General-Purpose
Visual Programming Language

Pi
Pragmatic Approach to Visual Programming

ﬁ ol e L 1T X
| @ !23:13-- :

ll_h—_-[lsﬂlaﬁ—ﬁﬁml Kl

e U ™ mlnl hi =2 r
ZiTh e = o= R TE P —— -
(T P ' o= _'-ﬂ_/ : " Gl "‘M"'B‘Wl ‘(ﬂ‘ B |! 6;\‘4(_— — il

|l &= < 4&[_1.’. I
Lo l‘m Ll ﬁ

= L '.f. N ‘ o ——.——:——’I._‘] =

|||xlflﬂlllm]g||\ e j B

%W ‘5’ lsz:i-llﬂsmlﬂ‘mfr“*i 9 [ : i
?..u—i T 1 \* I I :\I ’ "'FE]UF;A T_ ,,m’-‘lg | “!
= . % ’~-“!T e | “ : ﬂ‘ﬂw-.{i!’
( | =g I | = ‘ h

Feature-rich visual language with highly detailed design all the way down to API level

Designed to supplement and enhance Al code generation
Maximizing productivity of Al-driven software development via visual programming

Oleg P. Kabanov



General-Purpose
Visual Programming Language

Pipe

Pragmatic Approach to Visual Programming

Oleg P. Kabanov



Copyright © 2025 Oleg Pavlovitch Kabanov.
All rights reserved. No part of this book may be reproduced, distributed, or transmitted in
any form or by any means, including photocopying, recording, or other electronic or

mechanical methods, without the prior written permission of the author.

Patent Pending: Certain processes and methods described in this book are the subject of
one or more pending patent application.

For licenses and attributions of all fonts used in this book, please see the end of the book.
ISBN: 978-1-0696277-0-4
First Edition

Published by Oleg Pavlovitch Kabanov

Please feel free to leave your comments or review at http://www.pipelang.com



http://www.pipelang.com/

Contents

J R 310 g0 Yo 10 L0l & (o) s SAOOUUNR R 1
1.1, INtrOdUCHION .....ciieeeeeeeceieireeeeeeceeeeteeeaneeeeeeeeeeennnessssssssennsnssssssssanns 1
1.2. Language OVeIVIEW .....c..cceieeeeieirenncereennsossennsssssesssssssssssssssnssssssnses 2

2. Language Specification........ccccceeereeeiiiineiiieniiieeeceenenecenenencenen 4
2.1, CONCEPLS...ieuririnnrennirneseraescresiorossssssessssessssssosssssssssssssssssassssasssssnses 4

8 O 240 T=] 1 o T 4
2.1.2. COMPONENLS ..everrireiieeeerrreeraereeerrrsnerereteeeeeeeeessassaesssssnnserereeseeeeeessaasasssssnnen 4
2.1.2.1. Component TaXONOMY .....cccccureerreeruereereenieeeereeeseeeeeeeesnereesseemeeeeess 4

B B 01 (=] - U 5
2.1.2.2.1. RUNIEE TYPES .eeeeeeiieieeeeerteeeteeteeete st et te st e s sseesee e eeeeneens 5
2.1.2.2.2. FiXed RUNIETS .....oeiieiieeeeiieeeiieeecieeeevee e e eeeseeee e e cee e s veeseneeeennes 7
2.1.2.2.3. Template/Instance RUNIELS .......ccceeeeceeeecieeeecieeecee e e e e e e 7
2.1.2.2.4. RUNIEE TTE .eeeeeeeeeeeeeeeeeteeeeeeeeecteeeeeee e e eeeesveee e seeeeesaeesneeesnnes 8
2.1.2.2.5. External CONNECHIVITY ....ceeeeerreiiesiereieniteeeteeteeeeeeseeeseeeeeeeeneens 9

