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1. Introduction

Thisdocument provides anintroductory programming manual for paraML, an extension of ML.
The classic example of computing factorial motivates the explanation of paraML syntax, what
can and cannot be done, and how to work around some of problemsthat arise through the design
of the language and it’s interaction with the type system.

There is no attempt made in this report to justify the overall design for paraML; for more
information about our decisions and motivation in that regard, please see [3,4,5,6,9].
Justifications will be made about particular primitives and how they are implemented, since we
chose to make no changeto the syntax of Standard ML, and simply providethe extensionsasan
ML module, in the same manner as Concurrent ML[11,12].

The current implementation has been built for the Fujitsu AP1000, a distributed memory
multicomputer. The primary modifications made to the compilation system (SML2C or
SML/NJ) were to extend the runtime system to enable access to the AP1000’s task creation and
Interprocessor communication primitives. | see no great difficulty in porting the system to the
CM5, or similar multicomputers; it would require rewriting the runtime system calls. Similarly,
the language could be ported to a sequential computer or a shared memory multiprocessor. The
paraML operations could be rewritten in the latter cases with CML primitives, instead of
accessing the runtime system communication operations. A similar approach could be taken to
rewritethe paraM L runtime system which executes on each processing cell of the multicomputer
in CML.

Readersare expected to befamiliar with the basic syntax of Standard ML aswe make no attempt
to describe the languagein thismanual. Excellent introductionsto thelanguage can befoundin
[10,14]. Theformal definition of thelanguageand acommentary aregivenin[7,8]. Lastly, since
the systemishbuilt ontop of Standard ML of New Jersey-based compilers, thefacilitiesavailable
under those systems are available in paraML; documentation on the New Jersey systems is
availablein [1].

2. Programming Model as an Abstract Machine

» A paraML program executes on a virtual machine consisting of arbitrarily many virtual
processors, each physical processor has its own paraML runtime system capable of
supporting multiple virtual processors. Until processes are created, the program behaves
likeaseguential ML program, executingonasingle processor. Thisprogramisthetop-level
user expression.

» Each virtual processor managesits own independent environment. When anew processis
created, it is assigned to some new virtual processor.

» Processes are created through expression evaluation; a name that uniquely identifies the
new process is the value returned. The new process evaluates an expression in an initial
environment which is a copy of the creator’s at the time of creation.

» Communication between processes is performed by sending objectsto typed ports. These
ports are private and readable only by the process that owns them; they are not expressible
objects, and do not exist as part of thelocal environment. Bindings to objects are made by
reading a message into the local environment from a port. Ports come into existence on
process creation, or may be dynamically created by a process during execution.



The new semantic objects in a paraML program are thus processes, which encapsulate an
expression evaluating independently of other expressions, and ports, which queue messages
(first-classML objects) destined for aparticular process. Thenew expressiblevaluesthat permit
accessto these semantic objectsare processnamesand port names. Both processnamesand port
names are strongly typed, which permits static checking of communication between processes,
though the communication may be non-deterministic.

3. Language Primitives

In this section, the various primitives of the paraM L extension areintroduced, grouped together
where appropriate. A listing of the signaturefilefor the paraML structureisgivenin Appendix
A. Thebasic model of paraML programsis a user expression that is evaluated

3.1 Processesin paraML

Control parallel programming requires aminimum set of primitivesto provide process creation
and to enable interprocess cooperation. In paraML there are mechanisms for forming process
declarations (without executing them), and to create activel y-executing processes asinstances of
such process forms. A paraML operation can be used to ascertain the result of a process and
message passing primitives are provided for communication between processes. In this section,
just the mechanisms for declaring processes, creating them, and obtaining their result are
illustrated.

3.1.1 Process Definition and Creation

Processes are defined typically with afunction definition. An example definition for a process
that computes factorial follows below:

fun factorial (n:int) = (create (<ports declaration>:"1p Ports)
(fn () => <process body>:"r))

For themoment, ignorewhat goesin the areas marked <port declarations> and <process body>.
Thefunction f act ori al , when applied to an integer argument, callsthe cr eat e function.
Thisfunctionisin curried form, and takes a ports declaration (defined in Section 3.2.1), and a
thunk (a function with unit argument). The thunk encodes the process body — the expression
which will be evaluated by the process when executing. The unit function prevents the process
body being evaluated immediately; instead, the thunk will be applied to the unit argument in the
newly created process, thereby achieving parallel execution. Bindings to variables used in the
process body occur in the norma manner with functions in ML. In particular, when
factori al isapplied, thevalueof n isbound withinthe processbody. Importantly, reference
variables and other mutable objects (like arrays) used in the process body, whose declaration
occurs outside the process definition, are copied at application time — there is no shared global
address space provided by paraML.

