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Introduction
espace is an Erlang implementation of the Tuple Spaces (or Linda)
paradigm. Details of the paradigm can be found on Wikipedia for
Linda
Tuple Spaces.
Another good source that describes the paradigm well is the following
paper, which ACM have kindly made freely available in their digital
library:
Carriero, Nicholas & Gelernter, David. (1989).
How to Write Parallel Programs: A Guide to the Perplexed.
ACM Computing Surveys. 21. 323-357.

espace allows one to implement parallel algorithms where tasks
(worker processes) running concurrently communicate and coordinate
through the tuple space, rather than the sending processes requiring
to be aware of the receiving processes in order to send messages
directly to them.
The basic idea behind tuple spaces is that an application is given a
storage pool where tuples are added to it via the out and eval
operations, or taken from the pool via the in/inp and rd/rdp
operations.
These six operations are all that is needed for communication and
coordination among the concurrent processes.
An application that uses this system will have many concurrently
active worker processes that look, and optionally, wait for tuples
that match a desired pattern. The waiting workers will block until a
matching tuple is added to the pool by another worker using the
out/eval operations.
The worker processes are started via the espace:worker/1,2
function. A worker can in turn start further workers by calling
worker/1,2.
A typical application will start with a series of out and eval
operations. Some of the worker processes will then, using the in or
rd operations, pick the tuples added via the out operations,
process them, then out the results. Other worker processes can then
pick the results and process them further.
The implementation provides a space for the tuples, currently ETS,
along with the six basic operations, eval, out, in, inp, rd
and rdp.
eval vs worker
The eval operation behaves in the same way as out, with the
exception that if there are any fun expressions in the supplied
tuple, they will be replaced with their respective function values
before being added to the tuple space. The evaluation of the fun
expression will be carried out in a separate process. Which makes
eval the main method of starting concurrent processes.
Two forms of function elements are recognized: A zero arity fun
expression, eval({..., fun () -> expr end, ...}) or eval({..., fun Fun_name/0, ...}), and a tuple with two elements, an N arity fun
expression together with a list of length N, eval({..., {fun (A, B, ...) -> expr end, [expr, expr, ...]}, ...}) or eval({..., {fun Fun_name/N, [expr, expr, ...]}, ...}).  In the second form, the arity
can be zero, however, an empty arg list, [], must accompany the
function.
For example, eval({sum, 2, 5, fun () 2+5 end}) will
result in the tuple {sum, 2, 5, 7}. This has the same
effect as eval({sum, 2, 5, 2+5}), however, the main
difference is that in the former a new process will be created to
evaluate the sum. The advantage of using eval is where the
function(s) perform complex tasks, and we prefer to let the main
client to continue its work while the computation is being carried
out in the background.
The worker/1,2 function is a convenient function to spawn new
processes in the background. The return value of the function is
discarded. Typically this is useful for long running processes that
repeatedly wait for a tuple, process it and produce some output.
The worker/1,2 function takes a tuple that is of the form {Mod, Fun, [Args]} or fun expression like those accepted by eval/1,2.
Organization of the Project Modules
espace has been built as an OTP application, espace_app. Multiple
instances of the application can run concurrently on the same node
without interfering with each other.
The application server should be started with espace:start/1,2.
Once the server is running, the client processes can use the espace
module to perform any of the six operations. In fact, one can kick off
the whole process by calling a purpose written bootstrap function,
which can in turn perform out and eval operations.
The top level supervisor started by espace_app is espace_sup. This
supervisor manages the three gen_servers, as described below:
	etsmgr_srv is a gen_server that adds resiliency to the ETS
tables, should any of their owner servers restart due to some
fault. A single instance of etsmgr_srv is used for managing the
two ETS tables. You can find further details in the project
repo.

	espace_tspace_srv maintains the espace_tspace ETS table, the
main tuple space pool. If a requested pattern does not exist and the
request is a blocking one, i.e. in or rd, then the pattern is
forwarded to espace_tspatt_srv. In case of an out request, the
tuple is stored in the table, and espace_tspatt_srv is notified so
that it can inform all the blocking clients whose requested pattern
matches this tuple to retry the in/rd operation.

	espace_tspatt_srv maintains the espace_tspatt ETS table, which
contains the tuple patterns that worker processes (clients) are
blocked on. It accepts two types of requests from
espace_tspace_srv, one for adding unmatched patterns, which, along
with the client details, are then added to the espace_tspatt
table, and the other for the newly added tuples, which are matched
against the existing patterns in the table and, if matched, notify
the blocked clients to retry the in/rd operation.


