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“It is as if the Milky Way entered upon some cosmic dance. Swiftly the brain becomes an enchanted loom where millions of flashing shuttles weave a dissolving pattern, always a meaningful pattern though never an abiding one; a shifting harmony of subpatterns.”  - Sir Charles Sherrington
Introduction

eLoom is a software tool that allows users to create and execute a C programming language representation of arbitrarily connected, hierarchically organized graphs and associated simulation behaviors.  A graph is typically composed of nodes (vertices) and connections (arcs or edges) components.  eLoom supports five component types: modules, nodes, node arrays, directed connections, and directed connection arrays.   Nodes and connections may be grouped into arrays and modules, and modules may contain other modules.  All components have user specified simulation functions and data storage, as well as representation functions to draw and make sounds for use in visualization systems such as UNM's  Flatland. (see Figure 1)
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Figure 1. eLoom representation of LAPART controlling a mobile robot in Flatland

The execution of the systems simulated by the graph specified by this language is performed by a component function scheduler.  The eLoom parser takes in a specification file and constructs a system composed of C language data structures for the specified graph components, each containing function callbacks.  The representational functions are allocated to allow real-time graphical/aural representation of the graph while it performs its main function.  These functions may also be used to render the graph in a hierarchical, level of detail manner, to help with complexity management.  Function schedulers may be application dependent and therefore may require customization by the user.  

Details

The eLoom specification language has a line-based command structure.  Each " line" starts with a command name and is followed by a sequence of parameter/value pairs.  A command line may continue across several textual lines using line continuation marks.  The parameter name is prefixed with a dash.  For example:

n -nn NodeA -fn Linear

is a command line that creates a node component with the "n" command and names it NodeA.  The symbol -nn is the parameter (node name) and NodeA is the value.  A second parameter is -fn (simulation function name) with value Linear.  Some parameters must be defined before others, as noted in the following documentation.  

System wide information is contained with a data structure called the system.  It contains several global variables, stacks, the library registry, and component databases.  The system structure is created in the process of parsing the eLoom specification file.

As mentioned above, there are five graph component types: modules, nodes, node arrays, connections, and connection arrays (see Figure 2 for a graphic representation of these components).  
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Figure 2. Graphic representations of eLoom componets

Each component structure has a simulation function pointer, a variable number of formal parameters, a buffer pointer to a user defined buffer structure, a representation function pointer, and a parser function pointer. The parser function allows the user to redefine the default meaning and actions of variables, thus changing part of the eLoom specification language. Commands are not changeable with this function.  In addition, each component contains various databases, parent pointers, and lists.  

Component Structure Definitions 

The following outlines and defines the relevant fields in each of the system and the five eLoom graph component structures:

system:

time- system simulation clock,

name- system name,

mainmodule- pointer to the Main Module,

currentmodule- pointer to the current module used in parsing,

currentfp- the file pointer currently associated with the file currently being read

filestack- current active reading file pointer queue,

modulestack- current module stack,

nmodules- current number of modules in database,

maxnmodules- current maximum number of modules in database,

moduledatabase- list of pointers to modules in system,

nnodes- current number of nodes in database,

maxnnodes- current maximum number of nodes in database,

nodedatabase- list of pointers to nodes in system,

nnodearrays- current number of nodearrays in database,

maxnnodearrays- current maximum number of nodearrays in database,

nodearraydatabase- list of pointers to nodearrays in system,

nconns- current number of conns in database,

maxnconns- current maximum number of conns in database,

conndatabase- list of pointers to conns in system,

nconnarrays- current number of conarrays in database,

maxnconnarrays- current maximum number of conarrays in database,

connarraydatabase- list of pointers to conarrays in system,

libtable- registered library table,

modules:

name- the module name,

modulefuncname-  the module function name,

modulefunc- pointer to the module simulation function, argument is pointer to self module,

nfp- number of function formal parameters, specified in the sped file,

fp- pointer to list of values of the function formal parameters, 

buffstructname- the name of the structure used to define the buffer,

buff- pointer to a user defined general purpose buffer, cast to the structure named in buffstructname,

buffsize- size of the buffer in bytes, used during the save operation,

period- execution period, used in scheduler function

graphics- pointer to graphics representation buffer struct 

repfuncname- the name of the representation function

repfunc- pointer to the representation function, argument is pointer to self module,

parsefunc- pointer to a function that parses the variable/value pairs for this component,

loadfuncname- the load module buffer function name,

loadfunc- pointer to the load module buffer function

savefuncname- the save module buffer function name,

savefunc- pointer to the save module buffer function

subtemplate- pointer to a structure that stores variable bindings for this module,

mp- pointer to this modules parent module, null for top-level Main module,

nchildrenmodules- number of children modules contained in the module,

childrenmoduledatabase- resizable list of pointers to children modules contained within this module,

nchildrennodes- number of children nodes contained in this module,

childrennodedatabase- resizable list of pointers to children nodes contained within this module,

nchildrenconns- number of children conns contained in this module,

childrenconndatabase- resizable list of pointers to children connections contained within this module,

