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EVALUATION

This report will be used in support of the on-going National Software

Works Project at RADC.

The purpose of NSW is to produce a software production

environment by making varicus software production tools existing on the

ARPANET readily available to software production personnel.

This report will

be used as the basis of an effort to incorporate resources that exist under

GCOS as tools within the NSW environment.
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SECTION 1 - INTRODUCTION

1.1 PURPOSE

This document defines functional requirements to interface the Advanced Re-
search Projects Agency Network (ARPANET) with a Honeywell 6000 Computer (H6000)
using the General Comprehensive Operating Supervisor (GCOS). The interface design
includes intermediate hardware and software, primarily located in a PDP-11 mini-
computer acting as a Network Front-End (NFE).

An H6000 interfaced with the ARPANET will provide many benefits. These
include providing remote user access to existing GCOS software facilities and estab-
lishing the means for Department of Defense (DOD) and Air Force (AF) access to
many high-quality Rome Air Development Center (RADC) software programs. The
ARPANET interface is an initial phase in a long range program aimed at an ultimate
interface of GCOS with the National Software Works (NSW).

1.2 SCOPE

This document includes all functions outlined in the Statement of Work (SOW).
The GCOS to ARPANET and a subsequent NSW interface will provide the following

capabilities for users with appropriate access permissions:

1. Terminal access to GCOS. ARPANET terminal users will be directly
supported by GCOS and appear to GCOS as local terminals.

2. File transfer facility. Any ARPANET host computer user will be able to
transfer files with the RADC GCOS file system.

3. Remote Job Entry (RJE). An ARPANET user will be able to submit RJE
jobs to GCOS.

4. NSW compatibility. The ARPANET interconnection and software design
will facilitate a future connection to the NSW as a Tool Bearing Host (TBH).

The GCOS/ARPANET interface analysis and design has been conducted in two

phases. During the first phase, four hardware connection alternatives were analyzed

1-1
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by Computer Sciences Corporation (CSC). An interim report was prepared which
detailed the benefits and limitations of each approach. The interim report recom-
mended a specific hardware connection rationale (identified in Section 2). The
second phase of the effort was initiated when RADC, as project sponsor, approved the

selected hardware configuration.

This document addresses those software issues required to specify the recom-
mended interface methodology. The primary data contained herein focuses on the

modification and development requiréments for the H6000, GCOS, and the PDP-11
software.

The NFE will provide a capability for the RADC GCOS system to appear as an
ARPANET host. During the period of this design effort, it became obvious that there
was a fluid issue involved in the interface of any host to the NSW. At issue is the
choice of the best operating system for the NFE minicomputer. Under the scope of
the contract, we have been furnished substantive Real Time Operating System (ELF)
data, but we have not limited our research to ELF alone. We have determined that
there are a number of on-going NFE projects using a variety of executive structures.
Many of these related projects are under intensive evaluation, even as this document
is being prepared. This effort looks at the NFE as a resource, against which certain
functions may be allotted. No recommendation is formulated for a specific NFE
Operating System. A discussion of the GCOS/NFE facility, in light of its future role
as an NSW participating host is included.

1.3 BACKGROUND

RADC is a participant in an effort to accomplish research in, development of,
and user access to high quality software programs, referred to as tools. Studies
indicate that the cost-spiral for new software may reach as high as 90 percent of
certain Electronic Data Processing (EDP) budgets within the next decade. The prob-

lem is magnified in most cases because software tools remain native to the host

1-2




computer installation for which they were created. There is no current method for

easily disseminating this technology so that other users may benefit.

Tools which offer widespread benefits to the AF and DOD include compilers,
editors, simulators, and debuggers. The cost benefits of sharing these tools may be
viewed as twofold: first, the higher quality design and implementation will provide a
quicker, more reliable software tool. Second, there are long range benefits associ-

ated with the life-cycle utility of these tools.

To achieve the goal of providing a wide base of user access to software tools,
-RADC is involved in a research activity called the NSW. The NSW is an ARPANET
'based facility which will provide technical and managerial support in the development
and use of software tools. Primarily, NSW provides the means to communicate

requests for and access to requested tools and files.

The H6000 computer, utilizing the GCOS operating system, provides many
potential tools which would benefit the goals of RADC's research and development
program. Further, these tools would be of benefit to the AF and DOD communities.
Therefore, the H6000/GCOS facility is a likely candidate for future connection to the
NSW network as a TBH.

The immediate consideration is to develop a non-disruptive interface between
GCOS and the ARPANET. A non-disruptive interface is defined as one which requires
no modification to existing user programs, and only minimal modifications to GCOS.
The selected strategy is to use a PDP-11 minicomputer which performs necessary

networking functions for GCOS. This is referred to as an NFE.

