DESIReturns:pointer to the array of indies or to some bad number on errorThis funtion is needed for atm::alint() (p. 12)See also:geter2idxptr() (p. 38)5.2.2.16 double getavgidx (swhat what, bool isgen, int i)Parameters:what DSI: for usual index, DESI: for DESIisgen 0 for array of non-shifted average indies; 1 for shifted indiesi index of hannel or ombination of hannels [0..napomb() (p. 25)-1℄Returns:averaged index value or some bad number on errorThe all with isgen==true is only possible if generalized mode was usedduring the last aumulation time.See also:getidx() (p. 36)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 375.2.2.17 double� getavgidxptr (swhat what, bool isgen)Parameters:what DSI: for usual index, DESI: for DESIisgen "false" for array of non-shifted average indies; "true" for shiftedindiesReturns:pointer to the array of the average indies or to some bad number onerrorThis funtion is needed for atm::aln2() (p. 13).See also:geter2idxptr() (p. 38)5.2.2.18 double geterridx (swhat what, bool isgen, int i)Parameters:what DSI: for usual index, DESI: for DESIisgen "false" for array of non-shifted average indies; "true" for shiftedindiesi index of hannel or ombination of hannels [0..napomb() (p. 25)-1℄Returns:relative error of the average index or some bad number on errorIf the stored value of the index squared error is positive, then the ratio of thesquare root of this squared error to the index value is returned; otherwise 0is returned.Note:The squared error may, in priniple, be negative due to the wronglyaounted orrelation of values in avgmatrix() (p. 33)See also:getavgidx() (p. 36)
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5.2 s Namespae Referene 385.2.2.19 double� geter2idxptr (swhat what, bool isgen)Parameters:what DSI: for usual index, DESI: for DESIisgen "false" for array of non-shifted average indies; "true" for shiftedindiesReturns:pointer to the array of the errors of average indies or to some badnumber on errorThis funtion is needed for atm::aln2() (p. 13).Attention:The internally stored array of average index errors ontains the squarederrors of indies omputed by avgmatrix() (p. 33). These are the valuesreturned here and needed for the Cn2-pro�le restoration. Meanwhile,the result of geterridx() (p. 37) is a relative error of index.See also:getavgidx() (p. 36)5.2.2.20 double getmean (bool isor, int i, int meas = -1)Parameters:isor "false": return the raw mean; "true": return the non-linearityorreted meani index of hannel [0..Nhan-1℄meas Measurement number in [0..s::geturmeas() (p. 30)-1℄, for is-or==true only. Last value is returned by default.Returns:mean ount in hannel during the last base time [ounts per ms℄5.2.2.21 double getavgux (bool isgen, int i)Parameters:isgen "false": non-shifted average ounts; "true": shifted averageountsGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 39i index of hannel [0..Nhan-1℄Returns:average ux in hannel [ounts per ms℄Average uxes are obtained in average() (p. 34).See notes to getidx() (p. 36).5.2.2.22 double geterrux (bool isgen, int i)Parameters:isgen "false": non-shifted average ounts; "true": shifted averageountsi index of hannel [0..Nhan-1℄Returns:relative error of average ux in hannelAverage uxes are obtained in average() (p. 34).The ratio of the square root of the ux squared error to the ux value isreturned.See notes to geterridx() (p. 37).5.2.2.23 double getsig (int lag, int i)Parameters:lag 0: simple dispersion (index<Nhannel) or ovariane of ounts (forreturned array index more or equal to Nhannel); 1,2: the samewith lag=1,2 ountsi index of hannel or ombination of hannels [0..napomb() (p. 25)-1℄Returns:the moment value (dispersion or auto/ross-ovariane)5.2.2.24 void stattest (int ndata, double miroexp)Parameters:ndata Number of ounts in the hannel bu�ers (equal for all hannels)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 40miroexp Exposure time of eah ount (miro-exposure) to salethe non-linearity parameter and bakground in alulations (seehan init() (p. 27))This is the seond utility (after ompute() (p. 27)) whih deals with thehannel ount series.MASS statistial test is performed using the speially modulated ux fromthe ontrol LED. The urrent through the ontrol LED is modulated step-like synhronously with the ounting time diagram with a period of fourmiro-exposures. During eah �rst and third takts of this modulation theurrent is at the middle level, whilst at the seond and the fourth takts it isinreased and dereased, respetively, relative to this middle level.The task of this utility is to determine these middle, inreased and dereasedlight levels and to ompute the ("theoretial") expeted sintillation indies(SI) and DESI whih orrespond to this modulation (see ompute() (p. 27)):s2th = 1:5�2 � 0:5�1flux2 ; s2(de)th = 29  3s2th + �2 � 4�1flux2 !Here, for the spei�ed way of modulation, the dispersion and auto-ovarianes with lags 1 and 2 are alulated as�2 = 2�20 +�2+ +�2�4 ; �1 = �0(�+ +��)2 ; �2 = �20 +�+��2 ;and Deltas with subsripts "0", "+" and "-" are the deviations of the middle,inreased and dereased light levels, respetively, from the average level.Middle level may di�er from average level if the positive and the negativevariations are di�erent in magnitude.The averaged levels are orreted for non-linearity using the hannel pa-rameters set by han init() (p. 27) and the supplied miro-exposure timemiroexp. No orretion for bakground is made.The all of this utility implies that the module is initialized with init()(p. 26) the same way as for usual measurements with ompute() (p. 27).Sine, normally, the ompute() (p. 27) is also started on the same ountseries, the apaity nmeas of the index storage must be doubled whilealling init() (p. 26) before the statisti test evaluation. It is assumed thatno orreted data are present in the series (as if norr array in ompute()(p. 27) ontained zeros). So, damaged series should not be fed to stattest()(p. 39).The expeted values of indies are put in the index storage in the same wayas ompute() (p. 27) does. Sine the ux modulation is the same in all theGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 41hannels of MASS, ross-hannel di�erential indies measured during thetest (by indies()) are set to zero.Note:The "mode" set for the omputed expeted indies in the index storageis set to s::MODEGEN (p. 45) to allow the simple averaging of themsimilarly to the ase of the generalized mode measurements. Thus, theaveraging of statisti test results must be done with average() (p. 34)with the �rst parameter true .5.2.2.25 void statux (int ndata, int � norr, double miroexp,int k, bool is�lt = false, double � nonpois = 0, double � avgux =0, double � er2ux = 0)Parameters:ndata Atual number of ounts in the ount series stored in the hannelbu�ers (equal for all hannels)norr array of numbers of orreted ounts in series (i.e. replaed withmean of series if missing)miroexp Exposure time of eah ount (miro-exposure) to sale thenon-linearity parameter and uxes in alulations (see han init()(p. 27))k sequential number of urrent hannel series in the measurement ses-sion (i.e. this all is k-th to measure the statistis stored in avgand er2)is�lt To aount for the long-term modulation of the signal (louds,et.) in dispersion signonpois non-Poisson parameters array[0..Nhan-1℄, by default - notomputedavgux Average ux array[0..Nhan-1℄, by default - the loal storageaessible with getavgux() (p. 38)er2ux Squared absolute error of ux: array[0..Nhan-1℄, by default -the loal storage aessible with geterrux() (p. 39)This is a third utility (after ompute() (p. 27) and stattest() (p. 39)) whihdeals with the hannel data series. It is suited for alulation of the averageux in a hannel and its error. Counts are assumed to be non-orrelated, sothe squared error of average is k�ndata times less than the ount dispersion.The results are put in the global module storage of average uxes (or otherplae if last two or three parameters are not defaulted) or updated there onGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 42alls with k>1 (see below). They are permanently available with funtionsgetavgux() (p. 38) and geterrux() (p. 39) after the �rst all with k=1(unless the parameters avgux and er2ux are spei�ed expliitly). It isassumed that the storages for an average ux and its dispersion are alloatedwith init() (p. 26).For any all to the funtion, the average ount and its dispersion for a urrentseries are omputed like follows (hereafter n stays for ndata parameter value):data = 1n n�1Xi=0 data[i℄;�data = 1n� 1 n�1Xi=0(data[i℄ � data)2Here all the ounts in hannels are atually used orreted for non-linearityindividually using the hannel parameter deadtime initialized by han init()(p. 27): data[i℄ = dataraw[i℄(1 + dataraw[i℄� deadtime=miroexp)Note:The deadtime-parameter must be set to zero in han init() (p. 27)before making statux() (p. 41) for determination of the non-linearityof detetors itself. It should be notied also that the bakground level inhannels is ignored (assumed zero). Detetor non-poissonity is evidentlynot taken into any aount but is omputed and updated in hannels ifnonpois is provided as non-null.This utility may be used either as a plain average and its error omputer oras a tool for alulation of the statistis of a long series onsisting of multipledata piees (base-time series). In both instanes, the �rst all to the utilitymust have k=1. If so, the average ux values and their errors in ux storagesare assumed to ontain no information about the previous data series. Thenthey are assigned from the average ount and its dispersion like follows:avgflux = datamiroexp ; er2flux = �datan�miroexp2 ;that means that we express the average ux and its error per2flux in[ounts per unity of miro-exposure℄.When one wishes to obtain the statistis of a ontinued series of ounts(base-times of the same aumulation time, i.e. with the same soure of theGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 43signal), the values in avgux and er2ux obtained in a previous $(k-1)$-thall to statux() (p. 41) are bak-onverted into the non-normalized ountsavgount