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Anomauia. L[a poboma € npo0osiceHHAM NONePeoHix ceMu KHU2 Npo BUCOKOPIGHE8e YAPABIIHHS 6eUKU-
MU po3nodinteHumu cucmemamu. 3 AUBUCL NIGCMOLIMMs Mmomy uje 00 noseu Inmepnemy i cneputy
sidoma sik WAVE, po3pobiaeni modenv i mexnonozis 6UKOPUCMo8ysaiucs 6 6a2amvox npocpamax y pisHux
Kpainax ceimy. Y kHudicyi yeaza 30cepedxcena Ha cghepax ix Oinbid WUpoKo2o 3aCMOCY8aAHHS, BKIIOYAIOYU
HOBI 3eMHI mMa KOCMIUHI Cc8imu, 2100ANbHI cCUcCmemMu, a maxKodic cghepu i mexnonozii cmpameziuHux 0o-
cnidoicenv NASA. YV pobomi npedcmasneni ocnoeni idei’ Ilapaduemu npocmoposoeo saxonnenus (I13) i
Odemauni ii xmouosoi Mosu npocmopoeozo 3axonienus (MII3), exnrouarouu ¢hinocogiro, memoodonoeiro,
CUHMAKCUC, CEMaHmMuKy ma IiHmepnpemayio 8 pos3noodilenux cucmemax. Ilamepn cyeuapiro y MII3
30TUCHIOE NPOCMOPOGe NOWUPEHHS, PeNTIKY8AHHSA, MOOUDIKaYilo, OXONIEeHHs. Ma Y32000iCeHHs PO3NO0diie-
HUX C8ImMi8 y NapaieibHOMy X8ULen00iOHOMY pedcumi, Wo 00380IAE HAM OYIHIOBAMU BENUKI PO3NOOLNEHT
asuwa 3a ix Qizuunum abo sipmyanvHum po3noecroodicennam. Piwenns y MII3 30xkpema exnouaroms 0o-
CRIONCEHHST MAKUX 68U, K Ypacanu i Jico8i nodicedici, wo 30iUCHIOIOMbCS 3 BUKOPUCAHHAM Memoois,
NOOIOHUX 00 MuX, AKI 3ACMOCO8YBANUCA 0TI AHANIZY KOCMIYHUX Asuly. TaKoxc 60HU NOKA3YIOMb, 5K 3d
00NOMO2010 MEXHIKU 3ICMAGIEeHHS NPOCMOPO8020 2pagixa 3HAX00umu 300padceHHs y O008LIbHUX
Ppo3nodinenux mepedxcax. 3a donomozoio MII3 moxcna npoeodumu OO0CHIONCEHHS ePYNO6oi NOBeOiHKU
MOPCbKUX MBAPUH, GUAGISMU HeGIOOMI 2eo2paghiuni ocobausocmi micyesocmi i 30IUCHIOBAMU NOULYK
wiAxie y eenukux mpancnopmuux mepedcax. llopieuanns MII3 3 inwumu moeamu npocpamy8amHHs K
Ccneyianizosanumu, max i RPUPOOHUMU MOBAMU, NOKA3VE NPOCMOMY | KOMIAKMHICIb OMPUMAHUX PIUUEHD,
wo 3abesneuyromucs 3a805aKku momy, wo MII3 ¢ynxyionye 6e3nocepeduvo y po3nooileHux mepesicesux
MiNax y XoniCMuyHoOMY i NaApAaiIeibHOMY PENCUMAX, d MAKONC Y Pedcumi y32000ceHHs namepHis. byno 0o-
cnidoiceno sionowenns MII3 0o Oeaxux SUWUX MEHMANbHUX KOHYEeNnmi8 I HOKA3AHO, AK MOOenosamu
NPUHYUNU 2eumalbm-ncuxonoeii i niompumysamu 2100a1bHy 00I3HAHICMb | CBI0OMICMb PO3NOOLICHUX
cucmem 3a 0ONOMO2010 PeKypCUBHO20 8ipYyCcOno0dibHozo npocmoposozo nokpummsa MII3. Ompumani pe-
3yaAbMamu niOMeepoOA*CYOmMs NOMEHYIUHY MONCAUBICMb 3ACMOCY8AHH PO3pOOIEHOI napaouemu, MOo8u i
MexHON02Ii 0N UPIUEHHS 3HAYHO WUPULO20 KOG NPoOieM, N08 A3aHUX i3 8eIUKUMU HeBIOOMUMY C8ima-
mu. ITioxio maxooic moodice Oymu UKOPUCMAHULL 3AMICb NPUPOOHUX MO8 OJIs1 BUCOKOPIBHEB020 (hOpMYIO-
BAHHA KIOYOBUX NpobaeM i iX eupiuenHs 3a60aKU YimKOCMI i KOMAAKMHOCMI pe3ylibmamis, saKi 6iH
Haoae.

Kntouoei cnosa: Texnonozis i mooens npocmopogozo 3axonients, Moea npocmopogo2o 3axonieHHs, me-
pediceda inmepnpemayis MO8U, poO3N0OLIeHi HegIOOMI CEimu, Y3200H4CeHHs NPOCHOPOBO20 NAMEPH).