The ETS Tables
The tuples are kept in a pair of ETS tables, espace_tspace and
espace_tspatt.
The first table, espace_tspace has two columns, an integer, and the
tuple itself. All access to the table is handled by a single server,
espace_tspace_srv.
For the cases where no matching tuple is found for a given pattern,
and the operation is a blocking one, i.e. in or rd, a second ETS
table espace_tspatt is used to remember the pattern, the client PID
and a unique reference for this specific request. The unique reference
will be used by the espace client side function to block on a
receive for that reference.
Each out operation, after inserting the new tuple, will notify
espace_tspatt_srv of the new tuple. espace_tspatt_srv will then
scan the blocking clients whose pattern matches the newly added
tuple. If a match is found, the waiting client is notified and the
client entry is removed from the table.
Once the waiting client receives the notification, it will attempt the
rd or in operation again. Note that the client is not handed the
tuple, but notified to request it again. This waiting and the
subsequent notification occurs inside the espace client code. If more
than one client have waiting patterns that match the new tuple, then
they may end up competing for it. However, since the ETS table is an
ordered_set, the notification will be performed in a first come
(blocked) first served (notified) manner. However, we cannot guarantee
that the first unblocked client will get the tuple! This
non-determinism is part of the original specification.
The Operation Counters
For each running instance of espace a set of counters are
maintained. Each set consists of six counters, one for each espace
operation. The counters are incremented whenever the operation is
requested. Note that each eval will increment two counters, eval
and out.
The functions for the operation of the counters are in the
espace_util module and have the prefix opcount_. However, only two
of them are meant for general use, opcount_counts/0,1 and
opcount_reset/0,1. The former will return a map of the
operation/count pairs, while the latter will reset the counts to zero.
The persistent term records
In order to provide better visibility of the internal workings of an
espace instance, as well as simplifying some of the code, a set of
persistent_term records are maintained for each active instance.
The functions for manipulating the terms are in the espace_pterm
module. The terms are created during the instance startup, and removed
during the instance shutdown.
The keys are of the form {espace, Inst :: atom(), Key :: atom()},
where Inst is the instance name, and Key specifies the particular
term. The current keys are listed below:
	espace_sup, espace_tspace_srv, espace_tspatt_srv and
etsmgr_srv identify the registered server names.  The entry for
each server is automatically created during the first call of
espace_util:inst_to_name/2 for that server.

	tspace_tabid and tspatt_tabid contain the ETS table ids.

	opcounters identifies the reference for the counters module.

	espace_tspace and espace_tspatt identify the table names for
 the etsmgr instance.
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This module provides the client access to the user applications.
In order to run any espace based applications the application needs to be started using one of the start/0,1 functions.
Multiple independent instances of espace can be active within the same node without interfering with each other. There can be up to one unnamed instance, and as many named instance as desired. Instance names are short atoms that are appended to the various server and table names.
All client functions here have two variants, with and without instance name. If no instance name is supplied, or if the instance name is espace, then the unnamed instance is assumed.

      


      
        Summary


  
    Functions
  


    
      
        eval(Tuple)

      


        Perform an eval operation via the unnamed espace server.



    


    
      
        eval(Inst_name, Tuple)

      


        Perform an eval operation via a named espace server.



    


    
      
        in(Pattern)

      


        Perform an in operation via the unnamed espace server.



    


    
      
        in(Inst_name, Pattern)

      


        Perform an in operation via a named espace server.



    


    
      
        infile(File)

      


        Read and process an espace input file via the unnamed server.