and their dispersion er2ount:avgount = avgflux�miroexp ; er2ount = er2flux�n(k�1)�miroexp2and updated with a urrent $k$-th series statistis like follows:avgountnew = 1k �(k � 1)avgount + data� ;er2ountnew = 1k ((k � 1)er2ount+ �data) + Corr ;where the orretion Corr = (k�1)� (avgountnew�avgount)2 of the dis-persion for the low-frequeny modulation of the average ount is omputedand added if is�lt==false. Note, that k must be inremented by user.If the parameter nonpois is not null, then the estimate of the non-poissonityof the detetor is omputed for eah hannel as:nonpois = er2ountavgountBefore exiting the funtion, the updated parameters are again onvertedinto the ux units similarly to the formula given above:avgflux = avgountmiroexp ; er2flux = sigountn� k �miroexp2 :Note:The output results are saved in the module average ux storages evenif the avgux[ ℄ and er2ux[ ℄ plae-holders are expliit parameters.This allows to write the last obtained aumulated statistis withwriteavg() (p. 34) and aess them with getavgux() (p. 38), geter-rux() (p. 39).Attention:The onfusion may our on the meaning of the parameters saved iner2ux. This is the storage for the squared absolute error of averageux; meanwhile the value returned by geterrux() (p. 39) is a relativeerror of ux.5.2.2.26 int uxpre (double ux, int maxpre = s::FLXPREC)[inline℄Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.2 s Namespae Referene 44Parameters:ux ux valuemaxpre maximal number of deimal digitsReturns:preision to use in �printf() funtions with formats like "%6.�f"5.2.3 Variable Doumentation5.2.3.1 onst int s::DESIBIN = 3Smoothing window width in DESI alulations. Used impliitly in om-pute() (p. 27) )5.2.3.2 onst har s::ERRFMT[ ℄ = "%s%8.3f"Format of the relative error of any value output in the �le with a leading"%s" to insert a delimiter. Length omes from the length of a longestheading5.2.3.3 onst har s::IDXFMT[ ℄ = "%s%7.4f"Index writing printf-format in the �le with a leading "%s" to insert a delim-iter. Possible "-"-sign is aounted.5.2.3.4 onst har s::IDXDLM[ ℄ = " "Index �le delimiter5.2.3.5 onst har s::FLXFMT[ ℄ = "%s%6.�f"Average ux per miro-exposure writing printf-format in the �le with aleading "%s" to insert a delimiter. MUST inlude the preision as '�'5.2.3.6 onst int s::FLXPREC = 3Flux auray: maximal number of deimal digits (see uxpre() (p. 43))5.2.3.7 onst har s::FLXDLM[ ℄ = " "Average ux delimiter in �le
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5.3 wf Namespae Referene 455.2.3.8 onst har s::PFMT[ ℄ = "%s%5.3f"non-Poissonity parameter writing printf-format in the �le with a leading"%s" to insert a delimiter5.2.3.9 onst har s::MOMFMT[ ℄ = "%s%7.0f"Moments (means, ovarianes) writing printf-format in the �le with a leading"%s" to insert a delimiter5.2.3.10 onst har s::MOMDLM[ ℄ = " "Moment �le delimiter5.2.3.11 onst int s::MODENORM = 0Not-shifted ag isgen in average() (p. 34)5.2.3.12 onst int s::MODEGEN = 1Shifted ag isgen in average() (p. 34)5.2.3.13 onst int s::MODENO = -1Initial mode: unknown in isgen[℄5.2.3.14 onst int s::MAXLAG = 0Maximal lag in alulations of the error of mean for orrelated values5.3 wf Namespae RefereneAdditional to wf t (p. 65), this namespae wf ontains two supplementaryfuntions - getzshift() (p. 47) and the sample progress indiator progress()(p. 48). Also, all the module onstants are de�ned here.Enumerations� enum LEFFTYPE f LEFFTEST = 0, LEFFFIX = 1 gFuntions� double getzshift (double folen feed, double folen onj)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 46Compute altitude shift in generalized mode from parameters of optis.� void progress (int stage)Sample progress indiator for onsole.� int heal (onst har �sed�le, onst har �response, onst har�w�le, int naper, double diam, double �eps inn, double �eps out, dou-ble z0=0, double zmax=0, double dz=0, double dzmin=0, bool al-it=false, void(�progress)(int)=0)Chek the weight �le to orrespond to given system and spetral parame-ters. May realulate on mismath.� int zgrid set (double ��zgrid, double z0, double zmax, double dz,double dzmin)Generate the grid of values given its generation parameters.� void make �t (double �lambda, double �edist, int nedist)Compute the FT of SED in units of [1/m℄.� double sfun (double)Compute the imaginary part of the Fourier transform of the light SED.� double sdum (double f)Test-ase of S-funtion: analytial for "quasi-gaussian" SED.� double ama (double x)Compute the under-integral expression for the weight integration.� double weight (double z, double d, double eps1, double eps2, doubleeps3, double eps4)Compute the weight of a given z in a sintillation index.� void getspehar (double �lambda, double �edist, int nedist, double�le�, double �lblue, double �lred)Compute some harateristi points on the spetrum.� void read2ol (onst har ��lename, double ��ol1, double ��ol2, int�nrow)Read the two olumns of argument and funtion values from �le.� void onwgrid (double �wgrid, int n, int sale)Convert array of optial (!) wavelengths into given sale.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 47� void sedrv (double �slambda, double �sed, int nsed, double�rlambda, double �response, int nresponse)Multiply the spetrum urve by the response urve with optionally shiftedorigins.Variables� onst double MAX DIAM = 1000� onst int MAXNZ = 10000� onst double WSCALE = 1E11� onst int WVALEN = 15� onst double Z0 = 0� onst double ZMAX = 30� onst double DZ = 0.2� onst double DZMIN = 0.04� onst double EPSD = 2E-2� onst double EPSLEFF = 0.003� onst double EPSDZ = 1.5� onst int LTEXT = 80� onst int MKM RANGE = 05.3.1 Enumeration Type Doumentation5.3.1.1 enum wf::LEFFTYPEFlag for wf t::alle�() (p. 74) to �x the omputed spetral harateristisafter omparisonEnumeration values:LEFFTEST do not �x alulated Lblue, Lred, Le� in wf t (p. 65),only ompareLEFFFIX �x wavelengths in wf t (p. 65) after omparison5.3.2 Funtion Doumentation5.3.2.1 double wf::getzshift (double folen feed, double folen -onj)Parameters:folen feed Foal length of feeding optis, [mm℄Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 48folen onj Foal length of onjugating lens, [mm℄Returns:zshift Altitude shift in generalized mode, [km℄Funtion omputes the shift from the ratio of squared foal length of feedingoptis and foal length of onjugating lens. Normally, the positive lens(with a positive folen onj) is used for onjugation to negative altitudes i.e.working in a generalized mode. That's why the result is negative for positiveparameters.Note:May depend on defous, to be modi�ed.5.3.2.2 void wf::progress (int stage)Parameters:stage Part of the "work-done" (0..100) [perents℄Returns:voidExample progress indiator, to be replaed with a suitable one5.3.2.3 int wf::heal (onst har � sed�le, onst har � response,onst har � w�le, int naper, double diam, double � eps inn, double� eps out, double z0 = 0, double zmax = 0, double dz = 0, doubledzmin = 0, bool alit = false, void(� progress)(int) = 0)Parameters:sed�le Stellar spetrum energy distribution �leresponse System response urve �lew�le Weight �le to hek and/or put the results of alulationsnaper Number of entrane apertures in sintillation deviediam see wf t::setaper() (p. 68)eps inn see wf t::setaper() (p. 68)eps out see wf t::setaper() (p. 68)z0 altitude grid starting point (see wf t::setzgrid() (p. 70))zmax maximal altitude in weight matrixGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 49dz altitude stepdzmin minimal step for propostional grid (0 for equidistant)alit False: only hek the �le, True: realulate if does not �tprogress funtion to all to visualize the work stage (if needed)Returns:the omparison result returned by wf t::hek�le() (p. 72) or errorodeThis funtion makes use of all the funtionalities presented by the lass wf t(p. 65) to ompute the weight funtions set for a system of a given geometryand a ertain spetrum of inident light (omposed by the star's SED andthe system response funtion).Via parameters, all the needed information on the geometry and spetrumis provided. The altitude grid, if left default (all values are 0), is taken asgiven by the parameters wf::Z0 (p. 56), wf::ZMAX (p. 56), wf::DZ (p. 57),wf::DZMIN (p. 57).If some mismath is found between the weight in �le w�le and the on�g-uration spei�ed by the parameters, the result "false" is returned in asealit=false. The partiular reason of a mismath is provided by the all tonr::erget() (p. 81), nr::ermessage() (p. 81). Don't forget to reset then theerror before ontinuing with nr::erreset() (p. 83).If a mismath is found and alit is "true", the weights are reomputed inthe �le w�le. "True" is returned normally (the result of wf t::al() (p. 73)atually).Note:In ase of realulation, the "optimal" grid of altitudes spei�ed bythe parameters wf::Z0 (p. 56), wf::ZMAX (p. 56), wf::DZ (p. 57),wf::DZMIN (p. 57) is taken for alulations unless the mismath be-tween the �le and parameters was indeed the grids mismath. In latterase, the z0, zmax, dz and dzmin parameters are taken instead.5.3.2.4 int wf::zgrid set (double �� zgrid, double z0, double zmax,double dz, double dzmin)Parameters:zgrid pointer double-type arrayz0 starting valueGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 50zmax value to reahdz value modi�erdzmin minimal value stepReturns:Number of steps in z, -6 if NOT NULL zgrid pointer, -3 if bad paramsThis funtion implements the generation of a grid of absissa values usedby wf t::setzgrid() (p. 70) to generate the altitude grid in weight fun-tion struture. See weif.hxx for desription of an algorithm given inwf::setzgrid() doumentation.The funtion ounts the steps that will be omputed, alloates the double-type array (to whih the �rst parameter must point) and �lls in it. Thearray must be freed after usage (free dvetor()).5.3.2.5 void wf::make �t (double � lambda, double � edist, intnedist)Parameters:lambda wavelength gridedist light SEDnedist w/l grid lengthReturns:0 if Ok, <0 on errorThe Fast Fourrier Transform is used to ompute the FT.Before FFT, the SED is normalized by division of eah value by the integralof SED. Then, the grid of SED is expanded four times with