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Abstract 
This paper is a synopsis of an 80-page work entitled 
The THERMOSIM® Package for Simulating 
Thermodynamic, Hydraulic and Other Engineering 
Systems, A Users’ Manual[1].  This package 
employs a new user-friendly graphical interface to 
help model and simulate a wide variety of 
engineering and physical systems.  It employs 
several thousand lines of code.  Its primary focus, for 
which it has no bond-graph based competitors to the 
author’s knowledge, is thermodynamic systems with 
accurately treated flowing compressible and 
multiphase fluids.  Thermodynamic data is included 
for 40 different fluids in a form that minimizes the 
need for iteration.  Nevertheless, mechanical, 
electrical and hydraulic systems also are treated, as 
are compliances defined by their stored energy.   
 
Standard bond graph elements are employed where 
applicable, and the extended convection bond graph 
elements are used to represent concisely elements 
with complex thermodynamic properties of fluid flow, 
automatically enforcing the second as well as the 
first law of thermodynamics.  The longer work 
employs 16 different examples in some detail; this 
synopsis is restricted to two: a piston-cylinder air 
compressor charging a tank and driving a load, and 
a hydraulic system with piston pump and actuator. 
 
1.  Introduction 
The new package THERMOSIM® employs bond-
graph notation, including a unique extension to 
convection bonds for flowing fluids, in order to model 
general physical systems as well as thermodynamic 
systems.  The bond graph approach is based firmly 
on physical principles including the conservation of 
energy, and in the case of thermodynamic systems 
also the second law.  The graphs also employ a 
strict causal structure.  In contrast, the burgeoning 
modeling language Modelica and its implementation 

via the commercial package Dymola is based on a 
generalized non-causal network that accommodates 
multiple formalisms.  Physical principles are not 
applied directly.  The resulting flexibility is an 
advantage, while the remoteness from first principles 
is a disadvantage.  It would be a major task to 
employ this platform to the thermodynamic problems 
handled readily by THERMOSIM, which is self-
contained, apart from its use of MATLAB®.  The 
new package is an outgrowth of the earlier 
Thermodynamic Package [1-6].  Amongst its most 
fundamental improvements are the following: 
 
1.  No bond graph graphical interface previously 
existed that could treat convection bond graph 
elements, deterring most potential users.  The new 
interface, called BondGrapher, is exceptionally user-
friendly in its construction of bond graphs, the 
insertion of needed data and in its HELP files.  The 
interface was written to requested specifications by 
Scott A. Brown, a computer engineer commissioned 
by the author, and also his son. 
 
2.  Hydraulic systems, that is systems based largely 
on the flow of liquids, are treated with the same 
thermodynamic rigor (such as application of the 
second law of thermodynamics) as systems 
involving gaseous and two-phase liquid-vapor 
mixtures.  At present, the properties of liquid water 
and three standard hydraulic fluids are included. 
 
3.  The IRS element, which represents the flow of 
fluid through a channel such as a tube, including 
inertial and dynamic-head effects, now includes the 
automatic computation of heat transfer with its 
surroundings and wall shear friction.  For liquids 
these are simple functions of the Reynolds number 
of the flow.  The major advance here, however, 
presented in the manual, is the vastly more complex 
application of this element to general multiphase 
fluids.  The author believes this extension has 
enormous potential for the design as well as the 
analysis of practical systems.  A single element can 
have liquid at one end and vapor at the other, with 
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all the necessary transitions in between, including 
the automatic computation of boiling and 
condensation heat transfer.  Detailed discussion of 
this extension is deferred to a subsequent paper.  
(Any reader familiar with the related former Area 
Change (AC) element should know that it has been 
eliminated without any essential restriction to the 
modeling capability.) 
 
The package also handles activated bonds and 
compliances defined by analytic expressions for 
their energy, and allows state equations to be 
entered for part or all of a system not modeled by a 
bond graph. 
 
The extended convection bond elements for 
thermodynamic components were introduced earlier 
[2,3,4,5,6].  It is possible but extremely cumbersome 
to model these elements using conventional bond 
graphs.  These extended elements are compatible 
with the conventional elements, and electrical, 
mechanical and fluid systems or parts of systems 
modeled with conventional elements are readily 
treated by the package, although since the 
emphasis is on highly nonlinear models the 
linearization features of some packages that 
emphasize linear models are not included. 
 