nchildrennodearrays- number of children nodearrays contained in this module,

childrennodearraydatabase- resizable list of pointers to children node arrays contained within this module,

nchildrenconnarrays- number of children connarrayss contained in this module,

childrenconnarraydatabase- resizable list of pointers to children connection arrays contained within this module,

nodes:

name- the node name,

nodefuncname-  the node function name,

nodefunc- pointer to the node simulation function, argument is pointer to self node,

nfp- number of function formal parameters, specified in the spec file,

fp- pointer to list of values of the function formal parameters, 

buffstructname- the name of the structure used to define the buffer,

buff- pointer to a user defined general purpose buffer, cast to the structure named in buffstructname,

buffsize- size of the buffer in bytes, used during the save operation,

nc- number of connections

ni[4]- if this node in an array, this array contains the array indices in the array

graphics- pointer to graphics representation buffer struct

cntolist- list of connections to other nodes

cnfrlist- list of connections from other nodes

repfuncname- the name of the representation function

repfunc- pointer to the representation function, argument is pointer to self node,

parsefunc- pointer to a function that parses the variable/value pairs for this component,

loadfuncname- the load node buffer function name,

loadfunc- pointer to the load node buffer function

savefuncname- the save node buffer function name,

savefunc- pointer to the save node buffer function

mp- pointer to this node's parent module, 

na- pointer to the container nodearray, NULL is not a member of an array,

ReadyForInputFlag, ReadyToOutputFlag- Simulation flags to synchronize internode communication

conns:

name- the conn name,

connfuncname-  the conn function name,

connfunc- pointer to the conn simulation function, argument is pointer to self conn,

nfp- number of function formal parameters, specified in the spec file,

fp- pointer to list of values of the function formal parameters, 

buffstructname- the name of the structure used to define the buffer,

buff- pointer to a user defined general purpose buffer, cast to the structure named in buffstructname,

buffsize- size of the buffer in bytes, used during the save operation,

graphics- pointer to graphics representation buffer struct

repfuncname- the name of the representation function

repfunc- pointer to the representation function, argument is pointer to self conn,

parsefunc- pointer to a function that parses the variable/value pairs for this component,

loadfuncname- the load connection buffer function name,

loadfunc- pointer to the load connection buffer function

savefuncname- the save connection buffer function name,

savefunc- pointer to the save connection buffer function

typeflag-  0 if intramodule connections, 1 if intermodule connection,

mp- pointer to this components parent module, 

mfr- pointer to the "from" module, valid for intermodule connection only,

mto- pointer to the "to" module, valid for intermodule connection only,

nfr- pointer to a "from" node,

nto- pointer to a "to" node,

ca- pointer to the container connarray, NULL is not a member of an array,

ReadyForInputFlag, ReadyToOutputFlag- Simulation flags to synchronize internode communication

nodearrays:

name- the nodearray name,

namingfuncname- name of the user supplied node name generation function,

namingfunc- pointer to the node name generation function, default is NULL,

dim- the dimensionality of the array, 1,2,3 or 4D is allowed,

nc- pointer to a list of size dim that contains the node counts (lengths) for each dimension, for example, if dim  = 2 then a 2 x 3 node array would have nc[0] = 2 and nc[1] = 3.

nnodes- total number of node members in array, equals the product of the defined nc's, in the above example, nnodes = nc[0] x nc[1] = 6.

nodefuncname-  the member node function name,

nodefunc- pointer to the node simulation function, argument is pointer to self member  node, used in the specification of the member nodes and not by the nodearray component,

nfp- number of function formal parameters, specified in the spec file, used in the specification of the member nodes,

fp- pointer to list of values of the function formal parameters, used in the specification of the member nodes,, 

graphics- pointer to graphics representation buffer struct

buffstructname- the name of the structure used to define the buffer, used in the specification of the member nodes,

nodearrayfuncname-  the nodearray function name,

nodearrayfunc- pointer to the nodearray function, argument is pointer to self nodearray, 

nafp- number of array function formal parameters, specified in the spec file,

afp- pointer to list of values of the array function formal parameters, 

abuffstructname- the name of the structure used to define the array buffer,

abuff- pointer to a user defined general purpose array buffer, cast to the structure named in abuffstructname,

abuffsize- size of the array buffer in bytes, used during the save operation,

repfuncname- the name of the representation function

repfunc- pointer to the representation function, argument is pointer to self nodearray,

reparrayfuncname- the name of the array representation function

reparrayfunc- pointer to the array representation function, argument is pointer to self nodearray,

parsefunc- pointer to a function that parses the variable/value pairs for this component,

loadfuncname- the load node buffer function name,

loadfunc- pointer to the load node buffer function

savefuncname- the save node buffer function name,

savefunc- pointer to the save node buffer function

loadarrayfuncname- the load nodearray buffer function name,

loadarrayfunc- pointer to the load nodearray buffer function

savearrayfuncname- the save nodearray buffer function name,

savearrayfunc- pointer to the save nodearray buffer function

mp- pointer to this components parent module, 

ns- pointer to list of pointers to member nodes,

ReadyForInputFlag, ReadyToOutputFlag- Simulation flags to synchronize internode communication