It is anticipated that the design and subsequent implementation of the GCOS/
NFE/ARPANET interconnection will be an important step toward a future NSW
interface.

1.4 SUMMARY OF CONCLUSIONS

Section 11 of this report presents an in-depth summation of findings surround-

ing the GCOS interface design. Results include the following findings:




1. The interconnection of GCOS and the ARPANET via an NFE is a desirable,
feasible interface.

2. Software development is required in both the H6000 and the PDP-11 to
support this interface.

a. Modification of GCOS to intercept network Input/Output (I/0) is
achievable with minimal impact, and is best accomplished by imple-
menting a new program to simulate Datanet 355 (DN355) terminal

processes.

ISR s R

, b. Most networking, overhead to the H6000, can be off-loaded by imple-
menting ARPANET protocols in a PDP-11, acting as the NFE.

1.5 ORGANIZATION OF INTERFACE DOCUMENT

An overview of this document is provided below for project sponsors or

other readers who may have parochial interest in isolated areas of this paper.

There are ten sections in this report, exclusive of this introduction. Section

|

i

‘ 2 discusses Project Activities. A review of the interim report is provided for two
purposes. First, the selected and approved hardware interface requirements are
briefly reviewed. Next, information is presented which addresses how certain

; earlier hardware and software recommendations have been influenced by further
analysis. Of particular note is modification of the interface approach - that is,

the specific point of interception of network output from GCOS.

Section 3 discusses functional requirements of the study; it provides back-
ground, scenario and technical requirements for Teletype Network (TELNET),
File Transfer Protocol (FTP), RJE and local terminals. These functions are dis-
cussed in a dual dimension (where applicable), i.e., in terms of the present

ARPANET protocols and in terms of any H6000 peculiarities relative to the functions.

The Design Overview contained in Section 4, begins to isolate and assign the
previously discussed requirements into the H6000/PDP-11 framework. It is here
that the TELNET requirement is decomposed into USER and SERVER roles and

1-4
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similar data are presented for the FTP and RJE requirements, The last part of
the Design Overview presents GCOS interface requirements. The basic building
block structures of the existing GCOS and the modified GCOS are presented. This

point leads to a precise technical discussion of software modules required to support
the interface.

Sections 5 through 8 are the most definitive areas of the document. They
define specific modification and development requirements. The existing Input/
Output Supervisor program (I0S) will be minimally modified to gain entrance into
new GCOS software. This is discussed in Section 5 and introduces the Pseudo-soft
DN355 (PS355), a DN355 simulator program. The specification then defines a new
protocol handler which is assigned responsibility for H6000 to PDP-11 data transfers.
The final H6000 consideration is the Asynchronous Bit-Serial Interface (ABSI)
channel module. Here the lowest level of the interface (e.g., physical data ex-
change) is specified.

Front-end (FE) proces 'r functional requirements are defined in Section 9.
This part of the paper analyzes and provides functional definition for the NFE execu-
tive, standard ARPANET software, and the GCOS interface software.

Section 10 reviews the operational considerations of the GCOS interface to the
ARPANET. The analysis discusses a number of issues such as operator interface
and configuration factors.

Finally, Section 11 summarizes the findings contained in this document. A
management level implications section narrates the advantages and, where appro-

priate, any disadvantages surrounding the H6000 and PDP-11 software interfaces,

There are five appendices to this report. These include a glossary, a bibli-
ography, and three technical appendices. The first technical appendix documents
key assumptions of the design approach. The other technical appendices are those
which analyze the PDP-11 operating systems and the H6000 as an NSW TBH.
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SECTION 2 - PROJECT ACTIVITIES

This section broadly summarizes all study activities and analysis areas.
Included is a review of the interim report, a tutorial on the functional areas
supporting the study, a review of interface alternatives, a recommended interface
approach within General Comprehensive Operating Supervisor (GCOS), and a dis--
cussion of activities and analysis surrounding the PDP-11 to be used as a Network
Front-End (NFE).