b 0 T (=5 4 o) (=3 9
2.1.2.3.1. Memlets and Membanks ...........cccceeeeeeerrciieeeecieeeceeeeeee e ceeeeens 9
2.1.2.3.2. Memlet Bond Attributes........cceeeeeeeeeciereiieeeceeee e 10
2.1.2.3.3. Broadcast Bond Attribute........ccecoeeeeciereiieeecceeeeceeeecee e 11
2.1.2.3.4. Read-Only FIag .....ceeeuteeiiieiiieerteeiteeieeete sttt s 12
2.1.3. CONNECTIVITY «ueeereurieeieeereiieeeeteeeiteeeeete s ettt e s eeeesssee e s nreeseneeesenreesenenes 12
21301 SIZNAL ettt sttt st 12
B/ TR T/ €0 41 1<l 0 10 ) s OSSO 13
2.1.3.3. Signal Distribution and Processing RUles .........ccceeveeeveenvereveernseenne 13
2.1.3.4. Signal MUultipliCation .........cecceeeveerrsererienrieeieeeee et eeee s e 15
2.1.3.5. SYNCTONIZAtION...c.ueiieiieiieeieeieeeeee ettt 15
2.1.4. Data CONCEPLS..cuuereiiiieeeitriieeeeeeeeieereeeerereeeeeeeeeeeaesessessnnnnsnnrreeeeaeeeeesasaans 17
b O R B 1) 44 =11 1P SRR 17
2.1.4.1.1. Domain Definition ........ccceeeeeeeereciieeeeiieeecieeecee e cre e ree e 17
2.1.4.1.2. Domain Specification.......ccccceeeeeieeeecieeeceeeeccee e 18
2.1.4.1.3. Object SPecifiCation ........ccoceeeveereierseeerieereereeeeee e eeee e 18
2.1.4.1.4. DAt TYPES «euneeeiiereeeieeeneeeteeeeeeette e s et e e s sere e s e nnereeseeans 19
2.1.4.1.5. Node AttriDULES....ccccveeeeeieeeeeieeccee et e e e eee e 22
2.1.4.1.6. Attribute GIOUPING ....ceevvereveerrieriieesieeeiieeeeeseee st esseeeeeesseenane 24
2.1.4.1.7. Multiple Node Attributes .......cceecceeeeevieeecieeeecee et eecree e e 25
2.1.4.1.8. Attribute Prioriti€s.....ccccoeeeeceeeeeciieeceeee e e 25

2.1.4.1.9. Default Data ObJeCt.....cccceeeveerrreereieesieeeieeeeereee et eeeeeeeeesee e 26



2.1.4.1.10. Domain Assignment TYPeS......cccceeereerrrreeereceeereneeereceeeneeeeenes 26

b O O O R 071 - 1 o SR 27
2.1.4.1.12. Data Object Transfer Algorithm ........c.ccecceveiirriiniiinniienennnen. 28
2.1.4.1.13. Overlap Validation ........ccecceeeeeeieeeciieeeeeeeceee e 29
2.1.4.1.14. DOMAIN METEE ...cueueeerereerereeerieeeeeeeeeeeeeeeneeeeeeeesseneeeseseeees 32
2.1.4.1.15. Multipoint Overlap Calculation Algorithm ..........cccccuvvennnenne. 34
2.1.4.1.16. Domainless Component Pins ........ccccceeeeeeeeceeeeeceesecreneseceeeenns 34
2.1.4.1.17. Mandatory vs Injection Attribute ........ccecceeeverrveeriieenseeeneennen. 34
2.1.4.1.18. Injection vs Rejection Attribute ......c.ccceeveeevieieienieenseeeeeenee. 35
2.1.4.1.19. Mandatory vs Optional Attribute ........ccecceeevereveerrienseeereennee. 35
2.1.4.1.20. Attribute MoOdifiers.....ccceeeeeeeeeeeeeeecieeeeeee e 35
2.1.4.1.21. Domain ASSIZNIMENL ......ceeereerrrrreereieeerieeerereeeeeeeeseeneeeesneeees 36
2.1.4.1.21.1. Domain Assignment SCOPE.......ccceevueererrererereeerecrerereneeenanee 36
2.1.4.1.21.2. Domain Assignment Methods ......cccccceeveerrveereeerveereneennee. 37
2.1.4.1.22. Domain INheritance .......cccccceeeeceeeeceeeeeceeeeciee e e eeeee e eee e 38
2.1.4.1.22.1. INtrOdUCHION ..eeeeeerieeeiieeeeieeeecee e e e e e e e eeeeeeanee 38
2.1.4.1.22.2. Default Inheritance RUles........ccceeceeeeceeeeeceieeeeieeeeeeeeenes 38
2.1.4.1.22.3. Inheritance OVeITide ........ccceeeveeeeeceeeeeceeeeeere e eeeeeeee e 39
2.1.4.1.22.4. Node Redefinition .......cccccceeeeeeeerecieeeceeeeceeeeeceee e 39
2.1.4.1.22.5. Forced Definition........cceecceeeeeceeeeeiieeeceeeecee e 40
2.1.4.1.22.6. Inheritance in Object Specifications ......c..cceeceerveeeevuennnee. 40
2.1.4.2. Mergers and TranSfOrmMers .........cocceeeveerrveeretenseeeseeeeeesreesseeee e eenees 41
2.1.4.2. 1. MEIZETS «.neeeeeeeeieceeeeeereeeeee e s eeseee e e e s e neee e e e s eneeee e s e smmreeeeseennnes 41
2.1.4.2.1.1. INtrOAUCHION ...eveeeeiiieeeieeecctee e e eee et e e e e ee e e aeeeeanes 41
2.1.4.2.1.2. MeTZer TYPES cceneueeeeieeeeeeeeeeeeete e e eeeeee e s eereee e e e eneeee e 41
2.1.4.2.1.3. Merger Processing Algorithm.........cccccceeverrvericienneinneennee. 41
2.1.4.2.1.4. Merger Bond Attributes.......ccceeveeeveeeveresienereeneeeeeeeeeeeen 42
2.1.4.2.2. TranSfOrMETS......cececuieeecreeeeeieeectreeeeteeeeeeeeeereeeeseeeeesaeeeesseeeans 43
2.1.4.2.2.1. INTrOAUCHION ...eveeeeeiieeeiieeeciee e e e e e et e e e e aeeeeanes 43
2.1.4.2.2.2. TTANSIELS...oiiieeieeeceieeeee ettt e et ee e e ee e s aeeeeanes 43
2.1.4.3. Handling EXCEPTIONS «..ceeuerereereuierriteeieerteeetee e eeeeee st e e e 45
b/ W G T8 R 0V o T L Tl o) o P 45
2.1.4.3.2. Exception Specification.......c.cceeeceeeeceieeccieeecieeeeee e 46
B W TG TR b (ol<] 1 () o W @ 1o =T SR 46
2.1.4.4. ComMPONENt STATE ceeeiiiiiiiiiieieeeeereetteee et e ereree e e e e e e e e e e e 47
2.1.4.4.1. Stateful COMPONENTS.......eeeeeeeereeirereeieeeeteeeeceeeeeee e e e e e eeeeeeas 47
2.1.4.4.2. Default Behavior .......ccccoueeeeciiieeciieeeceeeecee e ee e 47
2.1.4.4.3. Component State ReSet......cceeeeeioiiiiiieiiieiiieeeeeeeeeceeeeeeeeee 47
2.1.4.4.4. Component State OVerrides .......ccceeeeeeeeeceeeeeceeeeereeeeceeeeeceeeenns 47
2.1.4.4.5. RESEt OULPUL c..evveeeeeieeeciieeeiieeectre e ee e e eee e e eee e e eeeesenee e e nseeeeas 48

