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Chapter 1

BBepoeHue

Pab6oTa Hafi 3TUM CIIPAaBOYHUKOM IIPOOIzKaeTCsi. EC/Iu BEI MOXKeTe IIOMOYh C HallMCaHUEeM, PelaKTHPOBaHUe
HJIY TIOATOTOBKOM Irpad Ky, M0KAIYHCTa, CBSIKUTECH C JIIOOBIM YJIEHOM KOMaH/Ibl aBTOPOB WJIU IPUCOEOUHUT
¥ OTIIPABbTE 3JIEKTPOHHOE MUCHMO TI0 afpecy emc-users@lists.sourceforge.net.

Copyright © 2000-2020 LinuxCNC.org

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.1 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled “"GNU Free Documentation License”.

Ecnu BH He HalileTe MUIEH31I0, BBl MOXKETE 3aKa3aTh KOIIHNIO 10 agpecy:

Free Software Foundation, Inc.
51 Franklin Street

Fifth Floor

Boston, MA 02110-1301 USA.

(Bepcus Ha aHTTIMUCKOM SI3BIKE SBJIAETCSA OGULMAILHON)

LINUX® saBnsieTCs 3aperuCTpUPOBaHHLIM TOBAapHBIM 3HakKoM Jluayca Topsanbaca B CIIA u gpyrux
CTpaHaX. 3aperuCTPUPOBAHHEIN TOBAPHEIY 3HaK Linux® uUCIob3yeTCs B COOTBETCTBUY C CyOIUIleH3Kel
ot LMI, skcknro3uBHOTO nuilen3uara Jlunyca TopBasnbaca, Bilagenbila TOBAPHOTO 3HaKa BO BCEM MUDE.

ITpoexkT LinuxCNC He cBs3aH ¢ Debian®. Debian siBnseTcsi 3aperuCTPUPOBaHHBIM TOBapPHEIM 3HAKOM,
npuHagnexamuM Software in the Public Interest, Inc.

IMpoekT LinuxCNC He cBs3adn ¢ UBUNTU®. UBUNTU — 3aperucTpupoBaHHas TOproBas MapkKa,
npuHapiexaias Canonical Limited.
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Chapter 2

O6bwun cnpaso4Huk HAL

2.1 WNmeHa cywiHocTen HAL

Bce o6bexTel HAL mOCTYOHBI M MU MOXKHO MaHUITYJIMPOBATH II0 UX UMEHAaM, ITI03TOMY OYE€Hb BasKHO
OOKYMEHTUPOBATh UMeHa KOHTAKTOB, CUTHAJIOB, HapaMeTpoB U T. 0. Mmena B HAL uMe0T MaKCUMaJIbHYIO
onuny 41 cuMmBon (kak onpepmeneno HAL NAME LEN B hal.h). MHorue nMmeHa OyoyT IpeICTaBJIEHH B
o0111eM Bue ¢ popMaTUPOBAaHHEIM TEKCTOM <MAK>, IPEICTABJIAIOMINM 1011 C Pa3/IUNYHEIMYU 3HAaYEeHUIMU.

Korma KOHTaKTBI, CUTHAIBI UIIU IIapaMeTpPhI OIIMCBEIBAIOTCS BIIE€PBHIE, II€Pend UX MMEHEM B KPYTJIBIX
CKOOKax YKa3bIBaA€TCA UX THUII (ﬂOdt), a 3d HUM CJiegyeT KpaTKoe OIIMCaHue. TunuyHsie omnpenejieHus
BEIBOOOB BEITJIAOAT TaK:

(bit) parport.<portnum>.pin-<pinnum>-in
KonTtakT HAL, cBsi3aHHBIN C (U3NUECKUM BXOIHLIM KOHTAKTOM <pinnum> pa3beMa db25.

(float) pid.<loopnum>.output
Brixomuou curnan [T ]I-perynsTopa

HHOrma MOXKHO UCIIOJIb30BaTh COKPpaAlll€EHHYIO BEPCUI0O UMEHHU, HAlIPUMED, BTOpOfI KOHTAKT BHIIII€ MO2KHO
IIPOCTO BEI3BAThH C IOMOIILIO .output, KOTroa 3TO MOXKHO CHOeJIaTh, He BEI3BEIBAasI IIYTAaHUIILL.

2.2 HAL OOwue cornaweHuss o6 mmeHax

CoryacoBaHHbIE cOTIalleHusi 00 MMeHaxX 3HAYUTENILHO YIIPOCTAT Hucojb3oBanue HAL. Hampumep,
ecnu OBl KaXXOHIW OpadBep 9HKOOepampenoCTaBlIsal OOHH M TOT Ke HaOOp KOHTAKTOB M Ha3hIBal UX
OOWHAKOBO, TO OBIJIO OBI JIETKO ITIEPEUTH OT OJHOTO THUIIA IpaliBepa 3HKomepa K opyromy. K coxaneHuro,

KaK ¥ MHOTHE IIPOEKTHI C OTKPBITHIM HCXOOHEIM KomoM, HAL mpencTaBnsieT co60i KOMOMHAIINIO Belle,
KOTOpBIe OBITM pa3paboTaHHI, W Bellled, KOTOPhLIe ITPOCTO pa3BUBAIKUChH. B pe3ynbTaTe BO3HUKAET
MHOK€ECTBO HECOOTBETCTBUM. B 3TOM pa3ferne menaeTcs IMOIMBITKA PEUIUTE 9Ty NPOOIeMy IyTeM OIIpPeIeIeHH!
HEKOTOPBIX COTJIAIlleHUM, HO, BEPOSITHO, IPOUEeT HEKOTOpOoe BpeMs, MpeXae 4yeM Bce MOOYyIu OyOyT
mpeoOpa30BaHbl B COOTBETCTBUU C HUMH.

Halcmd u gpyrue yrunutsl HAL HU3KOTO YPOBHS paccMaTpuBaloT mMeHa HAL kKak oTaenbHbIe OOBEKTH

0e3 BHYTpeHHeM! CTPYKTYphl. OOHAaKO OOJIBIIIMHCTBO MOYJIel UMeIOT HEKOTOPYIO HESIBHYIO CTPYKTYDY.
Hampumep, nytaTta cogepXUT HECKOIBKO (PYHKIMOHAIBPHEIX OJIOKOB, KaXK BN 6JI0K MOZXKET UMETh HECKOJIBKO
KaHaJIOB, U KaXKAbli KaHall UMeeT OfWH UJIM HECKOJIBKO KOHTaKTOB. B pe3ysbTaTe ojiy4aeTcs CTPYKTYpa,
HaIlOMUHAMIas AepeBo KaTanoros. Hecmorps Ha To, uTo halcmd He pacrio3HaeT IpeBOBUOHYIO CTPYKTYDY,
[IpaBUJILHBIM BEIOOD coTJIalieHul 00 UMeHax II03BOJIUT eMy I'DYIIINPOBAaTh CBsI3aHHBIE 9JIeMEHTHI BMeCTe
(IIOCKONBKY OH COPTUPYET UMeHa). Kpome TOro, MHCTPyMEHTEHI 60Jiee BEICOKOTO YPOBHSI MOTYT OBITH
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pa3paboTaHbl AJI paco3HaBaHUs TaKOM CTPYKTYPHI, ECIIH UMeHa IIPefoCTaBIIaI0T Heo6XoouMy1io nHGpopMaIl
st sToro Bce KoMmnnoHeHTH HAL fONIXKHEBL ClleqoBaTh CIEOyIOIIUM IIpaBUIaM:

“

Touku (“.”) pa3mensioT YPOBHU Uepapxuu. DTO aHAJIOr KOCOU 4epTHl (“/”) B UMeHH (alina.

Heduct (“-”) pa3mensdioT CI0Ba UM 0 Ha OOHOM YPOBHE HEepapXuU.

¢ KommonenTsl HAL He monMXKHBI KCIIOJIb30BaTh CUMBOJIHI momuyepKuBauus unu “MixedCase”. footnote:
[TloguyepKHYThIE CUMBOJIBI OBLIM yHaJieHBl, HO BCE €llle eCTb HECKOJILKO CIIy4yaeB HEeITpaBUIbHOTO
coueTaHus, Hanpumep pid.0.Pgain BmecTo pid.0.p-gain.]

e Hcmonb3yiiTe B UMEeHaX TOJIPKO CTPOYHBLIE OYKBHI U ITU(PHI.

2.3 CornaweHusa o6 MMeHOBaHMM ApauBepoB obopypoBaHUA

Note
BoNbLWNHCTBO ApaBEPOB He CeayloT 3TUM cornaweHnsam B Bepcuun 2.0. OTa rsiaBa Ha caMoM fgene
ABNSETCSH PYKOBOACTBOM Ansa byayuwmx pa3paboTok.

2.3.1 WMNmMeHa KOHTaKTOB/MapaMeTpoB

IIpatiBephl 000PYIOBAHUS MOIXKHBI UCIIOIL30BATh IISATH ITOIEH (Ha TpeX YPOBHIX) MJIsI CO3[AaHUs UMEHHU
KOHTaKTa MJIY lTapaMeTpa, a UMEeHHO:

<device-name>.<device-num>.<io-type>.<chan-num>.<specific-name>

OTnenbHBIE IIOJIS:

<device-name>
YcTpoiicTBo, AJisi KOTOPOro IpegHasHadeH gpaisep. Yaille Bcero sTo uHTepdeicHas miaTa Kakoro-
00 THUIIA, HO €CTh U IPYyrue BO3MOXKHOCTH.

<device-num>
B KoMITBbIOTEP MOXKHO YCTAaHOBUTH 60JIee OHOM CEPBOIJIATHI, ITapajieJIbHOTO ITIOPTa UIU APYIrOoro
alrapaTHoro ycTpoiicTBa. HoMmep ycTporicTBa uaeHTUGUIIMPYET KOHKPETHOE YCTPOoicTBO. Homepa
YCTPOMCTB HauuHaloTcsa ¢ 0 ¥ yBeTUYUBaIOTCH.

<io-type>
BoOJNBIIMHCTBO YCTPOUCTB NPENOCTABIAIOT 00Jlee OOHOTO THUIa BBOMA-BEIBOOa. [axXe IIPOCTOHU
TapanienbHBIM IOPT UMeeT KakK Hu(POBLIe BXOOHI, TaK U LUGPOBLIE BRIXOAL. bojiee ClIoXKHBIE
IJIaThHl MOTYT UMETh LMGPOBhIE BXOOH U BEIXOOBI, CUETYUKU 3HKOAEPOB, reHepaTopsl [IIUM unu
MIarOBHIX UMIIYJIbCOB, aHAIOr 0-Iu(POBEIE Ipeobpa30oBaTey, I PO-aHAIOT OBEIE ITPeoOpa3oBaTeIn
UKW OPpyrue YHUKaJIbHble BO3MO2KHOCTH. Tun BBOa-BbIBOOA MCIIOJIb3yEeTCA OJIA I/IJIeHTI/I(I)I/IKaLII/II/I
THIIa BBOAa-BEIBOJA, C KOTOPEIM CBSI3aH BEIBOL MJIU ITapaMeTp. B upaearse gpaiiBepsl, pealusyioniye
OIMH U TOT K€ TUTI BBOOA-BEIBO/IA, laXKe €CJIU [IJIsI 0OUeHb PAa3HBIX YCTPOUCTB, HONMXKHEI 00eceunBaTh
COTJIaCOBaHHBIM HAOOP BLIBOMIOB U ITapaMeTPOB U UIEHTHYHOE IoBefeHue. Hampumep, Bce udppPoOBLIe
BXO[IBI IOJIZKHBI BECTH ce0s OMMHAKOBO, €CJTH CMOTPeTh u3nyTpu HAL, He3aBHCHUMO OT yCTPOMUCTBA.

<chan-num>
ITpakTHMYecKku KaxKaoe YCTPOMCTBO BBOJA-BEHIBOOA MMEET HECKOIbKO KaHaJIOB, M HOMEP KaHaja
UgeHTUGUIUPyeT OOUH U3 HuX. Kak u HoMepa yCTPOUCTB, HOMepa KaHajl0oB HaYNHAIOTCS C HYy/IS
u yBenuuuBaioTcsa. footnote: [OmHUM MCKITIOUEeHMEM U3 IIpaBuila "HoOMepa KaHaJIOB HAYUMHAIOTCS
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C HyJns1” BJsIeTCA HmapaljienbHbd NOPT. Ero KkoHTakTel HAL npoHyMepoBaHEL COOTBETCTBYIOILINM
HOMEPOM KOHTAaKTa Ha pasbeMe DB-25. 9To ymo6HO Ajist pa3BOOKH, HO HECOBMECTHUMO C APYTHUMHU
OpaiiBepaMu. ECTb HEKOTOPEBIE CIIOPEI O TOM, SIBJISIETCS JIM 3TO OIIMOKON MJIM OCOOEHHOCTHIO.]
Ecnu ycranoBneHo 6ojiee OIHOTO YCTPOKMCTBA, HOMePpa KaHalIoB Ha JOHOIHUTEIbHEIX YCTPOHUCTBAX
HaAYMHAIOTCSA C Hyns. Ecnmu BO3MOXKHO MMETb HOMEp KaHasa Oomnbile 9, To HOMepa KaHalloB
IOJIKHBEL COCTOSATH M3 [ABYX IUGpP, C BeOyIIUM HyJieM B uucjax MeHbie 10, 4TOOB COXPaHUTH
OPSOOK COPTUPOBKU. HeKoTophle MOOYyiM UMEIOT KOHTAKTHEI V/UJIN ITapaMeTPHl, KOTOPBIE BJINSIOT
Oormee yeM Ha oOuH KaHas. Hanpumep, renepatop IIIMM MoxkeT UMeTh YeThIpe KaHalla C YeTEIPLMS
He3aBUCHMBIMM BXOOaMU “CKBaXHOCThL”, HO OOHUM ITapaMeTpPOoM “dacToTa”, KOTOPHIU yIIpaByIsieT
BCEMU YeTHIPbMS KaHaljlaMHU (M3-3a allllapaTHHIX OoTpaHndeHunit). [lapaMeTp YacToTa JOJIKEH UCIIOIb30B
”0-3” B Ka4yeCTBe HOMepa KaHarla.

<specific-name>

OTHenbHBIM KaHal BBOOA-BHIBOJA MOXKET MMETh TOJBKO OOUH CBSI3aHHBEIM C HUM KOHTakT HAL,
HO GOIBIITMHCTBO M3 HUX UMeloT 601ee ogHoro. Hampumep, 1iudppoBoil BXx0q UMeeT [Ba KOHTaKTa:
OMH — COCTOSIHHE PU3UIEeCKOro KOHTAKTa, APYrol — TO XKe caMoe, HO B MHBePTHPOBAaHHOM BHJE.
9TO mO3BONIAET KOHOUTYPATOPY BHIOMPATh MEXKOY BXOOAMU C aKTUBHBEIM BEICOKMM M aKTHUBHBIM
HU3KUM ypoBHeM. [l GONBIIMHCTBA TUIIOB i0 CYLIIECTBYET CTAHOAPTHHIM HAaOOpP KOHTAKTOB U
IapaMeTpoB (Ha3blBaeMbIt “CTaHIAPTHEIM HHTePGhecoM”), KOTOPHIM HOIXKeH peain30BaTh OpanBep.
CraHgapTHBIE HUHTEP(GhENCH ONUCaHE B IjiaBe MHTepdheichl CTaHOapTHEIX YCTPOUCTB.

Examples

motenc.0.encoder.2.position
Brixon monmoKeHUs TPeThero KaHajla 9HKOJepa Ha IepBoii miate Motenc.

stg.0.din.03.in
CocTosiHME YeTBEPTOro HudpPOBOTro BXoAa Ha IepBoH IjaTe Servo-to-Go.

ppmc.0.pwm.00-03.frequency
Hecymasa gacTtoTa, ucnonab3lyemas aida KaHanos [ITMM c 0 mo 3 Ha nepBou nnate ppmc Pico Sys-
tems.

2.3.2 WNmeHa yHKUUHU

I paiiBephl 000pyIOBaHMSI OOBIYHO UMEIOT TOJIBKO OBa Tuma ¢pyHkumit HAL: oqHY cUuTHIBalOT 060pynoBaHue
1 00HOBIAIOT KOHTAKTE HAL, a gpyrue 3anucrBaiOT B 000pyIOBaHNE, UCIIOIL3YSI HAHHBIE C KOHTAKTOB
HAL. Ux cimemyeT Ha3BaTh CIEOYIONIUM 00Pa30M:

<device-name>-<device-num>.<io-type>-<chan-num-range>.read|write

<device-name>
To e, YTO UCIIOJIL3YEeTCH [JIsd KOHTAKTOB 1 IIapaMeTpPOB.

<device-num>
KoHKkpeTHOEe YCTPOMCTBO, K KOTOpoMy OymeT oOpaliaThCs GYHKITHSA.

<io-type>
OnumoHanbHo. OYHKIMSA MOXKET UMETH OOCTYII KO BCEM BBOJaM/BhIBOaM Ha IJlaTe UJIU TOJIBKO
K OIIpenesIEeHHOMY THILY. HaHpHMep, MOTYT CYIIIeCTBOBAThH HE3aBUCHUMEIE (by'HKI_[I/II/I OJIsi YTeHUusa
CUYEeTUYUKOB SHKOAEpa U YTeHUs NMU(PPOBLIX BXOOOB/BEIX0HOB. ECy Takue He3aBUCHMbBIE PyHKIHT
CYIIIECTBYIOT, OJie <io-type> ugeHTUuGUINPYET TUII BBOAA-BLEIBOOA, K KOTOPOMY OHH 00palllatoTCs.
Ecnu omHa QyHKUMS CUMTHIBAET BCe BXOMBI/BHIXOMLI, ITPEAOCTaBIIsIEMbIE MJIaTOM, <io-type> He
ucnonblyetcs. footnote: [[IpumMedaHue O IPOrpPaMMUCTOB OpatiBepoB: HE peanu3yiiTe oTOenbHbIE
dyHKUMY 0715 pa3HBEIX TUIIOB BBOLA-BHIBOMA, €CJIU TOJIBKO OHUM HE SIBJISIOTCS IIPEPLIBAEMBIMU U HE
MOTyT paboTaTh B HE3aBUCHUMEIX ITOTOKaxX. Ecu mpephiBaHue YTeHMS SHKOOEePa, YTeHue Hu(pPOBLIX
BXOJIOB U IIOCJIENyIolllee BO30OHOBJIEHNE UTEHUS 9HKOIePa BEI3OBYT ITPOOJIEMEI, Peaiu3yiTe OgqHy
dyHK1IMIO, KOTOpas coenaer Bce.]
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<chan-num-range>
OnnuonaneHO. HMcmonb3yeTcs TOJIBKO B TOM CiIy4ae, €C/IM BBOZI-BHIBOZL <io-type> pa3but Ha
TPYINOBI ¥ AOCTYIIEH PA3JIMYHBIM (DYyHKITASIM.

read|write
YKa3bIBaeT, CUHUTBIBAET JIN (I)YHKLII/IH C OﬁOpy,'E[OBaHI/IH WUJIX 3allUChIBA€T B HErO.

Examples

motenc.0.encoder.read
CuuTHIBaeT BCe SHKOOEpPHl Ha MepBoi IIylaTe motenc.

generic8255.0.din.09-15.read
CuuTHBaeT BTOPOM 8-OUTHHIN MOPT Ha IIEPBOM YHUBEPCAJIBHOM IINIaTe IM(POBOT0 BBOIA-BEIBOIA
Ha 6ase 8255.

ppmc.0.write
3anucheiBaeT BCe BEIXOOHEBEIE NaHHEBIE (11aroBble reHepatopsl, [IIWM, IIAII u mmudpoBEle maHHEBIE)
Ha IepByIo mIaTy ppmc Pico Systems.
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Chapter 3

NNpuMedaHua K Kooy

3.1 LeneBas ayautopus

OTOT MOKYMEHT IIpefCcTaBisieT co00i COOPHUK 3aMeTOK O BHYTpeHHeM ycTpoicTBe LinuxCNC. OH B
IEPBYIO Oouepenb MPECTABIIAET UHTEPEC A/ pa3paboTYMKOB, OJHAKO OO0JIbIlIas YacTh HHOOPMaIUU
37mech MOXKeT OBITh TaKXKe MHTepPeCHa CUCTEMHBIM MHTEeTpaTopaM U OPYTUM, KOMY IIPOCTO UHTEPECHO
y3HaTh, Kak pabotaeT LinuxCNC. Bomnbitas 4acTh 3ToM mHpoOpMalMu yxKe ycTapeiia M HUKOIIa He
ITPOBepPsJIach Ha TOYHOCTD.

3.2 OpraHumsaumna

B mokymeHTanuu OymeT rjIaBa [OJjisd KaXXI0Tro U3 OCHOBHEBEIX KOMIIOHeHTOB LinuxCNC, a Takxke riaBa(bl),
OIMHCHIBAIOIIIME, KaK OHH paboTaloT BMecTe. IDTOT HOKYMEHT B 3HAYUTEJIbHOM CTEIIeHH HaXOOUTCS B
CTaguu pa3paboTKH, U eT0 MaKeT MOXKET U3MEHUTHCS B OyOyILEM.

