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ATayopeleTal ) avIlypaemn, amodnKevon kat Stavopn TG Tapodcos EPYACiag, & OAOKANPOL 1) TULOTOC
VNG, YO EUmOPIKd okomd. Emtpénetal n avatumman, amwobKevo Kat Slovoun yio. GKOTO U KePOo-
OKOTIKO, EKTOOEVTIKNG 1] EPEVVNTIKNG PVONG, VIO TNV TPOUTOOESN VO avaPEPETOL 1] TNYT TPOEAELGONG
Ko vo, dtotnpeiton To wopoy pivopa. Epotipoto mov agpopovv T ypnon g pyuciog Yo KEPOOGKOTIKO
OKOTO TTPEMEL VA, ameLOVVOVTAL TTPOG TOV GLYYPUPEQ.

O1 amdOYELG KOl TO GUUTEPAGLOTO TOV TEPIEYOVTAL GE ALTO TO EYYPOUPO EKPPALOVV TOV GUYYPOPEN KOl OEV
mpémeL Vo epunvevdet 6t avtimpocwmevovy Tig enionpeg 8€oeig Tov EBvikod Metoofiov [ToAvteyveiov.



Iepiinyn

Programming by voice 1 1 téyvn g Ypoeng KOSKA P GLULOTOIOVTOS POVITIKES EVTOAES, Umopel va &i-
vat éva 1oYVPO EPYUAELD Y1 ATOLLO TTOL VTOPEPOLY OO TPAVHLOTIGLO ETAVIAUIPOVOLEVIC KATATOVIONG
(RSI) 1§ dAhec avammpieg mov KabIGTOOV TPOPANUOTIKY T XPTYOT TOV TANKTPOAOYIOL 1] TOV TOVIIKION,
KaOMS Kot Y10 TOVS KOVOVIKOLG YPNOTEG KAOMG KOl Y10 KOVOVIKOVG YPNOTEG TOV EMOVHOVV VA, avENGOVY
T pon epyaciog Tovg. QoT1000, Epyetar emiong Ue Eva pHovadikd cuvoro cuuPiBacpol oe cOYKpIoN LE
TOVC TOPAOOGLUKOVG TPOTOVG EIGAYWYNG. ATO T pio TAELPA, 1| TOAVOTNTA EGPAAUEVAOV OV YVOPICEDY
Kot 1 KaBuoTépnon mTov ElAYETAL OO TO GUOTILO OVOYVAOPLoNG OUA0G UITOPEl V. LELDGEL TNV OTo-
TELEGULOATIKOTNTO TOV TOPASOGLOKDV EPYOAEI®V OVATTLENG AOYIGLUKOD, BEATIGTOTOINUEV®V Y10 TN S0~
dPACTIKOTNTA TOV YPNOTOV. ATO TNV AAAN TAEVPA, Ol POVITIKEG EVTIOAES LITOPEL VO OOV LOVEVOVTOL
€VKOAATEPA OO TIG GLVTOUEVGELS TANKTPOAOYIOV, VO alcBEVOVTAL TO PLGIKES KOl VOL ENLTPETOVY LEYO-
AOTEPO €VPOG EMAOYDOV UEUOVMUEVO TAPEXOVTOS LEYAADTEPT eK@paoTikdTnTa. H aviipetdnion avtomv
TOV TPOKANGEWDV OTALTEL GUGTAATA TOV EETEPVOVV TNV TPOSTADELD UiNGNG TOV KAAGLKOD ¥PNGTN TOV
TANKTPOAOYIOL Kot avTi 0vTov va evempatwbovv Babvtepa pe ta 10N vdpyovia epyareio.

Xe outn TN OWA®UOTIKY epyacio, o cuyypagéag emaveSetdlel TNV TPONYOLLEVN €pYACia TOV OO TO
2019 oyeTiKd e TNV EVOOUATOOT) TOL GLVTAKTN Yo To Sublime Text wov ENETPENE GTOVG YPTOTEG TOV
npoypoppaticpod Caster HEo® POVNTIKOD TAOLGIOV VO ¥PNGILOTOIOVY DYNAOD ETTESOD GUVTAKTIKY
TAONYNON KOl EVTOAEG eme&epyaciog yia T YA®ooa Tpoypapupaticpod Python. Avtd to £pyo emavampo-
oeyyileton kan Eovaypaeetal amd TV opyn HE ELPACT OTNV IKAVOTNTO TOALUTAGDY TAATQOPUDOV OGOV
aQOPA TOGO TOVG GUVTAKTEG OGO KOl TO TPOYPAUUATO TOV VTOSTNPILOVTOL AT OVNTIKA TANIGLA.

AEGeig KAE1B14

[poypoppaticuog pe mv, GUVTOKTIKT TAONYNGT), YPOUUATIKY






Abstract

Programming by voice, or the art of writing code using voice commands, can be a powerful tool for
people suffering from repetitive strain injury(RSI) or other disabilities that render the use of keyboard
or mouse problematic ,as well as normal users wishing to augment their workflow. However, it also
comes with a unique set of trade-offs when compared to traditional modes of input. On the one hand, the
chance of misrecognitions and the latency introduced by the speech recognition system can reduce the
effectiveness of traditional software development tooling optimized for user interactivity. On the other
hand, voice commands can be easier to remember than keyboard shortcuts, feel more natural and and
allow for a higher breadth of options in the single go providing for a higher expressibility. Addressing
those challenges requires systems that go beyond trying to emulate classic keyboard user and instead
integrate deeper with the already existing tooling.

In this diploma dissertation, the author revisits his previous work from 2019 on an editor integration
with Sublime Text that allowed users of the Caster programming by voice framework to use high level
syntactic navigation and editing commands for the Python programming language. That project gets
reapproached and rewritten from scratch with an emphasis on cross-platform ability in terms of both
editors as well as programs by voice frameworks supported.

Key words

Programming by voice, syntactic navigation, grammar, Python






Evyaprotieg

Evyapiotd Oeppd tov emPrémovta kabnyntn avthg tng datpipng, k. Niko [Mamacmopov, yio tn cuveyn
KkaBod1yNoN Kot EUMIGTOSVVT Tov. Evyoapiotd emiong ta LéAn g cuPovievtikng emitponng, K.K. K-
ot Zayadva kot Baoiln Beokovkn, kabwmg kot tnv Aoyobepamevtpio pov Afuntpa XopoAoumcioov yio
™V mpdOBvUN Kol TAVTH aToTEAEGIATIKY Bor0gld TOVG, TIG TOADTILES GUUPBOVAES KO TIG XPNOLES cviN-
THGELS oL elyape. Oa H0la Vo ELYOPIOTACH THV OIKOYEVELY [LOV KOt KLPLmG TOVG YOVELS [Lov, o1 omtoiot
LE LTOGTHPLEAY KOt EKAVAY dUVOTH TNV AMEPIGTACTN EVOGYOANGT LLOV TOCO LE TNV EKTOVIOT] TNG OUTA®-
LLOTIKNAG OV, OG0 KOl GUVOAKE LLE TIG 6ToVOEG Hov. Tedevtaio oAld e&icov onuavtikd, Ba nleia eniong
VoL EKPPACH TNV EVYVOLOCLYN LOV Y10 TOLG maintainers OAwV T®v projects tov dictation-toolbox, ywpig
TNV aVISL0TEA EPYOGin TV OTOI®V 1 amro@oitnon pov Ha Ntav addvatn

Kitowog [Mavayuntng,

Abnva, 18n IovAiov 2022

H gpyacia avt eivar emiong drabéoun wg Teyvikn Avagopd CSD-SW-TR-1-22, E6vikd Metodpio IToAvteyveio,
YyoA HAektpoloymv Mnyavik®dv kot Mnyavikdv Yroloyiotmv, Topéag Texvoroyiog ITAnpopopikng kot YmoAo-
ywotodv, Epyactiplo Teyvoloyiag Aoyiopucov, lovitog 2022.

URL: http://www.softlab.ntua.gr/techrep/
FTP: ftp://ftp.softlab.ntua.gr/pub/techrep/






Iepreyopeva

Hepidnym . . . . . o e e 5
Abstract . . . . . .. e e e e 7
Evyoprotieg . . . . . . . L 9
HepreyOpeva . . . . . . . . o e e e e 11
1. Ewayoyn . . . . o o e e e 13
1.1 Tworti va Eovoypawm omd TNV OPYI; - « « ¢ v v v e e e e e e e e e e e e e e e 13
1.2 To GUOTOTUKA TOU GUGTIHOTOS « + v v v v v v v e e e e e e e e e e e e e e e e e e e e 14
1.3 ZpeTKG EPYOL . v v o e o e e e e e e e e e e e e e e e e e e e e e e e e e 15
2. EYKOTAOTOON YPOUPOTIKIG .« « v v v v o e v i e e e e e e e e e e e e e e e 17
2.1 Or10€eg MOV EEETAGTINKOV + + v v v v v v e e e e e e e e e e e e e e e e 17
2.2 Tpéyovoa mpocyyion: avATTuEN omd TOV SIUKOUIOTN YAMGGOS « « v v v v v v v v v o . 18
3. Anuovpyio ™G FPOMMOTIKIG . . . . . . . . e e 19
3.1 KwiTpo . o o o e e e e 19
3.2 Jinjatemplates . . . . .. L L e e e e e e e e 19
3.3 Testing pet’ emotpopnc e hypothesis . . . . . . . . ... oL oL 25
4. Ilpotéxkoiro dwoxkopmoti) yAwoosag (LSP) . . . . . . . .. .o oo 27
4.1 Eooymyn . . . o o e e e e e e e e e e e e 27
4.2 Tlpokinoelg kot AToQAcelc EQUPIOYNS . . . . . v o o o o 27
5. Aapdlovtog TN ZQlyyo . . . . . ..o e e e 31
5.1 Mg éva GUTAPO TPIOL TPUYOVIOL « . v v v v v vt e e e e e e e e e e e e e e 31
5.2 AmewovifovtogTo State . . . . . . .. e e e e e e 32
5.3 Zvvoyilovtagta DocTests . . . . . . ... 36
Keipevo oto ayyMkd 37
6. Project Reorganization And Architecture . . . . . . . . . ... o oo Lo 39
6.1 Why A Rewrite From Scratch? . . . . . . .. ... ... 39
6.2  System COmponents . . . . . . . . . v it e e e e e e e e e e e 39
6.3 Related projects . . . . . . . . .. e e 40
7. Grammar Deployment . . . . . . . . .. ... L 43
7.1 Ideas Considered . . . . . . . . . . . . . e 43
7.2 Current Approach: deploying from the language server . . . . . . .. ... ... .... 44

11



8. Generating The Grammar . . . . . . . . . .. . . ... e 47

8.1 Motivation . . . . . . . oL e e e e e 47
8.2 Jinjatemplates . . . . . .. L e e e e e 47
8.3 Element Definitions . . . . . . . . . . . L e 52
8.4 Roundtrip testing with hypothesis . . . . . . . ... ... ... ... ... . ...... 60
9. LSP . . e 63
9.1 Introduction . . . . . . . . . . . . e e e e e e e 63
9.2 Challenges And Implementation Decisions . . . . . . . ... ... ... ... ...... 63
0.3 EXtensions . . . . . . . o i i e e e e e e e e 66
10. Taming The Sphinx . . . . . . . . . . . . 71
10.1 Killing Three Birds WithOne Stone . . . . . . . ... ... ... ... ... .. .... 71
10.2 Highlighting The State . . . . . . . . . . . . . . e e e e 72
10.3 Summarizing The DocTests Or Generating The State . . . . . . ... ... ... .... 79
10.4 Generating The Doc Tests . . . . . . . . . . . . . e e e e 79
Bihoypagio . . . ..o L 81

12



Kepdraro 1

Ewcayoy)

1.1 Nari va §avaypdyw atréd Tnv apxn;

To apyxd épyo mpourmpoulis/PythonVoiceCodingPlugin' Eexivioe yopo amd To mpdypappa eneéepyo-
olag SublimeText kot TNV gykatdotoomn caster pov to Kahokaipt Tov 2019, B KukAoopoHce TEAIKA TOV
Noéuppto tov 1610V €tovg ko 1 avartuén Ba cuveyllotav péypt To téAn Tov 2020. ‘Hrov apketd kold
Y0 TIG AVAYKEG OV, 0AAG VITEPEPE atd o TOIKIATL Ogpd v Tov NOEAN VO OVTILETOTIoMm £6M KoL TOAD
Kopo.

e H amdxtnon Aettovpyidv 660 to duvatov ypnyopdtepa NTaV TPOTEPOATNTA Y1OTL T XPEWLOLOVY
ATEYVOGUEVO, OTTOTE EMPETE VO YIVOUV avTIoTAOUICELS OTOV apyIKd GYESOOUO TOV HETAED NG
TOYOTNTOG AVATTUENC KoL TNG TOLOTITAG/EMEKTAGIUOTITAS/ SOKIUAGIOG KDOUK..

e H evoopatopévn evomta ast’ oo mpokodovos opiopéve (NTHUATO TOv &V Oa EMPETE VO, AVTI-
LETOTICO JIE [0 GOGTH VAOTOIN G concrete syntax tree 6mog licst.

e 'Etpeye povo péca oto evoopatopévo python tov SublimeText, 1 omoio t0te NTOV 1) EEMEPACHEVT
3.3, mapdAo ov 1 vedTEPN £KO0GT TOL sublime text 4 mpocPEPEL VOV TTO GUYYPOVO YPOVO EKTE-
Aeong 3.8.

e Ex tov votépav, S1apopa KOUUATIO TG TPOGEYYIONG TNE YPOUUUATIKNAG otoBdvovTol vrepBoitkd
KO 1) GUGTNUOTIKG GYESIUGUEVAL.

AMG avape1oNTNTa 0 KOPLOG 6TOHYOG AVTNHG TNG TPOSTADELNS ETAVEYYPAPNHG NTAV VO YIVEL TO £PYO CTroSs-
platform:

e VTOGTNPIEN TOAADV GUVTOKTMV,
o KAOAOC KoL TOAAUTAOS TPOYPOLUATIGUOS LE OVITIKA TAaicta, Oyt povo dictation-toolbox/Caster?.