2.1 REVIEW OF INTERIM REPORT (RADC-TR-76-228)

The interim report published in July 1976 addressed the problem of connecting

~an H6000, operating under the control of standard commercial release GCOS, to

ARPANET for the purpose of supporting National Software Works (NSW) activities.
Four hardware configurations, all capable of supporting this requirement, were

evaluated using the following selection criteria,

1. Hardware availability

2. Functional applicability

3. Capability to support throughput and response
4, Expandability

5. Maintainability

6. Risk

7. Cost,

The results of this evaluation, outlined in Section 4 of RADC-TR-76-228, were
to recommend the hardware configuration shown in Figure 2-1. The H6000 will
logically interface the ARPANET through a PDP-11 which functions as a NFE for
the H6000. The physical connection is accomplished using an Asynchronous Bit
Serial Interface (ABSI) developed by Massachusetts Institute of Technology (MIT) to
interface the MIT Multiplexed Information and Computing Service (MULTICS) system
to the ARPANET. The ABSI is designed to connect two Input/Output Multiplexor

.
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(IOM) common peripheral interface channels on the H6000 side to two IMP-11A
lines on the PDP-11 side, thus providing a full duplex data path from the PDP-11
to the H6000,

This hardware configuration was subsequently approved and endorsed by Rome
Air Development Command (RADC) and additional investigation and study has served
to confirm this approach.

In addition to evaluating the various hardware configurations, the interim
report addressed the various software approaches available for achieving the
desired connection and functionality for a GCOS connection to ARPANET. Certain

of these approaches were obviated by the selection of the hardware configuration.

In the Interim Report, the option of making the PDP-11 look like a known de~
vice (the Datanet 355 (DN355))to GCOS, was deemed to be an unsatisfactory approach
due to the inability of the H6000 to be a passive partner with the PDP-11 in a data
transfer operation. There were two problems which were considered to be unsolv-
able in achieving the DN355 simulation. The first is the inability of the PDP-11 to
directly manipulate the H6000 mailboxes. The second is the inefficiency and difficul-
ty of duplicating the H6000/DN355 protocol over an ABSI controlled channel (multiple
hardware interrupts in both the H6000 and DN355). Continued detailed investigation
into solution of these problems has yielded a technique whereby DN355 capabilities
are made available to network software. The solution is embodied in an H6000 resi-
dent privileged slave program which controls data flow to and from GCOS by manip-
ulating data structures and generating interrupts in the same way as the DN355.

In addition, flow to and from the network is controlled via normal H6000 Input/
Output (I/0) procedures utilizing a new ABSI device handler. Since this approach
represents a departure from the alternatives presented in the interim report, many
of the conclusions regarding software considerations presented in that report are no
longer valid. The advantages to this new approach will become apparent as

succeeding, more detailed sections are presented.




o

2.2 SECOND PHASE ANALYSIS

The second phase of the effort began when the Government approved the

interim report hardware connection scheme. This section discusses second phase

H6000, GCOS, and PDP-11 analysis.

2.2.1 Second Phase HBOOOZGCOS Connection Analysis

The Statement of Work (SOW) identifies the host computer as a Honeywell 635
or 6180 running the GCOS operating system. Subsequent conversation with the
Government indicates that compatibility with the H635 is not required. Instead,
the generic name HE000 will be used to indicate the several compatible models
which support GCOS.

CSC herein provides a design document for software interfaces to provide
three basic services to remote ARPANET users. These services are referred to
as Telecommunications Network (TELNET), File Transfer Protocol (FTP), and
Remote Job Entry (RJE). They will allow ARPANET users to access interactive
processes running on the H6000, to move files between the H6000 and a remote
host, to enter a batch job to the H6000 from a remote host and, after execution,

return the output it produces to an appropriate remote host.

The remainder of this section discusses GCOS interfaces required to support
TELNET and RJE.

2.2,1.1 H6000/PDP-11 Interface

In order to provide any of the required capabilities, a basic known communica-
tions path must be provided between H6000 and the PDP-11. The existing structure
of GCOS provides for isolation of device dependent I/O processing from global 1/0
processing. The software modules which contain device dependent processing are

referred to as Channel Modules.

Examination of GCOS Input/Output Supervisor (IOS) software and available
ABSI documentation has validated the assumption that GCOS could be modified to
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perform I/O with a PDP-11 via the ABSI device. The basic structure of GCOS
supports the interfacing of new devices, It is feasible to develop a Channel Module
to handle the ABSI device such that normal GCOS I/0O procedures can be used with-
out major modification. Some non-standard techniques will be recommended in
Section 8 for software configuration of the ABSI device and Channel Module but
these will not require any significant modification to existing GCOS routines.

Given that physical connection of the computers is feasible, and that a non-
disruptive GCOS/ABSI interface can be developed, it is appropriate to discuss the
functional requirements for TELNET, FTP, and RJE interfaces within GCOS.

