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FOREWORD

In 1980, conceptual engineering appronches to self-replicating systems were
achiaved by von Tiesenhausen [1] ang Freitas [2]). Their designs are based on von
Newmunn's ;3] Kinematic version of self-replicating automata, The references [1,2]
deseribe the functional elements of such a system for the first time.

This report expands on a specific area involved in a self-replicating system
according to Reference 1: the systems management and control and the organization
of contro) clements. It is a very first approach to a rather complex problem solution,
It is intended to provide only an outline of some of the aspects of the problem as
presently conceived, and makes no pretense to be definitive or comprehensive.

It is hoped, however, that the presented approach will be of interest, provide
comments, and stimulate further work in this area.
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TECHNICAL MEMORANDUM

MANAGEMENT AND CONTROL OF SELF-REPLICATING
SYSTEMS: A SYSTEMS MODEL

1. INTRODUCTION

This roport addresses a concept for the management and control of Self-
Replieating Systems (SRS).  Discussions of the engineoring foasibility of SRS have
alrendy uppeared in the literature [1,2]. The purpose of the present work is to pro-
vide insight into the complex management and control requirements of such systoms
md to stimulate further work in this wea,

The concept outlined here is based uypon the SRS model developed in an earlier
work [1]. ‘I'his model, depieted schomatically in Figures 1, 2, and 3, represents a
fully autonomous, generval-purpose factory which can be deployed on the surfaces of
planetary bodies. Surface material is mined by excavation robots, ‘Lhe raw stock is
dolivercd to o materinls processing (MP) subsystem which generates and transports
industrial feedstoek te a parts production (PP) subsystem whose output is machines
or additional components. These parts are then used either to produce useful output
or are passed to a "universal constructor" (UC) subsystem for the construetion of a
duplicate fuctory complex nearby. Useful factory output is collected by the end
product assembly system {(EPS), and unitary energy systems (ES) provide electrical
power,

SRSs behave much like biologienl systems, so thy management and control
systems deseribed In this report have certain parallels with biological models (Fig. 4).
A single SRS unit is a system that contuins all clements required to maintain itself,
to manufncture desired products, and to self-reproduce - the analogue of a biological
cell,  An undifferentinted SRS fleld exists after self-replication has genorated a
number of ldentical replicas that manufacture identieal products <~ mueh like the strue-
ture of biolopieal tissue., Finally, a differentinated SRS ficld consists of a number of
unddifforentinted SRS {iclds integrated to provide clements for a common end product -
analogous to biological organs,

II. SUMMARY OF FUNCTIONAL REQUIREMENTS FOR SRS

The funetional requirements for the sueccessful design, development, deployment,
and operation of an SRS are many, but among the most basic are the need to process
information, energy, and matter to permit both self-replication and useful industrial
production. The following discussion presents a useful taxonomy of organizational
layels for SRS factorics and the required information, energy, and matter processing
functions at cach level,
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NOMENCLATURE

MP  — MATTER PROCESSING

MD - MATTER DEPOT

PP — PARTS PRODUCTION

PDR ~ PARTS DEPOT — REPLICATION
POP — PLRTS DEPOT — PRODUCTS
PF  ~ PRODUCT FACTORY

PD  — PRODUCY DEPOT

PRS — PRODUCT RETRIEVAL SYSTEM
UC  ~— UNIVERSAL CONSTRUCTOR

o

S

- Figure 1. Schematic of a self-replication system [1].
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The overall organizational structura of SR8 fiolds has heen divided into foup
Singlo SR8s are the simplest and belong
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OF POOR QUALITY