[N va wavomon 8oy avTég ot amotnoels, ¥petalOToV Lo OPUCTIKY EMAVATPOGEYYIO).

https://github.com/mpourmpoulis/PythonVoiceCodingPlugin
https://docs.python.org/3/library/ast.html#module-ast
https://pypi.org/project/licst
https://github.com/dictation-toolbox/Caster

N T
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https://github.com/mpourmpoulis/PythonVoiceCodingPlugin
https://docs.python.org/3/library/ast.html#module-ast
https://pypi.org/project/licst
https://github.com/dictation-toolbox/Caster

1.2 Ta CUCTATIKA TOU CUCTAHATOG

H xevtpin 10éa micm amd avtég TIc emaveyypapés eival va tpafnéete OAn Vv exyelpnuoTik Aoyikn EEm
amd to sublime plugin, va 1o daveipete EeyoPloTd Kot va 1o KAvVETE O100£G110 Y1 Xp1on 6€ GALOVG GV-
vtdxtec. To épyo €yl TAéov avadiopyavmbel o TpEIG CLVICTMOGEG, TO KOBEVH EKTELEITOL GE OLOPOPETIKO
mePPAAAOV.

o [Ip@®tov, £xovpe TO 0Pyl YPOULOTIKAG TOV POPTOVOVTUL 0O TO TAIGLO POVITIKOD TPOYPOLLLLO-

Tiopov. [epi€yovv 6Aovg T0VG 0PI HOVE POVNTIKMY EVTOADV KAB®ME Kol TOV K®dKd oL omorteiton
Y10 TNV OTOGTOAN OPEALUMOV POPTIOV KOl TNV EVEPYOTOINGT EVEPYELDV GTOV TPEYOVTA EVEPYO EME-
Eepyaotn], OTAV aVTEG Ol EVTOAES avayvopilovTat.

Agbtepov, yia kabe vroonplopevo Tpoypappo eneéepyaciog 0o TPEMEL va VTAPYEL L0l ETEKTAON
OV TTPOKELTOL VAL AAPEL aVTA TO OQEMUL POPTia, VO TO TPOMBNTEL 6T S1001Kacia S10KOLGTY [IE
TOV KOTAAANAO TPOTO KOl VO POVTIGEL OA0 T, bits SIETAPTG YPTOTN TOL OTALTOVVTOL OTMG AALOYT|
NG EMAOYNG TOV SPOUEQ. , ETICTLLOVOT] KOUHOTIOV KMOKA K.AT. O kdkdg enéktaong Ba mpémet
va dtatnpnBet oto eddyioto, kabdg Oa tpénet va enavadnuiovpyndel yio kabe Tpodypappa eneéep-
yaciog ypnoiponowmvtag o €yyevég API kot ™ YA®GG TPOYPAULOTIGHLOD TOV KOl ETOUEVMOG OEV
0o TpEMEL VO, TEPLEYEL EMYEPTLUATIKT] AOYIKTY).

Télog, €xovpe Tov dlakooty, 6mov Ppioketor OAN 1 EMYEPNCIOKT AOYIK Kot €govv yivel
oMot ot kaBapoi vroroyiopol. Omwg Ba SovE, 0 JOKOUGTNG TPOKELTAL VO PacIoTEL GTO TP®-
TOKOALO SLOKOUIOT YADGGOS Kot Bo ektedeiton otn O1kn Tov dtodkacio EKTOC TOL TPOYPALL-
patog eneEepyaciag, aAld Bo dwayepiletar and v enéktoon 1 omoio Oa Asitovpyel w¢ me-
Adtng YAwooog. O dtokopoetig vAomoleital og makéto python kot dnpocievetar 6to PyPl wg
python voice coding plugin’ .
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1.3 ZxeTika épya

IMo tov evdlapepo eV ovayvdoTT oL eTtBVUE] va LABEL TEPIGGOTEPX Y10, TOV TTPOYPOLLLOATIGUO LE POVT|
vevikd, e ypnyopn poatid oto [1], [2], [3], [4] umopei va givar evoloeépov. Edm Oa pidncovue poévo
Y0 EVODUOTDOCELS EKOOTMV.

o anonfunc/intellij-voicecode® , avorytod kddika, vrootypien Yo Jet Brains kon talon. Bacileton
oTN O1EmaQT doUNG Tpoypappatog Jet brains, Tapéyel Pactkn SOUKN TAONYNON Y10 TOAAEG YADG-
ogg ko1 ekBétet drdpopa API eykepdrov jet péow draxopot TCP.

cursorless-dev/cursorless’ , avotytov kd®dka, vrootipien yia VsCode kot talon. Booiletar oto
tree-sitter/tree-sitter® xon mapéyel 1oyvpn enslepyosia yia TOAES YAOGOES. Te GVHYKPLON e TO
£€pya LOG KO LE Ta EPYa QTG TNG MOTag TOV EQapHO{OVV OTOTEAEGLOTIKA Lo TPOSEYYIoN “and
TOV® TPOG TO KAT®” TTOV EMITPEMOVY GTOV YPNOTN VO TEPLYPAQEL TL BEAEL Vo emMAEEEL avaAoyaL
e TO 100G TG TEPLOYNG Kol OpLopEVeES TANpopopieg BEaNG, ywpig dpopéa avt’ ovtov akolovbdei
U0 TPOGEYYIGT 07T0 KAT® TPOC TO TAVM. ZVYKEKPIUEVA, Yol KADE SLOKPITIKO TTNYNG CNUELDOVEL EVaL
N TEPIECOTEPO GO TO YPAUUOTA TOV UE KATEAN SOPOPOV YPOUATOV KOl GYNUATOV , To. oToia
UTOPOVV VoL ¥pNGUOTTOIN 000V Y10, VO TO aVOyVOPIGOLY LOVASIKE GTIC QMVNTIKEG EVTOAEG KOL OTN
GUVEYELN EMEKTEIVEL TNV EMAOYT TPOG T Thve péxpL va Ppebet pia meproyn tov KardAiniov gidovg
. Avtd QvoiKd £xovv T0 KOGTOG TG EEAPTNONG Ao TNV 1oYXLPN JETAPT YPNOTN TOL Vscode, aAld
yivovtol TpooTAbELES VoL TO LETAPEPOLY KOl GE GAAX TpoYpappata eneéepyaciog.

¢ https://github.com/anonfunc/intellij-voicecode
7 https://github.com/cursorless-dev/cursorless
8 https:/github.com/tree-sitter/tree-sitter
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e screnadeai/serenade’ , mporyovuévac kAot TN, 0AAE N Mota pe To open tov IoHvio Tov 2022,
e avtiBeon pe ta dAla £pya, etvar €va 0OAOKANPO OIKOGVGTNILO LE TN O1KT] TOV OVOYVMPIGT OLUL-
Moag. Yrootnpilel moAhovg enelepyaoTtés Kol YADGGES TPOYPOUUUATIGHOD KOl EKTOG 0O T GUVTO-
KTIKT| TAONYN O ENLTPETEL EXIONG TNV EIGAYOYN KOOKA LOPPOTOMUEVOD OTTO LOVTEAL UNYOVIKNG
eKpabnonc.

° https://github.com/serenadeai/serenade
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Kepdararo 2

EyK0T006T061 YPOUUOTIKNG

Kabog 0 apiBudc tov ctoyginov Tov cueTIHOTOG AVEAVEL TNV TOAVTAOKOTNTA TOV, 1) SlOTHPNGN TNG
dudikaciog eyKatdotoong 660 To SuVATOV MO oA amd TNV OTMTIKN YWOVIo, TOL ¥PYOTN KOl 1] EDPEST
EVOG OOTEAEGLOTIKOD TPOTOV SLOVOUNG TOV OTAPUITITOV YPOUUATIK®V 0pyEiV NTaV 0 KHPLOG GTOXOG

NG EMOVEYYPOONG.

Yg YEVIKEG YPOUUES, DTTAPYEL L0l TTOKIALDL ATOADTO AOYIK®V TPOT@V Y10, TNV ENiteLén anToh ToV 6TOYOoV,
0AAG 6€ 0TO TO 6TAS10 TOL £pYoV, N uEBodOC ov Ba emideyel Kotd Tpotipnomn dev Ba Tpémel va amattel
YELPOKIVITI EVEPYELD OO TOV ¥PNOTN Kol B0 TPEMEL VO KAMUAKDVETOL OOTE VoL VITOGTNPILEL TOAAUTAL
TAOIC10 TPOYPOUUUOTIGLOD QOVNG KOOGS Kot TOAATA0VS enelepyaotés Kddika e G0 TO SLVATOV Li-
KPOTEPO OMOTOTMLAL.

Ba TPOY®PNOCOVUE LE TIG 1O0EEG TOV EEETAGTNKAY KO TEMKE, B0 TOUPOVCIAGOVLE VTNV TOV TEMKA £YvE
OTOOEKTY).

2.1 O1156égg TTOU E§ETAOTNKAV

2.1.1 Git Repository

Qo1660

® (v KOOV etvan TpaypoTikd o T€A0G TV KOGV, UV BmG e&akoAovBel va amattel amd Tov xpnot
va tpofel o€ KAmO1a YEPOKIivTO PLOTA YiO TV EYKATAGTACT) 1] TNV EVILEPMOT] TNG YPUUUOTIKAG
N KATO0V EMTAEOV KDOKA TPOKELUEVOD VO TOV OVTOLOTOTOGEL.

e Mmopei vo yivel Tpofinuatikod edv Bélete va vrootnpi&ete moAlamAd frameworks. o mopd-
derypa, mBavotata yperdleote mOAAL TéTola amobetipia, £va yia Kabe framework, mpokeyévon
VO OTOQUYETE TN ANYT YPOLLOTIKOV 0pYel®mV Y10 S10pOPETIKO GUGTNLO OO TOVG XPNOTES GTOV
KATOAOYO YPNOTAV TOVG. Y TAPYOLV PUOIKA AVGELS, OTMG TO VO £XETE £va LOVO MONorepo Kot oTn
GUVEYELD, VO YPTOLUOTOMGETE £V GUGTNLO GUVEXOVS TOPASOGNC Y10 VO CLUYYPOVIGETE TO VIO~
Aowma, 0AAG Ta Tpdypata yivovton Aiyo mepimhioka.
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2.1.2 Autoparn avdmruén amoé tnv mpoodnkn Editor

Mo GAAN Quoikn Wéa Ba pmopovce va gival vo GUVOLAGETE TIS YPOUUOTIKES pali e TIG EMEKTUCELS
TOV eMeEEPYAOTH KOL VO TOVG ALPTOETE VO YELPLGTOVY OVTOWOTO TV €YKATAGTOOT)/ avafaduon, k4Tt Tov
potdlel KAm®e e TNV oG TPOGEYYIoN TOL AKOAOVOOVGA. AVGTLYMG, VOGS CMUAVTIKOS TEPLOPIGHOG
etvar 6T TEPAaUPAvVEL TOAA avTLYpaOn KOSIKA PHETAED OA®V TOV dAPOP®V TPOSONKOV enelepyaciag,
KAt TOL OEAM VO amoPHY®.

2.1.3 Zexwpioto Takéro PyPI

H onmpociguon ¢ YpOUUATIKAG OG TOKETOV GTO UNTPMOO PYPI LE TOV 1010 TPOTO TOL EIval 0 dUKOUIGTNG
KOO TN YADOGOS VIOSTHPIENS , NTOV EMiong (o 10€a mov Bepndnke puokn kol pythonic, evd n
ypnon subpackages pe gwoaywyéc vid dpovg(conditional imports) o pTopovoe Vo OVTILETORICEL TO
Mmuo Tov moAlamiov frameworks.
AvoToydg:
® VTN TN GTIYUT, KOVEVA amd TO TAAIGIO TOV UG EVOLUQPEPEL OEV €xEL €yyeVi LTOGTNPIEN Yol T
POPTOOT YPOULLUATIKOV 00 TOKETA

e amotteitan akoun tpdcshetn Aoykn 1| PN LTOLOTY EVEPYELD YPTOT YOl TNV EVILEPOCT] TWV TTOi-
KETOV

2.2 Tpéxouoa TTPOCEYYION: AVATITUSN AT TOV SIOKOMIOTH YAWO T UG

H tpéyovoa mpocéyyion elvar va aroovpe TNV ovATTLEN YPAUPATIKAG Vo xelpiletal o 1010¢ 0 eKTEAE-
OLUOG OLIKOMIGTNG YAMOOHG. ZVYKEKPLUEVA, KATA TNV EKKIVIION TOL SL0KOUIGT YAMGoaS, Oa (dnuovp-
ynoet on-the-fly ko) Oa eykatacTioE apyeio YPOUUOTIKAG OTIG avTioTOLYEG OEGELG TOV GUGTAATOC Op-
YELOV TOVG. XPNOLOTOUDVTOG CUTH TNV TEXVIKN

¢ H gyxatdotaon/avafaduicelg eival 660 10 duvatdv o amrpOGKONTY ord TV TAELPE TOL YPNOTN

o dev YpelalOUAOTE TPAYLOTIKE KOVEVO ETTAEOV KOJIKO GTOVG YAWOGIKOVG TEAGTEG LLOGC, OLOLTPD-
VTOG TOVG AETTOVE KOl O YPYOPOLG Y1a. T1 LETAPOPH TOL £PYOV G TOAAOVG EMEEEPYACTEG

o Mmopovpe akOUn Kol VO, EYKOTAGTICOVUE YPOUUOTIKEG Y10 TOAAOTAN TACICIO TOVTOYPOVEL

H dwdikacio dnuovpyiog Kot ovATTUENG YPOULOTIKNG EAEYYETOL OO L0 GEPE amd EMAOYEG YPOLUNG
EVIOA®V/TEPPOAAOVTIKES LETAPANTEG Kol €6V 1) TPOETIAEYUEVT] CUUTEPLPOPE BEV EIVaL TKOVOTOUTIKT,
0 YPNOTNG TPEMEL OMADG VoL ENEEEPYASTEL TN SLAUOPPOCT TNE EMEKTOCNC Y10, VO TIG TPOCAPUOCEL.
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Kepaioro 3

Anpwovpyia ¢ I'poppotiknig

3.1 Kivhatpo

H véa éxdoomn tov £pyov onpatodotel pia GNUOVTIK oAAAYT TapadEYILOTOG Ol LOVO GTOV TPOTTO UE
TOV OTO{0 OVOTTTUGGOVTOL TO OPYElD YPOUUATIKNG, 0ALL Kol 6TOV TpOTO e TOV Omoio YpdpovTol, Le-
tafoivovtog amd YEPdYPaPa GE AVTA TOV SNULOVPYOLVTAL. VILAPYOVV dLAPOPOL AGYOL Y10 TOVE OTTOIOVE
EMPONGOV AVTEC 01 ATOPACELS

e [Ip®tov, n Un avtdpaTn £K0001 UITopEl Vo gival xpovoPopa., o EMPPETNG GE CRAALOTA KOl OEV
SuPPOpPO®VETOL e TNV apyf Tov DRY (1 Mnv gnavaldfete Tov €00TO GOG). ZVYKEKPIUEVA, LE
TOV évav 1 ToV GAAOV TPOTO 0 S10KOLGTHG YADGGOG Oa Teptéyel N KMOIKO TOV ooLTeiTal Yo
TNV avomapaotac/enikipmon OADV TOV OPEAUMY EOPTIOY TOV PUTOPOVLE VO GTEIMOVLE OTd TIG
EVIOLEC TTOL avayvmpilel To GUGTNUA. YPAPOVTOS TN YPOUUOTIKY LE TO YEPL OMLOIVEL OTL TPETEL
VO EQOPUOGOVUE EXVA ALTNV TNV OVATOPAGTOGCT] GTO OPYEI0 YPOULOTIKNG, LE EAAYIOTN €yyonon
OTL GLYYPOVILETAL LLE LTV TOV VTLAPYEL GTOV OLOKOLLOTH YADOGAG. Y10 VOL LNV AVAPEPOVLLE OTL TO
tehevtaio pmopel emiong va dnuovpyndel ev pépet

o Agbhtepov, 1| TPOGEYYIoN £XEL TN SLVATOTNTO VO KAMUaK®OEL kadlvtepa edv BEAeTE Vo vTootnpiete
TOAAATAG TAOIC IO POVNTIKOD TPOYPOUUATICHOV . ME [ia XEpoKiviiTn TPocEyyion Yo va opicete
m OUIAOVEVEG KATUOKEVES Yo N TAAiGLA, Ypeldlecte Eva ohvolo vAomocemv O(mn) ota apyeio
YPOUUOTIKNAG. AVT Y100 ol 0OTOHOTOTOINUEVT], YpeLtleote vAoTomoelg O(m) yio Tov Kabopiopod
TOV 6TOLYEIOV 0TOV KMIIKO VTOSTNPIENS (ToV TBavVOTATA dEV OOl UTOPOVGATE VO EEPUYETE YWOPIG
Kavévay Tpomo) kot vAoTomoels O(n) Yo TG YEVVITPLES YPOULLOTIKNG.

