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Ab stract

This report summarizes the work done during the last ye ar of
the Distributed Compute r Network (DCN) Project. The
accompli shments dur ing this period include further refinement of
the ope rating systems and com pilers , development of automatic
fault— recover y and resource—a ssignment facilitie , and
re—evaluat ion of certain concepts indigent to the DCN
architectu ral design.
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FINAL STATUS REPORT ON THE DCN PROJECT

This is the final status report on the DCN project s supported
under ONR contract N00014—75—C—0872 for the peri rd 1 June 1976
through 31 May 1977. The project has been supported during this
period as a no—cost extension of last year ’s funding. The
activities reported herein reflect the progress toward the goals
set forth in the contract proposal and in previous status reports.

A current list of publica t ions supported at least in part by
the DCN project is appended. The list s in chronolog ical order ,
includes on ly those publications appearing as forma l technical
reports and journal articles. At this time all of them , with the
exception oP the last three (14, 15, 16) have appeared in their
respective proceedings. The last three have been microfilmed , but
will not be produced in paper form, due to budgetary constraints.
The second report (15) on the ULP language has been submitted for
journal publication.

It is expected that at least one more technical report will
be produced . in addition to this report. This report will
describe the current state of the software and serve as a
reference document for any possible further work. If time permits
this report will be condensed and submitted for publication.

1. Coals and Objectives

The goals specified for the remaining period of the contract
were contained in the status report of 26 September 1975 as
amended by the letter of 3 February 1976. These include:

1. Cont inued development of the Virtual Operating System (VOS)
and Basic Operating System (1308) for the DCN to at least a
point where its performance could be assessed relative to
competin g technologies.

2. Selected experimental DCN developments involving distributed
resource allocation /control and fault recovery.

3. Investi gation of hi g h—level language features useful in the
distributed environment .

4. Examination of various approaches to DCN implementations and
evaluation of the ir performa nce and ut ili t y~ where possible
us ing the DCN experienc e as a guide.

The progress toward these goal s since the last status report
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is reported in this document. There are three parts: the first
describing development of the DCN software to enhance its use as a
measurement and evaluation tool, the second describin g certain
experimental resource management techniques and the third
describing the results of certain experiments designed to test the
principles of the DCN design. Discussion of a number of key
po ints in the design of DCN—like networks and evaluation of a
number of alt ernatives in imp l ementation are contained in the
summary and conclusions.

2. DCN SoFtware Development

The DCN software has been continuously refined in minor ways
in order to improve performance and provide features necessary for
ex periments. This activity is described in following sections.

2. 1. VOS Activit y

From the outset of the work on this contract . the notion of
using portable virtual segments as the (only ) intrinsic data type
was thought to be of primary importance. Although a
single—computer operating system embodying these concepts was
operational as early as 1972, the integration of the virtual
segment architecture into the network environment has proceeded
very slowly since then. Part of the reason for this has been
limited manpower and key personnel departure s. and part has been
the inherent difficulty in developing system components such as
compilers , linkers , etc., to operate in this environment.

The VOS d ev e l o pment  e f f o rt duri n g t h e  p ast  y ear has  b een
minima l and aimed primarily at maintaining compatibility with the
1309 in the areas of device support . network interface and user
command operations. Specific activities are summarized ~n the
follow ing sections.

2. 1. 1. VOS Emulation

I t  was de te rm ine d at an e a r ly  st ag e t ha t d e v e l o p m ent  of a
complete progr am—preparation capabili ty including text editors .
assemblers. compilers and linkers was impractical with t~ e
resources ava ilable to the project . Instead, a virtual—machine
e m u l a t o r  was pr opose d in wh i ch one of t h e  DEC o p era t ing systems
col d run with little or no mo difications. Unfortunately , the
structure of the system chosen . the Disk Operating System (DOS),
turned out to be such as to make this strategy unworkab le. Th
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was one of the reasons why Dr. John Shore of NRL withdrew his
support from the project in 1975.

Digital Equipment Corporation has since replaced DOS with a
new system called RI—il. This deve lopm ent s together with the
poss ibility of using other systems . such as UNIX . have prompted a
new evaluation of the virtual emulator approach. An LSI—1 1
computer and RI—li system was made available to the project (at no
cost to the project ) in order to test this approach. From persual
of the available documentation , including system manuals and
source code . it appears that the objections originally raised in
connection with DOS have been removed in RI—li.

There are two ways that RI— Il system components could be run
in the VOS:

1. Background load module (.SAV ) files could be mapped directly
onto VOS segments at corresponding virtual memory addresses.
This wou3d require VOS emulation of direct— access input/output
transFers (which are always called through the
supervisor—interrupt interface ) in much the same way as
originally proposed for DOS. The advantage that RI—il has
over DOS is that the construction of the various system
components is much more disciplined and violations such as
appeared in DOS FORTRAN have been avoided. In addition, it
seems to be practital to incorporate much more of the
monitor — level software, such as porti ons of the keyboard
mo nitor (KMON ) and User Service Routine (USR), directly into
the emulator . thus diminishing the total work of
imp lementat ion.

