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1 Introduction

This manual describes the basic concepts of the
DPOS Metalanguage and the programming language
DPOS Scheme.

2 DPOS Concepts

DPOS is a metalanguage for defining parallel pro-
gram networks based on the common requirements of
distributed parallel computing that is portable across
languages, modular, and highly flexible. The system
uses the concept of stratification to separate process
network creation and the control of parallelism from
computational work. Individual processes are defined
within the process object layer as traditional sin-
gle threaded programs without parallel language con-
structs. Process networks and communication are de-
fined graphically within the system layer at a high
level of abstraction as recursive graphs. Communi-
cation is facilitated in DPOS by extending message-
passing semantics in several ways to implement highly
flexible message-passing constructs. DPOS processes
exchange messages through bi-directional channel
objects using guarded, buffered, synchronous and
asynchronous communication semantics.

A DPOS program is defined as a network of ac-
tive processes called Process Objects (POs) and com-
munication lines called Channels that are grouped
into subnetworks called Network Modules (NMs). In
DPOS a communicating process network model is
used.

2.1 Process Objects

Process Objects (PO) are single threaded program
functions with calling parameters identical to tradi-
tional sequential program functions. Multiple Pro-
cess Objects execute concurrently. These active ob-
jects employ much of the modularity, encapsulation

of function, and encapsulation of data found in se-
quential object-oriented programming.

Process Objects communicate with each other by
sending and receiveing messages. DPOS message se-
mantics are similar to file /O in sequential program-
ming.

Process Objects may block while attempting to
send to or receive messages from channels if the chan-
nel transaction cannot be completed immediately.
This causes the execution to suspend, but leaves the
runtime stack intact. Progress may resume at a later
time if the transaction can be completed. This block-
ing activity is transparent to the Process Object pro-
gram.

The connection links (Channels) between Process
Objects appear as variables passed in as calling pa-
rameters similar to files or streams in traditional pro-
gramming. Process Objects communicate with each
other via channel accessor functions like send or re-
ceive. No additional syntax or language extensions
are required, since simple function call syntax is used.
The control flow of Process Objects is internal. The
progress of computation, however, may be controlled
by regulating message traffic into and out of the Pro-
cess Object causing the PO to block waiting for com-
munication to proceed. The synchronization required
for communication is controlled by the communica-
tion channel. Because of this a PO may follow a
bounded sequential computation or may be an un-
bounded cyclical computation (like an operating sys-
tem process) that is 1/O driven via its communication
channels.

The creation of Process Objects is specified within
the parent Network Module. The termination of pro-
cess objects occurs when the execution of the code
segment for the process object terminates.

The sequential nature of Process Objects allows
them to be developed and debugged individually as
separate programs before integration into a network
module. Simple terminal input and output is substi-
tuted for channel communication during sequential
debugging. A library of channel definitions in the



base language has been developed for sequential de-
bugging (not discussed here).

Global data structures are not defined within the
DPOS model. The use of channel objects to imple-
ment data that is shared between many processes is
discussed below (see subsections 2.2 and 8.1).

2.2 Channels

Communication and synchronization between Pro-
cess Objects is accomplished by message-passing.
DPOS processes exchange messages through bi-
directional channel objects.

In DPOS a channel is treated as a separate object
in the object-oriented sense and notjust as a commu-
nication relationship (as it isin most channel oriented
communication systems). This allows the semantics
of channels to be extended in several ways. The se-
mantics of channel communication is an attribute of
the channel. DPOS channels encapsulate both func-
tional semantics and in some cases data storage.

This encapsulation has several advantages:

1. Communication is indirect. Allowing channels
to be accessed by multiple sender and receiver
processes. The arbitration for access is han-
dled within the channel object. For example,
the merging and splitting streams of data is triv-
ially implemented using shared channels. Multi-
ple process access to channels allows channels to
be used to implement shared data values.

2. Indirect communication also facilitates dynamic
process creation. It allows new processes to be
added to a network that communicate through
existing channels without notifying existing pro-
cesses.

3. It removes the need for language constructs to
implement communication semantics. Because
of this, the PO definitions of a DPOS pro-
gram need no extensions beyond traditional sin-
gle threaded programming constructs.

4. 1t allows bi-directional communication.

5. It allows multiple classes of channels. In DPOS
the class of a channel specifies the seman-
tics of communication for that particular chan-
nel. DPOS channel class include: synchronized
guarded input, synchronized guarded output,
asynchronous, buffered, and synchronous.

2.3 Network Modules

Network Modules (NMs) are abstractions used for
defining subnetworks in DPOS programs. Network

Modules are composed of Process Objects, Channels
and other nested Network Modules. Network Module
classes are defined as graph structures (see Figure ]).
Network Module definitions have local environment
and have formal parameters that correspond to data
values and channel instances. Invoking an NM re-
quires actual parameter arguments to be provided.
The arguments are the actual access channels that
connect to the NM as well as any required values
computed within the scope of the invoking environ-
ment. Network Modules may be nested and recur-
sively or mutually recursively nested. In the tradi-
tional object-oriented framework, a Network Module
definition constitutes a class definition and may be
instanced numerous times in the definition of a pro-
cess network.

Global values are not defined within DPOS. The
only exterior environment visible from within a Net-
work Module consists of the actual arguments passed
in at the instantiation of the NM. A Network Module
then is completely encapsulated by the actual argu-
ments and peripheral channels and may he analyzed
as a unit. This modularity allows a Network Module
to be developed and debugged as a unit by instanti-
ating it and its peripheral channels and without cre-
ating the outlying program network.

A Network Module instance might not be instanti-
ated when the parent NM is instantiated. The instan-
tiation of the NM may be delayed until a demand is
made for its creation. Delayed Network Modules are
instantiated whenever data flow occurs in one of its
peripheral channels. Alternatively the instantiation
may be conditional in which case a constraint condi-
tion is evaluated within the parent NM environment
to determine whether or not the instance is to be in-
stantiated. Constraint conditions and instantiation
delays are specified within the parent NM definition.
These properties allow process networks to be speci-
fied in a manner similar to abstract data types such
as trees and graphs in high-level languages. For ex-
ample, a generic binary tree Network Module may be
defined which is then used to define a specific, irreg-
ular extended tree process network.

3 Example: Producer and

Consumer

This section describes a short example DPOS pro-
gram using DPOS Scheme and DPOS program
graphs. DPOS Scheme is a concurrent Scheme di-
alect and is described in section 4.