2.2.1.2 Server TELNET

A primary design requirement of a Server TELNET is to interface with
interactive processes, so that they believe they are communicating with a local
terminal. This requirement allows any existing interactive software to be accessed
from the ARPANET without modification to that existing interactive software. It
also ensures that new interactive software will be accessible to local users (as well

as remote ARPANET users),

To make a remote ARPANET user appear to an interactive process as if he
were using a local terminal, the interactive process terminal 1/0 requests must be
"switched'" somewhere within GCOS terminal handling to network software for
dispersal over the ARPANET. Using this approach an interactive process issues
its normal terminal I/O requests and gets back normal results which makes the
process believe it is talking with a local terminal. Even so, several alternatives
were considered as to where the ''switch' should be installed. These alternatives
can best be illustrated by explaining GCOS terminal handling in conjunction with the
following Figure 2-2,

Figure 2-2 shows the major functional components involved with interactive
terminal communications on the H6000 computer with the GCOS. Before proceeding
to network implications, a definition of the components will be given. (The circles

A, B, and C are discussed later).
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Interactive process - GCOS terminology often refers to this as a Direct

Access (DAC) program. A DAC program is any H6000 program which
performs I/O to terminals. This definition includes portions of GCOS
such as Time Sharing System (TSS), and Transaction Processor (TRAX),
and VIDEO as well as user written programs. Since a different system
call is required for terminal I/0 (MME GEROUT) than is used for other
I/0 (MME GEINOS), DAC programs are easily identified.

ROUT - This is a core resident portion of GCOS. It is responsible for
the initial processing of a terminal 1/0 request (MME GEROUT), It
validates all terminal I/O requests, manipulates appropriate control
structures, and initiates (via a subroutine in DNET) the initial inter-
action between the H6000 and the DN355.

DNET - This is a core resident portion of GCOS. It is responsible for

all communication with the DN355, It also is invoked after a communica-
tion with the DN355 has completed. Based on the state of H6000

control tables and the type of communication which has terminated, it
completes the processing of that portion of a terminal I/0 request by
updating GCOS control tables and initiating the next communication until
the terminal I/O request has finished. Since four to six steps are involved
in each terminal I/O request, DNET is slightly larger than ROUT and
performs most of the H6000 to DN355 protocol.

IOS - This is a core resident portion of GCOS which handles all I/O
operations. The DN355 is a separate piece of hardware while the other
boxes in the above diagram are software modules within the H6000.
Since the DN355 is a peripheral device, communication with it is per-
formed through the IOS. IOS actually has a very small role in H6000

terminal handling and is shown primarily for completeness.

DN355 - A Datanet model 355 is a stand-alone small computer which

acts as a front-end (FE) processor for interactive terminals connected
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locally. All terminals are connected to the DN355 which supports tele-
type-like (half duplex, character-at-a-time) devices as well as RJE
stations and page-at-a-time terminals, Data flow between the H6000
and the DN355 is buffered to at least one line but may include several
lines. Data flow for all terminals is half duplex with the interactive

process controlling line turn-around.

6. INTERACTIVE TERMINAL - Standard GCOS terminology refers to this
as a remote terminal because it may be connected to the DN355 over
telephone lines and therefore does not require physical proximity., Net-

working terminology uses the term remote to mean a terminal which is

not directly connected to the host family computer (i.e., it is connected

through the network).

One of the required functions for an ARPANET host is Server TELNET which
allows remote terminals (connected to other hosts) access to local interactive pro-
cesses running under GCOS. The goal is to make the remote terminal appear to

the user as if it were locally connected to the H6000.

Somewhere in the existing communication path shown previously, a software
"gwitch" must be inserted to sidetrack the normal data flow between an interactive
program and local terminal and reroute data flow to the ARPANET. Several con-
straints exist which will be used to evaluate the location of the ""switch' required

for Server TELNET. These constraints include:

1. A user program must not require modification to be used

through the network
2. The switch must be installed in the H6000 rather than the DN355

3. Installation of the switch should require a minimum modification to

existing GCOS software

4, The switch should be installed so that GCOS maintenance and future

releases will have a minimal impact
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5.

Insofar as the other constraints allow, the Server TELNET function

should require the minimum amount of new software development,
H6000 overhead, and it should be easily maintained.

Looking back at the GCOS 1/0 Flow, there are three reasonable places for
installing the Server TELNET switch, labeled A, B, and C. Each of these alter-

natives are analyzed for impact using the constraints mentioned above.

A'

B.

This alternative, labeled A, involves '"switching'' terminal 1/O requests
(MME GEROUT) issued by an interactive process almost immediately
after they are issued, and before any significant processing by ROUT.
This approach will not require any modification to DAC processes and
very little modification to existing GCOS software. This approach will
require duplication of ROUT and DNET functions and will involve a large
new software development effort. Because it will be involved in inter-
preting MME GEROUT requests and controlling the execution of inter-
active processes (as ROUT currently does), it will be sensitive to GCOS
changes in those areas. While the long-range format and meaning of
MME GEROUT requests should be fairly stable, the format and interpre-
tation of data structures used to control a program's execution, as well
as the techniques used to manipulate these data structures are subject to

change with each new GCOS release.