2. Object module (.OBJ) files could be linked with an interface
packa ge to run directly in VOS without emulation. In fact.
these files can be linked and run in the Basic Operating
System (1308) for the DCN using the same technique. A number
of system c omponents of RI—Il and other systems are already
supplied in object—module form. among them the Paper Tape
Software (PTS) linker and the RI—li BASIC
interpreter /compiler , and others are readily available. By
replacing or modifying the input /output subroutines for these
comp onent s i t  sho u l d be  p oss i b l e  to avo i d t h e  n e c e s s i t y of an
object--t ime emulator. Modules to operate in the VOS could be
linke d by the RT—I1 linker in absolute load module (.LOA )
forma t and loaded by means of the existing VOS/BOS loader onto
a VOS virtual—segment file. The program could be run by
simply mapping the segments of this file at corresponding
virtual addresses. Mod u les  to o p erate  in t h e DOS c o u l d b e
linked by the RT—l i foreground relocatable (. REL) format, in
wh ich the relocation information is preserved. Through simple
modif ications of the existing VOS/BOS relocating loader , it
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would be possible to dynamically load the run the program in
the same way that cross—assembled /compiled programs are now
run.

2. 1.2. VOS File System

A further development planned for the VOS was a comprehensive
virtual file system. For various reasons Dr. Lay and Mr. Pollizzi
wer e una b le  to c o m p l ete t h e  im p l e m e n t a t i on of th e v ir t ual f i le
s y s t e m  acco rd ing to t h e  or i g inal design. However, various
intermediate versions of this file system have become operational ,
altho ugh not with all the features planned.

In order to facilitate program development and networking
exper iments, the RT—il c ompatible 130S file system is presently in
use in the VOS. Its replacement by t he devel op men ta l  v ir t u a l  f i le
system is a matter only of re—linking the VOS.

2.2. DOS Activity

As ex plained in the last status report . the Basic Operating
System (DOS ) far the DCN was developed in order to facilitate
ex periments in network architecture and intercommunication. The
intent was. and is. to maintain compatibility with the VOS in all
areas except those for which the dynamic virtual—storage mapping
fac ilities of the VOS are required. In order to reduce the
r e sou rc es requ i red  for  d evel op ment and ma in tena nce i t was
specified that both the DOS and VOS were to use as many routines
in common as practicable. However, it was also specified that the
DOS was to ope ra te  w i th no r e s t r i c t i ons on ca pa bi l i ty in a l l
PDP I 1—compatib ’ e machines , including the LSI—ll, while the VOS was
to op e ra t e  o n l y  in PDP 11 ma ch ines i nc l u d in g h a r d w a r e  re l ocat i on
fac ilities of the PDPII/45 or equivalent.

In co nn e c t ion w i th cer ta in ex p er iments descr i bed la ter  it
became apparent that a third system would be highly desirable in
addition to the BUS and VOS just mentioned. This system . actually
a m inor modi fication of the BOS. would provide an extension to the
BUS ad dress space by using the hardware relocation features of the
PDP11/40 or equivalent. This extension , called the relocatable
vers ion of the BUS. provides a static relocation of each user
proc ess address space In blocks of 4K words. It is implemented as
a conditiona l assembly of the DOS supervisor — no other system
modules are affected.

5 
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The net result of these extensions has been to create a
spectrum of three upwardl y compatible operating system capable of
operation in the distributed network environment. Al l three
systems provide the same interface for interprocess communi cation ,
application — program interface and resource allocation. The
relocatable version of DOS provides an expandable virtual address
space organized as resident fixed—size segments for each user
process. The VOS provides this feature and . in addition ,
automatic swapping between main and aux i lliary storage of
variable—size segments.

2.3. Application Program InterFace

An application program interface has been desi gned and
implemented for the DOS. The same interface can be used b~ the
VOS, although a more sophisticated implementation would probably
be more useful. The interface provides a mechanism to load and
execute relocatable object modules produced by the Univac cross
software and to interact with the DCN environment.

In order to support appl ication programs the BU~ ..~ser process
provides an address—space partition that extends downward from the
initial process stack pointer. The size of this partition i-s
fixed in the absolute version of the DOS and can be increased in
blocks of 4K words in the relocatable version of the BUS A
relocatable object module can be loaded from any suitable nttwork
device or file , including Univac files (using the appropriate data
transmission program ). The module is loaded starting from the
bottom of the partition (or elsewhere as specified ) . The reg ion
from the current stack pointer to the top of the loaded module can
be used by the loaded program as necessary or. alternatively can
be used as a new subpartit ion in which to load another program

This structure was designed to support dynamic overlays
organized as a tree—structured set of segments. Current DCN
software, inc luding the Command Language Interpreter . File/Device
Interchange Program. BASIC Interpreter and ULP Compiler are
supported in this fashion. Any of these programs can be linked
into the resident re—entrant system and shared by all of the user
processes or, alternatively , can be dynamically loaded into a
partition in one or more user processes separately.

