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Abstract 
Models of parallel computation based upon mes- 
sage passing are in wide-spread use today, yet the 
message passing primitives available on different 
architectures are often different in subtle ways. 
The situation on distributed systems is even 
worse; not only are there different interfaces, but 
the services provided are not sufficient for data 
driven computation. MMPS is a solution to the 
problem. First, MMPS provides a basic message 
passing service with guaranteed delivery that can 
be ported to a wide variety of architectures. 
Applications that use the MMPS interface will be 
portable with respect to the message system. 
Second, MMPS provides a customizable interface 
that exploits the C++ [l] class hierarchy to allow 
the user to define new types of messages with new 
services. The new services can be efficiently 
implemented using existing code and inheritance. 

1. Introduction 
There are many different parallel process- 

ing architectures that use the message passing 
paradigm on the market today. Applications writ- 
ers are faced with rewriting that portion of the 
application that interfaces with the message pass- 
ing library each time they port their application 
from one architecture to another. Subtle, and not 
so subtle, differences in the message system’s 
syntax and semantics may not be fully under- 
stood, leading to unpredictable errors and frustrat- 
ing experiences, Furthermore, they must often 
customize the message passing services provided 
to match application requirements. This is an 
annoying and unnecessary waste of programmer 
resources. 

The problem of porting between architec- 
tures is even worse when the target architecture’s 
system software was not designed with parallel 
processing in mind. This is the case in many dis- 
tributed systems. Not only are basic reliable mes- 
sages services not available [2,3], but when they 
are, they are often based on a callheturn seman- 
tics [4,5,6]. For example, the services provided to 
Berkeley UNIX users are unreliable datagrams of 
fixed size (UDP), and totally reliable streams of 

characters (TCP). Both of these are layered on 
top of the E’. This has been adequate in the past 
when the primary model of distributed computa- 
tion was one of using either pipes between 
machines (or virtual terminal sessions) or using 
RPC in which a time-out could be used. These 
services are totally inadequate for writing highly- 
parallel, asynchronous applications. 

What is needed is a portable, customizable, 
message passing system that provides message 
passing primitives designed to support parallel 
computation. If such a message passing system 
were available on several different architectures, 
then applications could be ported between the 
supported architectures with little or no 
modification. Besides the savings in porting 
effort, it would also be possible to compare the 
architectural performance using the same applica- 
tion code. 

The Modular Message Passing System 
(MMPS) is just such a system. The MMPS solu- 
tion has two important aspects: a set of primitive 
message passing routines that can be readily 
ported from architecture to architecture, and an 
extensible set of C++ classes from which different 
message classes with different service characteris- 
tics can be easily and efficiently constructed using 
inheritance. 

In the next section we introduce and 
describe the ‘extensibility/customization features 
of MMPS. This includes a description of the C++ 
inheritance mechanism used, the class definitions 
used, and two examples illustrating the flexibility 
of the approach. Next we describe our portability 
philosophy and the two current instances of 
MMPS, on a network of UNIX BSD hosts, and on 
the Intel iPSC/2 hypercube. Finally, we offer per- 
formance results for MMPS in the two supported 
environments, and compare them to the native 
communication primitives. 

2. Extensibility Features 
It is important to provide an extensible mes- 

sage passing system since there are such diverse 
requirements for message passing services among 
applications. Rather than trying to provide a 
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into existence, and when an instance is destroyed, 
respectively. 

A class DERIVED inherits from its base 
class BASE all of the public and private member 
variables and functions of the class BASE. This 
is shown syntactically in Figure 2. The in- 
memory representation of DERIVED is as if the 
two declarations (BASE and DERIVED) were 
concatenated in contiguous memory. We exploit 
this fact in our implementation. Instances of 
classes are "constructed" from the bottom up, first 
the base class constructor is called, then the 
derived. 

An advantage of the C++ implementation 
of inheritance is that it allows the compile time 
binding of member function invocations. (The 
only exception is for virtual functions, for which a 
single indirect call is required.) The binding of 
procedures at compile time means that the over- 
head of using multiple "layers" via the inheritance 
mechanism is minimal. 