3.3 TepMuHbI U onpenesieHun

* AXIS - An axis is one of the nine degrees of freedom that define a tool position in three-dimensional
Cartesian space. Those nine axes are referredtoas X, Y, Z, A, B, C, U, V, and W. The linear orthogonal
coordinates X, Y, and Z determine where the tip of the tool is positioned. The angular coordinates
A, B, and C determine the tool orientation. A second set of linear orthogonal coordinates U, YV,
and W allows tool motion (typically for cutting actions) relative to the previously offset and rotated
axes. Unfortunately ”axis” is also sometimes used to mean a degree of freedom of the machine
itself, such as the saddle, table, or quill of a Bridgeport type milling machine. On a Bridgeport this
causes no confusion, since movement of the table directly corresponds to movement along the X
axis. However, the shoulder and elbow joints of a robot arm and the linear actuators of a hexapod
do not correspond to movement along any Cartesian axis, and in general it is important to make
the distinction between the Cartesian axes and the machine degrees of freedom. In this document,
the latter will be called joints, not axes. The GUIs and some other parts of the code may not always
follow this distinction, but the internals of the motion controller do.

e JOINT — CouneHeHHe — 3TO OOHA M3 IMOABUXKHBLIX dYacTel MaliuHbl. CouYleHeHUS OTINYaloTCH
OT OCeM, XOTsI 9TU [Ba TepMHHa MHOTHA (HempaBUIILHO) MCIIONb3YVIOTCS A/sT 0003HAYEHUSI OOHOIO
u Toro x®e. B LinuxCNC couyneHeHHe — 9TO (GU3NUYECKHH OOBLEKT, KOTOPHIM MOXKHO IIepeMeIaTs,

a He KOOpAuHaTa B IIpoCcTpaHCcTBe. HampumMmep, MUHOIb, KOJIEHO, Ceqyio U CToll ¢ppe3epa Bridgeport
MIPeNCTaBISIIOT CO00i cousieHeHus. [11e40, TOKOTh U 3aNsICThe PYKU POOOTa SBISIIOTCS COUJIEHEHUSIMHU,
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KakK M JIMHeWHbIe NPUBOOH rekcamopa. C KaXXObBIM COYJIEHEHMEM CBSI3aH ABUTATENIb MU IIPUBO[
ompemesieHHOTO TuNa. CouleHeHUs He 00513aTEeNbHO COOTBETCTBYIOT OCSIM X, Y ¥ Z, XOTsI AJIsT MAIlluH

C TpI/IBI/IaHBHOfI KUHEeMAaTHUKOM 9TO MOZKET UMEThb MECTO. Jla}Ke Ha 3TUX MAIIIMHAX ITIOJIOZKEHUE COYJIEHEHU A
U IIOJIOZKEeHHNE OCHU — I3TO IIPUMHIUITKMAJIBHO PAa3HEIE€ BEIIN. B sToMm OOKYMEHTE TEPMUWHEI COU/s1IeHeHUe "

OCb UCIIOJIB3YIOTCS OCTOPOKHO, C YU€TOM UX PAa3IUYHBIX 3HaueHu. K coxkaneHuio, 3To He 00513aTEJILHO
Tak Be3me. B wacTtHocTu, IT'MII'BI CTaHKOB C TPUBUAIbHON KMHEMATUKON MOT'YT 3aTyIIEBLHIBAThH WU
IIOJIHOCTHIO CKPBIBATh pPa3jinyne MeXKay COYJIeHeHUsIMU U ocsiMu. KpoMe Toro, B daiine INI ucrmonblyercs
TEPMUH OCb [JId HAHHHIX, KOTOPLIE TOYHee OBIIO OBl OIMMCATh KaK JaHHbIE COUJIEHEHUS, HAallpuMep
MaCI_LITaGI/IpOBaHI/Ie BXOOHBIX M BBIXOOHBIX NAaHHBIX U1 T. 1.

Note

9To pasnuydume 6bio caenaHo B Bepcun 2.8 LinuxCNC. B INI-channe nossBuica HOBbIA pa3nen
[JOINT_<num>]. MHorme napameTpbl, KOTOpPble paHblle OTHOCUAUCL K pa3aeny [AXIS <letter>],
Tenepb HaxoA4ATCA B HOBOM paspgene. [pyrue pasgenbl, Takue kKak [KINS], Takxe npuHumaloT
HOBLIE MapaMeTpbl, COOTBETCTByWLWMe 3TOMy. bbin npepoctasneH ckpunT obHOBNeHMA ANA
npeobpasoBaHuns cTapbix ¢annos INI B HOBYIO KOHbUrypaLnUO 0Cen/CoOYNEHEHNN.

* POSE - A pose is a fully specified position in 3D Cartesian space. In the LinuxCNC motion controller,
when we refer to a pose we mean an EmcPose structure, containing six linear coordinates (X, Y, Z,
U, V, and W) and three angular ones (A, B, and C).

* coord, or coordinated mode, means that all articulations are synchronized and they move together
as directed by the higher-level code. It is the normal mode when machining. In coordinated mode,
commands are assumed to be given in the Cartesian reference frame, and if the machine is not
Cartesian, the commands are translated by the kinematics to drive each joint into the joint space
as needed.

* free means that commands are interpreted in joint space. It is used to manually move (jog) individual
joints, although it does not prevent them from moving multiple joints at once (I think). Homing is
also done in free mode; in fact, machines with non-trivial kinematics must be homed before they
can go into coord or teleop mode.

* teleop is the mode you probably need if you are jogging with a hexapod. The jog commands imple-
mented by the motion controller are joint jogs, which work in free mode. But if you want to move
a hexapod or similar machine along a cartesian axis in particular, you must operate more than one
joint. That’s what teleop is for.

3.4 Architecture overview

There are four components contained in the LinuxCNC Architecture: a motion controller (EMCMOT),
a discrete 10 controller (EMCIO), a task executor which coordinates them (EMCTASK) and several
text-mode and graphical User Interfaces. Each of them will be described in the current document,
both from the design point of view and from the developers point of view (where to find needed data,
how to easily extend/modify things, etc.).
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3.4.1 LinuxCNC software architecture

At the coarsest level, LinuxCNC is a hierarchy of three controllers: the task level command handler
and program interpreter, the motion controller, and the discrete I/O controller. The discrete I/O con-
troller is implemented as a hierarchy of controllers, in this case for spindle, coolant, and auxiliary
(e.g., estop) subsystems. The task controller coordinates the actions of the motion and discrete 1/O
controllers. Their actions are programmed in conventional numerical control "G and M code” pro-
grams, which are interpreted by the task controller into NML messages and sent to the motion.

3.5 Motion Controller Introduction

The motion controller is a realtime component. It receives motion control commands from the non-
realtime parts of LinuxCNC (i.e. the G-code interpreter/Task, GUIs, etc) and executes those commands
within its realtime context. The communication from non-realtime context to realtime context happens
via a message-passing IPC mechanism using shared memory, and via the Hardware Abstraction Layer
(HAL).

The status of the motion controller is made available to the rest of LinuxCNC through the same
message-passing shared memory IPC, and through HAL.

The motion controller interacts with the motor controllers and other realtime and non-realtime hard-
ware using HAL.

OTOT MOKyMEHT IIpPeAIionaraeT, YTO YU TATEIb uMeeT 6a30Boe mpeacTaBienne o HAL, ¥ ucnonb3y0Tcs
TakKue TEPMUHBI, KaK KOHTakKTe HAL, curtansl HAL u T. #., 6e3 ux 06bsicHeHUSA. [OIOTHUTEIBEHYIO
uHpopmanuio o HAL cm. B HAL PykoBopmcTBo . [pyras rjiaBa 9TOT0 JOKYMEHTa B KOHEYHOM HUTOTe
OymeT mocCBsIlleHa BHYTPeHHEMY YCTPOUCTBY camoro HAL, HO B 3TOM rjiaBe MBI UCHOJIE3YEM TOJILKO
HAL API, kak onpenesneno B src/hal/hal.h.

3.5.1 Motion Controller Modules

The realtime functions of the motion controller are implemented with realtime modules — userspace
shared objects for Preempt-RT systems or kernel modules for some kernel-mode realtime implemen-
tations such as RTAI:

* tpmod - trajectory planning

* homemod - homing functions

* motmod - processes NML commands and controls hardware via HAL

* kinematics module - performs forward (joints-->coordinates) and inverse (coordinates->joints) kine-

matics calculations

LinuxCNC is started by a linuxcnc script which reads a configuration INI file and starts all needed
processes. For realtime motion control, the script first loads the default tpmod and homemod modules
and then loads the kinematics and motion modules according to settings in halfiles specified by the
INT file.

Custom (user-built) homing or trajectory-planning modules can be used in place of the default modules
via INI file settings or command line options. Custom modules must implement all functions used by
the default modules. The halcompile utility can be used to create a custom module.
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3.6 Block diagrams and Data Flow

The following figure is a block diagram of a joint controller. There is one joint controller per joint.
The joint controllers work at a lower level than the kinematics, a level where all joints are completely
independent. All the data for a joint is in a single joint structure. Some members of that structure are
visible in the block diagram, such as coarse pos, pos cmd, and motor pos_fb.
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Figure 3.1: Joint Controller Block Diagram

The above figure shows five of the seven sets of position information that form the main data flow
through the motion controller. The seven forms of position data are as follows:

* emcmotStatus->carte_pos _cmd - This is the desired position, in Cartesian coordinates. It is updated
at the traj rate, not the servo rate. In coord mode, it is determined by the traj planner. In teleop
mode, it is determined by the traj planner? In free mode, it is either copied from actualPos, or
generated by applying forward kins to (2) or (3).

* emcmotStatus->joints[n].coarse pos - This is the desired position, in joint coordinates, but before
interpolation. It is updated at the traj rate, not the servo rate. In coord mode, it is generated by
applying inverse kins to (1) In teleop mode, it is generated by applying inverse kins to (1) In free
mode, it is copied from (3), I think.
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* ’emcmotStatus->joints[n].pos cmd - This is the desired position, in joint coords, after interpolation.
A new set of these coords is generated every servo period. In coord mode, it is generated from (2)
by the interpolator. In teleop mode, it is generated from (2) by the interpolator. In free mode, it is
generated by the free mode traj planner.

* emcmotStatus->joints[n].motor pos cmd - This is the desired position, in motor coords. Motor co-
ords are generated by adding backlash compensation, lead screw error compensation, and offset
(for homing) to (3). It is generated the same way regardless of the mode, and is the output to the
PID loop or other position loop.

* emcmotStatus->joints[n].motor pos fb - This is the actual position, in motor coords. It is the input
from encoders or other feedback device (or from virtual encoders on open loop machines). It is
“generated” by reading the feedback device.

* emcmotStatus->joints[n].pos fb - This is the actual position, in joint coordinates. It is generated
by subtracting offset, lead screw error compensation, and backlash compensation from (5). It is
generated the same way regardless of the operating mode.

e emcmotStatus->carte_pos fb - This is the actual position, in Cartesian coordinates. It is updated at
the traj rate, not the servo rate. Ideally, actualPos would always be calculated by applying forward
kinematics to (6). However, forward kinematics may not be available, or they may be unusable
because one or more axes aren’t homed. In that case, the options are: A) fake it by copying (1), or
B) admit that we don’t really know the Cartesian coordinates, and simply don’t update actualPos.
Whatever approach is used, I can see no reason not to do it the same way regardless of the operating
mode. I would propose the following: If there are forward kins, use them, unless they don’t work
because of unhomed axes or other problems, in which case do (B). If no forward kins, do (A), since
otherwise actualPos would never get updated.
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3.7 Homing

3.7.1 Homing state diagram
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3.7.2 Another homing diagram

1f no joints left

a joint had an error
on its way home

all joints in this
sequence reached home

3.8 Commands

The commands are implemented by a large switch statement in the function emcmotCommandHan-
dler(), which is called at the servo rate. More on that function later.

There are approximately 44 commands - this list is still under construction.

Note

The cmd_code_t enumeration, in motion.h, contains 73 commands, but the switch state-
ment in command.c contemplates only 70 commands (as of 6/5/2020). ENABLE_WATCHDOG
/ DISABLE_WATCHDOG commands are in motion-logger.c. @~ Maybe they are obsolete. The
SET TELEOP_VECTOR command only appears in motion-logger.c, with no effect other than its own
log.

3.8.1 ABORT

The ABORT command simply stops all motion. It can be issued at any time, and will always be ac-
cepted. It does not disable the motion controller or change any state information, it simply cancels
any motion that is currently in progress.!

11t seems that the higher level code (TASK and above) also use ABORT to clear faults. Whenever there is a persistent fault
(such as being outside the hardware limit switches), the higher level code sends a constant stream of ABORTs to the motion
controller trying to make the fault go away. Thousands of them.... That means that the motion controller should avoid persistent
faults. This needs to be looked into.
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3.8.1.1 Requirements

None. The command is always accepted and acted on immediately.

3.8.1.2 Results

In free mode, the free mode trajectory planners are disabled. That results in each joint stopping as fast
asits accel (decel) limit allows. The stop is not coordinated. In teleop mode, the commanded Cartesian
velocity is set to zero. I don’t know exactly what kind of stop results (coordinated, uncoordinated, etc),
but will figure it out eventually. In coord mode, the coord mode trajectory planner is told to abort the
current move. Again, I don’t know the exact result of this, but will document it when I figure it out.

3.8.2 FREE

The FREE command puts the motion controller in free mode. Free mode means that each joint is
independent of all the other joints. Cartesian coordinates, poses, and kinematics are ignored when
in free mode. In essence, each joint has its own simple trajectory planner, and each joint completely
ignores the other joints. Some commands (like Joint JOG and HOME) only work in free mode. Other
commands, including anything that deals with Cartesian coordinates, do not work at all in free mode.

3.8.2.1 Requirements

The command handler applies no requirements to the FREE command, it will always be accepted.
However, if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), then the command will
be ignored. This behavior is controlled by code that is now located in the function set operating mode()
in control.c, that code needs to be cleaned up. I believe the command should not be silently ignored,
instead the command handler should determine whether it can be executed and return an error if it
cannot.

3.8.2.2 Results

If the machine is already in free mode, nothing. Otherwise, the machine is placed in free mode. Each
joint’s free mode trajectory planner is initialized to the current location of the joint, but the planners
are not enabled and the joints are stationary.

3.8.3 TELEOP

The TELEOP command places the machine in teleoperating mode. In teleop mode, movement of the
machine is based on Cartesian coordinates using kinematics, rather than on individual joints as in free
mode. However the trajectory planner per se is not used, instead movement is controlled by a velocity
vector. Movement in teleop mode is much like jogging, except that it is done in Cartesian space instead
of joint space. On a machine with trivial kinematics, there is little difference between teleop mode
and free mode, and GUIs for those machines might never even issue this command. However for non-
trivial machines like robots and hexapods, teleop mode is used for most user commanded jog type
movements.
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3.8.3.1 Requirements

The command handler will reject the TELEOP command with an error message if the kinematics
cannot be activated because the one or more joints have not been homed. In addition, if any joint is in
motion (GET MOTION INPOS FLAG() == FALSE), then the command will be ignored (with no error
message). This behavior is controlled by code that is now located in the function set operating mode()
in control.c. I believe the command should not be silently ignored, instead the command handler
should determine whether it can be executed and return an error if it cannot.

3.8.3.2 Results

If the machine is already in teleop mode, nothing. Otherwise the machine is placed in teleop mode.
The kinematics code is activated, interpolators are drained and flushed, and the Cartesian velocity
commands are set to zero.

3.8.4 COORD

The COORD command places the machine in coordinated mode. In coord mode, movement of the
machine is based on Cartesian coordinates using kinematics, rather than on individual joints as in
free mode. In addition, the main trajectory planner is used to generate motion, based on queued
LINE, CIRCLE, and/or PROBE commands. Coord mode is the mode that is used when executing a
G-code program.

3.8.4.1 Requirements

The command handler will reject the COORD command with an error message if the kinematics cannot
be activated because the one or more joints have not been homed. In addition, if any joint is in
motion (GET MOTION INPOS FLAG() == FALSE), then the command will be ignored (with no error
message). This behavior is controlled by code that is now located in the function set operating mode()
in control.c. I believe the command should not be silently ignored, instead the command handler
should determine whether it can be executed and return an error if it cannot.

3.8.4.2 Results
If the machine is already in coord mode, nothing. Otherwise, the machine is placed in coord mode.

The kinematics code is activated, interpolators are drained and flushed, and the trajectory planner
queues are empty. The trajectory planner is active and awaiting a LINE, CIRCLE, or PROBE command.

3.8.5 ENABLE

The ENABLE command enables the motion controller.

3.8.5.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.5.2 Results

If the controller is already enabled, nothing. If not, the controller is enabled. Queues and interpolators
are flushed. Any movement or homing operations are terminated. The amp-enable outputs associated
with active joints are turned on. If forward kinematics are not available, the machine is switched to
free mode.
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3.8.6 DISABLE

The DISABLE command disables the motion controller.

3.8.6.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.6.2 Results

If the controller is already disabled, nothing. If not, the controller is disabled. Queues and inter-
polators are flushed. Any movement or homing operations are terminated. The amp-enable outputs
associated with active joints are turned off. If forward kinematics are not available, the machine is
switched to free mode.

3.8.7 ENABLE_AMPLIFIER

The ENABLE AMPLIFIER command turns on the amp enable output for a single output amplifier,
without changing anything else. Can be used to enable a spindle speed controller.

3.8.7.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.7.2 Results

Currently, nothing. (A call to the old extAmpEnable function is currently commented out.) Eventually
it will set the amp enable HAL pin true.

3.8.8 DISABLE_AMPLIFIER

The DISABLE AMPLIFIER command turns off the amp enable output for a single amplifier, without
changing anything else. Again, useful for spindle speed controllers.

3.8.8.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.8.2 Results

Currently, nothing. (A call to the old extAmpEnable function is currently commented out.) Eventually
it will set the amp enable HAL pin false.

3.8.9 ACTIVATE_JOINT

The ACTIVATE JOINT command turns on all the calculations associated with a single joint, but does
not change the joint’s amp enable output pin.
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3.8.9.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.9.2 Results

Calculations for the specified joint are enabled. The amp enable pin is not changed, however, any
subsequent ENABLE or DISABLE commands will modify the joint’s amp enable pin.

3.8.10 DEACTIVATE_JOINT

The DEACTIVATE JOINT command turns off all the calculations associated with a single joint, but
does not change the joint’s amp enable output pin.

3.8.10.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.10.2 Results

Calculations for the specified joint are enabled. The amp enable pin is not changed, and subsequent
ENABLE or DISABLE commands will not modify the joint’s amp enable pin.

3.8.11 ENABLE_WATCHDOG

The ENABLE WATCHDOG command enables a hardware based watchdog (if present).

3.8.11.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.11.2 Results

Currently nothing. The old watchdog was a strange thing that used a specific sound card. A new
watchdog interface may be designed in the future.

3.8.12 DISABLE_WATCHDOG

Komanpga DISABLE WATCHDOG oTkiIoo4YaeT anmnapaTHBEN CTOPOXKEBOU TaliMep (eCliu OH eCTh).

3.8.12.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.12.2 Results

Currently nothing. The old watchdog was a strange thing that used a specific sound card. A new
watchdog interface may be designed in the future.
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3.8.13 PAUSE

Komanpa PAUSE ocTaHaBNWBaET INIAHUPOBIIUK TPpaekTopuu. OHA HE IENCTBYET B CBOOOTHOM PERUME
WM peXUuMe TeJjieonepanuu. Ha maHHBIM MOMEHT s He 3HAl0, OCTAHABJIMBAET JIU OH BCE OBUKEHUS
HeMe[JIeHHO WIK 3aBepIlaeT TeKyllee OBUXKeHUe, a 3aTeM AejlaeT IIay3y, IIpeXye 4YeM BBITAIUThb
Opyroe OBUXKEHUE U3 OYepenu.

3.8.13.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.13.2 Results

HJ'IaHI/IPOBH.II/IK TPAE€KTOPUHN OCTAaHABJIIMBAETCHA.

3.8.14 RESUME

Komanma RESUME nepesanyckaeT IIJIAHUPOBIIIUK TPAEKTOPUHU, €CJIM OH OBLJI HpuocTaHoOBNIeH. OHa He
OeNCTBYeT B CBOOOIHOM MJIM TEJIEOTIEPATUBHOM PEXMMe, a TaKXKe €CJIM IIJIAHUPOBIIUK HE IOCTaBJIEH
Ha rnaysy.

3.8.14.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.14.2 Results

IT1aHMPOBIIMK TPAeKTOPUU BO300OHOBIISAET PaboTy.

3.8.15 STEP

Komanpa STEP nepe3anyckaeT IUTaHUPOBIIUK TPAEKTOPUY, €CIIU OH OBINI ITPUOCTAHOBJIEH, ¥ YKa3bIBAET
MJIaHWPOBIIUKY CHOBa OCTAHOBUTHCS, KOTHa OH OOCTUTAET olnpeneneHHON Touku. OH He [IelCTBYET B
CBOOOOHOM pexXMMe WU pPexXuMe Tejeonepanuu. Ha gaHHBIE MOMEHT S TOYHO He 3HAalo, KaK 3TO
pabotaer. 4 moGaBmiio cloma OOIONHUTENBHYIO MHOKYMEHTAIWI0, Korha YriIyOJIioCh B TIJIAHUPOBIIUK
TPAaeKTOPUHU.

3.8.15.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.15.2 Results

[TTaHUPOBIIUK TPAEKTOPUHU BO30OHOBIsAET PaboOTy, a 3aTe€M IIPUOCTAHABIMBAETCS, KOTHa OOCTUTAET
ompeaeeHHON TOYKH.




PykoBomctBo pa3paborumka V2.10.0-pre0-5003-g36a693b5f6 21/81

3.8.16 SCALE

Komanma SCALE macmTabupyeT BCe OrpPaHMYEHHUS CKOPOCTH M KOMAaH[IBl Ha YKa3aHHYI0 BEITHYUHY.
OHa KCIIONIb3YyeTCS OJIS Peau3alluy IepeopeaeIeHus CKOPOCTH ITOaYy U APYTUX IMOT0OHBIX (DYHKITHH.
MacmrabupoBanue paboTaeT B CBOOOOHOM, TeJeOePaTUBHOM M KOOPOUHATHOM pEeXMMaXxX W BIUSET
Ha BCe, BKJII0Yasi CKOPOCTh MO3UITMOHUPOBAHUS B UCXOOHYIO TO3UIKIO U T. 0. OOHAKO OTrpaHUYEHUS
CKOPOCTH OTHEJIbHBIX COYJIEHEHWHN He 3aTParuBalOTCH.

3.8.16.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.16.2 Results

Bce KoMaHOBI CKOPOCTH MacCIITaOUPYIOTCS YKa3aHHON KOHCTAHTOM.