connarrays:

name- the connarray name,

namingfuncname- name of the user supplied conn name generation function,

namingfunc- pointer to the conn name generation function, default is NULL,

nc- number of connections in array,

cn- pointer to list of pointers to member connections,

connfuncname-  the member conn simulation function name,

connfunc- pointer to the member conn function, argument is pointer to self member conn, used in the specification of the member conns and not by the connarray component,

nfp- number of function formal parameters, specified in the spec file,

fp- pointer to list of values of the function formal parameters, 

buffstructname- the name of the structure used to define the buffer,

connarrayfuncname-  the connarray function name,

connarrayfunc- pointer to the connarray function, argument is pointer to self connarray,

nafp- number of array function formal parameters, specified in the spec file,

afp- pointer to list of values of the array function formal parameters, 

abuffstructname- the name of the structure used to define the array buffer,

abuff- pointer to a user defined general purpose array buffer, cast to the structure named in abuffstructname,

abuffsize- size of the buffer in bytes, used during the save operation,

graphics- pointer to graphics representation buffer struct

repfuncname- the name of the representation function for the array

repfunc- pointer to the representation function, argument is pointer to self connarray,

reparrayfuncname- the name of the array representation function

reparrayfunc- pointer to the array representation function, argument is pointer to self nodearray,

parsefunc- pointer to a function that parses the variable/value pairs for this component, 

loadfuncname- the load connection buffer function name,

loadfunc- pointer to the load connection buffer function

savefuncname- the save connection buffer function name,

savefunc- pointer to the save connection buffer function

loadarrayfuncname- the load connection array buffer function name,

loadarrayfunc- pointer to the load connection array buffer function

savearrayfuncname- the save connection array buffer function name,

savearrayfunc- pointer to the save connection array buffer function

canmode- connection mode, one to one or many to many connection array

typeflag-  0 if intramodule connections, 1 if intermodule connections,

mp- pointer to this components parent module, 

mfr- pointer to the "from" module, valid for intermodule connection only,

mto- pointer to the "to" module, valid for intermodule connection only,

nfr- pointer to a "from" node,

nto- pointer to a "to" node,

nafr- pointer to a "from" nodearray,

nato- pointer to a "to" nodearray,

ReadyForInputFlag, ReadyToOutputFlag- Simulation flags to synchronize internode communication

See the eLoom.h file for more details on these structure definitions.

Component Containers

Aside from the Main Module, all eLooms components are contained within modules called parents.  Nodes and conns may also be contained in arrays, therefore they may have parent arrays as well as parent modules.  Arrays (node and conn) are distinct components, independent of their member components, with functional capabilities analogous to their member components.   Modules, nodearrays, and connarrays maintain lists of their member components.  

Arrays and Grids

As discussed above, nodes and connections may be organized into arrays.  An array in eLoom is a flat list of components indexed by their order in the array.  For nodes, arrays may be mapped into another indexing schemes associated with grids of dimensions 1,2,3, or 4.  The grid indices may be created from the array index by knowing the "lengths" in unites of nodes for each of the dimensions.  These lengths are specified in the definition of the node array via the nc (node count) list.  For example, the specification of a node array:

na -nan Ann -d 2 -nc0 2 -nc1 3

defines a nodearray structure named Ann with six (nc0*nc1) member nodes, a dimension=2 grid of size 2 x 3 and stores nc[0]=2, and nc[1]=3.  The relationship between the array index k of a node and the grid coordinates (i,j) of the node is:

k = j * nc[0] + i,   where 0≤j≤2, 0≤i≤1,

The first index, i,  in the nc list is the fastest varing.  In general, if the grid indices are i0, i1, i2, and i3, and the lengths (node counts) of the sides of the 4D grid is nc[0], nc[1], nc[2], and nc[3], then the relationship between the grid indices and the array index k is:

k = i3*(nc[0]*nc[1]*nc[2]) + i2*(nc[0]*nc[1]) + i1*(nc[0]) + i0

where:

0 ≤ i0 ≤ (nc[0]-1)

0 ≤ i1 ≤ (nc[1]-1)

0 ≤ i2 ≤ (nc[2]-1)

0 ≤ i3 ≤ (nc[3]-1)

and:

0 ≤ k ≤ (nc[0]*nc[1]*nc[2]*nc[3])-1

Connection arrays are associated with combinations of modules, nodes and node arrays.  A connarray may interconnect the following six possible combinations:

1) from node to nodearray in same module

2) from node to nodearray in different modules

3) from node array to node in same module

4) from node array to node in different module

5) from nodearray to nodearray in same module

6) from nodearray to nodearray in different modules

There is not a connection specific grid structure associated with the connarray since its size and array ordering is determined by the nodes and node arrays it interconnects.  Letting n indicate a single node, nato[j] indicating the jth node element in the "to" node array, nafr[i] indication the ith node element in the "from" nodearray, and letting ca[k] indicate the kth connection element in the connection array,  relationships between the connarray index, k, and the array indices of the nodearrays are as follows:

1) n -> nato[j]: 

k = j
2) nafr[i]-> n: 

k = i
3) nafr [i]-> nato[j]: 
k = i * nto + j
where nto is the number of nodes in nato.  Arrays and grids are intended to be used to organize nodes of common functionality and input/outputs, as well as adding the concept of local adjacency or neighborhoods in multidimensional spaces.