A. SRS Orgoanizational Tevels

Operational Levels as shown in Flgure 5,

to Level 1. The SRS li an autonomous systom which processes information and energy
to convert new materinl into products and into replicas of itsell (Fig, 6).
mental responsibility of a Level I 8RS managoment and control system is the mainte-
nange of a fully functional SR8 under all foreseeable circumstancoes,
nominnlly overrides any other, depending on tho daegree of complexity of the particu-
lar SRS and nn the available knowledge nnd prodictability of the environment in which

the SRS is to function,

Y,

LEVEL ORGANIZATION COMPOSITION
v SEVERAL DIFFERENTIATED SRS FIELDS SEVERAL BYSTEMS
OF LEVEL li
n SINGLE DIFFERENTIATED 8RS FIELD SEVERAL SYSTEMY
OF LEVELN
" UNDIFFERENTIATED 8RS FIELD NUMERQUS SYSTEMS
OF LEVEL

SINGLE 8RS

Fipure 5. SRS field systems strueturc.

INFORMATION

ENERQY e a2

i

ENVIRONMENT

MATERIALS

!
f

REPLICAS

PRODUCTS

Figure 6. Basic SRS functions.

The funda-

This requirement




A fileld of identical SRSs is a Level II organization, The function of these
fiolds consists of the combinad individual functions of all SRSs comprising the field,
These functions run essentinlly in parallel and independent from sach other, The
only connecting link between the individual SRSs are the End Product Collection
System which gathers the individual, identical products at the collection point for
further action, and the Energy Systom which is centralized and supplies all individual
SRSs with electrical energy [1].

Thore can bo severnl different Level I organizations, sach one distinguished by
a different product, Several of these can be combined into a differentlated SRS fleld
which then forms n Level Il orgunization (Fig, 7). These may consist either of
individual SRSs, each of which manufnctures a different product or subassembly of a
larger product, or may consist of numerous undifferentiated SRS fields with different
products or subassemblies coming from each - products are either final output or
they must be farther assembled into larger ontitios.

These three Levels comprise the major forms of replicating systems organ;zation
involving Individunl SRSs, undifferentinted and differentiated flelds (Fig, 8). One
could also conceive of n Lovel IV orgunization that combines a number of Level III
flelds, Lovel IV is not covered hebre.

B. Three Basic SRS Functions
An SRS performs the following three basie funetions:
1) Information processing
2) Energy processing
3) Matter processing,

These processes are interdependent and must be integraigd with each other. They
must be careied out on each Level but with a different scope of netivity in each case
(Fig. 9). :

The heart of SRS management and conirol is information processing. This
guldes the processing of bulk energy and raw materials which is employed to achieve
self-replication and useful production. Specific management and control information
processing requiremonts f{or each organizational level are given in Figure 10.

FFor reasons of efficient self-replication, a central solur photovoltaic energy
conversion system 1s assumed to exist, to which each individual SRS has contributed
its share [1], This system is supplemented with a chamical energy storage system.
The distribution of electrical energy to the individual SRSs and within each SRS is
by eable or microwave, Within eack SRS the electrical energy is converted into the
desired alternate energy forms -~ whether mechanical, thermal, plasmic, or electro-
magnetic (Iig. 11). The specific management and control requirements for energy
systems are outlined in Figure 12,

An SRS has a complex metabolism [1,2]. At one end raw material is gathered,
followed by analysis which separates the desired elements and compounds from the
incoming bulk material. Subsequent steps involve the synthesis of specific materials,
the production of feedstock and parts, followed by the assembly of products and
replicas. Systems maintenance and repair also use specific parts. Waste material is
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LEVEL | ~ THE INFORMATION THAT MUST BE AVAILABLE TO AN INDIVIDUAL SRS HAS TO
FULFILL THE FOLLOWING REQUIREMENTS:

e FUNCTIONAL MANAGEMENT AND CONTROL OF ALL INTERNAL SRS SYSTEMS, SUBSYS.
TEMS, SEQUENCES AND FUNCTIONAL ELEMENTS, AND SYNCHRONIZATION AND
BALANCING OF ALL SRS OPERATIONAL AND FUNCTIONAL CONDITIONS AND EVENTS,
THIS INCLUDES SELF.MAINTENANCE AND REPAIR FUNCTIONS,

