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Abstract. The MeqTree module provides a flexible system to imple-
ment arbitrary Measurement Equations and to solve for (subsets of) its
parameters. Within the framework of MeqTree, the MeqParms are the
(solvable) parameters of the Measurement Equation. The MeqParms rep-
resent functions, the coefficients of which are the parameters that are in
fact solved for. Examples of MeqParms are discussed, as well as methods
for parameter bookkeeping and evaluation, and tools for online inspection
and adjustment.

1. Introduction

The MeqTree module provides a flexible tool for solving subsets of parameters of
arbitrary Measurement Equations (M.E.) (Smirnov & Noordam, this volume).
The module is designed to cope with the challenges of calibration of the next
generation radio interferometers. Its design is tree/node based, each node class
representing a small step in the total calculation of the tree, mostly simple
mathematical operations. A node passes requests to its children, receives their
values on the requested domain, performs its operation and passes the result to
its parent.

A special class of leaf nodes (a node without children) is the MeqParm.
The MeqParms are the (solvable) parameters of the M.E. A MeqParm represents
a function that can be dependent on any axis of variability. The parameters
can correspond to instrumental and other effects but can also define a source
model. The Local and Global Sky Model (a problem specific, respectively all
sky database) (Smirnov& Noordam, 2004 and Nijboer, Noordam & Yatawatta,
this volume ) can be implemented using MeqParms. This offers the possibility
to include more sophisticated sources and time/frequency variability.

This paper gives a description of the current implementation and the pos-
sibilities of the MeqParm.

2. Funklets

A parameter node in the MeqTree system represents a function f(xo, .., xn\co, ey Cm)
on a given domain for x;. The coefficients ¢; are the parameters that, in case
of a solvable MeqParm, are in fact solved for. The functions represented by a
MegParm will be denoted funklets. The default funklet is a two dimensional
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Figure 1.  Schematic representation of a ParmTable, with several fun-
klets available for different domains.
polynomial of arbitrary order in frequency and time:
f(f,t) =cgo + c10- f + co1 ‘t+Cll‘f‘t+C20'f2+... (1)

Several predefined funklets are available, but in principle any other (real) func-
tion can be defined with the help of the Aips++ Functional class, which has the
possibility to interpret strings as functions. Functions of large complexity can
be described by a single funklet. A more sophisticated example is a ’beamshape’
model: a two dimensional Gaussian with its coefficients polynomials in frequency
and time:

g(l,m) = exp(—(foo + fio - L+ for -m+ fir - L-m+ foo - 1* + foo - m?)), (2)

with each f;; a frequency/time polynomial as defined above. The Python based
interface to the MeqTree system eases the definition of such funklets consider-
ably.

3. Parameter Evaluation

All information of the funklet can be stored in and retrieved from (Aips++)
tables (ParmTable). A funklet is valid for a specific domain and several fun-
klets can belong to a single MeqParm, eg. because independent solutions were
generated for different subdomains (Fig. 1). Different domains can have dif-
ferent types of funklets. Upon receiving a request for a specific domain the
MeqParm always returns a values. If no suitable funklet is found in the con-
nected ParmTable, the best solution should be determined from either a default
funklet or via inter-/extrapolation. Inter- and extrapolation routines can be
especially important in calibration runs, where calibration data is taken before
and/or after the actual measurement.

If there are several funklets available, each one valid on different subdo-
mains of the larger request domain, the MeqParm is evaluated separately on the
subdomains. The user is also able to specify this by dividing its solvedomain into
regular tiles. In this case, a solvable MeqParm will have an independent solution
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Figure 2. An example in which a MeqParm receives requests for
subsequent time slots. The funklet’s coefficients for the next time slot
are predicted by a linear fit to the previous values. The information
of the difference between predicted and actual value can be used to
discard outliers.

for every tile. This offers the user maximum flexibility in deciding the strategy
to solve complex problems on large domains. Since all information is stored,
a fit on the several independently solved subdomains can always be performed
afterwards.

In the case of solvable parameters not only the values of the MeqParm are
determined for a requested domain, but also perturbed values for all coefficients
of the funklet(s). These perturbed values are transported down through the tree,
to the point where they are used to determine the derivatives of the condition
equations.

In non-linear problems, many iterations are needed to converge to the right
solution. The number of iterations can be considerably reduced by smart initial-
ization of the MeqParm. An example is shown schematically in Fig. 2, where
requests are generated for subsequent time slots. By fitting the variation of the
coefficient values over time, the next value can predicted. This method can also
be used to trace and discard outliers.

4. Online Tools

The Python based GUI (megbrowser) that is part of the MeqTree module, allows
for quick inspection/visualization of any node at any stage of the solve-process.
Within the browser two special tools have been developed for the MeqParm.
One tool provides a graphical display of the contents of the ParmTable, i.e.
the solutions of a certain parameter at different validity domains. The other,
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& solver:BJones:q=unpol (MeqSolver)

# & | Fiddee from solver:BJones:g=unpol #[2]%
name [co0 [shape [&]o0 [solver:BJon] €00 of Bimag_Y:q=unpol:s=2
|1 [Bimag_X:g=unpol:s=0 0239933540172 [1,4] [ {0-255b25470721
2| : 0257345545755 [1,4] 4
[3_|Bi -0.0644287530414 [1,4] v
[4|Bi 0212086068952 [1,4] 4
[5_|Bi 022020152415 [1,4] w
[6_|Bi 0228456574406 [1,4] 14
[7_|Bi 0248433163921 [1,4] 4
[8_|Bi 0.222532929779 [1,4] 14
9 i 0.245382948199 [1, 14
L Bi 0.255525470721 [1, F]
[11 | 0.209527621034 [1, [4
[12 |Bi 0.235766906501 [1,4] 14
[13 |Bi 0230014033949 [1,4] v
[14 |Bi 0.234250399257 [1,4] 4
[15 | 0243513473086 [1,4] w
[16 |Breal_X:g=unpol:s=1 0.212633272764 [1,4] 14
[17_|Breal_X:g=unpol:s=2 0.214770450261 [1,4] |4 S
[18 [Breal _X:g=unpol:s=3 0.252868408181 [1,4] 14 T
[19 |Breal_X:q=unpol:s=4 0231119579115 [1,4] 12
[20 [Breal_X:g=unpol:s=5 0.24518223598 [1,4] 14
21 oo Xoarporsce Copture mose: [§ ‘)
[22 |Breal_Y:g=unpol:s=0
|23 |Breal_Y:g=unpol:s=1 f |
[l Breal Yig-linpol:e—2 f 0.255525470721 -0.981076755632. -0.247315338622. 0.662089417391)
[25 |Breal_Y:g=unpol:s=3
[26 |Breal V:q=unpol:s=4
[27 |Breal_Y:g=unpol:s=5
|28 |Breal_Y:g=unpol:s=6
[29 |[10:¢=unpol
Add Row | Remove Row | Add Column | Remove Golumn |
Offset (tf) [4607181280.0 [1444218750.0
Scale (tf) [s0.0 [12812500.0 -l
stepsize: 1.0 .d
[ pply | xcancel | Set as Default | 5
= multi

Figure 3. Parameter Fiddling Tool. Lists all parameters under a
certain node, allows for adjusting them and also offers the possibility
to reexecute the node, to inspect the effects of the changes made.

the parameter adjustment tool, with which it is possible to change online the
solvability, coefficient values etc., is especially useful in the design and tests of

complex trees.
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