3.2 Jinja templates

Onmg avaeéptnke TponyouUEVOGS, VITAPYEL LLOL LN TETPLLULEVT] SLVOTOTNTA Y10 ETOVAYPT|CLOTOINCT| K®-
dKa o€ d1APOopa TAICLOL. ZVYKEKPIUEVA

o gite Lddpe yio ypappatikég mov facifovrat o€ talon or dragonfly, Oa ypelacTodie KATO0V KOJIKA
Y10, V0L XEPIGTOVUE TNV EXIKOWVMVIO, YOLUNA0D ETTESOV UE TOVG ENMEEEPYUOTTES KMOIKOL [LOC, O OTTO10G
umopet €bKoAa Vo, LOLPAoTEL

e Oleg ot ypappatikég yio v dictation-toolbox givar og peydro Pabud tapouoteg. Eite piddpe yo
avtovopo dragonfly/caster/breathe, dAa opilovv Ta TPOPOPIKA GTOLYEIN KOl TIC EVEPYEIEG GYEDOV
HE ToV 1010 TpOTO Kot SopEPOVY POVO MG TTPOG TOV TPOTTO KATAGKEVTG KAl POPTMCNG TNG TEMKNG
YPOLUOTIKNG, KABMS KOl TIC EI0AYWOYEG TOV OTOLTOVVTOL

[Ipoxepévov va eKpeTaAAeLTOONE AT TN duvaTOTNTO ETOVOYPNOLOToinong, Ba Paciotodue oto
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jinja2'" | 1o omoio eivar éva 1oyVPO Thoico amddoong TpotummV (templates) yio. python, kot eivar ot
SVVATOTNTEG KA POVOLLKOTNTOG TPOTOHTTWYV, TPOKELLUEVOL VO OIKOSOUNGOVLLE Lol 1lEpAPYic TPOTOTWOV

dictation-toolbox

dragonfly

3.2.1 Base
210 Baocwkd npodTuno opilovpe mévte €idn urAok mov Kabe TAaiclo pmopel va mapaKapyeL 1| va KAnpo-
VOUNGEL amd TO UNTPIKO TOV Kol VAOTOLOVLE TIV EVOTNTA KOWVNG EMIKOVOVING

e framework specific prologue

e communication

actions definitions

element definitions

framework specific epilogue

{% block prologue %}
{% endblock prologue %}

{% block communication %}
import json

import os

import platform

import subprocess

def validate_subl():
if platform.system() != ‘Windows’:
return "subl”
windows_candidates=[
"subl”,
r”C:\Program Files\Sublime Text\subl”,

(continues on next page)

10 https://pypi.org/project/jinja2
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(continued from previous page)

r”C:\Program Files\Sublime Text 3\subl”,
r”C:\Program Files (x86)\Sublime Text 3\subl”,
r”C:\Program Files (x86)\Sublime Text\subl”,
]
for candidate in windows_candidates:
try:
subprocess.check_call([candidate,”-h"], stdout=subprocess.PIPE,
—stderr=subprocess.PIPE)
return candidate
except Exception as e:
continue
else:
raise ValueError(”subl not found. Please follow instructions https://www.
—sublimetext.com/docs/command_line.html”)

subl=validate_subl()

def send_sublime(c,data):
print(c + ” ” + json.dumps(data))
command=[subl,”-b"”, ”--command”,c + ” ” + json.dumps(data)]
# Adopted from https://dragonfly2.readthedocs.io/en/latest/_modules/dragonfly/
—actions/action_cmd.html#RunCommand
import subprocess
# Suppress showing the new CMD.exe window on Windows.
startupinfo = None
if os.name == 'nt’:
startupinfo = subprocess.STARTUPINFO()
startupinfo.dwFlags |= subprocess.STARTF_USESHOWWINDOW

ret_code = subprocess.call(command, startupinfo=startupinfo)
return ret_code

{% endblock communication %}

{%block actions_definitions %}
{% endblock %}

{% block element_definitions %}
{% endblock %}

{% block epilogue %}
{% endblock %}
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3.2.2 Dictation toolbox

Y7o dictation tool box template ypeialopacte ™ Pondelo Tov e&ng jinja filters:

def generate_contents(generator: str) -> Mapping[Path, str]:

env = Environment (

loader=PackageLoader (”python_voice coding_plugin.grammar_generation”),

autoescape=select_autoescape(),

)

env.filters[”define_element_dragonfly”] = define_element_dragonfly
env.filters[”define_element_talon”] = define_element_talon

return {

k: env.get_template(v).render(elements=elements, generator=generator)

for k, v in generators_to_templates[generator].items()

{% extends "base.jinja” %}

{% block prologue %}
from dragonfly import *
{% endblock prologue %}

{% block actions_definitions %}
@Function
def navigate_ast_action(StandardCommand):
print(StandardCommand)
send_sublime(”1lsp_execute”, {
"command_name”: "navigate_ast”,
"session_name”: "PythonVoiceCodingPlugin”,
"command_args”: [StandardCommand,”$file_uri”]

)

{% endblock actions_definitions %}

{% block element_definitions %}

{% for e in elements %}

{{ e[0] | define_element_dragonfly(e[1]) }}
{% endfor %}

{% endblock %}

3.2.3 Dragonfly

{% extends "dictation-toolbox.jinja” %}

{% block epilogue %}

class PythonVoiceCodingPluginRule(MappingRule):

mapping = {
"<StandardCommand>": navigate_ast_action,
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(continued from previous page)

3

extras = [
StandardCommand,

context = AppContext(executable="sublime_text”)

grammar = Grammar (”PythonVoiceCodingPlugin”, context=context)

rule = PythonVoiceCodingPluginRule(name="python voice coding plugin”)
grammar .add_rule(rule)

grammar .load()

{% endblock epilogue %}

3.2.4 Caster

{% extends "dictation-toolbox.jinja” %}

{% block prologue %}

{{ super() }}

from castervoice.lib.merge.state.short import R

from castervoice.lib.ctrl.mgr.rule_details import RuleDetails
{% endblock prologue %}

{% block epilogue %}

class PythonVoiceCodingPluginRule(MappingRule):
mapping = {
"<StandardCommand>": navigate_ast_action,

}

extras = [
StandardCommand,

def get_rule():
return PythonVoiceCodingPluginRule, RuleDetails(name="python voice coding plugin”,l
—executable="sublime_text”, title="Sublime Text”)

{% endblock epilogue %}
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3.2.5 Talon

To talon givat 1iaitepn wepintoon yoti ypealopacte dvo Eeyoplotd apyeia:

Py

>0 omoio Ba Ppeite Oleg TIC EVEPYELEG K.AT.

{% extends "base.jinja” %}

{% block prologue %}
from talon import Context, Module, actions, speech_system

Module()

mod

ctx Context()

{% endblock prologue %}

{% block actions_definitions %}

@mod.action
def python_voice_coding_plugin_navigate_ast(data:dict) -> None:
"'’ navigate the AST’''
send_sublime(”1lsp_execute”, {
"command_name”: "navigate_ast”,
"session_name”: "PythonVoiceCodingPlugin”,
"command_args”: [data,”$file_uri”]

)

{% endblock actions_definitions %}

{% block element_definitions %}

{% for e in elements %}

{{ e[0] | define_element_talon(e[1]) }}

{% endfor %}

{% endblock %}

.talon

Y10 0moio £YYPAPETOL 1] EVTOAN G®VNC.

app.exe: /sublime_text/

A<user.python_voice_coding_plugin_StandardCommand>$:
user.python_voice_coding_plugin_navigate_ast(python_voice_coding_plugin_
—StandardCommand)
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3.3 Testing per’ emioTpoPng pe hypothesis

3.3.1 MpoTuTro dokipng

Anpiovpyovpe TpmTA VO TPOTLTO OOV APALPOVIE OAO TOV TEPITTO KMOIKA Y10l TIV EXKOVMVIQ [LE TOVG
GUVTUKTEG, POPTAOVOVTOGS TIG YPOHUHOTIKEG Kot OAEG TIG AALEG TOPEVEPYELEC.

{% extends "dictation-toolbox.jinja” %}

{% block communication %}
{% endblock communication %}

3.3.2 pytest fixture

211 GUVEYELD, TPOXMPNCAUE OTN dNUoVPYin HoGg TEPLOSOV GVVIESNC oe gupein KAipaKo pytest.
fixture()!' mov o pog emTpéyst vo ovaldicovpE EVIOAEC, OV divovTol GE Keipevo avTi yia 1Yo, oTo
avtiotoyyo oeéMpa eoptia Tovg. ['a va yivel avtod

e Oo dNUIOVPYNCEL TOV KMOIKE TOL dNLovPYELTAL Od TO TPOTVTTO SOKIUNG
o aftoloyeitot Suvaptkd ypnotpomotdvtag exec ()2 kat avéktmon Tov piikod cTotygiov

e petapoptmon oto dragonfly. test.ElementTester pe T punyovn KEWEVOL

@pytest.fixture(scope="session”)
def dragonfly_tester():
from dragonfly.language.loader import language

language._language = "en”

test_code = generate_contents(”test”)[Path(”test.py”)]
data = {}

c = compile(test_code, "<str>", "exec”)

exec(c, data)

return ElementTester(data[”StandardCommand”], get_engine(”text”))

Danger: [lpénet va (ntmoovpe pntd po pnyovn “Kepévon”, dlopopetikd uropel vo KataAnEete vo
KOAAoETE GTO sapiS. to idto pmopel va suuPet av dev opicovpe pntd ) YAOoo 6Ta, AYYAKA AOY®
KPLOTG KATOT|G OTOV KOTOOKELAGTN TOV InfegerRef.

" https://docs.pytest.org/en/latest/reference/reference. html#pytest. fixture
12" https://docs.python.org/3/library/functions.html#exec
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3.3.3 Aokiyn YmoBéoewyv

e Anuwovpyobue  OTIYUIOTLUTOL  HOVTEA®V  YPNOIHOTOIOVTOS  hypothesis.strategies.
fromftype()13

Metatpéyte 10 € TPOPOPIKT LOPON

AvOADGTE TO (P OLUOTOIDVTOG TOV EAEYKTI] GTOLXEI®MV Y10, VO ATOKTNGETE £va AeEIKO

AvaAidovpe avtd 10 Ae€iko o éva pydantic model

Suykpivovpe TIc V0 TEPIMTMOGELG LOVTELOV Eival 1GEC

@settings(max_examples=1000, deadline=500)
@given(c=strategies.from_type(StandardCommand))
def test_bidirectional(c, dragonfly tester):
spoken_form = into_spoken(c)
r = StandardCommand.parse_obj(dragonfly tester.recognize(spoken_form))
assert r == ¢, f”{spoken_form r c}”

13 https://hypothesis.readthedocs.io/en/latest/data. html#hypothesis.strategies.from_type
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Kepaiaro 4

Ipowtokoiro dwokopety YA®ooog (LSP)

4.1 Eicaywyn

[Ipokeévoo va emtpanel 1 extkovaovio LeTa&d TOV TEAATN LG TOV TPEYEL LEGH GTO TPOYPOLLLLOL ETE-
Eepyaoiag Kot TOV O10KOLGT TOL EQOPLUOLEL TNV EMYEIPNLATIKN AOYIKY, EVO B pmopovsaple va Pact-
OTOVLE G £VO TPOGAPUOGLEVO TPOTOKOALO, EMAEEQLLE VO OELOTOGOVLLE TI YADGGH TOVG Y10l TETOLES
epyaocieg, onAadn to language server protocol.

10 language server protocol givar yticpévo méve amd to json-RPC v2 kot enekteiveton e ap@idpoun
EMKOIVOViIO. XPNGOTOIDOVTOG VO GUVOLO TOTOTOMUEVEOVY KOl 0YVAOCTIK®OV TPOG TNV YADGGU. TPO-
YPORRATIGROU EINVORATOV G€ Lo ToKIAio Tihoavav petagopav 0nwg stdio 1 TCP, évag meddtng yAdo-
600G UTOPEL VO LUANGEL GE £vaY 1) TEPLIGGOTEPOVS OLUKOMLOTEG YAMGGUS TOV EKTEAOVVTUL OE EEYOPLOTES
OEPYUGIES, GLYYPOVICUOG TOV TEPIEXOUEVOV TOV apyeimv Tov eneEepydlovTotl Kot EKd0oT aITNUAT®V
v vnpeoieg IntelliSense 6nwg avtdopatn courinpwon, petdfoocr otov opiopd, Bor et vToypaPng
K.AT. VO TOV PO PUOIKA OTL 0 S1OKOLUGTNG SN ULEL TNV GVTIGTOL(N IKAVOTNTO GTNV OPYLKN YELPO-
via.