Application Software I 
User Defined 
Msg Services 

MMPS Classes 

"Native" Communications 
Primitives 

Figure 1 - Layers. 

union of all such services, MMPS provides a 
basic message service via a predefined C++ class, 
the mmps-message class. The use of the C++ 
class inheritance mechanism allows users to cus- 
tomize the message system to provide the services 
needed without building an entire application- 
dependent service from scratch. The basic ser- 
vices are provided by the mmps-message class. 
The user can then derive new message classes 
from mmps-message that provide the specific ser- 
vices that he desires in much the same manner as 
traditional message systems use layers of proto- 
cols. For example, the user may want to provide 
a software multicast as a new send service, 
send(name-list). The advantage of using the C++ 
class inheritance mechanism is that the "layering" 
of protocols is very efficient, and can be done at 
compile time. This "layering" is shown in Figure 
1. The upper three layers are compiled layers; 
interlayer communication is done via procedure 
calls. The lowest layer is the native layer; inter- 
layer communication is done via IPC or traps. 

2.1. Inheritance in C++ 
Classes in C++ are declared with the key- 

word class. A class definition consists of a public 
section and a private section. Each section may 
contain instance variables, called member vari- 
ables in C++, and functions defined for the class, 
called member functions. The public members 
define the interface to the class. Each class may 
have a constructor and a destructor declared. The 
constructor and destructor are automatically 
invoked when a new instance of the class comes 

2.2. MMPS Class and Inheritance 
The mmps message class interface provides 

services that arg basic to parallel computation, 
namely, the reliable delivery of messages of arbi- 
trary size from one nameable entity to another. 
The user may specify that each message contain 
different amounts of user specified header in addi- 
tion to the basic message contents. This addi- 
tional header space can be used by derived classes 
to store their class-specific information. Figure 3 

class BASE { 

public : 
int foo,y,  z; 

int bar ( )  ; 
BASE ( )  ; / /  constructor 
-BASE ( 1  ; / /  destructor 

1; 
class DERIVED: public BASE { 

public : 
int w, x; 

int setx (int arg) ; 
DERIVEDO; / /  constructor 

1;  

Figure 2 - Example of class inheritance in C++. 
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class mps-name i 
public : 

char host name [ 30 3 ; 
i nt RE SOLVED-FLAG ; 
int port; int pid; 

1; 
class mmps-message { 

mess-header b-header; 
int type; 
int valid; 
long size; 
int header-size; 
mmps-name destination; 
mmps-name source; 

mps-message (long, int) ; 
-mmps-message ( )  ; 
void set-type (int) ; 
int get-type ( 1  ; 
void get-data (long, char*) ; 
char* get-datagtr 0 ; 
long get-data-length(); 
long get-header-length(); 
void put-data (long, char*) ; 
void set-dest(mps-name); 
mps-name *get-dest0; 
mmps-name *get-src ( )  ; 
void send0 ; 

public : 

1:  
mmps-message 

*mps-receive (int block) ; 

Figure 3.  The mmps-message class definition. 

shows the mmps-message class interface. Each 
of the member functions is briefly described 
below. 
e The constructor mmps-message ( 1  takes 

as parameters the size of the data portion of 
the message and the size or derived class 
header. The constructor can only be called 
dynamically, so no auto variables are 
allowed. The constructor will create a 
mmps-message object with space allocated 
for data and derived class header. 

e The destructor -mps-message ( )  
releases the message back to message sys- 
tem. Once the user is finished with a mes- 
sage it should be released. 

e 

a 

e 

e 

e 

a 

e 

e 

e 

a 

e 

The set-type ( 1  call is used to set the 
type of the message. 
The get-type ( ) call returns the type of 
the message so that casts and assignments 
can be done correctly. 
The get-data ( 1  call takes as parame- 
ters a pointer to a char buffer and the length 
of that buffer. It will copy the data up to 
the given length into the buffer provided. 
The get datagtr ( )  call retums the 
address ofthe data portion of the message. 
The get-data-length ( )  call returns 
the length of the data portion of the mes- 
sage. 
The get-header-length ( )  call 
retums the length of the derived class 
header. 
The put-data0 call takes as parameters a 
pointer to a character buffer and the size of 
that buffer. It will copy up to the size bytes 
into the buffer. 
The set-dest ( ) call sets the destination 
address for the message. 
The get-dest ( 1  call retums the desti- 
nation of the message. 
The send() call sends the message. 
Checks are made to be sure that the destina- 
tion is set and the message has data. 
The mmps receive ( )  call receives a 
mmps-message and returns a pointer to it. 
A parameter is used to indicate whether the 
receive is blocking or non-blocking. 
The user may use the mmps message class 

to derive new classes that provide both additional 
services as well as overloaded service definitions. 
When this is done the memory representation of 