2.1.4.5. General BONA AttIIDULES w.ueueeeeeeeeeieeieeeeieeeeeeeeeeeieeeeeeeeeeeeeeeeeeeenesens 49



2.1.4.6. Tear BONA AttIIDULE ...ueeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeseessasannaaees 50

2.1.4.7. Global BONd AtTiDULE.......eeeeeieeeeeeeeeeeecee e 50
2.1.4.8. Active Bond AttribULe ...cc.eveeeeeieeeeeeeeeeecee e 50
2.1.4.9. Staging Bond AttriDULe ......coceeeviiiriireieeteeeeee ettt 51
2.1.4.10. SigNal PriOTITIES oueereeeeeeieeiieeieereeeete ettt sttt s e e eeseee e 51
2.1 4110 NAIMES ceveeiiieieeeieeeteeeeeeeretee e e seereereeessssneeeeessssneeessssssnseasssssssseaanas 51
2.1.4.11.1. NAME ClASSES ...vvererrereerreeeereereseeeeeseesesseeeeassresssseesesssessssseeeans 51
2.1.4.11.2. PiN NAMES ...evveeeieeeirieeeieeiireeeeeesieteeessssnreeesssssssseesssssssesessesnns 52
2.1.4.11.2.1. Naming RULES ....ccevverriiriierteeiteeiesee sttt 52
2.1.4.11.2.2. Assignment RUIES.......ccoeeervutieviiierienreenteeeeee et 52
2.1.4.11.2.3. Default Pin NAmMeS........cceeeveeeecreeeeeereeecieeeeeeeeeeeeeseneeen 52
2.1.4.11.3. COMMON NAIMES .....uvveerreerrrieerreerrrreereesrreeeesessssseeesesssssesessssnns 53
2.1.4.11.3.1. Naming RULES ....ccccueeriiriiertieiteete ettt 53
2.1.4.11.3.2. MemDber NAIMES ......cceeceereereeeeeeeeeeeeeeeereeeeeseeeeeseeesesseeeans 53
2.1.4.11.3.3. Component/Endpoint Path ........cccccceeeeciieecieeeecieeeeeeenn, 53
2.1.4.11.3.4. Anonymous DOMAINS .......cceereeeeerrreeerenieeeneneeeeeceeeneeeeenes 53