Duokd, dev oG eVOLUPEPOLV 01 YAMGGIKES VANPEGIEG OTMG 1) AVTOUOTT CLUTANPWOOT|, ETOUEVRS Oa
npémet va enekteivovpe 1o [pmtdkoiro.

4.2 NMpokAnoeig kal ATropdaoeig EQapuoyng

4.2.1 EmAeypévn YAotmroinon LSP

Mio amd TIg TPOTEG AMOPAGELS GYESOCLOD oV EMpene va ANeOHovv ftav o TPOTOG |e TOV 0Toio TO
épyo pov Ba Paciotel 610 TPOTOKOAAO S10KOUIGTH YADGGOG O EMImed0 KOJIKA. ApyIKd iyo oKeQTEL
™ dnpocisvon kddiko wg mpodcOeTo(plug-in) yia o pylsp'* adld emeid) Sev eivor o pdvog ,{dN vVdp-
x@v,None dMUoeIANG SKOUIGTNG YADGOAG Yo TV python, TpoTiud vo SNUovpyRcm Evav dVTOVOUO
ypnoomodvTag To pygls' | To omoio mopéyst pa yevikr viomoinon/SDK LSP.

4 https://pypi.org/project/pylsp
15 https://pypi.org/project/pygls
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4.2.2 EvroAnl Custom Method vs Workspace Execute

[poywpmdvtag, TPETEL VO, OTOQOGICOVLLE TO0V 0d TOVG dVO TPOTOLS B YPTCUYLOTOMGOVLE Y10, VL ETE-
KTEIVOVLE TO TPOTOKOAAO SLOKOUIOTH YAMGCGOG

e OMLOVPYIC TPOCUPHOCUEVEOV HEBOS®YV GTOV SLOKOMIOTY|
o dmuiovpynote pia péBodo workspace executeCommand'©
EMoeOn n andeaon va akorovBnoetl tnv televtaia emtAoyn yia 500 AdYoUG.

e pygls'” e otryung avtig ™G Ypagng Sev vootnpilet yyevdg custom pedddovg Sroxopoty. Ei-
VoL SUVALTO VO TO AVTIUETOMIGETE YPNGLOTOIOVTOG TO pygls-tagls-custom'® To omoio avamthydnke
Y170 tagls'? oAdG aiveTan 6Tt £yovpE VoL KEVOLE HOVO pE piol VIO SINKOMIOTH 0T T1 OTIY T
glval mo mepimAok.

e workspace executeCommand®’ Qo mpénet vo vrooTnpiletar NN YYEVHOS 0d TOVE TEPIGGOTEPOVE
TEAMATEC, KAVOVTAG TO £PY0 EVKOADTEPO VA YiVEL GTASIAKA VIOOETHGIO GE TEPIOGOTEPOVE GLVTA-
KTEG

Tobvtov Aexdévtoc, N Tpéxovso vAomoinon Tov pygls’! pmopei va eivon Aiyo mepispyn, 181k 6TOV TPOTO
L€ TOV 0moio Tpoomadel va enelepyaotel To opicpoto yio va mepdoovpus workspace executeCommand??.
[No va Tapakdapyovpe ovtd to T, dSnovpyovue pia Tpocaproouévn uEBodo yio v Kotaympnon
evtoA®V ov Oa Staceodilel 6TL Ta opicpaTa £x0VV EMIKLPMOEL KO ATOGVUTIECTEL.

def custom_command(
self, command_name: str

) -> Callable[[F], Callable[[”PythonVoiceCodingPluginLanguageServer”, Any], Any]]:
””"Decorator used to register custom commands.

Example:
@1s.command(’myCustomCommand”’)
def my_cmd(ls, a, b, c):

pass

Va4

def wrapper(f: F):
f = validate_arguments(config=dict(arbitrary_types_allowed=True))(f)

async def function(server: PythonVoiceCodingPluginLanguageServer, args):
return await f(server, *args)

self.lsp.fm.command(command_name) (function)
return f

return wrapper

16 https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#workspace
executeCommand

17 https://pypi.org/project/pygls
8 https://pypi.org/project/pygls-tagls-custom
https://pypi.org/project/tagls
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#workspace
executeCommand

2L https://pypi.org/project/pygls

22 https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#workspace
executeCommand
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4.2.3 AilaAoyiké evavTiov povodpopou

Topa 6Aeg aVTEG O1 TANPOPOPIEG KATAGTAGTG LITOPOVV VO, PEOLV UETOED TOV TEAGTT KO TOV SLOKOULIOTY|
pe 8vo TpdTovG:

e Amootoln Kot Aqyn TV dedopévav pe pio povo kivnen MEcw TV TapapéTpOv oIToTog TOVG
KOl TOV PNVOUOTOG OTéVINOT|G.

o Emutpéyte évav Pikpd S1Aoyo, 6TTOL 0 O10KOMGTHG POTE TOV TEAATY] Y10 TOLG TUTOLG TANPOPO-
PLOV Y10 TOVG 0TO10VG £XEL INAMGEL VTOSTNPLEN.

e YEVIKEG YPOUUES, I TPDOTN TPOGEYYION €lval MO GLVERNG, AAAA Yo AGYOLG TTOL £YOVV VO KAVOUV
HE TO v KAve 060 TO JLUVOTOV YOUNAOTEPO TOV AmaPaitnTo 0plBRd KMOKA Yo TNV LTOCTNPEN TOV
Bocik®V YopaKTNPIGTIKOV KOl £TGL VO, ETTAYHVE® T O1OIKAGT0 LETAPOPES TOV £PYOV GE TEPIOTOTEPOVS
GUVTAKTEG, emélen Tpocéyyion mov Pacileton Kupiwe 6TO SEVTEPO, LIE TPOULPETIKY LEPIKT EMGTPOPT.

[Mopdderypo:

--> PythonVoiceCodingPlugin workspace/executeCommand(2): {’command’: ’navigate_ast’,
—'workDoneToken’: 'wd2’, ’"arguments’: [{’op’: ’'select’, ’'query’: {’description’: ’second
—', 'target’: ’'argument’}}, 'file:///C:/Users/Username/Documents/GitHub/
—PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’]}

;1 <- PythonVoiceCodingPlugin window/showMessage: {’type’: 3, ’'message’: ’'Typedocument’}
i1 <-- PythonVoiceCodingPlugin selection/getCursors(el68caa7-3ae8-4337-9d61-
—901d361eb0d8): {’'uri’: ’'file:///C:/Users/Username/Documents/GitHub/
—PythonVvoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’}

11 >>> PythonVoiceCodingPlugin el68caa7-3ae8-4337-9d61-901d361eb0d8: [{’start’: {’line’:l
—12, ’‘character’: 18}, ’end’: {’line’: 12, ‘character’: 18}}]

: <-- PythonVoiceCodingPlugin regions/get(aleal8fc-e98f-49b9-807f-794e2d03de92): {’'uri
"1 'file:///C:/Users/Username/Documents/GitHub/PythonVoiceCodingPlugin/python_voice_
—coding_plugin/lsp/server.py’}

;1 >>> PythonVoiceCodingPlugin aleal8fc-e98f-49b9-807f-794e2d03de92: {’'Green’: [],
—’0rigin’: [], ’'Yellow’: [], 'Red’: [{’start’: {’line’: 1, ’character’: 1}, ’end’: {
—’line’: 2, ’character’: 43}}], ’'Blue’: [], 'Main’: [], ’Orange’: []}

i1 <-- PythonVoiceCodingPlugin workspace/applyEdit(cec3d19e-0488-4e29-b389-
—40d0afa9f384): {’label’: None, ’'edit’: {’changes’: {’'file:///C:/Users/Username/
—Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’: [{
—'newText’: "#\n’, ’range’: {’start’: {’line’: O, ’'character’: 0}, ‘end’: {’line’: 0O,
—'character’: 03}3}}1}3}

11 <- PythonVoiceCodingPlugin selection/setCursors: {‘uri’: ’file:///C:/Users/Username/
—Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’,
—'selection’: [{’start’: {’line’: O, ’character’: 2}, ’‘end’: {’line’: 1, ’'character’: 4}
=311}

11 <- PythonVoiceCodingPlugin clipboard/setContents: {’contents’: ’'something’}

i1 <- PythonVoiceCodingPlugin regions/set: {’regions’: {’Red’: [{’start’: {’line’: O,
—'character’: 2}, ’'end’: {’line’: 1, ’‘character’: 4}}1}, 'uri’: ’file:///C:/Users/
—Username/Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/
—server.py’}

11 <<< PythonVoiceCodingPlugin 2: None
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4.2.4 UTF 16 évavTti UTF-8

EcOTEPIKG Y10 TNV ETYEPIUATIKY HOG AOYIKY XPNOCLOTOL00HE To. CodeRange® kot CodePosition

oL £xel 2 PeYAAEC Srapopéc pe To range” ko position?®
o O ypoppég éxovv gupetnpro 1 évavt 0

® Ol LIETATOTIGELS GTNADV XPNGLULOTOL0VV onpeia Kmdtkov Unicode evd 610 TPOTOKOALO S10KOUIOTH
yAoooag Bacilovtar oe UTF 16

OTOTE TPENEL VO, PPOVTICOVLE VO T PLETATPEYOLE KoTdAAnAa. H televtaio £kdoon Tov TP®TOKOAAOL
Slakopot YAdooag, onAadn n 3.17, emrpénel otovg clients va dtapnuilovv v vrootpién UTF-8,
aALd support Tov UTF 16 e&acorovdel va givar voypemTikn.

https://libest.readthedocs.io/en/latest/metadata.html#libcst.metadata.CodeRange
https:/libest.readthedocs.io/en/latest/metadata.html#libcst. metadata. CodePosition
https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#range
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#position
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https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#range
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#position

Kepaiaro 5

Aapalovrag ™ X@iyyo

H molé mpocéyyion yw tqv documentation tov £pyov Pocilétav omokAEloTIKG ot manuel &y-
vpaon COVIOVOV TAPUSEIYUAT®V QOVNTIKOV EVIOADV, Katoypapovtag tnv €000 0006vng pe 10
NickeManarin/ScreenToGif?”. Avti 1 Tpocéyyion pmopsei va sivor ToAd ypovoPopa ey BELETE va Koi-
Taypayete meptocotepa and 100 térola mapadeiypata , Topéyovtoc TapdAinia eAdyiotn eyyonon 6tin
ouumEPLPOPd oL epeaviCetor Oa Taplalet pe v Tpéyovca £kdoon Tov Kmdika. XpelaldTay ia To av-
TOLLOLTOTONUEVT] TPOGEYYLOT KoL 100VIKA [0l Tov Ba iropohoe emiong va eveoUaTmOel oTIC Tpocmifelég
LLOL Y10t TNV OVTILETOTION TNG EAAEWYNG testing infrastructure.

5.1 Mg éva outrdpo Tpia Tpuyovia

To doctest?® givan pia ioyvpn} standard BiPAOOHKY OV EMTPENEL GTOVG TPOYPALLATIGTES VOL EVGOLLO-
TOVOLV AIOCTAGLOTA KMSIKO Topdpote HE Tig dtadpaotikég cuvedpieg Python (REPL) akpiBog péoa
otig ovpPorooelpég eyypaeav (docstrings) twv cuvapTHoe®V/KAAGE®V/LOVAd®Y Tovs. Katd tnv exté-
Aeon, mpokettal va eroAndevoet 6Tl Kabe evtoAn/eicodog Oa mapdyel v avtictoyn £0do. I'o wapd-
dstypoL:

def contains(outer: CodeRange, inner: CodeRange) -> bool:
o
>>> g=CodeRange(CodePosition(1,2),CodePosition(1,3))
>>> b=CodeRange(CodePosition(1,2),CodePosition(2,3))
>>> c=CodeRange(CodePosition(1,2),CodePosition(2,0))
>>> d=CodeRange(CodePosition(1,1),CodePosition(2,1))
>>> contains(a,b)
False
>>> contains(b,a)
True
>>> contains(c,a)
True
>>> contains(d, a)
True
>>> contains(c,d)
False
>>> contains(d,c)
True
>>> contains(c,b)
False
>>> contains(b,c)

(continues on next page)

27 https://github.com/NickeManarin/ScreenToGif
28 https://docs.python.org/3/library/doctest. html#module-doctest
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(continued from previous page)

True
>>> contains(b,c)
True

wn

second = astuple(outer)
first = astuple(inner)
return second[0] <= first[0] <= second[1] and second[0] <= first[1l] <= second[1]

Av1d T0 Tapadeiypata e16080v-e£000V gEumnpeToHY
® G OOKINEG OKPIPOGS OITA OTOV KOOKO TOVG

e oG TEKUNpimon Yo GAhovg TpoypappatTiotés mov SPalovv 1 BEAOVY Vo XP1CIULOTOGOVV TO
TOKETO TOVG

Yg 0UTO TO £pY0 EMPOKELTO VO TPOYWOPTCOVLE TNV WEA £va P TOPATEPX KO VAL GTOYEVOOVLLE GE VOV
TPiTo 676Y0: Bo YPNOYLOTOCOVLE QVTEG TIC SOKIUES YO VO SNULOVPYCOVUE TEKUNPIMON Y10, TOVG
TEMKOVG pag yp1oTes. Apyikd n0eda ovTd vo Exovv TN Hope1| Kivovpuevav gif aAld Oa pmopovcav va
Kévouv otatikég ewdvec | html avtikeipeva cov sidvec .

E@ocov 10 épyo pog £xet on v £vvorla evog avTIKEYIEVOL State mTov avTITPos®REVEL OAO OGO YVOPILEL
0 JOKOGTNG YAMGGAS Yia T Slemagn ¥pNnot, Ba 1o avantdéovpe og 300 PACELS.

o Anuovpynote ta KatdAANAo avTikeipeva Katdotaong and ta mapadeiypoto doctest.

e Emonudvete ta pe évav wuwitepo tpomo, Bupilovtag tov tpodmo mov Ba ta epedvile évag enelep-
YOG TG,

5.2 AmeikoviovTtag To State

5.2.1 'Evvoieg Pygments

To pygments®’ eivar £vo. vpémS YPNGULOTOLOVHEVO KAl 1IGXVPO YEVIKO EPYOAELD EMGTAVONG GOVTOENG
Tov ypnoonoteitol amd to sphinx>’ yia va PeAtidoet Ta Tapodsiypata mmyaiov kdduco. H ensepyacio
EMONUOVOTG OOTEAEITOL OTO TEGGEPU GTOLYEIN.

o [IpdTov, éva lexer ywpilel v mnyn oe tokens, ta omoia gival Koppdrtio Tnyoiov kodwka pall pe
TOV TUTO HLOKPITIKOD TTOL KaBopileL TL VTITPOSMTEHOVY G UAGLOAOYIKAL.