The example program presents the
producer/consumer problem. A producer process
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Figure 1: producer-consumer Network Module

(define (producer-po CHAN cnt)
(do ((@a 0 (+ a 1)))
(= a cnt))
(display (list "produced a))
(newline)
(send CHAN a))
(display "producer-quits))

(define (consumer-po CHAN cnt)
(let ((input #0)
(do ((@a 0 (+a 1))
(= a cnt))
(set! input (receive CHAN))
(display
(list “consumer “receives a input))
(newline)))
(display Tonsumer-quits))

Figure 2: Process Object Code

load channel.scm

DEFS

load producer-consumer.dp
load producer.dp

load consumer.dp

BODIES

(producer-consumer 3)
ENDBODIES

Figure 3: Producer-consumer Run File

(produced 0.000000)

(produced 1.000000)

(consumer receives 0.000000 0.000000)
(produced 2.000000)

(consumer receives 1.000000 1.000000)
producer-quits

(consumer receives 2.000000 2.000000)
consumer-quits

Figure 4: Program Output

creates data objects and sends them to a consumer
process. The Network Module for this program is
shown in Figure 1. This Network Module contains
three objects. Two processes are created producer
and consumer. The producer PO is of class pro-
ducer and has instance name p. The consumer PO
is of class consumer and has instance name c. A
channel is also created (labeled A). The producer-
consumer Network Module has a single parameter
cnt which is passed to each of the Process Objects.
The source code for the individual processes is shown
in Figure 2. The producer sends to the channel and
the consumer receives from the channel. A run file
for the program is given in Figure 3 and the output
generated is shown in Figure 4.

4 Basic DPOS Scheme Con-
cepts

DPOS Scheme includes a subset of standard se-
guential Scheme features, and introduces several ad-
ditional features. DPOS Scheme is a concurrent
Scheme dialect. It includes features for generating
and executing parallel Scheme. The parallel features
specify process creation, process management and
message passing and synchronization constructs.

The language was designed to be programmed us-
ing the DPOS metalanguage and graphical interface
to generate parallel process networks. This section
describes the basic concepts of DPOS Scheme. An
overview and list of DPOS Scheme standard features
is presented in section 10.

4.1 Top Level Programming

There is no top level read-eval-print loop in DPOS
Scheme. In DPOS Scheme a single run file (see Figure
3) is evaluated which specifies all top level definitions.
Definitions may be specified directly or by loading
Process Object and Network Module files generated



by the DPOS graphical interface. A sequence of com-
mand forms follows the definitions. The command
forms are evaluated in the environment created by
the top level definitions.

The command forms specify standard sequential
Scheme computations and also the creation, manage-
ment and communications of concurrently executing
Scheme processes. DPOS Scheme allows both shared
memory and distributed memory parallel program-
ming. In many programs the distinction between
shared and distributed memory semantics does not
have any effect on the DPOS program definition.

DPOS Scheme may be used to implement DPOS
Network Module and Process Object definitions.
DPOS Network Module and Process Object defini-
tions are generated by the DPOS Graphical Interface
as DPOS Scheme load files. The contents of Network
Module definition files are not intended to be modi-
fied by programmers and are not discussed here.

4.2 Process Object Definitions

The definitions of DPOS Process Objects are speci-
fied by programmers using a text editor. Process Ob-
ject definitions are sequential Scheme functions (see
Figure 2). Each Process Object has access to all the
function definitions in the top level environment. The
only contact between multiple Process Objects or be-
tween Process Objects and the outer Network Module
Environment is the actual argument list supplied to
the function at evaluation. The argument list con-
tains channels and data parameter values. DPOS
Scheme Process Objects comply with the definition
of Process Objects give in subsection 2.1. The Pro-
cess Object definitions may use any of the features
listed in subsection 10.2. In addition, Process Ob-
ject definitions may use concurrent extensions listed
in subsection 10.3.

The Process Object Source files are read by the
DPOS Graphical interface, modified and output as
Process Object load files. Process Object load files
have the extension .dp. Instances of Process Objects
are specified within Network Module definitions. The
arguments supplied to PO instances are also specified
with the parent Network Module definition.

4.3 Network Module Definitions

The definitions of DPOS Network Modules are spec-
ified by programmers using the DPOS Graphical In-
terface (see Figure 1). The source code for Network
Module definitions is generated by the graphical in-
terface in Network Module load files. Network Mod-
ule load files have the extension .dp. Network Mod-

ule load files are not intended to be modified by pro-
grammers.

DPOS Scheme Network Modules comply with the
definition of Network Modules given in subsection
2.3.

Network Module definitions have internal PO, NM
and channel instances specified by the programmer.
All instances are named. Names are specified by the
programmer. Network Module definitions have pa-
rameters specified by the programmer. Parameters
for the nested instances are specified by the program-
mer and may contain the results of expressions using
local values and channel instances.

4.4

Channel instances are specified by programmers us-
ing the DPOS Graphical Interface as part of a net-
work module definition. Three channel classes are
presently supported by DPOS Scheme: a.cliannel,
b.channel, and i.channel. DPOS Scheme channels
comply with the definition of channels given in sub-
section 2.2. Channel communication is specified in
the Process Object definition files using the syntax
and semantics listed below.

A .channel class channels
implement asynchronous communication. A single
item may be buffered in the channel. The operations
on a.channels are:

Channel Definitions

1. (send chan data): The send operation inserts

data into chan if chan is empty. If chan is
not empty then the PO blocks until it becomes
empty.

2. (receive chan): Returns the contents of chan
and clears the channel. If chan is empty then
the PO blocks until it becomes full.

3. (chan-read chan): Returns the contents of chan
but does not clear the channel. If chan is empty
then the PO blocks until it becomes full.

Subsection S.I demonstrates all a.cliannel opera-
tions.
B _channcl class channels implement

asynchronous buffered communication. A buffer size
limit is specified when the channel is specified in an
NM definition. The operations on b.cliannels are:

1. (send chan data): The send operation inserts
data into chan if chan contains less than size
elements. If chan is full then the PO blocks until
it contains less than size elements.

2. (receive chan): Returns the first item in chan
(FIFO order) and removes it from the channel.



If chan is empty then the PO blocks until it be-
comes non-empty.

Subsections 8.1 and 8.3 demonstrate b-channel op-
erations.

I-channel class channels implement guarded in-
put communication. Communication is synchronized
and no messages are buffered. A size value is spec-
ified when the channel instance is defined within an
NM definition. Size specifies the number of message
types recognized by the channel. Message types are
simple integers. If size is 3 then the channel will rec-
ognize message types 0, 1 and 2. The operations on
i_channelss are:

1. (read-g channel type-list): The tvpe-list is a list
of integers. The integers must be between 0 and
size. These integers specify the types of mes-
sages that are acceptable. Returns a message of
a specified type from the channel. The return
value is a list (type data), where type is one of
the types in type-list.

2. (write-g channel type data): Sends a message
of “type” to *“channel” which contains “data”.

If no writer of an acceptable type is blocked trying to
write-g to the channel then the reader blocks until
one comes along. If a reader is not blocked trying
to read-g the message type of a writer then writer
blocks. Readers are serviced by the channel on a first
come first served basis. This means that if readerl
is blocked trying to read a type 1 message then no
other readers may be serviced until a type 1 writer
comes along. Subsections 5.2 and 8.2 demonstrate
i_channel usage.