b O T TR TR o) o\ U =T T 54
2.1.4.11.3.6. MembanKk Names........cccceeeeueereereeeeerrrereeeeeeeeeeeeeeeeseseeeans 54
2.1.4.11.3.7. Merger Resolution Names .........ccccceeeveereeenneeenseennneersneenane 54
2.1.4.11.4. NAMESPACES .eveeereeeurrrerraarrrrreersessreressssssseeessssssssseesssssssssessssnns 54
2.1.4.11.5. SYNONYIMS...eirtiieteriteeiteeieeeeeeerteeseeeeee e eessseessseeseeeeeessneenane 55
2.2. Visual Representation..........cccccceeeeeceeeiieeenneecieenieennnnenceeseseennnnnes 55
2.2.1. DIQZTAIN «..eteiuiieeeiieeeeeeeeeteeeeeteesnee e e etessseeesenseessseeesenseeseneeesenseesennenes 55
8 0 R o) o ¢S 55
2.2.1.2. Orientation ......ceeiieeeviieeiieeirieeeseeceeeeeseereree e s seeanreeessesneeeeessssnneeeeas 55
2.2.1.3. CommMON EI@MENTS......cceeeceeeeecieeeeieeeceee e te s e e e eeeeeeee e e ee e e neeas 56
2.2.1.3.1. JUNCLIONS ceeeeeeeeeeeeiiiieeeeeeeeee e e e e eeeeeeeeennnrereeseeeeeseeessseessennnnnnes 56
2.2.1.3.2. CONNECLIONS ...vveeiieeririeerieeiirteeteeeirteeeseesireeeeeessnneeesssssssesessenns 56
2.2.1.3.3. COPY COUNTEIS....eeerereereneeeeeeeeraaieeeeeetesesseeeseeresssseeesenseessnseessan 56
2.2.1.3.4. Input/Output Separation .......cccceceeceeeeeeeerneeereeersneeesesesseeeeeenans 57
2.2.1.3.5. NamMed PiNS ..ccccceeiieiieeeeiieeceie et e e te e cee e e eee s ee e e e s eee e 58
2.2.1.3.6. Pin RePEtitioNn ..ccceeeeuriieiieciiieeicecitteececcreee e s e e s e eeee e e e 59
2.2.1.3.7. PiN EXTENAETS ....uveeeeereeeeeieeeeieeeecteeeeteeeeseeeeeeeeesesseeeesneeessseeenas 59
2.2.1.3.8. BONd AttriDULES...ccccuveeeeieeeceeeeccee et 60
2.2.1.3.9. BAAZE «eeruveeeiiieeeieteeteeet ettt ettt ettt ettt 61
2.2.1.3.10. COMMENES ..uueeeeeuiieiereeeeeeeeeeeeeeeeeeeeesrrnnnerreeeeeeeeeeeessanssesssnnnns 62
2.2.1.3.10.1. Visual Representation.........cccecceeeeeceeereceeeecseeeseceeeseseeeenns 62
2.2.1.3.10.2. Comment Target TYPeS ....cccceeevvceeeirreerrceeerirceeeeeeeeeeeenn. 63
2.2.1.3.10.3. COMMENT TYPES ..eevriirreeeeeeereeeeeeeeeeeeeee e e eeeeee s eeneeeeens 63