A special feature allows linking to global sysbols defined by
the resident re—entrant system to be resolved when a module is
dynamically loaded. This is accomplished using a special system
symbol table which can be extended dynamicall y during system
operation. This feature is designed to provide linkage to common
packages such as the FORTRAN Object—Time System . avoiding
du plication and redundancy in partition and file storage.

6
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2.4. Univac 1100 System Support

Several modifications to the DCN software in the Univac
1100/40 and 1108 were required to support the other activities
described in this report. These include minor modifications to
the cross assembler . link editor and data transmission programs.

2. 4. 1. Cross Software Modifications

The cross assembler was modified to include the special
LSI— 1l instructions and LSI—1i—PDP 11/40 floating—point
instructions. All of the 1100—resident software wa-s modified to
use the new Univac—supported Omnibus elements . which include
highly desirable features for cross—support software such as this.

2.4.2. Data lransmis sion Programs

New data transmission programs were constructed to provide
much more secure transmission between the 1100 machines and the
DCN network. It is interesting to point out that most of the
failures encountered in data transmission between the 1100 and the
DCN were not traceable to errors in the data transmission process
itself but due to various 1100 hardware and software anomolies. As
a practical matter the 1100 systems crash much more often than the
DCN and transmission can be garbled by such thing -s as operator
messages to norma l (human ) terminals. I t  has b een an e x t r em e ly
bothersome chore to gain relief from these problems by means of
clever software in either or both the 1100 or DCN systems.

A measure of relief was achieved by means of special DCN data
transmission programs written by Hans Rreiten lohner of the
Com puter Science Center and modified by Mr. McMullen. These
p rog rams , wh i ch were  inval ua b l e  d u r i ng t h e  p rocess  of t r a n s crib ing
the DCN data base from 1100 files to RI—li files, cleverly filters
out 1100 operator messages and codes the data according to the DCN
standard described elsewhere. A useful if somewhat amusing
s i d e l i g h t  to th e o p erat i on of th ese p ro g rams i s th at o p erator
messages appear in the form of audible Morse Code in systems which
have only a single asynchronous serial line unit for both the
op er ator ’s console and data transmission interface .

In another connection Mr. Breitenlohner extensively modified

7
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the Univac C/SP software so that hi gh-speed (7200 bau d )
synchronous remote—batch connections can be made under program
control to both Univac systems now in u-se and greatl y improved the
error recovery characteristics of these systems and the DCN. In
addition , a means has been provided to encode ASCII upper /lower
case transmission between the Univac machines and the DCN, so that
the high—speed upper/lower case Pr intron ix printer connected to
the DCN can be used as a remote 1100 print station. This printer.
which was acquired from Department funds . was in fact used in this
manner to print the latest report -s ennumerated on the list of
publications of the DCN project (see Appendix ) .

2.4.3. SIMPL---Xl Modifications

A small project carried out jointly with Dr . R i chard Hamlet
(assisted by Mr. McMullen during the last funding year) was
concerned with the use of the SJiPL . programming language in the
user process for application pr gramming . For reasons ennumerated
below , it hat~ not beer . poss ible to use SIMPL in the DCN software
itself. However, Dr . Hamlet is now refining a new version of the
SIMPL compiler in which some of the ob jec~;ions are removed. One
of these is the production of relocatable ob ject modules , a
project wh i ch involved substantial changes to the code— generator
portions of the compiler.

Unfortunately. it has not been possible to contribute support
to Dr. Hamlet’s work during the reporting interval (excep t for
judicious arm -twisting of Mr. McMu llen. who is not now supported
on the DCN project ) and the availability of the enhanced compiler
was too late to allow evaluation in the DCN environment. It was
the intent of this exercise that SIMPL—compiled programs could be
compiled and linked to operate in both the 1305 and VOS. in much
the same way that assembler and ULP— compi led programs are now.
Sub ject to bug extermination , it should be possible to do this
soon.

2.5. System Support

During the last few years the development of inexpensive
PDP1I—compat ib le process ors such as the LSI—11 and operating
systems such as RI—li have greatl y improved the outlook for
maintenance of DCN software directly in the PDP11 environment ,
rather than in the cross—software environment. The minor but
annoying inconsistencies between the Univac cross assembler and
linker and other PDP11 assemblers and linkers have excaberated the
situation. Ac cordingl y. the entire DCN data base . includ ing all

8 



source modu les. has been transcribed to floppy disks and adapted
to suit the RI—li macro assembler and linker. An absolute load
module (.LDA ) can be convenientl y constructed for any of the
existing PDPI1—compatib le processors and most peri pherals using
RT—j1 facilities. The DCN load module can then be loaded from
RT—Il or by the standard initial—program load procedure. DCN
application programs have full access to RI—li files and can
create and update these files as well. The equipment and
operating system used for the transmission and conversion effort
wa-s provided without charge to the contract.