padding theobtained "tail" with zero values; SED values are divided by their argumentwavelengths. Thus, the result of the FFT algorithm (four1() utility fromNR is used) has a better sampling in the frequeny domain whih makes thespline interpolation of the spetrum more robust.Sine the grid of SED starts at non-zero wavelength but immediately nearthe wavelength of the blue-end of the sensitivity urve of MASS, the FTis made on this origin-shifted spetrum. So, the orretion for this shift isneeded afterwards (see below).The units of the wavelengths are onverted into [m℄, the shift of the SEDto its origin and the sampling of the wavelength grid are also expressedin [m℄. This ensures the orret normalization of the resulting FT and aGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 51proper orretion of the real and imaginary parts of the FT for the madeshift of SED to its origin. The latter orretion is made in sfun() (p. 51)analytially.5.3.2.6 double wf::sfun (double f)Parameters:f frequeny in [1/m℄ unitsReturns:Im(FT(SED))��2Private funtion used by ama() (p. 52).The results of the spline approximation of the real and imaginary parts ofFT of �min-shifted SED are used. Spline oeÆients are already omputed inmake �t() (p. 50) and put into re edist ftspln[ ℄ and im edist ftspln[ ℄ arrays.Re- and Im-parts are taken from splines, orreted for the shift of SED to itsorigin (made while making FFT) by multipliation by exp(�2�i�min) andthe square of the imaginary part of the produt is returned.Spline oeÆients re/im edist ftspln[ ℄, omputed FT grid re/im edist ft[ ℄and the frequeny grid edist freq[ ℄ are the global (private) arrays with thelength edist ftnn.See also:wf t::al() (p. 73)5.3.2.7 double wf::sdum (double f)Parameters:f frequeny [1/m℄Returns:SPrivate funtion whih may replae sfun() (p. 51) in ama() (p. 52) fortest-alulations.In ase of the SED being the "quasi-gaussian" funtion, the S-funtion is apurely analytial expression:S = sin2(2��0f)exp(�4(��f2)2)=�0Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 52for the SED whih is a normalized �-multiplied gaussian with a �-dispersionentered at �0.The substitution of sdum() (p. 51) instead of sfun() (p. 51) in ama()(p. 52) may help to test the inuene of "non-gaussianity" of the spetrumon the resulting shape of the weight funtion. The e�et, in general, doesnot exeed a few perents (below 10 in any ase) for the A0V star and theMASS response funtion.5.3.2.8 double wf::ama (double x)Parameters:x spatial frequeny in inverse metersReturns:Under-integral expression (see do)Private funtion used by weight() (p. 53).In polyhromati treatment, the weight is integrated from:E = f�8=3 � S(zf2=2) � A(f):where the funtion S(f) is a squared integral of SED of inident light withsine-modulation over wavelengths:S(f) = 264 �maxZ�min sin(2��f)F (�)d�3752whih is, in fat, the squared imaginary part of the Fourier Transform ofF (�)=� omputed by sfun() (p. 51).If SED is a delta-funtion entered at �0, then the expression turns into theknown monohromati one:E = f�8=3 � sin2(zf2�0) �A(f):Here A(f) is a normalized aperture OTF for the given geometry of two annu-lar apertures. For simpliity, the geometry parameters diameter, epsilon1..4are transferred via the global parameters; funtion S() is also the global(private) funtion sfun() (p. 51).Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 535.3.2.9 double wf::weight (double z, double d, double eps1, dou-ble eps2, double eps3, double eps4)Parameters:z altitude [km℄d referene size of an aperture [m℄eps1 relative outer size of 1st (larger) apertureeps2 relative inner size of 1st (larger) apertureeps3 relative outer size of 2nd (smaller) aperture (may be 0)eps4 relative inner size of 2nd (smaller) aperture (may be 0)Returns:Weight value in [m^(1/3)℄Private funtion used by wf t::al() (p. 73).Funtion returns the weight for an altitude z in the stellar sintillation. TheFT of the inident light SED divided by lambda is assumed to be readyand aessible by the funtion sfun() (p. 51). The diameter of the largestentrane aperture is d and the radii of annular apertures are obtained by itsmultipliation by eps1..4.The �rst (say, larger) aperture has the outer diameter d�eps1 and the innerd�eps2. The seond (smaller) aperture has the outer diameter d�eps3 andthe inner d�eps4.If only two of four epsilons di�er from eah other (non-zero ring width) thenthe weighting funtion value for the normal sintillation index is returnedfor a given aperture (for the larger one - if eps1>eps2>0, eps3=eps4; for thesmaller one - if vise versa).If three or four epsilons are di�erent (eps1>eps2 and eps3>eps4) then theweighting �ntion value for the di�erential sintillation index is returned fora pair of apertures with sizes (d�eps1,d�eps2) { (d�eps3,d�eps4).The polyhromati expression for the weight is used here, whih uses the FTof the light SED to ompute the so alled S-funtion sfun() (p. 51). Thisfuntion stays for the part of the under-integral expression of the weightwhih is omputed by ama() (p. 52). And the latter is already the fun-tion whih is integrated by the qromo() (p. 80) integrator with the relativeonvergene riterion. It integrates the weight for the range of spatial fre-quenies from X1=1e-4 to X2=18.The weight for the zero altitude is arti�ially set to zero.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 545.3.2.10 void wf::getspehar (double � lambda, double � edist, intnedist, double � le�, double � lblue, double � lred)Parameters:lambda wavelength gridedist respetive spetral energy distributionnedist length of lambda and edist gridsle� Returned e�etive wavelength in [units of lambda℄lblue Returned wavelength of the 50% level of SED at blue side fromthe SED's peak in [units of lambda℄lred ditto at the red side from the SED's peakFuntion searhs for the maximum of edist[ ℄ omputing simultaneously thegravity enter of edist to be returned as le�. Then, it goes to the left andto the right from the maximum until the level of 50% level of the maximalone is rossed by the urve. The lblue and lred points are omputed by theloal linear interpolation between the adjaent points.See also:wf le�()5.3.2.11 void wf::read2ol (onst har � �lename, double �� ol1,double �� ol2, int � nrow)Parameters:�lename �le nameol1 pointer to the array of arguments (�rst olumn data)ol2 pointer to the array of funtion values (seond olumn)nrow pointer to the plae where to put the length of alloated arraysof arguments and funtion valuesThis utility reads the pairs of numeri values from the text-type �le ignoringthe lines beginning with omment symbol "#". Two non-alloated pointersmust be supplied as NULLs on start. Funtion ounts the non-ommentdata lines, alloates the memory for arrays of argument (�rst olumn) andfuntion values (seond olumn) with lengths equal to the number of theounted data lines, and then reads the olumns into them.The following heks are done on eah non-omment line:Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 55� at least two numeri tokens are given in eah line (argument and fun-tion)� argument is a monotonously rising funtion� argument values start from some positive number� funtion is non-negative� funtion has a positive average The funtion is thus suited for readingthe spetrum-like information.Errors possible are the problem of �le opening/reading or line parsing. Inase of error, the pointers are returned unalloated.5.3.2.12 void wf::onwgrid (double � wgrid, int n, int sale)Parameters:wgrid array of optial wavelengths in [angstrem℄ or [nm℄n its lengthsale deimal logarithm of the wavelength of the infrared end of theoptial range to obtainThis is an utility for onversion of the spetral urves (response funtionor spetrum) into the wavelength grid in a given units sale. It takes thevalue from the middle of the array and assumes that it must be in between0.1 and 1 mkm if it's an optial range. Then it makes the onversion bymultipliation of the array value by an integer power of 10 whih makes themiddle array value lying in the range (0.1{1.0)�10��fsaleg.ExampleLet the middle point of wgrid (it is wgrid[n/2℄) be equal to 410 on start(i.e. the grid is in [nm℄). Sale is given as "0", i.e. we want the spetrumto belong to the range 0.1{1.0, i.e. to be expressed in [mkm℄ on exit. Theinitial range is range=(int)lg(410)+1=3. So, the onversion oeÆient willbe 10��onv, where onv=sale-range=-3.5.3.2.13 void wf::sedrv (double � slambda, double � sed, int nsed,double � rlambda, double � response, int nresponse)Parameters:slambda array of wavelengths of spetrumsed array of spetrum; returned multiplied by response in �rst nre-sponse elementsnsed length of sed[ ℄ and slambda[ ℄Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



5.3 wf Namespae Referene 56rlambda array of wavelengths of responseresponse array of response urvenresponse length of response[ ℄ and rlambda[ ℄Funtion looks for the oinidene of some k-th element of slambda[ ℄ gridwith the �rst element of the response urve wavelength grid rlambda. Thisk is a shift (or di�erene) of origins of SED and response urves (normally,the spetrum is wider).Then, �rst elements of spetrum - sed[i℄, i=0..nresponse - are rewritten withthe produt of SED and response urves sed[i+k℄�response[i℄ whih takesinto aount the di�erent origins of these funtions. Last nsed-nresponseelements of sed[ ℄ are replaed with zeros. Thus, on exit only �rst nresponseelements of sed[ ℄ make sense.See also:alwf() heksed()5.3.3 Variable Doumentation5.3.3.1 onst double wf::MAX DIAM = 1000Maximal size of aperture [m℄ (arbitrary but plausible)5.3.3.2 onst int wf::MAXNZ = 10000Maximal number of altitude steps5.3.3.3 onst double wf::WSCALE = 1E11Writing weights to the �le : the Sale fator to divide the values by5.3.3.4 onst int wf::WVALEN = 15Longest plausible weight value reord in a �le (normal format: %10.4E)5.3.3.5 onst double wf::Z0 = 0Usual value for low boundary of altitude range5.3.3.6 onst double wf::ZMAX = 30Maximal feasible value for upper boundary of altitude rangeGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6 Part II. Class Doumentation 575.3.3.7 onst double wf::DZ = 0.2Optimal altitude modi�er for z-grid reation in proportional mode5.3.3.8 onst double wf::DZMIN = 0.04Optimal minimal altitude step for z-grid reation in proportional mode5.3.3.9 onst double wf::EPSD = 2E-2Relative tolerane in aperture sizes to aept the weight �le5.3.3.10 onst double wf::EPSLEFF = 0.003Tolerane level in e�etive wavelength and SED's 50% points [mkm℄. Thisvalue orresponds to hange of these wavelengths whih auses the hangeof weights not more than 1{2%.5.3.3.11 onst double wf::EPSDZ = 1.5Relative tolerane in the altitude grid spaing: maximal aeptable ratio ofdz and dzmin in �le and in the omparison struture, >15.3.3.12 onst int wf::LTEXT = 80Length of lines in a header part of the weight �le5.3.3.13 onst int wf::MKM RANGE = 0Units of optial range wavelength: 0 for [mkm℄, 3 for [nm℄, 4 for [nAA℄6 Part II. Class Doumentation6.1 san t Class Referene#inlude <san.hxx>Publi Types� enum diret