2.2.1.3.10.4. Code Comment Targets........cceeeeeereerereersreersueenseerereerereenns 64



2.2.2. COMPONENES..cciiieerrreetirerrrreetiaesrteeeeeesrneeeesssssnseeesssssssseesssssssseasssssssneeses 65

B R 20§ =] - 65
2.2.2.1.1. FiXed RUNIETS......cereeieiecieeeeieeectee et e ceee et e e eee e e eee e e eeee e 65
2.2.2. 1. 1.1 MEIZET .neeeieeeeeeeieeeeeeteesentee s eeeesenneeseseeesenseesenenesenseeseanes 65
2.2.2.1.1.2. TTanSfOIMeT ... .cceeciieeeeeeeeeieeeeceeeeeeee s eee e e eee e e eeeseneeeeennes 65
2.2.2.1.1.3. BEACOM c.ciieeeeeeeee et e ee e e e snerreee et e e e e e e e e s s e s annas 66
2.2.2.1.2. Reusable RUNIET ........ccecuieeeeiieeciieeeceeeeeee e ee e e 66
2.2.2.1.3. INliN€ RUNIEL ....eveieiiieeieeeeeee ettt eee e 66
B0 A0 (=5 4 o) U< o 67
B0 TR0\ (<5 4o - ' 67
N o) ¢ - U 68
2.2.2.5. SYNCIET 1ttt ettt ettt st st ae e 69
TR -1 ) =] R 69
2.2.2.7. CONNECLOT «.uuuueeeerrreeeieeeerreeeaeeeeeasirenereeteeeeeeeeeaessesessnnnnnssreeeseeeeeeeeesans 70
2.2.2.8. COmMPONENTt STATE ceeeiiiiiiiiiieieeeereetteee e e e erreee e e e e eeeeee e e 70
2.2.2.8.1. Component State OVerrides .......ccceeeeerereceeeeeceeeeereeeeeeeeseeeeenns 70
2.2.2.8.2. RESEE PiNS...uviiiiiieciiiieiieeiiteeesseseteeeseesereeessessanreeessesnneeessessnnnes 71
2.3. Levels 0f USAge ......cccceveiiiiiiiiiiiiiiiiiiiiiiiiiieeenennnnneesesanseseesssesnsssnnnes 72
2.3.1. LeVels Of USAZE....cccctreierrierteeteeie et sete st ettt s te st e st s esae e 72
2.3.2. Basic Level Of USAZE ...c.uevreereierrieeiteeieeete st et ee et eeteseaee st s see e ee s 72
2.3.3. Intermediate Level Of USAZE ......cceevuererierrreeriienrteeieeete sttt ee e 73
2.3.4. Advanced Level of USage.......cceevteevuireiierrienteeteeee ettt 73
2.3.5. Professional Level Of USAge.......ccceevuereriererieriienneteeieeeeesseesnees e ee e 73
B8 SST\[0) s Bl @0 T [T I =TS <5 73
2.4. Coded RUNIELS ......ccuueeiieeiiieeeccieeenceeeeeeeeeeeeneeeeennseeeesnnseesnnnenenes 74
2.4.1. Runlet Parametrization.........ccceeeeeeereceeeecieeeesieeeecee e e eeeeecee e e e e esseeeeas 74
2.4.2. Exception HaNdIiNg ......cccccereeeriiinsiiieieneenteeeeeee ettt 75
T €110 0}: 1l o) oL -« A 75
2.5. RUNIEL APL ... eeeeceieeeceeteeneceeeaneeeenneeeeenseeesennsseessnssnsesannaneees 76
/8T8 W 651 (6 L6 i (o) o W 76
ST 20 B 5 T<Td i Uar: 1 o) o N 76
T8 R 25 41 | oV 76
2.5.2.2. DOMAINS «.eeueeeeeeeiieeeeieeeeiteee e e eeeeeeeseeeeeeeeseresesenseessssesesensnesnseneans 77
2.5.2.3. DAt ODJECTS .eenuiiriieeiieeieeeteetee ettt ettt st s et e 80
2.5.2.4. SigNAl PrOCESSING ...eervviieeireiereienriteeiteeste et e st e te e ee st e st e eeseaees 81
2.5.2.5. EXECULiON CONTEXL....uuiiiecrrereceeeeeieeeeecieeeereeeeesreeeseseeseseeessseeesssseeeeas 86