3. DCN Network Development

A number of additions and modifications to the set of common
modules used both by the 1306 and VOS have been made to provide
features necessary for DCN operation as an integrated network.
These include expanded and refined peripheral device support . an
RI—il compatible file system. automatic routing for the
intercomputer communication subsystem. a form of automatic
resource allocation for the process management subsystem an
application program interface compatible with the ULP compiler and
a number of features providing transient—fault recovery and
automatic reconfiguration.

3. 1. Device Support

The number of types of devices supported has been increased
in include the AED 6200 Floppy Disk, together with a special Morse
Code /Radioteletype interface used in connection with a Master ’s
thesis project. The device support modules for the interprocessor
l inks (300—baud asynchronous . 7200—baud synchronous. Unibus Link )
have been modified to provide channel—failure detection and
reconfiguration. The 7200—baud synchronous link , presently
c onnected through the Univac CS/P to both the 1100/41 and the
1108, was modified for upper /lower case operation and to provide
bett er error detection and correction capabilities . The command
language used to -specify various device options and parameters was
standardized and integrated into the resource assignment subsystem
(see below ). The direct—access disk modules for the fixed—head
disk , moving—head disk cartridge and floppy disk were reconfigured
to interface with a number of file systems . including the RT—1i
compatible f ile system and the VOS virtual file system.

3.2. RI—il Compatible File System

In  ord er to obta in a c c e ss to t h e m any p ro gram s an d sy s t em
components available in the RT—l l Operating System . a file

9 
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ubsystem wa-s constructed wh i ch provides the cap a b i l i t y  to read
and write RI—il files. It was real i zed that the RT— 11 file
structure . which is conti guous by block , would not be appropriate
for the shared multi—user access environment envisaged for the
DCN. On the other hand , means for interfacing with the RT— 1l
system was deemed imparative if the DCN operating systems were to
be eventually -supported under RI—il , as in fact they now are In
any case, the VOS virtual file system was intended to be the
principal (but not necessarily the only ) file system available on
the network. In fact. with the present designs. both the RT—il
and virtual file systems can co—exist on the same machine .

The Ri—li file system has been used to store data gathered on
the DCN network for later processing by programs running on the
RI—li system itself. The-se data include all of the source text of
the DCN system itself (about a megabyte of text ) and occasional
object modules produced by the Univac 1100 Cross Assembler and
Cross Link Editor. BASIC programs have been exchanged between the
DOS and R I--i l systems along with various data used in real—time
satellite tracking and telemetry reduction in connection with the
AMSAT OSCAR satellites.

3. 3. Automatic Message Routing

In connection with the automatic reconfi guration fac i l i t i e s
provided by the catalog subsystem. described pres ently. the
interproces message transmission subsystem wa-s revamped to
provide automatic channel failure detection and reconfi guration.
This facility , which was surprisingly easy to install , includes
t h e  f o l l o w in g :

3. 3. 1. Message Timeouts

As an option . any process waiting for a mes sage or a reply to
a previously sent message ) can initiate a timeout. I-f no message
(or reply ) ha-s been received during the specified interval , the
message wait is terminated and the process is free to initiate
recovery procedures. Most of the device service processes now
make use of this feature to detec t channel or device failure -s.
User application programs can also make use of this feature.

10 
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3.3.2. Hello Messages

Device support processes at each end of every intercomputer
link periodically -send a hello message to their correspondent in
the other machine. This causes the correspondent process in the
oth er mach ine to send a r e p l y  con t aini ng th e ro u t ing ta b le  to th e
or iginating machine. This reply is used to, among other things.
initialize entries in the routing table of the originating
machine. The entries in the routing table include both a link
number (port address ) to be used to send messages to another
ho st e l  and a “cost” or transmission delay estimate (for details
see below ).

Each time a reply is not received within the specified
timeout interval (presently a few seconds ) the cost is
incremented. When a reply is received the corresponding
link—number entry is updated and the cost recomputed. Using this
information the interproce ss message transmission -subsystem
attempts to choose the best (lowest cost) path , depending upon the
instantaneous configuration and loading of the system.

3.3.3. Automatic System Catalog Update

Recalling from previous DCN publications , each hostel
includes a -system catalog, which contains the names and port
addresses of all other port dictionaries and user catalogs in the
network. Each hostel also includes a port dictionary . which
contains the names and port addresses of the various processes
run ning in that hostel , and one or more volume dictionaries which
c on ta in t h e  name an d l o c a t i on of each  f i le on th e c or resp on di n g
direct—access volume in that hostel. The entries in these
c a t a l o g s  and di ct i ona ri es r e f l e c t t h e  c u r r e n t  c onf ig u r a t i on an d
access capabilities of the network and obviously must be preserved
if parts of the network fail.