    


    
      
        infile(Inst_name, File)

      


        Read and process an espace input file via a named server.



    


    
      
        inp(Pattern)

      


        Perform an inp operation via the unnamed espace server.



    


    
      
        inp(Inst_name, Pattern)

      


        Perform an inp operation via a named espace server.



    


    
      
        out(Tuple)

      


        Perform an out operation via the unnamed espace server.



    


    
      
        out(Inst_name, Tuple)

      


        Perform an out operation via a named espace server.



    


    
      
        rd(Pattern)

      


        Perform a rd operation via the unnamed espace server.



    


    
      
        rd(Inst_name, Pattern)

      


        Perform a rd operation via a named espace server.



    


    
      
        rdp(Pattern)

      


        Perform a rdp operation via the unnamed espace server.



    


    
      
        rdp(Inst_name, Pattern)

      


        Perform a rdp operation via a named espace server.



    


    
      
        start()

      


        Start a new unnamed instance of espace.



    


    
      
        start(Inst_name)

      


        Start a new named instance of espace.



    


    
      
        stop()

      


        Stop the unnamed instance of espace.



    


    
      
        stop(Inst_name)

      


        Stop a named instance of espace.



    


    
      
        worker(MFA)

      


        start a new worker process via the unnamed espace server.



    


    
      
        worker(Inst_name, _)

      


        start a new worker process via a named espace server.
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      eval(Tuple)



        
          
        

    

  


  

      

          -spec eval(tuple()) -> pid().


      


Perform an eval operation via the unnamed espace server.
See eval/2 for details.

  



  
    
      
    
    
      eval(Inst_name, Tuple)



        
          
        

    

  


  

      

          -spec eval(atom(), tuple()) -> pid().


      


Perform an eval operation via a named espace server.
The input Tuple is evaluated in a worker process and the result is sent to the tuple space using out operation.
The function returns the pid of the worker process.
The elements of the output tuple correspond to those of Tuple. If any of the elements of Tuple match the function pattern, then the corresponding output element will be the value of the function.
The following patterns will trigger the evaluation of the second element of the tuple:
	Anonymous function, e.g. {aa, fun () -> 2+3 end, zz}.
	Tuple with function and args, e.g. {aa, {fun (X,Y) -> X+Y end, [2, 3]}, zz}

Both examples above will produce {aa, 5, zz}
In the first example we have a fun expression of arity zero. In the second, we have a pair (tuple) of a fun expression and a list, and the arity of the fun matches the length of the list.
Any other pattern will move the element to the output tuple untouched.

  



  
    
      
    
    
      in(Pattern)



        
          
        

    

  


  

      

          -spec in(tuple()) -> {list(), tuple()} | quit.


      


Perform an in operation via the unnamed espace server.
See in/2 for details.

  



  
    
      
    
    
      in(Inst_name, Pattern)



        
          
        

    

  


  

      

          -spec in(atom(), tuple()) -> {list(), tuple()} | quit.


      


Perform an in operation via a named espace server.
For details of possible patterns see the match_spec in ets:match/2,3. Pattern must be a tuple. It may consist of expressions, or it may contain $N pattern variables, where N>0.
If the pattern does not match a tuple in the tuple space, then the call will block until such a pattern is added to the tuple space. If the espace server terminates while the client is in blocking state the atom quit will be returned.
If a match is found, the tuple is returned as a pair {List, Tuple}, where Tuple is the whole tuple, and List is a, possibly empty, list containing the matched $N pattern variables. The items in the list will be ordered by the $N variable numbers.
For example the tuple {add, 34, 88} will match the pattern {add, '$2', '$1'}, and the returned result will be '{[88, 34], {add, 34, 88}}'. Note the order of the numbers in the list.
The matched tuple will be removed from the tuple space.

  



  
    
      
    
    
      infile(File)



        
          
        

    

  


  

      

          -spec infile(file:name_all()) -> ok.


      


Read and process an espace input file via the unnamed server.
See infile/2 for details.

  



  
    
      
    
    
      infile(Inst_name, File)



        
          
        

    

  


  

      

          -spec infile(atom(), file:name_all()) -> ok.