e PROPER RESPONSE TO CRITICAL EXTERNAL ENVIRONMENTAL SITUATIONS AND EVENTS
AND THEIR COORDINATION WITH INTERNAL MANAGEMENT AND CONTROL FUNCTIONS,
THIS INCLUDES THE REPRODUCTIVE CYCLE,

e OPTIONAL FOR SPECIAL CASES —~ AUTONOMOUS DECISION-MAKING AND PROBLEM-
SOLVING IN UNPROGRAMMED SITUATIONS AND EVENTS AND COORDINATION WITH
INTERNAL AND EXTERNAL CONDITION MANAGEMEMNT SYSTEMS,

THE INFORMATION PROCESSING SURSYSTEM MUST BE CAPABLE OF SERVING EACH REPLICA
DURING THEIR CONSTRUCTION PHASE UNTIL THEIR AUTONOMY HAS BEEP, ESTABLISHED
THROUGH THEIR OWN INFORMATION PROCESSING SUBSYSTEM.,

LEVEL Il = MANAGEMENT AND CONTROL INFORMATION WHICH MUST BE AVAILABLE IN
UNDIFFERENTIATED SRS FIELDS INCLUDE THE FOLLOWING:

e RATE OF FIELD GROWTH AND INSTANTANEOUS NUMBER OF SRS‘S CONTROL.

e PRODUCTION RATE GROWTH AND INSTANTANEOUS PRODUCTION RATE CONTR™L.,

e TERMINATION OF FIELD GROWTH WHEN PLANNED PRODUCTION CAPACITY HAS
BEEN ACHIEVED,

e PROVIDE REPROGRAMMING SERVICE IF REPRODUCTION ERRORS (MUTATIONS)
OCCUR IN INDIVIDUAL SRS UNITS,

e CONTROL OF THE ENERGY SYSTEM (ES) PARTS TRANSPORT FROM SRS ASSEMBLY,
e CONTROL OF THE EPS, INCLUDING PARTS TRANSFORT FROM SRS ASSEMBLY,
e POWER DISTRIBUTION TO EACH SRS,

LEVEL 11l - MANAGEMENT AND CONTROL INFORMATION NECESSARY FOR DIFFERENTIATED
SRS FIELDS INCLUDES:

e BALANCING AND SYNCHRONIZATION OF THE DIFFERENT PART PRODUCTIONS AND
THEIR TRANSPORT TO THE CENTRAL EPS,

e MANAGEMEWNT AND CONTROL OF THE CENTRAL EPS,

e COORDINATION OF ALL LEVEL Il INFORMATION PROCESSING,

+ Figure 10. Management and control functions in information processing.

11
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LEVEL | - SINCE EACH SRS RECEIVES POWER FROM THE CENTRAL ENERGY SYSTEM VIA A
MAIN FDWER CONTROL, THE LEVEL | REQUIREMENTS ARE:

o POWER RECEPTION, CONDITIONING, AND CONVERSION AND CONTROL AS REQUIRED BY
THE VARIOUS SRS "USER‘' SUBSYSTEMS,

e POWER SUPPLY TO THE SRS REPLICAS UNTIL THEIR POWER RECEIVING STATION HAS
BECOME OPERATIONAL,

LEVEL Il « THE CENTRAL POWER SUPPLY MANAGEMENT FOR UNDIFFERENTIATED SRS
FIELDS !5 SITUATED AT THIS LEVEL,

LEVEL I} = AT THIS HIGHEST LEVEL, THE FOWER SUPPLY BALANCE IS COORDINATED AND
CONTROLLED, IN ADIFFERENTIATED SRS FIELD, THERE IS ONE CENTRALIZED
ENERGY PROCESSING SYSTEM FOR EACH UNDIFFERENTIATED SRS FIELD CONTAINED
WITHINIT.