Component Naming

Component names are important because it is the only way eLoom can operate on them individually.  Modules must have unique names within the system. Nodes, conns, nodearrays, and connarrays must have unique names within the scope of their parent module only. Therefore these names may be duplicated in different modules, even if the modules are contained in other modules.  Nodearray member names are generated from the name of the nodearray by appending a dash and a numerical code to the name.  The names of nodes not created in an array will remain unchanged by the parsers.  The default name creation appends a "-" followed by the array index number.  Other naming schemes may be implemented by the user through the use of naming functions.  For example, the supplied naming function called GridIndicesAppend() will append array indices to the array name.  For example,if a nodearray is named Tom, dim=1, and nc[0]=4, then the names generated by this function will be:

Tom-0  Tom-1  Tom-2  Tom-3

As another example of this function, if the nodearray name if Ann, dim=2, nc[0]=2, and nc[1]=3 then the generated names are:

Ann-0,0  Ann-1,0  Ann-0,1  Ann-1,1  Ann-0,2  Ann-1,2

The order of the index is from the fastest changing to the slowest. For example, if dim=2, then order may be thought of as row-major, with the first index coding the row number and the second the column.  

Connections are directed from one node to another.  The names of connections not associated with connarrays will remain unchanged by the parsers.   Default connarray member names are generated from the name of the connarray by appending a dash followed by the array index.  

As with node arrays, other naming schemes may be implemented by the user through the use of naming functions.  For example, the supplied naming function called GridIndicesAppend() will append array indices to the array name. For example, it will append the grid indices of the "from" member node followed by another dash followed by the grid indices of the "to" member node.  For example, if the connarray named Murphy is FROM the nodearray named Tom, defined above, TO the node array named Ann, also define above, then the function generated names of the array member connections will be:

Murphy-0-0,0  Murphy-1-0,0  Murphy-2-0,0  Murphy-3-0,0  

Murphy-0-1,0  Murphy-1-1,0  Murphy-2-1,0  Murphy-3-1,0  

Murphy-0-0,1  Murphy-1-0,1  Murphy-2-0,1  Murphy-3-0,1

etc. ....

The indices following the first dash are associated with the "from" node array, while the indices following the second dash are associated from the "to" node array.  If the connection array is between a single node and a node array, then the functionally generated names will contain the letter "n" followed or preceded by the indices of the node members in the array. For example, if a connection array if FROM the node named Finley and the TO the node array Ann, then the connections in the connarray will functionally be named:

Finley-n-0,0  Finley-n-1,0  Finley-n-0,1  Finley-n-1,1  Finley-n-0,2  Finley-n-1,2

indicating that this connection array is from a node to an array.  If the example had been FROM the array TO the node, the names would have been:

Finley-0,0-n  Finley-1,0-n  Finley-0,1-n  Finley-1,1-n  Finley-0,2-n   Finley-1,2-n

To repeat, the user supplied names of Modules, Nodes and Conns will not be altered by the parsers, while node arrays and conn arrays will have their components either default named or functionally named.  

Hierarchies and Databases

As components are created by the eLoom parsers, databases (lists) are accumulated both in the System and within the modules.  The System maintains five dynamics databases containing pointers of all components created, one for each of the five types.  These lists are logically flat and do not reflect any of the hierarchical structure that has been created through the use of modules by the user specifications. 

Each module contains dynamic databases of pointers for each of the five children component types (5 lists).  As components are created, in addition to being added to the System databases, they are added to the appropriate databases within the component's parent module.  The Main Module is the only module that will not have a parent module.   Modules may have other modules as children, as well as nodes, conns, nodearrays, and connarrays.  The children components are said to be contained within the parent module.  Each of the five components contains pointers back to their parent module, thus forming a tree structure that can be traversed downward and upwards.  This gives maximum flexibility in the use of recursive traversal algorithms during simulation.

Simulation Functions

Simulation functions are specified to the system by names, which are stored in the components.  For a function to be used by a simulation, a pointer to it must be identified.  The user modifiable functions 
void (*funcname_to_funcptr( char *funcname ))( void *X ) ;

looks up the function by name and returns its pointer.  Any function of any size may be used here as long as it is registered with this function.  All simulation and representation functions are required to have a single argument consisting of the pointer to the component to which it belongs.  This allows the functions to have complete access to all information stored in the component.  

Formal Functional Parameters

The user may supply an arbitrary number of formal parameters to be used with the associated function callbacks.  Modules, Nodes and Conns each have a simulation and a representation function.  Nodearrays and Connarrays have additional array functions.  Formal parameters are stored internally as character strings, and therefore require the appropriate translation by any functions that use them.  These parameters are intended to be used as parameters that are fixed by the user and are not modified by the simulation functions.  Typically they are used for initial values of variables or as parameters in algorithms or equations.