MMPS Message Format 

L I , I  Data 
Derived Class Header 

MMPS Class Header 

Figure 4 - The mmps-message class inheritance. 
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the derived class is as shown in Figure 4. 

class mentat-message: 
public mmps-message I 

arc-instance destination; 
int f-size, f-space; 
fl rec s - future[ll; 

mentat-message (long, int) ; 
void set-dest(arc-instance); 
arc-instance *get - dest ( 1  ; 
mentat-message 

fl-rec-*get-future ( 1  ; 
int future-size ( )  ; 
void send() ; 

public: 

*set future (fl-rec*,int) ; 

1;  

mentat-message: : 
mentat-message(1ong max-size, 

int fl size=SHORT-FUTURE) : 
/ *  constructor parms first * /  

(max-si ze, 
((sizeof(mentat-message) 
-sizeof(mmps-message)) 
+ ( ( (fl size>O?fl size:l) -1) 
*si zeoT ( fl-rec ) T) 

{ / *  prevent memory allocation * /  
if (this == 0) this = 0; 
f - size=(fl - size>O?fl_size:O); 
f-space=f-size; 

1 

Figure 5 - Mentat message class and construc- 
tor. 

class mcast-message: 

public : 

1;  
void mcast-message:: 

public mmps-message { 

void send(name-list *dests) ; 

send(name-list *dests) { 
int i; 
for (i=O;i<dests.count ( )  ;it+) { 

set-dest (dests [ i l  1 ; 
send ( 1  ; 

1; 
1 

Figure 6 - Multicast message class. 

2.3. Inheritance Examples 
Our first example comes from the Mentat 

run-time system [7]. In addition to the basic ser- 
vices the Mentat run-time system requires mes- 
sages that have additional variable-length data 
structures attached to every message. These 
structures specify (1) that a particular argument to 
a particular function is the destination of the mes- 
sage, and (2) a program graph that specifies where 
the receiver should send its reply. This informa- 
tion is contained in the arc-instance des- 
tination and fl-rec s-future [ ] ,  
respectively. In addition to the data structures 
there are routines to manipulate them, and an 
overloaded send ( ) with slightly different 
semantics (it deletes the message after it has been 
sent). The class definition for mentat-message is 
given in Figure 5, as is one of the constructors. 
Note how the constructor specifies to the base 
class how much header space is required. 

The second example (shown in Figure 6) 
illustrates how a simple, reliable multicast mes- 
sage system could be constructed. The nume-list 
class is a list of names that can be addressed by 
the overloaded array index operator. 

3. Portability 
The MMPS philosophy of portability is to 

keep most of the architectural dependencies iso- 
lated in the lowest layer that provides the basic 
transport service. This philosophy is not unique 
to MMPS; most modem operating systems strive 
to minimize and isolate machine dependencies. 
Thus, when MMPS is ported to a new architec- 
ture, only the lowest layer need be modified, the 
rest of the system, including all of the user 
defined message classes, port without 
modification due to the use of the class inheri- 
tance mechanism. (This is not true if a derived 
class includes architecturally specific information 
in its implementation.) 

The only difference in MMPS that the user 
sees between architectures is in naming. What 
constitutes a nameable entity varies from system 
to system. For example, an intemet name is a 
hostnamelport pair, while on the Intel hypercube 
a name is a nodelpid pair. Our solution to the 
problem is to encapsulate names into a 
mmps-name class. This class is chosen at com- 
pile time by using #ifdef compiler directives. 
In addition to the structural changes, a set of 
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routines to manipulate the names is provided for 
each architecture. In the future, we will support a 
naming scheme that will permit exchanging mes- 
sages between different ”instances” of MMPS. 

MMPS is currently available for two dif- 
ferent systems: the Intel hypercube [8], and a net- 
work of SUN’S running UNIX BSD. Both imple- 
mentations provide the same services, although 
the Intel implementation is much faster. The 
SUN version is currently implemented using BSD 
sockets using UDP/IP [2,3]. In the future we plan 
to port MMPS to other architectures, including the 
BBN Butterfly (essentially a Mach port) and the 
NCUBE/ten . 
3.1. Berkeley BSD 

The BSD version of MMPS uses UDP/IP 
sockets and a protocol that establishes “connec- 
tionless” connections. We chose not to use a raw 
Ethernet system for our BSD port because it 
would be too architecture-specific, and hence 
would not be portable across the range of archi- 
tectures we want to support. The connections are 
connectionless in that establishing a connection 
does not prevent the user from opening any new 
connections. Furthermore, the user can still com- 
municate with all peers simultaneously. The pro- 
tocol uses these connections to provide the relia- 
bility needed for MMPS . 