2.5.3. Primitive Data TYPe MappPing .....cccceeeceereerireeeieeeeieeeeeeeeseseeeeeeeessnesenns 88



3. Design Rationale and Future Development.......................... 89

3.1. Key Problems of Visual Language Design..........ccccceeeeeeveeennnnnee. 89
3.2. Language Design .......ccccuuuueiiiiiiiimuniiiiiiiiienuesiisenieeenneieseneeeanenes 89
TR/ W 551 (6 L6 e (o) o A 89
3.2.2. General DeSiZN ASPECES .....ceieterrerreieeeteerieeeeeeeteeetee e eeeesstesaeeseeeeaees 90
3.2.2.1. TEIMINOIOZY +eeuveruieririereteetteeteeeteete e st et e st e s steeeee st e ssneeseeeeaees 90
3.2.2.2. DIQGTAIMS ...uuueeerieeeeeerereeeeeeeeeeeeetesesneeeeeeteseseeeseetessaseeesenseessnseeesen 90
CI0/307/28 TR €10 o) ¢ 920
3.2.2.2.2. Orientation ......ccceccveeeiieeiireeeiieeiieeeeseesereeessesseeeeessessnneeesssssnnnes 91
3.2.3. Language Design Details........cccevereviereieniiinitneeeteeeeete et 91
3.2.3.1. COMPONENTS...ceueririiiieirerereeiaeeerinnnereeeeeeeeeeeseesseesssssssnerneeaseaeeessaesans 91
TR 00 2§01 <] 92
JCT/RC 07708 R0 ' 1 0T L0 Tod o) o 92
3.2.3.2.2. Prime and Scripted RUnlets........ccceeeeeeereceeeeecieeeeeeeceee e 92
3.2.3.2.3. COmMPOSIte RUNIETS....ccccvieeeeeieeeiieeecieeec e eecee e e eee e e e eee e 92
3.2.3.2.4. InliNe RUNIELS ....ceeeveeieiieeeeeeceeee e eee e e eee e 92
3.2.3.2.5. FiXed RUNIELS ....oeeeeeieeeiieeeeeeeetee e cte e e eeeeeee e e eeesenee e s neeeas 93
3.2.3.2.6. ReUSADIIITY .eeeveeeiieeiiieieeteeteeee ettt 93
3.2.3.2.7. RUNIEE TTE weeeneereeeeeeeeeteeeeeee e e e e ee e e te e e e e e e eeeeenee e e neeens 94
3.2.3.2.8. External CONNECIVILY ....ceccververrreirrreeriieneeeteeeee st 94
0 e TR (=) o (=] S 95
3.2.3.3.1. Memlets and Membanks ...........cccceeeeeeeeeieeeecieeeseceeeeceeeeeseeeenns 95
3.2.3.3.2. Memlet Bond Attributes......cceeeeveeeeceieieeeeeceee e 95
3.2.3.3.3. Broadcast Bond Attribute........ccccceeeceiieecieeeceeeeeeeeceee e 97
3.2.3.4. CONNECTIVILY teereriereeeiereieeeeeeeeeete et e e eetesenee e s eeesssee e s neeeseneeenan 97
3.2.3.4. 1. SIZNAL ittt st 97
3.2.3.4.2. CONNECTION...ccciiieeerieeiierierteeeeeerrteeeseesrreeessessnreeaesssssnsesesssssnnnes 98
3.2.3.4.3. Signal Distribution and Processing Rules .......cc..cceeceervueeevuennnen. 99
3.2.3:4.4. SYNCIETS .eeiniiiieeteeteee ettt ettt s et e e e et s ee s s 102
TN T TN B 1) s 1 o V- S 102
3.2.3.6. DOMAINS VS STIUCLUIES ..euuvreeerieeireeeeeeeiiereeeeseneeeseessnneeesssssnnees 103
3.2.3.7. DAt TYPES «eueeereereeeireereeeteeeee e e e e eeer e e s e eer e e e e e s e nenees 104
3.2.3.8. NOAE AHTIDULES ...eeeeeeieieiieeeieeectee et e eee e e e e 104
T T TR 0 7<) o = o RS 105
3.2.3.10. DOMAIN MEIZE....ccceiueeirriereeeeniiee ettt eereeeeeee s eee s neeesenseeeenees 106
3.2.3.11. Domain INheritance .......ccceeeeeeeeceeeeceee e e e eee e e 106
3.2.3.12. MBIZETS .ueeeeeereeieeeeeeeeeeeeee e e eere e e et e e s e eee e e e e mee e e e e e menees 106
3.2.3.13. TranSfOIMETS......cccecieeeciieeeeeeeeeteeeeeeeeeeteeeseseeeesseeeeseeeesnseasanens 109
3.2.3.14. EXCEPLIONS ..vvteeieeeuiiieiieeiiieeeeieeiieteeseesineeeeeeseseneesessssnseesssssnnnees 109

3.2.3.15. COMPONENT STALE ....veeieeuiieeeeieeeciee e ceeeeeeeeeeee e e eeeeeeeee e e seeeeneas 109



3.2.3.16. Pipe EXAMPIES ..cecuereeeiieeeieeeectie e ee e e tee s e e eee e s neeeeseeeesneee s 110

3.2.3.16.1. Hello, WOrld! .....coeeeeeeieeeeeecteeee et 110
TG0 ST/ L 7<) =Y (o) o - S 110
3.2.3.16.3. RECUISION ..evvrriiereeeeeeeieeeeeeeeinnnereeeeeeeseeeeeeesseesesnnnnnsssseesssesees 113
3.2.3.16.4. CallDACK....cccieeeeieeeeeecieee e et e eeeeeee e e e erreeeeeeeneeee e e e nneeas 113
3.2.3.16.5. BUSINESS CASE ...uvrreeeeeerreeeeeeireeeeeeeineeeeeeeenreeeeeeeensneeeeseessneees 114
3.2.3.17. MOSt Frequent ISSUES ........ccccueeeeeeiiereeiiineneeeeeeeeeeeeeeeeeeeeeenens 117
3.2.3.18. Pipe Standard LiDrary........cccccceeveeesererienseenieeeneeeeeeseieeeeeeeee e 118
3.2.3.18.1. INtrOAUCEION ....evvreeeeeeiieeeececrieeeeeecteee e e eecreee e e e neeee e e e nneeas 118
3.2.3.18.2. LOOD COMPONENT..cciiiirireeinneeeeeeeeeeeeeeeeeeeeeeenneneeeeeeeeeeens 119
3.2.3.18.3. COIIOCLIONS ....ceuerreeeeeeiieeeeeecreeeeeeeeeeeeeeeenrree e e e neree e e e nneeas 119
3.2.3.18. 4. MatN et et e e e e e e 120
3.2.3.19. Future DevelOPMENL ......cccceeeeecueeeeieeeeeieeeeceeeeeeeesseneeeeeeneseneeeas 120
3.2.3.19.1. INtrOdUCEION ....uvvreeeeeeiieeeeeecreeeeeeeceee e e eeetrree e e e e e e e e e e 120
CIRCTN O T/ 23 61010/ T=) =18 (o) o 10U 120
TG0 0 TR T €13 1<) o (o JR 121
3.2.3.19.4. Dynamic RUNIELS ......cceeeverrieiieiiireienteeieeeee et 122
3.2.3.19.5. CONVEITOIS .cccceueereeeeeecerreeeeeeireeeeeeeeneeeeeeeessseaeeesesssseeesesssnsees 125
3.2.3.19.6. Static Membanks .........ccceeeeeeeiieeeeecceeee e 126
3.2.3.19.7. Membank Sharing........ccccceevereveereiienneenrieeeeeeeeeeseeeee e 127
3.2.3.19.8. SELECLOT .evveeeeeeeeieeeeeeciieeeeeeecteeeeeeeeneeeeeeeenreeeeeeenneeeeeeeennneeas 128
3.2.3.19.9. Read-Only AttriDULE....ccceeervuireiireieeieeeieeeeeeeee e 130
3.2.3.19.10. MemO AttriDULE ..ccceeeeieeeeeereeee e e e 130
3.2.3.19.11. Domain Specification EXpressions ......cccccceeeeeeeeeeveverecenennns 131
3.2.3.19.12. Multiple VIeWPOINTS .....ceeerecieereciereiieeeeeee e ceeeeeeeeeeneeeeans 131
3.2.3.19.13. Other Ideas ........ceeeeeeeueeeeeeeeiiieeeeeeeeeeeeeeecrreeeeeeenereeeeeenneeas 131
3.2.3.20. FINAL NOLES .eeeeeeeerrieeeeeeireeeeeeeeireeeeeeecnreeeeeeesseeeeseesnseseeeeesnssseeenns 134
3.2.3.20.1. ATl Code GeNeration ........ccccceeeeeeeeeeecceeeeeeeeireeeeeeeeneeeeeeeenneens 134