Periodically , each port dictionary process sends its name and
address to th e -system catalog of every available hostel in the
network . as indicated by the routing table. Present p r o c e d u r e s
involve a round—robin broadcast of this information with a period
of a few seco nds for each hostel in turn. The system catalog is
cle ared when a failed hostel Is restarted . and an entry which is
not  renewed per iod i c a l l y  b y a b roa d cast f rom t h e  corres p on di n g
port dictionary i-s removed. Thus, t h e  e n t r i e s  in a l l  s y s t e m
catalogs converge to Identical values rapidly (within a minute or
so fo r an eight—hostel network ) after an on /offline transition on

11
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the part of any hostel.

3.4. Resource Assignment

The DCN architectural design calls for management of all
system resources by means of processes. This includes all
accesses to the system data base, input/output devices , and user
processes , in which all application programs are run. Thus.
resource assignment and control is mechanized by means of
interprocess messages. and assi gnment of a resource to a proce ss
amounts to the possession of the port address of the process
controlling th.~it resource.

All DCN processes are named according to a convention which
as-signs each process to a set -sharing in common a set of
attributes. For the most part these naming conventions -follow the
convention used in many of the DEC operating y-stems. In some
cases1 in particular the user process. the names reflect the
characteristics of the machine hardware , such as whether hardware
relocation or floating—point features are available and the size
of the storage available (where applicable ) .

A user process accesses a resource by attempting to assi gn a
port address of -some process controlling that resource to a
logical channel. This action sends a message to the system
catalog for the hostel of the requesting process . thence to the
port dictionary of the hostel of the re- source—controlling process
and Finall y to the resource—controlling process itself. A
confirming reply message is returned directly to the requesting
process. which then interacts directly with the
resource—controlling process. Upon termination of these
interactions , a disconnect message is -sent to the
resource—controlling process . after which it is again available
for new requests.

At any time there may be a number of re- source—controlling
processes of a given type which can provide the -same service , as
indicated by the naming convention. For instance , there may be
several available 1309 and VOS user processes . perhaps on different
machines , and some of these may run on processors with
floating—point features and some may not. A user can specify
which characteristics are required and which are “do n ’t care ” by
i n c l u d i n g  d e f a u l t  i n d i c a t o r s at  a pp ro p r ia te po i n t s  in t h e
resource—controlling process name.

When a resource—controll ing process is created (and at
certain times thereafter ) it sends its name and port address to
the port dictionary of the pare nt hostel. The message containing
th is information includes a “cos t ’, which i-s an arbitrary number

12
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assigned either a—priori or computed by the process itself. This
cost . which includes components due to the size of the memory
partition assigned to the process and whether it is exclusivel y
assigned to some user. is stored for each process in tables
maintained b y the port dictionary and can be accessed when a
decision i-s made to allocate a particular process from a set of
those prov iding similar services. In a similar fashion a cost
assigned to the port dictionary itself is transmitted in the hello
messages broadcast by the port dictionary to the set of system
catalogs. ihis cost is intended to reflect the cost of using the
processor and includes components due to the processor speed.
total memory size. etc.

A request for initial connection to a resource—controlling
process is sent to a system catalog process. The message contains
a field indicating the maximum co-st allowed by the user. The
system catalog process searches its tables for the first occurance
of a name which matches the one specified . with due regard for the
“don ’t care ” and defaults. Since only port dictionary names and
user catalog names occur in these tables , this amounts to initial
selection of a hostel in which to search for the process or file
name itself. The hostel—name field of the requested process name
is usually defaulte d . in which ca-se the search start-s with the
port dictionary process of the same hostel as that of the
requesting process. If this field is specified then only the
hostel indicated will be considered further.

The choice of port dictionary used to continue searching for
a requested process is determined as that for which the sum of the
cost of the port dictionary process (from the system catalog
tables ) and the cost of communication (from the routing table) is
a minimum. When the choice is made the original request message
is sent to the port dictionary process and is processed further
there.

The port dictionary process searches its tables for the
least—cost entry corresponding to the set of constraints implied
in the requested process name. subject to the additional
constraint that the total cost (system catalog + communication +
port dictionar y ) is less than the maximum allowed by the user. I-f
such an entry is found, a special control message i-s sent to the
resource—controlling process. This message. whi ch can include
additional information as provided by the user, is processed by
the resource—controlling process and either accepted , in which
case t h e  c on fi rm in g re p l y  message  is r o u t e d th rou gh th e p ort
d ictionary (to update the cost) and to the requesting process. or
rejected . in which case the rejection reply is sent directly to
the request ing process.

If no satisfactory entry is found by the port dictionary , a
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rejection message is returned to the system catalog which
requested the search. The system catalog resumes its own search
for a suitable hostel. shoosing the next least expensiv e hostel.
and again sends a search request i-f one is found. I-f no suitable
hostels remain to be searched a rejection reply i-s returned to the
request ing process.