The value returned on applying f act ori al to an integer argument is an object of type
("r,” 1p) ProcessNane.

val fact_proc_nane: ('r,’ 1p) ProcessNanme = factorial 10

The process name encapsul atesinformation about the type of the processbody (' r ), andthetype
of thecommunicationports(’ p). Italsoencodessufficient informationfor operationstoretrieve
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the communication ports, and to obtain the value computed by the process on evaluation of its
process body. The type of the cr eat e operation isthus given by:

val create : '"1p Ports —> (unit —> "r) —> (’'r,’ 1p) ProcessName

3.1.2 Creation of Process Groups

It is also possible to create multiple instances of a process definition in a single operation.
Suppose we wanted to create multiple factorial processes (though there is no particular reason
why we would do this), the declaraction for factorial would look like:

fun factorial (n:int) = (groupcreate (<ports declaration>:"1p Ports)
(fn () => <process body>:"r))

Thegr oupcr eat e operation behavesamost exactly likethecr eat e operation, except that it
expects an extraargument (againin curried form), which specifiesthe number of processesto be
created. Instead of just asingle process name being returned, alist of process namesisreturned.
Thislist is, in a strong sense, a group of processes, for reasons that will be explained later in
Section 3.2.4. The process creation now looks like this:

val fact _proc_nanes:(’'r,’ 1p) ProcessNane list = factorial 10 5

Theimportant thing to note isthat each processis unique, and has a different process name, but
that they will contain identical bindings of variables passed as arguments to the function
application and variabledeclared outside of the processdefinition withintheir processbody. The
type of the groupcreate operation is given as:

val groupcreate : '1c Ports —> (unit => 'r) —>int —>
("r,”1c) ProcessNane |i st

3.1.3 Resultsfrom Processes

Once a process has been created, there are various ways to communicate with it using message
passing. If it is necessary to synchronise on a process's termination, or to obtain the value
computed by aprocess' sbody, ther esul t operation may beused. Thefunctionr esul t takes
a process hame, and blocks until the process identified by the name has completed execution.
The value computed by the process's body is returned as the value of ther esul t function.

val factl1l0 = result fact_proc_nane

Notethat any processwhich knows another process' snamemay usether esul t operation;itis
not the case that r esul t can only be applied once for any given process name. The value
computed by the process will be sent to any process that requests the process's result, and this
valueisonly available after process termination. Thetypeof resul t is:

val result : ('r,’1p) ProcessNanme —> 'r
Factorial

A complete definition of factorial can be written, which does not require communication. This
exampleillustratesthe use of recursiveprocesscreation. Ignoretheportsdeclarationfor thetime
being.



fun factorial (n:int) = (create (no_ports())
(fn () =>
if n=20
then 1
el se
| et val execproc
val part_fac
inn* part_fac
end
end))

factorial (n-1)
result execproc

3.2 Communication

Communication in paraML occurs via message passing to typed ports. Ports can come into
existence either at process creation time (fixed ports), or throughout the evaluation of a process
body (dynamic ports). There exist various operations to manipulate messages and ports. Any
first classML object may be communicated to an appropriately-typed port, including functions,
arrays, records, lists, process names etc.

3.21 Fixed Port Creation

It is useful to be able to declare ports that will come into existence on process creation. Since
these ports are declared in the process definition, and form part of a process's name, they are
consideredto befixed. Theoperationto createaportiscalled, naturally enough, por t , andtakes
a unit argument. The value returned by the port operation is a port name, of type’ 1p
Port Name. Thetype’ 1p indicatesthat this operation is aweakly-polymorphicl operation of
rank 1. Essentially, what thisrequiresisthat at compilation time, all port name objects must have
aground type variable (such asi nt or FooBar . dat a) parameterising the Por t Nane type.
Typically, we wish to declare a number of ports, and to be able to identify them individually,
whichismost ssmply done using an ML record. Therecord iswrapped in adatatype constructor
toindicatethat it isaset of fixed portsfor thecr eat e or gr oupcr eat e operationsusing the
por t s operation. For instance, the appropriate ports declaration to be used with the factorial
process definition (given above in Section 3.1.1) might look like this:

type fact _ports = {data:int PortNane}
(ports ({data=port()}:fact_ports))