5 Example Programs

This section presents example programs using DPOS
Network Modules and DPOS Scheme Process Object
definitions. Run files for the DPOS Scheme simula-
tor are also included. The programs are not meant to
display highly efficient parallel programs, but only to
demonstrate basic DPOS parallel programming con-
cepts.

5.1 Multiple Producers and Con-
sumers

This example is a simple extension of the pro-
ducer/consumer problem to handle multiple produc-
ers and consumers. It demonstrates the use of nested
Network Module definitions. It also demonstrates the

Figure 5: Pc-net Network Module

Figure 6: Producer-2 Network Module

(produced 0.000000)

(produced 0.000000)

(produced 1.000000)

(consumer receives 0.000000 0.000000)
producer-quits

(consumer receives 0.000000 1.000000)
(produced 1.000000)

(consumer receives 1.000000 0.000000)
consumer-quits

producer-quits

(consumer receives 1.000000 1.000000)
consumer-quits

Figure 7: Program Output



use of multiple senders and receivers accessing a chan-
nel.

The Network Modules for this program are shown
in Figures 5 and 6. The producer class POs in the
producer-2 NM (Figure 6) are connected to the out-
put port R2. The port R2 corresponds to the port
shown on producer-2:p in Figure 5. When the pro-
gram is run the producer POs have access via this
port to the channel in the outlying pc-net NM. The
value of “cnt” in pc-net is passed as an argument to
the nested network modules and in turn to the nested
Process Objects. The consumer-2 Network Module
is similar to the producer-2 Network Module shown
in Figure 6.

When the program is run using the command (pc-
net 2), a pc-net NM is created. This causes the
creation of the channel and the nested NMs which in
turn create the nested POs. All POs access the chan-
nel. The synchronization of accesses is controlled by
the channel and allows only a single process at a time
to operate on the channel. This results in serializa-
tion if simultaneous accesses occur. It also results
in a nondeterministic merging of the output streams
of the producers into the channel, and the nonde-
terministic branching of input streams into the con-
sumers. The program output is shown in Figure 7.
The sequence of output statements is not determin-
istic. Running the program several times could re-
sult in slight variations in the output sequence. The
channel in this and the previous examples is an asyn-
chronous channel. This channel class allows a sender
to deposit a message and continue without waiting
for a receiver process. This kind of message pass-
ing allows a higher degree of parallelism than strictly
synchronized message passing.

5.2 Bank Account Program

This example program presents a bank account man-
agement problem. In this problem a bank account
process receives requests for deposits and withdrawls.
Deposits are always possible and are serviced in FIFO
order. Withdrawls are also serviced in FIFO order,
however, ifinsufficient funds are available a withdraw]
will be delayed until funds become available.

The Network Module for this program is shown
in Figure 8 and the source code for the process ob-
jects is shown in Figure 9. In Figure 8 the parame-
ters “d-cnt” and “w-cnt” indicate how many deposits
and withdrawls each process isto attempt. Figure 10
shows program output for the invocation of (bank-
net 2 1).

The solution illustrates the use of a guarded in-
put channel. The solution becomes much more com-
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Figure 8: Bank-net Network Module

plex to implement when other channel classes are
used. The channel recognizes three message types:
deposit, w-requrst, and w-ok. Depositor and
withdrawer processes always write-g to the chan-
nel and the bank always read-gs to the channel. A
depositor process uses deposit message type. A
withdrawer process uses w-request message to en-
ter arequest, then uses w-ok message to acknowledge
the transaction.

The bank process manages a list of allowable mes-
sage types that it will accept. Initially the bank
will accept w-request and deposit. Ifaw-request
is received it sets the list to include only deposit.
When sufficient funds to service a withdraw] are avail-
able, w-ok is added to the guard list. When the w-ok
is received from the withdrawer the list is reset to
its original form.

Notice that receipt of funds by the withdrawer is
signified by the successful receipt of a message by the
bank. This kind of transaction is common in guarded
message sending, but takes some getting used to.

5.3 Factorial Program

This example program computes factorial of N (see
Figures 11, 12, 13, and 14). It presents no new
DPOS concepts, but demonstrates a typical paral-
lel programming concept. It uses a controller pro-
cess (fcontrol:fc) and a group of servant processes
(class f-unit) that carry out work tasks defined by
the controller. A servant processes receives limits for
a subset of the factorial computation from channel
TOP-CH. When each has completed its subset, it re-
ceives the total from the next left servant from chan-
nel LEFT-CH, multiplies in its subtotal and sends
the result to RIGHT-CH. The controller receives
the total from the third servant “F3'\



(start-balance 0.000000)
(balance 11.900600)
(deposit 0.000000 11.900600)
(balance 15.767471)
(deposit 1.000000 3.866871)
(define (bank-po BANK-CH) (balance 53.135357)
(let (balan?e 35.591751)
((balance 0) (deposit 0.000000 37.367886)
(pending #f) (withdrew 0.000000 17.543608) -«

(guards (list w-request deposit))) (balance 27.355316)
(display (list "start-balance balance)) (3alan§e 29.170748)
(do ((request (read-g BANK-CH guards) ( §p03|t 1.000000 1.815432)
(read-g BANK-CH guards))) (withdrew 0.000000 8.236435)
#f)
(i(znd( 5 o Figure 10: Program Output
= (car request) w-o0
(set! guards (list w-request deposit)))
((= (car request) w-request)
(set! pending (cadr request))
(set! guards (list deposit)))
(#t (set! balance (+ balance
(cadr request)))
(display (list "balance balance))))
(if (and pending (<= pending balance))
(begin
(set! guards (list w-ok deposit))
(set! balance (- balance pending))
(display (list "balance balance))

(set! pending #f1))))))

(define (withdrawer-po BANK-CH cnt) Figure 11: Factorial Network Module
(do ((@a0 (+ a 1))
(= a cnt ))
(let ((amount (random)))
(write-g BANK-CH w-request amount)
(write-g BANK-CH w-ok)
(display (list “withdrew a amount)))))

(define (fcontrol n outo pDuTi DUT2 OUT3 INI)
(let ((size (truncate (/ n 3))))
(send out1 (list o size))
(send 0UT2 (list size (* 2 size)))

uT list (* size 2) (+ n 1
(define (depositor-po BANK-CH cnt) (sgisngugo ?)( Ist (" size 2) ¢+ n 1))

(do ((@a 0 (+ a 1)) _
- (display

(|§E_(iaEZEzi (random))) (list "factorial-of n (receive INI))))

(write-g BANK-CH deposit amount)

define (f-unit-po LEFT TOP RIGHT
(display (list “deposit a amount))))) < ooiine (Frunit-po )

(let ((limits (receive TOP))
(result 1))
(do ((a (car limits) (+ a 1)))
((= a (cadr limits)))
(set! result (* result a)))
(send RIGHT (* (receive LEFT) result))))

Figure 9: Process Object definitions

Figure 12: Process Object Definitions



load channel_debug.scm
DEFS
load factorial.dp
load fcontrol.dp
load f-unit.dp
(define (factorl n)
Gf &Gn 1)
(* n (factorl
1)
BODIES
(init-debug Tactorial)
(factorial 20)
(display (list "factorl
ENDBODIES

Gn DY

(factorl 20)))

Figure 13: Factorial Run File

(factorl 2432902023163674500.000000)
(factorial-of
20.000000 2432902023163674500.000000)

Figure 14: Program Output

6 DPOS Graphical Interface

This section presents an overview of the DPOS
Graphical Interface and its use for generating simple
DPOS programs. This section covers in detail the
features necessary to generate the example programs
already presented. The DPOS graphical interface is
used to generate Network Module definitions, to de-
fine Process Object interfaces, to generate load files
for Process Objects and Network Modules in target
languages, and to debug programs. The discussion in
this section is confined to definition of NMs, defini-
tion of POs, and the generation of load files in DPOS
Scheme.