Abstract. This is a sequel to the previous seven books on high-level management of large distributed sys-
tems. Born half a century ago before the Internet and called WAVE in its infancy the developed model and
technology were tested on numerous applications in different countries. The book is focused on their ex-
tended applications including new worlds of terrestrial and celestial nature, global systems, and NASA
strategic research areas and technologies. It presents the main ideas of the Spatial Grasp (SG) paradigm
and details of its key Spatial Grasp Language (SGL), including its philosophy, methodology, syntax, se-
mantics, and interpretation in distributed systems. The scenario pattern in SGL spatially propagates, rep-
licates, modifies, covers, and matches the distributed worlds in a parallel wave-like mode, allowing us to
evaluate large distributed phenomena by their physical or virtual coverage. The solutions in SGL contain
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the investigation of the regions of interest like hurricanes and forest fires, with similar techniques appli-
cable for celestial cases, and show how to find images in arbitrary distributed networks using the spatial
graph-pattern matching technique. It provides the investigation of group behavior of ocean animals, dis-
covery of unknown terrain features, and path-findings in large transport networks. Comparison of SGL
with other programming, specialized, and natural languages shows simplicity and compactness of the ob-
tained solutions, due to SGL operating directly on the distributed networked bodies in a holistic, parallel,
and pattern matching mode. The relation of SGL to some higher mental concepts has been investigated by
showing how to simulate gestalt psychology principles and maintain global awareness and consciousness
of distributed systems by SGL recursive virus-like spatial coverage. The results confirm the potential ap-
plicability of the developed paradigm, language, and technology for solving much broader range of prob-
lems related to large unknown worlds. The approach can also be used for the high-level formulation of
key problems and their solutions instead of natural languages, due to the clarity and compactness of the
resulting descriptions.

Keywords: Spatial Grasp model and technology, Spatial Grasp Language, networked language interpre-
tation, distributed unknown worlds, spatial pattern matching.

1. Introduction

This book is a sequel to the previous seven books on high-level management of large distributed
systems. Born half a century ago well before the Internet and named WAVE in its infantry, the
developed approach has been tested in numerous fields of application, including graph and net-
work theory, collective robotics, crisis management, security and defense, social systems, and
space-based systems. The current book is focused on extended technology applications, especial-
ly for large and unknown terrestrial and celestial worlds.

2. Conquering Terrestrial and Celestial Worlds

Names and briefs the extended research areas for the developed technology applications, includ-
ing understanding the world around us, main environmental problems, global systems, discover-
ing new worlds, and NASA JPL strategic technologies. Of particular interest to our investigation
are the following areas of JPL activity: distributed systems, communication and navigation, ro-
botics and mobility systems.

3. Spatial Grasp Model and Technology Basics

Presents and discusses the main ideas of the developed Spatial Grasp (SG) paradigm, starting
with how traditional systems and solutions are organized in them, all being represented as the
parts that exchange messages. The main principles of SG are explained which instead provides
holistic world coverage with parallel active code, having a symbiotic combination of a wave-like
(even virus-like) and grasp-like spatial activity.

4. Spatial Grasp Language Peculiarities

There are presented and discussed details of Spatial Grasp Language (SGL), including its philos-
ophy, methodology, syntax, semantics, and interpretation in distributed systems. The pattern writ-
ten in the high-level SGL and expressing the top semantics of the problem to be solved can start
from any point. After that, it spatially propagates, replicates, modifies, covers, and matches the
distributed world in a parallel wave-like mode.

5. Mechanisms of SGL Distributed Implementation

SGL interpreter consists of specialized functional processors working with specific data struc-
tures. Communicating interpreters may have an arbitrary number of copies, up to millions and
billions; they can also be integrated with the existing systems and communications. Their dynam-
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ic networks that work without central resources or control can represent powerful spatial engines
capable of solving any problems in terrestrial and celestial environments.

6. Distributed Worlds Vision and Comprehension in SGL

Shows how to see, understand and evaluate large distributed phenomena as a whole by their
physical or virtual coverage under the SG paradigm. The solutions in SGL contain self-spreading,
coverage, and investigation of the regions of interest, like hurricanes and forest fires, with similar
techniques applicable for much larger, celestial, cases. In addition, there is demonstrated how to
find certain images in arbitrary distributed networks using the spatial graph-pattern matching
technique.

7. Investigating Unknown Worlds in SGL

The chapter contains solutions in SGL to practical problems related to different worlds, providing
examples of investigation of group behavior of ocean animals like sharks by finding distances
between them and occupation areas. Other examples include the investigation of unknown terrain
features like heights and coordinates of their summits. Moreover, there is demonstrated how to
solve problems in large transport networks like finding the quickest routes with subsequent
movement through them.

8. Advantages of SGL against Other Languages

Comparison with other programming languages reveals the simplicity and compactness of the
obtained solutions, due to SGL operation directly on distributed networked bodies in a holistic,
parallel, and pattern matching mode. As regards battle management languages, SGL shows effi-
ciency for expressing any military campaigns with spatial movement and maintenance of re-
sources. The relation of SGL to natural languages shows how recursive SGL syntax can be used
for describing their syntactic structures.

9. Relation of SGL to Higher Psychological Concepts

Gestalt theory is a very general approach showing the unique capability of perceiving the whole
first and then treating parts in the context of the whole. It is shown how to simulate some gestalt
principles in SGL like the Law of Proximity and Figure/Ground Expression. Another demonstrat-
ed application is for maintaining global awareness and consciousness of the distributed systems
by SGL recursive virus-like spatial coverage, where global awareness of a distributed swarm can
improve its overall performance.

10. Conclusions

The research conducted in this book has confirmed the potential applicability of the developed
paradigm, language, and technology for solving much broader classes of problems, especially
those related to large and unknown worlds. The solutions may involve massive manned or un-
manned devices working cooperatively and autonomously. The approach can also be used for the
high-level formulation of key problems and their solutions instead of natural languages, due to
the clarity and compactness of the resulting descriptions.

Appendix: Full SGL Details
Contains full details of syntax, semantics, and pragmatics of Spatial Grasp Language constructs.
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