Most bond-graph users address problems that can 
be modeled with a relatively small number of 
elements, and avoid situations such as the three-
dimensional turbulent flow of a fluid, that would 
require at least a large multidimensional array of 
typically highly specialized elements, and is a 
discipline within itself.  Present convection-bonds 
elements suffer the same fate, but the variety of 
situations addressed practically without excessive 
computation is impressive. 
 
The full 80-page manual is freely available online [1], 
as is the operating software.  The manual provides 
the details this paper can only hint at, in a fashion 
intended for those who know little about bond 
graphs and particularly the convection elements.  
Although the graphical interface BondGrapher is 
also free, at least for the indefinite future, registration 
is required in order to limit its distribution, provide 
updates to users, and encourage communication 
with the author. Extensive HELP files are included. 
 
2.  The Graphical Interface and the Allowed Bond 
Graph Elements 
Calling the program BONDGRAPHER.exe displays 
a largely blank screen with a flexible array of nodes 

at which bond graph elements may be placed.  The 
user either constructs a new bond graph or calls up 
an old system file for examination or possible 
modification.  To draw a new graph, one places the 
cursor over a node and either types the first letter of 
the desired element or selects it from a list which is 
available at the left side of the screen.  Elements are 
numbered in the order they are selected.  To place a 
bond connecting two elements, one double-clicks 
the element at the tail end of the bond (referring to 
the intended power-convention arrow) and dragging 
to the second, where a second click is administered.  
The bonds appear complete with bond numbers and 
power-convention half-arrows.  The user may 
reverse the default power-convention arrows or 
causal strokes.  HELP screens are available for all 
the elements and many other features. 
 
One inserts the needed values of parameters by 
clicking on the element and then on the parameter 
box that appears at the left side of the screen, and 
following the instructions for the particular element.  
Initial values of state variables are inserted similarly.  
Either numbers with the indicated units or symbols 
that represent these numbers are entered.  The user 
defines such symbols, using standard MATLAB 
coding, in the Custom section of the Options page 
that opens when a button at the bottom left of the 
main screen is clicked.  The Options page also 
allows one to make other needed choices, such as 
the principal and secondary fluids being used, if any, 
the desired MATLAB integrator, the initial and final 
times for the simulation, and the possibility of limiting 
data storage to the ends of uniform short time 
intervals.  This latter data-compression option 
permits a simulation trequireo be stopped and 
restarted at the end of any such interval, even 
changing the model if desired, and is particularly 
useful when a simulation requires significant running 
time.  
 
The Options page also has tabs for special call-back 
functions.  Clicking Parameter allows parameters to 
be programmed (using MATLAB code) as functions 
of time or state variables or other variables.  Clicking 
Extra Variables allows non-state variables to be 
recorded and displayed.  Sec allows the convection 
source element by the same name to vary with time 
or state variables.  Cf allows the potentially multi-port 
compliance element Cf to be defined by 
representing its stored energy as functions of the 
displacements on its bonds [4]. 



 

 

 
Table 1  Conventional bond-graph elements used by THERMOSIM 

 
Conventional bond graph elements employed by 
THERMOSIM are shown in Fig.1.  Nonlinear 
relations also may be used.  Note that the elements 
Sq, RSr and RSh use absolute temperature T as the 
effort and the heat flow Q on the heat conduction 
bonds as the flow, consistent with the popular 
pseudo-bond graphs, rather than the “true” flow 
which would be the entropy flux (although entropies 
are nevertheless computed and are available to the 
interested user).  The two-port resistance element 
Rsr looks from its mechanical or electrical bond like 
a one-port resistance, and its modulus is the value 
of that resistance.  The element conserves energy, 
however; the heat it generates emerges on the 
second, heat conduction bond¸so the element 
represents thermodynamically reversible behavior.  
The element RSh has two heat conduction bonds, 
and represents a thermal “resistance” which again 
conserves energy but also represents 
thermodynamically irreversible behavior.  The 

anomalous element Sq actually is recognized as a 
flow source, behaving identically to the Sf element, 
but is used for the sole purpose of transmitting heat 
to a convection CS element without its bond being 
mistaken for a volume-change bond. 
 