6.1 Starting the Graphical Interface

The interface uses the X-II Window system. X-II
must be running to run the DPOS Graphical Inter-
face. A black and white version of the interface can
be run by typing;

dpos -bw
The interface also uses colors:
dpos -b0 lightgray -fO black

Specifies a gray background and black foreground.
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Figure 15: Top Level Menu

dpos -brdr lightgray -b0 lightgray -fO black
-b4 MediumVioletRed -f4 Navy
-b5 HediumGoldenrod -f5 vhite

Sets up colors for debugging. More sophisticated
color selection is possible, but is not covered here.

6.2

When the program is run the top level menu appears
(see Figure 15). Interaction with the interface is by
mouse buttons and by keyboard. Only the basic fea-
tures will be discussed here. Advanced features are
discussed in a later section. Top level menu com-
mands include:

Top Level Menu

1. EXIT: Exit the interface (and don't bother sav-
ing anything).

2. NEW NM: Open a Network Module template for
editing.

3. NEW PO: Open a Process Object template for
editing.

4. SAVE: Save a PO or NM template definition.

5. READ: Read an existing NM or PO template
definition.

6. COMMENT: Generate a comment line for an
NM template.

. 7. CLEAR: Clear a template window for reuse.

8. DELETE: Delete a parameter menu, PO, NM,
or comment instance from an NM template.

9. DISCONNECT: Disconnect an
from a channel or template port.

instance port

10. GET INST: Read a PO or NM instance defini-
tion for insertion into an NM template.

11. GET CHANNEL: Read an instance description
for insertion into a NM template.



12. OUTPUT: Generate source code load file for an
NM or PO template.

13. DEBUG: Enter the program animator for graph-
ical debugging.

14. RAISE: Raise an instance within an NM tem-
plate.

15. EDIT: Open a text menu editor for template or
instance parameters.

16. CONNECT: Create a connection from an in-

stance port to a channel instance or template

port.

17. SET PORT: Toggle PO template ports.

18. SET DELAY :Toggle instance ports as delay con
nections.

19. SET STREAM: Toggle channel instances a
streams of channels or single channels.

20. LOWER: Lower an instance within an NM tem
plate.

21. EXPAND: Expand the distances between ob-
jects within an NM template.

22. ZOOM: Enlarge the size of objects and expand
as in “EXPAND™.

23. MOVE: Move an instance within an NM tem-
plate.

24. SCROLL: Scroll all objects within an NM tem-
plate.

25. RESIZE: Resize an instance within an NM tem-
plate.

26. ACTIVATE: Open a new NM template for an
instance in an NM template.

6.3

The source code for basic Process Objects and their
representation as blocks in Network Modules has
been discussed in previous sections (see Section 5 and
Figures 6 and 8). Process Object classes are defined
within DPOS by editing Process Object templates
(see Figure 16). Selecting the top level menu com-
mand “NEW PO?” generates a new blank Process
Object template. The graphical interface specifica-
tion of a PO class defines the port connections for
the graphical block, the parameters for the PO and
also the interface to the user defined source code.

Defining Process Objects

Bl IR IBIB

Figure 16: Process Object Template

» TEHPLATE PMttim------------

cUss rmie::producer

include file::producer.sc«

functiai cal 1::<produco—po R2 cnt>
user_deflned: :cnt

user.deflned;;

user.deflned::

user_defined; i

user_defined;:

user-defined: ;

user_defined::

Figure 17: PO Parameter Menu

The Process Object template of Figure 16 corre-
sponds to the producer PO instances in Figure 6.
Selecting the “SET PORT” command sets the inter-
ace mode to toggle PO ports. Selecting a PO tem-
plate port will toggle the template port on or off. In
the Figure 16 port “R2” has been toggled on.

The PO parameters and source code interface are
specified by editing the PO parameter menu. Select-
ing the “EDIT” command sets the interface mode to
edit objects. Selecting the PO template will open
a PO template menu (see Figure 17). The user
selects one of the lines with the mouse, then uses
the keyboard to specify the entry. The user must
specify the PO “class name”. The user may spec-
ify “user-defined” parameters. In this case the one
parameter “cnt” is defined. The “include file” spec-
ifies the file which includes the user defined source
code. The function call specifies a function within the
source code file and the calling sequence. The “func-
tion call” in Figure 17 corresponds with the Process
Object source code shown in Figure 2.

The “include file” and “function call” must be set.
The name of the called function should be different
from the PO class name.

Process Object templates may be saved using the
“SAVE” command. “SAVE” produces a definition
file which may be restored into a blank PO template
using the “READ” command. Alternately, SAVED



NM TEMPLATE PARAFETERS

data nwt: :
user_deflr>ed::
user_deflned::
user defined::
user. defined::
user, defined::
user_deflned::
user_deflned::
user_defined::
user.defined::

' o
23

X

3

3

N

Figure 18: NM Parameter Menu

templates may be read as instance blocks in a tem-
plate (see subsection 6.6 below). Resaving a tem-
plate modifies the class definition but does not affect
the instances already placed within other templates.
These existing instances may have to be replaced if
the interface for the template is modified.

The “CLEAR” command may be used to clear out
the contents of a PO template to allow another defi-
nition to be read in and edited.

6.4

Network Module classes are defined by editing Net-
work Module templates (see Figures 5,6, and 8). The
meanings of these Network Modules has been dis-
cussed in previous sections.

The main window of a Network Module tem-
plate may contain, PO blocks, NM blocks, chan-
nel blocks, comment blocks and connection lines.
The graphical interface provides window manage-
ment facilities for managing the blocks. The top level
menu commands “ZOOM”, “EXPAND”, “MOVE",
“SCROLL”, “RAISE”, “LOWER” and “RESIZE”
are for manipulating blocks in template windows.
The templates themselves may be resized, moved, etc.
using the regular X window commands.