3.8.17 OVERRIDE_LIMITS

Komanpma OVERRIDE LIMITS mpeporBpamiaeT cpabaTHBaHHUE IIPENEIOB A0 OKOHYAHUS CIedyIoIiein
kKoMaHabl JOG. OOBIYHO OHA HCIIOIB3YETCS OJIsI TOT0, YTOOBI CTAHOK MOT OBITH OTBEOEH C KOHIIEBOTO
BBIKJTIOYaTE s mocie cpabaTriBanus. (Ha caMom mesie 3Ty KOMaHIy MOZKHO MCIIOIb30BaTh [IJIsI I€PEOIIPEIeTIe
OTPaHUYEHUN WU OJI51 OTMEHHI IIPEABbIOYIIEro IepeonpeneneHns.)

3.8.17.1 Requirements

Hukakux. KomaHma MoxkeT OBITh IOgaHa B J1i000e BpeMs u Bcerga Oymet mpuHsita. (4 gymaio, 9YTO 3TO
OOJIZKHO paboTaTh TOJIBKO B CBOOOOHOM pexKUMe.)

3.8.17.2 Results

OrpaHuyeHus OJisd BCEX COYJIEHEHUU MIEPEONPENENIIOTCSI OO OKOHYaHuA cilenymolner KkoMmaHOel JOG.
(B HacTosIEE BPpEMS 9TO HEe paboTaeT... Kak TOJIbKO nonydyeHa komauga OVERRIDE LIMITS, npepnest
WTHOPUPYIOTCS OO0 TeX Iop, Ioka apyras komanga OVERRIDE LIMITS He akTuBHpPyeT UX CHOBA.)

3.8.18 HOME

Komaumga HOME mHUIIMHUPYET MOCIENOBaTEIbHOCTL BO3BpaTa B MCXOOHOE IIOJIOXKEHUS YKa3aHHOTO
cousnieHeHus. ®akTUuecKas IOCJIeIOBATEJILHOCTL BO3BpaTa OIpefesieTCs PSIoM IapaMeTPOB KOHGUTypally
U MOXKEeT BapbUPOBAaThHCS OT IPOCTOU YCTAHOBKY TEKYIIET 0 II0JI0XKEHU I Ha HOJIb O MHOTOCTYIIEHYaTOT 0
IIOMCKa KOHIIEBOT0 BEIKJIIOUATENISI UCXOOHOM ITO3UIIUY U NHOEKCHOI'0 UMITYJIbCa C IIOCIIeNYOIIUM lIepeMeIleH]
B IIPOU3BOJILHOE UCXOOHOE IOJIoKeHUe. [1719 IONy4YeHns DOIOTHUTENILHOM NHMDOPMAITUH O II0CIeN0BaTEIIbHO!
BO3BpaTa CM. pa3fesl BO3BPAaT B UCXOOHYIO [TO3ULINI0 B PyKOBOACTBE CHCTEMHOI'0 pa3paboTyrKa.

3.8.18.1 Requirements

KomaHnpa 6ymeT Momda UTHOPUPOBATHCS, €CIIM CTAHOK HE HaXOOUTCS B CBOOOTHOM pexuMe.
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3.8.18.2 Results

JIro6as MeaIeHHAas mogada uitu Opyroe nBrU2xKeHHe COYJIEHEeHUd IIPEePhIBA€TCA, U HAYUMHAETCA I10CJIe10BaTeIlb
BO3BpPATa B NCXOOHOE II0JI0O2KEHHUE.

3.8.19 JOG_CONT

The JOG_CONT command initiates a continuous jog on a single joint. A continuous jog is generated
by setting the free mode trajectory planner’s target position to a point beyond the end of the joint’s
range of travel. This ensures that the planner will move constantly until it is stopped by either the
joint limits or an ABORT command. Normally, a GUI sends a JOG CONT command when the user
presses a jog button, and ABORT when the button is released.

3.8.19.1 Requirements

The command handler will reject the JOG_CONT command with an error message if machine is not in
free mode, or if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not
enabled. It will also silently ignore the command if the joint is already at or beyond its limit and the
commanded jog would make it worse.

3.8.19.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, with
a target position beyond the end of joint travel, and a velocity limit of emcmotCommand->vel. This
starts the joint moving, and the move will continue until stopped by an ABORT command or by hitting
a limit. The free mode planner accelerates at the joint accel limit at the beginning of the move, and
will decelerate at the joint accel limit when it stops.

3.8.20 JOG_INCR

The JOG_INCR command initiates an incremental jog on a single joint. Incremental jogs are cumula-
tive, in other words, issuing two JOG INCR commands that each ask for 0.100 inches of movement
will result in 0.200 inches of travel, even if the second command is issued before the first one finishes.
Normally incremental jogs stop when they have traveled the desired distance, however they also stop
when they hit a limit, or on an ABORT command.

3.8.20.1 Requirements

The command handler will silently reject the JOG INCR command if machine is not in free mode, or
if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not enabled. It will
also silently ignore the command if the joint is already at or beyond its limit and the commanded jog
would make it worse.

3.8.20.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, the
target position is incremented/decremented by emcmotCommand->offset, and the velocity limit is set
to emcmotCommand->vel. The free mode trajectory planner will generate a smooth trapezoidal move
from the present position to the target position. The planner can correctly handle changes in the
target position that happen while the move is in progress, so multiple JOG INCR commands can be
issued in quick succession. The free mode planner accelerates at the joint accel limit at the beginning
of the move, and will decelerate at the joint accel limit to stop at the target position.
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3.8.21 JOG_ABS

The JOG_ABS command initiates an absolute jog on a single joint. An absolute jog is a simple move
to a specific location, in joint coordinates. Normally absolute jogs stop when they reach the desired
location, however they also stop when they hit a limit, or on an ABORT command.

3.8.21.1 Requirements

The command handler will silently reject the JOG_ABS command if machine is not in free mode, or if
any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not enabled. It will
also silently ignore the command if the joint is already at or beyond its limit and the commanded jog
would make it worse.

3.8.21.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, the
target position is set to emcmotCommand->offset, and the velocity limit is set to emcmotCommand-
>vel. The free mode trajectory planner will generate a smooth trapezoidal move from the present
position to the target position. The planner can correctly handle changes in the target position that
happen while the move is in progress. If multiple JOG _ABS commands are issued in quick succession,
each new command changes the target position and the machine goes to the final commanded position.
The free mode planner accelerates at the joint accel limit at the beginning of the move, and will
decelerate at the joint accel limit to stop at the target position.

3.8.22 SET _LINE

The SET LINE command adds a straight line to the trajectory planner queue.

(More later)

3.8.23 SET CIRCLE

Komanma SET CIRCLE po6aBnsieT KpyroBoe ABUXKEHUE B 0O4epelb IJIaHUPOBIINKA TPAeKTOPUU.
(More later)

3.8.24 SET_TELEOP_VECTOR

Komanpga SET TELEOP VECTOR yka3rlBaeT KOHTPOJIJIEPY OBUKEHUS OBUTATHCSA II10 ONIPEIEeIeHHOMY
BEKTODY B 1eKapTOBOM IIPOCTPAHCTBE.

(More later)

3.8.25 PROBE

Komanpga PROBE yka3biBaeT KOHTPOJUIEPY ABUKEHHUS OBUTaThCS B HallpaBJIeHUU OIIpefeJIeHHOU TOUKHU
B JEKapTOBOM IIPOCTPAHCTBE, OCTAHABIMWBAsA ¥ 3aMKUCHIBAs €r0 MOJIOXKEHUe, ecjiu cpabaTeIBaeT BXO[
maT4yuKa.

(More later)
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3.8.26 CLEAR_PROBE_FLAG

Komanma CLEAR PROBE FLAG ucnomnb3dyeTcd Ojs cOpoca Bxola faTulKa IIpU IOATOTOBKE K KOMaHe
PROBE. (Bompoc: mouemy komanna PROBE He momkHa aBTOMaTU49eCKu cOpachiBaTh BBOA?)

(More later)

3.8.27 SET xix

CymiecTtByeT npuMepHO 15 koMaHf SET xxX, rfie XXX — 3TO UM HEKOTOPOI'O ITapaMeTpa KOHUrypaluu.
OzxupaeTcs, 4yTo OyOeT elle HeCKOIbKO KoMaHa SET mo mepe mo6aBJieHUS HOIOTHUTETbHEBIX TapaMeTPOB.

A xoTen 611 HaliTH 60Jiee aKKypaTHHIN C10CO0 YCTaHOBKU U YTEHUS TapaMeTpPoB KoHpurypauuu. CyuiecTByIO
MeTOnbl TpeOyIoT nobaBIeHNsI MHOXKECTBa CTPOK Kofla B HECKOJILKO ¢aiiyioB IIpU KaxkaoM nobaBieHuun
nmapameTpa. bombias 4acTh 3TOr0 KOfa UAEeHTUYHA UJIU IIOYTH UAeHTUYHA OJI KaXKAoro IlapaMeTpa.

3.9 KomneHcauusa nwodTa ¥ NOrpeiHoCTU BUHTOB

+ FIXME blleilbllobllbllellbi 'I'Ib”b"eb"b"Hb"b"Cb"b"ab”b"Ll,b"b”VIb"b"ﬂb” bl >
Inbllblllob!lblld)bllblITbIIbIIabIl blIMbll brlnbllbllobllbllrbllbllpbllbllebllbllmbllbl —
lellbrlobrlbllcbllblrTbrlbI!Mbl! bllellbl!Mbl!bllelrbrITbIlblIObllbllell

3.10 KoHTponnep 3apay (EMCTASK)

3.10.1 CocTosiHMe

3aaya UMeeT TPU BO3MOKHEIX BHYTPEHHUX COCTOSIHUS: ABapHHHAasi OCTAaHOBKA, COPOC aBapHHHOH

oCcTaHOBKH 1 CTaHOK BK/IIIOYEH.
C Bt > e
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3.11 KoHTponep BBopa/sbiBopga (EMCIO)

The I/O Controller is part of TASK. It interacts with external I/O using HAL pins.

B macrosimmee BpeMmss ESTOP/Enable, COXK u cmeHa mHCTpyMeHTa obOpabaTheiBaroTcst iocontrol. 3To
OTHOCUTEIbHO HU3KOCKOPOCTHEIE COOBITHS, BEICOKOCKOPOCTHOM CKOOPAUHUPOBAHHBIN BBOA-BLIBOM 00pabaTh!
B OBUXKEHUMU.

emctaskmain.cc sends I/O commands via taskclass.cc.

IIPOLIeCC OCHOBHOTO IMKJIa iocontrol:

* IIPOBEPSET, YTOOBI YBUOETH, YTO BXOAHBIE HaHHbIe HAL M3MeHUINUCH

* IpoBepseT, yka3eiBaeT 1u read tool inputs(), 4To cMeHa MHCTpyMeHTa 3aBepllleHa, U yCTaHaBINBaeT
emcioStatus.status

3.12 WHTepdencol nonb3soBatens

bl IVIbI rbl lel lbr ITb! Ibl Iebl Ibl Ipbl Ibl l¢bl rbr Iebl lbl ll‘l‘lb! Ibl chl Ibl !blblr bl Inbl lbl robl Ibl >
lnbl lbl Ibbl Ibl I3bl Ibl Iobi Ibl IBbI Ibl Iabl lbl ITbl Ibl Iebl Ibl Inbl Ibl ’ﬂb"

3.13 libnml Introduction

libnml is derived from the NIST rcslib without all the multi-platform support. Many of the wrappers
around platform specific code has been removed along with much of the code that is not required
by LinuxCNC. It is hoped that sufficient compatibility remains with rcslib so that applications can be
implemented on non-Linux platforms and still be able to communicate with LinuxCNC.

This chapter is not intended to be a definitive guide to using libnml (or rcslib), instead, it will eventually
provide an overview of each C++ class and their member functions. Initially, most of these notes will
be random comments added as the code scrutinized and modified.

3.14 LinkedList

Base class to maintain a linked list. This is one of the core building blocks used in passing NML
messages and assorted internal data structures.

3.15 LinkedListNode

Base class for producing a linked list - Purpose, to hold pointers to the previous and next nodes, pointer
to the data, and the size of the data.

No memory for data storage is allocated.

3.16 SharedMemory

Provides a block of shared memory along with a semaphore (inherited from the Semaphore class). Cre-
ation and destruction of the semaphore is handled by the SharedMemory constructor and destructor.
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3.17 ShmBuffer

Class for passing NML messages between local processes using a shared memory buffer. Much of
internal workings are inherited from the CMS class.

3.18 Timer

The Timer class provides a periodic timer limited only by the resolution of the system clock. If, for
example, a process needs to be run every 5 seconds regardless of the time taken to run the process,
the following code snippet demonstrates how :

main()
{
timer = new Timer(5.0); /* Initialize a timer with a 5 second loop */
while(0) {
/* Do some process */
timer.wait(); /* Wait till the next 5 second interval */
}

delete timer;

3.19 Semaphore

Knacc Semaphore mpepocTaBisieT MeTOH B3aMMHBIX MCKITIOUEHWUH IJIsT AOCTyNa K 00IeMy pecypcy.
OyHKUIMS 01151 ToTy4YeHus ceMadopa MoxeT 1u60 6JI0KMPOBATHCS [0 TEX IIOP, IT0KA OTCYTCTBYET OOCTYII,
BO3BpAaIIaThCS IIOCIIe TalM-ayTa, In00 HeMeOJIEHHO BO3BpamaThcs ¢ unu 0e3 nonydeHus: cemadopa.
KoHCTpyKTOp co3macT cemadop UK MPHUCOEMUHUTCS K CYIIECTBYIOIIEMY, eClTu UIeHTU(UKATOP yKe
HCIIOJTE3yEeTCH.

Semaphore::destroy() momkeH BBI3LIBATHLCS TOJIBKO IIOCJIETHUM IIPOIIECCOM.

3.20 CMS

B ocHoge libnml nexut knacc CMS, oH comepzKuUT OONBIIMHCTBO GYHKIIMN, UCTOJIL3yeMbIx libnml

u no 6ombmioMy cuetry NML. MHorve u3 BHYTPEeHHUX (QYHKIIUM NTeperpyXkeHbl, 4TOOB 00eCIeuuTh
OIpefieIeHHEIE allllapaTHO-3aBUCUMEBIE METOALI IEPENaYy JAHHBIX. B KOHEYHOM CYeTe, BCE BpalaeTcs
BOKPYT IIEHTPaJIbHOro 0JI0Ka MaMATH (Ha3siBaeMoT0 «0yhepoM COOBIIeHUH» UITH IIPOCTO «Oydhepom»).

AtoT 6ydhep MOXKET CyIIECTBOBATh KaK OJIOK 00IIIel TaMsaTH, K KOTOPOMY 00paIaroTCs PYTUE TPOLECCH
CMS/NML, unu Kak JT0KaJIbHBIN U YaCTHEIM Oydep o1 JaHHBIX, IepelaBaeMbIX [0 CETH UJIU IOCJIef0BaTEIbH
unrepdericam.

Bydep BraenseTcs QUHaAMHUYECKHU BO BPEMS BHIITOJTHEHUSI, YTOOBI 00€CIIeYUTD OOJIBIITYI0 THOKOCTH ITOACUCTEM
CMS/NML. Pazmep Oydepa moimKeH OBITh HOCTATOYHO OOJBIIUM, YTOOBI BMECTUTH CaMoOe OO0JIbIIIoe
coobiienne, HeOOIbIIION 00 bEeM AJIsT BHYTPEHHET 0 UCII0JTh30BaHUSI U ITO3BOJISITh KOOUPOBATh COOOIIIEHUE,
ecniu BHIOpaH 9TOT mapaMeTp (3aKOOUPOBaHHBIE MaHHbIE OyAyT pacCMOTpPEeHH mo3xke). Ha cnemyroriem
PUCYHKe TI0Ka3aH BHYTPEHHUH Bup Oy(HepHOro MpoCTPaHCTBa.
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Buffer Name [32 char]

CMS Header {
Read,
Message ID
Message Size

}

Data Space

CMS 6ydep baszossrii kjtacc CMS B mepByio o4uepenb OTBeYaeT 3a CO3TaHNe KaHaJIOB CBSI3W U B3aUMOIEHCTBI
C OmIepalMoOHHON CUCTEMOM.

3.21 dopmMmaT panna KoHdpurypauum

Koudurypauus NML cocTtouT u3 gByx TUIOB popMaToB CTpPoK. OpuH nnsg 6ydepoB, a BTOpoOM Oid
IIPOIIECCOB, KOTOPHIE MOOKTIOYAIOTCS K Oydepam.

3.21.1 bydepHas nMHusA
Hcxonmueit hpopmat cTpoku Oydepa NIST:

* B name type host size neut RPC# buffer# max_procs key [type specific configs]
* B - uneHTUGUIIUPYET 3Ty CTPOKY KakK KoHpuryparuio 6ydepa.

* name - 3T0 ugeHTUGUKaTOpP Oydepa.
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* type — onuckiBaeT tun 6ypepa — SHMEM, LOCMEM, FILEMEM, PHANTOM unu GLOBMEM.
* «xocT» — 3T0 nubo IP-agpec, nu6o uMs xocTta O cepBepa NML
* size - pa3Mep O6ydepa

* neut - JOrMYeCcKoe 3HAYEeHHe, yKa3hBaloIlllee, 3aKOOWPOBAaHBI M HAaHHLBIE B Oydepe B MaIIHMHHO-
He3aBUCHUMOM (opMaTe WIH OHU B HeoOpabOoTaHHOM BHUIE.

¢ «RPC#» — ycTapeno — 3aIOoIHUTENIb COXPaHeH TONMbKO OJIsT 00paTHOM COBMECTHUMOCTH.

 buffer# — yHUKaIbHBIM UTeHTUGOUKAIMOHHEIA HOMED, UCIIONIL3YEeMEBIH, €CITH CepPBep YIIPaBIIAeT HECKOILKY
6ydepammu.

® max _procs - MakKCHMaJIbHO€ KOJIMYEeCTBO IIPOLIECCOB, KOTOPBIM Pa3PeEIlIeHO IIOOKIIYAThCA K 3TOMY
Oydepy.

e key - ynucsoBoi umeHTUGUKATOP O Oydepa oOIIel maMsaTu

3.21.2 TunusupoBaHHble KOH(pUrypauum

Tun 6ydepa nogpazyMeBaeT AOIOTHUTEIIFHEIE TapaMeTPhl KOHQUTYPaIlUH, B TO BpeMs Kak ollepaiiuoHHas
CHCTeMa X0CTa UCKJITIOYaeT OnpeeieHHbIe KoMOUHanuu. [1pu momsITKe mpeodpa3oBaTh ONyGIMKOBaHHYIO
OOKyMEHTAIIHNIO B COTJIaCOBaHHBIM (hopMaT OymeT pacCMOTPEH ToJbKO Tull 6ydepa SHMEM.

* mutex=0s_sem - default mode for providing semaphore locking of the buffer memory.
* mutex=none - Not used

* mutex=no_interrupts - not applicable on a Linux system

* mutex=no _switching - not applicable on a Linux system

* mutex=mao split - Splits the buffer in to half (or more) and allows one process to access part of the
buffer whilst a second process is writing to another part.

e TCP=(port number) - Specifies which network port to use.
e UDP=(port number) - ditto

e STCP=(port number) - ditto

e serialPortDevName=(serial port) - Undocumented.

* passwd=file name.pwd - Adds a layer of security to the buffer by requiring each process to provide
a password.

* bsem - NIST documentation implies a key for a blocking semaphore, and if bsem=-1, blocking reads
are prevented.

* queue - Enables queued message passing.

* ascii - Encode messages in a plain text format

» disp - Encode messages in a format suitable for display (??7?)

* xdr - Encode messages in External Data Representation. (see rpc/xdr.h for details).

* diag - Enables diagnostics stored in the buffer (timings and byte counts ?)
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3.21.3 Process line

The original NIST format of the process line is:

P name buffer type host ops server timeout master c_num [type specific configs]

* P - identifies this line as a Process configuration.

e name - is the identifier of the process.

* buffer - is one of the buffers defined elsewhere in the config file.

* type - ompenenser, ABIISETCS JIU 3TOT IIPOLECC JIOKAJIbHEIM HUJTH yYOAJIeHHBIM 110 OTHOIIEHUIO K Oydepy.
* host - yKka3pIBaeT, rje B CeTH 3allylleH 3TOT IIPOIecC.

* Ops - gaetr npoueccy I[OCTyrI TOJIBKO OJIsd YTeHUsd, TOJIBKO OJIsI 3alluCU UJIU OJId ‘{TeHI/IH/SaHI/ICI/I K
Oydepy.

e server - yKa3hIBaeT, OyIeT JIU 9TOT IPOIIeCC 3alyCcKaTh CepBep I aToro 6ydepa.
* timeout - ycTaHaBIMBaeT XapaKTEPUCTUKYU TalMayTa [AJis JocTyna K 6ydepy.
* master - yKa3beIBaeT, OTBEYAET JIM 9TOT IIPOLIECC 3a CO3MaHUe U YHUUTOXKeHue Oydepa.

* C num - 11eJioe YUCJIO OT HyId Ao (max procs -1)

3.21.4 KoMMeHTapum K KOHdurypauumm

HexkoToptie n3 KoOMOUHAIMME KOHPUTYPAIIUU HeAeHCTBUTEIILHEL, B TO BPEMSI KaK OPYTHue MOAPa3yMeBaoT
onpenenerHele orpanndeHus. B cucreme Linux GLOBMEM ycrapen, B To Bpemsa kak PHANTOM
OEeUCTBUTENIBHO II0JIe3€H TOJILKO Ha 3Talle TeCTUPOBaHUS Npuioxkenusd, Kak u g FILEMEM. LOCMEM
MaJIOIIPUTOOEH OJIsI MHOTOIIPOIIECCOPHOT0 IPUJIOKEHUS U ITpeajiaraeT JINIIb OTpaHUYeHHbIe IPeUMyIlecTBa
B IIPOM3BOOUTENBHOCTH 110 cpaBHeHHIO ¢ SHMEM. OT10 octaBnser SHMEM eguHCTBEHHBEIM THUIIOM
6ydepa mns ncnonb3oBanus ¢ LinuxCNC.