The Buffers

Each component of eLoom contains one pointer to an arbitrarily sized, user defined buffer. These buffers are intended for storage of all variables, states, and data associated with the component.  A buffer is known by its name, which is stored in the component.  The size and content is determined by a prototype C structures defined by the user and registered in the user modifiable function 

structname_to_structsize( char *structname ) . 

This function identifies the buffer structure by looking it up in a table by its name.  The function then sizes the structure and returns its size for memory allocation.  Any type of C structure may be used in as a buffer providing that it is know to this function.

Initialization of Variables and Data

All buffer structures are required to have as its first entry a variable to be used as an initialization flag.  This allows simulation functions to know when the structure is accessed for the first time.  Buffer memory allocation is performed in such a manner that initializes the buffer to zeros at the byte level.  A buffer structure is required to be of the generic minimal form of:

typedef struct xbuffertype{

  unsigned char initflag ;

  (user stuff)

} XBUFFTYPE ;

Because of the initialization, the initial value of initflag  is zero.  This flag may be tested and incremented in the simulation functions to initiate variable and data initialization.  For example, the value of a formal parameter may be equated to a buffer structure defined variable.

Libraries and Variable Bindings

To promote reuse of modules that contain commonly used structures, eLoom supports the use of module library files.  Recall that the specification line in eLoom contains parameter/value pairs.  A library file contains module templates with potential variable-values in its specification.  A template module may contain any number of arbitrary eLoom components within itself with an arbitrary number of variable-values.  A variable-value always starts with a "?".  A template specifies one and only one eLoom module, although the module may contain other modules, as with any module.  The definition of a template module in a library file starts with command line that 

td -tn TemplateName  ( ... default bindings )

where the parameter template name (-tn) is set in the example to TemplateName.  The template name us used by eLoom to locate and insert the template module into the users specification.  Following this is a list of all variable-value names with their default values.  For example, to tell the system that the modules name will be a variable-value with a default value, the command line would be:

td -tn MyTemplate -?modulename Mike

where the "-" indicates that this is a variable-value binding, and "?mn" is a variaable-value to be used in the module specification and its default value is "Mike".  Following the template definition command line is the usual specification of a module, except that variable-values are used in place of actual values.  For example, the module template specification would become:

td -tn MyTemplate -?modulename Mike

mts -mn ?modulename

  ( other eLoom components )

mte

A template module specification is startes with the "mts" and terminated with the standard "mte" command.  The template definitions command line must contain ALL variable-values used in the module specification, including defaults.  These defaults are replaced by user specified bindings listed in the template insert command.

The module template insert command line is used to insert an instance of the template module into the users specification file, along with new variable-value bindings.  The following is an example of how the above template module is inserted into a specification:

mti -tn MyTemplate -?mn Bob

where the module name "Bob" replaces the default name "Mike".  Module templates may be inserted into other module templates; variable-value bindings are passed down into the inset modules.  

All library files are registered at the beginning of the user specification file.  This is accomplished with the command line:

lb -ln MyModules.lib

where the parameter library name (ln) is set to MyModules.lib.  All libraries used in any module or module template must be registered.  To aid in the search of libraries for the template name during module template insert, a library hint my be used, for example:

mti -tn MyTemplate -lh MyModules.lib -?mn Bob

where the parameter library hint (lh) is set to MyModules.lib.  If hints are not used, eLoom searches the libraries in the order they are registered.  If hints are not used and there are different templates with the same name, then the first one encountered in the search will be used.  Use hints to avoid this error.

Graph Layout Function

With user specified layout function, eLoom can layout any arbitrary graphs. In current version, eLoom uses a simple automatic recursively layout algorithm to layout the positions of modules, nodes, and nodearrays. Modules are drawn with circles. Modules can contain nodes, nodearrays and children modules. The nodes, nodearrays, and childrenmodules of the module are distributed around the circle (see Figure 3).
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Figure 3.  LAPART represented in with the Universal Hierarchical Layout algorithm in Flatland

The position of the mainmodule is first layout by calling basic_graph_layout ( SYSTEM-TYPE *sys ). Then the positions of the nodes, nodearrays, and childrenmodules of the module are layout around the module circle. This makes the components inside a module distributed around the circle evenly. The positions of the components inside the children modules are layout recursively. Figure 4 shows a close look of part of a network structure.
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Figure 4. A close look of a network structure

Scheduling of Function Execution

After the parsers have created the eLoom graph, including modules, nodes, nodearrays and all their interconnections, methods are required to execute the simulation and representation functions contained within each.  There are many orders-of-execution possible in such a structure, many of which involve traversal of the tree defined by the logical hierarchy of modules or traversing the flat databases in the System.  Execution order of the five types of components within an module also leads to a variety of execution orders.  For example, the user must choose weather to execute the module's function before or after the node and node array functions. Similarly for the conn and connarray functions.  Since all these choices will be application dependent, eLoom assumes that the user will generally supply the function scheduling algorithms and routines. 