Figure 12, Managoement and contrel functions in onergy processing.

gathored and either discarded or recycled (Fig, 13). Manapgement and control
requirements are briefly outlined in Figure 14,

III. SRS MANAGEMENT AND CONTROTI,

In view of the considerable scope of {unctional requirements of individual SRSs
and their fields, a broad new concept of management and gontrol systems must be
doveloped., The multitude of required SRS regulatory and feedback mechanisms will
be of a vast complexity exceeding any artificinl system hevetofore conceived, ‘I'he
extraordinary demands that must be placed on the autonomous SRS management and
control system are only partially recognized at this time. ‘I'his report attempts to
provide basic concepts for SRS management and control, starting from high-level
aspeets and progroessing to conerete and doseribable functionnl elements, ‘T'he basis
of this approach is the roquirement of total integration between the demands of
internal SRS functions and the effects of the SRS environment on these funetions,
since the relations between an SRS and its onvironment are a crueial factor in
sueeessiul operations.,

A hipghly organized and complox artificial system 1like SRS in an external environs
ment with a relatively high degree of disorder requires an extremely selective exchange
between internal and external environments in order to maintain system integrity.

This rvequires insulation from all influences and external stimuli not of vital importance
to SRS functioning. ™This basic design philosophy must be adopted regardless of tha

13
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LEVEL!

SYNCHRONIZATION, COORDINATION AND BALANCE OF NUMEROUS FLOW RATIES

RECYCLING AND WASTE MANAGEMENT

MANAGEMENT AND CONTROL OF UNIVERSAL PARTS PRODUCTION

MANAGEMENT AND CONTROL OF ACTIVITIES AND SCHEDULES OF THE UNIVERSAL
CONSTRUCTOR

COORDINATION AND MANAGEMENT OF INDIVIDUAL SRS CONTRIBUTIONS TO THE ES AND
EPS WHICH ARE THEMSELVES MANAGED AND CONTROLLED BY THE LE'YEL I| ENERGY
AND MATTER PROCESSING SUBSYSTEMS, RESPECTIVELY,

LEVEL 11

COLLECTION AND ORGANIZATION OF INDIVIDUAL SRS PRODUCTS IN THE EPS FOR FURTHER
ASSEMBLY

COLLECTION, TRANSPORTATION, AND FURTHER UTILIZATION OF FINAL PRODUCTS

MANAGEMENT AND CONTROL OF THE ES ASSEMBLY (DURING THE SRS REPLICATION
PERIODS) USING CONTRIBUTIONS FROM INDIVIDUAL SRSs

MANAGEMENT AND CONTRCL OF THE ES AND EPS

LEVEL 11l
MANAGES AND CONTROLS THE MATERIAL{} EALANCE OF THE ENTIRE DIFFERENTIATED
SRS FIELD,

Figure 14, Management and control functions in matter processing.

degree of environmental information available because it allows a more general-purpose
approach while increasing SRS functional reliability by reducing the level of distrac-
tion.

Accordingly, we define a concept which postulates an internal system for
autunomous management and control, supplemented by an externally oriented
environment-monitoring system as a separate but coordinated unit, with an optional
third "intelligent" gystem which may be required in especially chaotic environments
(Fig. 15), '

A, Autonomous Management and Control (AMC) System

In a completely defined and static environment an SRS could, in theory, operate
with a fixed program of instructions which implements information, energy, and matter
processing management exclusively without any direct external inputs (since the
environment is presumed completely specified and unchanging). Such an entirely
autonomous management and control (AMC) system is the basic building block for all
operational SRS control, In some limited applications, an AMC system alone may
suffice for essential completion of well-defined, simple tasks,

The AMC system constitutes the concentration of reactive regulatory systems
for optimal management and control of all internal SRS functions with consideration of
a very large number of conditions and requirements. The AMC system must itself
be independent of all internal imbalances in order to be capable of reacting to achieve