The Ct element, shown in Fig. 1, represents a 
shorthand notation for either of two combinations of 
thermal elements that are encountered frequently.  
Its parameters are the values of the source Se or Sf, 
the value of the compliance C, and the value of the 
thermal conductance H.  This element is bonded 
usually to either the convection IRS element or the 
CS element (see below) to represent heat transfer to 
or from the environment. 
 
The Cf element, shown in Fig. 2, is a potentially 
multi-port compliance element described in detail 
elsewhere [4],.  Its energy is specified by expressing 
its stored energy as a function of its displacements. 



 

 

 
Fig. 1  The macro Ct element and the two 

combinations of heat conduction elements it 
represents 

 

        
Fig. 2  the Cf element 

 
The convection bond¸ depicted below, 

                            
represents the flow of a fluid through a port.  Its flow 
is always taken to be the mass flow,  ̇  and if it is 
the ith port it is designated in the coding by fb(i), 
where the “b” stands for “bond”.  For the purpose of 
causal strokes the effort is taken to be the pressure, 
P or Pb(i)   The  State Postulate of thermodynamics 
recognizes that the state of a pure substance can be 
defined in terms of any two intensive variables, and 
as a result this bond also has two independent 
efforts.    The  effort  which  when  multiplied  by  the 
flow gives the propagated energy flux, like the effort 
of conventional bonds, is the stagnation enthalpy, 
designated as e or eb(i).  Actually, however, there 
are many alternative efforts (intensive variables) that 
are routinely computed and made available for use, 
including amongst others the temperature Tb(i), the 
specific volume vb(i), the static enthalpy hb(i) (which 
differs from the stagnation enthalpy when the 
dynamic head is significant), the entropy sb(i), the 
internal energy ub(i) and the fluid quality Xb(i).  Xb(i) 
represents the mass fraction of vapor; its definition is 
extended to the pure liquid (X<0) and pure vapor 
(X>1) states). 
 
Elements used by THERMOSIM that employ 
convection bonds or a combination of conventional 
and convection bonds are shown in Fig. 3.  The Sec 
element   represents  a  fluid   source  with  specified 

 
 

Fig. 2  elements with convection bonds used by 
THERMOSIM 

 
properties.  The two-port convection RSc element 
represents a fluid restriction or orifice.  Its parameter 
is the effective area of the orifice or equivalent 
orifice.  This element is energy conservative 
(unchanged stagnation enthalpy) but irreversible, 
and requires about 200 lines of code. 
 
The convection CS element is the workhorse of the 
convection elements.  It represents the mechanical 
and thermal energy stored in a control volume, 
which for example may be the volume inside a 
cylinder with a piston.  The one or two convection 
bonds it may have represent flow of fluid into or out 
of the volume.  The simple bond with causal input 
flow represents mechanical work, with the effort 
being the fluid pressure and the flow being the rate 
of change of the volume.  The simple bond with 
causal input effort represents heat conduction to or 
from the element.  A heat conduction coefficient H is 
one of the parameters of the element, which 
therefore may be thermodynamically irreversible. 
 
The convection IRS element represents a fluid tube 
or channel with fluid friction, fluid inertance and heat 
transfer.  Heat transfer and friction relations for the 
liquid case are taken from Holman [7].  Viscosity and 
thermal conductivity properties given by Stocker and 
Jones [8] are used.  Its parameters are the length of 
the tube or channel and its effective area, which is 
assumed to be uniform over its length.  When the 
channel is other than circular, the area is taken to be 
the hydraulic equivalent of a round tube.  The two 
convection bonds represent the flows at both ends.  
The optional simple bond is for this heat interaction; 



 

 

it may be connected to the heat conduction 
elements including most commonly the Ct element.  
The wall temperature is assumed to vary along the 
length of the element so that the temperature 
difference between the fluid and the wall is uniform. 
 
Two of the bonds attached to a traditional 1-junction 
may be convection bonds; all of its bonds have a 
common flow, and the efforts (in this case stagnation 
enthalpies) sum.  Further, this junction is defined to 
be thermodynamically reversible as well as energy 
conservative, which means that the entropies on the 
two convection bonds are set equal.  The 1S 
junction, used only when two convection bonds and 
one simple bond are attached, also forces its bonds 
to have a common flow, but differs from the 1-
junction in that the pressures on the two convection 
bonds are forced to be equal. 
 