The contents of an NM template may be saved as
an NM class definition using the “SAVE” command.
“SAVE” produces a definition file which may be re-
stored into a blank NM template using the “READ”
command. Alternately, saved templates may be read
as instance blocks in a template (see subsection 6.6
below). Resaving a template modifies the class defini-
tion but does not affect the instances already placed
within other templates. These existing instances may
have to be replaced if the interface for the template
is modified.

The command “NEW NM?” opens a new blank NM
template for editing. The graphical interface speci-

Defining Network Modules
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Figure 20: Buffer Channel Parameter Menu

fication of an NM completely defines the NM class.
NM class parameters are specified similarly to PO
class parameters by opening an NM parameter menu
(see Figure 18). NM parameters include “class name”
and “user-defined” parameters.

An alternate method of opening a new template for
editing is to use the “ACTIVATE” command. “AC-
TIVATE” lets a user open a template window by se-
lecting an NM instance that is visible within a tem-
plate being edited. A new NM template is created
with the class definition of the selected instance.

The “CLEAR” command may be used to clear out
the contents of a PO template to allow another defi-
nition to be read in and edited.

The “COMMENT” command allows the user to
enter a text string which may then be instanced
within templates.

The following subsections define basic manipula-
tions of NM templates to specify NM, PO and chan-
nel instances.

6.5

Instances of channel classes may be included in NM
templates. Selecting “GET CHANNEL” opens the
channel selection menu 19. Selecting a channel class
puts the interface into channel instancing mode. Se-
lecting locations in NM templates will create in-
stances of the specified channel type in the NM tem-
plate.

Channels have parameters which must be speci-
fied by the user. Channel parameter menus may be
opened similarly to PO and NM parameter menus.
Different channel classes have different parameter
menus:

Specifying Channels



Figure 21: Get Instance Menu
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Figure 22: Process Object Instance Menu

1. Asynchronous channels have only a “name” pa-
rameter.
2. Buffered channels have “name” and “buffer size”
(see Figure 20).
3. Guarded input channels have “name” and
“guardlist size”.
6.6 Specifying Instances

NM and PO instances may be included in NM tem-
plates. Selecting “GET INSTANCE” will cause the
interface to request an instance class name (see Fig-
ure 21). Once a correct PO or NM class name has
been entered the user may select locations in NM
templates to place instances.

Instances have parameters which must be specified
by the user. Instances parameter menus are opened
similarly to other parameter menus. Figure 22 shows
the instance parameter menu for producer:p2 in
Figure 6. “Instance name” has been set to “p2” and
the instance parameter “cnt” was a user defined pa-
rameter discussed above and specified in Figure 17.
“Cnt” has been set to the value of “cnt” in the NM
template. Specificiation of the “cnt” value in the NM
template was discussed above and shown in Figure
18.

The value of “constraint” is unset. “Constraint”
is the only parameter that may be left unset. The
meaning of “constraint” is discussed later and is not
used in the previous examples.
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6.7 Connections

POs communicate via channels. The accessibility of
a channel from a PO instance is represented by a
connection line in an NM template between the PO
instance and the channel. NM template ports may
serve as surrogate channels and PO instances may
connect to NM template ports (see Figure 6). When
an instance of the NM class is created within another
NM class template the ports of the NM instance may
be connected to channels in the new NM template
(see Figure 5). Alternately the template ports of the
new NM template may serve as surrogates producing
any number of level's of indirection. The indirection
of connections through NM ports does not effect the
efficiency or cost of communication in an}- way.

There can be only a single connection from an in-
stance port. Multiple connections may be made to a
channel instance or template port.

Connection mode isentered by selecting the “CON-
NECT” command. A connection is made by selecting
an NM or PO instance port, then selecting a chan-
nel instance or template port. If a bent connection
line is desired then select points within the template
background before selecting the channel instance or
template port.

Disconnect mode is entered by selecting the “DIS-
CONNECT” command. Selecting a connected in-
stance port will delete the connection.

6.8 Generating Load Files

Once an NM template or PO template definition
is completely defined within the graphical interface,
load files may be generated. The “OUTPUT" com-
mand allows the user to select the target language
and file name for a load file. Currently four target
languages are supported. Concurrent Utah Scheme,
DPOS Scheme, DPOS-DEBUG Scheme, and Multi-
scheme (or Butterfly Scheme). DPOS Scheme and
DPOS-DEBUG Scheme use the DPOS Scheme di-
alect described in this document.

7 Further DPOS Concepts

This section presents several DPOS concepts not dis-
cussed in earlier sections. The concepts presented
here facilitate the management of groups of processes
using recursive Network Modules and the dynamic al-
location of processes. In previous example programs
processes have been statically defined. The type and
number of processes were determined prior to exe-
cution of the program. DPOS provides two mecha-
nisms for management of dynamic process creation,



constraints and delays.

7.1 Constraints

Constraint conditions allow the creation of pro-
cesses to be controlled at run time. A constraint
condition is a test condition that constrains the
creation of Network Modules and Process Objects.
Constraints may be specified for nested NM and
PO instances in Network Module class definitions.
The constraint condition appears in the parame-
ter menus of Process Object and Network Module
instances (see Figure 22). If the constraint con-
dition is unset then the NM or PO will automati-
cally be created when the parent NM is created. If
the constraint condition is set then the condition
will be evaluated automatically when the parent NM
is created. The constrained NM or PO instance
will be created only if the evaluation returns non-nil.
The constraint condition may use any values visible
within the scope of the parent NM.

The use of constraint conditions allows the recur-
sive and mutually recursive definition of Network
Module classes.

7.2 Delays

In addition to constraints, PO and NM instances
may be delayed. If a PO or NM instance is delayed
then it is not created when the parent NM instance is
created. Its creation is delayed and may or may not
be carried out at some future time. The creation of
delayed NM and PO instances is triggered by mes-
sage traffic through one of its connecting channels.
The trigger channel is called a delay channel. The
first message access to a delay channel will cause the
creation of the delayed instance.

If a PO or NM instance is to be delayed then
it must have at least one connecting delay channel.
The delay relationship between a channel and a PO
or NM instance is specified within the parent Network
Module definition as an attribute of the connection.
A channel may be a delay channel for any number
of connected instances.

The use of delayed instances allows (he recursive
and mutually recursive definition of Network Module
classes.

The delay attribute of a channel is specified by
using the “SET DELAYS" interface mode command.
Then selecting connections to be delayed.
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7.3 Channel Streams

In previous sections channels have been specified as
single entities. DPOS channels may alternately be
specified as streams. A DPOS stream channel is
a delayed stream of channels. A stream channel is
like a list of similar channels. It differs from a list in
several ways:

1. The stream is of potentially infinite length.

2. The channel instances are delayed (not initially

created).

The stream may be accessed only using stream
accessor functions.

The first access of a stream element automati-
cally triggers the creation of that element.

A number of stream accessor functions are pro-
vided:

1. h-strm: returns the first channel (head) of the
stream.

2. t-strm: returns the remainder of the stream
(following the head).