      


Read and process an espace input file via a named server.
The file should be a valid Erlang terms file.

  



  
    
      
    
    
      inp(Pattern)



        
          
        

    

  


  

      

          -spec inp(tuple()) -> nomatch | {list(), tuple()}.


      


Perform an inp operation via the unnamed espace server.
See inp/2 for details.

  



  
    
      
    
    
      inp(Inst_name, Pattern)



        
          
        

    

  


  

      

          -spec inp(atom(), tuple()) -> nomatch | {list(), tuple()}.


      


Perform an inp operation via a named espace server.
The inp/1,2 functions are the non-blocking versions of in/1,2`. If a match is not found in the first instance, then the atom `nomatch is returned. If a match is found, then it will be removed from the tuple space and returned as a {List, Tuple} pair.
See in/1,2 for details and examples of the match patterns.

  



  
    
      
    
    
      out(Tuple)



        
          
        

    

  


  

      

          -spec out(tuple()) -> done.


      


Perform an out operation via the unnamed espace server.
See out/2 for details.

  



  
    
      
    
    
      out(Inst_name, Tuple)



        
          
        

    

  


  

      

          -spec out(atom(), tuple()) -> done.


      


Perform an out operation via a named espace server.
The Tuple supplied as argument will be added to the tuple space. Duplicate tuples are allowed in the tuple space.

  



  
    
      
    
    
      rd(Pattern)



        
          
        

    

  


  

      

          -spec rd(tuple()) -> {list(), tuple()} | quit.


      


Perform a rd operation via the unnamed espace server.
See rd/2 for details.

  



  
    
      
    
    
      rd(Inst_name, Pattern)



        
          
        

    

  


  

      

          -spec rd(atom(), tuple()) -> {list(), tuple()} | quit.


      


Perform a rd operation via a named espace server.
The rd/1,2 functions behave in the same manner as in/1,2 except that when a matching tuple is found, it will not be removed from the tuple space.

  



  
    
      
    
    
      rdp(Pattern)



        
          
        

    

  


  

      

          -spec rdp(tuple()) -> nomatch | {list(), tuple()}.


      


Perform a rdp operation via the unnamed espace server.
See rdp/2 for details.

  



  
    
      
    
    
      rdp(Inst_name, Pattern)



        
          
        

    

  


  

      

          -spec rdp(atom(), tuple()) -> nomatch | {list(), tuple()}.


      


Perform a rdp operation via a named espace server.
The functions rdp/1,2 are the non-blocking versions of rd/1,2. That is, if a match is not found, then nomatch is returned, and if a match is found the matching tuple will be return, but it will not be removed from the tuple space.

  



  
    
      
    
    
      start()



        
          
        

    

  


  

      

          -spec start() -> ok | {error, term()}.


      


Start a new unnamed instance of espace.

  



  
    
      
    
    
      start(Inst_name)



        
          
        

    

  


  

      

          -spec start(atom()) -> ok | {error, term()}.


      


Start a new named instance of espace.

  



  
    
      
    
    
      stop()



        
          
        

    

  


  

      

          -spec stop() -> ok | {error, term()}.


      


Stop the unnamed instance of espace.

  



  
    
      
    
    
      stop(Inst_name)



        
          
        

    

  


  

      

          -spec stop(atom()) -> ok | {error, term()}.


      


Stop a named instance of espace.

  



  
    
      
    
    
      worker(MFA)



        
          
        

    

  


  

      

          -spec worker(tuple()) -> pid().


      


start a new worker process via the unnamed espace server.
See worker/2 for details.

  



  
    
      
    
    
      worker(Inst_name, _)



        
          
        

    

  


  

      

          -spec worker(atom(), tuple()) -> pid().