A single port only isrequired, which isdeclared withinthe ML record { dat a=port ()} . The
type of the port isgiven by thef act _por t s type declaration, which determinesthe port isto
receive integers. The field name dat a is thus bound to a port name object of type i nt
Por t Name. Theexpression asawholeyieldsan object of typef act _ports Ports,which
isthen of the appropriate typeto be used asthefirst argument toacr eat e or gr oupcr eat e
operation. Thetypesof theport and port s operations are as follows:

val port : unit —> '1p Port Nane
val ports : 'la —> '1la Ports

1. Weak polymorphism is a mechanism used by the Standard ML of New Jersey compilers to eliminate
type loopholes. A brief explanation of it is that the rank of the type variable indicates the number of
abstractionsthat “protect” Por t Name values of that type.
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In the case where there are no ports to declare on process creation (asin the earlier definition of
factorial), the operation no_port s isprovided. The operation returns a value of type uni t
Ports:

val no_ports : unit —> unit Ports
The code for the factorial process definition now looks like this:

type fact_ports = {data:int PortNane}

fun factorial () = (create (ports ({data=port()}:fact_ports))
(fn () => <process body>:"r))

val fact _proc_nane: ('r,fact_ports) ProcessNane = factorial ()

3.2.2 Dynamic Ports

Ports can be declared at any time, either within an executing process, or by the top-level
evaluation which declares and creates the first processes. A port is declared using the por t
operation as before:

val dynam c_port_name: bool PortNanme = port ()
It makes no difference to message passing operations whether the port name was generated from
afixed port declaration or a dynamic port declaration.
3.2.3 Retrieving Port Names from Fixed Ports

Since fixed ports are declared with the process definition, there must also be a mechanism to
retrieve them from within the process name of a created process. The operation provided to do
thisiscaled get port s, which takes a process name as argument, and returns the associated
fixed ports. For example, retrieving the fixed portsfrom the factorial processwould be possible
with:

val ports of fact:fact _ports = getports fact_proc_nane

Note that thisretrieves an object of typef act _ports,notfact _ports Ports, sincewe
now wish to be able to identify individual port names. The port name bound to dat a can be
picked out with the ML record field selector operation #:

val fact_data_port_name = #data ports_of fact

Within a process body, we wish to be able to do the same thing, and an operation called
sel f port s isprovided that retrieves the fixed ports associated with the process's name:

val ports_of fact:fact _ports = selfports fact_proc_name

Usingsel f port s, itisnecessary toidentify thetype of theresulting object (f act _portsin
this example), since sel f ports returns a weakly polymorphic value. Note that the
sel f port s operationisequivalenttoget ports (sel fid()) —thesel fi d operationis
defined in Section 3.3.

3.24 Message Passing
Sending

In order to send an object to a port, the operation send is provided which takes an argument of
type’ 1p Port Nane and anobject of type’ 1p,incurried form. Supposewewishto sendthe
value 9 to the data port of afactoria process, then the following performs this operation:



send fact _data port_nane 9

Note that sending is asynchronous, so there is no blocking for message receipt. Thetype of the
send operation is clearly:

val send : "1p PortName —> '1p —> unit

It isalso possibleto broadcast messagesto afixed port of all processes belonging to agroup (ie.
those created by agroupcreate operation). Theoperation acceptstheport name of any member of
aprocess group, and broadcasts it to the same port of all processes.2 |f amember of a process
group isbroadcasting to afixed port common to all members of itsown group, then the message
isnot received by the sending process. Broadcast does not work for dynamic ports, or indeed for
any port other than afixed port of agr oupcr eat e operation. Thetypeof thebr oad operation
is:

val broad : '1p PortName —-> '1p —> unit

Message arrival order is preserved between successive message passing operations from one
process to another, regardless of whether send or br oad is used.