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6.1 san t Class Referene 58Publi Methods� void set (int nnt=0, double nonlin=-1)Initialize the san arrays before aumulation.� san t (int nnt=0, double nonlin=-1)Construtor: set the private �elds zero and all set() (p. 60).� �san t ()Destrutor: dealloate the memory reserved for storages.� void aum (onst ount t �san, diret whih)Add the urrent san to the respetive san storage.� void merge ()Merge bak- and forward sans.� double � get (diret whih=MERG) onstReturn the pointer to the needed san.� void enter (double �x1, double �x2, diret whih=MERG, bool �x-enter=false)Loate the oordinates where the star rosses the edges of a enteringtriangle aperture.� double xshift () onstReturn the shift of the star relative to the enter of the �eld of view insanning diretion.� double yshift () onstReturn the shift of the star relative to the enter of the �eld of view inradial diretion.� double defous (int xenter, diret whih=MERG, double �sharp=0)onstCompute the sharpness of the san and onvert it into defous.Stati Publi Methods� void loadonst (double sale=0, double a=0, double b=-99, doublex1=0, double x2=0, int defrange=0, double sharp0=0, double fo-sale=0)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.1 san t Class Referene 59Assign the stati alibration parameters for alulation of the star shiftsand image defoussing.� void loadenter (double x1, double x2)Aept the (modi�ed) edge-rossing oordinates for on-axis star.� void loadfous (int defrange, double sharp0=0, double fosale=0)Assign the new parameters for the defoussing determination.6.1.1 Detailed DesriptionUsage:For eah devie hannel where the sanning has to be done the objet ofthe lass san t has to be delared. The onstrutor by default whih isinvolved in delaration of the array of san t alloates no spae. So, beforeaumulation of sans, the funtion set() (p. 60) is alled for san of eahhannel.Eah time the new san is reeived, the san aumulation aum() (p. 61)is alled with the proper value of the ag san t::diret (p. 59) of sanningdiretion. After �nishing the sanning, the utility merge() (p. 61) shouldbe alled to obtain the resulting merged san where forward and bakwardsans are oadded. The utility get() (p. 61) returns the pointer to one of thesans (forward, bakward or merged). The "sienti�" funtions enter()(p. 61) and defous() (p. 65) extrat from the seleted aumulated san(again 3 kinds) the information on the position of the star in the enteringtriangle aperture and on the fous displaement, respetively. The resultsof enter() (p. 61) are also stored internally and used to ompute the al-ibrated shifts of the star xshift() (p. 64) and yshift() (p. 64). For lattertwo funtions and for defous() (p. 65), the alibration onstants should beloaded with loadonst() (p. 62).Before the new aumulation of san, the funtion set() (p. 60) has to bealled. If nothing has hanged (dimention of san or non-linearity), theleaning of the storages is only done.The sans are made of individual ounts from the MASS devie hannelsand represent the ount t-type arrays. The latter type de�nition is borrowedfrom the module SCIND.6.1.2 Member Enumeration Doumentation6.1.2.1 enum san t::diretGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.1 san t Class Referene 60whih -ag to aess forward san6.1.3 Construtor & Destrutor Doumentation6.1.3.1 san t::san t (int nnt = 0, double nonlin = -1)The default onstrutor is realized with default parameters passed to set()(p. 60). Thus, for array of san t, it is obligatory to use set() (p. 60) af-ter delaration; for a single san t instane, the onstrutor with properlength and non-linearity an be alled immediately before aum() (p. 61).If default (invalid) non-linearity is supplied, it is set zero in onstrutor.6.1.3.2 san t::�san t () [inline℄This funtion releases the memory whih is alloated for forward, bak andmerged sans by set() (p. 60) with zero parameter.6.1.4 Member Funtion Doumentation6.1.4.1 void san t::set (int nnt = 0, double nonlin = -1)Parameters:nnt Number of ounts in a san (forward or bakward)nonlin non-linearity parameter for the detetor (i.e. the deadtime ofdetetor divided by the miroexposure time, e.g.: nonlin = 24ns /4ms = 6.0e-6)The objet ontains the arrays fsan, bsan where the forward and bakwardsans are aumulated, and msan to oadd them afterwards in a mergedsan. These vetors have the logial length nnt. If their physial length issmaller, they are realloated with a new length nnt.If nnt is zero, the storages are dealloated and no alloation is done (theall from destrutor is done like this).This funtion should be alled, obviously, before the �rst sanning pass is�nished. Default non-linearity is made invalid to leave it unhanged.See also:aum() (p. 61)
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6.1 san t Class Referene 616.1.4.2 void san t::aum (onst ount t � san, diret whih)Parameters:san pointer to the ount t -type san arraywhih Diretion ag: FORW: forward, BACK: bakwardFuntion adds the given array to the forward and bakward sans, latterwith inversed sequene of ounts. Thus, forward and bakward sans mustbe idential (see get() (p. 61)) if the measurement onsitions are stable andno noise is taken into aount. The orretion for non-linearity is done withthe non-linearity onstant loaded in set() (p. 60).6.1.4.3 void san t::merge ()Funtion oadds the forward and bakward sans into the merged san.See also:aum() (p. 61)6.1.4.4 double� san t::get (diret whih = MERG) onstParameters:whih BACK for bakward san , FORW for forward san, MERG formerged sanReturns:pointer to the san array (not to be deleted!)6.1.4.5 void san t::enter (double � x1, double � x2, diret whih= MERG, bool �xenter = false)Parameters:x1 Resulting oordinate of the rossing point of the left triangle edge[mirostep, i.e. pixel of san℄x2 Resulting oordinate of the rossing point of the right triangle edge[mirostep℄whih BACK for bakward san , FORW for forward san, MERG formerged sanGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.1 san t Class Referene 62�xenter Devie adjustment mode: if true, then the resulting x1 andx2 are treated as for the non-shifted star and saved in san t::x1and san t::x2. See loadenter() (p. 63).Funtion searhes for the positions on the san where the san ounts rossthe 50%-level of the light variation range: the points where the star appearsfrom and disappears behind the edges of the triangle aperture. "Appear-ane" stays for the result x1 and has a smaller index in (forward and merged)san than x2 (see xshift() (p. 64) for the star shift alibration issue basedon x1 and x2).The method is based on a linear interpolation of points on the middles ofslopes of the urve. The points are taken whih surround the middle ofslopes. "Middle" is onsidered as a mean of bakground level (some k-thsmallest ount in a san) and the plateau level (median of ounts whihhave intensity more than 75% of the highest one.Under average onditions (seeing and wandering of images = 1", sintilla-tions of 10%, see testing main() of the module) the preision of entering isabout 0.1 mirosteps.Note:If one of the rossing points is not overed by the aperture edge whilesanning, the respetive oordinate is returned as zero.Attention:If the error is set in the system on enter (see nrerror() (p. 83)), thezero results are returned in x1 and x2.6.1.4.6 void san t::loadonst (double sale = 0, double a = 0,double b = -99, double x1 = 0, double x2 = 0, int defrange =0, double sharp0 = 0, double fosale = 0) [stati℄Parameters:sale Foal sale near the enter [arse/mirostep℄a Sum of tangent of angles between the edges of the triangle diaphragmand the diretion to the axis of the aperture wheelb semidi�erene of tangent of angles between the edges of the trianglediaphragm and the diretion to the axis of the aperture wheelx1 san oordinate of appearane of the non-shifted starx2 san oordinate of disappearane of the non-shifted starGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.1 san t Class Referene 63defrange Radius of sharpness alulation around the san enter [mi-rosteps℄sharp0 Sharpness of the san whih orresponds to the perfetly fo-ussed systemfosale fous position hange per unity of the relative sharpnesshange (i.e. (sh-sh0)/sh0) taken near the fous positionThe funtion assignes the parameters to the lass variables to be used insubsequent alulations of the star displaement with xshift() (p. 64) andyshift() (p. 64). Only the non-defaulted parameters are assigned. Defaultsare seleted to have no sense.Note:These alibration parameters serve for all instanes of the type san tbeause they are stati. E.g. for many hannels of the devie, the singleall to san t::loadonst() (p. 62) has to be done. For the foussingissue, the parameters (last three) have a sense for only one (say, D)aperture.On startup, the following alibration parameters are set:� sale = 1� A = 2� B = 0� x1 = x2 = 0� defrange = 17� sharp0 = 1.029� fosale = 100.6.1.4.7 void san t::loadenter (double x1, double x2)[inline, stati℄This is a shortened version of loadonst() (p. 62).6.1.4.8 void san t::loadfous (int defrange, double sharp0 = 0,double fosale = 0) [inline, stati℄This is a shortened version of loadonst() (p. 62).