It should be clear from the foregoing that this algorithm.
which is used for all resource assignments in the DCN, cannot
always yield access to the resource of least cost. This is due to
two reasons. First. the cost and av ailability
resource—controlling processe s . port dictionaries and
commun i cat i on ch an n e l s  is d ynamic and can change with time.
Second. the algorithm does not search all the port dictionaries ,
since it returns the address of the first resource—controlling
process found in an ordered search constrained by selection
criteria and max imum cost. Some of these apparent defects are due
to the inherent difficulties in dealing with the nondeterministic
environment in which the DCN is supposed to flourish , while others
could be removed or at least diminished through refinements in the
design. For instance a weighted—sum cost calculation specified b y
the user would allow better control c-f the allocation process. In
another refinement a parallel search could be undertaken at the
port dictionary level (although this would be expensive in
c ommunication channels and processing time). All things
considered . although the existing heuristic algorithms could well
be improved , their performance is adequate and they are compactly
implemented. In fact, the system catalog and port dictionary
processes share well over three—quarters of their procedure code.

3. 5. An Experiment In Morse Code Decoding

A low—key investigation which has been going on for some time
by the author and some of his students , i-s involved with real—time
deco ding of manually—sent Morse si gnals on hig h—frequency radio
circuits. The activity has generated a number of exper imental
systems supported within the DCN framework. The latest version.
described in (16]. is implemented as a standard DCN device support
routine and interfaces with the remaining system components in the
same manner as other operator terminals . The techniques used in
the design of the latest decoder are advanced and novel in thei r
own right , as evidenced by an informa l conference with perso-~nel
of the National Security Age ncy. and may be useful to the
intelligence community. However, the value to the DCN effort lies
in the lessons learned by the experimental di spersion c-F resources
to handl e the nontrivial computations involved.

The Mo rse d eco di ng p r o c e s s  can  be conven i en t ly separated into
two functional modules: one to perform the di gi tal sampling.
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real—time filtering and detection functions. and the other to
process the resultant intervals estimate the parameters and decode
the characters. In one of the experimental systems an LSI— 11
hostel and analog/digital interface were connected directly to
receiving equipmer 1t locatd at the author ’s home. The real—time
module was incirporated as a device process under the SOS in this
machine and connected via a 300—baud telephone line to the
decoding module . which ran as a BOS user process in one of the
Depar t m ent ’s PDP11/45 machines. The decoded output then was sent
back to the LSI—11 for printing.

The main results of this experiment served to validate the
real—time processing capability and data—link multiplexing in the
DCN and to d emo n s t r a t e  t h e  p ort abi l i t y of the user process. The
decoding module was transmitted between the LS1 --11 and the
PDP11/45 machines. loaded and run without change.

3.6. Experiments in Scheduling Algorithms

In a 1976 memo Mr. Ray Bryant and Mr. Robert Budd suggested
using the DCN as a testbed for certain experiments in scheduling
algorithms. During the Summer of 1976 these experiments were
carried out (supported by another contract ) with a DCN
configuration using three PDP1I hostels. The experimental system
was implemented in BASIC and required certain minor changes in the
BOB supervisor , as described previously. The findings were
reported by Dr. Agrawala in: Final Report on NASA Contract NAS
5—22878 (February 1977).

3.7. Experiments in Performance Evaluation

Also in Summer 1976 Mr. Jeff Mohr used the DCN to evaluate
certain performance characteristics of the Univac 1100—Series
machines. In his experiment , supported by another contract . a
BASIC program ran in one of the Department’ s PDP11/45 machine -s
connected via telephone lines to one of the Un ivac systems. The
program simulating a demand terminal , sent timed probe messages to
the Un ivac system and measured the responses. The findings were
reported in a number of places. including: Agrawala. A. • Mohr. J.
and Flanagan, J. The error analysis of Exec B log tapes. Proc.
CPEUQ Conf. San Diego, November 1976.

3.8. Th e ULP Lan gua g e

With 20—20 hindsight one can hardly resist sniping at the DCN
construction technology , which i-s based in assemb l y language.
Although there was considerable feeling among the participants
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that a suitable high—level language should be used . the oecision
to use assembly language wa-s based on necessity. since no other
direct or cross—support software was available. Later. the desire
to p r o v id e a com pa c t  s y s t em k ern el t h a t  c o u l d be ea si ly
reconfigured for a number of PDPI1—compat ib le mach ines. including
the LSI— 11 . encouraged continued u-se of assembly language.

Alth ough the cross—compiler SIMPL ha-s been available for some
time1 it h.s not been used extensivel y for DCN software. This is
d ue to t h r e e  rea sons :

1. Repeated experiments in which components of the file system.
device support system. etc. • were coded both in SIMPL and
assembly language revealed rather large differences between
SIMPL and assembly language. as much as four—to—one in some
cases.