The second approach, labeled B, requires ''switching' to network soft-
ware after initial processing by ROUT but before DNET becomes inti-
mately involved. While this does not require any changes to interactive
processes, it will probably involve inserting 20~40 separate switches in
ROUT because the calls to DNET cannot be easily intercepfed upon entry
to DNET. This approach will involve simulating DNET functions and

therefore require moderate new software development.

Because this approach involves controlling the execution of interactive

processes and data structures used for communication between ROUT
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and DNET, it will be sensitive to changes in those areas. The internal
operation of ROUT and DNET has been evolving, so the approach will

probably be quite sensitive to new GCOS releases. Also, this area of p
GCOS is not well documented or well structured, so debugging and i
maintenance of software to duplicate DNET's operation will involve

significant technical risk.

C. The third approach (""C'" in the diagram) involves "switching'" to network

software when DNET is ready to communicate with the DN355. The
ngwitch" will occur at a special entry point in I0S called only by DNET.
Networking software will then simulate the actions normally taken by
the DN355. Because the DN355 is a separate computer, it does not

L p——

directly manipulate H6000 internal data structures. Although the protocol

between the H6000 and the DN355 is not well documented, it has been
relatively stable and is expected to have little change until the entire
i GCOS terminal handling software is rewritten. One drawback is that
this approach would configure a separate DN355 and IOM channel number
for use by networking software. While no new hardware is required to
do this, it reduces the number of real DN355s which can be attached to
the H6000 from three to two.

Option C is the recommended approach. Option C will require no greater
software development than the other approaches. It requires a minimum of GCOS
modifications and will provide the easiest maintenance and compatibility with new
GCOS releases. If Honeywell continues its current plans to completely redesign
GCOS terminal handling software, Option C will be the easiest option to reimple-
ment, Option C will also provide an automatic GCOS RJE capability, The functional
aspects of GCOS RJE and file transfers are discussed in the following paragraph.
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2.2.1.3 Server RJE and File Transfers

A GCOS interface is capable of providing an RJE capability to remote
ARPANET users. The RJE capability is described in the ARPANET protocol
specification and is shown in Figure 2-3.

Unlike most ARPANET standard software, the RJE protocol is nonsym-
metrical. Normally, the responsibility to provide a capability is evenly split
between a User side process and a Server side process. RJE design does not
require a User RJE; instead all RJE operation is centralized at each Server host
with RJE interfaces to remote hosts using components of other ARPANET functions
namely, User TELNET and Server FTP.

The software structure shown above is recommended for ARPA but not required
for compatibility. It does show the three basic capabilities required of an RJE

implementation; user interface, FTP interface, and local system interface.

User interface is provided through RJE Server TELNET and Server RJE. The
former is a TELNET like communication mechanism which performs network I/0
to pass lines of text between the local Server RJE and a remote user or user pro-
cess. The Server RJE interprets the text as RJE commands, takes appropriate

action, and reports the results of that action as text to be sent to the user.

An FTP interface is used to retrieve a remote job file for local execution and
to return output files produced by that execution to some remote host. Server RJE
has three choices in the FTP interface. Either it could not use any local FTP
modules and handle both control and data connections to remote Server FTP
modules. Or, Server RJE could interface with the local User FTP to request a
file transfer. Server RJE would not be involved in the file transfer but would be
informed when the file transfer had completed. The third choice is that Server
RJE could interface with User FTP in some special manner such that User FTP
would handle the control connection to a remote Server FTP, but the data connec-
tion would be handled by Server RJE.
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With this definition of RJE capabilities in mind, one may examine GCOS inter-
faces which might be used to support ARPANET RJE. GCOS provides a mechanism
which any job may use to initiate another job (this mechanism is referred to as MME

GENEWS or spawning). Unfortunately, this mechanism is not fully suitable because
it does not allow the initiating job to control the execution of the spawned job and it

does not allow the initiating job to retrieve output produced by the spawned job.

GCOS has another mechanism which will provide the required functionality.

This mechanism is used by two GCOS programs, TSS and RBATCH. These pro-
grams allow interactive terminals to submit batch jobs and retrieve printed output
produced by the jobs. Remote network users can use these programs directly
through TELNET, but while this provides the functionality of RJE, it is not an
ARPANET standard RJE implementation, Unfortunately, the mechanism used by
TSS and RBATCH is only available to those programs and cannot be used by Server
RJE without significant GCOS modification.