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6.1 san t Class Referene 646.1.4.9 double san t::xshift () onst [inline℄The funtion uses the x1 and x2 values omputed and stored in privatemembers by enter() (p. 61) to derive the shift of the star from the enterof the �eld of view.
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B=(tan        - tan        )/2Figure 2: Sheme of MASS sanning for entering the starAs one an see from the piture, the di�erene of x1 and x2 is easily onvertedinto the Y-shift, and the Sum of them - into the X-shift via the alibrationparameters A and B (see loadonst() (p. 62)):�X = sale � �x1 +�x22 ��Y �BHere Dx1 andDx2 are the di�erenes of the urrent edge-rossing oordinatesx1, x2 with those obtained for on-axis star.6.1.4.10 double san t::yshift () onst [inline℄The radial shift is omputed as:�Y = sale � �x1��x2ASee also:xshift() (p. 64)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 656.1.4.11 double san t::defous (int xenter, diret whih =MERG, double � sharp = 0) onstParameters:xenter san enter to ompute the sharpness aroundwhih BACK for bakward san , FORW for forward san, MERG formerged sansharp resulting sharpness plaeholder; not returned by defaultReturns:defous measure in units of fosale in loadonst() (p. 62) (normally,[mm℄)Funtion omputes the sharpness of a san whih depends signi�antly onthe defoussing of the system.In urrent implementation, the sharpness S is the ratio of the mean squareof the signal to the squared mean of the signal:S = 12R+1 X+RPi=X�R san[i℄2san2 , where san = 12R+ 1 X+RXi=X�R san[i℄I.e., the signal is taken from san at the positions loser than R=defrangeto the position X=xenter.Then, the relative sharpness deviation is omputed and onverted into thedefous measure: Defous = fosale � S � S0S0where So is the foal sharpness sharp0 (see loadfous() (p. 63)).The doumentation for this lass was generated from the following �le:� san.hxx6.2 wf t Class Referene#inlude <weif.hxx>Publi Methods� wf t ()Initialize the objet �elds with zero/null values.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 66� void lear ()Release the z-grid and weight matrix and assigns them zero.� �wf t ()Release all dynami memory storages for deletion of objet.� void setaper (int nap, double diam=0, double �eps in=0, double�eps ou=0)Assign the referene size and relative diameters for apertures.� int getnaper () onstReturn the number of apertures set in struture.� int getnw () onstReturn the number of apertures and their ombinations.� onst har � name (int index) onstGive a name for respetive weight.� void setzgrid (double z0, double zmax, double dz, double dzmin)Generate the altitude grid given its parameters.� int getnz () onstReturn the number of altitude steps in z-grid.� void write (onst har ��lename) onstWrites weight matrix with parameters in disk ASCII �le.� int hek�le (onst har ��lename) onstCheks the weight �le header values to onform the wf t parameters(�elds).� int read (onst har ��lename)Read the objet { weight matrix and its parameters { from the disk �le.� void al (double �lambda, double �edist, int nedist,void(�progress)(int))Calulate the weight matrix for a given energy distribution.� int alle� (double �lambda, double �edist, int nedist, int �x)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 67Calulate the e�etive wavelength and 50%-levels of the light energy dis-tribution and ompares them with that set in member �elds.� void interpolate (wf t �refwf, double shift, double �maxerr=0, int�iz maxerr=0, int �iw maxerr=0)Interpolate the weights from the referene objet to the z-grid set in theobjet with a given optional z-shift.� double getle� () onst� double getblue () onst� double getred () onst� double getval (int iz, int iw) onstGet the weight value for given weight and altitude indies.� void opy (int lowiz, int hiiz, int iw, double �dest) onstCopy (part of) a ertain weight funtion to double-type array.� double getalt (int iz) onstGet the altitude grid value for a given altitude index.6.2.1 Detailed DesriptionThis lass ontains all the data whih desribe the sintillation weightingfuntions of altitudes for all entrane apertures with whih it is measured.The information on the apertures themselves and on the spetral harater-istis of the inident light is also present in members of this lass.The alloation of the memory for double-type arrays is made in severalmember funtions:� setaper() (p. 68) - for alloation of geometry array parameters eps -inn[ ℄, eps out[ ℄ ;� setzgrid() (p. 70) - alloates the altitude grid zgrid[ ℄;� al() (p. 73) and read() (p. 73) - alloate the matrix of weights beforeits alulation or reading, respetively.Dealloation of all the memory alloated for arrays is done by setaper()(p. 68) with one zero parameter (it is alled also from the destrutor).The onstrutor initializes the arrays and members with zeros; in all fun-tions null pointer is a neessary demand for array to allow its alloation and,wise versa, if an array is not null, it is believed to be already alloated.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 686.2.2 Construtor & Destrutor Doumentation6.2.2.1 wf t::�wf t () [inline℄The feature of setaper() (p. 68) to release all the memory on all with azero argument is used.6.2.3 Member Funtion Doumentation6.2.3.1 void wf t::lear ()The signature of alloation of memory to zgrid and ws members of wf -t is non-zero z-dimention nz and non-zero respetive pointers. Memory isreleased if only both nz and pointers are not zero.6.2.3.2 void wf t::setaper (int nap, double diam = 0, double �eps in = 0, double � eps ou = 0)Parameters:nap number of annular aperturesdiam referene size or magni�ation fatoreps in array of inner diameters of apertures [m℄eps ou array of outer diameters of apertures [m℄Proedure assigns the �eld naper to the number of apertures and alloatesand �lls in the arrays of their relative sizes. Input arrays eps inn and eps outare interpreted as:� physial instrumental sizes of apertures { then diam plays the role ofthe magni�ation of the system;� or relative sizes (eps ::: � 1) with respet to the outer diameter of thelargest aperture { then diam is a size of a largest entrane aperture.In any ase, only the values diam�eps ... have a physial sense.Usage:� if nap<0, then the member arrays eps inn and eps out are simplyASSIGNED to parameters eps in and eps ou, respetively. In this asethey are not released afterwards (see naper==0 ase) { the memberag statiapert is set "true" for this.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 69� if nap>0, then input arrays are COPIED into newly alloated memberarrays eps inn, eps out. statiapert is set "false" to allow releasing ofthem in destrutor.� If nap==0, then this funtion RELEASES all the memory alloatedpreviously in dynami memory for member arrays.See also:setzgrid() (p. 70)6.2.3.3 int wf t::getnaper () onst [inline℄Returns:Number of apertures set in wf t6.2.3.4 int wf t::getnw () onst [inline℄Returns:Number of weights whih orresponds to the apertures number setThe funtion whih returns the number of apertures and their ombinationswith no di�erene in order is de�ned in sind.hxx: s::napomb() (p. 25).6.2.3.5 onst har� wf t::name (int index) onst [inline℄Parameters:index sequential number of weight in weight matrixReturns:pointer to the stati onst har� name, whih is empty if index is invalidName of the weight is a name of aperture or their ombinations whihorresponds to the given index. Thus, this funtion is just a synonymof s::apername() (p. 25). In ase of a problem, the error messagenr::ermessage() (p. 81) originates from the WEIF module.
Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 706.2.3.6 void wf t::setzgrid (double z0, double zmax, double dz,double dzmin)Parameters:z0 starting altitude [km℄zmax altitude to reah [km℄dz altitude modi�er ([km℄ for equidistant grid, unitless for propor-tional)dzmin minimal altitude step [km℄Compute the grid of altitude steps for alulation of weighting funtions likefollows:The grid may be either equidistant (if dzmin ==0) or proportional (dzmin!=0). The urrent restrition is that the altitude modi�er should be positive.Equidistant grid is given as: z[i℄ = z0 + i � dzwhere i is in [0,nz-1℄, nz onforms to the following ondition:z[0℄ + dz(nz � 2) < zmaxand z[0℄ + dz(nz � 1) � zmaxProportional grid is onstruted as follows:z[0℄ = z0z[i℄ = z[i-1℄ + stepstep0 = z[i-1℄ * dzstep = ( dzmin > step0 ) ? (step = dzmin) : (step = step0)where i is in [0,nz-1℄, nz onforms to the following ondition:z[nz � 2℄ < zmaxand z[nz � 1℄ � zmax:In both types of grid, z[nz-1℄ is replaed with zmax.This funtion is an interfae to the lower-level private funtion zgrid set()whih works diretly with the array wf t::zgrid.See also:setaper() (p. 68)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 716.2.3.7 int wf t::getnz () onst [inline℄Returns:Number of z-steps set in objet6.2.3.8 void wf t::write (onst har � �lename) onstParameters:�lename �le name to write weightProedure writes the matrix of weights whih rows are preeded with the z-grid altitudes in the �rst olumn. The header is also reated whih ontainsall the parameters - the �elds of wf t.The format of the header line is following:# <KEY> <VALUE1> [<VALUE2> [VALUE3 VALUE4℄℄where <KEY> is a single-letter designation of parameter and <VALUE> -its value(s). Keys are listed below with names of respetive wf t �elds anddesription in brakets:� N {naper (number of apertures)� A { D�eps inn[0℄ D�eps inn[0℄ (diameters of the 1st aperture)� B { D�eps inn[1℄ D�eps inn[1℄ (diameters of the 2nd aperture)� ...� S { le� lblue lred (e�etive wavelength and 50%-level points in [mkm℄)� Z { z0 zmax dz dzmin (parameters for an altitude grid generation)� W {weightsale (the sale-fator for the weight values written in this�le)After the header, the line goes whih preedes the z-grid and wf (p. 45)-matrix values:##Altit. W(A)/1E+11 W(B)/1E+11 ... W(AB)/1E+11where 1E+11 is a number to whih the values of weights are saled in a �le(weightsale).Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 72Any similar line whih starts with "##" is interpreted by wf t::read()(p. 73) as a omment.After the heading line "#Altit..." the z-grid and weight-matrix values go be-ing separated with spaes for eah altitude; thus { one line per eah altitude.6.2.3.9 int wf t::hek�le (onst har � �lename) onstParameters:�lename name of the �le to readReturns:0 if parameters oinide, <0 if error or parameters do not oin-ide (the reason of inoinidene is reeted by following error odes:nr::ERSPE (p. 84), nr::ERGEO (p. 84) and nr::ERZGR (p. 84)).Proedure reads the header info in weight �le (see desription of the headerin write() (p. 71) doumentation) and heks whether the parameters givenin the �le header oinide (within some allowed errors) with respetive �eldsof the supplied wf t objet. The latter an be, for example, initialized fromsome task-�le (on�guration �le or something else). The aim is to get a lueto deide whether the weights for given parameters an be read from a given�le or should be reomputed.The omparison is made until the �rst signi�ant di�erene is found, in thefollowing order: Z-grid, Apertures and Spetrum.The major soure of the di�erene in weights is the spetrum of light andapertures geometry. Spetral harateristis in �le (3 wavelengths, see wf -t::alle�() (p. 74)) must oinide to within EPSLEFF with given in wf;aperture diameters in wf t and in �le must di�er not more than EPSD in arelative measure.Another determinator is an altitude grid. The range boundaries in �le (z0and zmax) must over from both sides the range in wf t to be allowed. Sinethe weights are normally well interpolated, the minimal spaing in altitudedzmin and altitude modi�er dz in �le do not have to oinide to that givenin wf. Instead, they only have to be not more than EPSZ times larger thanin wf t. If the grid in the �le is thinner, it is aepted.If no error is found in header, the funtion read() (p. 73) is alled on theheked �le with a trial weight struture. After all this struture is learedand resulting error (if any ) is returned.See also:write() (p. 71) read() (p. 73)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 736.2.3.10 int wf t::read (onst har � �lename)Parameters:�lename name of �le to readReturns:0 if Ok, <0 if reading errorProedure reads the matrix of weights and its parameters from the disk �leinto the �elds of objet. Thus, parameters are modi�ed ompared to thatassigned to the struture �elds before. Before reading, the proedure willtry to lear all the dynami data if the pointers of respetive member arraysare not nulls.This funtion is meant to be used with �les whih were tested by hek�le()(p. 72) to ontain exatly the needed data. It does not hek the validity ofnumbers in �le. The weight matrix and z-grid data are onverted from har-ater representation to oating point numbers with standard funtion "str-tod" and thus heked to be indeed numbers. Otherwise, the nr::ERFIO(p. 84) is returned and the altitude where the error in weight value oured.Note:The zgrid[ ℄ is read diretly from the leftmost olumn of data setion ofthe weight �le and is NOT CHECKED to orrespond to the given z-grid parameters z0,zmax,dz,dzmin parameters whih are read from theheader.See also:hek�le() (p. 72)6.2.3.11 void wf t::al (double � lambda, double � edist, intnedist, void(� progress)(int))Parameters:lambda grid of wavelengths [mkm℄edist inident energy distribution (given on lambda grid)nedist length of the lambda and edist gridsprogress funtion to all to visualize the work stage (if needed)Given the parameters in numeri members of the objet (aperture geom-etry) and input spetrum, the weights are omputed on a �lled zgrid (seesetzgrid() (p. 70)).Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 74The weights are omputed for the polyhromati ase of inident light SEDwhih involves the Fourier Transform of the SED divided by the wavelength.This FT is made by wf::make �t() (p. 50) one before alulation of allweights and is represented in two global arrays as ubi spline oeÆients.In order to have smoother shape, the SED is shifted to its origin (startingwavelength �min) to dump the high-frequeny osillations in FT. The bak-orretion for this shift is made analytially after the spline interpolationfor the given frequeny.Before alulations, the weight matrix is alloated IF it was NULL. If it wasnot NULL, it is assumed that it was already alloated (e.g. in a previousall of this routine, say, with di�erent en.dist.).Then, for all apertures, their ombinations and for all altitudes in the z-grid,the funtion wf::weight() (p. 53) is alled to make the weight integrationitself.At the end, the SED harateristis omputer wf t::alle�() (p. 74) isalled to �ll in the respetive spetral �elds. It appears that e�etive wave-length represents best the shape of weights if they are omputed for the"quasi-gaussian" approximation of SED with its atual FWHM. Meanwhile,the deviations may be as high as 10% from the exat shape, espeially fordi�erential indies of small apertures.The utility alls the external funtion progress() (if supplied as non-null)to visualize the degree of the made work. This degree, in perents, is aninteger-type argument hanging from 0 in the beginning to 100 at the end.Progress funtion is alled twie per altitude step.PerformaneAt the IBM P-III 667 MHz mahine, the alulations of weights with 26proportional steps of altitude (up to 20 km) and for 4 apertures take 14seonds.6.2.3.12 int wf t::alle� (double � lambda, double � edist, intnedist, int �x)Parameters:lambda grid of wavelengths [mkm℄edist inident energy distribution (SED), given on lambda gridnedist number of nodes in lambda grid (points of en.dist.), or 0 to resetthe spetral information in weight struture�x If �x==1: assign the omputed spetral harateristis to wf -t �elds, or leave them otherwise (use wf::LEFFFIX (p. 47) orwf::LEFFTEST (p. 47))Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 75Returns:int(SED harateristis di�er from that set in the struture) or the(negative) error odeThe e�etive wavelength and the wavelengths at whih the relative lightenergy is equal to 50% of the maximal are omputed by the loal linearinterpolation for the given inident light SED. It is assumed that an array ofrelative intensities edist[℄ takes into aount the instrument and atmospheritransmission funtions. The omputed e�etive wavelength and 50% pointsare �rst ompared to the values in the �elds le�, lblue and lred, and thenassigned to them, if �x==1 and (!) the di�erene is signi�ant.The result of omparison is returned: 0 if the di�erene is not signi�ant,i.e. all three alulated numbers are within +/- EPSLEFF interval from the�eld values, and 1 if at least one of them di�ers by more than EPSLEFF.All wavelengths are in [mkm℄.If the parameter nnedist is supplied as 0, the alulations and omparisonare skipped and the �elds le�, lblue and lred are reset to zero. 0 is returned.6.2.3.13 void wf t::interpolate (wf t � refwf, double shift, double� maxerr = 0, int � iz maxerr = 0, int � iw maxerr = 0)Parameters:refwf wf t to get the weights fromshift the shift of weight funtion along z-grid [km℄maxerr pointer where to put the maximal weight error due to interp(works in POLINT option of ompilation; may be null).iz maxerr pointer to put the z-grid index of this error (may be null)iw maxerr pointer to put the weight index of this error (may be null)This funtion uses the NR reipe for interpolation of weight values from onez-grid into another. Input weight struture wf t must be fully determined;output struture must only ontain the omputed new z-grid: i.e. only thesetzgrid() (p. 70) funtion must be alled for it before interpolation. Otherparameters must be empty - they will be assigned from the referene wf t�elds.The parameter shift allows one to obtain the shifted weighting funtionssuited to work with the indies measured with the shifted pupil of the system(defousing of the instrument). The negative altitudes when probed duringthe interpolation of the positively shifted funtions are replaed with theirGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