Receiving
In order to extract an object from aport, the operation get isprovided, whichtakesasingle port
name argument (of type’ 1p Port Nane) and returns the first object from the port (of type

" 1p) . Messagesarequeued inaport in order of arrival. Retrieving amessagefrom the dataport
of the factorial process can be done by:

val data = get fact_data_port_nane

Theoperationwill block until amessageisavailable.3 If the port namethat ispassedtoget does
not identify a port that is owned by the process which calls get, then an exception
Por t Not Oamned israised. Theimplicationisthat portsarenot shared datastructuresthat canbe
examined by any processwhich knowsthe port name— extracting messages can only be done by
the process that creates a port, either as part of it's fixed ports on creation, or a dynamic port
created during execution. The type of the get operation is:

val get : '1p PortName —-> '1p
Checking and Selecting

Since get is ablocking operation, it is aso desirable to be able to check whether a message is
actually ready to be extracted. Thefunctionr eady takes a port name, and returns a function.
The return function, when applied to the unit argument, yields a boolean vaue indicating
whether thereisamessage available or not on the port. To check whether amessage hasarrived
on the data port of the factorial process, we might do the following:

I et val check_data = ready fact_data_port_nane
in check _data ()
end

2. ltisanticipated that the current mechanisms for broadcasting will change in the near future with the introduction
of agr oupport operation; br oad will then only work with G- oupPor t Nane objects.
3. If the operation does block, then the process also yields control to either another process or the paraML runtime

system executing on each cell. At a later time, it will be swapped back in, and so on, until the message is
available.



The type of ther eady operation isthus:
val ready : '1p PortName —-> (unit —> bool)

Moregenerally, an ability to sel ect an action according to whether thereisamessageavailableon
one of anumber of portsisdesirable. Thisoperationiscaledsel ect , andtakesalist of tuples,
where the first tuple element is a check function of typeunit —> bool , and the second
element isan action function of typeuni t —> ' a. The semantics of the operation arethat the
list is worked through progressively until one of the check functions returnst r ue, and the
corresponding action function is executed. If none of the check functionsevaluatestot r ue, it
returnsto thestart of thelist and triesagain, and so forth until an action function can be executed.*
Supposewe have another port namecalled term_port_name of type bool PortName, and wewant
to check whether we have either data or atermination message, then we might do the following:

sel ect |
(ready fact_data_port_name, fn () => (<do sonething with data>;()) ),
(ready termport_nane, fn () => (<do sonmething on terne;()) )]

Thingstonoteaboutsel ect arethat all theaction functionsmust be of the sametype, sothat the
return value of thewhol e operationisavalueof theresult type of theaction functions. Sincethere
isno guarantee of when amessagewill arrive, it ispossiblethat between executing thefirst check
function and executing the second check function, two messages will arrive, the first of which
would have satisfied thefirst check function, and the second satisfies the second check function.
Action functions should not assumethat if their check function was satisfied that it implies that
previous check functions could not be satisfied now, only that they were not satisfied when
checked in their turn.>

Thetype of thesel ect operationis:
val select : ((unit —> bool) * (unit —> "a)) list —> "a
Factorial Again

We now can rewrite factorial to use message communication, rather than passing the integer
argument at creation time. The definition might look something like this:

type fact_ports = {data:int PortNane}
fun factorial () =
(create (ports ({data=port()}:fact_ports))
(fn () =>
let val ny_ports:fact_ports = selfports()
val fact _data port_nanme = #data my_ports
val data = get fact_data_port_nane
inif data =0
then 1
el se

4. If dl check functionsfail, then thisis taken as an opportunity to perform a process switch, aswith get .

5. Itishoped that afuture version of paraML will implement amechanism to read all messages each time through a
checking iteration of thesel ect loop, thereby guaranteeing action functions only executeif al previous check
functions failed and would fail now.



| et val execproc = factorial ()
val _ = send (#data ((getports execproc):fact_ports))
(execdata — 1)
val part_fac = result execproc
in data * part_fac
end
end))