3.2.3.20.2. LOW-C0de PlatfOrmS . ...uuueueeeeeeeeeeeeeeeeeeeeeeieeeeieeeeeeeeeeeeeeeeeenes 134



This page is intentionally left blank



1.1. Introduction 1

1 e Introduction

1.1. Introduction

Visual programming makes it easier for people of different backgrounds and levels of
expertise to create software. Visual languages differ from text-based (non-visual)
languages as they are based on a graphical notation. However, text-based languages such
as C# and Java are the most used and popular today. Despite many efforts to create a
general-purpose visual language, there isn’t any practical and widely used one. Text-
based programming languages still dominate as a primary method of software production
nowadays.

To address the need in visual programming tools, low-code platforms are gaining
popularity these days. They provide a visual method of software construction. However,
each of these platforms has its own non-generic graphical notation, which means the
problem of defining a common visual language for all low-code platforms is a significant
challenge for the software development industry.

Al code generation technologies pushed software development productivity to the
next level, and it seems visual languages became irrelevant. However, visual
programming can still play a significant role when combined with AI code generation.
Even if Al is capable to comprehend complex technical and business specifications, there
will always be ambiguities and gaps in prepared specifications for code generation, and
number of potential incorrect assumptions made by Al during code generation are going
to be increasing almost exponentially as complexity of a project grows. Providing
detailed enough specifications for Al is a human responsibility and it is an extremely
difficult task. Another words, complete and unambiguous explanation of requirements to
Al becomes more and more difficult as complexity of a project increases. The solution of
this problem is generating code only for base-level components easily explainable to Al,
completing the rest of application via manual programming. However, it defeats the
purpose of using Al to eliminate human coding. This is where visual programming can be
extremely useful as an alternative to text-based languages, boosting Al-driven software
development productivity much further.

The next stage of Al-assisted visual programming is probably going to be a direct
generation of visual flowcharts. This will significantly simplify human job of verification
and understanding generated logic, also making it very easy to change generated visual
workflow manually as a faster and easier alternative to resorting to full code re-
generation every time modifications of logic are needed.

All these circumstances point to a need for a practical general-purpose visual
programming language. Therefore, this book introduces a new visual language “Pipe”.
The book consists of two main parts: Chapter 2 “Language Specification” and Chapter 3
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“Design Rationale and Future Development”. Chapter 2 is a formal specification of the
Pipe language. Chapter 3 provides summary of a Pipe language specification, also
explaining underlying reasons of the language design decisions and describing new ideas
for future development of the language. Example of Pipe diagram for a real business case
is provided in the Figure 65.

All non-visual programming language examples are using C++. Definitions of new
terms in Chapter 2 are highlighted by underline bold. Names of elements from diagrams,
figures, tables, and source code fragments are shown by bold italic. If a word or sentence
needs to be highlighted for any other reason, then it is shown in beld. C++ source code
and domain/object specifications (see 2.1.4.1.2 “Domain Specification” and 2.1.4.1.3
“Object Specification”) use a fixed-width font.

Please use the following link to leave feedback related to this book or about visual
language Pipe in general: http://www.pipelang.com.