6.2 wf t Class Referene 76absolute values. When negatively shifted funtion is strethed to reah thesame zmax, the extrapolation ase takes plae.The rest parameters are three pointers to variables in whih the user mayreeive the estimated maximal interpolation error of the weight, and theindies in z-grid and weight number where this maximal error was found.For example, for 4-aperture weight matrix (10 weights for eah altitude),iz maxerr = 2 and iw maxerr = 5 will mean that maximal error maxerr wasfound at the third stage of the NEW altitude grid zgrid[2℄ and for the weightof AC-aperture ombination.6.2.3.14 double wf t::getle� () onst [inline℄Return the member le� value6.2.3.15 double wf t::getblue () onst [inline℄Return the member lblue value6.2.3.16 double wf t::getred () onst [inline℄Return the member lred value6.2.3.17 double wf t::getval (int iz, int iw) onstParameters:iz altitude grid index, must be in range [0..getnz(wf)-1℄iw weight index, must be in range [0..getnw(wf)-1℄Returns:Weight value (non-negative)See also:opy() (p. 76)6.2.3.18 void wf t::opy (int lowiz, int hiiz, int iw, double � dest)onstParameters:lowiz low limit of the altitude index (see getnz() (p. 71))hiiz upper limit of the altitude index (see getnz() (p. 71))iw weight index, must be in range [0..getnw(wf)-1℄Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7 Part II. File Doumentation 77dest double-type arrayThis funtion opies one of available rows of the weight matrix into thepre-alloated destination array.Attention:In ase of unalloated dest vetor, the segmentation fault failure ours!It is only heked to be non-null.6.2.3.19 double wf t::getalt (int iz) onstParameters:iz altitude grid index, must be in range [0..getnz(wf)-1℄Returns:Altitude value (non-negative, in [km℄)The doumentation for this lass was generated from the following �les:� weif.hxx� weif.pp7 Part II. File Doumentation7.1 atmos.hxx File Referene#inlude <stdio.h>#inlude "nrutil.h"#inlude "weif.hxx"Namespaes� namespae atm7.1.1 Detailed DesriptionMASS projet: TURBINA module �le header �le for atmos.ppThe module ATMOS spei�es the top-level alulations whih are aimed toompute the atmospheri parameters and the turbulene pro�le. The weightGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.1 atmos.hxx File Referene 78funtions related to alulations are desribed themselves in the moduleWEIF. With the help of these funtions, the various integrals over the alti-tude whih approximate the ertain moments of the turbulene (alibratedinto seeing, isoplanati angles et) are alulated and the low-resolution tur-bulene pro�le is omputed.The task of this module is split in following parts:� using the given altitude weight funtions, produe the matrix of o-eÆients to onvert the vetor of sintillation indies into a vetor ofthe turbulene moments� onvert the vetor of (base-time, instantaneous) sintillation indiesinto the vetor of turbulene moments using the matrix multipliation� average the set of the turbulene moments vetors and onvert theaverage vetor into a set of atmospheri integral parameters (seeing,isoplanati angle et.)� �t the model with a few turbulent layers to reprodue an observed setof average sintillation indies (two methods are urrently available)Usage:The module in urrent version does not need initialization, only shutdown(atm::done() (p. 10), see below). Note, that the initialization of the moduleSCIND has to be done separately while using this module in a usual pipelineof proedures within one program. Initialization and update of informationon the system geometry is done only via the hange of weight �les providedto atm::update() (p. 7).Eah time the new objet is seleted or the altitude shift values for thegeneralized mode measurements are hanged, the the indies-to-turbulenemoments onversion matries must be updated with atm::update() (p. 7)using the new weight �le names and/or altitude shifts. Use wf::heal()(p. 48) funtion of WEIF module to hek the orrespondene of the (�le of)weight funtions set to the objet's spetral energy distribution (SED).Eah time some (instantaneous) sintillation indies are obtained, the om-putation of integrals of Cn2�h^a over atmosphere (power a=0,1,5/3,2) hasto be done with atm::alint() (p. 12). The results are stored internally.After the ompletion of the aumulation time, the integrals of Cn2 by pow-ers of altitude are averaged and onverted into seeing, isoplanati angle ande�etive altitude of turbulene by atm::avgint() (p. 15). Also, the proe-dure atm::aln2() (p. 13) may be alled whih uses the average indiesand their errors to restore the low-resolution Cn2-pro�le with one of twomethods. Results are aessible with atm::get�n2�() funtions.One the pro�le and/or atmospheri harateristis are omputed, theyGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.2 nr.h File Referene 79may be saved on disk by atm::write() (p. 17) with di�erent swithing keysatm::what (p. 7). The onverted average integral values and their relativeerrors may be aessed by atm::getval() (p. 10) and atm::geterr() (p. 11)after atm::avgint() (p. 15) all.Finally, to end with the measurements, all a memory destrutoratm::done() (p. 10).This module provides an option for a stand-alone program whih aeptsthe weight funtions �le and the mass-�le data (�le or from standard in-put). On input of instantaneous sintillation indies, the turbulene mo-ments are aumulated; on averaged indies, the pro�le restoration usingall available methods happens and integrals are averaged and onvertedinto atmospheri parameters. The needed system parameters are read frompreamble-type reords but may also be spei�ed with input parameters asstarting values or if no preamble-reords are present. Zenith distane isnot omputed but taken from 'O'- and 'M'-reords from the last parameternumbers (if present). See main() whih should be ompiled with the maroATMOSTEST set.Version:1.5: Translation into C++2.0: New deomposition, independent exeutable option (not just a test)7.2 nr.h File RefereneA set of NR reipes under use in TURBINA data proessing.De�nes� #de�ne oat doubleFuntions� oat qromo (oat(�fun)(oat), oat a, oat b,oat(�hoose)(oat(�)(oat), oat, oat, int),double EPS)Modi�ed integrator for weight alulations.7.2.1 Detailed DesriptionMASS projet: TURBINA module �le header �le for nr.Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.2 nr.h File Referene 80The module NR ontains the set of proedures from "Numerial Reipesin C: The art of sienti� programming". All the �les of the used reipesare onatenated in nr. by means of inlude diretives. At the top of thisonatenation, in this header �le, we set a heading#define float doubleto make all the mathematis done in double-preision, as aepted in MASSSoftware (see nrutil.h doumentation).The memory- and error-handling utilities are given in a separate moduleNRUTIL.Usage:The memory alloation within the MASS "sienti�" modules (sind, weif,san and atmos) is done with dvetor(), dmatrix() for oating pointarrays; dealloation is made with respetive free dvetor() and free -dmatrix(). Thus, we use expliitly the double-type arrays.The only modi�ed sienti� reipe is the qromo() (p. 80) integrator whih isgiven in qromo2. soure �le to implement the relative onvergene riterion.The use of all the other reipes is normal, as desribed in the Book. Theyare only modi�ed to onform C++ onventions and return after nrerror()(p. 83) all.Version:1.5: Adaptation of reipes to be ompatible with C++7.2.2 De�ne Doumentation7.2.2.1 #de�ne oat doubleAll the mathematis with "oat"-type is done atually in double-type innr., nrutil.pp and MASS appliations7.2.3 Funtion Doumentation7.2.3.1 oat qromo (oat(� fun)(oat), oat a, oat b, oat(�hoose)(oat(�)(oat), oat, oat, int), double EPS)Parameters:fun funtion to integratea lower limitb upper limitGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.3 nrutil.h File Referene 81hoose integrator funtion (e.g. midpnt())EPS >0: absolute onvergene, as in original qromo() (p. 80) whereEPS is a de�nition; <0: signals to use the relative onvergeneReturns:void7.3 nrutil.h File Referenememory and errors handling in NR and data proessing utilities ofTURBINA.#inlude <string>De�nes� #de�ne oat doubleFuntions� int erget ()Get the ode of error (0 if no) set in the module.� onst string & ermessage ()Get the message string set with the ode returned by erget() (p. 81).� onst har � erodemessage (int erode)The error message by ode.� void erreset ()Reset the error ode.� void nrerror (onst har �ermsg, int erode=reipes erode)Error ode and message setting.Variables� onst int reipes erode = -1� onst int ERNUL = (-2)� onst int ERMEM = (-3)Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.3 nrutil.h File Referene 82� onst int ERNNL = (-4)� onst int ERPAR = (-5)� onst int ERFIO = (-6)� onst int EROFL = (-7)� onst int ERNOD = (-8)� onst int ERZGR = (-9)� onst int ERSPE = (-10)� onst int ERGEO = (-11)� onst int ERCRV = (-12)7.3.1 Detailed DesriptionMASS projet: header �le for nrutil.pp and nrutil. from NumerialReipes, former rewritten in C++.The module implements the utilities for handling the dynami memory stor-ages (vetors and matries) in the C++ style. The "new" and "delete" in-strutions are used instead of "mallo" as in original NR's nrutil.. Thus,no nrerror() (p. 83) is alled from the utilities themselves.In addition to reimplementation of utilities, the error handling system ismade with utilities nrerror() (p. 83) for setting and erget() (p. 81), er-message() (p. 81) for heking of error odes and their messages. The errorodes are olleted here for all the modules and made generalized in senseas muh as possible. The sense of the error ode may be verbalized by allto erodemessage() (p. 83).If NR CPP maro is de�ned, the C-linkage onventions for NR reipes arenot needed. Their soure �les are assumed to be onverted in C++ om-patible form and put in the namespae "nr", the same as one for utilitiesdelared in this module.Author:N.Shatsky after NR In.Version:1.57.3.2 De�ne Doumentation7.3.2.1 #de�ne oat doubleAll the mathematis with "oat"-type is done atually in double-type innr., nrutil.pp and MASS appliationsGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.3 nrutil.h File Referene 837.3.3 Funtion Doumentation7.3.3.1 onst har� erodemessage (int erode)Parameters:erode odeReturns:stati harater string whih orresponds to the odeThe odes are limited to the �xed set nr::ERLO..nr::ERHI; their meaningis obtained with this funtion. The partiular ause of the error oured israther obtained by ermessage() (p. 81).7.3.3.2 