>>> from pygments import lex

>>> import pp

>>> _example_code="def function(x:int)->int\n return x+1\n”

>>> lexer = PythonLexer ()

>>> pp(list(lex(_example_code, lexer)))

[
(Token.Keyword, ’'def’),
(Token.Text, " "),
(Token.Name.Function, ’function’),
(Token.Punctuation, ('),
(Token.Name, ’'x'),

(continues on next page)

¥ https://pypi.org/project/pygments
30" https://pypi.org/project/sphinx
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(continued from previous page)

(Token.Punctuation, ":’),
(Token.Name.Builtin, ’"int’),
(Token.Punctuation, ")’),
(Token.Operator, '-"),
(Token.Operator, ’'>"),
(Token.Name.Builtin, ’int”),
(Token.Text, '\n’),
(Token.Text, ' ",
(Token.Keyword, ’‘return’),
(Token.Text, " '),
(Token.Name, ’'x"),
(Token.Operator, '+"),
(Token.Literal.Number.Integer, ’'1"),
(Token.Text, '\n"),

e H pon| tokens pumopei otn cvvéyela va vroPfindel oe enelepyacio amd eiktpa mov B mapdyovy
L0 TPOTTOTTOLNLEVT] POT).

e 'Evag popeomontig teMkd ypdpel avuti ™ por| o€ £va apyeio £6dov, oe popen énwg HTML,
LaTeX.

e H d1adikocio pop@omoinong voyopedetal amd £va GTUA TOL avTIoToLyilel KABe TOTO S10KPITIKO
o€ £va GUVOLO 10TNT®V TTov Kabopilovv TG Ba TpEmeL va TOVIOTEL.
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Token.Keyword. Constant
“Token. Keyword. Declaration

“Token Keyword Namespace

Token Escape

“Token. Keyword Reserved

‘Token.Name.Builtin ‘Token.Name. Builtin. Pseudo
‘Token.Name.Class
‘Token Name. Constant

“Token.Name. Decorator

‘Token.Name. Function. Magic

oo

Token. Name. Variable. Class
“Token. Name.Property
‘Token.Name. Variable.Global

‘Token.Name. Variable.Instance
“Token Name.Namespace
\ “Token. Name. Variable. Magic
i

ot
X ks e
[ et sveeimie >
S T
D
ST W T
ittt >\ < Tt ok > Tkt
N i S T
o commensmt =

“Token.Comment. Special

\

K

‘Token.Generic. Deleted

‘Token.Gener

Subheading

‘Token. Generic. Traceback
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5.2.2 Tpotromroinon Tou oTUA

ApyKd, TPETEL VO TPOTOTO|GOVUE TO GTUA MGTE VO EMTPETOVTOL TEPLOYEG LLE TPOGOPHOGHUEVO POVTO KOl
TEPLYPOULLLLO YPOUOTIOTE. XTIV 1O0VIKT TEPIMTMON, Y10 AVTES TIC EMONUACUEVEG TEPLOYES O BOEAaE va
OALAEOVLE LOVO OVTEG TIC CUYKEKPILEVES 110TNTEG YWPIG VA TopeUPaivel 6T VTOAOITO OTTMOG TO YPDUA
TV ypappdtov. Evag edkoAlog Tpdmog Yo va 10 TeTHYETE elval amAd ENEKTEIVETE TIG TUTIKEG LEpapPyieg
token mov QoivovTol TOPUTAV®. ZVYKEKPLUEVA, TPOKELTAL VO TPOGUPLOGOVLE TO EMAEYUEVO GTLA £TOL
wote Yo Kabe Tomo drakpitikod onwe Token. Text Ba vdpyovv tpdcOetorl Tomol token Token. Text.Red,
Token. Text. Green K.AT. T1G 1010TNTEC PAOTNG AALL VTEPIGYVOVY TOL YPDOUUTOC POVTOV KO TOL TEPLYPALL-
potoc.

5.2.3 AAN\ayn Twv Tokens

3TN GUVEYELX, Y10 VO ONULOVPYNGOVLE 0VTd T €101Kd tokens, umopovue amhd vo ONUIOVPYNCOVLE Eva
¢iAtpo 6t1 awtd Bo aALGEEL TOV TOTTO token AWV TV KOVTTOVIMV oL Bpebnkay evtdg TV emBuunTdV
TEPLOYDV.

Emypoppatikd, 1o Topakato

. state_code_block::
:selection:
- [[114]1[1112]]
- [[41011[415]]
:regions:
Red:
- [[11411[1112]]
- [[416]1[4110]]

from typing import Iterator

# This is an example
class Math:
@staticmethod
def fib(n: int) -> Iterator[int]:
rrm Fibonacci series up to n "7

a, b=o0, 1
while a < n:
yield a

a, b=>b, a+b

result = sum(Math.fib(42))
print(”The answer is {}”.format(result))

Topayet
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5.3 Zuvoyifovtag Ta DocTests

Evd apyicd egetdotnrov pepikég mo mepimAokes 10€€g, TeAMKE ovuPiPaotnka Pe KATL OYETIKE OmAD:
exteréote Ta doctests, emBempnote Tov KaBopiopévo ydpo ovopdTey (namespace) yio E101KEG LETOPAN-
TéC OMWG results, origins mov cvvnBwc Ba eivar Aloteg/Aioteg MoT@OV/AEEIKA MOTMV K.AT. TOV TEPLEYOVV
avTikeipeva libest . CSTNode®!. Xdapn oty sveléia kat Ti¢ SuvatdTnTeg HET’ EMOTPOPNC Tov libest
UTOPOVLLE EVKOAN VO OT)LLLOVPYHCOVLE TTNYOL0 KOSIKA TOV TEPLEYEL AVTOVG TOVG KOUPBOVS 0rigins avaTo-
TOV €MTESOV KAOMG Kol Vo VIToAoyicovpe BEGELS Yo L TOVG TOVG KOUPOVS amotedéouaro eVidS oVTOV.

t32 t33

Note: I'ia Adyoug gvukoAiag, Ba ypnoomomcovpe to xdoctest™ avti Tov evoopatopévov doctes

Yo VTV TV €pYacio

31 https:/libest.readthedocs.io/en/latest/nodes. html#libcst. CSTNode
32 https://pypi.org/project/xdoctest
33 https://docs.python.org/3/library/doctest. html#module-doctest
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Chapter 6

Project Reorganization And Architecture

6.1 Why A Rewrite From Scratch?

The original mpourmpoulis/PythonVoiceCodingPlugin** project begun with me hacking around my Sub-
limeText editor and my caster installation during the summer of 2019 , would eventually be released in
November of that year and development would continue until late 2020. While it was more than good
enough for my needs but it was suffering from a variety of issues that I to have wanted to address for a
long time.

e getting features out as quickly as possible was a priority because I desperately needed them so
trade-offs had to be made in its initial design between speed of development and code qual-
ity/extensibility/testability

e the builtin ast?*> module was causing me some issues that I would not have to face with a proper
concrete syntax tree implementation like licst*®

e it was running only inside SublimeText’s embedded python , which at the time was an obsolete
3.3, even though the newest version of sublime text 4 does offer a more modern 3.8 runtime.

e with hindsight various bits of the approach to the grammar feel overengineered and unsystematic
But arguably the main goal of this rewrite attempt was to make the project cross-platform

e supporting multiple editors

e as well as multiple programming by voice frameworks, not just dictation-toolbox/Caster>’

In order to meet these demands, a drastic reapproach was required.

6.2 System Components

The central idea behind these rewrite is to pull all the business logic outside of the sublime plugin,
distribute it separately and make it available for use in other editors. The project is now reorganized in
three components,each running in a different environment.

e Firstly, we have the grammar files which are loaded by the voice programming framework. They
contain all of the voice command definitions as well as code needed for sending payloads and
triggering actions on the currently active editor, when these commands are recognized.

w

* https://github.com/mpourmpoulis/PythonVoiceCodingPlugin

https://docs.python.org/3/library/ast.html#module-ast
https://pypi.org/project/licst
https://github.com/dictation-toolbox/Caster

w

5

w
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e Secondly, for each supported editor there should be an extension that is going to receive those
payloads, forward them to the server process in an appropriate manner and take care of all the
user interface bits needed like changing the cursor selection , highlighting pieces of code etc. The
extension code should be kept at a minimum as it will have to be reimplemented for each editor
using its native API and programming language and should thus contain no business logic.

e Finally, we have the server, where all the business logic is located and all the pure computations
are preformed. As we shall see, the server is going to build upon the language server protocol and
would be run in its own process outside of the editor but managed by the extension which itself is
going to act as a language client. The server is implemented as a python package and published in
PyPI as python_voice coding_plugin®®.

6.3 Related projects

For the interested reader wishing to learn more about programming by voice in general a quick look at
[17,[2], [3], [4] might be interesting. Here we are going to only talk about editor integrations.

e anonfunc/intellij-voicecode®” , open source, support for Jet Brains and talon. It is based on Jet
brains Program Structure Interface, provides basic structural navigation for multiple languages
and exposes various jet brains APIs via TCP server.

e cursorless-dev/cursorless*” , open source, support for VsCode and talon. It is based on tree-

38 https://pypi.org/project/python_voice coding_plugin
39 https://github.com/anonfunc/intellij-voicecode
40" https://github.com/cursorless-dev/cursorless
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sitter/tree-sitter*' and provides powerful editing for multiple languages. Compared to our and to
the projects in this list that effectively take a “top-down” approach letting the user describe what
he wants to select by the kind of the region and some positional information, cursorless instead
takes a bottom up approach. In particular, for each source token it annotates one or more of its
letters with hats of various colors and shapes , which can be used to uniquely identify it in voice
commands, and then expands the selection upwards until a region of the proper kind is found.
These of course comes at the cost of being reliant on vscode’s powerful user interface but there
are efforts to port it in other editors as well.

e serenadeai/serenade® | previously closed source but relisting the open in June 2022. Unlike the
other projects, it is an entire ecosystem with its own speech recognition. It supports several editors
and programming languages and apart from syntactical navigation also allows for inserting code
formatted by machine learning models.

41" https://github.com/tree-sitter/tree-sitter
42 https://github.com/serenadeai/serenade
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Chapter 7

Grammar Deployment

As the number of components in the system is driving up its complexity, keeping the installation process
as simple as possible from a user perspective and finding an effective way to distribute the grammar files
needed was a major goal of rewrite.

In general, there exists a variety of perfectly reasonable ways to achieve this goal but at this stage of
the project, the method chosen preferably should not require manual user action and should scale to
support multiple voice programming frameworks as well as multiple code editors with as little footprint
as possible.

We are going to go through with the ideas considered and finally present the one eventually accepted.

7.1 Ildeas Considered

7.1.1 Git Repository

This is arguably the most straightforward approach and for good reasons:

e Firstly, people are already familiar with it as it is very widely used in the ecosystem by project
such as dictation-toolbox/Caster*, knausj85/knausj_talon44, cursorless-dev/cursorless-talon®’,
mrob95/mathfly-talon*® and mrob95/mathfly*’

e Secondly,because it is a version control system, it makes it easier for people to customize to their
own needs or even contribute back to the project, allowing for collaboration with community

However

e while not really the end of the world, it typically still requires the user to undertake some manual
steps for installing or updating the grammar or some extra code in order to automate it for them

e [t can get problematic if you want to support multiple frameworks. For Example, you probably
need multiple such repositories, one for each framework, in order to avoid users downloading
grammar files for a different system in their user directory. There are of course workarounds such
as having a single monorepo and then using a continuous delivery system in order to synchronize
the rest but things are getting a little bit complex.

'

® https://github.com/dictation-toolbox/Caster
https://github.com/knausj85/knausj talon
https://github.com/cursorless-dev/cursorless-talon
® https://github.com/mrob95/mathfly-talon

7 https://github.com/mrob95/mathfly

'

5
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7.1.2 Automatic Deployment From Editor Plugin

Another natural idea might be to sheave the grammars along with the editor extensions and let them
handle the installation/upgrade automatically, which is somewhat similar to the old approach I was taking.
Unfortunately, one major limitation is that it involves a lot of code duplication between all the various
editor plug-ins,which is something I want to avoid.

7.1.3 Separate PyPI Package

Publishing the grammar as package in the pypi registry the same way the the backend language server
server is ,was also an idea considered it felt natural and pythonic and using sub packages with conditional
imports could address the multiple frameworks issue.

Unfortunately:

e at the moment, none of the frameworks we are interested in has native support for loading gram-
mars from packages,

e additional logic or manual user action is still needed for updating the packages.

7.2 Current Approach: deploying from the language server

The current approach is to let grammar deployment get handled by the language server executable itself.
In particular, upon launching the language server, it will (generate on-the-fly and) install grammar files
to their corresponding file system locations. Using this technique

o Installation/upgrades are as seamless as possible from a user perspective

e we do not really need any extra code in our language clients, keeping them thin and faster to port
the project to multiple editors

e We can even install grammars for multiple frameworks simultaneously

The grammar generation and deployment process is controlled by a series of commandline op-
tions/environmental variables and if the default behavior is not satisfactory, the user simply has to edit
the extension configuration to adjust them.

7.2.1 python_voice_coding_plugin

python_voice coding plugin.

python_voice_coding_plugin [OPTIONS]

44




Options

--version

Show the version and exit.

--caster-user-dir <caster_user_dir>
--dragonfly-user-dir <dragonfly user_dir>
--talon-user-dir <talon_user_dir>

--navigation-grammar-generators <navigation_grammar_generators>

Options
caster | dragonfly | talon
--stdio
--ws
--tcp

--host <host>

Default
127.0.0.1

--port <port>

Environment variables

CASTER_USER_DIR

Provide a default for - -caster-user-dir

DRAGONFLY_USER_DIR

Provide a default for - -dragonfly-user-dir

TALON_USER_DIR

Provide a default for - -talon-user-dir

NAVIGATION_GRAMMAR_GENERATORS

Provide a default for - -navigation-grammar-generators






Chapter 8

Generating The Grammar

8.1 Motivation

The new version of the project marks a major paradigm shift not only in their way the grammar files are
getting deployed but also how they are written,switching from handwritten to generated one’s. there are
a variety of reasons why these decisions was made

firstly the manual version can be time-consuming, more error-prone and does not adhere to the
principle of *DRY* (or Do not repeat yourself) . In particular, one way or another the language
server is already going to contain code needed to represent/validate all the payloads we can send
from the commands the system recognizes. writing the grammar by hand means we have to re-
implement this representation in the grammar file, with little guarantee that it is synchronized to
the one present in the language server.