In addition to the job entry mechanisms described above, GCOS supports

i
i
' Remote Computers (RMC) and Remote Network Processors (RNP). These are
minicomputers with a card reader and printer which are connected to the H6000
through the DN355. Despite the use of the term remote, RMC and RNP are stan-
{ dard Honeywell products and have nothing to do with a computer network (such as
; ARPANET). Server RJE software will be able to use the capabilities for job entry
. provided within GCOS for RMC/RNP through a special interface which will be im-
plemented to support Server TELNET (see Paragraph 2.2.1.2). This DN355 inter- |
face, PS355, consists of H6000 resident networking software performing the DN355 |
side of the H6000 to DN355 protocol, such that H6000 GCOS believes that it is
talking to a real DN355. Different commands of H6000 to DN355 protocol are used
for remote job entry than are used for regular terminals. As a result, the imple-

mentation of Server TELNET will not automatically provide Server RJE. The
implementation of Server TELNET will provide GCOS modifications and inter-

Bilhodbe e b

face points which will be a framework for Server RJE development but only a
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small amount of software can be shared between Server TELNET and Server ;

RJE.

Some difficulties exist in implementing the output dispersal functions of ;
ARPANET standard RJE. GCOS makes a general distinction between output directed
to files and print or punch output. Print or punch output is normally collected i

(sometimes referred to as output spooling) by a portion of GCOS named SYSOUT.
After the job has finished execution, SYSOUT holds the output until it can be dis-
persed. Dispersal may be to either H6000 peripheral devices (line printers and

card punches) or to RMC/RNP devices connected through the DN355. GCOS control
cards define where portions of the job's output should be sent. The only output
which will be available to Server RJE without GCOS modification is that output
which is normally sent to the DN355. The OUT command of RJE would therefore,
not apply to output which the remote ARPANET user has explicitly directed to

local devices via GCOS control cards contained in the submitted job stream, Major
GCOS modification will be required to have Server RJE commands override GCOS

control cards; this is a reasonable limitation.

GCOS makes a clear distinction between temporary and permanent files in
dispersal of output directed to a file. Temporary files are created to support the
execution of a job and are destroyed when they are deaccessed such as during end-
of-job processing. Without GCOS modification, output dispersal of temporary files
cannot be accomplished. Implementation will probably involve developing a GCOS
capability to pass files between jobs and modification of GCOS file deaccessing
modules to recognize an ARPANET RJE job and pass temporary files to Server RJE
instead of destroying them. Permanent files may be created and deleted by the
execution of a batch job but are usually presumed to exist independent of any par-
ticular file. Permanent files may be accessed by several jobs either serially or
concurrently, Dispersal of permanent files can be supported by an H6000 Server
RJE design but is primarily a user convenience. Because permanent files remain
in existence after the execution of a remote job, the user can manually disperse

those files through FTP rather than have Server FTP perform the dispersal.
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2.2.2 Second Phase PDP-11 Analysis

The SOW identified the NFE hardware and software environment. The
Government provided configuration study is shown in Figure 2-4. The hardware
items used for the study included the basic processor, console, printer, dual
cassettes, and other interfaces. Annex 1 to the SOW identiiied an "ARPANET
Interface Message Processor (IMP) Interface Unit''. However, through the entire
post interim report period, it has been mutually assumed that the intent of the SOW
was to indicate two of these interface units (IMP11-A's). With respect to the

TR———

Government selected interface configuration, one IMP11-A is required for the
H6000/ABSI side of the PDP-11, and another is required for the ARPANET/IMP
interface. Also, since a direct PDP-11 to DN355 interface was not selected, there

does not appear to be a known requirement for the '"Synchronous Communication
Port'" end-item identified in the SOW.

To provide a baseline for the interconnect study, access was made available
to documentation of the ELF NFE Operating System. Available user documentation
was included and CSC was able to acquire some critical ELF listings which en-
hanced PDP-11 analysis in support of the GCOS interface. In addition, an evaluation
of the RSX-11 operating systems as an alternate to ELF was made. Subsequent
discussions with the RADC project sponsor have indicated a desire to look at the

T . .

broadest scope of operating systems for the NFE requirement. This information
provides the initial and second-phase background for PDP-11 NFE activities.

A

The fact that the initially constructed PDP-11/35 architecture will be modi-
fied prior to any implementation of the GCOS interface led to a point where it was
felt impractical to specify the exact software requirements for the NFE. Coupling
that with the results of the NFE operating system survey only strengthened the i

previous conclusion. J
During the period of the second phase PDP-11 activities, CSC: !