An example scheduler is supplied. The basic scheduler, basic_scheduler_1(),  recursively traverses down the tree defined by the module hierarchy, operating in the following order. First operating on all connarrays, then operating on all conns, then nodearrays, then nodes, and then children modules last. 

  process_connarrays_recursively( m, sys ) ;

  process_conns_recursively( m, sys ) ;

  process_nodearrays_recursively( m, sys ) ;

  process_nodes_recursively( m, sys ) ;

  process_modules_recursively( m, sys ) ;

This scheduler does not iterate over simulation steps.

The period of each module controls the execution frequency of each module. For example, if module A executes every 2 seconds, module B executes every 4 seconds. Then at system time 1,3,5…, they are not executed. At time 2, 4, 6, … module A is executed. At time 4, 8, 12, … module B is executed.

Saving and Restoring Graphs and Buffers

During simulation, it is possible for the system to change the number components in the graph, as well as modify formal parameters and buffers.  When the simulation is complete, the user may want to save the current graph and all its internal data.  eLoom supplies two functions the support this requirement:

save_system( )

save_system_buffers( )

The first function reads the graph and creates a new eLoom specification file that represents the complete description of the system as it currents stands.  The saved specification may be different from the original if the simulation has modified the structure.  This function saves the components in a specific order through recursion.  The second follows the same order and saves the contents of the component buffers in binary form.  

To restore the graph structure, the saved specification file is parsed by the standard eLoom system creation function.  A third function is supplied to restore the buffers:

restore_system_buffers( ) 

This routine depends on the fact that the saved specification file has NOT been modified between the save and restore operation.  If the specification file has been edited, then the order of buffer saving will not match the new graph components.  A different buffer restore function must be used in this case, with the consequence that some of the buffers will have default values. 

By default, each buffer type has a separate laod and save buffer function. User can specify user-customized load save buffer function by add –loadfn MYLOADFUNC –savefn MYSAVEFUNC to the spec file. The user modifiable functions 
void (*load_save_funcname_to_funcptr( char *funcname ))(FILE *fpindex, FILE* fpsave, void *X ) ;

looks up the function by name and returns its pointer.  

eLoom Language Specification

General:

#
marks start of a single line comment. Must start at first line,

\
line continuation.  Must follow a command/value pair. Example:



n -nn NodeA1 -fn ConstantNodeFunc -nfp 1 -fp0 1.0 \

                           -bsn NODEBUFFTYPE

________________________________________________________________________

Libraries:
lb
library, starts the beginning of a library registration. A library must be registered before it can be used. The library’s template modules are loaded at configuration time as needed. Any number of libraries may be registered. If library hints are used, these libraries will not necessarily be searched.

-ln
library name, must include the absolute path to the library as part of the name.

td
template definition, specifies the name of the template and the default values for the formal parameters.

-tn
template name, must be first command in arg list,

-?mn
module name default

-?var
the default value for this variable used in the template. Values used in the “mti” command override these values. Any number may be used. Example:

                      td -tn InstarTemplate -?mn Tom -?num 2 -?Connarray Carray

mts
module template start, starts the beginning of a module inside a library file only. A template must be a single module with or without variables.  It may contain other modules within itself. Variables in the module apply to values only (not commands) and all start with a ?, for example ?name.  Module specification terminates with the “me” statement associated with the module being specified in the template.  The commands are identical to the “ms” command.

-mn
module name,

-fn
function name, for module, default is NULL,

-nfp
number of function parameters,

-fpi 
function parameter index i

-rfn
representation function name, draws and sounds this module

-bsn
buffer structure name

mte
module template end, marks the end of the module specification in a library file,

________________________________________________________________________

Modules:

ms
module start, begin specification of a module.  Specification ends at the symbol me,

-mn
module name,

-fn
function name, for module, default is NULL, 

-nfp
number of function parameters,

-fpi 
function parameter index i

-rfn
representation function, draws and sounds this module

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

-poe
period of module execution

me
module end, marks the end of the module specification,

mti
module template insert, insert a template from a library at this point in the specification. 

-tn
template name,

-lh
library hint, the path and name of the library that contains this template. If not specified, the system will search all libraries in the order they were registered. The hinted library need not have been registered.

-?mn
The name of the module being inserted. Must be specified before other variables.

-?var
the actual value for the formal variable ?var. Causes the binding to occur for this variable in the current module being created from the library file.  May have any number of formal variables, but must match those specified in the “mts” command.

________________________________________________________________________

Nodes:

n 
node, starts specification of a single node, also na0

-nn 
node name,

-fn
function name, for node, default is NULL

-nfp
number of function parameters,

-fpi 
function parameter index i

-rfn
representation function, draws and sounds this node.

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

na
node array up to 4D, starts the specification of a k dimensional array of nodes, where 1<=k<=4 .

-nan
node array name,

-nnfn
node naming function name, creates the names of the nodes in the array from the nodearray name, array order or grid indices, default is NULL, where the name is created by appending a "-" plus the array order number

-d
dimensionality of array (1->4)

-nc0
node count zero dimension, index appended to node array name for each node name,

-nc1
node count first dimension, index appended to node array name for each node name, 

-nc2
node count second dimension, index appended to node array name for each node name, 

-nc3
node count third dimension, index appended to node array name for each node name, the four indices are separated by commas (,).