2. Much of the DCN software deal -s with control of time—critical
hardware such as interprocessor links and interva l timers . The
code produ ed b y the SIMPL comp iler is gross. inefficient and
completely unsuited to this kind of software.

3. There i-s no hope of bootstrapping SIMPL into the PDP1I itself.
due to its large size . and SIMPL is not readily available on
machine -s other than the Univac 1100.

4. The SIMPL compiler did not produce relocatable code (but , see
above ) and was exceedingly awkward to use in large
multi —module -systems such as the SOS and VOS. and impossible
to dynamically load in a SOS hostel.

In response to these limitations , and with -support from other
sources at no cost to the project . the programming language ULP
was designed and a compact compil er was constructed for it. The
compiler exists in two forms. one in FORTRAN, the other in ULP
itself and has been installed in several computer systems.
including the UnIvac 1100. IBM Sgstem/370 and DEC PDP1O and PDP11.

The ULP language and compiler was designed to allow
c onvenient modifications in the language and compiler and yet to
be very c ompact. It now prov ides data types including character
and float ing and a segmented virtual—storage structure designed
for use in the VOS virtual machine. It now is used as a cross
compiler in several time sharing -systems including the Univac 1100
and DEC PDPIO. and as a direc t compiler in RT—11 and the DCN.
where it compiles itself in under 16K of memory.

Although a number of demonstration and application programs
have been written in (JLP and run in DCN user processes . none of - 
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the DCN operating system software modules now in use is written in
that language. It was determined that a wholesale rewrite of the
DCN software would be preferred over piecemeal replacement . but
that ne ither was possible with the re-sources available to the
project.

On the other hand . new application programs have been written
in ULP and an (JLP—compatible interface is now installed in the DCN
user process. The interface also supports the DEC FORTRAN
subroutine calling convention. so that the RT—11 FORTRAN library 4

can be linked with an ULP object module and the resulting load
module run in a DCN user process.

4. Summary arid Conclusions

The development of the DCN has made significant progress
during this reporting interval , in spite of declining contract
support and the departure of key personnel. It is the strongly
expressed contention of this author that had the state of the
development and documentation achieved now been the case in the
Summer of 1975 that the course of the project . and, incidentall y.
the careers of the participants involved , might have been far
happier.

In spite of these hindsight - s the only relevant questions are:
what has been accomplished and how might this affect further work.
Since it does not seem likely that further funding -for work of
this kind will be available , nor w ill be solicited by this
investi gator. consideration - s on these subjects may be the
princ ipal value of the work actually performed.

It i-s clear that the DCN as a base for network operations is
a viable -system It does provide a ba-se for application programs
needin g access to programs and -files on the -same and other
computiin g sy te-s These facilities are of course commercially
available in software for the PDP11. in particular the DECNET
software for the various PDPI1 operating systems.

As ev idenced from the available documentation , however , this
software is  extremel y resource—intensive , rather infle x ible, and
does not provide automatic routing and re-source assignment such a-s
p rovided in the DCN. It -should be pointed out that the compact
struct ure and extensibility in the -spectrum of three operating
sy st ems for t h e  DCN a l l o w s  t h e  co m p l e t e  set of n e t w o r k
capab ilities in eve n very -small systems such as the LSI— 11 and
01—40. The DOS runs on the LSI— 11 with 4K of memory and on the
01—40 with BK of memory including a complete set of display file
manipulation functions.
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The BOS and VOS operating systems are robust and
architecturally sound. The DOS in particular has been extensively
used for general—purpose data collection and transmission and
d evice  control. and considerable experience has been accumulated
in its use. The VOS operating system development has been
disappointing and would have been hoped to proceed much faster
t h an it did. Part of this is due to the departure of key
personnel and enthusiasm for this aspect of the effort and part
due to the growing feeling that the virtual machine and virtual
storage architecture enhance the network rather than the other way
around. In any case. the exceptional power attributed to the VOS
user process by its virtual architecture allows a rich spectrum of
experimentation independent of the network environment.

It i-s disappointing that the effort toward emulation of an
existing operating system did not receive more emp hasis earl y in
the project. In spite of the fact that DOS turned out to be a
less than ideal foundation for which to build an emulator , the
effort should have been continued and switched to either RI—il or
UNIX. The key problem here appeared to be lack of familiarity and
expertise in these systems. If one of these systems had been
available (say for the program development of the DCN software
itèel- f ) the approach to the problems involved would have been much
better appreciated and informed.
$

The VOS file system i-s another area of disappointment. The
designs of the three generations of file systems wa-s very
sophisticated and difficult enough to implement in a single CPU
systems much less a multiple distributed system. In retrospect it
would have been better to implement a simple fixed segment size
system with no fancy protection or sharing mechanisms in the

‘ interest of quickly getting on with the other aspects of the
network.