      


start a new worker process via a named espace server.
The function expects a single tuple as argument, which can have one of the following forms:
	A {Mod, Fun, Args} triple, e.g. {adder1, test_add2, []}.
	A single fun without args, e.g. {fun () -> adder1:test_add2() end}, or {fun adder1:test_add2/0}.
	A single fun with args, e.g. {fun (A,B) -> adder1:test_add2(A,B) end}, or {fun adder1:test_add2/2, [A,B]}.
	A string containing a fun, e.g. "fun () -> adder1:test_add2() end.". This is mainly for use in espace input files.
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Main application module.
Multiple instances of the application can be active concurrently within the same node, and without interfering with each other. Each instance will be identified by a unique instance name, an atom.
The instance name espace has a special meaning as it identifies the unnamed instance. The espace instance can be started with application:start(espace). The application description will be taken from the espace.app file.
Starting a named instance is slightly more involved, since an appropriate app description needs to be created and passed to application:load/1, followed by application:start/1. This is implemented in espace:start/1.
To start an instance of espace espace:start/0,1 should be used. The started application will have the same name as the instance, or espace, in the case of the unnamed instance.

      




  

    
espace_observer 
    



      
observer_cli plugin for espace.

      


      
        Summary


  
    Functions
  


    
      
        attributes(Prev_state)

      


        The callback for the attributes section.



    


    
      
        load_config()

      


        Load the default observer_cli plugin env data.



    


    
      
        load_config(Config)

      


        Load the supplied observer_cli plugin env data.



    


    
      
        sheet_body(Prev_state)

      


        The callback to return all the counts for all instances.



    


    
      
        sheet_header()

      


        The callback to return the column headings



    





      


      
        Functions


        


  
    
      
    
    
      attributes(Prev_state)



        
          
        

    

  


  

      

          -spec attributes(term()) -> {[any()], term()}.


      


The callback for the attributes section.
Presently this will return an empty list.

  



  
    
      
    
    
      load_config()



        
          
        

    

  


  

      

          -spec load_config() -> ok.


      


Load the default observer_cli plugin env data.
See load_config/1 for details.

  



  
    
      
    
    
      load_config(Config)



        
          
        

    

  


  

      

          -spec load_config(term()) -> ok.


      


Load the supplied observer_cli plugin env data.
This is only needed in order to allow a remote observer_cli to access the espace plugin.

  



  
    
      
    
    
      sheet_body(Prev_state)



        
          
        

    

  


  

      

          -spec sheet_body(term()) -> {[list()], term()}.


      


The callback to return all the counts for all instances.

  



  
    
      
    
    
      sheet_header()



        
          
        

    

  


  

      

          -spec sheet_header() -> [#{title => string(), width => pos_integer(), shortcut => string()}].


      


The callback to return the column headings
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Provide access to the operation counters.

      


      
        Summary


  
    Types
  


    
      
        espace_op/0

      


    





  
    Functions
  


    
      
        counts()

      


        Return the current counts for the unnamed instance as a map.



    


    
      
        counts(Inst_name)

      


        Return the current counts for a named instance as a map.



    


    
      
        incr(Op)

      


        Increment a single espace op counter for the unnamed instance.



    


    
      
        incr(Inst_name, Op)

      


        Increment a single espace op counter for a named instance.



    


    
      
        new()

      


        Create a new ops counter array for the unnamed instance.



    


    
      
        new(Inst_name)

      


        Create a new ops counter array for a named instance.



    


    
      
        reset()

      


        Reset all the op counters of the unnamed instance.



    


    
      
        reset(Inst_name)

      


        Reset all the op counters of a named instance.
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      espace_op/0



        
          
        

    

  


  

      

          -type espace_op() :: in | rd | inp | rdp | out | eval.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      counts()



        
          
        

    

  


  

      

          -spec counts() -> #{espace_op() => integer()}.


      


Return the current counts for the unnamed instance as a map.
See counts/1 for details.

  



  
    
      
    
    
      counts(Inst_name)



        
          
        

    

  


  

      

          -spec counts(atom()) -> #{espace_op() => integer()}.


      


Return the current counts for a named instance as a map.

  



  
    
      
    
    
      incr(Op)



        
          
        

    

  


  

      

          -spec incr(espace_op()) -> ok.


      


Increment a single espace op counter for the unnamed instance.
See incr/1 for details.