15
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MANAGEMENT AND ,
AUTONOMQUS MANAGE-— REACTIVE REGULATORY FUNCTIONS
MENT AN CONTROL FOR OPTIMAL MANAGEMENT AND
SYSTEM (AMC) CONTROL OF ALL ugfng%g_g SYSTEMS

BY COMPARISON WITH A GLOBAL SYSTEMS MODEL

EXTERNAL MANAGEMENT RESPONSE TO EXTERNAL SITUATION
AND CONTROL SYSTEM AND EVENTS THROUGH STORED
(EMC) PROGRAMS TO MAINTAIN THE

FUNCTIONS OF THE SYSTEM IN
A CHAMGING ENVIRONMENT

INTELLIGENT MANAGEMENT VOLUNTARY, INTELLIGENT ACTIONS,
AND CONTROL SYSTEM DECISION MAKING AND PROBLEM
(imc) SOLVING IN NOVEL SITUATIONS

THAT CANNOT BE PRE~PROGRAMMED,

Figure 15, SRS management and control approach.

thr, raatoration of equilibrium. The AMC system is oply indirectly affected by the
environment us far as system performance is concerned and has no direct accens to it,

In addition to its renctive functions, the AMC system must contain a substantial
accounting package to coordinate all internal operations and transport movements, and
to control the continuously changing status of all critical system elements. In order
to oversee all functional performances, each AMC system requires a global model of
its associated SRS or SRS fleld(s). This model carries an exact description of the
SRS or field and its nominal functions, states, and equilibrium parameters. Incoming
signals are continuously compared with the stored model, Any deviations indicating
abnormal conditions will activate automatic remedies and compensations. These ave
initiated and maintained until the abnormal situation is rectified, This model or pro-
gram is fixed for a specific SRS /field configur-tion.

As mentioned in Section [Tf,A, in some limited applications, an AMC system
alone may suifice for essential completion of well-defined, simple tasks. This includes
product manufacturing and self-reproduction under limiting conditions. These two

functions arc ordinarily assigned to the EMC (Section I1I1.B).

The responsibilities of the AMC system are outlined in Figure 16.
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Figure 16. Tunctional responsibilities of the AMC systems.
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B,  Extornal Manogemont and Control (EMC) Systum

An SRY constitutes n complex system which must maintain a high degree of
internal order in its ncetivities agninst the disordering Influences of an often variable
and sometimes chaotic external onvironment (Fig, 17), Minimal functional deviations
within these aetivitios, iff allowed to continue and propagate unchecked, would cause
a collupse of the delicate balance among the many interdependent sequences of events
within an 8RS or SRS ficld and destroy the countless individuul activity rhythms
that must be preeisely tuned and synchronized,

TERRESTRIAL GROUND SURFACE
"UNDERGROUND
OCEAN SURFACE
SUBMERGED
- BOTTOM
LUNAR GROUND SURFACE*_
| UNDERGROUND
PLANETARY .
& SATELLITES GROUND . SURFACE
UNDERGROUND
ATMOSPHERE | UPPER
LOWER

*DESCRIBED IN REFERENCE 1 AND 2
Figure 17. DPotential SRS environments.

The environment determines the characteristics of the SRS products and the
speeific type of SRS system elements and their basie design. Therefore, the nature
of the SRS environment must be well-known., This is particularly imporieni because
during tne SRS reproductive phase theve is extensive mobility involved in seeking
and moving towards new sites to be occupied by replicas, ‘T'he paths foward these
new sites and the sites themsclves may have different environments than exist in the
location of the primavy system,

In order to deal with a variety of external situations and events, and to
respond to foresceable hut unpredicted environment conditions and events, the SRS
must have a set of stored, environmentally-sensitive programs which contain appro-
priate responses {e¢ supplement those provided automatically by AMC systems. These
responses must be activated in case of external conditions which significantly diverge
from an established norm, 7o protect the system from an infinitely large number of
external stimuli and to maintain a practical minimum of exchange, inputs are required
to exceed pre-established threshold values to initiate a response. In extreme cases
where maximum response is needed at once, all other thresholds must be raised