I[NapaMeTp neut UCTIIOIB3yETCHA TOJIBKO B MHOT OIIPOIIECCOPHOM CHCTEME, THE Pa3HEIE (M HECOBMECTHUMEIE)
APXUTEKTYPBI COBMECTHO HUCIIOJIB3YIOT OJIOK IIAMSTH. BepOHTHOCTb YBUOETE CUCTEMY TAKOI'O THIIA 3a
mpejenaMyu My3esi UM UCCIIeJOBAaTENIbCKOT0 YUPEeXOeHUsI HeBelluKa U UMeeT OTHOLIEeHUE TOJIBKO K
oydepam GLOBMEM.

Homep RPC 3amoKyMeHTUPOBAH KaK yCTAPEBIITHUHN B COXPaHSIETCS TOIBKO 110 COOOPazkeHUSIM COBMECTHUMOCTH.

C yHuUKanbHHIM MMeHeM Oydepa Halmyue YHCJIOBOT0 MAEeHTHU(HUKATOpPa KaxXKeTcsl 6eCCMBICIIEHHBIM.
Heo6xomuMo npocMOTPETh KO, YTOOHI OIIPeneIuTh JIOTUKY. TOYHO Tak XKe KJII0UeBOe I10Jie Ha IePBLIN
B3rJIsI KaXeTCs N30BITOYHLIM M MOXKeT OBITh ITOTy4eHo u3 uMeHu Oydepa.

Llenb orpaHuYeHUsT KOMTUYECTBA IIPOIECCOB, KOTOPHIM Pa3pelIeHo0 IMOOKIIYaThCA K TI000MYy OQHOMY
Oydepy, HesICHa U3 CYIEeCTBYIOIIEH JOKyMEHTAIM ¥ OPUTHHANILHOTO MCXOMHOT0 Koma. Pa3pemuTs
HeolpeneleHHBM MHOXKECTBEHHBIM IIPOIleccaM MOOKITIYaThCS K O0ydepy peann30BaTh HE CIIOXKHEE.

THUITBI MBIOTEKCOB CBOISITCS K OMHOMY M3 OBYX: IO YMOJTYQHUIO «0S_Sem» Uiu «mao split». BonpmmaCcTBO
coobimiennit NML OTHOCHUTENILHO KOPOTKHE M MOTYT OBITH CKOIHPOBaHHI B Oydep unu us Gydepa c
MUHUMAJILHBIMH 3a[IePKKaMu, I03TOMY pa3fellbHOe YTeHne He 0013aTeIbHO.

KopupoBaHue gaHHEIX UMeeT 3HaYeHUe TOJIBKO IIPU Iepefade yaoajleHHOMY IIpoleccy. Mconb30BaHue
TCP unu UDP nmogpasymMmeBaeT KogupoBaHue XDR. B To BpeMs kKak KogupoBaHue ASCII MOXeT UMeTh
HEKOTOpOe IIPUMEHEeHUe B JUarHOCTUKe UIIU [OJIs llepefadyy JaHHEBEIX BO BCTPOEHHYIO CUCTEMY, KOTOpas
He peanu3yeT NML.

ITpotokonsl UDP mMeroT MeHbIIIe TPOBEPOK AaHHHBIX U IT03BOJISIOT OTOPAChIBaTh IIPOIeHT nakeToB. TCP
Ooyee HafexkeH, HO HEMHOI'O Me[lJIeHHee.
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Ecnu LinuxCNC gomnzkeH OBITE IIOJKJII0YEH K CeTH, MOXKHO HagesIThCsI, YTO OHA JIOKaJIbHaA U HAaXOOUTCS

3a OpangMayapoM. EquHCTBeHHAs MpUYMHa pa3pemuThb AocTyn K LinuxCNC yepe3 MHTepHET — ymaneHHast
OUATHOCTHUKA. ITOT0 MOXKHO JOOUTHCS ropa3mo 6onee 6€30MacHO, UCIIOJIB3YS APYTHe CPeACcTBa, HAIIPuUMeED,
BeO-uHTEpdeiic.

TouHOe IToBemeHMe, KOT'Ia BpeMs OKMUAaHNUS YCTaHOBIE€HO PaBHBIM HYJIIO UJIU OTPULIQTEIbHOMY 3HAaUYEHUIO,
HescHO u3 mokymMeHTOB NIST. Ynomunuarorcsa tonbko INF u monoxurtenbHble 3HaueHUs. OnHAaKO,
nmorpeGeHHBIN B UCXOOHOM Kofe rcslib, o4eBumHO, YTO IPUMEHUMO Cledyollee:

timeout > 0 BiokupoBKa [OCTyIla [0 TEX MOP, IToKa He OyAeT MOCTUTHYT MHTEPBaJ TaliM-ayTa WU
MMOSIBUTCST OOCTYH K Oydepy.

timeout = 0 [Moctyn K 6ydepy BO3MOXKEH TOJIBKO B TOM CiIy4ae, €CJIM HUKAKOU APYro¥d mpolecc He
YHWTAET U He IUIIET B 3TO BPEMS.

timeout < 0 mwym INF [TocTymn 3a6GI0KMpPOBaH OO TeX IIOp, Ioka Oydep He OymeT JMOCTYIEeH.

3.22 ©0a3o0BbIn Knacc NML

PackpoiiTe ciucku U B3auMOCBs3b Mexxny NML, NMLmsg u knaccaMmu cms 00jiee HU3KOIO YPOBHSI.
He nytate ¢ NMLmsg, RCS STAT MSG unu RCS CMD MSG.

NML oTBeyaeT 3a CHUHTaKCUYECKUYM aHanu3 ¢aiiyia KoHGUTypaluu, HaCTPOMKy O6ydepoB cms U ABISIETCS
MeXaHHU3MOM MaplIpyTu3aliui cCo00IeHN B IpaBuibHE(e) 6ydep(r1). Ins sToro NML co3maeT HECKOJILKO
CIIHMCKOB [IJIS:

¢ Oydepsl cms, CO3TaHHbIE UITH MOOK/IIOYEHHBIE K HUM.
* IIPOIIECCH U 6ydepr, K KOTOPHIM OHU HOOKITIOYAIOTCS

* OJIMHHBIM CIIMCOK QYHKIIUH dopMaTa OIS KaXXgoro THUIIa COOOIIeHU s

OTOT IOCNIeOHUN IIYHKT, BEPOSITHO, SIBISIETCS OCHOBHOM IPUYMHOM HecooTBeTCTBUS libnml/rcslib u
NML B nenom. Kaxpoe coobienue, nepemaBaemoe yepe3s NML, TpebGyeT npucoequHEHUS OIIPeieIeHHOT O
o0bema nHGpOPMALIMU B AOTIOTHEHNE K (PaKTUUECKUM OJaHHBIM. [IJ151 3TOT0 ITOCJIef0BaTEIbHO BHI3EIBAIOTCS
HECKOJIbKO GYHKINN HopMaTUPOBaHUS i COOPKY pparMeHTOB 00111ero coobiienuss. dyukuuu popmaTa
oynoyTt Bkmiodatek NML TYPE, MSG TYPE B gomojHeHUe K OaHHBIM, OOBSIBJIEHHBIM B ITPOU3BOOHBIX
knaccax NMLmsg. HM3meHeHUsa B IOpPSAKE, B KOTOPOM BBI3EIBAIOTCHA (PYHKIINU HOpMaTUPOBAHULI, a
TakzKe IlepefaBaeMble IepeMeHHBIe, HapyllaT COBMECTUMOCTE C rcslib, ecnu ¢ HuMm 4TO-TO He Tak.
Cy11ecTBYIOT IPUYMHEL IJI IIOOAEePKaHU A COBMECTUMOCTH C rcslib 1 BecKue NpuYuHEI OJ1 BMEIIaTeIbCTBa
B Kofi. Bomrpoc B TOM, Kako¥ HaOOp IIPUYUH IPEeBaIupyeT?

3.22.1 BHyTpeHHee ycTpoucTtso NML

3.22.1.1 KoHcTpyKkTOp NML

NML::NML() ananusupyeT (ain KoHGUrypauuu 1 COXpaHseT ero B CBI3aHHOM CHUCKe OJIsA Iepegaydyu

B KOHCTPYKTOPHI CMS B BHOE OTHENbHHIX CTPOK. OYHKIUS KOHCTPyKTopa NML cOCTOMT B BBEI30OBE
COOTBETCTBYIOIIET0 KOHCTPYKTOPA CMS [Jjis Kaxkmoro 0ydepa 1 BeeHNH CITMCKa 00 bEKTOB CMS U ITPOIIECCOB,
CBSI3@HHHIX C KaXXOHIM OydepoM.

HMIMEHHO C TOMOIIBIO YKa3aTeHefI, XPaHALINXCA B CIIMCKAX, NML MoxkeT B3aMOIeMCTBOBATL C CMS, U
II03TOMY Doxygen He MOXKeT II0OKa3aTh PeaJIbHbIe OTHOIIIEHM .
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Note
KoH(Ur xpaHUTCA B NaMATU 00 rnepefadvyn ykasaTens Ha KOHKPETHYIO CTPOKY KOHCTPYKTOpY CmMS.
3aTeM KOHCTPYKTOP CMS CHOBa aHaNM3npyeT CTPOKY, 4TOobbl n3BNeYb napy rnepemMeHHsbIX... bbino 6bl
pa3ymMHee BbINosIHUTL BECb aHanns3 n coxpaHuTb NepeMeHHbIe B CTPYKTYpe, KoTopas nepepaeTcs
KOHCTPYKTOPY CMS. 3TO yCTpaHUT 06paboTKy CTPOK U YMEHbLUUT KonyecTso AybsinkaToB Kona B
cms...

3.22.1.2 YveHue/3anucb NML

BrrzoBel NML::read 1 NML::write BEIIOTHSIOT CX0XKHe 3aJa4Yy B TOM, YTO KacaeTcs 00paboTKU COOOIeHUS.
E,'E[I/IHCTBeHHaS{ PealibHasa Pa3HHUIla 3aKJII04YaeTCs B HallPpaBJIEHUHU IIOTOKA HaHHEIX.

BrI30B QyHKIMU YTEHUS CHayaJsla Ilojly4daeT qaHHble U3 0ydepa, 3aTeM BrI3bIBaeT format output(), B To
BpeMs Kak QyHKIUA 3anucu BeI3biBaeT format input() mepepn nepemauei qaHHBIX B Oydep. ViMeHHO B
format xxx() mporcxomuT paboTa o IOCTPOEHUIO UITH AEKOHCTPYKIUY cO001meHns1. CIIMCOK PA3JIMYHBIX
(pyHK1IMM BBI3EIBAETCS II0 OYEpenH I pa3MeIleHUsI pa3/InuHbIX YacTel 3aromoBka NML (He mmyTaTs C
3aroJIOBKOM CIMS) B TpaBUJIbHOM ITopsAgkKe. [TocnenHel BEI3bIBaeMOM GyHKITUEH aBisgeTcsa emcFormat()
B emc.cc.

3.22.1.3 OTtHoweHus NMLmsg u NML

NMLmsg — 3to 6a30BHIM KJIacC, OT KOTOPOTO IIPOUCXOOAT BCe KJlacChl coobmenuii. Kaxkabuii Kiacc
COOOIIIeHN S JOJIXKEH UMETh YHUKAJIbHEIN UOAeHTU(PHUKATOD, OIIPEeNeIeHHEIH (M TepefaHHbIi KOHCTPYKTOPY),
a Takxke QyHKIuio o6HOoBIeHUs (*cms). OyrKIus update() OymeT BRI3BIBATHCS GYHKIMSIMU YTEHUSI/3aTUCH
NML npwu BrIzoBe Moayisa popmatupoBanuss NML — ykasaTenb Ha MOOynb ¢pOopMaTHPOBaHUSA OymeT
00BsBIIeH B KOHCTPYKTOPe NML B Kakoi-To MOMeHT. bnarogaps cBsi3aHHBIM CIMCKaM, KOTOPBIE CO3aeT
NML, oH MoXeT BHIOMpPATh yKa3aTellb CmS, KOTOPLIM mepenaeTcss hopMaTTepy, W, CliefdoBaTeNlbHO,
Kakou 6ydep “CIoIs30BaTh.

3.23 J[JoObaBneHue nosib3oBaTesIbCKUX KomaHa NML

LinuxCNC goBOIBHO KPYT, HO HEKOTOPBIE YaCTU HY2KOAIOTCS B IpaBKaxXx. Kak Brl 3HaeTe, CBA3b OCYIIECTBIISAE!
yepe3 KaHanel NML, maHHBIE, OTIIPaBIIIEeMEbI€ Yepe3 TaKOM KaHall, IBJISIOTCS OOHUM U3 KJIaCCOB, OIPeeJIeHH
B emc.hh (peanmu3oBanHBIX B emc.cc). Eciau KOMy-TO HY2KEeH HECYIIECTBYIOUINM TUII COOOIIEHUs, OH
OOJIXKEH BBIIOJIHUTH CJIEVIOIINe Iaru, 4Tobnsl mob6aBuTh HOBHIM. (Co0O0IeHre, KOTOpoe s HoOaBUl B
npumepe, HaseiBaeTca EMC 10 GENERIC (wacnegyer EMC 10 CMD MSG (macnegyer RCS CMD MSG)))

1. nmo6aButs onpepnernenue kiacca EMC I0 GENERIC B emc2/src/emc/nml intf/emc.hh

2. mob6aBbTe onpepnenenue tumna: #define EMC I0 GENERIC TYPE ((NMLTYPE) 1605)

a. (g Beibpan 1605, moTomMy 4TO OH OB AOCTYIEH) B emc2/src/emc/nml intf/emc.hh
3. mo6aButh 610k EMC I0 GENERIC TYPE B emcFormat B emc2/src/emc/nml intf/femc.cc
4. po6aButk 6710k EMC IO GENERIC TYPE B emc symbol lookup B emc2/src/emc/nml intf/femc.cc
5. mo6aBuTth pyukumio EMC 10 GENERIC::update B emc2/src/emc/nml _intf/emc.cc

IMepekoMnIunIupy#Te, U HOBOE COOOILIEHNE NOJIKHO ObITh TaM. Credyiolias 9acTh — OTIPABJISATh TAKUeE
COOOIIeHNsT OTKyHa-TO, ITIOIy4YaTh UX B OPYTOM MECTE U YTO-TO C 3TUM [OeJjiaTh.
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3.24 Ta6nuMua MHCTPYMEHTOB M YCTPOMUCTBO CMEHbI MHCTPYMEHTa

LinuxCNC B3auMopercTByeT c 000pyIoBaHUEM CMEHBI MHCTPYMEHTAa U UMEET BHYTPEHHIOI0 a0CTPaKIIHUIO
cMeHBI HHCTPYMeHTa. LinuxCNC ynpasisieT uHGopMaluei 06 *HCTPpyMeHTax B (atie TabIuIlsl HHCTPYMEHT

3.24.1 AOGCTpakuusa cMeHbl MHCTPpyMeHTa B LinuxCNC

LinuxCNC mogmepzKuBaeT OBa TUIIA allllapaTHHIX CPEICTB CMEHBI HHCTPYMEHTa, Ha3kIBaeMBIX Nonran-
dom u random. TlapameTp INI [EMCIOJRANDOM TOOLCHANGER onpenenser kKak LinuxCNC 6ygert
penmaTth K KaKOMY U3 3TUX TUIIOB O60pyn0BaHI/IH OH IIOOKJIFOYEH.

3.24.1.1 Hecny4yauHasa CMeHa MHCTPYMEHTa

YcTpouCcTBO aBTOMAaTUYECKOM CMEHBI UHCTPYMEHTAa BO3BpalllaeT KaXObIM UHCTPYMEHT B THE3[O, U3
KOTOPOTO OH OBLI ITIepBOHAYAIbHO B3AT.

I[TpuMepaMu HeCITy4aHOTO 000PyAOBaHUS IJII CMEHBI MHCTPYMEHTA ABIISIOTCS «pPyYHas» CMEeHa MHCTPYMEH
PEBOJIBBEPHBIE TOTOBKY TOKAPHBEIX CTAHKOB M PEEYHBIE YCTPOMCTBA CMEHBI MHCTPYMEHTA.

[Tpu HacTpOUiKe O HECJIy4alHOTr O yCTPOUCTBa CMeHEl HHCTpyMeHTa LinuxCNC He u3MeHseT HOMED
rHe3ma B ¢aiiyie TabIUIBI UHCTPYMEHTOB IIPU 3arpy3Ke U BHITPY3Ke MHCTPYMeHTOB. Buytpu Linux-
CNC, opu cMeHe MHCTpyMeHTa uHopManusa 00 MHCTPYMEHTe KONUPYETCS U3 MCXOOHOTO KapMaHa
TabGIHUIIEl THCTPYMEHTOB B KapMaH 0 (KOTOPBIM IPefCcTaBisieT IMIUHEb), 3aMeHs1s JII00y0 nHpopManmio
00 MHCTPYMEHTE, KOTOopas OblJla TaM paHee.

Note

B LinuxCNC, CKOH(pUrypmpoBaHHOM A/ HEC/ly4alHON CMEeHbl MHCTPYMeHTa, MHCTpyMeHT 0 (TO)
nMmeeT ocoboe 3HayeHne: «HeT UHCTpyMeHTa». TO MoXXeT He oTobpaxkaTbCa B halsie Tabauupbl
WHCTPYMEHTOB, U uaMmeHeHne Ha TO npuBegeT K ToMy, 4To LinuxCNC bypneT aymaTb, 4TO Yy Hero
MycTOW WNNHAOEND.

3.24.1.2 YcTpOWUCTBA CJZIy4ahHOWU 3aMeHbl MHCTPYMEHTa

YcTpoiCcTBO CliydaliHOM CMeHbl MHCTPYMEHTa MeHsIeT MHCTPYMEHT B MININHIe e (eCIU €CTh) Ha 3aIllPOLIeHHEIL
WHCTPYMEHT IIPU CMeHe MHCTPYMeHTa. TakuM o0pa3oM, KapMaH, B KOTOPOM HaXOOUTCS MHCTPYMEHT,
U3MEHSeTCs II0 Mepe TOro, Kak OH BCTaBJISIE€TCS B IINKWHIOEIb U BEIHUMAaETCS U3 HETO.

HpI/IMepOM OGOpy,E[OBaHI/IH CJ'Iy‘-I&ﬁHOFO YCTpOﬁCTBa CMEHEBI UHCTPYMEHTA SABJIAE€TCA YCTpOfICTBO CMEHBI
WHCTPYMEHTa KapPyCeJIbHOI'O THUIIa.

ITpu HacCTpOMKEe CIy4aWHOT'O YCTPOUCTBa CMeHHl MHCTpyMeHTa LinuxCNC MeHseT MecTaMU HOMEP
KapMaHa CTaporo ¥ HOBOT'O MHCTPYMEHTa B (¢atiyie TabIUIL MHCTPYMEHTOB ITPU 3aTPy3Ke UHCTPYMEHTOB.
BayTtpu LinuxCNC, npu cMeHe UHCTpyYMeHTa nHdpopMalus 06 UHCTPyMeHTEe NepPeCTaBIsI€TCA MeXKIY
MCXOOHBIM I'HE300M TaOIUIIEl MHCTPYMEHTOB U rHe300M 0 (KOTOpPOe IIPEeICTaBIseT INNUHAENE). TakKuM
006pa3oM, Iocjie CMeHE HHCTpyMeHTa KapMaH 0 B Tabnulle HHCTPYMEHTOB COIEPKUT HHPOPMAIuio 00
WHCTPYMEHTE [JIsT HOBOT'O MHCTPYMEHTA, a KapMaH, U3 KOTOPOT0 OHIJI IIOJIy4eH HOBBIM MHCTPYMEHT,
comepKUT MHPopMaIuio 06 MHCTPYMEHTE IJIT CTaporo MHCTPYMEHTa (MHCTPYMEHT, KOTOPHIM OINT B
HMITUHIEJEe 00 CMEHL UHCTPYMEHTA) €CJIU TaKOM eCTh.




PykoBomctBo pa3paborumka V2.10.0-pre0-5003-g36a693b5f6 33/81

Note

Ecnnm LinuxCNC HacTpoeH Ha C/y4alHyl CMeHY WHCTpyMeHTa, MHCTpyMeHT 0 (TO) He unmeeT
cneunanbHoro 3HavyeHnsa. OH obpabaTbiBaeTCAa TOYHO TakK XKe, Kak 1 ftobon Apyron MHCTPYMEHT B
Tabnnue nHcTpymeHToB. O6bI4YHO TO ncnonb3yeTcs Ang o603HaYEHUSA «OTCYTCTBUA NHCTPYMEHTa»
(T. e. MHCTpyMmeHTa c HyneBbiM TLO), 4Tobbl Npn HeobXxoOMMOCTM WNUHAENb MOr BbITb yYA06HO
pasrpy>xeH.

3.24.2 Tabnuua MHCTPYMEHTOB

LinuxCNC oTcnexuBaeT UHCTPYMeHTH B (aiine tool table. B Tabnuie uHCTPYMEHTOB 3aMUCHBAETCS
cnenpyoomas “HGopMaUuus OJIsi KakXI0Tr0 HHCTPYMEHTa:

HOMeD HHCTPyYMEHTa
Llenoe 4nco, KOTOpoe OOHO3HAYHO UAEHTUDUIIUPYET 3TOT MHCTPYMEeHT. HoMepa HUHCTPYMEHTOB
obpabaTtriBatoTcs LinuxCNC mo-pa3HoMy IIPH HaCTPOMKE CIIy4aWHBIX U HECTTy4YalHBIX YCTPOUCTB
CMEHEBI UHCTPYMeEHTa:

* Korpa LinuxCNC HacTpoeH [Oji HeCIy4alHOT0 YCTPOMCTBA CMEHBI UHCTPYMEHTa, 9TO YHCIIO
OOJIXKHO OBITh MOJIOKUTENLHEIM. TO ITOABEpPraeTCs CreliaabHOM 00paboTKe U He MOXKET 0TOOPazKaThC
B Tabmnulle MHCTPYMEHTOB.