The apparent diversion of effort to create the 1309 as
distinct from the VOS has been the object of criticism. In fact.
this led to a healthy assessment of project direction and a much
more rap i d p rogr ess toward  t h e  im p or ta nt issues of n et wor k
architecture than otherwise would have been possible. In fact. it
wa-s possible to freeze the development of VOS in some aspects and
SOS in others. Subsequently . the two systems have merged in all
important aspect-s except where the virtual architecture is
involved. In fact. ~ l l  of t h e  s y s t em sof t w a re mo d u l e s  f o r  d ev i c e
control . communications , resource allocation and so forth are
identical. Only the- modules for virtual storage operations are
distinct.

Another object of criti cism has been the inefficiencies
inherent in the design of the serial—by—byte interprocess
communication system. This was recognized very early to be a
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problem when transmitting bulk data between processes on t h e  sam e
machine , since the overhead of the required supervisor primitives
limited such transmission to about 500—5000 bytes/ -second depending
upon the processor type. The suggestion made then was that inter—
process messages involving bulk data transfers should be
accomplished by mapping segments of virtual memory between
processes . as coordinated b y the serial—by—byte system. This
wo u l d amo unt  to a ddi n g a se gmen t  a c cess  met h o d on t op of t h e
p r e sen t  s y s t e m  and most  proper ly  b e l o n g s in t h e  area of VOS
extensions. The VOS already ha-s provisions in the file system and
swapper processes designed to enable access to segments of a
foreign hostel. Provisions should be easily added to effect bulk
transfers from these hostels.

The entire set of questions relating to inefficiency are
being finessed here. and should be considered in detail elsewhere.
An interesting observation has been made in this connection with
RI—Il runn ing in the LSI— 11 with the AED floppy disk. The AED
flop py disk is much more efficient than the equivalent DEC device.
providing over 1100 512--byte sectors per disk surface. Most RT—1i
system programs are not fast enough to need more than two sectors
per disk revolution or a data rate of 6000 bytes/second. This is
0-F a rate comparable to those of the ARPAnet , the digital
satellite (SPADE) and (potentially) the radio (ALOHA ) channels.
an d about the maximum rate for the DCN serial—by—byte system in a
PDP11/45. One is led to the conclusion that the performance of
the DCN system using these interprocess communication criannels
should be roughly comparable to that of the LSI—11 system
mentioned. at lea-st at low degrees of multiprogramming. It i-s
th i s au t h o r ’s experience that the real—time processing rates
expected for compiling FORTRAN and linking object modules for test
un der the LSI—11 system are roughly comparable to those
experienced on the Un i vac 1100 systems under moderate loading
c onditions. (When compared under conditions of heavy loading , the
1100 system i-s much slower than the LSI—11’)

I t  is in t h e  areas  of f a u l t  t o l e r a n c e  and re source  a l l o c a t ion
t h a t  most  o f t h e  p r o g r e s s  dur i ng th i s r e p o r t ing p er iod was ma d e
and it is these areas that seem most promising for future work.
Tha t  t h e  p re sent s y s t e m  is ro b u s t  and res i l ient to f a u l t
t r a n s ients  ca n be eas i l y  p r o v e d  by s im p l y  p ower in g d own one
mach ine in the network and then powering it up again. As
demonstrated repeatedly in the laboratory . the communications and
re so urce  acces s su bsy s tems do in  f a c t  respond  to t h e  t ran s i en t  as
ex pected. There is a period of confusion as the various messages
time—out and corrections are made to the catalog and dictionary
tables. following which substantially norma l operation ensues for
the rema ining operating fragment (s) of the network.

The most  obv ious p ro b lem w i th  t h e  tra n s i e n t  f a u l t  r ecovery
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design i-s that it doesn ’t go far enough. In order to be
completely effective , every- module in the -system would have to
respond to a fault in the same fashion as those already built to
the specified design. The most critical area in which this should
be done is in the file system. This could be accomplished most
effectively in the virtual file system by carefully modif ying the
swap ping processes and -segment exception rouines . However, the
practical requirement that all software, including compilers.
editors and application programs respond in the required manner
would se em to d ampen  the ardor of all but the most diligent.
particularly in the University research environment.

The most interesting area for further work , at least to this
author . is in the area oF automatic resource allocation. In the
body of this report the term “resource assignment’ has been used
intentionally. This is to emphasize the partial nature of the
algorithms imp l emented. The existing mechanism . as mentioned
above, works well in the experimental environment where the rate
of r e q u est s  and commu ni ca t i on ove rhea d s are low. In  mor e
realistic systems the question of cost determination , heuristic
algorithm design and optimality can be expected to play a major
part. One of these questions involves prior cost computation and
optima l resource location , using the methodologies of Operations
Research. Other questions involve resource migration as
determined by usage patterns. Still a third is an approach
com bining the two. taking into account the stocha stical ly
non—stationary environment in which network state information is
ava ilable only after unpredictable nontrivial delays.
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