----- define above lines first --------

-fn
function name, for each node in node array, default is NULL

-nfp
number of function parameters for each node,

-fpi 
function parameter index i for each node

-rfn
representation function, draws and sounds a node in the array, default is NULL,

-bsn
buffer structure name for each node

-loadfn
load buffer function

-savefn
save buffer function

-afn
array function name, for node array, default is NULL, 

-nafp
number of function parameters for array func,

-afpi 
array function parameter index i

-arfn
array representation function, draws and sounds the array as a whole, default is NULL,

-absn
array buffer structure name

-aloadfn
load array buffer function

-asavefn
save array buffer function

Note: the nci’s must be specified in order of ascending order of dimensionality. Only d of them needs to be specified. Also, node counts (nci) must be define on line before the node funcs are specified.

Node and Module Connections:

cn     
connect nodes, starts specification of single connection, either in-from or out-to the named node, 

-cn
connection name,

-nfr
node from name,

-nto
node to name,

-mp
module parent name, the module that contains both the to and from modules, default is current module

-mfr
module from name, default in current module

-mto
module to name, default in current module

-fn
function name, for connection, default is NULL,

-nfp
number of function parameters,

-fpi 
function parameter index i

-rfn
representation function, draws and sounds this connection.

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

cnaf
connect node arrays functionally, starts the specification of an array of connections that connects either 1) the named node from or to an array of nodes, or 2) two arrays of nodes in the same module. The arrays may each have different dimensionalities.  The arrays may have dimensionality of 1,2,3,4. . For example, if the out-to array is 2D (eg. 4 x 4) and the in-from array is 3D (eg. 2 x 3 x 3) then there will be 288 connections created between the arrays. The connection function must define all valid connections, delete unused ones,  and properly control the flow along them. Note that the –nfr or –nto  must not be specified when connecting two arrays, and that only one of the out-to or in-from arrays must be specified when connecting a single node to an array. Note that the connections will be named by appending the array index values to the end of the connection array name. For example, if the connection array is named Cross, and it is connecting two arrays, the individual connection names will look like Cross-i-j.

-can
connection array name,

-cnfn
connection naming function name, creates the names of the conns in the array from the connarray name, array order or grid indices, default is NULL, where the name is created by appending a "-" plus the array order number

-nfr
node from name,

-nto
node to name,

-nafr
node array from name, 

-nato
node array to name, 

-camode
connection array mode, value OneToOne is one to one connection array, and these two node arrays must have the same number of nodes. If not specified, it is  many to many connection array

-mp
module parent name, the module that contains both the to and from modules, default is current module

-mfr
module from name, default in current module

-mto
module to name, default in current module

-fn
function name, for individual connections within array, default is NULL

-nfp
number of function parameters,

-fpi
function parameter with index i, number varies with function,

-rfn
representation function, draws and sounds an individual connection.

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

-afn
array function name, for connection array, default is NULL, 

-nafp
number of function parameters,

-afpi 
array function parameter index i

-arfn
array representation function, draws and sounds the array as a whole, default is NULL,

-absn
array buffer structure name

-aloadfn
load array buffer function

-asavefn
save array buffer function

cm
connect module, starts the specification that connects one module to another module.

-cn
connection name,

-mp
module parent name, the module that contains both the to and from modules, default is current module

-mto
module to name, default in current module

-mfr
module from name, default in current module

-fn
function name, for connection, default is NULL,

-nfp
number of function parameters,

-fpi 
function parameter index i

-rfn
representation function, draws and sounds this connection.

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

cmaf
connect module’s arrays functionally, to be specified
-can
connection array name,

-cnfn
connection naming function name, creates the names of the conns in the array from the connarray name, array order or grid indices, default is NULL, where the name is created by appending a "-" plus the array order number

-nfr
node from name,

-nto
node to name,

-nafr
node from array name, 

-nato
node to array name, 

-pm
module parent name, default is current module

-mto
module to name, default in current module

-mfr
module from name, default in current module

-camode
connection array mode, value OneToOne is one to one connection array, and these two node arrays must have the same number of nodes. If not specified, it is many to many connection array

-fn
function name, for individual connections within array, default is NULL

-nfp
number of function parameters,

-fpi
function parameter with index i, number varies with function,

-rfn
representation function, draws and sounds an individual connection.

-bsn
buffer structure name

-loadfn
load buffer function

-savefn
save buffer function

-afn
array function name, for connection array, default is NULL, 

-nfap
number of function parameters,

-afpi 
array function parameter index i

-arfn
array representation function, draws and sounds the array as a whole, default is NULL,

-absn
array buffer structure name

-aloadfn
load array buffer function

-asavefn
save array buffer function

Notes:  

All specifications must occur within a module, therefore define a “container” module to hold everything.

Two pass parser, first pass makes modules and nodes and arrays, then makes connections last.

The execution of the various functions in the graph are controlled by a scheduler that is specific to the simulation being built. The scheduler is not part of this design language.