* Korpa LinuxCNC HacTpO€H OJisd CJIy94alHOT' 0 YCTPOMCTBa CMEHE MHCTPYMEHTA, 3TO YUCJIO HOJIZKHO
OBITHL HeoTpullaTebHBEIM. TO momyckaeTcs B Tabulle HHCTPYMEHTOB M OOBIYHO HCIIOTb3YEeTCS
o7t 0003HaYeHUs OTCYTCTBUS MHCTPYMEHTA, TO eCTh IyCTOr'0 KapMaHa.

HOMeEp ruesga
Tenoe unucno, uneHTUGUIUPYIOlee THE300 UK I1a3 B 000PyN0BaHUM YCTPONCTBA CMEHEI MHCTPYMEHTA,
B KOTOPOM HaxoguTcsa UHCTpyMeHT. HoMepa kapmaHoB o6pabaTtriBatoTcsa LinuxCNC no-pasHoMmy
IIPY HACTPOMKE CIIy4YaWHBIX M HECITyYaWHEIX YCTPOMCTB CMEHEI HHCTPYMEHTA:

* Korga LinuxCNC ckoHGUTypHpOBaH IJis HeCIIy4alHOT 0 YCTPOMCTBa CMEeHE UHCTPYMEeHTa, HOMep
THe3pa B ¢dalizie ”HCTPYMEeHTa MOXKeT OBbITh JIIOOBIM II0JI0KUTEIbHBIM IIeJIBIM YHC/IoM (sg4uelika 0
He gonyckaetcs). LinuxCNC Monua yIJIOTHSIET HOMepa rHe3[ IpHU 3arpy3kKe ¢aiia MHCTPYMEHTa,
II09TOMY MOXKeT OBITh Pa3HUIla MeKAy HOMepaMU rHe3[ B dalijie HHCTPyMeHTa U BHYTPEHHUMU
HOMepaMHu rae3sfi, ucrnonb3yeMeiMu LinuxCNC ¢ Hecsly4allHEIM yCTPOXCTBOM CMEHEI HHCTPYMEHTA.

* Korma LinuxCNC HacTpo€H I CIIy4alHOT0 YCTPOKMCTBA CMEHBI HHCTPYMEHTa, HoMepa KapMaHOB
B (hatine MHCTPYMEHTA OOJIZKHEI OLITh B muana3oHe oT 0 go 1000 BkmouuTenbHO. I'He3ma 1-1000
HaXOOsaTCS B YCTPOUCTBE CMEHBLI HHCTPYMeHTa, THe340 0 - 9TO MNUHAEe/b.

diameter
[InamMeTp MHCTPYMEHTA B eIUHUIIAX U3MEPEHUS CTaHKa.

CMelleHHue OJINHBI HHCTPYMEHTa
Koppeknus oiuHEI MHCTPyMeHTa (Takke Ha3biBaeMas TLO), mo 9 oceli, B eqUHUIIAX U3MEPEHUS
ctagka. OcH, y KOTOPHIX HeT yKa3aHHoro TLO, nmony4aor 0.

3.24.3 G-Kopabl, BAMSAIOLWLME HA UHCTPYMEHTbI

G-KOmBI, KOTOPBIE UCHOIL3YIOT UITH BIUSIOT Ha MHGOPMAIINI0 00 MHCTPYMEHTe:
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3.24.3.1 Txxx

YKkasniBaeT OGOPYJIOBaHI/IIO CMEHBI MHCTPYMEHTA IIOATOTOBUTLCSA K IIEPEKIIIOYEHUIO Ha YKa?:aHHbIﬁ HHCTPYMEI
XXX.

Oob6pabaTtriBaeTcs Interp::convert tool select().

1. CraHky nmpenjaraeTcs IOATOTOBUTLCS K IEPEKITIOYEHMIO Ha BEIOpPaHHBIM MHCTPYMEHT, ITyTEM BEI30Ba
Canon ¢yukumu SELECT TOOL() c HOMepoM 3amnpoIleHHOT0 MHCTPYMEHTA.

a. (saicanon) No-op.

b. (emccanon) Co3paet coobmenue EMC TOOL PREPARE c 3ampommeHHEIM HOMEPOM KapMaHa U
otmpasisieT ero B Task, koTopeii otupasisieT ero B 10. 10 mony4daeTr coolIieHre U IIPOCUT
HAL nogroToButh KapMaH, ycTaHoBuB iocontrol.0.tool-prep-pocket, iocontrol.0.tool-prep
u iocontrol.0.tool-prepare. 3artem IO moBTOpHO BHI3EIBaeT read tool inputs() mns
omnpoca BeiBoga HAL iocontrol.0.tool-prepared, KOTOphIY CUTHATU3UPYET OT 000PYIOBaHUSA
cMeHBI HHCTpyMeHTa Yyepe3 HAL IO, uTo 3ampolileHHas MOAroTOBKa MHCTPYMEHTa 3aBepilleHa.
Korpma sTot BeIBOZ cTaHoBUTCA True, IO ycTaHaBnuBaeT emcioStatus.tool.pocketPrepped
Ha HOMep KapMaHa 3allpPoIleHHOTr0 MHCTPYMEHTA.

2. BepuyBmmch B uHTepupeTanuio, settings->selected pocket npucBauBaeTcsa unpmekc tooldata
3alIPOIIEeHHOTr0 MHCTPYMEHTa XXX.

Note

YcTtapeswne wumeHa selected _pocket n current_pocket Ha camom pene ccbinalTCa Ha
nocnenoBaTesbHbIN MHAEKC AaHHbIX MHCTPYMEHTa ANA 3JIEMEHTOB WHCTPYMEHTa, 3arpy>XeHHbIX
n3 Tabnuubl nHCTpyMeHTOB ([EMCIO]TOOL TABLE) nnun 4epes 6a3y AaHHbIX MHCTpyMeHTOB ([EM-
ClIO]DB_PROGRAM).

3.24.3.2 M6

Coo01IaeT yCTPONUCTBY CMEHBI MHCTPYMEHTa MEePEeKII0UNTLC Ha TeKYIIUH BEIOPAHHBIA WHCTPYMEHT
(BEIOpAHHBIN IPEOBIAYIIel KOMaHOOH TXXX).

Oob6pabaTtriBaeTcs Interp::convert tool change().

1. CraHKy npefqjaraeTcs nepeiTu Ha BEIOpaHHBINM MHCTPYMEHT, TyTeM Bei3oBa Canon ¢pyukiuu CHANGE TO
c settings->selected pocket (MHOEKC MaHHBEIX UHCTPYMEHTA).

a. (saicanon) YcranaBnuBaet sai’'s _active slot B mepemaHHBIN HOMeDP KapMaHa. UHdopmatms
00 UHCTPYMEHTe KONMPYEeTCS U3 BEIOPAHHOT0 KapMaHa TabJIuIbl MHCTPYMEHTOB (T. €. u3 sai’s
_tools[ active slot]) ma mmuHpgens (oH Xke sai’'s _tools[0]).

b. (emccanon) Otnpasnset coobiienue EMC_TOOL LOAD B Task, koTopoe otmpasinsieT ero B IO.
10 ycranaBnuBaeT emcioStatus.tool.toolInSpindle Ha HOMep UHCTPYMEHTA B THE3[e, YKA3aHHO
emcioStatus.tool.pocketPrepped (ycTaHaBmuBaeTcs TXXX, TaK¥Ke U3BeCTHEIM Kak SELECT TOOL (
3aTeM OH 3ampalrmBaeT, YTOOL 000PyIOBaHNEe CMEHBI MHCTPYMEHTA BHITIOIHUIIO CMEHY HHCTPYMEH”
ycTtaHoBUB OJisgd KoHTakTa HAL iocontrol.0.tool-change 3uauenue True. [To3xe read tool inpt
10 o6HapyxwuT, uTo KOHTAaKT HAL iocontrol.0.tool changed 6winycTanoBmneH B True, yKka3riBas
Ha TO, YTO YCTPOMCTBO CMEHHI MHCTPYMEHTa 3aBEPIIMJIO CMeHy MHCTpyMeHTa. Korpa 3To
MIPOUCXOOUT, OH BEI3EIBaeT load tool() mms oOHOBIEHUS COCTOSHUSA CTaHKA.

i. load tool() c KoHpuUrypaumeu yCTpocTBa HeCIy4aHOM CMEHE UHCTPYMEHTa KOTIUPyeT
uHpopMaluio 06 UHCTPYMEHTe U3 BRIOpaHHOTO T'He3fa B IIMUHAENE (KapMaH 0).

ii. load tool() c koHpurypaume ycTpoicTBa CIIy4aliHOM CMEHBI MHCTPYMEHTa MEHSET
MecTaMu mHpopMaIuoo 00 UHCTPyMeHTe MexXny rHe3moM 0 (IImuHOenb) U BRIOPAHHBIM
THe37IOM, 3aTeM COXpaHseT TabIuily UHCTPYMEHTOB.
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2. BepHyBIHCH B UHTepInperaTop, settings->current pocket HasHadaeTcs HOBHIUM MHIOEKC tool-
datauz settings->selected pocket (ycranaBnuBaeTcs Txxx). COOTBETCTBYIOIIHNE IPOHYMEPOBaHHEIE
mapaMmeTprl (#5400-#5413) 06HOBNSIOTCS HOBOM mMHMoOpMaIlmei 00 MHCTPyMeHTe u3 rHesma 0
(mIOuHOoens).

3.24.3.3 G43/G43.1/G49

[TpruMeHUTH KOPPEKIUIO AMNHE UHCTpyMeHTa. G43 ucnonb3yeT TLO 3arpy>kKeHHOTO B JaHHLIA MOMEHT
WHCTPYMEHTa UK YKa3aHHOT'0 UHCTPYMeEHTa, ecinu H-cimoBo 3apmaHo B 651o0ke. G43.1 mony4daeT TLO us
oceBHIX CIIOB B O11oke. G49 ormenseT TLO (ucnomnb3dyeT 0 Ot CMeIIeHus OJIS BCeX 0Cel).

Oo6pabatriBaeTrcst Interp: :convert tool length offset().

1. O HaumHaeTcss co cbopku EmcPose, comepzkalllero Ojig HMCIONIb30BaHUS CMeEINEHUs 9-u ocew.
g G43.1 3T KOppeKIuy HHCTPyMeHTa 0epyTcs U3 CIOB ocedl B TeKyleM Kagpe. st G43 aTu
KOPPEKILINU UCXOOAT OT TEKYIIEro MHCTPYMeHTa (MHCTPYMEHT B rHe3me 0) UIu OT MHCTPYMEHTa,
yKazanHoro H-cimoBoMm B 6510ke. s G49 Bce cMereHust paBHH 0.

2. CmemeHnuda nepegatorcsa Canon ¢pyskiuy USE TOOL LENGTH OFFSET().

a. (saicanon) 3anuceiBaer TLO B _tool offset.

b. (emccanon) Co3gaet coobiierue EMC TRAJ SET OFFSET, comepailiiee CMeIeHUs, ¥ OTIIPABIISIET
ero B Task. Task konmupyet cmermenus B emcStatus->task.toolOffset u ormpaBnsieT ux B
Motion c momortnpio komangsl EMCMOT SET OFFSET. [IBuzKeHHe KONUPyeT CMelleHus B emcmotStatu
TIe OHO MCIIOJIb3YeTCs OJIs CMellleHUus Oymymux IepeMelleHu.

3. BepHYBIIUCEH B MHTEPIIPETALINIO, CMEIIEHUS 3alIUCHIBalOTCA B settings->tool offset. dddekTuBHOE
THe3[O 3aluckBaeTcs B settings->tool offset index, xoTs 3To 3HaYeHNe HUKOTa He UCII0JIb3YETCS

3.24.3.4 G10L1/L10/L11

HU3meHseT TaGNuUIly UHCTPYMEHTOB.

Oob6pabaTtriBaeTcst Interp::convert setup tool().

1. Picks the tool number out of the P-word in the block and finds the pocket for that tool:

a. With a nonrandom toolchanger config this is always the pocket number in the toolchanger
(even when the tool is in the spindle).

b. With a random toolchanger config, if the tool is currently loaded it uses pocket 0 (pocket
0 means “the spindle”), and if the tool is not loaded it uses the pocket number in the tool
changer. (This difference is important.)

2. Figures out what the new offsets should be.

3. The new tool information (diameter, offsets, angles, and orientation), along with the tool number
and pocket number, are passed to the Canon call SET TOOL TABLE ENTRY().

a. (saicanon) Copy the new tool information to the specified pocket (in sai’s internal tool table,
_tools).

b. (emccanon) Build an EMC TOOL SET OFFSET message with the new tool information, and send
it to Task, which passes it to I0. IO updates the specified pocket in its internal copy of the
tool table (emcioStatus.tool.toolTable), and if the specified tool is currently loaded (it is
compared to emcioStatus.tool.toolInSpindle) then the new tool information is copied to
pocket O (the spindle) as well. (FIXME: that’s a buglet, should only be copied on nonrandom
machines.) Finally IO saves the new tool table.
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4. Back in interp, if the modified tool is currently loaded in the spindle, and if the machine is a
non-random toolchanger, then the new tool information is copied from the tool’s home pocket
to pocket 0 (the spindle) in interp’s copy of the tool table, settings->tool table. (This copy
is not needed on random tool changer machines because there, tools don’t have a home pocket
and instead we just updated the tool in pocket O directly.). The relevant numbered parameters
(#5400-#5413) are updated from the tool information in the spindle (by copying the information
from interp’s settings->tool table to settings->parameters). (FIXME: this is a buglet, the
params should only be updated if it was the current tool that was modified).

5. If the modified tool is currently loaded in the spindle, and if the config is for a nonrandom
toolchanger, then the new tool information is written to the tool table’s pocket 0 as well, via
a second call to SET TOOL TABLE ENTRY(). (This second tool-table update is not needed on
random toolchanger machines because there, tools don’t have a home pocket and instead we
just updated the tool in pocket 0 directly.)

3.24.3.5 Mé61

Set current tool number. This switches LinuxCNC'’s internal representation of which tool is in the
spindle, without actually moving the toolchanger or swapping any tools.

Oo6pabatriBaeTcs Interp::convert tool change().

Canon: CHANGE TOOL NUMBER()

settings->current pocket is assigned the tooldata index currently holding the tool specified by the
Q-word argument.

3.24.3.6 G41/G41.1/G42/G42.1

Enable cutter radius compensation (usually called cutter comp).
Handled by Interp::convert cutter compensation on().

No Canon call, cutter comp happens in the interpreter. Uses the tool table in the expected way: if
a D-word tool number is supplied it looks up the pocket number of the specified tool number in the
table, and if no D-word is supplied it uses pocket 0 (the spindle).

3.24.3.7 G40

Cancel cutter radius compensation.
Handled by Interp::convert cutter compensation off().

No Canon call, cutter comp happens in the interpreter. Does not use the tool table.

3.24.4 Internal state variables

This is not an exhaustive list! Tool information is spread through out LinuxCNC.

3.24.4.1 10

emcioStatus is of type EMC_IO STAT
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emcioStatus.tool.pocketPrepped
When IO gets the signal from HAL that the toolchanger prep is complete (after a Txxx command),
this variable is set to the pocket of the requested tool. When IO gets the signal from HAL that
the tool change itself is complete (after an M6 command), this variable gets reset to -1.

emcioStatus.tool.toolInSpindle
Tool number of the tool currently installed in the spindle. Exported on the HAL pin iocontrol.0.tool-r
(s32).

emcioStatus.tool.toolTable[]
An array of CANON TOOL TABLE structures, CANON POCKETS MAX long. Loaded from the tool table
file at startup and maintained there after. Index O is the spindle, indexes 1-(CANON POCKETS MAX-
1) are the pockets in the toolchanger. This is a complete copy of the tool information, maintained
separately from Interp’s settings.tool table.

3.24.4.2 interp

settingsis oftype settings, defined as struct setup structinsrc/emc/rs274ngc/interp internal.ht

settings.selected_pocket
Tooldata index of the tool most recently selected by Txxx.

settings.current_pocket
Original tooldata index of the tool currently in the spindle. In other words: which tooldata index
the tool that’s currently in the spindle was loaded from.

settings.tool_table[]
An array of tool information. The index into the array is the “pocket number” (aka ”slot number”).
Pocket 0 is the spindle, pockets 1 through (CANON POCKETS MAX-1) are the pockets of the
toolchanger.

settings.tool_offset_index
Unused. FIXME: Should probably be removed.

settings.toolchange flag
Interp sets this to true when calling Canon’s CHANGE TOOL() function. Itis checkedin Interp: :conve
to decide which tooldata index to use for G43 (with no H-word): settings->current pocket if
the tool change is still in progress, tooldata index O (the spindle) if the tool change is complete.

settings.random_toolchanger
Set from the INI variable [EMCIO]RANDOM TOOLCHANGER at startup. Controls various tool table
handling logic. (IO also reads this INI variable and changes its behavior based on it. For example,
when saving the tool table, random toolchanger save the tool in the spindle (pocket 0), but non-
random toolchanger save each tool in its “home pocket”.)

settings.tool_offset
This is an EmcPose variable.

¢ Used to compute position in various places.

* OtnpasnsieTcsa B Motion uepes coobmenue EMCMOT SET OFFSET. Bce, uTo IBUIKEHUe IelaeT CO
CMeIeHUSIMHU, — 3TO 3KCIIOPTUPYET ux Ha KOHTaKThl HAL motion.0.tooloffset. [xyzabcuvw].
FIXME: akCopTuUpPy#uTEe UX KyHa-HuOyop O1uzke K TabJuile HHCTPYMEHTOB (BEPOSITHO, i0 UIu
interp) u ymanute coobimenne EMCMOT SET OFFSET.

settings.pockets_max
Used interchangeably with CANON POCKETS MAX (a #defined constant, set to 1000 as of April
2020). FIXME: This settings variable is not currently useful and should probably be removed.
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settings.tool_table
This is an array of CANON_ TOOL TABLE structures (defined in src/emc/nml_intf/emctool.h), with
CANON POCKETS MAX entries. Indexed by “pocket number”, aka ”“slot number”. Index 0 is the spin-
dle, indexes 1 to (CANON POCKETS MAX-1) are the pockets in the tool changer. On a random
toolchanger pocket numbers are meaningful. On a nonrandom toolchanger pockets are meaning-
less; the pocket numbers in the tool table file are ignored and tools are assigned to tool table
slots sequentially.

settings.tool_change_at_g30, settings.tool_change_quill up, settings.tool_change with_spindle

These are set from INI variables in the [EMCIO] section, and determine how tool changes are
performed.

3.25 Reckoning of joints and axes

3.25.1 In the status buffer

The status buffer is used by Task and the Uls.
FIXME: axis mask and axes overspecify the number of axes

status.motion.traj.axis_mask
A bitmask with a ”1” for the axes that are present and a "0” for the axes that are not present.
X is bit 0 with value 2° = 1 if set, Y is bit 1 with value 2! = 2, Z is bit 2 with value 4, etc. For
example, a machine with X and Z axes would have an axis_mask of 0x5, an XYZ machine would
have 0x7, and an XYZB machine would have an axis_mask of 0x17.

status.motion.traj.axes (removed)
This value was removed in LinuxCNC version 2.9. Use axis mask instead.

status.motion.traj.joints
A count of the number of joints the machine has. A normal lathe has 2 joints; one driving the X
axis and one driving the Z axis. An XYYZ gantry mill has 4 joints: one driving X, one driving one
side of the Y, one driving the other side of the Y, and one driving Z. An XYZA mill also has 4 joints.

status.motion.axis[EMCMOT_MAX_AXIS]
An array of EMCMOT_MAX AXIS axis structures. axis[n] is valid if (axis mask & (1 << n)) is
True. If (axis mask & (1 << n)) is False, then axis[n] does not exist on this machine and
must be ignored.

status.motion.joint[EMCMOT_MAX_ JOINTS]
An array of EMCMOT_MAX JOINTS joint structures. joint[0] through joint[joints-1] are valid,
the others do not exist on this machine and must be ignored.

Things are not this way currently in the joints-axes branch, but deviations from this design are consid-
ered bugs. For an example of such a bug, see the treatment of axes in src/emc/ini/initraj.cc:loadTraj().
There are undoubtedly more, and I need your help to find them and fix them.

3.25.2 In Motion

KoMIoHEHT pealbHOT0 BpeEMEHY KOHTPOJIJIepa ABUXKEHUA CHavaJjla IojIydaeT KOJIMYeCTBO COeAUHEHU N
M3 ITapaMeTpa BpeMeHH 3arpy3Ku num_joints. 9To omnpenenseT, CKOJILKO COUJIEeHEeHUN 3aC/TyKUBAIOITHUX
KOHTakKToB HAL OymeT co3maHO IIpH 3allyCKe.

Motion’s number of joints can be changed at runtime using the EMCMOT_SET NUM JOINTS command
from Task.

KouTponnep geuxkeHus Bcerga padoraet mo ocsim EMCMOT MAX AXIS. O Bcerga co3maeT OeBSThb
HaOOPOB KOHTAKTOB axis.*.*,
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Chapter 4

CoobwieHna NML

Cnucok coobmenuit NML.
IMogpo6uocTu cmotpuTe B src/emc/nml_intf/emc.hh.