  



  
    
      
    
    
      incr(Inst_name, Op)



        
          
        

    

  


  

      

          -spec incr(Inst_name :: atom(), Op :: espace_op()) -> ok.


      


Increment a single espace op counter for a named instance.
In the interest of keeping the code simple, the counter index of each op corresponds to the position of Op in the record tuple, which ranges from 2 to 7.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          -spec new() -> ok.


      


Create a new ops counter array for the unnamed instance.
See new/1 for details.

  



  
    
      
    
    
      new(Inst_name)



        
          
        

    

  


  

      

          -spec new(atom()) -> ok.


      


Create a new ops counter array for a named instance.
The array will have one counter per espace operation. The counters ref is saved in as a persistent term.

  



  
    
      
    
    
      reset()



        
          
        

    

  


  

      

          -spec reset() -> ok.


      


Reset all the op counters of the unnamed instance.
See reset/1 for details.

  



  
    
      
    
    
      reset(Inst_name)



        
          
        

    

  


  

      

          -spec reset(atom()) -> ok.


      


Reset all the op counters of a named instance.
This function has been provided for investigating an application.

  


        

      


  

    
espace_pterm 
    



      
When espace instances are started, a number of instance specific persistent_term entries are created. The functions in this module provide access to these entries.
The persistent_term entries are expected to have the following format: {espace, Inst_name, Key}, where, Key identifies the particular espace item, such as server name or ETS table name, and Inst_name is the espace instance name, which is the same as the application name. For the unnamed instance the Inst_name is espace.

      


      
        Summary


  
    Types
  


    
      
        pt_key/0

      


    





  
    Functions
  


    
      
        erase(Inst_name)

      


        Remove all the persistent terms for a given espace instance.



    


    
      
        get(Inst_name, Key)

      


        Lookup the instance Key for Inst_name.



    


    
      
        put(Inst_name, Key, Term)

      


        Create an espace persistent term.



    





      


      
        Types


        


  
    
      
    
    
      pt_key/0



        
          
        

    

  


  

      

          -type pt_key() :: {espace, atom(), atom()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      erase(Inst_name)



        
          
        

    

  


  

      

          -spec erase(atom()) -> [] | [{pt_key(), term()}].


      


Remove all the persistent terms for a given espace instance.

  



  
    
      
    
    
      get(Inst_name, Key)



        
          
        

    

  


  

      

          -spec get(atom(), atom()) -> undefined | term().


      


Lookup the instance Key for Inst_name.
If the persistence term does not exist, undefined is returned.

  



  
    
      
    
    
      put(Inst_name, Key, Term)



        
          
        

    

  


  

      

          -spec put(atom(), atom(), term()) -> ok.


      


Create an espace persistent term.

  


        

      


  

    
espace_sup 
    



      
Main espace application supervisor. It handles the main application components.
There are three child components, all are gen_servers. Two are the main application servers, and the third is the etsmgr application in embedded mode, i.e. there is no separate etsmgr application. We also make sure that etsmgr_srv is the first child to be started as the other two servers depend on this server.
For the child specification, we rely on the default settings of:
     restart  => permanent,
     shutdown => 5000,
     type     => worker
   

      


      
        Summary


  
    Functions
  


    
      
        start_link(Inst_name)

      


        Starts the main supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      start_link(Inst_name)



        
          
        

    

  


  

      

          -spec start_link(atom()) -> supervisor:startlink_ret().


      


Starts the main supervisor.
We expect an espace instance name, which will uniquely identify all the components of the application.

  


        

      


  

    
espace_tspace_srv 
    



      
This is the custodian gen_server for the tuple space ETS table.
The table is created as an ordered_set and in protected mode. All access to the table is expected to come through this server, although other proceses can inspect the contents of the table for debugging purposes.
Each record has the form {Num, {Tuple}}, where Num is a unique integer key that we initialize to 0 and increment before inserting the next record, and Tuple is the user supplied payload. For example if the tuple {hello, 123} is the first to be added, then the inserted record will be {1, {hello, 123}}.
The ETS table name used will reflect the espace instance name. This will be espace_tspace for the default/unnamed instance, and espace_tspace_abc for an instance named abc.
The etsmgr application provides resilience for the server data, should the server restart while it is holding tuple space data.