1.2. Language Overview

Pipe is a visual programming language where citizen developers create workflows from a
set of visual building blocks by combining and connecting them together. Pipe has the
following features:

v/ Open visual language. Developers are not constrained by a fixed set of prebuilt
components with limited customizations, and they can create or modify visual
components exactly to their requirements and specifications.

v'  General-purpose visual language. The language contains only general-purpose
abstract elements. There are no elements representing narrow domain-specific
concepts or notions, making Pipe a truly general-purpose visual language.

v/ Compact but powerful language. Pipe provides relatively few elements and
concepts, but this small element base contains expressive and versatile visual
building blocks for implementing a wide variety of algorithm.

v/ Practical visual language. Pipe does not replace non-visual programming
languages but rather complements them, leaving lower-level component
development to traditional languages and providing visual methods to combine
programmed components into workflows.

v/ API for integration with non-visual languages. Complete API specification
for integration with non-visual languages is an essential part of Pipe language
specification. This API can be consumed by any object-oriented non-visual
programming language used for integration with Pipe workflows.

v/ Comprehensive and detailed language specification. Comprehensive and
detailed language specification makes building a complete virtual machine for
Pipe flowchart execution a straightforward task, as precise and unambiguous
description is provided for all language elements.
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Statically typed visual language. Pipe is a statically typed visual language
similar to top-tier non-visual programming languages such as Java, C#, C/C++,
etc.

Levels of usage. It is not required to know the complete Pipe specification for
software development as multiple levels of usage make it possible to start
building Pipe workflows with just a partial skill set.

Integration with AI code generation tools. Source code produced by Al code
generation tools can be placed inside visual components for Pipe integration.
Therefore, visual workflow builder can play a role of a composition and
integration layer for Al-generated code converted into reusable visual
components.

Next generation of low-code platforms. Pipe usage as integration layer of
visual components encapsulating Al-generated code can inspire the next
generation of low-code platforms where users are not constrained by prebuilt
components with limited customizations anymore as they can generate new
components using Al, integrating them via visual language Pipe.

Long-term vision. While the current version of Pipe language already provides
a great number of features, there are lots of new ideas and features planned for
future versions of the language.
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2. Language Specification

2.1. Concepts
2.1.1. Pipeline

Pipeline is a directed graph connecting pipeline inputs with outputs directly or via
intermediary components represented by graph nodes (see Figure 1). Each component
may have any number of its own inputs and outputs called collectively pins.

Input 1

Input 2 Output 1

Input 3 Output 2

Figure 1. Pipeline as a directed graph.

2.1.2. Components

2.1.2.1. Component Taxonomy

The following top-level components are defined in Pipe language (see Figure 2):
o Runlet — data processing unit implementing some functionality.

e Memlet — data storage component.

|:| — Associated elements Component i lEE i Traplet

Synclet

Port

g
.,
.
.
g

: Membank
Composite Prime runlet [l Fixed runlet Scripted Inline runlet
runlet runiet

Translet  [de===- Transformer Merger Beacon Mutator

Figure 2. Component taxonomy.
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2.1.2.2. Runlets

2.1.2.2.1. Runlet Types

Runlet represents a data processing unit. It may have any number of inputs and outputs
(except inline runlets that have a fixed number of inputs and outputs — see “Inline
runlet”). The following runlet types are defined in Pipe (see Figure 2):

e Fixed runlets.

e Prime runlets.

e Composite runlets.
e Scripted runlets.

e Inline runlets.

Fixed runlets have predefined behavior as native built-in elements of the language.
They are described in 2.1.2.2.2 “Fixed Runlets”.

Prime runlets contain executable assets created using any text-based programming
language (except scripting programming language Python) called a prime language. The
source code used to create executable assets inside of a prime runlet is called a prime
source code.

Prime runlet development would normally happen outside of Pipe development
environment because Pipe implementations do not have to provide integrated support of
any prime language except allowing import and usage of prime runlets already containing
executable assets inside.

Prime runlet is the most difficult type of runlets to create, as it usually requires
professional software development skills. However, prime runlets provide many
advantages such as better performance and access to a large variety of system and low-
level APIs (network, multithreading, etc.).

Composite runlet
r —————————————————————————————————————————————————— L]
1

_ Pipeline
External input 1

External output 1

ﬁ

Input port 1

External input 2 Output port 1

Input port 2 External output 2

e -eas—

Output port 2

External input 3

Input port 3

Figure 3. Input and output ports.

Composite runlet contains a pipeline inside. It also contains input perts and
output ports (called collectively ports) — connection points inside of a composite runlet
for connecting internal components with external inputs and outputs of the composite
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Large language models are increasingly capable to generate high-quality software code. This
poses a question about the role and importance of software developers in near future.

Despite all progress, Al is still not capable to fully comprehend complexity of business
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