4.1 OPERATOR

EMC_OPERATOR ERROR_TYPE
EMC_OPERATOR TEXT TYPE
EMC_OPERATOR DISPLAY TYPE

4.2 JOINT

EMC_JOINT SET JOINT TYPE
EMC_JOINT SET UNITS TYPE

EMC_JOINT SET MIN POSITION LIMIT TYPE
EMC_JOINT SET MAX POSITION LIMIT TYPE
EMC_JOINT SET FERROR TYPE
EMC_JOINT SET HOMING PARAMS TYPE
EMC_JOINT SET MIN FERROR TYPE
EMC_JOINT SET MAX VELOCITY TYPE
EMC_JOINT INIT TYPE
EMC_JOINT HALT TYPE

EMC_JOINT ABORT TYPE

EMC_JOINT ENABLE TYPE

EMC_JOINT DISABLE TYPE

EMC_JOINT HOME_TYPE

EMC_JOINT ACTIVATE TYPE

EMC_JOINT DEACTIVATE TYPE

EMC_JOINT OVERRIDE LIMITS TYPE
EMC_JOINT LOAD COMP TYPE
EMC_JOINT SET BACKLASH TYPE

EMC_JOINT UNHOME TYPE
EMC_JOINT STAT TYPE

4.3 AXIS
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EMC_AXIS_STAT TYPE

4.4 JOG

EMC_JOG_CONT TYPE
EMC_JOG_INCR TYPE
EMC_JOG_ABS TYPE
EMC_JOG_STOP_TYPE

4.5 TRAJ

EMC_TRAJ_SET AXES_TYPE
EMC_TRAJ_SET UNITS TYPE
EMC_TRAJ SET CYCLE TIME TYPE
EMC_TRAJ_SET MODE_TYPE
EMC_TRAJ_SET VELOCITY TYPE
EMC_TRAJ SET ACCELERATION TYPE
EMC_TRAJ_SET MAX_VELOCITY_ TYPE
EMC_TRAJ SET MAX_ACCELERATION TYPE
EMC_TRAJ SET SCALE TYPE
EMC_TRAJ_SET RAPID SCALE_TYPE
EMC_TRAJ _SET MOTION ID TYPE
EMC_TRAJ INIT TYPE
EMC_TRAJ HALT TYPE
EMC_TRAJ_ENABLE_TYPE

EMC_TRAJ DISABLE TYPE
EMC_TRAJ_ABORT TYPE
EMC_TRAJ_PAUSE_TYPE
EMC_TRAJ STEP TYPE
EMC_TRAJ_RESUME_TYPE

EMC_TRAJ DELAY TYPE

EMC_TRAJ LINEAR MOVE TYPE
EMC_TRAJ CIRCULAR MOVE TYPE
EMC_TRAJ SET TERM_COND_TYPE
EMC_TRAJ SET OFFSET TYPE
EMC_TRAJ_SET G5X_TYPE
EMC_TRAJ_SET HOME_TYPE
EMC_TRAJ_SET ROTATION TYPE
EMC_TRAJ_SET G92 TYPE

EMC_TRAJ CLEAR PROBE_TRIPPED FLAG TYPE
EMC_TRAJ PROBE_TYPE
EMC_TRAJ_SET TELEOP ENABLE_TYPE
EMC_TRAJ SET SPINDLESYNC TYPE
EMC_TRAJ SET SPINDLE SCALE_TYPE
EMC_TRAJ SET FO ENABLE_TYPE
EMC_TRAJ SET SO ENABLE TYPE
EMC_TRAJ SET FH_ENABLE_TYPE
EMC_TRAJ _RIGID TAP_TYPE
EMC_TRAJ STAT TYPE

4.6 MOTION
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EMC_MOTION INIT TYPE
EMC_MOTION HALT TYPE
EMC_MOTION ABORT TYPE
EMC_MOTION SET AOUT TYPE
EMC_MOTION SET DOUT TYPE
EMC_MOTION ADAPTIVE TYPE
EMC_MOTION STAT TYPE

4.7 TASK

EMC_TASK INIT TYPE
EMC_TASK HALT TYPE
EMC_TASK_ABORT TYPE

EMC_TASK_SET MODE_TYPE
EMC_TASK SET STATE TYPE
EMC_TASK_PLAN_OPEN_TYPE
EMC_TASK_PLAN_RUN_TYPE
EMC_TASK PLAN READ TYPE
EMC_TASK_PLAN_EXECUTE TYPE
EMC_TASK_PLAN_PAUSE_TYPE
EMC_TASK_PLAN_STEP_TYPE
EMC_TASK_PLAN_RESUME_TYPE
EMC_TASK_PLAN_END_TYPE
EMC_TASK_PLAN_CLOSE_TYPE
EMC_TASK_PLAN_INIT TYPE
EMC_TASK_PLAN_SYNCH TYPE
EMC_TASK_PLAN_SET OPTIONAL STOP TYPE
EMC_TASK_PLAN_SET BLOCK_DELETE_TYPE
EMC_TASK_PLAN_OPTIONAL STOP TYPE
EMC_TASK_STAT TYPE

4.8 TOOL

EMC_TOOL_INIT TYPE
EMC_TOOL_HALT TYPE
EMC_TOOL_ABORT TYPE
EMC_TOOL_PREPARE TYPE
EMC_TOOL_LOAD TYPE
EMC_TOOL_UNLOAD TYPE
EMC_TOOL_LOAD TOOL TABLE TYPE
EMC_TOOL_SET OFFSET TYPE
EMC_TOOL_SET NUMBER_TYPE
EMC_TOOL_START CHANGE TYPE
EMC_TOOL_STAT TYPE

4.9 AUX

EMC_AUX_ESTOP_ON_TYPE
EMC_AUX_ESTOP_OFF TYPE
EMC_AUX_ESTOP_RESET TYPE
EMC_AUX_INPUT WAIT TYPE
EMC_AUX_STAT TYPE
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4.10 SPINDLE

EMC_SPINDLE ON TYPE
EMC_SPINDLE_OFF TYPE
EMC_SPINDLE_INCREASE TYPE
EMC_SPINDLE DECREASE TYPE
EMC_SPINDLE_CONSTANT TYPE
EMC_SPINDLE BRAKE RELEASE TYPE
EMC_SPINDLE BRAKE ENGAGE TYPE
EMC_SPINDLE_SPEED TYPE
EMC_SPINDLE ORIENT TYPE
EMC_SPINDLE WAIT ORIENT COMPLETE TYPE
EMC_SPINDLE_STAT TYPE

4.11 COOLANT

EMC_COOLANT MIST ON_TYPE
EMC_COOLANT MIST OFF TYPE
EMC_COOLANT FLOOD ON TYPE
EMC_COOLANT FLOOD OFF TYPE
EMC_COOLANT STAT TYPE

4.12 LUBE

EMC_LUBE_ON_TYPE
EMC_LUBE_OFF TYPE
EMC_LUBE_STAT TYPE

4.13 10 (Input/Output)

EMC_IO INIT TYPE

EMC_IO0 HALT TYPE

EMC_IO ABORT TYPE

EMC_IO SET CYCLE TIME TYPE
EMC_I0 STAT TYPE

EMC_IO PLUGIN CALL TYPE

4.14 QApyrue

EMC_NULL_TYPE

EMC_SET DEBUG_TYPE
EMC_SYSTEM CMD_TYPE
EMC_INIT TYPE

EMC_HALT TYPE

EMC_ABORT TYPE

EMC_STAT TYPE
EMC_EXEC_PLUGIN CALL TYPE
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Chapter 5

CTunb KogupoBaHusa

B 3TO# rnaBe oMUCHBAETCSA CTUJIbL UCXOOHOTO KOJa, IPenIoYrTaeMblii KOMaHAoM pa3paboTynkoB Lin-
uxCNC.

5.1 He HaBpeamu

ITpu BHeCceHUU HEOOIBINNX U3MEHEHUN B KO B CTUJIE, OTJIMYHOM OT OITMCAHHOTO HUXKEe, COOIomanTe
MECTHBIY CTHUIb KOOUPOBaHUs. BEICTPHIE TEPEXOALI OT OOHOTO CTUISA KOOUPOBaAHUS K APYTOMY YXYOIIal0T
yuTabeJIbHOCTDL KOJa.

Hukorma He mpoBepsIHiTe KO IIOCIEe BEIIIOTHEHU S HaJl HUM «OTCTyna». Mi3aMeHeHus mpo6esioB, BHECEHHEBIE
OTCTYIIOM, 3aTPYOHSIOT OTCIeXMBaHNe HCTOPUM U3MeHeHu (aiina.

He ucnions3yiiTe peqakTop, KOTOPLIM BHOCUT HEHYKHBIE U3MEHEHUS B TPOOesIbHBEIE CUMBOJIH (HAallpuUMep,
3aMeHseT 8 Ipo6enoB TabyIATOPOM Ha CTPOKe, He U3MeHEHHOM UHEIM 00pa30oM, U TIEPEHOCUT CTPOKH,
He U3MeHeHHbIe UHEIM 00pa3oMm).

5.2 Tabynsatopbl

Tabymnsiust Bcera COOTBETCTBYET 8 mpobeaM. He mUIMTEe KOM, KOTOPHIM MTPaBUILHO 0TOOpaXkaeTcs
TOJIPKO C AIPYTUM 3HAYEHUEM TTOIULUU TaOYIALINH.

5.3 OTcTyn

Hcnonb3yiiTe 4 mpobera Ha ypoBeHb oTcTyna. O6benuHeHMe 8 mpoOesioB B OOUH TaOyIITOP HOIYCTHUMO,
HO He 0053aTesbHO.

5.4 Pa3mMmeLleHue ckobok

IToMecTHuTE OTKPHIBAIOIYIO GUTYPHYIO CKOOKY ITOCJIEIHEN B CTPOKE U ITOCTaBbhTE 3aKPHIBAIONIYI0 GUTYPHYIO
CKOOKY TIepBOI:
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if (x) {
// bl lcbl 'b,’D.b,’b"eb’,b,’ﬂb"b’,ab’,b,’Tb' lblrbbll bl !qbllbll.rbllbrlobll_bl lTbl rbl P
robll b”ﬂb”b”Ob”b"JJ.b"b"Xb"b"Ob"b”ﬂb”b”ﬂb”b”lﬂ.b"b”eb”b”eb”

3akphiBaromasn GurypHas CKobka HaXOOUTCS Ha OTHEeNIbHON CTPOKe, 3a UCKII0YeHNeM CllydyaeB, Korga
3a Hell ciefyeT IPONOIKEHUE TOrO XKe oIleparopa, T. e. «while» B do-omepartope unu «else» B if-
oImeparTope , HalIpuMep :

do {
// blIqbllbll.rbllbllobll_blITbIIbllobll bIIBbIIbIIabIIbII)KbIIbIIHbIIbIIobIIbIIebll
} while (x > 0);

nu

if (x ==y) {
// b"Hb"b"eb"b"ﬂb"b"ab"b"Tb"b"bb" b"ob"b"nb"b"Hb"b"Ob"
} else if (x <vy) {
// blIﬂblIbl’ebllbllnbllbllabllblITbIIbI’beI b”ﬂb’,b"pb"b”yb,’b"rb”b”ob”b’ <_’

lebll
} else {
// b’'gb’’'b’’eb’’'b’'nb’'b’"ab’ b’ "th’'b’'bb’’ b’'Tb’'b’’pb’’b’’eb’’b’"Tb’’b’'bb’’'b’ +
lebll
}

Takoe pa3MellieHre PUTYPHLIX CKOOOK TaK:Ke MUHUMHU3UPYET KOJTUUYECTBO IIYCTHIX (MJIH HOYTH HYCTHIX)
CTPOK, YTO IO3BOJISIET OMHOBPEMEHHO 0TOOpaxkaTh Gosbllliee KOIUYECTBO KOMa UIM KOMMEHTapHUeB B
TepMuHaie GUKCHPOBAHHOI'O pa3Mepa.

5.5 NMeHOBaHue

C — cmapTaHCKUM SI3BIK, ¥ TAKUM K€ OOJI?KHO OBITH Ballle UMEeHOBaHUEe. B oT/IHYMe OT IPOrpaMMUCTOB
Modula-2 u Pascal, nporpammuctsl C He UCIOJIL3YIOT MUJIbIe MMeHa, Takue Kak ThisVariableIsATem-
poraryCounter. ITporpammucT Ha C Ha3Baj Ov 3Ty IIEPEMEHHYIO tmp, YTO HAMHOTO IIPOIIe HaIlucaTh
U He B [IOCJIEOHIOI0 04Yepenb CIIOKHEee IIOHATE.

OpgHako omucaTesbHBIE UMeHa [y T1o0ajlbHBIX IepeMeHHBX 00s3aTenbHbl. Ha3BaTh IriobabHYI0
dyukuuio «foo» — 3TO MpecTyIneHue.

T'JIOBAJIBHBIE nepemMeHHEbIe (MCIIOIb3YIOTCS TOJIBKO B TOM CJIy4Yae, eCIIH OHU IeMCTBUTEIbHO HYXKHEI)
OOJIZKHBI UMETHh OIIMCaTeJIbHbIe UMEHAa, KaK 1 rIo0aybHbIEe be'HKI_[I/II/I Ecnu Y Bac €CThb (I)YHKI_II/IH, KOTOpasd
IIOACYMTHIBAET KOJIMYECTBO aKTUBHBIX IT0JIb30BaTEJIeN, BEI HOIXKHEL Ha3BaTh 9TO count active users()
WU aHAJIOTUYHO, Bbl He NOJIKHEI Ha3kIBaTh ee cntusr()

KomupoBanue Tuna QyHKIMYU B UMeHH (TaK Ha3bklBaeMasi BEHIrepcKasi HOTallusi) — 9TO MO3T0BOM KOCSK
— KOMIIMJIATOP M TaK 3HaeT TUNE ¥ MOXKET UX IIPOBEPUTH, & 9TO TOJIBKO IyTaeT NPOrpaMMUCTA.
HeynusutensHO, 4TO Microsoft genaeT riioYHble IPOTPaMMEL.

HNmena JIOKAJIBHBIX nepeMeHHBIX OOMXKHEI OBITH KOPOTKUMU U TOYHBEIMU. ECJIM ¥ Bac eCTh CYETUYUK
LIMKJIOB CO CIyYalHBIMU LIEJILIMU UM CJIaMU, er0, BEPOSITHO, CJIeIyeT Ha3BaTh «i». Ha3wBaTh ero loop counter
HENPOOYKTUBHO, €CJIX HET IIIAHCOB, YTO €T0 HEIPAaBUJIFHO HOUMYT. TOYHO Tak ke «tmp» MOXKeT OBITh
IepeMeHHOU NTI000T0 TUIIa, KOTOPAas UCIIOIL3YeTCS OIS XpaHeHUsI BpeMeHHOr 0 3HaUYeHU .

Ecnu Bel G0MTECh MepenyTaTh HMeHa JIOKAJIbLHEIX IIePeMEeHHBIX, Y Bac eCTh Apyras nmpobiemMa, KoTopas
Ha3bkIBAETCSI CHHOPOMOM auchasaHca QyHKUMU-TOPMOHA-pocTa. CM. CledyIollyio TIaBy.
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5.6 DYyHKUMUMU

OYHKIIUY OOJI2KHBI OBITH KOPOTKUMHU U ITPUSITHREIMHU, U IIe1aTh TOJILKO OOHY Belllb. OHU OOJIXKHBI YMeIllaThCs
Ha OOHOM HJIM [IBYX 9KpaHax TeKCTa (KakK MbI BCce 3HaeM, pa3Mep 3kpaHa ISO/ANSI coctaBnsieT 80x24)
U OeJiaTh OJHY Bellb, U AeJiaTh 9TO XOPOIIIO.

MaxkcuMasnbHas qjiMHa QyHKIIUY 00paTHO IPOIIOPIIMOHAJIbHA CJI0KHOCTHY U YPOBHIO OTCTYIIA 3TOM (QYHKIINH.
Takum oOpa3oM, ecii¥ ¥ BaC eCTh KOHIUENTyalbHO IIpocTast GyHKIUs, IpeacTaBisoonas co6oil Bcero
JIVIIL OOWH OJIMHHEBIN (HO IPOCTOM) case-oIepaTop, B KOTOPOM BaM HYXKHO [ejlaTb MHOXKECTBO MeJIKUX
OEeNCTBUU OJIs1 MHOXKECTBa Pa3HHIX CIIyYaeB, MOXKHO MCII0JIb30BaTh 00jiee IIIMHHYIO QYHKIUIO.

OnHakKo, eciy ¥ Bac eCTh CII0XKHas QYHKITHS, U BHI IOT03pEBaeTe, YTO MeHee OJlapeHHbIH IePBOKYPCHUK
MOXKEeT fake He MOHWMAaTh, 0 YeM 3Ta QyHKIMs, BaM cJiegyeT ele 0omee CTPOTO TMPUOEPKUBATHCS
MaKCHUMaJIbHBIX OTPaHUYeHW. MComb3yiTe BCIOMOTaTeTbHbIe (PYHKLIMY C OMHUCATETbHBIMU UMEHAaMU
(BBI MOKETe MOMPOCUTH KOMIUJIITOP BCTPOuTh ux (in-line), ecnu cumTaeTe, YTO 3TO KPUTUYHO I
IIPOM3BOAUTEILHOCTH, U OH, BEPOSITHO, CIIPABUTCS C 3TOM 3afadeil JIydllle, YeM BEI).

IIpyro# Mepo¥t GyHKIIUYM IBASETCS KOJIMYECTBO JIOKAILHEIX IIEPEMEHHBIX. MIX He [OIKHO OBITH OOJIbIIIE
5-10, nHaYe BH YTO-TO JeaeTe He TakK. [lepeocMeiciuTe GYHKIIUIO U Pa3OeNiuTe ee Ha 0oee MenKue
yacTu. YesoBedeCKUM MO3T OOBIYHO MOXKET JIETKO OTCJIEKMBATh OKOJIO 7 pa3HLIX Belllei, eciu OOJIbIIIE,
TO OH 3amyTaeTcsA. BBl 3HaeTe, YTO BBl Te€HHAJIbHBI, HO, BO3MOXHO, BBl XOTeIU ObI IOHSTH, UTO BHI
coerany 4epe3 2 HeOeu.

5.7 KoMMeHTMpOBaHue

KoMMeHTapuu — 5TO XOPOIIO, HO CYIIECTBYET OIIaCHOCTh UX Ype3MepHOro KomMmeHtuposanusa. HUKOI'TTA
He IBITalTeCch 00BACHUTEL B KoMMeHTapuu, KAK paGoTaeT Bai Kof: ropa3fo Jydllle HallucaTh KO Tak,
yTOOHI paboTa 6blla oUeBUAHA, a OOBSICHATH IIJI0X0 HAaTMCAHHBIM KO — IIyCTasl TpaTa BPEeMEeHMU.

Kak mpaBuio, BEI XOTUTE, YTOORI BaIlllm KomMeHTapuu coobimanu, YTO memaeT Bai Kom, a He KAK.
KoMMeHTapuii B paMKe C onucaHueM QYHKIIMY, BO3BpalllaeMOoro 3Ha4eHHUs U TOTO, KTO €€ BHI3LIBAET,
IIoMeIllaeTCs Hall TeJIoM — 3TO Xopoino. Kpome Toro, crapaiiTech u3beratsh pa3MeIeHuss KOMMEeHTapueB
BHYTPHU Tena QyHKIIUU: eCIi PYHKIIMSI HaCTOJILKO CII0XKHA, YTO BaM HY2KHO OTHeJIhHO KOMMEHTHUPOBATh

ee 4aCTH, BaM, BEpPOSTHO, CIedyeT ellle pa3 lepeduTaTh pa3men «DPyHrumm». Bl MoXkeTe genaThb
HeOOJIbIII e KOMMEHTaPUM, YTOOB OTMETUTH UJIH IPEAYIIPEIUTD O YEM-TO 0COOEHHO YMHOM (MM HEKPACUBOM
HO CTapadTech u30eraTh U3MHUIIECTB. BMECTO 3TOro moMecTHTe KOMMEHTAapuu B Hadajle QYHKIIUH,
paccka3biBas JIIOOSAM, UYTO OHa AenaeT U, Bo3MoxkHO, [IOYEMY oHa 3TO memnaer.

Ecnu ncnons3yroTcsa KOMMeHTapuu Tulia /* Fix me */, moxkanyiicra, CKaxXUTe, I04eMy YTO-TO HyKHO
HCIIPaBUTh. ECIM B 3aTPOHYTYIO YaCTh Kofa ObII0 BHECEHO U3MeHeHue, b0 yaanute KOMMeHTapui,
00 U3MEHUTe ero, YToOBl YKa3aTh, UYTO U3MeHeHUe OBIJI0 BHECEHO U TpeOyeT TeCTUPOBAHUS.

5.8 Ckpuntbl 0005104ku n cpannsl Makefile

He y Bcex ycTaHOBIEHB OOMHAKOBBIE MHCTPYMEHTHI U ITaKeTH. HeKOoTophle II0A¥ UCIONB3YIOT Vi,
opyrue emacs. HekoToprie gaxke n36eraiT YCTaHOBKHY II000T0 ITaKeTa, IPENIIouYnuTas JIETKUN TeKCTOBBIN
penakTop, TakKOM Kak nano uiau BCcTpoeHHHN B Midnight Commander.

gawk mpotuB mawk. Onarh XKe, He y Bcex OymeT ycTaHOBIeH gawk, mawk moutu B gecsaTh pas
MEHBbIIe [0 Pa3sMepPy U IPHU 3TOM COOTBeTCTByeT cTaHmapTy POSIX AWK. Ecnu TpebyeTcsi KaKasi-TO
HETIOHSATHAas KOMaH[a, crienupuyHas o1 gawk, KOTOPyI0 mawk He MPeJoCTaBiIsieT, TO Y HEKOTOPBIX
MoIb30BaTeel CKpUNT He paboTaeT. To Ke camMoe OTHOCUTCS ¥ K mawk. Kopode roBopsi, UCIIOJIL3yiiTe
o01muit BEI30B awk BMecTo gawk mim mawk.
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5.9 CornaweHus C++

O6cyxkmeHue cTuiied nporpaMmmupoBanus C++ Bcerma 3aKaHYMBAIOTCS XKapKuMu gedataMu (YTO-TO
BpOfie CIIOPOB MexkAy emacs u vi). OgHO MOXKHO CKa3aTh HaBEepPHSIKA: OOIIUNW CTUITh, UCIIOIb3yEeMBbIH
BCeMH, KTO paboTaeT Hall IIPOEKTOM, IPUBOAUT K eOUHOOOpa3HOMY U yOOoO0YMTaeMOMY KOmy.

Cornamenus 00 UMeHax: KOHCTaHTHI U3 #define unu enumerations mOIXKHEI OBITE B BEDXHEM PETUCTPE.
O6ocHoBaHUe: yIpolaeT o0HapyKeHue KOHCTAHT B MOMEHT KOMITUJISIIIMY B UICXOOHOM KOfie, HallpuMep,
EMC MESSAGE TYPE.

