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1. Introduction 

The computer code COMFORT, developed for the online control of machine 
functions at the SLC, has recently undergone several modifications to overcome 
some of its limitations. This note describes the reasons for these changes, tha 
methods employed, some test results and the applications of the new version of 
the program. 
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2. The COMFORT Process 

The present version of COMFORT, called COMFORT3[l-4], is used for 
online lattice configuration changes in the control program for SI C systems, such 
as the LINAC and Damping Rings, as well as for SPEAR and P °. For the SLC 
systems this is referred to as the COMFORT process. The lattu configuration 
for each system is specified by a set of lattice functions (the Twiss parameters) at 
each of several specific fit points along the beam line. The COMFORT process 
consists of:-

(a) the user inputs the values of the lattice functions to be changed; 

{&) COMFORT computes the strengths of lattice elements (e.g. q adrupole 
magnets) needed to produce the desired changes. 

For example [2], the configuration of a Damping Ring is defined by he hor
izontal and vertical tunes (f^i/y), and the periodicity conditions on the lattice 
functions (a,/3,»?) across a cell. The fit points are taken to be the beginning and 
midpoint of a cell. The operator can change the values of the tunes of the Damp
ing Ring by entering the desired values. COMFORT computes the strengths 
of five sets of quadrupole magnets needed to give these tune values, while still 
maintaining the overall periodicity conditions in a cell. This particular computa
tion involves solving numerically a set of five non-linear equations specifying the 
lattice functions at the fit points, with five unknowns - the quadrupole strengths, 
In general, the numbers of equations and unknowns depends on the system. 
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3, The Computation 

COMFORT solves the problem numerically using a fitting algorithm which 
minimises the Bum of squares: 

£ W|{C,-fi(K))» (1) 
l 

the desired value of a lattice function at a fit point 
the value of the lattice function at the fit point 
for a given K 
a weighting factor 
the variables (e.g. quadrupole strengths) 

For the case of the Damping Ring described in Section 2, F\ and Fi can be 
the horizontal and vertical tunes, F3 can be the difference in ax between the 
beginning and end of a cell, etc.; G\ and G2 are the desired tunes input by the 
user, C?3 = 0, etc., to impose the correct periodicity conditions. The program 
varies *i, , fej from their initial 
values in order to minimise the sum of squares (1). The solution is then the set 
of quadrupole strengths to give the best fit to the desired values. If the sum (1) 
becomes zero, this represents an exact solution to the problem. 

4. The Limitations 

In COMFORT3 the minimisation procedure described in Section 3 is per
formed using the least squares fitting program LMDIF [5]. In practice, some of 
the solutions found by COMFORTS cannot be used because the fitted K rep
resents magnet strengths beyond the bounds imposed by the operating range of 
the magnet power supplies. This is because LMDIF, as well as fitting programs 
used in earlier versions of COMFORT, does not allow the user to input bounds 
on the variables K. 

Another limitation is that the only way to relax the constraints of the fit, 
in cases where exact or useful solutions cannot be found, is by assigning lower 
weighting factors, W\, to the less crucial lattice functions. In practice, this facility 
has proved difficult to use effectively. 

where 

K =fei,,fc 
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5. The First Modification Using NPSOL 

In order to overcome the limitations outlined in section 4, LMDIF has been 
replaced with a new fitting program called NPSOL [6]. This preliminary mod
ification to the COMFORT3 program will be referred to as COMFORT-SOL. 
NPSOL has the following features: 

(a) It can minimise general non-linear functions of the variables, K, and not 
just a sum of squares, 

(b) It allows the user to impose upper and lower bounds on each variable. 

(c) It allows the user to impose upper and lower bounds on any general non
linear function of the variables. 

As an initial test of COMFORT-SOL, its performance was compared to that 
of COMFORT3, which has already been used extensively in many situations. Of. 
course, this meant that only standard fitting problems could be used, and the 
new upper and lower bound facilities, which COMFORTS does not accommo
date, were not being tested. COMFORT.SOL consistently required several times 
more CPUtime than COMFORT3 to solve a typical problem. In extreme casea, 
COMFORT.SOL took up to ten times as long, and then found a different so
lution to that found by COMFORT3. Some simple rearrangement of the code 
and optimisation of the NPSOL control parameters was found to speed up 
COMFORT-SOL by a factor of about three, depending on the problem; 