      


      
        Summary


  
    Functions
  


    
      
        add_tuple(Inst_name, Tuple)

      


        Add a new tuple to the tuple space ETS table.



    


    
      
        get_tuple(Inst_name, Espace_op, Pattern)

      


        Lookup a tuple pattern in the tuple space ETS table.



    


    
      
        start_link(Inst_name)

      


        Starts the server.



    





      


      
        Functions


        


  
    
      
    
    
      add_tuple(Inst_name, Tuple)



        
          
        

    

  


  

      

          -spec add_tuple(atom(), tuple()) -> done.


      


Add a new tuple to the tuple space ETS table.
The tuple is inserted with a unique integer as the key, the key is incremented with every insert.
Once the tuple is added it will trigger the espace_tspatt_srv server to check for any waiting (blocking) clients whose in/rd pattern matches the newly inserted tuple. We do not wait for any replies from espace_tspatt_srv.

  



  
    
      
    
    
      get_tuple(Inst_name, Espace_op, Pattern)



        
          
        

    

  


  

      

          -spec get_tuple(atom(), in | rd | inp | rdp, tuple()) ->
                   {nomatch} | {nomatch, reference()} | {match, {list(), tuple()}}.


      


Lookup a tuple pattern in the tuple space ETS table.
If no match is found, {nomatch} is returned.
If a match is found, {match, {List, Tuple}} is returned, where List is the list of the $N elements referenced in the pattern, if any, and Tuple is the second part of the ETS record.
This function runs within the client process. Since rdp does not require write access to the table, we can skip calling the gen_server and read the data directly from the ETS table.
For rdp, although we are bypassing the gen_server, we still need to provide some of the State data to the handler. For now, this is created manually, but it will be fixed more elegantly in future.

  



  
    
      
    
    
      start_link(Inst_name)



        
          
        

    

  


  

      

          -spec start_link(atom()) -> {ok, pid()} | ignore | {error, {already_started, pid()} | term()}.


      


Starts the server.
We expect an instance name to be supplied, which will be used to uniquely identify the ETS table for the instance.

  


        

      


  

    
espace_tspatt_srv 
    



      
Custodian for the espace_tspatt, waiting patterns, ETS table.
The table is created as an ordered_set and in protected mode. All access to the table is expected to come through this server. However, other proceses can inspect its contents for debugging purposes.
The table keeps track of client processes that are blocked on in or rd waiting for a tuple matching their pattern to be added to the tuple space. In effect the ETS table is a pattern waiting list.
Our sole client is espace_tspace_srv. Whenever an in or rd operation does not find a match the client is given a unique key to wait on, and that key along with the pattern and client's pid is passed to us, via add_pattern/4, to add to the waiting list.
Whenever a new tuple is added to the tuple space, we will receive a copy of the tuple, via check_waitlist/2, to check against waiting patterns. If we find a match, the correponding client(s) will be notified of the new arrival.
Communication from espace_tspace_srv is unidirectional. Once it sends us a request, it will continue with its own work. We never reply to espace_tspace_srv.
The ETS table name used will reflect the espace instance name. This will be espace_tspatt for the default/unnamed instance, and espace_tspatt_abc for an instance named abc.
The etsmgr application is used to add resilience to the server data, should the server restart while it is holding tuple patterns.

      


      
        Summary


  
    Functions
  


    
      
        add_pattern(Inst_name, Cli_ref, Pattern, Cli_pid)

      


        Add a new pattern to the waiting list.



    


    
      
        check_waitlist(Inst_name, Tuple)

      


        Check a tuple against waiting patterns.



    


    
      
        start_link(Inst_name)

      


        Starts the server



    





      


      
        Functions


        


  
    
      
    
    
      add_pattern(Inst_name, Cli_ref, Pattern, Cli_pid)



        
          
        

    

  


  

      

          -spec add_pattern(atom(), reference(), tuple(), pid()) -> ok.