Modification of the connections and their parameters is currently done by the  connection functions. This means that these functions have three jobs: 1) define the existence of a connection at startup, 2) processing of any signal that flows through them, and 3) adaptation.

It is recommended that modules interface to the outside through Input and Output nodes and their node functions. May have any number of these and they can be arrays, but they must be specified inside the module. These inputs and outputs are sometimes referred to as terminals. Input and Output node array names are reserved for this purpose. Connections to any module node is possible.

All function parameters are passed to the function through the object pointer. 

   void *function( struct  *object_type) ; the object_type will have fields that contain pointers to the user and base parameter lists.

Assume that the node arrays know their dimensionality information, so that connection functions can get this info at runtime. 

Representation functions have their object’s pointer as the only argument. This function will both draw and sound the object. There will be a modality flag as part of the object parameters to select which is done.

All names (nodes, node arrays, connections, connection arrays) must be unique within a module only.  All module names must be unique.

Introduction of some functions in eLoom:
Simulation function:

Testfunc- module simulation test function, print one sentence. No parameters.

Art1Func- module simulation function, simulate ART1 neural net algorithm. e.g. spec:


-fn Art1Func -nfp 4 -fp0 Input -fp1 F1 -fp2 F2 -fp3 .6 -bsn MODULEBUFFTYPE

must specify four parameters: fp0 is the name of the Input nodearray to ART1 neural net, fp1 is the name of the F1 layer nodearray, fp2 is the name of the F2 layer nodearray. Fp3 is the vigilance value between 0 and 1.

LapartFunc- module simulation function, simulate LAPART II neural net algorithm. E.g. spec:

-fn LapartFunc -nfp 5 -fp0 ART1A -fp1 ART1B -fp2 0 -fp3 Interface -fp4 0 -bsn MODULEBUFFTYPE -poe 1 


fp0 is the module name of ART1A in LAPART neural net, fp1 is the module name of ART1B, fp2 specify the run_mode, 0 for training mode, 1 for test mode, fp3 is the module name of Interface, fp4 is the save flag, 1 for save the ARTA, ARTB, LAPART template, 0 for not.

RobotInterfaceFunc- module simulation function. It makes random objects, creates a sensor move around the objects, simulating the movement of the robot. It generates the sensor image value and the control values. E.g. spec:


-fn RobotInterfaceFunc -nfp 3 -fp0 SensorArray -fp1 ControlArray -fp2 1 -bsn ROBOTINTERFACEBUFFTYPE -poe 1


fp0 is the name of the sensor nodearray, fp1 is name of the control array, fp2 is 0 if reading data from file and fp2 is 1 if generating data by itself. 

ConstantNodeFunc- node simulation function, currently take one parameter as the initial output of the node.

LinearNodeFunc- node simulation function, the node calculates the weighted sum of inputs as its output. Currently take one optional parameters, fp0 is the gain factor.

ThresholdNodeFunc- node simulation function, if the node activation is larger than the threshold value, the output is 1, otherwise 0. Take two parameters which are the threshold value and the bias. 

NodeArrayReadDataFunc- nodearray simulation function, take one parameter as the data input file. E.g. spec:

-afn NodeArrayReadDataFunc -nafp 1 -afp0 Sensordata.txt -bsn NODEBUFFTYPE -absn NODEARRAYBUFFTYPE

NodeArrayInitFunc- nodearray simulation function, take one string parameter like “110110” to initialize the each node output in the nodearray, e.g. spec:

-afn NodeArrayInitFunc -nafp 1 -afp0 110110 -bsn NODEBUFFTYPE -absn NODEARRAYBUFFTYPE

WeightBasicFunc- connection simulation function. It takes the output of the “from node” actively and adds it to the activation of the “to node”.  It has one parameter as the initial weight of the connection

ConstantWeightFunc- connection simulation function. It is inactive and just sets the connection weight.

Graph representation functions:

ModuleRepFunc- draw module as a disk

NodeRepFunc- draw node as a disk and on top of parent modules

NodeArrayRepFunc- draw nodearray as a ring segment

ConnRepFunc- draw connections between nodes, the connection is draw with 3-side cylinders instead of lines so that it can be zoomed in and out.

ConnArrayRepFunc draw connarrays with a bigger cylinder

Load and save buffer structure functions:


save_robotinterface_buffer- save robot interface buffer, including pointers.

restore_robotinterface_buffer- restore robot interface buffer, including pointers.

Appendix:

Figure 4 shows the organization structure of eLoom.
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Figure 4. Organization structure of eLoom

Figure 5 shows a snapshot of Adaptive Resonance Theory (ART) simulation, and Figure 6 shown a snapshot of Laterally Primed Adaptive Resonance Theory LAPART
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Figure 5. ART-1 neural network simulation. There are three modules. Input module (right disk), F1 module (left top disk), and F2 module (left down disk).

Figure 6. The LAPART neural network is shown as two ART-1 networks. Right module is ART-1 A, left module is ART-1 B. There are connections from the F2 nodes in ART-1 A to F2 nodes in ART-1 B.
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