1. Continued ELF analysis
2. Conducted ELF user site visits
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3. Commenced UNIX Operating System Analysis
4. Visited with UNIX networking site implementors
5. Formed an RSX-11 Operating System analysis sub-task

6. Discussed on-going RSX-11M and RSX-11D NFE efforts with

Government and contractor personnel.

From all of these, CSC has developed an operating system composite profile
which is presented in Section 9. We have included a first-level tradeoff discussion

of the apparent NFE contenders as an appendix item.

There are a plethora of partiaily completed and on-going NFE projects. For
purposes of this document, we address the NFE processor as a support function to
the GCOS/ARPANET connection - one which is geared towards the general NFE
goal of off-loading the maximum networking requirements from the host processor,
We believe that the NFE is not to be constrained by the baseline architecture; how-

ever, we do envision that the NFE construct will include:
1. A mini-computer of the PDP-11 family
2. An ELF-like executive and NFE structure (subsequently addressed)

3. Developed and proven peripheral support capabilities. These include
character and block I/O interfaces, medium and/or large disk storage,

9 track tape, and medium speed printer,

In addition, it is desirable to have on-line program development and higher
language capabilities. While these latter issues are not mandatory, a reasonable
case may be made for quicker implementation and more responsive maintenance
posture if they are found in the selected NFE. For example, the ELF's MACRO
file (e.g., MAC, UML), cannot be assembled under the DOS operating system
because all user source expansion statements are physically brought into core
memory during an attempted assembly. The combination of the MAC., UML and
certain source module files causes an inability to assemble the ELF on a 28K

PDP-11 which may be used as the NFE. The result is that a PDP-10 (TENEX-type
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Host) must be used to cross-assemble and link (bind) the ELF object. This
object is then bootstrapped across the network to the particular location which is
to run the PDP-11 NFE system, Although there is a perfectly valid background to
support the "why" of this situation, it is obvious that no long range justification
exists. We noted that certain users have circumvented the described situation -
others are satisfied to use the ARPANET as described.

The summation of our investigations into the ELF Operating System are:
First, the ELF represents an investment; one, which unfortunately is mostly
shelved. It is surprising that so few years have passed since the first ELF was im-
plemented, and once implemented, technology and user needs caused the ELF to be
almost outmoded. This is not to say there are not satisfied users and current de-
velopment efforts based on ELF. Rather, the desires for on-line program develop-
ment, higher level language, and a respectable file system caused numerous off-
shoots in NFE technology. Most widely recognized is the NFE development effort
under UNIX. In addition, the Massachusetts Computer Associates, Inc. (MCA) is
developing an RSX-11M based NFE Operating system. There are other examples,

Second, ELF is not formally supported. There is the apparent continuing
attention of ELF's author (D. Retz) and a user's group, loosely defined as the
contents of the [SRI-AI] file <PEOPLE> FOLK, ELF-GROUP. Ina small com-
munity of users, support is not really of the magnitude that causes one to cate-
gorically reject ELF because there is no formal telephone number with 24-hour-a-
day answering service. Yet, support is an issue which cannot be dismissed. Key
people who regularly contribute to ELF's health and maintenance do travel, get

other assignments, etc.

There is an effort within the Government Naval Research Laboratory (NRL)
to pick up, enhance and maintain the ELF Operating System as NRL is intercon~
nected via the ELF/ARPANET technology. While we have discussed some of the
ELF's benefits and shortcomings with personnel from this area of activity, we
are cautious in suggesting this as an alternative to the support issue. First, there
{s the argument that this is still in a development and analysis arena. Second,
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there is the possibility that the NRL-moulded ELF may in fact become that -
slightly NRL unique. It is premature to speculate (and beyond the effort of this

paper).

On balance, the lack of support postulate may be viewed that whether the
selected Operating System is supported by a large well known organization, or a
fraternity of friendly sympathizers is not the strongest factor. Any executive
structure will have very sensitive areas such as device handlers, kernel-io-user
interfaces, and virtual memory considerations. If local users are given the capa-
bility to maintain or develop new code in these sensitive areas, the possibility
exists for the ""whose problem is it?'"' syndrome. It is safe to state that resources
will be expended trying to answer that question, should a problem arise. This is
a well known arid point in any development activity.

Third, while we have been impressed with some of the coding technology and
documentation surrounding ELF, it is not well documented for use as a development
base for a NFE. Much of the information gained about ELF comes from visiting
other users who have already experienced the problems and sorted the various,
sometimes conflicting statements, versions of files, and similar problems sur-
rounding trying to become an ELF'er. We understand that D. Retz has been most
generous with users who have visited or called him with questions or problems.
However, there apparently are no flow charts, test outlines, and similar expecta-

tions that we were able to find during the period of this study.