Note:

not to mention that the latter might also be partially generated as well

Secondly, the approach has the potential to scale better if you want to support multiple voice
programming frameworks . With a manual approach in order to define m spoken constructs for
n frameworks you need a total of O(mn) implementations in the grammar files. instead with an
automated one, you need O(m) implementations for defining the elements in your backend code
( which you probably couldn’t get away without either way) and O(n) implementations for the
grammar generators. Furthermore, it makes reusing code bits across frameworks much easier, as
we shall see

Finally, generating the grammar has the additional advantage of making it relatively easy to switch
implementation. For example, if you are now using Dictlist you want to change it into Choice
or you want to wrap it in a RuleWrap it becomes trivial

8.2 Jinja templates

As hinted upon earlier, there is a nontrivial potential for code reusability across frameworks. in particular

whether we are talking about talon or dragonfly based grammars, we are going to some code in
order to handle the low level communication with our editors,which can easily be shared

All for dictation-toolbox grammars are largely similar. Whether we are talking about standalone
dragonfly/caster/breathe the old define spoken elements and actions pretty much the same way
only differ in their way the final grammar is constructed and loaded, as well as the imports needed
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in order to take advantage of these reusability we are going to rely on jinja2*® | which is a powerful tem-
plate rendering framework for python, and it’s template inheritance features, in order to build a template

hierarchy

dictation-toolbox

dragonfly

8.2.1 Base
In the base template we define five kinds of blocks that each framework can override or inherit from its
parent and we implement the common communication section

e framework specific prologue

e communication

e actions definitions

e clement definitions

o framework specific epilogue

{% block prologue %}
{% endblock prologue %}

{% block communication %}
import json

import os

import platform

import subprocess

def validate_subl():
if platform.system() != ’'Windows’:
return ”“subl”
windows_candidates=[
"subl”,

(continues on next page)

8 https://pypi.org/project/jinja2
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r”C:\Program Files\Sublime Text\subl”,
r”C:\Program Files\Sublime Text 3\subl”,
r”C:\Program Files (x86)\Sublime Text 3\subl”,
r”C:\Program Files (x86)\Sublime Text\subl”,
]
for candidate in windows_candidates:
try:
subprocess.check_call([candidate,”-h"], stdout=subprocess.PIPE,
—stderr=subprocess.PIPE)
return candidate
except Exception as e:
continue
else:
raise ValueError(”subl not found. Please follow instructions https://www.
—sublimetext.com/docs/command_line.html”)

subl=validate_subl()

def send_sublime(c,data):
print(c + ” " + json.dumps(data))
command=[subl, ”-b"”, ”--command”,c + ” ” + json.dumps(data)]
# Adopted from https://dragonfly2.readthedocs.io/en/latest/_modules/dragonfly/
—actions/action_cmd.html#RunCommand
import subprocess
# Suppress showing the new CMD.exe window on Windows.
startupinfo = None
if os.name == ’'nt’:
startupinfo = subprocess.STARTUPINFO()
startupinfo.dwFlags |= subprocess.STARTF_USESHOWWINDOW

ret_code = subprocess.call(command, startupinfo=startupinfo)
return ret_code

{% endblock communication %}

{%block actions_definitions %}
{% endblock %}

{% block element_definitions %}
{% endblock %}

{% block epilogue %}
{% endblock %}
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8.2.2 Dictation toolbox

In the dictation tool box template

{% extends "base.jinja” %}

{% block prologue %}
from dragonfly import *
{% endblock prologue %}

{% block actions_definitions %}
@Function
def navigate_ast_action(StandardCommand):
print(StandardCommand)
send_sublime(”1lsp_execute”, {
"command_name”: "navigate_ast”,
"session_name”: "PythonVoiceCodingPlugin”,
"command_args”: [StandardCommand,”$file_uri”]

)

{% endblock actions_definitions %}

{% block element_definitions %}

{% for e in elements %}

{{ e[0] | define_element_dragonfly(e[1]) }}
{% endfor %}

{% endblock %}

8.2.3 Dragonfly

{% extends "dictation-toolbox.jinja” %}

{% block epilogue %}

class PythonvVoiceCodingPluginRule(MappingRule):
mapping = {
"<StandardCommand>": navigate_ast_action,
}
extras = [
StandardCommand,

context = AppContext(executable="sublime_text”)

grammar = Grammar (”PythonVoiceCodingPlugin”, context=context)

rule = PythonVoiceCodingPluginRule(name="python voice coding plugin”)
grammar .add_rule(rule)

grammar .load()

{% endblock epilogue %}
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8.2.4 Caster

{% extends "dictation-toolbox.jinja” %}

{% block prologue %}

{{ super() }}

from castervoice.lib.merge.state.short import R

from castervoice.lib.ctrl.mgr.rule_details import RuleDetails
{% endblock prologue %}

{% block epilogue %}

class PythonVoiceCodingPluginRule(MappingRule):
mapping = {
"<StandardCommand>": navigate_ast_action,

3

extras = [
StandardCommand,

def get_rule():
return PythonVoiceCodingPluginRule, RuleDetails(name="python voice coding plugin”,l
—executable="sublime_text”, title="Sublime Text”)

{% endblock epilogue %}

8.2.5 Talon

talon is a little bit of a special case because we need two separate files

Py

where would you find all of the elements actions etc.

{% extends "base.jinja” %}

{% block prologue %}
from talon import Context, Module, actions, speech_system

mod Module()

ctx = Context()

{% endblock prologue %}

{% block actions_definitions %}
@mod.action

def python_voice_coding_plugin_navigate_ast(data:dict) -> None:
""" navigate the AST’’’

(continues on next page)
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(continued from previous page)

send_sublime(”1sp_execute”, {
"command_name”: "navigate_ast”,
"session_name”: "PythonVoiceCodingPlugin”,
"command_args”: [data,”$file_uri”]

)

{% endblock actions_definitions %}

{% block element_definitions %}

{% for e in elements %}

{{ e[0] | define_element_talon(e[1]) }}

{% endfor %}

{% endblock %}

.talon

where we actually register the voice command

app.exe: /sublime_text/

A<user.python_voice_coding_plugin_StandardCommand>$:
user.python_voice_coding_plugin_navigate_ast(python_voice_coding_plugin_
—StandardCommand)

8.3 Element Definitions

8.3.1 Run-time Element Definition vs Static Code Generation

Regarding whether this grammar generation process should be happening at runtime or statically ahead
of time, or in other words whether the grammar file should contain the code needed to produce all of the
elements in a dynamic fashion or whether these elements should be already statically rolled out, I have
gone with the latter option because it makes things more to debugable.

In particular, for every desirable spoken construct we define the corresponding native Python type in the
backend. Then for each generator, we define functions that can spit out grammar code for those native
types. We bridge our approach with the aforementioned Jinja templates with the help of the following
jinja filters

def generate_contents(generator: str) -> Mapping[Path, str]:

env = Environment(
loader=PackageLoader (”python_voice_coding_plugin.grammar_generation”),
autoescape=select_autoescape(),

)

env.filters[”define_element_dragonfly”] = define_element_dragonfly

env.filters[”define_element_talon”] = define_element_talon

return {
k: env.get_template(v).render(elements=elements, generator=generator)

(continues on next page)
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(continued from previous page)

for k, v in generators_to_templates[generator].items()

8.3.2 Native Representation

We will define our elements in such a way that we get json we want.

For the purposes of modeling elements that are simply a choice between phrases we can very conve-
niently create a special subclass of enum.Enum*’ and st r>’

class SpokenEnumeration

A base class for all spoken enumerations

For example

class Ordinal(SpokenEnumeration):
FIRST = auto()
777 the first one
SECOND = auto()
THIRD = auto()
FOURTH = auto()
FIFTH = auto()
SIXTH = auto()
LAST = auto()

Va4

in order to allow for more complicated structures that can reference other elements to allow for some
sort of hierarchy,dictionaries come in handy in the json output and we simply resort to using pydantic
models

class Model

the base model we are going to use for all our models.
By default it is going to be immutable

class Config
faux_immutability = True
arbitrary_types_allowed = True
underscore_attrs_are_private = True

taking advantage of Python’s type hints to reuse elements

Warning: Excluding trivial things like int>' we avoid in-line definitions because it can make life
significantly more complicated. Anything appearing as a type unit should correspond to an already
defined and referenceable element

4 https:/docs.python.org/3/library/enum.html#enum. Enum
% https://docs.python.org/3/library/stdtypes.html#str
ST https://docs.python.org/3/library/functions. html#int
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8.3.3 Dragonfly

define_enumeration(enumeration, name=None)

in order to model choices we convert enumerations using DictList>’

Examples

>>> print(define_element(types.Ordinal))
Ordinal = DictList(”Ordinal”, {
"first”: "first”,
"second”: "second”,
"third”: "third”,
"fourth”: "fourth”,
"fifth”: "fifth”,
"sixth”: "sixth”,
"last”: "last”
1)
>>> print(define_element(types.ArgumentTargets))
ArgumentTargets = DictList(”ArgumentTargets”,{
"argument”: "argument”

1)

Parameters
e enumeration (Type>® [SpokenEnumeration])—
e name (Optional>*[str>>])—

Return type

str0

define_model (element, name=None)

in order to represent dictionaries, we can very handily use Compound

>>> print(define_element(types.VerticalDescription))
VerticalDescription = RuleWrap(
name="VerticalDescription”,
element=Compound(
spec="<direction> [<step>]",
extras=[
DictListRef(”direction”,VerticalDirection),
IntegerRef(”step”,0,10,default=1)
1,
value_func=lambda node, extras: {k:v for k,v in extras.items() if k !="_
—node”}

)

52 https://dragonfly2.readthedocs.io/en/latest/lists. html#dragonfly.grammar.list DictList
https://docs.python.org/3/library/typing.html#typing. Type
https://docs.python.org/3/library/typing.html#typing.Optional
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
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>>> print(define_element(types.FullRange))
FullRange = RuleWrap(
name="FullRange”,
element=Compound
spec="<lower> until <upper>",
extras=[
IntegerRef(”lower”,0,10),
IntegerRef ("upper”,0,10)
1

value_func=lambda node, extras: {k:v for k,v in extras.items() if k !="_
—node”}

)

Command

>>> import inspect
>>> import pp
>>> print(inspect.getsource(types.StandardCommand))
class StandardCommand(Model):
op: Operation = Operation.SELECT

query: Query

>>> print(define_element(types.StandardCommand))
StandardCommand = RuleWrap(
name="StandardCommand”,
element=Compound (
spec="[<op>] <query>",
extras=[
DictListRef(”op”,Operation,default="select”),
RuleRef (Query.rule, "query”)
1,
value_func=lambda node, extras: {k:v for k,v in extras.items() if k !=
—"_node”}

)

>>> dragonfly_ tester = getfixture(”dragonfly tester”)
>>> pp(dragonfly_tester.recognize(”up attribute root two until three”))

{
"op’: ’'select’,
"query’: {
"description’: {’direction’: 'up’, ’‘step’: 1},
"target’: ’'attribute_root’,
"index’: {’lower’: 2, ’upper’: 3},
+
}
Parameters
e element (Type ' [Model]) —
° name(Optiona158[str59])—
Return type
stro0
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define_alternative (element, name=None)

In order to define a Union we naturally use Alternative®' which we then wrap inside Rulewrap®

>>> types.Target
typing.Union[python_voice_coding_plugin.types.spoken.targets.ArgumentTargets,[
—python_voice_coding_plugin.types.spoken.targets.AttributeTargets]
>>> print(define_element(types.Target,”Target”))
Target = RuleWrap(”Target”,Alternative(children=[
DictListRef(”ArgumentTargets”,ArgumentTargets),
DictListRef (”AttributeTargets”,AttributeTargets)

>>> types.Description
typing.Union[python_voice_coding_plugin.types.spoken.descriptions.Ordinal, python_
—»voice_coding_plugin.types.spoken.descriptions.VerticalDescription]
>>> print(define_element(types.Description, “Description”))
Description = RuleWrap(”Description”,Alternative(children=[
DictListRef(”0Ordinal”,Ordinal),
RuleRef (VerticalDescription.rule,”VerticalDescription”)

>>> types.SubIndex
typing.Union[int, typing.Sequence[int], python_voice_coding_plugin.types.spoken.
—subindexing.FullRange, python_voice_coding_plugin.types.spoken.subindexing.
—AfterRange, python_voice_coding_plugin.types.spoken.subindexing.UntilRange]
>>> print(define_element(types.SubIndex,”SubIndex”))
SubIndex = RuleWrap(”SubIndex”,Alternative(children=[
IntegerRef(”SingleIndex”,0,10),
MultipleIndeces,
RuleRef(FullRange.rule, ”FullRange”),
RuleRef (AfterRange.rule, "AfterRange”),
RuleRef(UntilRange.rule, ”UntilRange”)

Parameters
name (Optional® [str®])—

Return type
str®
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8.3.4 Talon

define_enumeration (element, name=None)

in order to model choices we must first forward declare them via talon.Module.list ()% and
then provide for values using talon.Context.lists®’

Examples

>>> print(define_element(types.Ordinal))
mod.list(”python_voice_coding_plugin_Ordinal”)
ctx.lists[”user.python_voice_coding_plugin_Ordinal”] ={

"first”: "first”,

"second”: "second”,

"third”: "third”,

"fourth”: "fourth”,

"fifth”: "fifth”,

"sixth”: "sixth”,

"last”: "last”
}
>>> print(define_element(types.ArgumentTargets))
mod.list(”python_voice_coding_plugin_ArgumentTargets”)
ctx.lists["”user.python_voice_coding_plugin_ArgumentTargets”] ={

"argument”: "argument”

Parameters
e element (Type®®[SpokenEnumeration]) —
e name (Optional®[str’0])—

Return type

str’!

define_model (element, name=None)

in order to represent dictionaries, we can very handily use talon.Module.capture()’?