Classes 1 Namespaces [OIXKHBI HCIIOIb30BaTh NEePBYI0 OYKBY KaXKaOT0 CJIOBAa C 3arjlaBHOM OYKBBI B
n3berath nmomdepkuBaHusi. O6OocHoBaHue: HpmeHTHUIMPYIOT classes, constructors u destructors,
HanpuMmep, GtkWidget.

MeTogns! (unu nMeHa QyHKIMI) OOJIKHBI COOTBETCTBOBATh IPUBEAEHHLIM BhHIIIIe peKoMeHOanusaMm C u
He OOJIKHBI BKJIIOYATh UMs Knacca. OO0CHOBaHME: MOOAEPKUBAET OOIINYM CTUIIL OJISI MCXOTHBIX KOTOB
C u C++, manpumep, get foo bar().

OmHaKo JIOTUYEeCKHEe METOOHI JIerye YUTaTh, €CIIU OHU U30eraroT CUMBOJIOB IIOTYEPKUBAHUS ¥ UCIIOTB3YIOT
npeduKc «is» (He IyTaTh C METOAMH, KOTOPbIe MAHUITYIUPYIOT IOTUYECKUMHU 3HaUeHusIM1). OG0CHOBaHUE:
HpenTtudunupyer Bo3BpamaeMoe 3HaueHue Kak TRUE unu FALSE u Hudero 6oJjbllle, HaIpuMep,
isOpen, isHomed.

HE ucnomns3ylite Not B 1OTUYeCKOM UMEHH, 9TO IPUBOOUT TOILKO K ITyTaHUIIE IIPY BEIIIOTHEHUY JIOTUYECKUX
TecToB, Hanpumep, isNotOnLimit unu is not on limit - ato ITJIOXO.

B uMeHax nepeMeHHBIX clienyeT n30eraTh UCII0JIb30BaHM S BEPXHET 0 PerucTpa U CUMBOJIOB IIOqUYePKUBaHUS,
3a UCKJIIOUEeHWEM JIOKAJTbHBIX MJIM YaCTHBIX UMeH. ClefyeT 1o BO3MOXKHOCTH U30eraTh UCTI0JIb30BAHU S
rnobanbHbIX TepeMeHHBIX. OOGOCHOBaHUE: Pa3bSICHSET, KaKue U3 HUX SBJIAIOTCHA MEePEMEHHBIMU, a
Kakue MeTomamu. OOLemOCTYyIHEIN: HanpuMep, axislimit Private: sanpumep, maxvelocity .

5.9.1 KoHKpeTHble corsawieHua o6 mmeHoBaHUM MeTOn0B

TepMmuHHb get u set cegyeT uCnomb30BaTh TaM, THE OOCTYI K aTPUOYTY OCYIIECTBISIETCS HATIPSIMYIO.
O6ocHOBaHUeE: yKa3bIBaeT Ha3dHaueHWe GyHKINY WM MeToda, Hampumep, get foo set bar.

[I71s1 MEeTOIOB, UCIOJIL3YIOIINX JIOTUYEeCKUe aTPUOyTH, TPEeAIoUYTUTENLHEE UCTI0Tb30BaTh set & reset.
Ob6ocHOBaHMe: KaK yKa3aHO BHIIIIE. HAaTpuMep set amp enable reset amp fault

MeTonOnl MHTEHCUBHO UCIIONIb3YIONUINE BEIYNCIEHN TOIXKHEI ICII0JIb30BaTh compute B KauecTBe npedukca.
O6GocHOBaHUE: [TOKA3BIBAET, YTO 3TO TPeOyeT OOJBINNX BEIYUCIUTEILHEIX PECYPCOB 1 3arpyxaet LIT1.
HanpuMep compute PID

ITo BO3MOKHOCTH CciieqyeT n3beraTh COKpaIlleHNH B UMeHaX. MCKITI0UYeHne COCTABIISIOT UMEeHa JTIOKaJIbHBIX
nmepeMeHHbIX. OO0CHOBaHME: ICHOCTE KOfa. HaIPUMEDP pointer mpedmodyTUTENbHEE, YeM ptr, compute
IpenuoyTUTEJIbHEE, YEeM CMp, compare CHOBa IIPEefNIOYTUTEJIbHEE, YEM CMpP.

Enumerates u gpyrue KOHCTaHTH MOTYT UMETH ITpedUKC 06I111eT0 UMEeHU TUuIla, Hanpumep, enum COLOR
{ COLOR RED, COLOR BLUE };.

Crnenyet u3berath Ype3MepHOT0 UCII0JIb30BAHUSI MAKPOCOB U oIlpefieieHn. IIpeAnoYyTUTeIbHO UCII0Ib30Ba
MPOCTEIe MeTOAw uu QyHKuru. O60CHOBaHME: YIYYIIAeT MPOIECC OTIagKH.

darinel 3aronoBkoB Include Statements momKHEI OBITH BKIIIOUEHHI B Hadaslo UCXOOHOTO ¢alina, a He
pa3bpocaHE 1o BceMy TeKCTy. OHU OOIXKHEBI OBITh OTCOPTUPOBAHEI ¥ CTPYIIIUPOBAHEI IT0 UX HEPAPXUIECKOMY
IIOJIOKEHUI0 B CUCTEMe, IIPU 5TOM (Galbl HU3KOT0 YPOBHS NOJKHEI BKIIOYAThCSA B IIEPBYIO OYepPEDD.
Brmroyaemsie yTH K ¢ariimam HUKOT [TA He momKHBI OBITH aOGCOMTIOTHEIMU. BMECTO 3TOT'0 MCIIOJIL3YHUTE

¢mar xomnunaTopa -I, 4ToOB pacIMpPUTh MyTh noucka. OG0OCHOBaHUE: 3aroJjIOBKU MOTYT OBITH HE B
OOHOM U TOM K€ MeCTe BO BCEX CUCTeMax.

YKazaTenu U CCHIJIKU OOJIKHBEI UMETh CUMBOJI CCHIJIKM PSIIOM C UMEHEeM IIepeMeHHOH, a He C UMeHeM
Tuna. O60CHOBaHUE: YMeHbIIaeT IyTaHuny, HanpuMmep, float *x umm int &1.
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HesaBurbie IIPOBEPKHU HYJIA HE JOJIZKHEI UCITOJIb30BATHCA, 3a UCKIIIOYEHHUEM 6y’J'IeBbIX IIEPEMEHHEIX, HAIIPDUMED,
if (spindle speed != 0) HE if (spindle speed).

B koHCTpyKIMio for() momXKHB OLITH BKJIIOUEHHB! TOJILKO OMEPaTOPRl YIPABJIEHUS I[IUKJIOM, HalpUMED,
sum = 0; for (i=0; i<10; i++) { sum += value[il]; }
HE: for (i=0, sum=0; i<10; i++) sum += valuel[il];.

TouyHO Tak XkKe cienyeT u30eraTh UCIIOIHSIEMBIX OIIEPATOPOB B YCIIOBHEIX OllepaTopax, HampuMmep, if
(fd = open(file name) HeBepHHIH.

CnenyeT u36eraTh CIIOKHBIX YCIIOBHEIX OTIEPATOPOB. BMECTO 5TOT0 UCIIONIE3yHTE BpEMEHHBIE JIOTUYECKUe
IIepeMeHHEIe.

CKOOKY [IOIKHBI UCIIOIb30BaThCsI B MAaTEMaTHYECKHUX BEIPAazKEeHUIX B O0IBIIOM KonuuecTBe. He mosytaraitect
Ha IIPUOPHUTET OIEPaTOPOB, KOTfa JUIITHNE CKOOKH MOT'YT IIPOSICHUTH CUTYAITHIO.

HmMeHa ¢aiiyioB: UCXOOHUKHU M 3arojioBKu C++ HCHONL3yIOT pacmuperHus .cc u .hh. Mcnonbp3oBaHue
.c u .h 3apesepBupoBaHO Ans npoctoro C. 3arojioBKU IpefHa3Ha4deHHl OJIg 00BLSIBIEHUMN KIIACCOB,
MEeTOMOB U CTPYKTYD, a He A1 Kofa (eciu TOJIbKO GYHKINY He OObSBIEHE BCTPOEHHBIMHU).

5.10 CraHpapTtbl KogupoBaHua Python

HUcnonbaytiTe ctunb PEP 8 mnsa koga Python.

5.11 CraHpapTbl KOOUPOBaHUA .cOmp

B wactu o6bsaBNIeHU (aiina .comp Kaxaoe 00bABIeHNe HaUNHAETCs C IepBoro cTonbua. BeTapmsiiTe
OOIIOJTHUTEIbHEIE IIyCThIE CTPOKH, KOTHa OHU IIOMOTal0T CIPYIIIMPOBATh CBI3aHHBIE 3JIEMEHTHI.

In the code portion of a .comp file, follow normal C coding style.



https://www.python.org/dev/peps/pep-0008/
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Chapter 6

GUI Development Reference

This document attempts to be a best practices reference for general use screen development.

While it is possible to program just about anything to work with LinuxCNC, using a common frame
work, language and configuration requirements allows easier transition between screens and more
developers to maintain them.

That said, nothing in this document is written in stone.

6.1 SfA3bIK

Python is currently the preferred language of LinuxCNC’s screen code.

Python has a low entry bar for new users to modify the screens to suit them.

Python has a rich array of documentation, tutorials and libraries to pull from.

It is already used and integrated into LinuxCNC’s system requirements.

While C or C++ could be used, it severely limits who can maintain and develop them.

It would be better to extend Python with C/C++ modules for whatever function that requires it.

6.2 Localization of float numbers in GUIs

Different locales use different decimal separators and thousands separators. Locale-specific string-
to-float functions should be avoided as they may give unexpected results. (For example the text string
”1.58” in de DE will be converted to 158 by atof()). The following guidelines (based on avoiding
ambiguity rather than on ”correctness” in any specific locale) are suggested if parsing float to string
and vice-versa:

¢ Inthe case of input allow either comma (,) or point(.) as a decimal separator, but reject any input that
has more than one of either. Space should be accepted but not required as a thousands separator.

* In the case of display either use point (.) consistently or use the current localisation format consis-
tently. The emphasis here being on ”consistently”.

6.3 ba3oBasa KoOHdurypauusa

Currently, most screens use a combination of INI file and preference file entries to configure their
functions.
INI text files are usually used for the common machine controller settings, while text based preference
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files are used for more GUI related properties (such as sounds, size, colors).
There can be other files used for translations, stylizing and function customization. These are highly
dependent on the underlying widget toolkit.

6.3.1 INI [DISPLAY]

The [DISPLAY] section of the INI is for specifying screen related settings.

6.3.1.1 Display

The most important of is specifying the name of the screen that the LinuxCNC script will use to load.
The screen program usually recognizes switches such as to set full screen.
Title is for the window title and icon is used for iconizing the window.

[DISPLAY]

DISPLAY = axis

TITLE = XYZA Rotational Axis
ICON = silver _dragon.png

6.3.1.2 BpemMsa uukna

If settable, this is how to set the cycle time of the display GUI.
This is often the update rate rather then sleep time between updates.
A value of 100 ms (0.1 s) is a common setting though a range of 50 - 200 ms is not unheard of.

[DISPLAY]
CYCLE TIME = 100

6.3.1.3 MNytm K hbannam

If these functions are available in the screen here is how to specify the path to use.
These should reference from the current INI file, or allow ~ for the home folder, or allow use of
absolute paths.

MDI HISTORY FILE = mdi history.txt
PREFERENCE_FILE PATH = gui.pref
LOG_FILE = gui-log.txt

6.3.1.4 TlpupaweHus MenJieHHOW nogaym

Radio buttons or a combobox are generally used for increments selection.

The linear increments can be a mix of inches or millimeters.

Angular increments are specified in degrees.

The word continuous is used to specify continuous jogging and probably should be added even if left
out of the INI line.

INCREMENTS = continuous, 10 mm, 1.0 mm, 0.10 mm, 0.01 mm, 1.0 inch, 0.1 inch, 0.01 inch
ANGULAR INCREMENTS = continuous, .5, 1, 45, 90, 360
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6.3.1.5 TlNoacka3ska No TUNYy CTaHKa

The screen often needs to be adjusted based on machine type. Lathes have different controls and
display DROs differently. Foam machine display the plot differently.
The old way to do this was adding switches LATHE = 1, FOAM =1 etc

MACHINE TYPE HINT = LATHE

6.3.1.6 Overrides

Overrides allows the user to adjust feed rate or spindle speed on the fly. Usually a slider or dial is
used.
These settings are in percent.

MAX_FEED OVERRIDE = 120
MIN_SPINDLE_© OVERRIDE 50
MAX_SPINDLE © OVERRIDE 120

6.3.1.7 Jog Rate

Most screens have slider controls to adjust the linear and angular jog speed rate,

These settings should be specified in machine units per minute for linear and degrees per minute for
angular

Default refers to the starting rate when the screen is first loaded.

DEFAULT LINEAR VELOCITY =
MIN_ LINEAR VELOCITY =
MAX LINEAR VELOCITY =

DEFAULT_ANGULAR VELOCITY =
MIN ANGULAR VELOCITY =
MAX_ANGULAR VELOCITY =

6.3.1.8 PyuyHoe ynpasneHue LUNUHAENIEeM

Manual controls for spindle control could be, (or a combinations of) buttons, sliders or dials

You can set limits that are less then the what the machine controller can utilize by setting these
entries.

If your screen is capable of running multiple spindles, then should accept entries higher then the
shown 0.

SPINDLE_INCREMENT = 100
DEFAULT SPINDLE © SPEED = 500
MIN_SPINDLE O SPEED = 50
MAX_SPINDLE 0 SPEED = 1000

6.3.2 INI [MDI_COMMAND]

Some screens use buttons to run Macro NGC commands.

They can be specified like these compact examples.

NGC commands separated by colons are run to completion before the next.
The optional comma separates text for the button from the NGC code.
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[MDI_COMMAND LIST]
MDI_COMMAND MACROO
MDI_COMMAND MACRO1

GO Z25;X0 Y0;Z0, Goto\nUser\nZero
G53 GO Z0;G53 GO X0 YO,Goto\nMachn\nZero

6.3.3 INI [FILTER]

This section allows setting of what files are shown in the file chooser and what filter programs will
preprocess its output before sending it to LinuxCNC.

The extensions follow this pattern:

PROGRAM EXTENSION = .extension,.extension2[space]Description of extensions

The filter program definitions are such:

filter extension = program to run

[FILTER]

# Controls what programs are shown in the file manager:

PROGRAM EXTENSION = .ngc,.nc,.tap G-Code File (*.ngc,*.nc,*.tap)
PROGRAM _EXTENSION .png, .gif,.jpg Greyscale Depth Image
PROGRAM_EXTENSION .py Python Script

# Maps data/source code file extensions to a special ’'filter’ program for the display/ «+
execution:

png = image-to-gcode
gif = image-to-gcode
jpg = image-to-gcode
py = python3

6.3.4 INI [HAL]

Most screens will need some HAL pins. They need to be connected after the screen creates them.

6.3.4.1 Postgui Halfile

These files should be run one after another in order, after all the GUI HAL pins have been made.

[HAL]
POSTGUI HALFILE
POSTGUI HALFILE

keypad postgui.hal
vfd postgui.hal

6.3.4.2 Postgui Halcmd

These files should be run one after another in order, after all the POSTGUI files have been run.

[HAL]
POSTGUI HALCMD
POSTGUI HALCMD

show pin qt
loadusr halmeter
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6.4 PacwupeHHas KOHduUrypauuma

6.4.1 BcTpauBaHue 35neMmeHTOB N'NMN

Allowing users to build small panels independently, that can be embedded into the main screen is
a common and very useful customization. Some screens allow embedding of 3rd party foreign pro-
grams, others only the native widget toolkit based panels.

Usually these are embedded in tabs or side panel widgets.

This is how to describe the optional title, loading command and location widget name:

EMBED TAB NAME=Vismach demo
EMBED TAB COMMAND=qgtvcp vismach mill xyz
EMBED TAB LOCATION=tabWidget utilities

6.4.2 [Ouanoru coobLieHun nonb3oBaTens

User dialogs are used for popping up import information (usually errors), that the user deems impor-
tant.

Some stay up till the problem is fixed, some require acknowledgement, others a yes/no choice.

A HAL I/0O pin would pop up the dialog, the dialog would reset the I/O pin and set any response output
pins.

[DISPLAY]

MESSAGE BOLDTEXT = This is an information message
MESSAGE _TEXT = This is low priority

MESSAGE DETAILS = press ok to clear

MESSAGE TYPE = okdialog status

MESSAGE_PINNAME = bothtest

MESSAGE_ICON = INFO

This style gives multiple messages defined by a number.
This example shows 3 possible messages based around a VFD error number.

[DISPLAY]
MULTIMESSAGE ID = VFD

MULTIMESSAGE VFD NUMBER = 1

MULTIMESSAGE VFD TYPE = okdialog status

MULTIMESSAGE VFD TITLE = VFD Error: 1

MULTIMESSAGE VFD TEXT = This is the longer text FOR MESSAGE NUMBER 1
MULTIMESSAGE VFD DETAILS = DETAILS for VFD error 1
MULTIMESSAGE VFD ICON = WARNING

MULTIMESSAGE VFD NUMBER = 2

MULTIMESSAGE VFD TYPE = nonedialog status

MULTIMESSAGE VFD TITLE = VFD Error: 2

MULTIMESSAGE VFD TEXT = This is the longer text FOR MESSAGE NUMBER 2
MULTIMESSAGE VFD DETAILS = DETAILS for VFD error 2
MULTIMESSAGE VFD ICON = INFO

MULTIMESSAGE VFD NUMBER = 3

MULTIMESSAGE VFD TYPE = status

MULTIMESSAGE VFD TITLE = VFD Error: 3

MULTIMESSAGE VFD TEXT = This is the longer text FOR Error MESSAGE NUMBER 3.
MULTIMESSAGE VFD DETAILS = We should do something about this message.
MULTIMESSAGE VFD ICON = WARNING
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Chapter 7

Coopka LinuxCNC

7.1 BBepeHue

B aTOM mOKYyMeHTe OmMCHIBAaeTCs, Kak cobpaTth nmporpamMMmHoe obecnedenne LinuxCNC 13 mCXomHOTro
KoIa. DTO B IIePBYIO0 O4Yepenb IOJIE3HO, eClIM BH padpaboTumk, mMogudbunupyomui LinuxCNC. 3Tto
TaK>e MOKeT OBITh II0JI€3HO, ECJIX BHI SIBISIETECH IT0JIb30BAaTE/IEM, TECTUPYIOIINM BETKY Pa3paboTINKOB,
XOTsI B 9TOM CJIy4ae y BaC TaKKe eCTb BO3MOXKHOCTb IIPOCTO YCTaHOBUTE nakeThl Debian u3 buildbot
(http://buildbot.linuxcnc.org) unu Kak oO6BIYHBIN HaKeT 13 Bamero [Tuctpudytus Linux (https://tracker.debiar
pkg/linuxcnc). CnenyeT npu3HaTh, YTO 3TOT pas3desl TakKe CyllecTByeT, TOCKOIbKYy LinuxCNC — ato
paboTa cool11ecTBa, ¥ BaM IIpefjiaraeTcsl BHECTHU CBOM BKiaz B pa3Butue LinuxCNC. Kak npasuio, Bh
xoTUTe ckoMmnunuposath LinuxCNC camMOCTOATENbHO OJ19 HeMeOJIeHHOI 0 GYHKINOHAIbHOI'O JOCTyIa

* K HOBOU pa3paborke LinuxCNC unu

¢ HOBas pa3pabdoTKa BLI BO3MOXKHO XOTUTE BHECTHU BKJIag B LinuxCNC unu moMo4sb OPYTUM 3aBEPIIUTH
y
ero.

Hampuwmep, Bel MokeTe ntepeHocuTh LinuxCNC Ha KaKOH-TO HOBHIM OUCTPUOYTHB Linux UM, YTO 4acTo
ObIBaeT, pa3paboTYuK pearupyeT Ha Balll OTYET O IIpobieMe, NCIIPaBIeHNE KOTOPOU BBl XOTUTE IMTPOTECTUPOBE
Jlio6oe Takoe m3MeHeHue He yBUOMT buildbot, KoTOpwIi MOTr OB ITOMOYBL, MK 3Ta IIOMOLIL OyOeT
OTJIOXKEHAa, 0KUJas Ybero-To 0030pa, KOTOPOTO BH HEe XOTUTE KIOAaTh, UJIM Bbl €0UHCTBEHHEIN YeJIOBEK

C oIrpefieIeHHLIM 000pyoOBaHUEM [JII TECTUPOBAHUS KOMOa.

IToMmuMoO TporpaMM, yIpaBIsAoIINX BallluM KOMIILBIOTEPOM U CO30aHHEIX HA OCHOBE UCXOOHOI'O IEPEBA,
BBHI TaKzKe MOXKeTe co37aBaTh Te ke daiinel PDF u/unu HTML, KoTophle Bbl, BEPOSITHO, BCTpedalu B
ceTu 1o agpecy https://linuxcnc.org/documents/.

Ecnu BEI XOTHTE BHECTU CBOM BKiIaf B LinuxCNC, HO He yBep€eHBI, C 4ero Ha4yaTh, 10XKallylcTa, CEpbe3HO
paccMOTpUTe BO3MOKHOCTEL BHECEHUS BKIIafa B JOKyMeHTanuio. KaxKaeil Bcerga HaXOOUT YTO-TO, YTO
MOZKHO yJIy4IIIUTh - ¥ €CJIU BBl IPOCTO ocTaBuTe "FIXME: with a comment” B TekCTe B KaueCTBe CCHIIKU

st ce0st U OPYTUX, 4TOOBI BEPHYTHCS K pa3feny mo3xe. KpoMe Toro, mepeBoabl Ha SI3bIKU, OTJIMYHBIE

OT aHTJIMMCKOT0, CKOpee BCero, BEIUTPAIOT OT Balllero MpUCTalbHOro BHUMaHuA Ha https://hosted.weblate.org
projects/linuxcnc/ .