Finally, ELF is written entirely in Assembly-level language, It is written
to be edited, assembled and linked in a Digital Equipment Corporation's (DEC) Disk
Operating System (DOS) type environment, DOS supports only BASIC and FORTRAN,
DOS supports only a single user at a time (doing program development). As
suggested above, DOS, like ELF, represents a technology which has been surpassed
by the last few years of commercial, scientific, educational, and governmental
advances. There is also some question of the reliability of some of the networking
software contained in ELF.
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While the ELF may have utility for a very interim soluticn, at best it can be
thought of as probably a non-recoverable development. It is therefore not recom-

mended as the prima facie selection for the GCOS interconnection to the Network.

This is in contrast to our interim report findings in which we indicated ELF might
be suitable for the NFE,




FRETRTN

SECTION 3 - FUNCTIONAL REQUIREMENTS

This section establishes the identification and definition for the functions re-
quired of the GCOS-ARPANET interface. Included are discussions of:

1. TELNET

2. File Transfer

3. Remote Job

4., PDP-11 Local Terminals
5. NSW Compatibility.

With regard to the TELNET description, it is noted that while the Statement of Work

(SOW) identified only a server TELNET capability, subsequent Government/CSC dis-
cussions indicated the desirability of a User TELNET for the H6000. The discussion
that follows presents functional requirements supporting a User and Server TELNET

design.

3.1 TELNET

The ARPANET TELNET capability allows terminals to be used as if they were
locally connected to any ARPANET host, Figure 3-1 shows TELNET is divided into
a User TELNET which translates user terminal interactions into the TELNET pro-
tocol and Server TELNET which translates process interactions into TELNET pro-
tocol. TELNET is based on the communication facility provided by Network Control
Program (NCP) and the IMP subnetwork.

The TELNET protocol is based on the concept of a Network Virtual Terminal
(NVT). Both ends of a TELNET connection appear to the other end to be a NVT, In
other words, the function of User TELNET is to make his local terminals act like
NVTs, regardless of how they function or how they are interfaced to that host. The
function of Server TELNET is to make the NVT appear to his local interactive pro-
cesses to be a local terminal. This releases the various hosts in ARPANET from a
requirement to handle large numbers of different types of terminals since all remote

terminals and interactive processes appear to be the same,
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The basic NVT is a half-duplex, line at a time, American Standard Code for

Information Interchange (ASCII) device similar to a teletype. All TELNET imple-
mentations must support the basic NVT. However, procedures exist in the TELNET
protocol to change portions of the characteristics of the NVT providing both User and
Server TELNET are willing to accept the change. This procedure is referred to as
option negotiation. The options which a particular host may wish to accept are depend-

ent on the characteristics of the terminal interface at the host.

To appreciate the significance of a GCOS implementation of TELNET, it is first
necessary to discuss normal H6000 terminal support.

3.1.1 H6000 Terminal Handling

All interactive terminals on an H6000 are connected through a stand-alone
front-end (FE) computer known as a Datanet 355 (DN355), as shown in Figure 3-2,
The DN355 performs line buffering for the H6000 mainframe. It and the GCOS Oper-
ating System define the nature of terminal interfaces on an H6000. Since a User and
Server TELNET implemented on an H6000 will be mostly limited to normal terminal
operation, an examination of these characteristics is relevant. NOTE: H6000 termi-
nology refers to interactive terminals as remote terminals. The use of the term
"remote' in this discussion indicates a device attached through a DN355 and has no

relation to ARPANET's use of the term '""remote."

All terminal input to an H6000 is line buffered in the DN355 and is not sent to
the interactive process until a carriage return character is struck. In addition, input
is only buffered for delivery when the interactive process has requested input and
once a carriage return is depressed, all subsequent input is discarded until the inter-
active process requests another line of input. The interactive process can issue any
number of multi-line output requests without requesting input. All input requests,
however, must include output (i.e., two GCOS functions are available for remote
terminal INPUT/OUTPUT (1/O): OUT and OUT/IN). The output portion of an OUT/
IN request is usually used to position the terminal's carriage since the terminal is

assumed to not have "new line'' capability (combined carriage return and line feed).
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Two keys on the teletype keyboard are active at all times, Break and Control-
C. The Control-C key causes the terminal to be logically disconnected from the
interactive process it is '"linked" to. The Break key causes any I/O operation in
process to be aborted and retuims a status to the interac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>