3. ht-strm: returns the second channel of the
stream. This is equivalent to (h-strm (t-strm
channel-strm)).

4. htt-strm: returns the third channel of the
stream.

5. httt-strm: returns the fourth channel of the
stream.

Stream channels are a convenient way to create
multiple channels without having to worry about the
number of channels actually needed. A channel in-
stance may be specified to be a stream channel us-
ing the “SET STREAM?” interface mode command.
A stream channel may not be used as a delay chan-
nel.

Connections may be made to a stream channel
just as to a non-stream channel. A Proress Object
may receive a stream channel as a parameter. A
Process Object may only access a stream channel
by using stream accessor functions. So. for example,
a Process Objcct may send a message to the second
channel of a stream channel of type a_cliannel by
using the command (send (ht-strm chan) data).

Alternately connections to a stream channels in
Network Module class definitions may invoke acces-
sor functions. This allows a connection to be made to



TfsrfllJct et
lacxessc*- function :h-strw

Figure 23: Instance Port Parameter Menu

Figure 24: Matrix Multiplication Network Module

only one member of the stream channel. So a nested
NM or PO instance would only see a single channel
object as its parameter. The accessor function may
be specified for a connection by using the “EDIT”
interface function to edit the instance port parame-
ter menu (see Figure 23). If the accessor function is
left unset then the connection is made to the entire
stream channel.

8 Further Examples

This section contains example programs using the
features described in section 7.

8.1

This example program multiplies an L x M matrix
(A) by a M x N matrix (B). The problem is typical
of many numerical computations and other problems
with very regular structure. The solution uses the
same basic strategy as the example program in sub-
section 5.3. It uses a pool of servant processes to
carry out similar computations.

Network Modules for the program are shown in
Figures 24 and 25. In the program a control pro-
cess of class mmcontrol first sends the B matrix to
a channel labeled “B matrix” where it is read each of
the row-mm class servant processes defined in row-

M atrix Multiplication

Figure 25: Server Process List Network Module

(define (row-mn-po ROWS-11 B-MATRII RESULT-OUT)
(let ((matb (chan-read B-MATRII)))
(do ((ros (receive ROWS-11) (receive ROWS-11)))
((not row))
(let ((index (car row))
(x (cadr ros))
(y (caddr ro®))
(rosvec (cadr (cddr row))))
(send
RESULT-OUT
(list index (ro*-x-nat x y rowvec natb)))))))

(define (nmcontrol-po A-MAT-11 B-MAT-I1
ROWS-11 B-MATRII ROW-CIT cnt)
(let* ((natb (receive B-MAT-11))
(nata (receive A-MAT-11))
(x (vector-length nata))
(y (vector-length natb))
(z (vector-length (vector-ref natb 0))))
(send B-MATRIX matb))
(tend ROW-CIT x)
(do ((@ 0 (+ a 1))
(G ax))
(send ROWS-11 (list a y z (vector-ref Data a))))
(do ((@ 0 (+ a 1)) ;«end ont terminations
((= a cnt))
(send ROWS-11 #f))))

:send ont the rows

(define (anont-po RESII RESOUT SIZEII)
(let ((size (receive SIZEIl))
(resvec tf)
(newres #fF))
(set! resvec (make-vector size))
(do (@0 (+a 1))
((= a size))
(set! newres (receive RESII))
(vector-set! resvec
(car newres) (cadr newres)))
(send RESOUT resvec)))

Figure 26: Process Object Code
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8.2 Fibonacci Numbers

This program presents the naive recursive algorithm
for computing the fibonacci sequence (see Figures 27,
28 and 29). The program includes two Process Ob-
ject classes, a controller process of class f-start and
worker processes of class fib-unit. The entire Process
Object source listing is given in Figure 29. Process
objects f-start and fib-unit use interface functions
f-start-po and fib-unit-po respectively (see Figure
29).

The Network Module definitions are shown in Fig-
ures 27 and 28. Figure 27 shows the top-level Net-
work Module. Figure 27 contains an f-start class
Process Object called f-start:st and a fib-tree class
Network Module called fib-tree:tree. The fib-tree
Network Module is shown in Figure 28. It contains
a fib-unit PO and two delayed fib-tree NMs. The
block visible at the instance port of each nested fib-
tree NM signifies that the connection is a delay con-
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(define (f-start-po CHAH size)
(erite-guard CHAH ask size)
(display

(list "anseer (read-guard CHAH (list reply)))))

(define (fib n)

(f (< n 3

¢ (fib - n 1)) (fib (- n 2)))))

(define (fib-unit-po TOP BOT)
(let ((size (cadr (read-guard TOP (list ask))))
(grainsize 7))

(if (< size grainsize)
(erite-guard TOP reply (fib size))
(begin
(erite-guaxd BOT ask (- size 1))
(write-guard BOT ask (- size 2))
(let ((resl (cadr (read-guard BOT (list reply))))

(res2 (cadr (read-guard BOT (list reply)))))
(erite-guard TOP REPLY (+ resl res2)))))))

Figure 29: Fibonacci Process Objects



nection and that the NM is delayed.

The only argument to the Fib-test NM is the value
of size which determines the fibonacci number to be
computed. F-start:st sends the seed size to its chan-
nel then reads the result when the computation is
complete. Fib-unit process objects receive a size
value from their top channel and if size is less than
grainsize they do the fib calculation for that size. If
size is greater than grainsize they send size-1 and
size-2 to their bottom channel which triggers the cre-
ation of the delayed fib-tree Network Modules who
do the work. The child processes then carry out the
subcomputations and return the results.

This example demonstrates the use of guarded in-
put channels for bi-directional communication. Mes-
sage types used are ask and reply. The use of guard
channels ensure that only appropriate message types
are received. If guard channels are not used then a
separate input and output channel would be required
for both top and bottom connections to ensure that
high-level race conditions do not occur.

8.3 Router Network

The router network program presented in this sub-
section demonstrates the use of a stream channel to
implement a highly connected group of Process Ob-
jects (routers). The program concentrates on the
communication aspect of DPOS programming. The
sole work of router POs is to route messages.

The Network Modules for the program are shown
in Figures 30 and 31. The router-net class NM in
Figure 30 contains an init-router PO which sends
messages to a list of router POs in router-Ist:lIst.
A message is a list of forward addresses and com-
mands. The routers simply forward messages among
each other until an “OUTPUT” command, then send
the tail of the message to router-out:outer. When
all messages have been received, Router-out sends
a termination message to the list of routers. The
router-Ist class NM in Figure 31 implements a list
of router Process Objects using constraints as
demonstrated in subsection 8.1.