Occasionally, COMFORT-SOL would fail to find any solution to a problem 
which COMFORTS could solve successfully. This turned out to be caused by 
the way in which the physical bounds of ±2 on the traces of the ring transport 
matrices in a storage ring configuration are handled inside COMFORT. The 
method used with LMDIF in COMFORT3 was incompatible with NPSOL in 
COMFORT-SOL. Consequently, a further modification to COMFORT.SOL 
was made to input these physical upper and lower bounds into NPSOL itself, 
using feature (c) above, the traces of the transport matrices being non-linear 
functions of the lattice variables. This improved the performance and stability 
of COMFORT.SOL. 

t In. our test runs we have found the performance of COMFORT to depend critically upon the 
values of the control parameters input to NPSOL. The values provided with COMFORT4 
as default in NPSL AC,OPTIONS are those which have been found to be most effective with 
the COMFORT.SLAC version of the program to be described in Section 6. They work 
well if the fitting process is started from a point not too far away from the solution, as will 
be typical for online applications, For more difficult problems, users may find it useful to 
increase the values of the parameters called 'Function Precision", 'Feasibility Tolerance" 
and "Optimality Tolerance". We also advise consultation of sections 5, 6 and 7 of reference 
6. 
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6. The Second Modification Using NPSLAC 

After optimisation, COMFORT-SOL still takes significantly longer than 
COMFORT3 to solve the same problem. To speed it up further it is necessary 
to modify NPSOL. 

One time-consuming feature of COMPORT.SOL is that for each iteration 
of the variables K during the fit, the complete lattice calculation has to be 
performed twice. This is because of the way in which NPSOL calls two user-
supplied subroutines (i.e. supplied by COMFORT.SOL) [7]: 

OBJFUN - to calculate the sum of squares (1) 

CONFUN - to calculate the bounded non-linear functions 

At our request, the authors of NPSOL have now modified their code so that 
only one evaluation is necessary for each iteration, thus halving the time taken 
by COMFORT-SOL. This modification to NPSOL has now been incorporated 
as a standard feature in the latest version of the NPSOL program [S], 

Another saving in time has been achieved by making NPSOL more spe
cialised. As mentioned in section 5, NPSOL can minimise general non-linear 
functions, whereas in the standard uses of COMFORT, we need only to min
imise a sum of squares. (Each element of the sum of squares is a non-linear func
tion of K.) Some of the overhead involved in running NPSOL can be avoided 
in this case, Hence, we requested the authors of NPSOL to provide i,s with 
a special version which handles only least squares problems. This version is 
called NPSLAC [9] and the version of COMFORT using NPSLAC will be re
ferred to as COMFORT.SLAC. After re-optimising the control parameters, 
COMFORT.SLAC was tested on the same problems as was COMFORT_SOL 
and was found to perform satisfactorily. Typically COMFORT.SLAC takes 
about 50% more CPUtime than COMFORT3 requires for the same problem. In 
addition, the upper and lower bound facilities of COMFORT.SLAC (see section 
7) have been successfully tested. 

COMFORT.SLAC has now been made the latest official version of 
COMFORT, called COMFORT4. 
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7. Using the New Features of COMFORT4 

For the general user, the important new features of COMFORT4 are the 
upper and lower bound facilities. The use of these is illustrated with the following 
examples of COMFORT4 input control statements: 

QFH : QUAD. L=0,O628, Kl«-18.32 
VARY. QFH . Kl, MIN—20., MAX=20. 

In most applications, the upper and lower bounds on the variables should 
be set to correspond to the practical limits to the range of the magnet power 
supplies. 

FUNCTION. MIDCELL. AX. MIN=-0.01. MAX-0.01 
FUNCTION. MIDCELL. AY. MIN=-0.01. MAX=0,01 

The upper and lower bounds on the lattice functions can be used to relax 
the constraints on less critical functions in situations where an exact fit is not 
required. A new command has to be used for each function. It should be noted, 
however, that in the present version of NPSLAC there must be at least one 
element in the sum of squares (1), and hence the user must leave at least one 
lattice function as a true fit point, rather than give it an upper and lower bound. 

8. Summary 

Many users have been satisfied with the performance of COMFORT3, but 
some have found it to have unnecessary limitations, C0MF0RT4 overcomes 
some of the limitations of COMFORT3. 

Some users have tried early versions of COMFORT4 (COMFORT_SOL) and 
have not been satisfied. The latest version of COMFORT4 (COMFORT.SLAC) 
has the same reliability as COMFORT3 and takes only slightly longer. 

COMFORT4 is available to supersede COMFORT3. 
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