There presently exist two network protocols 
available in Berkeley UNIX, TCP and UDP, both 
of which are built on the intemet protocol, IP. 
TCP provides reliable service, but with a high 
overhead paid to establish connections and to per- 
form error checking. UDP does not require the 
connection overhead of TCP, but does not provide 
the quality of service that TCP provides. In par- 
ticular, when using UDP, packets have a fixed 
maximum length, may be lost, may arrive out of 
sequence, or may be duplicated. MMPS was 
designed to provide a service between TCP and 
UDP. MMPS is not a network protocol, nor is it 
IS0 compliant, rather it is a message passing pro- 
tocol that provides connectionless delivery of 
messages. It is built on top of UDP/IP sockets so 
that the high overhead of TCP need not be paid. 
Meamgea are delivered in-sequence and without 
duplicates. 

To ensure delivery time-outs are needed, 
with timeouts comes the problem of duplicates. 
To deal with these problems MMPS establishes 
its own connection using datagrams and a stop- 
wait protocol. The connection lasts the duration 

of the message and then broken-down again. The 
stop-wait protocol provides the guarantee of in- 
sequence delivery, and the connection provides 
duplicate suppression which allows timeouts to be 
used to guarantee delivery of messages. 

3.2. Intel iPSC/2 
The Intel iPSC/2 hypercube version of 

MMPS was much easier to implement than the 
Sun version. The iPSC/2 already provides mes- 
sage passing primatives that support parallel com- 
putation. The mmps-message class was “wrapped 
around the iPSC/2 primatives to provide the 
extensibility and portability that the primatives 
lack. 

4. Performance 
MMPS provides communication support for 

parallel computation which is very comparable to 
existing communication services while providing 
more functionality and flexibility. Performance 
measurements of end-to-end data transfer delay 
for various size messages are shown for the Sun 
network of UNIX BSD hosts and for an Intel 
iPSC/2 hypercube. MMPS provides reliable ser- 
vices which are efficient and easily extensible via 
C++ inheritance, yet impose little additional cost. 

The first graph in Figure 7 shows end-to- 
end delay measurements for MMPS data transfer 
services compared with TCP/IP and UDP/IF’. 
Parallel applications on a distributed system like 
the network of Suns must currently rely on data 
transfer services provided by either TCP/IP or 
UDP/IP. For about one third of the cost in delay 
of TCP/IP, MMPS provides similar functionality 
while also providing more flexibility. For a con- 
stant overhead cost of about 8 milliseconds 
MMPS provides a reliable datagram service 
where UDP/IP is unreliable. 

The second graph in Figure 7 shows end- 
to-end delay measurements for MMPS compared 
with the iPSC/2 hypercube. While MMPS data 
transfer services do not add value like reliability 
to the raw hypercube services, it only imposes a 
small overhead in exchange for the portability and 
extensibility it provides. Parallel applications can 
be easily ported between these two testbeds using 
MMPS; converting TCP/IF’ based service calls to 
hypercube service calls is far from trivial. 
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Figure 7 - MMPS end-to-end delay. Above: 
Network of Sun 3/60s. Below: Intel iPSCj2. 

5. Conclusions 
MMPS is a portable and easily customized 

message passing system that provides basic mes- 
sage passing services, including the reliable 
delivery of arbitrarily large messages. Systems 
such as MMPS are important to the distributed 
memory computing systems community since 
portability of applications between architectures 
will continue to require a major effort on the part 
of applications programmers. The vast difference 
between data transfer services within parallel 
machines and distributed systems further exacer- 
bates this problem. 

The extensibility for MMPS allows the user 
to customize a set of basic services at low cost for 

the value added. This makes MMPS especially 
flexible for use in diverse architectures. Perfor- 
mance measurements of end-to-end delay show 
that MMPS data transfer services are very com- 
parable to existing basic services. Extensible and 
portable services such as MMPS are required 
before significant progress can be made in 
architecture-independent applications. 
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