The channel labeled “B” in Figure 30 is desig-
nated a stream channel (indicated by nested box) of
buffer channels. This stream channel is connected to
router-Ist:Ist through two ports. Within NM class
router-Ist the access to port “T4” connects all POs
to the entire stream of channels. Tl is connected to
the entire list in the first router-Ist, to the tail of the
list in the second, to the tail of the tail in the third
and so on. Each successive router PO connects to
the head of TI. So consecutive router POs connect
through T1 to consecutive channels in the stream

Figure 31: Router-Ist NM

load channel_debug.scm
DEFS
load router-net.dp

load
load

router-Ist.dp

init-routers.dp

load router-out.dp

load router.dp

BODIES

(init-debug Touter-net)

(let ((1st

1 (a
@ (a
© (

2)(b 3)(output ml))

(b 3)(c 2)(output m2))
3)(b 2)(c 3)(output m3))

2)(b I)(c 0) (output »4))
2) (output m5))

2)(b 3)(output m6))))
(end-messi

"((stop I)(stop 2)(stop 3)(stop #f))))
(router-net 4 1st 6 end-messi))
EIDBODIES

Figure 32: Run File
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(define (isit-roaters-po ALL-CH 1st)
(let ((inval #f)
(next tl)
«
(do ((a 1st (cdr a)))
((not a))
(*et! next (car a))
(eend-nth ALL-CH (car next) (cdr next)))))

(deline (router-eut-po ALL-CH OUT-CH n and-sess)
(do (@ 0 (+a D))
(= am)
(display (lilt (receive OUT-CH)
(send-nth iLL-CH 0 end-»ess))

“received)))

(define (router-po HY-CH ILL-CH OUT-CH id)
(lat ((inval #f)
(next #f)
(nessage *1)
(dona *1))
(do ((@a 0 (+ a 1)))
(done)
(mmat! inval (receive KY-CB))
(set! message (caar inval))
(set! next (cadr (car inval)))
(if (equal?, message “output)
(mend OUT-CH (cadr (car inval)))
(begin
(ii (equal? >essage "stop) (set! dose #t))
(i1 next
(mend-nth ALL-CH next (cdr inval))))))
(display (lilt “router id "stops))))

(deline (send-nth CH-STRM n mess)
(send
(do ((@ 0 (+ a 1))
(STR CH-STRJI (t-itra STR)))
((= an) (h-itr* STR)))
aess))

Figure 33: Process Objects

®5
b4
(bl
®3

received)
received)
received)
received)
(bE received)
(b2 received)
(router 0.000000 itopi)
(router 1.000000 stops)
(router 2.000000 stops)
(router 3.000000 stops)

Figure 34: Program Output
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channel .

Figure 33 shows the Process Object definitions for
the program. In the router-po definition, “MY-
CH* corresponds to the head of “TI" while “ALL-
CH” corresponds to “T4”. Each ronter-po receives
messages from “MY-CH” and forwards messages to
a specified channel in “ALL-CH” using the function
send-nth. If type is ‘stop then the PO terminates
after forwarding, if type is ‘output then the PO for-
wards the message to “OUTPUT” instead of “ALL-
CH”.

9 DPOS Scheme Interpreter

The DPOS Scheme interpreter is a parallel inter-
preter with simulated concurrency. The level of par-
allel simulation is below the level of DPOS parallel
constructs. Also, the interperter inserts random tim-
ing delays at all possible synchronization points. This
means that any synchronization condition that can
arise on a parallel processor can be simulated by the
intrrpertrr. If the duration of the computation is
short, some possible synchronization conditions may
not arise either in simulation or true concurrency.

There are several advantages to using the simulator
for initial program development.

1. The turn around time is shorter because files do
not have to be compiled and executable tem-
plates do not have to be generated.

2. Results are repeatable. ldentical repeated runs
will produce identical output.

3. Debug interpreter output may be immediately
read by the DPOS graphical interface for debug-

ging-
4. The interpreter runs in a familiar environment
(unix).

5. The interpreter runs at speeds comparable to a
uniprocessor version of CUS or Multischeme.

9.1 Using the DPOS Scheme Inter-

preter

There are two version of the DPOS Scheme inter-
preter, dpos and debug. Dpos reads files generated
using the “DPOS-SCHEME" output format. Debug
reads file generated using the “DPOS-DEBUG” out-
put format.

The DPOS Scheme interpreter reads a single run
file (see Figure 3) which must specify all top level



< Channel Definitions >

DEFS

< Load Files >

< Function Definitions >
BODIES

< Scheme Commands >
ENDBODIES < carriage return >

Figure 35: Run File Format

definitions for the program and must also specify a
sequence of commands to be executed.

Run files may contain DPOS Scheme source code
and also DPOS Scheme run file commands. Run file
commands are not Scheme commands and do not use
Scheme syntax. The DPOS Scheme run file com-
mands cause files to be loaded and evaluated at top
level and also separate the run file into blocks.

If the program uses concurrent features, the run file
must load a DPOS channel file. Run files may load in
Process Object and Network Module definition files
(see sections 4.2 and 4.3). The load command has the
form: “load filename”. Load files produced with the
DPOS graphical interface have the extension “.dp”
added to them automatically. The run file has a stan-
dard form shown in figure 35.

9.2 Run Files for the standard Inter-

preter

Run files for the standard interpreter must meet the
following requirements:

1. The channel definitions for the standard inter-
pereter are in “channel.scm”. This file must be
loaded before the DEFS command in the run file.

All Network Module load files must be gener-
ated using the DPOS-Scheme output option in
the graphical interface.

The BODIES section must meet the following
requirements.

(@) The BODIES section may invoke one or
more Network Module definitions. These
top level Network Modules may have pa-
rameter value arguments but must have no
outer port connections.

(b) Any number of sequential Scheme state-
ments may be included.
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9.3 Run Files for the Debugging In-

terpreter

Run files for the debugging interpreter must meet the
following requirements:

1. The channel definitions for the debugging inter-
pereter are in “channeLdebug.scm”. This file
must be loaded before the DEFS command in
the run file.

. All Network Module Load files must be gener-
ated using the DPOS-DEBUG output option in
the graphical interface.

The BODIES section must meet the following
requirements.

(@) The BODIES section must invoke at most
a single Network Module definition. In ad-
dition this top level Network Module may
have parameter value arguments but must
have no outer port connections.

(b) The first statement in the BODIES section
must be (init-debug NM-name) where
NM-name is the name of the Network Mod-
ule definition that will be invoked. This
does not invoke the NM, it merely tells the
interpreter what template is to be the first
process created.

(c) Any number of sequential Scheme state-
ments may be included after the init-

debug statement.

(d) The single Network Module invocation may
occur at any time after the init-debug

statement.

9.4 Running the Interpreter

The interpreter programs are called dpos and de-
bug. The interperter output is to standard out. The
command to run the interpreter is:

dpos -f run-file-name
or
debug -f run-file-name > tmp.file

Run-file-name is the name of a DPOS Scheme
source file. The output from debug contains trace
statements readable by the graphical interface. The
output from debug may be sent to a file for later an-
imation and debugging using the graphical interface.