18




automatienlly until the originnl response ls completed. Thresholding is controlled by
n centreal informntion processing system with fixed response priovities,

Internnl SRS functions and operations are constunt or vary in known wuys,
wherens onvironmental events are at hest periodieally variable and at worst randomly
variable in their offcets upon SRS operations, AMC systems maintain SRS and SRS
fiold internal integrity in the form of a synehronized closed unit of action and
renction, but thesz are not desipned o maintain nominal functioning and internal
stability in the fuce of significant environmental variations., This duty falls to the
External Management and Control (EMC) system.

The prineipal functional responsibilities of the EMC system are:

1) To reduce the multitude of expressions of the onvironment to a maximum.
lkelthood limited number of standard situations to which an equal number of readily
avallable reaction programs respond.

2)  To generally characterize all objects within a speeifie seenario through a
minimum of eriterin that represent a particular objeet. In this process individual,
identifying, and unique charactoristics will be disregurded, 'This provides for maxi-
mum economy of necessary vital informntion acquisition becuuse, as a consequence,
all individual, eoncrete objeets of the same type are now interchangeable and the
proper automated responses can be accomplished.

3) To provide a program storc for sclected vital learning cepubilities. Pro-
gram memories are initinlly vacant to permit "imprinting" at the time the SRS
encounters sensory inputs which indicate a situation the AMC system cannot handle
alone, Learning capabilities remain vital through the SRS life cycle, becoming part
of a fixed program within the EMC system.

In order to avoid saturation of the EMC system and to protect the integrity of
an SRS or SRS field, not every external event will be registered or responded to;
othorwise, the environment would generate a constant and potentinlly confusing
bombardment of stimuli on SRS sensors, While AMC system sensors respond to
abnormal conditions as compared to a f{ixed reference state model, the EMC system
cmploys a threshold approach which blocks any external stimulus unless an estab-
lished mintmum or maximum threshold is exceeded, An added feature shall be the
threshold level control which can lower or raise speeific threshold values. This
would allow concentration of resources when nccessary to deal with selected priority
inputs as triggered by unusual circumstances.

The speeific tasks of EMC systems, generally and for each organizational Level,
are summarized in Mgure 18,

3. Intelligent Management and Cmi‘trol (IMC) System

The AMC and EMC systems are vital and should suffice for most SKS applica-
tions. However, circumstances may require more than the exercise of clementary
functions for survival, production, and repliention, and more than carrying out fixed
program instructions and reacting to the environment within restricted limits,
Oceasionally a novel situation may require a recognition and understanding of an
objective environment, leading to intelligent cvaluations of situations that may have
major effects on SRS functions and operations,
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Figure 18, Tunctional responsibilities of the EMC systems.




This would require the eapabiiity to take voluntary, non proprogrammed
intelligont netions and to make deelsions und golve problems. ‘Lherefore, a thivd
clogs of management and control system requiring machine intelligance may be
necessary, called the Intelligont Management and Control (IMC) system. The IMC
systom 1s capable of providing an objective, rational view of the environment which
maximizes SRS resource utillzation in response to external conditions and situations,

The IMC system must operate with a minimum of interfgrence with the vital
activities of AMC and EMC systems, Aceess to the AMC system should be blocked,
and access to the EMC system should be on a coordinating and amplifying basis only,
The functions of the IMC system are largely in the inlormation acquisition and genera-
tion area. Energy- and matter-orjented functions would be affected indirectly only
through communication with the information processing subsystems. An IMC sys- -
tem should only be available at the highest organizational level, eéither Level II or
Lovel 111, T'his helps to preclude inconsistent or conflicting actions among the varjous
systems involved,

Specific functions of the IMC system includae:

1) Learning

2) Memorizing

3) Reasoning

4) Judgment

6) DProblem-solving

6) Decision-making

7) Objective sensory perception of the environment

8) Non-preprogrammed action capability and control within priorities set by
the EMC system.