>>> print(define_element(types.VerticalDescription))
@mod.capture(
rule="{user.python_voice_coding_plugin_VerticalDirection} [<number>]1"
)
def python_voice_coding_plugin_VerticalDescription(m) ->str:
return {
"direction” : m.python_voice_coding_plugin_VerticalDirection ,
"step” : getattr(m,”number”,1)

we need to make sure when multiple appearances of the same extra
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>>> print(define_element(types.FullRange))
@mod.capture(
rule="<number> until <number>"
)
def python_voice_coding_plugin_FullRange(m) ->str:
return {
"lower” : m.number_1 ,
"upper” : m.number_2

>>> print(define_element(types.NestedQuery))
@mod.capture(

rule="<user.python_voice_coding_plugin_SimpleQuery> <user.python_voice_coding_
—plugin_SimpleQuery>"

)
def python_voice_coding_plugin_NestedQuery(m) ->str:
return {
"outer” : m.python_voice_coding_plugin_SimpleQuery_1 ,
"inner” : m.python_voice_coding_plugin_SimpleQuery_2
}
Command

>>> import inspect
>>> import pp
>>> print(inspect.getsource(types.StandardCommand))
class StandardCommand(Model):
op: Operation = Operation.SELECT
query: Query

>>> print(define_element(types.StandardCommand))
@mod.capture(

rule="[{user.python_voice_coding_plugin_Operation}] <user.python_voice_
—coding_plugin_Query>"

)
def python_voice_coding_plugin_StandardCommand(m) ->str:
return {
"op” : getattr(m,”python_voice_coding_plugin_Operation”, ”select”) ,
"query” : m.python_voice_coding_plugin_Query
}
Parameters
e element (Type’’[Model]) —
e name (Optional’[str’>])—
Return type
str’®
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define_alternative (element, name=None)

In order to define a Union we can simply use a talon.Module.capture()’’ where we simp

make a choice of full of the possibilities and return the first (and only) value captured

ly

>>> types.Target
typing.Union[python_voice_coding_plugin.types.spoken.targets.ArgumentTargets,[
—python_voice_coding_plugin.types.spoken.targets.AttributeTargets]
>>> print(define_element(types.Target,”Target”))
@mod.capture(
rule="{user.python_voice_coding_plugin_ArgumentTargets} | {user.python_voice_
—coding_plugin_AttributeTargets}”
)
def python_voice_coding_plugin_Target(m) ->str:
return m[O]

>>> types.Description
typing.Union[python_voice_coding_plugin.types.spoken.descriptions.Ordinal, python_
—voice_coding_plugin.types.spoken.descriptions.VerticalDescription]
>>> print(define_element(types.Description, “Description”))
@mod.capture(
rule="{user.python_voice_coding_plugin_Ordinal} | <user.python_voice_coding_
—plugin_VerticalDescription>"
)
def python_voice_coding_plugin_Description(m) ->str:
return m[0]

>>> types.SubIndex
typing.Union[int, typing.Sequence[int], python_voice_coding_plugin.types.spoken.
—subindexing.FullRange, python_voice_coding_plugin.types.spoken.subindexing.
—AfterRange, python_voice_coding_plugin.types.spoken.subindexing.UntilRange]
>>> print(define_element(types.SubIndex, "SubIndex”))
@mod.capture(
rule="<number> | <user.python_voice_coding_plugin_MultipleIndeces> | <user.
—python_voice_coding_plugin_FullRange> | <user.python_voice_coding_plugin_
—AfterRange> | <user.python_voice_coding_plugin_UntilRange>"
)
def python_voice_coding_plugin_SubIndex(m) ->str:
return m[0]

Parameters
name(Optional78[str79])4

Return type
str80
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8.4 Roundtrip testing with hypothesis

8.4.1 Test Template

We first create a template where we remove all of unneeded code for the communication with the editors,
loading the grammars and all the other side effects.

{% extends "dictation-toolbox.jinja” %}

{% block communication %}
{% endblock communication %}

8.4.2 pytest fixture

We then proceeded to create a session wide pytest.fixture()®! that is going to allow us to parse
commands ,given in Text instead of sound, into their respective payloads. In order to do that
e will generate the code generated from the test template

e evaluated dynamically using exec ()% and retrieving the root element

e uploading to dragonfly.test.ElementTester with the text engine

@pytest.fixture(scope="session”)
def dragonfly_tester():
from dragonfly.language.loader import language

language._language = "en”

test_code = generate_contents(”test”)[Path(”test.py”)]
data = {}

c = compile(test_code, "<str>", "exec”)

exec(c, data)

return ElementTester(data[”StandardCommand”], get_engine(”text”))

Danger: We must explicitly request a “text” engine, otherwise you might end up hooking on sapi5.
the same can happen if we do not explicitly set the language to English due to hidden call in the
constructor of the IntegerRef

81 https://docs.pytest.org/en/latest/reference/reference. html#pytest. fixture
82 https://docs.python.org/3/library/functions. html#exec
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8.4.3 Hypothesis Test

We create model instances using hypothesis.strategies.from_type()®

convert them into the spoken form
e parse them using the element tester in order to obtain a dictionary
e we parse that dictionary into a pydantic model

e we compare the two model instances are equal

@settings(max_examples=1000, deadline=500)
@given(c=strategies.from_type(StandardCommand))
def test_bidirectional(c, dragonfly tester):
spoken_form = into_spoken(c)
r = StandardCommand.parse_obj(dragonfly_ tester.recognize(spoken_form))
assert r == ¢, f”{spoken_form r c}”

Note: we must also register custom strategies with hypothesis.strategies.

register_type_strategy()® to avoid generating large integers and lists

8 https://hypothesis.readthedocs.io/en/latest/data. html#hypothesis.strategies.from_type
8 https://hypothesis.readthedocs.io/en/latest/data. html#hypothesis.strategies.register_type_strategy
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Chapter 9

LSP

9.1 Introduction

In order to allow for communication between our client running inside the editor and the server imple-
menting the business logic, while we could build upon a custom protocol, we have instead chosen to
leverage their lingua franca for such tasks,namely the language server protocol

The language server protocol is built on top of json-RPC v2 and is extended with bidirectional commu-
nication. Using a set of standardized and programming language agnostic messages over a variety
of possible transports such as stdio or TCP, a language client can talk to one or more language servers
running on separate processes,synchronizing the contents of the files being edited and issuing requests
for IntelliSense services such as auto completion, go to definition, signature help etc. provided of course
that the server advertises the corresponding capability in the initial handshake

Of course, we are not interested in language services like auto completion so we are going to have to
extend the Protocol.

9.2 Challenges And Implementation Decisions

9.2.1 Chosen LSP Implementation

One of the early design decisions need to be made was how my project is going to build upon the language
server protocol at the code level. initially I had considered publishing code as a plug-in for pylsp® but
since it is not the only already existing popular language server for python, I prefer to build a standalone
one using pygls®® , which provide a generic LSP implementation/SDK

9.2.2 Custom Method vs Workspace Execute command
Moving on, we must decide which of the two ways we’re going to use in order to extend the language
server protocol

e create custom methods on the server

e create an workspace executeCommand®” method

The decision was made to go with the latter option for two reasons

85 https://pypi.org/project/pylsp

8 https://pypi.org/project/pygls

87 https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#workspace
executeCommand
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e pygls®® of the moment of this writing does not natively support custom server methods. It is
possible to to work around this using pygls-tagls-custom® which was developed for tagls’® but
given we are only dealing with one single server command at the moment it is more complex.

e workspace executeCommand’! should be already supported natively by most clients,making the
project easier to becoming incrementally adoptable in more editors

That being said, the current implementation of pygls’® can be a little bit surprising specifically in the
way it tries to process the arguments for we pass workspace executeCommand”® . To circumvent this
issue we create a custom method for registering commands which going to make sure the arguments are
validated and unpacked.

def custom_command(
self, command_name: str

) -> Callable[[F], Callable[[”PythonVoiceCodingPluginLanguageServer”, Any], Any]]:
””"Decorator used to register custom commands.

Example:
@1s.command(’myCustomCommand’)
def my_cmd(1ls, a, b, c):

pass

o

def wrapper(f: F):
f = validate_arguments(config=dict(arbitrary_types_allowed=True))(f)

async def function(server: PythonVoiceCodingPluginLanguageServer, args):
return await f(server, *args)

self.lsp.fm.command(command_name) (function)
return f

return wrapper

9.2.3 Stateful user interface

e [anguage server protocol is designed to be user interface agnostic
e no user interface synchronization

e multiple selections are not a first-class citizen

88
9

https://pypi.org/project/pygls
https://pypi.org/project/pygls-tagls-custom
https://pypi.org/project/tagls
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#workspace
executeCommand

%2 https://pypi.org/project/pygls

% https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#tworkspace
executeCommand

o %
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9.2.4 Dialogical versus one-way

Now all of this stateful information can flow between the client and the server in two ways:
e send and receive the data in a single go Via their request parameters and the response message

e allow a small dialogue, where the server queries the client for the types of information the latter
has declared support for

In general the first approach is more consistent, but for reasons that have to do with making the amount
of code necessary to support the basic features as low as possible and thus speed up the process of porting
the project to more editors, I have chosen approach that mostly relies on the second one, with an optional
partial fall back

Example:

--> PythonVoiceCodingPlugin workspace/executeCommand(2): {’command’: ’navigate_ast’,
—'workDoneToken’: ’'wd2’, ’‘arguments’: [{’op’: ’select’, 'query’: {’description’: ’second
—', 'target’: ’'argument’}}, ’'file:///C:/Users/Username/Documents/GitHub/
—PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’]}
i1 <- PythonVoiceCodingPlugin window/showMessage: {’type’: 3, ’‘message’: ’'Typedocument’}
;1 <-- PythonVoiceCodingPlugin selection/getCursors(el68caa7-3ae8-4337-9d61-
—901d361eb0d8): {'uri’: ’file:///C:/Users/Username/Documents/GitHub/
—PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’}

;1 >>> PythonVoiceCodingPlugin el68caa7-3ae8-4337-9d61-901d361eb@d8: [{’start’: {’line’:l
—12, ’‘character’: 18}, ’end’: {’line’: 12, ‘character’: 18}}]

;1 <-- PythonVoiceCodingPlugin regions/get(aleal8fc-e98f-49b9-807f-794e2d03de92): {’'uri
—': 'file:///C:/Users/Username/Documents/GitHub/PythonVoiceCodingPlugin/python_voice_
—coding_plugin/lsp/server.py’}

11 >>> PythonVoiceCodingPlugin aleal8fc-e98f-49b9-807f-794e2d03de92: {’'Green’: [],
—’0rigin’: [], ’'Yellow’: [], 'Red’: [{’start’: {’line’: 1, ’character’: 1}, ’end’: {
—'line’: 2, ’character’: 43}}], ’'Blue’: [], 'Main’: [], ’Orange’: []}

i1 <-- PythonVoiceCodingPlugin workspace/applyEdit(cec3d19e-0488-4e29-b389-
—40doafa9f384): {’label’: None, 'edit’: {’changes’: {’file:///C:/Users/Username/
—Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’: [{
—'newText’: "#\n’, ’range’: {’start’: {’'line’: O, ’'character’: 0}, ‘end’: {’'line’: 0O,
—'character’: 03}3}}1}3}

i1 <- PythonVoiceCodingPlugin selection/setCursors: {‘uri’: ’file:///C:/Users/Username/
—Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/lsp/server.py’,
—'selection’: [{’start’: {’line’: 0, ’'character’: 2}, ’'end’: {’line’: 1, ’'character’: 4}
=311}

11 <- PythonVoiceCodingPlugin clipboard/setContents: {’contents’: ’‘something’}

11 <- PythonVoiceCodingPlugin regions/set: {’regions’: {’Red’: [{’start’: {’line’: O,
—'character’: 2}, ’'end’: {’line’: 1, ’‘character’: 4}}]1}, 'uri’: ’file:///C:/Users/
—Username/Documents/GitHub/PythonVoiceCodingPlugin/python_voice_coding_plugin/1lsp/
—server.py’}

11 <<< PythonVoiceCodingPlugin 2: None
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9.2.5 UTF 16 versus UTF-8
Internally for our business logic we are using CodeRange” and CodePosition” which has 2 big dif-
ferences with range’® and position”’

e Lines are 1-indexed vs 0-indexed

e the column offsets are using Unicode code points whereas in the language server protocol they are
UTF 16 based

So we must make sure to convert them appropriately. The latest version of the language server protocol,
namely 3.17, does allow clients to advertise UTF-8 support but implementing UTF 16 is still mandatory.

9.3 Extensions

In order to model the user interface state in the editor we use the following representation

class State

State(code: str, selection: Sequence[libcst. position.CodeRange] = <factory>, clipboard: Op-
tional[str] = None, regions: Mapping[str, Sequence[libcst. position.CodeRange]] = <factory>)

code: str

selection: Sequence®[CodeRange]
clipboard: oOptional’®[str'®*] = None
regions: Mapping®®’[strl®®, sequence'®*[CodeRange]]
__dnit_ (code, selection=<factory>, clipboard=None, regions=<factory>)
Parameters
e code (str'?)—
e selection (Sequence'%[codeRange]) —
e clipboard (Optional'"[str!%])—
e regions (Mapping'P[str''?, sequence''' [codeRange]]) -

Return type
None

https://libest.readthedocs.io/en/latest/metadata.html#libcst.metadata.CodeRange
https:/libest.readthedocs.io/en/latest/metadata.html#libcst. metadata. CodePosition
https://microsoft.github.io/language-server-protocol/specifications/Isp/3.17/specification/#range
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#position


https://libcst.readthedocs.io/en/latest/metadata.html#libcst.metadata.CodeRange
https://libcst.readthedocs.io/en/latest/metadata.html#libcst.metadata.CodePosition
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#range
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#position
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence
https://docs.python.org/3/library/typing.html#typing.Optional
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Mapping
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence
https://docs.python.org/3/library/typing.html#typing.Optional
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Mapping
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence

Then we define a series of server initiated CRUD-Like requests for reading and writing those properties,

for which the client can opt in via the corresponding capabilities

9.3.1 Client Experimental Capabilities

class ExperimentalCapabilities

selection:

clipboard:

regions:

SelectionCapabilities

ClipboardCapabilities

RegionsCapabilities

class SelectionCapabilities

get:
set:

multiple: boo

boo

boo

1112

1113

1114

class ClipboardCapabilities

set:

boo

1115

class RegionsCapabilities

get:

set:

boo

boo

1116

1117

98
99

100

102
103
104
105
106
107
108
109
110
111
112
113

114

https:
https:
https:
https:
https:
https:
https:

//docs.
//docs.

//docs

//docs.
//docs.
//docs.
//docs.

python.
python.
.python.
python.
python.
python.
python.

org/3/1library/stdtypes.html#str

org/3/1library/typing.html#typing.Sequence
org/3/library/typing.html#typing.Optional

org/3/1library/stdtypes.html#str

org/3/library/typing.html#typing.Mapping

org/3/library/stdtypes.html#str

org/3/1library/typing.html#typing.Sequence

https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence
https://docs.python.org/3/library/typing.html#typing.Optional

https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing. Mapping
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence

https:
https:
https:
https:
https:
https:

//docs.
//docs.
//docs.