void erreset ()This funtion has to be alled to allow the further proessing of data outsidethe nr-module (i.e. in SCIND and ATMOS) where it is bloked on oureneof the error.7.3.3.3 void nrerror (onst har � ermsg, int erode = reipes -erode)The body of the funtion is evaluated if no erode is still set, to preventthe overwriting of the information on the error whih oured �rst. Calledfrom NRs with no seond argument. By onvention, this funtion servesfor delaring the error oured in any other "sienti�" module in MASSSoftware - SCIND, WEIF, SCAN and ATMOS.7.3.4 Variable Doumentation7.3.4.1 onst int reipes erode = -1The ode set by nrerror() (p. 83) by default, thus - by any standard reipe.7.3.4.2 onst int ERNUL = (-2)Error ode: NULL pointer supplied7.3.4.3 onst int ERMEM = (-3)Error ode: MEMORY alloation errorGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.4 san.hxx File Referene 847.3.4.4 onst int ERNNL = (-4)Error ode: Alloation attempt on non-NULL array7.3.4.5 onst int ERPAR = (-5)Error ode: Non-sense parameter7.3.4.6 onst int ERFIO = (-6)Error ode: Bad �le info or I/O error7.3.4.7 onst int EROFL = (-7)Error ode: Not expeted ount series (index storages overfull)7.3.4.8 onst int ERNOD = (-8)Error ode: no data supplied for alulations7.3.4.9 onst int ERZGR = (-9)WEIF: Altitude grids are inompatible7.3.4.10 onst int ERSPE = (-10)WEIF: Spetral Energy Distributions are inompatible7.3.4.11 onst int ERGEO = (-11)WEIF: Apertures geometry or number are di�erent7.3.4.12 onst int ERCRV = (-12)ATMOS: Spetrum and response urve do not math7.4 san.hxx File RefereneServo-sanning (entering, foussing) and sans redution.#inlude <stdio.h>#inlude "ioount.h"
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7.5 sind.hxx File Referene 85Compounds� lass san t7.4.1 Detailed DesriptionMASS projet: TURBINA module �le header �le for san.ppThe module SCAN ontains a set of utilities whih handle the sans obtainedin any servo-regime of MASS devie whih involves the sanning: the ount-ing synhronous with moving of the wheel of apertures. Here "apertures"are the foal plane diaphragms or lens settings, not the entrane apertures ofthe system whih are played around in SCIND and WEIF modules. Servo-regimes are the fousing and entering of the MASS devie apertures.Author:N. Shatsky, Sternberg Institute (kolja�sai.msu.ru)Version:1.5: C++ version of san.7.5 sind.hxx File Referene#inlude <stdio.h>#inlude <math.h>#inlude "ioount.h"Namespaes� namespae s7.5.1 Detailed DesriptionMASS projet: TURBINA module �le header �le for sind.ppThe module SCIND implements the alulation of stellar sintillation in-dies observed in a number of apertures (hannels). The orretion of ob-served normalized dispersion of the signal involves the bakground sky level,non-linearity of the detetor and the non-Poisson fator (lose to 1) whihonverts the mean of the detetor signal into dispersion (the unity for anideal detetor).Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.5 sind.hxx File Referene 86As a result, the normal sintillation index is produed whih is free fromphotoni statistis inuenes and detetor imperfetions. The di�erentialindies related to the signals ovariane of di�erent hannels are also om-puted. The notions of "aperture" and "hannel" are idential here. Theomputed indies an be aessed, read or written to the disk with a num-ber of additional utilities.This ode originates from the program selet. written by V.Kornilov forDASS projet. All the funtions and onstants whih deal with sintillationindies are available in the namespae "s (p. 21)".Usage:For the sake of performane and simpliity, the work-arrays whih are usedfor alulations of indies are alloated only one, by the initiation utilitys::init() (p. 26). Dealloation is devoted to done(). After init(), all theneessary omputations are done by s::ompute() (p. 27) a ertain numberof times, during whih the (instant) indies should be saved to disk bys::write() (p. 31). If the value of some parameter of s::init() (p. 26)has hanged (or if even nothing has hanged), this funtion may be alledagain, one does not need to all done() before. The additional spae will berealloated if needed.The index storages �lled by s::ompute() (p. 27) may be aessed withs::getidx() (p. 36). The sequential number of a ertain index in aessedarray may be obtained with s::ind seqnum() (p. 25) from the name of anaperture or of the ombination of two apertures. Vie versa, the haratername of an index whih is aessed as i-th in index storage is returned bys::apername() (p. 25).After some aumulation of indies (in loal index storages), the indies anbe averaged by s::average() (p. 34). These average indies an already beused for alulations of atmosphere models and parameters (see at::alint()and atm::aln2() (p. 13) in the module ATMOS). Also, they may be savedto disk with s::writeavg() (p. 34).The ounter of aumulated indies must be reset by s::again() (p. 31) be-fore beginning of the next aumulation time and then the yle of instan-taneous index omputations with s::ompute() (p. 27) an be restarted.Alternative to s::again() (p. 31) is s::init() (p. 26).After �nishing the job, the memory should be leaned with s::done()(p. 31).Note:In priniple, index averaging may be done in any moment providingthus some on-y smoothing of data in a time-sliding window. It is pos-sible sine the index storages work as some irular bu�ers, i.e. theGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.6 weif.pp File Referene 87rows whih are not overed in a urrent aumulation time still ontaininformation from the previous aumulation time. Empty rows of in-dex storages won't be used, sine the internal storage whih keeps themeasurement mode is reset to "mode=unknown" eah time s::init()(p. 26) is alled.Attention:Internally in the module, the ounts are retained related to the originalmiro-exposure time, i.e. reet the real number of pulses aumulatedduring the time piee. So are the ounts saved in "raw moments" �le(s::write() (p. 31)). Meanwhile, the results of s::getmean() (p. 38),s::getsig() (p. 39), s::getavgux() (p. 38) are already onverted intothe units of miro-exposure (normally [ms℄ as assumed in doumenta-tion of funtions in s (p. 21)) whih was supplied to s::ompute()(p. 27) and saved internally. Also, the uxes written by s::writeavg()(p. 34) are also saled to the miro-exposure.Author:N. Shatsky, Sternberg Institute (kolja�sai.msu.ru)Version:1.5: Translation in C++ 1.51: a few sysnopsis hanges, statux err(ux)bug orreted7.6 weif.pp File Referene#inlude <math.h>#inlude "weif.hxx"#inlude "nrutil.h"#inlude "nr.h"Namespaes� namespae wf7.6.1 Detailed DesriptionMASS projet: TURBINA module �le weif.pp Desription is given inweif.hxxGenerated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.7 weif.hxx File Referene 887.7 weif.hxx File Referene#inlude "sind.hxx"#inlude "nrutil.h"Namespaes� namespae wfCompounds� lass wf t7.7.1 Detailed DesriptionMASS projet: TURBINA module �le header �le for weif.This module ontains the olletion of utilities suited to ompute the al-titude weighting funtions for a given set of apertures for measurement ofboth normal and di�erential sintillation indies observed with a ertainbandpass�energy distribution of inident light.Attention:Spetral Energy Distributions must be photon numbers related, i.e. in[photons/nAA℄, not in [erg/nAA℄. Meanwhile, they still are denoted asSED for simpliity.This module is based on the trial program wfm2. written by A.Tokovininand V. Kornilov (version Feb 26, 2001). The only bug found in that pro-gram was inorret memory freeing by the (modi�ed) free vetor() funtiontaken from Numerial Reipes (NR) pakage.The module ontains the de�nition of the weighting funtion lass wf t(p. 65) and member funtions for the weight alulation and input/output.The struture bears all the data and parameters whih determine the weightsand the respetive altitude grid on whih the weight matrix is omputed.The parameters determine the z-grid, the number of altitude steps, thenumber of annular apertures with their sizes and e�etive wavelength.UsagePrior to any operation, the onstruted weight struture should be �lledby wf t::setaper() (p. 68), wf t::setzgrid() (p. 70) and wf t::alle�()(p. 74). Being thus de�ned, then weight funtions may be either:Generated on Wed Apr 3 18:00:32 2002 for Part II. by Doxygen written by Dimitri van Heesh 1997-2002



7.7 weif.hxx File Referene 89� read from the hosen �le : the wf t::hek�le() (p. 72) is used to tohek the �le to oinide with the preset weight parameters (altitudes,wavelength, apertures). If the �le �ts the parameters, the weight fun-tion may be read from the �le with by wf t::read() (p. 73).� omputed by wf t::al() (p. 73).If one gets known the new spetral energy distribution, the need to reom-pute the weight for this SED may be veri�ed by wf t::alle�() (p. 74)with parameter �x==0. Also, the general heker/omputer wf::heal()(p. 48) is provided for the arbitrary input response funtion, SED and systemgeometry parameters.The parameters - the number of apertures, resulting weights (for aperturesand their ombinations) and number of altitude steps - an be aessed withwf t::getnaper() (p. 69), wf t::getnw() (p. 69) and wf t::getnz() (p. 71),respetively. The name of the weight is obtained by thewf t::name() (p. 69)funtion aording to the olumn number in the weight matrix.Resulting weights may be shifted by altitude and/or reomputed for an-other altitude grid with wf t::interpolate() (p. 75). Weight matrix anbe written in the disk �le by wf t::write() (p. 71) and released with wf -t::lear() (p. 68). Full release of memory in weight struture is done withwf t::setaper() (p. 68) with one zero parameter. The individual values ofweight or altitude an be obtained with wf t::getval() (p. 76) and wf -t::getalt() (p. 77); to opy some part of a ertain weight funtion from theweight matrix in struture into a vetor, use wf t::opy() (p. 76).The testing main() is ative in module ompiled as a separate exeutable(set WEIFTEST maro to do so). If WEIFNTEST is set zero, the exe-utable shall be a simple weight omputer given the respone and spetrumfuntions. If it is positive, the full irle of alulations and interpolations isdone the spei�ed number of times (say, for performane heks and memoryleaks detetion).Author:N. Shatsky, Sternberg Institute (kolja�sai.msu.ru)Version:1.5: Polyhromati preise weight, in C++1.6: Corretion of a few non-signi�ant handling bugs. New main() forstandalone weights alulations.
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