The OS-junction fulfills the essential function of an 
actual or virtual tubing or pipe tee.  It is allowed 
precisely three convection bonds, for which the flows 
sum to zero when signed according to the directions 
of the power-convention half-arrows.  The three 
pressures, one of which is a causal input, are forced 
to be equal.  This is like the role of the 0-junction for 
simple bonds.  The difference is that the 0S-junction 
represents irreversible behavior whenever two flows 
at different states merge.  When the flow is diverging 
rather than merging the behavior is reversible, but 
the 0S notation is retained because flow directions 
potentially change from moment to moment. 
 
The State Variables 
The state variables for the bond graph elements with 
simple bonds are traditional: the displacements on 
the compliances and the momenta on the 
inertances.  The state variables for the convection 
bond graph elements depend on whether the 
principal fluid is a general substance, with potential 
phase change, or a pure liquid.  Thermodynamic 
state functions for general substances are 
commonly available based only on “P-v-T” relations, 
that is pressure as a function of temperature and 
specific volume.  This dictates that the three state 
variables for a CS element are the mass in the 
control volume (in kg), the temperature (in Kelvin, 
assumed uniform over the volume) and the volume 
in cubic meters.  The specific volume is computed as 
the ratio of the volume to the mass.  Theoretically, 
this set should work for pure liquids, also, but the 
little data the author has found (for water, and with 
disclaimers) sometimes produced wildly erroneous 
results.  This happens because the liquid state is 

usually so nearly incompressible that specific 
volume is a very poor variable to define, along with 
temperature, the state of a liquid.  For general fluids 
that occasionally dip into the liquid state, the author 
employs an approximation based on an assumed 
bulk modulus model. 
 
For truly hydraulic systems in which the fluid remains 
liquid, however, the thermodynamic state functions 
are much more reliably based on functions of 
temperature and pressure, rather than temperature 
and specific volume.  Pressure is substituted for 
mass as one of the state variables for a CS element.  
The mass becomes just the product of density and 
volume; density is one of the many derived 
properties (including for example entropy).  Thus 
there are two sets of simulation software.  The 
proper one is selected automatically by your choice 
of the principal fluid.  When this fluid is a liquid, 
however, one may also select a secondary fluid for 
any CS elements that do not exchange fluid with 
those elements that use the principal fluid.  This 
allows the hydraulic system below to have 
accumulators charged with nitrogen. 
 
An IRS element has a single state variable despite 
its potential considerable complexity, which is the 
momentum of its fluid, and is related to the mass 
flow assuming a slug-flow model. 
 
3.  Example of a piston-cylinder air compressor 
charging a tank and driving a load 
The single-cylinder piston air compressor pictured in 
Fig. 3 charges a tank, and then when a valve is 
opened activates another piston-cylinder that raises 
a weight.  The cylinder of the compressor is driven 
sinusoidally by an electric motor (not shown).  The 
bond graph includes a friction RS element that 
places a drag force of constant magnitude but 
changing direction on the piston and generates heat 
that goes partly to the cylinder walls (the C element), 
partly to the air in the cylinder (through the bond 
between the 0-junction and the CS element) and 
partly to the environment (through the heat-
conduction RS element to the simple-bonded Se 
element).  The compressed air in the tank also is 
hot, and some of this heat is conducted to the walls 
of the tank and to the environment; both the walls 
and the environment are represented by the Ct 
element. 
 
Air is drawn in from the environment (the convection 
Se element).  The inlet and outlet valves to the 
cylinder act like spring-loaded check valves, opening   



 

 

 
Fig. 3  Piston-cylinder air compressor with tank and  

 
and   closing   depending  on  the   pressure drops 
across them so as to prevent back-flow.  The 
behavior is irreversible whenever air enters the tank. 

The valve to the output piston/cylinder is opened at 
0.2 seconds and closed at 0.4 seconds.  The load 
comprises a weight that also exhibits inertia (mass). 
 
The BondGrapher screen following the modeling of 
this system is pictured in Fig. 4.  The element CS2 
represents the piston/cylinder chamber, CS4 
represents the tank and CS5 represents the 
actuator.    The element C9 represents the thermal 
compliance of the walls of the piston/cylinder; it and 
its bond appear lighter (it is actually colored yellow; 
colors are included in the Users’ Manual) because it 
has been clicked, producing the display on the left of 
the screen.  The “Parameters” button was clicked, 
allowing the value of the exponent used in the 
compliance relation to be entered.  Clicking on the 
“Initial state” button allows the initial value of the 
element to be entered (“C9*366”, where 366 is the 
initial temperature on bond 6 in Kelvin).  The upper 
part of the graph represents the mechanical load, 
and the lower part the piston friction and thermal 
environment. 
 