      


Add a new pattern to the waiting list.
We insert the Pattern along with the client's pid and unique ref in the ETS table.

  



  
    
      
    
    
      check_waitlist(Inst_name, Tuple)



        
          
        

    

  


  

      

          -spec check_waitlist(atom(), tuple()) -> ok.


      


Check a tuple against waiting patterns.
We check the newly added tuple against the existing client patterns using ets:test_ms/2. If a pattern is found, the waiting client(s) will be informed, via their Pid and Cli_Ref, to retry the in or rd operation.
Once a client is notified, the pattern will be removed from the waiting list.

  



  
    
      
    
    
      start_link(Inst_name)



        
          
        

    

  


  

      

          -spec start_link(atom()) -> ignore | {error, {already_started, pid()} | term()} | {ok, pid()}.


      


Starts the server
We expect an instance name to be supplied, which will be used to uniquely identify the ETS table for the instance.

  


        

      


  

    
espace_util 
    



      
A set of utility functions to support the rest of the espace modules.

      


      
        Summary


  
    Functions
  


    
      
        eval_out(Tuple_in)

      


        Conditionally evaluate a tuple and out the result to the unnamed instance.



    


    
      
        eval_out(Inst_name, Tuple_in)

      


        Conditionally evaluate a tuple and out the result to a named instance.



    


    
      
        inst_to_name(Prefix, Inst_name)

      


        Convert an instance name to longer prefixed name.



    


    
      
        wait4etsmgr(Inst_name, _, Table_name, Table_opts)

      


        wait for etsmgr to (re)start, then ask it to manage our table.



    





      


      
        Functions


        


  
    
      
    
    
      eval_out(Tuple_in)



        
          
        

    

  


  

      

          -spec eval_out(tuple()) -> done.


      


Conditionally evaluate a tuple and out the result to the unnamed instance.
See eval_out/2 for details.

  



  
    
      
    
    
      eval_out(Inst_name, Tuple_in)



        
          
        

    

  


  

      

          -spec eval_out(atom(), tuple()) -> done.


      


Conditionally evaluate a tuple and out the result to a named instance.
The elements of the output tuple correspond to those of Tuple_in. If any of the elements of Tuple_in are recognized as function, then the corresponding output element will be the value of the function.
Two types of patterns are recognized as functions and are evaluated. A normal function expression of arity zero, fun () -> expr end. And, a tuple with two elements, a function expresion of arity N and a list of length N, N can be zero.
Any other pattern will move the element to the output tuple untouched.

  



  
    
      
    
    
      inst_to_name(Prefix, Inst_name)



        
          
        

    

  


  

      

          -spec inst_to_name(atom(), atom()) -> atom().


      


Convert an instance name to longer prefixed name.
This is used for obtaining the instance specific server/table names. For example inst_to_name(espace_sup, aaa) will return espace_sup_aaa.
If the instance name is espace, then the prefix is returned without an instance name suffix. For example inst_to_name(espace_sup, espace) will return espace_sup.
Instead of generating the full name each time this function is called, we perform the conversion once and cache the result as an entry in the persistent_term store. Each entry has the key {espace, Inst_name, Prefix}, e.g. {espace, aaa, espace_sup}, and the full name as value, e.g. espace_sup_aaa.
The use of persistent_term store will help speed up all named instances, including the short lived espace:eval/2 processes.

  



  
    
      
    
    
      wait4etsmgr(Inst_name, _, Table_name, Table_opts)



        
          
        

    

  


  

      

          -spec wait4etsmgr(atom(), init | recover, atom(), term()) -> {ok, pid(), ets:tab()} | {error, term()}.


      


wait for etsmgr to (re)start, then ask it to manage our table.
There are two occassions where this function is called:
	init - start/restart of our gen_server that owns a table, in this case we do not have, or know of, the ETS table. So we ask etsmgr to create a new table using etsmgr:new_table/4. If etsmgr is already managing such a table that does not already belong to another process, then that table will be given to us.
	recover - recovery of the etsmgr server, in this case we ask etsmgr to start managing our ETS table.
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