//docs

//docs.
//docs.

python.
python.
python.
.python.
python.
python.

org/3/library/functions.
org/3/1library/functions.
org/3/1library/functions.
org/3/library/functions.
org/3/1library/functions.
org/3/library/functions.

html#bool
html#bool
html#bool
html#bool
html#bool
html#bool
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9.3.2 Requests
Selection

SELECTION_GET_CURSORS = ’'selection/getCursors’
class GetSelectionRequest

GetSelectionResponse

118[

alias of Sequence''°[Range]

Regions

REGIONS_GET = ’'regions/get’
class GetRegionsRequest

GetRegionsResponse

alias of Mapping'"”[str!?, sequence'?'[Range]]

9.3.3 Notification

Code Edits

Code Edits can be handled natively by workspace/applyEdit!??

Selection

SELECTION_SET_CURSORS = ’‘selection/setCursors’

class SetSelectionRequest

123

selection: Sequence “°[Range]

Alternatively, it can be handled natively , but only for a single selection window/showDocument'?*

18 https://docs.python.org/3/library/typing. html#typing.Sequence

https://docs.python.org/3/library/typing.html#typing. Mapping

https://docs.python.org/3/library/stdtypes.html#str

https://docs.python.org/3/library/typing.html#typing.Sequence
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#workspace applyEdit
https://docs.python.org/3/1library/typing.html#typing.Sequence
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#window_showDocument
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https://docs.python.org/3/library/typing.html#typing.Mapping
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/typing.html#typing.Sequence
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#workspace_applyEdit
https://docs.python.org/3/library/typing.html#typing.Sequence
https://microsoft.github.io/language-server-protocol/specifications/lsp/3.17/specification/#window_showDocument

Clipboard

CLIPBOARD_SET_CONTENTS = 'clipboard/setContents’
class ClipboardSetContentsRequest

contents: str'?®

Regions

REGIONS_SET = ’'regions/set’
class SetRegionsRequest

regions: Mapping'?°[str'?’, Sequence'?®[Range]]

https://docs.python.org/3/1library/stdtypes.html#str
26 https://docs.python.org/3/1library/typing.html#typing.Mapping
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/1library/typing.html#typing.Sequence
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Chapter 10

Taming The Sphinx

The old approach for documenting the project was solely based on manually recording live examples
of voice commands, by capturing screen output using NickeManarin/ScreenToGif'? . This approach
can be very time-consuming if you want to record 100+ of such examples , while giving little guaranty
that the behavior displayed is going to match the current version of the code base. A more automated
approach was needed and ideally one that could also integrate with my efforts to address the lack of
testing infrastructure.

10.1 Killing Three Birds With One Stone

doctest'? is a powerful standard library module that allows developers to embed snippets of code
similar to interactive Python sessions (REPL) right inside their functions/classes/modules docstrings.
Upon execution, it is going to verify that each command/input is going to produce the corresponding
output. For Example:

def contains(outer: CodeRange, inner: CodeRange) -> bool:

1w
r

>>>
>>>
>>>
>>>
>>>

a=CodeRange(CodePosition(1,2),CodePosition(1,3))
b=CodeRange (CodePosition(1,2),CodePosition(2,3))
c=CodeRange(CodePosition(1,2),CodePosition(2,0))
d=CodeRange(CodePosition(1,1),CodePosition(2,1))
contains(a,b)

False

>>>

True

>>>

True

>>>

True

>>>

contains(b,a)

contains(c,a)

contains(d, a)

contains(c,d)

False

>>>

True

>>>

contains(d, c)

contains(c,b)

False

>>>

True

>>>

contains(b,c)

contains(b,c)

129 https://github.com/NickeManarin/ScreenToGif
130 https://docs.python.org/3/library/doctest. html#module-doctest

(continues on next page)
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(continued from previous page)

True

second = astuple(outer)
first = astuple(inner)
return second[0] <= first[0] <= second[1] and second[0] <= first[1] <= second[1]

this technique allows developers to kill two birds with one stone as those input-output examples serve
both

e as tests right next to their code
¢ as documentation for other developers reading or wanting to use their package

In this project were going to take the idea one step further and aim for a third goal : we are going to use
those tests in order to generate documentation for our end-users . Initially [ wanted these to be in the
form of animated gifs but static images or image like objects could do.

Since our project already has a notion of a State object representing everything the language server
knows about the user interface, we are going to build around that in two phases

e Create the appropriate state objects from the doctest examples

e Highlight them in a special manner, reminiscent of the way an editor would display them

10.2 Highlighting The State

10.2.1 Pygments Concepts

pygments'®! is a widely used and powerful generic syntax highlighter employed by sphinx'3? in order

to prettify source code examples. The highlighting processing consists of four components

e Firstly,a lexer splits the source into tokens, which are pieces of source code along with token type
determining what they semantically represent

>>> from pygments import lex

>>> import pp

>>> _example_code="def function(x:int)->int\n return x+1\n”

>>> lexer = PythonLexer ()

>>> pp(list(lex(_example_code, lexer)))

[
(Token.Keyword, ’'def’),
(Token.Text, " "),
(Token.Name.Function, ’function’),
(Token.Punctuation, ('),
(Token.Name, ’'x'),
(Token.Punctuation, ":’),
(Token.Name.Builtin, "int’),
(Token.Punctuation, ")"),
(Token.Operator, ’'-"),
(Token.Operator, ’'>"),
(Token.Name.Builtin, ’"int’),

(continues on next page)

1 https://pypi.org/project/pygments
132 https://pypi.org/project/sphinx
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(Token.Text, ’'\n’),

(Token.Text, ' ",
(Token.Keyword, ’'return’),
(Token.Text, " '),

(Token.Name, ’'x"),

(Token.Operator, '+"),
(Token.Literal.Number.Integer, ’'1"),
(Token.Text, '\n’),

The standard token types form a hierarchy shown below
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Token.Keyword. Constant
“Token. Keyword. Declaration

“Token Keyword Namespace

Token Escape

“Token. Keyword Reserved

‘Token.Name.Builtin ‘Token.Name. Builtin. Pseudo
‘Token.Name.Class
‘Token Name. Constant

“Token.Name. Decorator

‘Token.Name. Function. Magic

oo

Token. Name. Variable. Class
“Token. Name.Property
‘Token.Name. Variable.Global

‘Token.Name. Variable.Instance
“Token Name.Namespace
\ “Token. Name. Variable. Magic
i

ot
X ks e
[ et sveeimie >
S T
D
ST W T
ittt >\ < Tt ok > Tkt
N i S T
o commensmt =

“Token.Comment. Special

\

K

‘Token.Generic. Deleted

‘Token.Gener

Subheading

‘Token. Generic. Traceback
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e The token stream can be then processed by filters that will produce a modified stream

o A formatter finally writes this stream to an output file, in a format such as HTML, LaTeX

o the formatting process is dictated by a style mapping each token type to a set of properties prop-

erties that determine how it should be highlighted

10.2.2 Modifying The Style

Firstly, we must notify the style in order to allow for regions with custom background and border colors.

Ideally, for those highlighted regions we would like to change only those specific properties without
interfering with the rest such as letter color. An easy way to achieve that is to simply extend the standard
hierarchies shown above. In particular, we are going to adapt the chosen style so that for each token type
like Token.Text there will be additional token types Token.Text.Red , Token.Text.Green etc all of them

inheriting the base properties but overriding the background color and the border. To illustrate:

Examples

>>> import pp
>>> pp(style_modifiers)

{
"Blue’: '#008000’,
"Green’: '#000080',
"Red’: ’'#800000',
"Selection’: ’'#808080’,
"Yellow’: ’'#808000',
b
>>> pp(len(MaterialStyle.styles))
78
>>> pp(len(CustomStyle.styles))
468

>>> pp(list(MaterialStyle.styles.items())[:3])

(Token.Text, '#EEFFFF'),
(Token.Escape, '#89DDFF’),
(Token.Error, '#FF5370"),

>>> pp(list(CustomStyle.styles.items())[:16])

(Token.Text, ’'#EEFFFF bg: border:’),

(Token.Text.Selection, '"#EEFFFF bg:#808080 border:#808080"),
(Token.Text.Red, "#EEFFFF bg:#800000 border:#800000'),
(Token.Text.Blue, '"#EEFFFF bg:#008000 border:#008000"),
(Token.Text.Green, ’'#EEFFFF bg:#000080 border:#000080"),
(Token.Text.Yellow, ’'#EEFFFF bg:#808000 border:#808000'),
(Token.Escape, '#89DDFF bg: border:’),
(Token.Escape.Selection, ’'#89DDFF bg:#808080 border:#808080"),
(Token.Escape.Red, ’'#89DDFF bg:#800000 border:#800000'),
(Token.Escape.Blue, ’'#89DDFF bg:#008000 border:#008000"),
(Token.Escape.Green, '#89DDFF bg:#000080 border :#000080"),
(Token.Escape.Yellow, '#89DDFF bg:#808000 border :#808000"),
(Token.Error, '#FF5370 bg: border:’),

(Token.Error.Selection, '#FF5370 bg:#808080 border:#808080"),

(continues on next page)
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(Token.Error.Red, ’'#FF5370 bg:#800000 border:#800000'),
(Token.Error.Blue, ’'#FF5370 bg:#008000 border:#008000"),

10.2.3 Annotating The Tokens

Then in order to produce those special tokens we can simply create a filter that this going to change the
token type of all tokens found within the desirable regions.

class RegionsFilter

function(lexer, stream, options)

Note: if necessary, it might end up splitting tokens. For instance, in the following snippet suppose we
want to convert the words function and from the return statement only refu . This is the output we get

Examples

>>> from pygments import lex

>>> import pp

>>> _example_code="def function(x:int)->int\n return x+1\n”
>>> lexer = PythonLexer ()

>>> pp(list(lex(_example_code, lexer)))

(Token.Keyword, ’'def’),
(Token.Text, " '),
(Token.Name.Function, ’'function’),
(Token.Punctuation, '("),
(Token.Name, ’'x"),
(Token.Punctuation, ":"),
(Token.Name.Builtin, ’'int’),
(Token.Punctuation, ")),
(Token.Operator, '-"),
(Token.Operator, '>"),
(Token.Name.Builtin, "int’),
(Token.Text, '\n’),
(Token.Text, ' ",
(Token.Keyword, ’'return’),
(Token.Text, " '),
(Token.Name, ’'x'),
(Token.Operator, '+"),
(Token.Literal.Number.Integer, ’'1’),
(Token.Text, '\n’),

1

>>> regions={"red”:translating_to_coderange(”[[[2,4],[2,8]],[[1,4],[1,12]]11")}

>>> regions

{'red’: [CodeRange(start=CodePosition(line=2, column=4), end=CodePosition(line=2,1

—column=8)), CodeRange(start=CodePosition(line=1, column=4), end=CodePosition(line=1,[

—column=12))1}

>>> _example_state = State(_example_code, regions=regions)

(continues on next page)
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>>> lexer.add_filter(RegionsFilter(regions=regions_from_state(_example_state)))
>>> pp(list(lex(_example_code, lexer)))

[

(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.
(Token.

Keyword, ’def’),
Text, ' "),
Name.Function.Red,
Punctuation, ’("),
Name, ’x"),
Punctuation, ’:"),
Name.Builtin, ’‘int’),
Punctuation, ")’),
Operator, '-"),
Operator, ’'>"),
Name.Builtin, ’int’),
Text, '\n’),

Text, '’ ",
Keyword.Red, 'retu’),
Keyword, ‘rn’),

Text, " '),

Name, ’x"),

Operator, '+'),
Literal.Number.Integer,
Text, '\n’),

"function’),

111)’

10.2.4 Sphinx node and directive

Unfortunately getting our custom filters to work with the native docutils.nodes.doctest_blockisa
little bit tricky and requires some monkey patching, so I simply ended up creating a new type of node

class state_code_block

__init__ (state=None, *args, **kwargs)

state:

and registering the corresponding visitor functions for the sphinx writers:

State

def setup(app: Sphinx):
app.add_node(
state_code_block,
html=(visit_state_code_block_html, None),

latex=(visit_state_code_block_latex,

)

app.add_directive(”state_code_block”, StateCodeBlockDirective)

None),

Along with it, we also registered a custom directive that can accept parameters in yaml format

class StateCodeBlockDirective

Directive for a code block with special highlighting or line numbering settings.

has_content = True

May the directive have content?
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required_arguments = 0

Number of required directive arguments.
optional_arguments = 1

Number of optional arguments after the required arguments.

final_argument_whitespace = False

May the final argument contain whitespace?

option_spec: Dict®**[str'®**, callable®*°[[str'®¢], Any*®']1] = {’clipboard’:
<function translating_to_coderange>, ’'regions’: <function
translating_to_coderange>, ’selection’: <function translating_to_coderange>}

Mapping of option names to validator functions.

run()

To illustrate

state_code_block::
:selection:
- [[114]1[1112]]
- [[41011[415]]
:regions:
Red:
- [[11411[1112]]
- [[416]1[4110]]

from typing import Iterator

# This is an example
class Math:
@staticmethod
def fib(n: int) -> Iterator[int]:
7 Fibonacci series up to n """
a, b=2o0, 1
while a < n:
yield a
a, b=Db, a+b

result = sum(Math.fib(42))
print(”The answer is {}”.format(result))

produces

3% https://docs.python.org/3/library/typing.html#typing.Dict

3% https://docs.python.org/3/library/stdtypes.html#str

3% https://docs.python.org/3/library/typing.html#typing.Callable
3¢ https://docs.python.org/3/library/stdtypes.html#str

37 https://docs.python.org/3/1library/typing.html#typing.Any
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10.3 Summarizing The DocTests Or Generating The State

While initially some more complex ideas were considered, I eventually settled for something relatively
simple: run the doctests, inspect the namespace defined for special variables like results , origins which
will typically be lists/lists of lists/dictionaries of lists etc containing 1ibcst .cSTNode'® objects. Thanks
to the flexibility and round-trip capabilities of 1ibcst we can easily generate source code containing
those top level origins nodes as well as compute locations for those results nodes within it.

Note: For convenience reasons, we are going to use the xdoctest'*” instead of the built-in doctest'*’
for this task

10.4 Generating The Doc Tests

A big thanks to pytest accept'*!.

138 https://libest.readthedocs.io/en/latest/nodes. html#libcst. CSTNode
139 https://pypi.org/project/xdoctest

140 https://docs.python.org/3/library/doctest. html#module-doctest
141 https://pypi.org/project/pytest_accept
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