          
Fig.4  Main screen of BONDGRAPHER. For the air compressor system 



 

 

Clicking on the Options button at the bottom left of 
the screen produces the display shown in Fig. 5.  
Most of the data is entered into this screen or one of 
its sub-screens opened by pressing the buttons at 
the upper right.  The fluid (nitrogen, but it could be 
wet air) is selected from a pop-up check list (not 
shown).  The MATLAB integrator is chosen; the 
default is ode45, but the choice of ode23 made here 
has generally proved to be more robust, particularly 
for thermodynamic systems, although it is not 
usually quite as fast.  The duration of the simulation 
is chosen as 1.0 seconds.  The use of a single 
simulation run is made for this simulation, as it is for 
most relatively simple systems, by placing 1’s in the 
boxes for “first step #” and “last step #”. 
 
Clicking on an element in the main screen the left 
side of the screen requests entry of its associated 
parameters.  These can be entered as numbers or 
symbols.  You define any symbols thus chosen in 
the “Custom” box on the right side of the Options 
screen, including for example the value of C9 
mentioned above.  Standard MATLAB coding is 
used.   
 
The Parameter tab in the Options screen, shown at 
the top of Fig. 6, is where relations for any non-
constant parameters that are functions of time 
and/or the state variable x are placed.  In the 
present case this includes the time-dependent value 

for the speed of the motor shaft.  Also, the desired 
operation of the check valves RS(19) and RS(3) are 
prescribed by expressing their effective orifice areas 
as functions of the pressures on the bonds (in 
general t or x also, were it necessary).  The area of 
the valve to the load RSc(21), which is a function of 
time only also is given.  Finally, a unique 
requirement is implemented for a nonlinear work-
heat element RSr(7) that happens to have a bond on 
the mechanical side for which the flow is not directly 
specified by an energy-storage or source element.  
The flow comes through a transformer, which is 
neither an energy storage element nor a source, and 
therefore must be expressed as a function of known 
parameters, t and x.  (No other element has such a 
special requirement, which is a technical 
consequence of the order in which state variables 
are computed.  Also, the requirement doesn’t apply 
in the linear case for which the resistance of the 
element is a constant.)  The detailed coding of these 
various nonlinearities is detailed in the Users’ 
Manual. 
 
It is desired to plot five quantities for the air 
compressor system that are not directly expressible 
in terms of the state variables (the matrix x): the 
flows on bonds 16 and 1, and the pressures on 
bonds 1, 5 and 18.  Note the number “5” placed 
opposite “# extra variables” on the left side of the 
Options screen.   These  variables are coded into  

      
Fig. 5  The Options screen for the air compressor system showing the Custom tab 



 

 

 

 
 

Fig. 6  The screens for the air compressor system revealed by the tabs in the Options page 

 
the screen displayed by pressing the Extra Variable 
button, as shown at the bottom of Fig. 6.  The left 
sides of these equations are (always) “ff(1), ff(2)”, 
etc.  The variables entered are treated literally as the 

time derivatives of new state variables entered into 
the matrix x; to display or plot the desired variables 
one uses their time integrals. 
 

 

 

 
 

Fig. 7  Selected Results from the simulation of the air compressor system 



 

 

 
Selected results are plotted in Fig. 7. The model is 
complex enough to allow a designer to study, for 
example, the consequences  of changing the areas 
of the valves or the heat  capacities and thermal  
conductances of the walls of the piston/cylinder and 
the tank.  The model also could be further 
elaborated, for example by including the effect of 
heat transfer to and from the wall of the output 
piston/cylinder. 

  
4.  Example of a Hydraulic System 
A typical hydraulic system driving an actuator is 
suggested  by   the  diagram  of  Fig. 8,  which  uses 

standard fluid-power symbols.  The BondGrapher 
screen showing its bond graph is given in Fig. 9.  
Details of the modeling are discussed in the Users’ 
Manual[1].  The left side of the screen shows the 
display when element 22 is selected and the 
parameters tab is clicked. This element represents 
the gas side of the low-pressure accumulator, so the 
check box for alternate fluid is provided and is 
checked by the user.   The only parameter is the 
heat heat-conduction coefficient between this 
element and its surroundings, which in the present 
case is represented by the temperature reservoir 
Se23; a particular value is assigned. 