10 DPOS Scheme Features

DPOS Scheme isa concurrent Scheme dialect. DPOS
Scheme contains a subset of standard Scheme features
and includes additional extended features for speci-
fying concurrent program execution.

10.1 Deletions from Standard Scheme

1. Global variables are not defined.
DPOS Scheme is a distributed memory language
without global variables.

2. Standard forms and functions may not be reset
by user programs.

3. The source file may cause other files to be loaded.

4, Strings are not supported. Symbols are auto-
matically coerced into strings in commands re-
quiring strings.

5. Continuations are not supported.

10.2 Standard DPOS Scheme

tures

Fea-

This section contains list of standard Scheme func-
tions supported by DPOS Scheme. The syntax of
each procedure or form is given. When several forms
appear on a line the syntax is identical for all. When
the semantics of some form or function differs from
standard Scheme an explanation is given.

Special Forms:

1. (define (variables formals) body)
define may only be used to define functions.
DPOS Scheme does not support global variable
definitions.

2. (let (bindings) body)
Bindings have the form: (variable init).

3. (letrec (bindings) body)
Bindings have the form: (variable init). Bindings
are evaluated in the order given.

4. (begin body)

5. (if test consequent alternate)

6. (cond clau6el clause2... )
Clauses have the form: (test expression).

7. (lambda (formals) body)

8. (do ((variable! init1 step])...) (test expression)
command...)

9. (while test body) Test is evaluated. If the re-
sult is not #f then body is evaluated. This is
repeated until test returns #f.

Standard Procedures and definitions:
1. (equal? objl obj2)

2. (eq? objl obj2), eqv?
and eqv? are identical.

In DPOS Scheme eq?

3. (and expl exp2...), or
4. (not expl)
5. (set! wvariable expression)
6. (apply procedure list)

7. (procedure? expression)

8. #f

9. #t
10. (delay expression)
11. (force delaved-exp)

List Procedures:

1. (car exp), cdr, cadr. cdar. cddr
2. (cons expl exp2)

3. (list expl exp2 ..)

4. (list-ref list k)

5. (list? obj)

6. (set-cnr! pair obj). set-cdr!
7. (list->vector list)

Numeric Functions:

1 (< xl x2) ,>, <=,>=

2. (+ xI x2 ..), *

3. (- xI x2),/

4. (remainder xl x2)

5. (truncate x)

6. (number? obj)

Vector Functions:

1. (vector-ref vector n)

2. (vector-set! vector n obj)

3. (make-vector n)

SN

. (vector->list vector)



5. (vector? obj)
6. (vector-length vector)

1/0 Functions:

1. (display obj) or (display int obj), write, print
2. (newline)

3. (read) or (read int)

4. (open-output-file name)

5. (open-input-file name)

6. (close-file int)

7. (close-output-file int)

8. (close-input-file int)

Additional functions are supplied in a separate li-
brary “schemedib.scm”.

1 (length list)
2. (map proc list)
3. (append listl list2)

(caaar list), caadr...cdddr
(for-each proc list)
(member obj list), memq
(assoc obj list), assq

(quotient nl n2)

(max nl n2), min

DPOS Scheme Extensions

DPOS Scheme incorporates several features to sup-
port parallel program definitions. The features are
intended to support the definition of DPOS meta-
language programs. When using the DPOS meta-
language some of the extended language features are
specified by the programmer and some are typically
specified only in source code generated by the DPOS
graphical programming interface.
Process Object Functions:

10.3

1. (send channel data)
Send a message to a channel. The channel must
be either asynchronous or buffer class.

(receive channel)

Receive a message from a channel and remove
the contents. The channel must be either asyn-
chronous or buffer class.
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(clian-read channel)

Receive a message from a channel and leave the
contents intact. The channel must be asyn-
chronous class.

4. (write-g channel type message)
Write a message of type “type” to a channel.
The channel must be guarded input type.

(read-g channel type-list)

Receive a message of any one of “type-list™ types
from a channel. The channel must be guarded
input class.

(h-strm streamchannel)
Returns the first channel of a stream channel.

. (lit-strm streamchannel)
Returns the second channel of a stream channel.

. (litt-strm streamchannel)
Returns the third channel of a stream channel.

. (httt-strni stroamchannel)
Returns the fourth channel of a stream channel.

10. (t-strm streamchannel)

Returns the tail of a stream channel.

10.4 Source File Commands

Source File Commands:

1. DEFS
Precedes the first define or load of a user gen-
erated definition file.

BODIES
Separates defines and loaded file commands.
From execution commands.

load name Used before DEFS to load the chan-
nel definitions (either “channel.scm” or “clian-
nel-debug.scm™).  Used between DEFS and
BODIES to load user generated definition files.

ENDBODIES
Follows the last execution command. This
must be followed by a carriage return.

10.5 Interface Specified Functions and

Commands

This subsections lists functions and commands gen-
erated by the DPOS graphical interface. These func-
tions are not intended to be specified by program-
mers. These functions are also implementation spe-
cific for the DPOS Scheme simulator. If used by the
programmer they will generate programs that are not
useable by the graphical interface for editing and de-
bugging. The argument lists shown are specific for



the debugging interface version of DPOS Scheme and

vary from those for regular DPOS Scheme.
Interface generated functions and commands:

1. (system-call parameter-list) This is the hook
into the system. Several useful operations are
available using the listed argument lists.

(a) ’random rgenerate a random integer 0..99
(b) ’rand n :generate a random float 0..n
(c) ‘wait n :delay execution n steps

2. (init-debug name)

3. (a_channel name index id)
Create an asynchronous channel generator.

4. (b_channe] name size index id)
Create a buffer channel generator.

5. (Lchannel name size guard-cnt id)
Create a guarded input channel generator.

6. (new-process procedure arglist name id)
Create a new process.

7. (delay-channel channelform delay-Ist)
Create a delay channel.

8. (new-port location channel)
Initiate the debugging interface for a port.

9. (dpos-id)
Generate an identifier for a channel, or object
instance.

10. (streamofthunk)
Generate a stream of ch;mnels.

11. (activate-delay-forms list)
Evaluate the list of delayed processes for a de-
layed channel.

11 Portability Across Target
Languages

The DPOS graphical interface generates source code
in four target languages. This means that an NM
class definition created using the interface is portable
across the four languages. The Process Objec source
code, however, is specified by programmers using a
text editor. Scheme is the base language for all four
languages. Each of the dialects contains a subset of
the essential features of sequential Scheme. Each di-
alect also adds some extensions including sequential
commands and parallel commands.

A subset of DPOS Scheme may be used which is
compatible across all four languages. The compat-
ible subset of features includes all features listed in
subsections 10.2 and 10.3 with a few exceptions.

. list? is called pair? in CUS.

. while is supported only in DPOS Scheme.

. print is not defined in CUS.

. close-file is supported only in DPOS Scheme.

. force and delay may vary semantically in CUS.

. Some errors in DPOS Scheme produce an error

message but return the value # f allowing the
program to continue.