3.3 Ildentity

Theability for aprocessto obtain its own processnameisprovided with the operationsel f i d.
This function takes auni t argument, and returns a process name. The process name object
returned is weakly polymorphic, of type (' r, ' 1p) ProcessNane, so care needs to be
taken with manipulating it. Thetypeof sel fi d isgivenas:

val selfid : unit —> ('r,’ 1c) ProcessName

There are two functionswhich return uniqueinteger ids, onefor the process number and onefor
the group number. These are both evaluated within the context of aparticular process. Thefirst
operation, process_nunber, returns the integer process id associated with the calling
process, and is unique among all other processes in the system, starting from 1. ThevalueOis
returned if pr ocess_nunber is executed by the top-level user expression. The second
operation, gr oup_nunber, returns the integer group id associated with the calling process
relativeto other processescreatedinagr oupcr eat e operation. Thusif nprocessesarecreated
by a call to gr oupcr eat e, then these processes will return values from 0 to n—1, which
correspond to the ordering of process names within the list returned by the gr oupcr eat e
operation. If gr oup_nunber isexecuted by a process created by acr eat e operation, the
value O is returned.® The types of the process number and group_number operations are as
follows:

val process_nunber : unit —> int
val group_number : unit —> int

3.4 Program Execution

The current mechanism for compiling programsis based on a separate compilation system using
a modified version of the SML2C compiler[13]. Signatures, functors, and structures are
compiled to produce a single executable and the structures are executed for side effects. Inthis
sense, all cellsexecute the same code, until the paraML runtime systemisinvoked. Theruntime
systemiscalled by applying thepar aml function to athunk expression, which isthe top-level
user expression. This expression in turn may invoke processes. The type of the par am
functionis:

val param : (unit —> 'a) —> unit

Theoutline of an appropriate structurethat invokesthefirst function definitionfor f act or i al
isasfollows:

6. It is expected that new operations will be provided that permit group and process ids to be retrieved given a
process name, and will be called gr oup_nunber from name and pr ocess_nunber _from nane.
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structure Main =
struct
open ParaM

fun factorial (n:int) = (create (no_ports())
(fn () =>
if n=0
then 1
el se
| et val execproc = factorial (n-1)
val part_fac result execproc
inn* part_fac

end
end))
fun doit () = let val factl0 = result (factorial 10)
in (print "Factorial of 10 was: "; print factl10; print
"\n")
end
val _ = paranl doit

end

In this structure, we firstly open the Par aM_ structure which defines the various paraML
operations and also contains the paraML runtime system (written in ML of course) which
executes on the cells. Thef act ori al process definition is defined, and a function called
doi t ,whichcallsf act ori al withtheargument 10, obtaining itsresult and printing it out.
Thedoi t function will be the top-level user expression. Lastly, we use a side-effecting val
declaration to call thepar am functionwith doi t , and the processes will be created, execute,
return their results, the value 3628800 will be printed out, and the program will terminate.
Details on how to compile and run an actual paraML program are given in Section 4.

3.5 Concurrent ML

Two functions are provided to support the integration of Concurrent ML moduleswith paraML.
These functions are set Cur Thr ead and get Cur Thr ead, which in Reppy’s origind
versions used the Syst em Unsaf e. set var and Syst em Unsaf e. get var routines.
These are used by the paraM L runtime system however to maintain process state information on
a per-cell basis, so aternative implementations have been provided. The types of these
operations are:

val setCurThread : 'a —> unit
val getCurThread : unit —> "a

3.6 Miscellaneous

36.1 Printing

Thereareasmall number of miscellaneousfunctionswhich arealso of usein paraML programs,
but which aren’t a strong part of the language design. The first operationsarep_pri nt and
p_f | ush, which access aper-process output buffer. Currently, all information produced from
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an execution of a paraML program is only accessible from the standard output mechanisms.’
Since standard output must travel on the AP1000’s B—et, and istherefore heavily dependent on
processing load on the AP1000 host machine, these operations have been provided which store
up string output in asingle buffer withthep_pr i nt operation, and the buffer isflushed either
explicitly withthep_f | ush operation or implicitly on processtermination. Thetypesof these
operations are:

val p_print : string —> unit
val p_flush : unit —> unit

3.6.2 Configuration Information

In order to alow the user to write programs that are portable across different AP1000
configurations, the operation nodes_f or _pr ocesses isprovided which returns an integer
value of the number of cells which will be used for executing processes on. The number of
processes can exceed the number of nodes, but some programs may want to know the exact
number of processes to create so that there is only one process per cell, or to avoid
groupcreat e errors. The number of nodes available is currently the number of cells
configured minustwo (thefirst isused to manage all ocation of processesto cells, and the second
Is used to execute the top-level user expression). Thetype of thenodes_f or _processes
operation is:

val nodes_for_processes : unit —> int
3.6.3 Environment Information

Execution of programs with parameters dependent on an environment variable declared on the
host machineis supported through the provision of theget env operation. Thisoperation takes
asinglestring argument which isthe name of the environment variableto lookup, and returnsthe
string value that matchesthat name. Theimplementation of thisoperation requires cell-host and
host—cell communications, so is relatively expensive, and should be kept outside of timing
analysis. The type declaration of the get env operation is:

val getenv : string —> string
3.6.4  Process Scheduling

Lastly, sincethereisno pre-emptive process scheduling with paraM L, accessto thedescheduling
primitiveyi el d isprovided. Thisoperation simply deschedul esthe executing process, which
placesit into aqueueof processesready to run again on being reschedul ed by theparaM L runtime
system. The type declaration of the operation is:

val yield : unit —> unit

4. Compiling and Running

There areanumber of different components of the paraM L system, which reside beneath thetop
level directory par am.

1. the modified sm 2c compiler (inbi n and sr ¢/ par am )

7. Infuture, the SML/NJ stream 1/O mechanisms will be integrated with the Acacia parallel file system to provide
fileinput and output facilities. An interactive version of the system may also become available.
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ML runtime system libraries compiled for the host, cell, and normal SML2C execution (in
libandsrc/param /[ host|cell]runtine)

3. thehost program, which executes aprogram caledcel | (in Syst enml Host)

4. the paraML runtime system which executes on every cell (in Syst eni Cel |)

5. the user program, whose final executable image is called cel | (examples of user

6.

programs are in subdirectories of exanpl es)

there is also the system which incorporates Concurrent ML primitives (in CML)

To compile these components the following should be performed:

1.

Usersshould not attempt to alter thesml 2c compiler unlessthey arevery sureof what they
are doing.

The ML runtime libraries can be recompiled with anakef i | e provided (in the current
release directory hierarchy) in parami / src/ paran . To completely remake the
libraries, the commands make cl ean followed by make should be executed.

Users should not attempt to change the filesin the Syst en’ Host directory unlessthey
are sure of what they are doing. The program can be recompiled by executing the
commands make cl ean followed by nake in the directory.

Users should not attempt to change the filesinthe Syst en? Cel | directory unlessthey
are sure of what they are doing. The paraML runtime system can be recompiled by
executing the commands make cl ean followed by nake in the directory.

The user programs in the exanpl es directory can be recompiled by executing the
commands make cl ean followed by make in the respective directories. Users
developing their own paraML programs should create new directorieswith makefi | es
created like the ones given in the Exanpl e subdirectories.

Userswishingto utilisethe CML primitivesshould be ableto do thisby following the same
approach as the example program in the directory CML.

A paraML program can be executed by executing the command . / host —WF out , where
out issome output filename, in the directory in which their cel | program has been compiled.
The messages “ Starting program” and “Done” indicate successful completion of the program.
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Appendix A — Signature Filefor the ParaML Structure

si gnhature PARAM. =
sig
type ' la Port Nanme

type 'la Ports
type ('r,’ c) ProcessNane

exception NoPorts
excepti on Port Not Omed
excepti on BadG oupCreate
excepti on ParaM.Exit

val p_print : string —> unit
val p_flush : unit —> unit

val getenv : string —> string
val selfid : unit —> ('r,’ 1c) ProcessName

val process_nunber : unit —> int
val group_nunber : unit —> int
val nodes_for_processes : unit —> int

val port : unit —> '1l1la Port Nanme
val ports : '"la —> '1la Ports
val noports : unit —> unit Ports

val getports : ('r,’ 1c) ProcessNane —> ' 1c
val selfports : unit —> '1c

val send : ’'la PortName —> 'la —> unit

val broad : 'la PortNanme —> ’'la —> unit

val get : 'la PortNane —> '1la

val ready : 'la PortName —-> (unit —-> bool)

val select : ((unit—>bool) * (unit—>unit)) list —> unit

val create : '1lc Ports —> (unit —>'r) —> ('r,’1c) ProcessNane
val groupcreate : '1lc Ports —> (unit —> 'r) —> int —>

('r,"1c) ProcessName |i st
val result : ('r,’1c) ProcessName —> 'r

val param : (unit —>'a) —> unit

val yield : unit —> unit
val setCurThread : "a —> unit
val getCurThread : unit —> "a

end
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