  

     
 

Fig. 8  Schematic for the hydraulic system (using fluid-power symbols) 
 

 
 

Fig. 9  BondGrapher image of the bond graph for the hydraulic system, with element CS22 selected 



 

 

 
 

Fig. 10  The Options page for the hydraulic system, with Custom selected. 
 

 
The motor and pump are represented by the seven 
elements in the upper left side of the graph.  The 
various CS elements with convection bonds 
represent the volumes of the respective fluid lines, 
and the three IRS elements represent their inertance 
and friction.  Two of these also conduct heat to their 
tube walls and surroundings via Ct elements.  The 
two RSc elements represent the flow restrictions of 
the check valve and the adjustable valve.  The 
simple-bonded elements CS11 and CS22 represent 
the gas accumulators, which also conduct heat to 
their surroundings.  The load is represented by the 
six elements at the lower left of the graph. 
 
When the initial state button is clicked (not shown), 
the user is able to enter three initial values: the mass 
of the gas (V0/v(22)), its temperature (Te) and the 
volume of the chamber (V0).  Symbols are chosen 
rather than numbers; their values are specified on 
the Custom tab on the right side of the Options 
page, which is shown in Fig. 10.  These three values 
allow all other intensive and extensive properties to 

be computed, such as the enthalpy and the entropy.  
The principal and alternative substances are chosen 
from lists on the left side of the screen. 
 
The model of the system requires that the “valve” 
opens and closes at designated times (three and six 
seconds), and that the areas of the “check valve” 
(one-way valve) vary according to the pressures that 
exist on its bonds, which are not state variables.  
This information is accommodated by clicking the 
Parameter tab and programming the desired 
information, as shown in Fig. 11.  Details of this 
coding are described in the Users’ Manual.  Clicking 
save or save as on the main BondGrapher screen 
generates a MATLAB m-file which the user names.  
Although the user might be interested to peruse the 
summary of the modeling information that this file 
contains, it is not necessary, although its list of state 
variables can be useful for creating plots or other 
displays of key results. To run the simulation, the 
user merely enters the name of the file.  Selected  

 



 

 

 
 
 

Fig. 11  The Parameter screen for the hydraulic 
system. 

 
 
 
 

 

         

  
Fig. 12  Selected results from a simulation of the hydraulic actuator 



 

 

 
results are  plotted in  Fig. 12.   The  surge of  flow  
in the long (4 meter) return line caused an 
unacceptably large pressure drop.  This prompted 
an increase in its area, demonstrating the value of 
the IRS element.  How to get such plots is detailed 
in the Users’ Manual.  
 
6.  Conclusions and Recommendations 
The new THERMOSIM® package completes, in a 
sense, the original goal of bond graphs: representing 
all types of energy-based system models simply and 
transparently, and filling the gap between modeling 
and dynamic analysis.  The package is unique in its 
treatment of lumped models of thermodynamic 
systems that include potentially multiphase fluids, 
although it also treats a variety of mechanical and 
electromechanical systems.  Hydraulic systems also 
are addressed with consideration of the second law 
of thermodynamics.  The primary advance is the 
introduction of the powerful graphical interface 
BondGrapher that greatly simplifies the task of 
nonlinear  simulation  using  the  full  complement of 
simple and convection bond-graph elements.  An 
extensive Users’ Manual will be available on the 
author’s website[1]. 
 
The IRS element has been extended to include 
general compressible fluids, but this major advance 
has yet to be documented in a needed journal 
paper, although it is available for use.  Key heat 
transfer correlations for boiling are adapted from 
Kandlikar [9], and condensation correlations from 
Holman[7], who also provides correlations for wall 
shear friction.  Viscosity and thermal conductivity 
properties given by Stocker and Jones [9] are used. 
There remains the task of collecting viscosity and 
other physical properties   needed   for   
implementing   boiling  and condensation heat 
transfer relations for fluids other than  refrigerant 
R12.  Users of record subsequently should receive 
notices of any upgrades, and suggestions for 
improvement are welcome. 
 
 
 
 
 
 
 
 
 

  Eventually, the plan is to establish a website 
independent of the university to allow for access into 
the indefinite future. 
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