The IMC requires the following components:

1) Environment input systems

2) Store of factunl beliefs and knowledge

3) Storage capablility of resources (e.g., a dictionary and past experiences)
4) Catalogue of vesources

5) Motivational store

8) Process-purpose index (action-motive index)

7) Temporary structures associated with ongoing information processing

8) Central administrative process system
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9 Sel of monitoring process systems including permanent, general-purpose
monitors and other, more specialized ones, set up temporarily according to needs

10)  Retrospeetive nnalysis process system,

The AMC and EMC systems are required at each of the three organizational
levels, The IMC system is a top level function only (Fig, 19), The levels of
neeessary communication to nccomplish management and control are shown in IFigures
20 and 21, Igure 20 shows, in nddition to the Level I AMC and EMC systems, that
each SRS cloment has its own sub-AMC and sub IEMC which regulates within its
domain the local functions of the respective elements, The degree of coverage of
these elements reqraes further study.

IV, SYSTEMS RECYCLING, SPECIALIZATION, AND
INFORMATION REPLICATION

Since an SRS replieation phase is limited through preprogrammed instructions,
it could be practical and benelicial for each SRS to dismantle its reproductive
mechanisms onee they are no longer needed, and utilize the parts for production
directly or, after reworking, back in the raw material or feedstock lines, Similarly,
if additional replieation or growth activities become necessary and these facilities are
no longer available, part of the production plant could be converted to serve this
purpose, Management and control systems must be able to adjust to any such new
struetural and functional configurations, optimizing their usage and retaining conirol
over their deployment and operations at all times.

Inner field SRSs may eventually run out of raw material, While initially the
quantity of material is almost unlimited and SRS operations would not significantly
modify the environment, this may change rather dramatically as replication processes
proceed, The quantity of readily available material could be reduced by many orders
of magnitude, Because of this, interior-ficld SRSs may change their work scope and
concentrate, for example, on parts production and assembly. The mining and raw
materials processing facilitics would be reeycled and utilized elsewhere in the produc-
tion loop. The feedstock or parts for finnl manufacturing would come from external
SRSs which could ecither increase feedstock or parts production or weuld emphasize
mining and new materials processing while redueing their own production in these
areas. All management and contrel systems should be capable of directing and optimiz-
ing these changes in SRS fields.

The SRS managenment and control systems described in this report require
the primary initinl "sced" SRS to include all Level I and Level II capabilities in its
instruction propgram (Fig. 22), During self replication, an SRS passes on only the
subordinate programs to the replicas while retaining its own supervisory program
ingtructions. The initial 8RS must contain complete instructions and information for
the final organization of the entire differentiated or undifferentiated field which
ultimately is to be consiructed. This includes the master plan for the final layout
and. configuration of the various SRS fields and individual $RSs and for the various
useful output products.
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Figure 22. Information replication.



V. SELECTED AREAS REQUIRING ADDITIONAL WORK

After having established a basie SRS management and control model, it becomes
apparent that certain closely rolated issues need definition.  The following represoents
some of the questions to be answered:

1) The lowest level of management and control in this model is the individunl
SRS (Lovel 1), How much lowor must management and control penetrate the
individual SRS bullding blocks md clements? What is the iInternal SRS distribution
of AMCs and EMCs? llow does the distribution differ between the two?

2)  What are the physical and performance characteristios (at this time In gross
torms) of the required computer soft and hardware based on the requirements out
lined in this report? What order of magnitude information storage and processing is
required ?

3)  What is the seope of human intervention in the operation of the three levels

of SRS organization? At what points in the management and control systems would
the Intervention take place? In what forms would these interventions be carried out?
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