7.2 CkaduBaHue pepeBa UCXOOHUKOB

Peno3utopuit git npoekra LinuxCNC HaxomuTcsa mo agpecy https://github.com/LinuxCNC/linuxcnc.
GitHub — monynsipHEIM cepBUC XOCTUHTA git ¥ caliT Ajist oOMeHa KOJIOM.

st IIOJIYy4YeHUusA UCXOOHOI'0O HepeBa y BaC €CTh IBa BapPHaAHTa:



http://buildbot.linuxcnc.org
https://tracker.debian.org/pkg/linuxcnc
https://tracker.debian.org/pkg/linuxcnc
https://linuxcnc.org/documents/
https://hosted.weblate.org/projects/linuxcnc/
https://hosted.weblate.org/projects/linuxcnc/
https://github.com/LinuxCNC/linuxcnc
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CKauyaTh apxXuB
Ha ctpanune npoekta LinuxCNC B GitHub HalimuTe CCBEIIKY Ha "penu3bl” UIu “Terun”, meJIKHUTEe
TUIEPCCHIJIKY Ha CTPaHUIly apXuBa U 3arpy3ute mocjienHuil ¢aiin .tar. Bl HalimeTe 3TOT (aiin,
cxkaThM Kak (awn .tarxz munm .tar.gz. ITtoT ¢daiin, obrIYHO Ha3biBaeMbIM “tarball”, sBnsercs
apxXWBOM, OYEeHb IIOXO0XKHUM Ha .zip. Bam pa6ouuit cton Linux OygeT 3HaTh, KakK oOpamiaThbCs C
9TUM GaisioM, eCiu OBaKAHl MIEJIKHYTh 110 HEMY.

ITogroToBHTE JIOKAJIBHYIO KONIKIO peno3uTtopus LinuxCNC
CHauaJsa BaM CJIefyeT YyCTaHOBUTH HHCTPYMEHT “git” Ha CBOU KOMIIBIOTED, €CJIN OH €llle He JOCTYIIEeH
(sudo apt install git). 3aTemM HOATOTOBBLTE JTOKAIbHBIN 3K3EMILISAP UCXOOHOT O IepeBa CIeAyIONIUM
obGpas3oMm: .

$ git clone https://github.com/LinuxCNC/linuxcnc.git linuxcnc-source-dir

[NepBHIil apryMeHT KOMaHAH! git BEIMaeT 9To: ITO Ha3kBaeTcs “clone” peno3uTtopusa LinuxCNC. IIpeumyiect
B TOM, UTO 3TOT JIOKAJIbHBLIN KJIOH OOOEPIKUBAET CBSI3b 00 M3MEHEHMSIX, KOTOPHIE BBl MOXKETE PEIINTh
BBIIIOJIHUTE B UCXOOHOM [€pPEBE.

GitHub is an infrastructure on its own and explained in depth elsewhere. Just to get you motivated
if you do not know it already.offers to perform a clone for you and have that instance made publicly
available. GitHub refers to such an additional instance of another repository as a "fork”. You can
easily (and at no cost) create a fork of the LinuxCNC git repository at GitHub, and use that to track and
publish your changes. After creating your own GitHub fork of LinuxCNC, clone it to your development
machine and proceed with your hacking as usual.

Mer u3 npoekta LinuxCNC HameeMcsl, YTO BHI HOOEIHUTEChH C HAMH CBOMMH H3MEHEHHSIMU, YTOOLI
COODBIIIeCTBO MOTJIO U3BJIeYb IOJIb3Yy u3 Bamel pabotel. GitHub memaet 3ToT 06MeH 0YeHB MPOCTHIM:
TocJie TOro, KakK BHl OTHUIM(YETe CBOM M3MEHEHUS U OTIIPaBUTE UX B CBOM ¢Gopk github, oTmpasBnTe
HaM 3anpoc Pull Request.

7.2.1 BbICTPbIA CTApPT

[l HeTepIIeIUBLIX MOMPOOYHTE Cleayolee:

$ git clone https://github.com/LinuxCNC/linuxcnc.git linuxcnc-source-dir
$ cd linuxcnc-source-dir/src

$ ./autogen.sh

$ ./configure --with-realtime=uspace

$ make

OTO, BEPOATHO, HE yHacTcsa! OTO He HOejlaeT Bac IJIOXUM YEJIOBEKOM, 3TO IIPOCTO O3HAYaeT, YTO BEH
OOJIKHBI TPOYUTATh BECh 3TOT AOKYMEHT, YTOOBI y3HATh KaK PEIIUTh CBou Ipobmembl. OcoBGeHHO
pasmen ymoBlIeTBOPEeHME 3aBUCUMOCTEN COOPKH.

Ecnu BH paboTaeTe B CHUCTeMe C IIOAOEePZKKOIN peajlbHOTO BpeMeHH (HampuMep, IIPH YCTAaHOBKE M3
o6paza LinuxCNC Live/Install Image, cM. pa3gen B peasnbHOM BpeMeHU HUIKE), B HACTOSAIIEE BPeMs
TpebyeTCss OOUH [OIIOTHUTELHEIN IIar COOPKH:

$ sudo make setuid

ITocne Toro, Kak BeI ycneltHo cobpanu LinuxCNC, mpuIisio BpeMs 3allyCTUTb TECTHI:

$ source ../scripts/rip-environment
$ runtests

9To ToXKe MOXKeT He monyuuThcsi! IIpouyTuTe BeCh 3TOT HOKYMEHT, HO ocoO0eHHO pa3mes HacTpoiika
cpenbl TECTUPOBAHUS.
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7.3 NMoppep>xusBaembie naatdopmbl

ITpoekt LinuxCNC HallejieH Ha COBpPeMeHHbIe HUCTPUOYTHUBHI Ha OCHOBe Debian, Bkmtodasi Debian,
Ubuntu u Mint. M=uI moCTOSTHHO TECTHUPYEM Ha IutaT@opMax, lepednciieHHbX Ha http://buildbot.linuxcnc.org.

LinuxCNC cobupaeTcs Ha O0IbIITMHCTBE OPYTUX OUCTPUOYTUBOB Linux, XOTsI yIpaBiieHHE 3aBUCUMOCTSIMHU
OyneT 6oyee PyYHBEIM 1 MEHEE aBTOMaTUYeCKUM. Bcerpga mpuBeTCTBYIOTCS UCHPABJIEHUS OJIS Yy YIIEHU S
IIePeHOCUMOCTU Ha HOBHIE IIJIAaT(POPMEI.

7.3.1 B peanbHOM BpeMeHMU

LinuxCNC — 3To KOHTPOJIJIEP CTaHKa, U eMy TpebyeTcs miaTdopmMa peajabHOr0 BPEMEHU [JIsl 3TOHU
pabotel. OTa Bepcus LinuxCNC mopmepxkuBaeT ciepgyloinue mnaTdopmbl. I[lepBhie Tpu B CIUCKE
SIBJITIOTCSI OIE€PAIlMOHHEIMU CUCTEMaMU peaJilbHOTO BpeMeHU:

RTAI
C catita https://www.rtai.org. Agpo Linux ¢ matuem RTAI moctymHo B apxuBe Debian mo agpecy
https://linuxcnc.org. MHCTpyKUMH 0 ycTaHOBKe cM. [Tonmyuenue LinuxCNC.

Xenomai
C caiita https://xenomai.org. Bam npugeTcss CKOMIUIUPOBATD UJIU ITOIYYUTE IAPO Xenomai caMOCTOSTe

Preempt-RT
C https://rt.wiki.kernel.org. dapo Linux c matueM Preempt-RT uHorma moctymnHo B apxuBe Debian
o appecy https://www.debian.org 1 B uHTepHET-apxuBe 110 aapecy https://snapshot.debian.org.

He B pea/ibHOM BpeMeHHA
LinuxCNC can also be built and run on non-realtime platforms, such as a regular install of Debian
or Ubuntu without any special realtime kernel.
In this mode LinuxCNC is not useful for controlling machine tools, but it is useful for simulating
the execution of G-code and for testing the non-realtime parts of the system (such as the user
interfaces, and some kinds of components and device drivers).
To make use of the realtime capabilities of LinuxCNC, certain parts of LinuxCNC need to run
with root privileges. To enable root for these parts, run this extra command after the make that
builds LinuxCNC:

$ sudo make setuid

7.4 Pe>Xumbl cOOpKu

CymecTtByeT aBa criocoba coopku LinuxCNC: ynoOHBIH 015 pa3paboTYNKOB PEKUM «3allyCKa Ha MecTe»
(run in place) u ygoOGHBIH /IS TOTB30BATENISA PEXKUM CO3HaHMUs IakeToB Debian.

7.4.1 C6bopka pna 3anycka Ha mecte (RIP)

ITpu c6opke Run-In-Place mporpammsel LinuxCNC KOMOIUIUPYIOTCSA U3 KCXOOHOTO KOJIa, a 3aTEeM 3aIlyCKalOTCS]
HETIOCPENCTBEHHO U3 KaTaJjiora cOopku. Hudyero He ycTaHaBIMBaETCS 3a IpeesiaMu KaTajaora COOpKH.

9T0 OBICTPO U JIETKO M MOOXOOUT OJiss OLICTPOrO BHeceHus m3MeHeHui. Habop TecTtoB LinuxCNC
paboTaet TonbKO B c6opKe Run-In-Place. BomnbmuacTBO pa3paboTuynkoB LinuxCNC B 0CHOBHOM UCTIOJIB3VIOT
3TOT PEKUM.

C6opKa AJIs1 3allycKa Ha MecCTe [ieJlaeTCs TI0 IIaraM, ONTMCaHHBIM B pa3fesie BLICTPRIM CcTapT B BEPXHEH
YaCTH 3TOTO JOKYMEHTa, BO3MOXKHO, C Pa3HLIMU ITapaMeTpaMu [yt src/configure u make.



http://buildbot.linuxcnc.org
https://www.rtai.org
https://linuxcnc.org
https://xenomai.org
https://rt.wiki.kernel.org
https://www.debian.org
https://snapshot.debian.org

PykoBomctBo pa3paborumka V2.10.0-pre0-5003-g36a693b5f6 56 /81

7.4.1.1 src/configure napameTpsbl

Ckpunt src/configure HacTpamBaeT cnoco6 KOMIMISLUKY MCXOOHOTO Koma. OH MPUHUMAET MHOTO
HeoO0s13aTeIbHEIX TapaMeTPOB. BEIBeCTH Bce apryMeHTH src/configure 3amyckoM 3TOTO:

$ cd linuxcnc-source-dir/src
$ ./configure --help

Haubosnee 4acTo UCIIOIE3yEeMbIE TAPAMETPHL:

--with-realtime=uspace
Co3pmaBaiite Ojist 1000 m1aT®OPMBL PpeaTbHOT0 BpEMEHY MITH I He-peajlbHOTO BpeMeHU. [1onydeHHbI¢
ucnojyHsieMmble daimel LinuxCNC OyayT paboTaTth Kak Ha spape Linux ¢ matuamum Preempt-RT
(obecreynBaOIINMY YIIPaBJIeHNEe MAallIMHON B peaIbHOM BpEMEHH), TakK U Ha OOBIYHOM (HETIPOIIaTYeHHO!
sanpe Linux (o6ecneumBalomeM cumynsanuio G-kKofa, HO 6e3 yIpaBjieHHUS MalIMHON B peaylbHOM
BpPEMEHH).
b’"Eb’'b’''cb’'b’'nb’"'b"'mb’"" b"'yb"'b"'cb’'b’"'Tb’''b’’ab’’b’'ub’’b’’0ob’'b’'Bb’''b"'nb’"’'b’ «+
"eb’’b’"'Hb’'b"’bib’’ b’’'¢db’'b’’ab’’'b’’'ub’’'b’'nb’’'b’’wib’’ b’’pb’’'b’’ab’'b’’'3b’'b’ +
'pb’’'b’’ab’’b’’'6b’'b’'ob’ b’ Tb’ b’ kb’ 'b’'ub’’ b’'’'gb’'b’'nb’’'b’"ab’’ Xenomai (b’ «
'ob’’'b’’'6b’'b’'bib’'b’"ub’ b’ "Hb’ b’ '0b’’ b’'’'ub’’'b’’'3b’" b''nb’’'b’'ab’'b’''kb’'b’ «
’eb’’b’’Th’'b’’ab’’ libxenomai-dev) b’’ub’’b’’nb’’b’’ub’’ RTAI (b’’ob’’b’’'6b’’b’ <
'bb’’b’’ub’’b’"Hb’ b’ "0b’’ b’’'ub’’b’’3b’’ b’'’'nb’’'b’’ab’’'b’'kb’'b’"'eb’'b’''Tb’''b’
'ab’’ b’’'cb’’ b’'ub’’b’’'Mb’’b’’eb’’'b’'Hb’ b’ 'eb’'b’'Mb"", b''Hb’'b’"'ab’'b’''ub’"'b’ «
‘b’ "b’ "Hb’ "b’ ab’ "b’ b’ b’ 'wb’ b’ "nb’ ’b’ 'Mb’ b’ "cb’’b’"sb’’ b’’cb’’ "rtai-modules «
"), b"'mb"'b"'ob’'b’'pb’'b’'pb’'b’’eb’ b’ 'pb’ b’ "xb’ b’ 'kb’’'b’"ab’’ b’’'ab’'b’'’'Th’'’'b «+
"'mb’’'b’’'xb’’" b’’ab’’'b’’gb’’'b’’eb’’'b’'pb’’ b’''pb’’'b’’eb’'b’''ab’'b’'nb’"'b’"'bb’'b’
"Hb’’'b’’ob’’'b’’'rb’’'b’’ob’’ b’’'Bb’’'b’'pb’’'b’’eb’ b’ 'Mb’'b""'eb’ b’ 'Hb’ b’ 'nb’" b’ «
"Tb’’'b’’ab’’'b’'kb’'b’'x%b’'b’"eb’’ b’’'6b’’'b’’'yb’'b’'gb’'b’'eb’’'b’'Tb’" b''Bb’''b’
'kb’’'b’'nb’ b’ b’ b’ "ub’’'b’'eb’ b’ "Hb’ ‘b’ "ab’ .

--with-realtime=/usr/realtime-$VERSION
Coopka mist nmnaThopMel peanbHOTo BpemeHu RTAI ¢ mcmonb3oBaHueM 06ojee CTapoi MOmenu
”simpo peanbHOTO BpeMeHu”. s 3TOro HeoOxommmo, 4TOOB! ¥ Bac OBINIO sapo u momynu RTAI,
ycTaHOBIeHHEIe B /usr/realtime-$VERSION. [Tony4uenHbie ucnonuseMsle parinsl LinuxCNC 6yoyT
paboTaTh TONBKO Ha yKazaHHOM sgpe RTAI. HauuHas ¢ LinuxCNC 2.7, 3To o6ecnedyuBaeT HAUTy YIIYIO
IIPOU3BOOUTEJIBHOCTE B PeaIbHOM BPEMEHM.

--enable-build-documentation
CG6opKa IOKYMEHTALUH B [OMOIHEeHNE K UCIIOIHIEMBIM (haiiaM. DTa OMIIKs 3HAYNTEILHO YBEIUYHNBAET
Bpewms, HeO6XOJlI/IMoe OJ1d KOMIIUJIAIIWMY, TaK KaK cGopKa I[OKYMeHTaL[I/II/I 3aHUMaeT JOBOJILHO MHOT O
BpEMEHH. Eciu BBI HE aKTUBHO pa60TaeTe Haf I[OKYMeHTaI_[I/Iefl, BEI MO2KETe OHYCTI/ITB 9TOT apPr'yMeEeHT.

--disable-build-documentation-translation
OTKTI0YUTE COOPKY TepeBeieHHOM JOKYMEHTAIIUY /IS BCEX MOCTYITHHIX sI3bIKOB. COOpKa IepeBeeHHOY
IOKyMEeHTall| 3aHuMaeT OTPOMHOE KOJINYeCTBO BPpEMEHH, II09TOMY PEKOMEHYEeTCs IPOIYCTUTD
9TO, €CJIX B 3TOM HeT 0C0601 He0OXOOUMOCTH.

7.4.1.2 TMapameTpbl make

Komanna make IIPUHHWMAET OBa II0JIE3HBIX OMMIITMOHAJIBHEIX ITapaMeTpa.

ITapamienbHast KOMIIUISIUAS
make MpUHUMAaET OMIIMOHANbHLIN mapaMeTp -j N (rme N — 4wucio). 3TO MO3BOJISIET BEIIOIHSTH
TapassienbHyI0 KOMIUIIALNIO ¢ N OJHOBPEMEHHBIMU IIPOLleCCaMH, YTO MOXKET 3HaYUTEIbHO YCKOPUTD
Bamry cO0pKy.

ITone3uriMm 3HaueHueM N sBasieTcs KonudecTBo LIIT B Barieidt cucreme cOOPKHU.
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Brl MoxkeTe Y3HaTh KOJIMYECTBO IIPOIIEeCCOPOB, 3allyCTHUB NPIroc.

COopKa TOJIBKO KOHKPETHOI'O 3JIEMEHTa
Ecnu BB X0THTE coOpaTh TOJIBKO ompenesieHHBIH KoMmoHeHT LinuxCNC, BrI MOzXKeTe yKa3aThb
Ha TO, 4YTO XOTHTE cobpaTh, B KOMaHOHON CTpPoKe make. Hampumep, ecnu B paboTaeTe Hap
KOMIIOHEHTOM Cc uMeHeM froboz, Bl MoxkeTe cobpaTh ero UCIOJTHAEMEIH (aii, 3anyCTUB:

$ cd linuxcnc-source-dir/src
$ make ../bin/froboz

7.4.2 Co6opka Debian nakeToB

IIpu c6opke makeToB Debian mporpammbl LinuxCNC KOMOUIMPYIOTCS M3 MCXOOHOTO KOJa U 3aTeM
coxpaHsIoTcs B makeTe Debian BMecTe ¢ nHpopMaliei 0 3aBUCUMOCTSIX. DTOT IIPOIIECC 10 YMOJTYaHUIO
Tak’Ke BKII0YaeT CO0OPKY AOKYMEeHTAIlUH, KOTOopasi 3aHUMaeT BpeMs U3-3a BCEeX OIlepalinii BBOga-BLIBOA
IOJIS MHOTUX S3BIKOB, HO ee MOXKHO nponycTuTh. 3ateM LinuxCNC ycTaHaBnuBaeTCs KaK 4aCTh 3TUX
IMaKeTOB Ha TOT K€ KOMITBIOTEP UJIM Ha MI000H IPYyTriio KOMITLIOTEP TAaKOU Ke apXUTEKTYPhl, Ha KOTOPYIO
KomupyioTcs ¢aiine .deb. LinuxCNC Henb3st 3allyCTUTD, ITO0Ka ITakeThl Debian He 6yOyT yCTaHOBIEHBI
Ha I1eJIeBOM KOMIIBIOTEpe, a 3aTeM HCIIOIHsIeMble (haiibl He OyOyT DOCTYIHE B /usr/bin u /usr/lib, kak
U Opyroe oOBIYHOE IIPOTrPaMMHOE 0OecIliedYeHNue CUCTEMEL.

9TOT pexuM COOPKU B IIEPBYIO OYEpEb I0JIE3eH MPU YIaKOBKE IIPOTPAaMMHOTO OOeCIedYeHUs [
OOCTaBKU KOHEYHBLIM T10JIh30BATEJISIM, @ TaKKe ITpu cO0OpKe MPorpaMMHOT0 00ecriedeHus IJist KOMITBLIOTEPA,
Ha KOTOPOM He YCTaHOBJIeHa cpefa cOOpKY UJIM HeT JocTymna K UHTepHeTy.

[7151 HeTepIIeTUBHIX MOTIPOOYUTE CIIeayIollee:

sudo apt-get install build-essential

git clone https://github.com/LinuxCNC/linuxcnc.git linuxcnc-source-dir
cd linuxcnc-source-dir/src

./debian/configure

sudo apt-get build-dep .

DEB BUILD OPTIONS=nocheck dpkg-buildpackage -uc -B

A A A

C6opka makeToB Debian BEIIOJTHsIETCST C OMOIIbI0 nHCTpyMeHTa dpkg-buildpackage, KoTopkIi TpeqoCcTaBil
nmakeTtoM dpkg-dev. Ero BHIIIOTHEHHE COIPOBOXKOAETCS PSOOM HPEIBAPUTENILHBLIX YCIIOBHUM, KOTOPHIE
MoapPOoOHO ONMCaHbl HUKe: * [loy12KHa OBITh yCTaHOBJIEHA 001as MHPPaCTPYKTypa COOPKH, T.€. KOMIUISITOPD
U T.H. * DOJIXKHEI OBITh YCTAHOBJIEHH 3aBUCUMOCTHM HA MOMEHT COOPKM, T.€. 3aroJjIOBOYHEIE (paiibl Os
HCIIONIb3yEeMbIX BHENTHUX OMOIMOTEK KOofa, KaK ONMMCAaHO B pa3pdesie YIOBJIETBOPEHUE 3aBUCUMOCTEN
cbopku. * ¢aiin B nanke Debian gomxeH OBITH ITOTHBIM U OIIUCHIBATDH ITAKET

HNHCTpyMeHTH cOOpPKHM ObIIM COOpaHbI B BUPTYAJIBHBEIM IMakeT ¢ uMeHeM build-essential. YToO6H
YCTaHOBUTH €ro0, BBIIIOJTHUTE:

$ sudo apt-get install build-essential

Kak TOmbKO 3THM mpemBapUTENbHBIE YCIOBUS COOMIOOeHbI, cOOpKa makeToB Debian cocTouT m3 OByX
I111aros.

[lepBBIM IIAroM SBJISIETCS CO3OaHWe CKPUNTOB Imaketa Debian m meTagmaHHBIX M3 pemo3uTopus git,
IIyTeM 3aIlycKa:

$ cd linuxcnc-dev
$ ./debian/configure
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Note

CkpunT debian/configure’ oTnmyaeTtcs oT ckpunTta src/configure!

CkpunTt debian/configure npnHUMaeT apryMeHTbl B 3aBUCMMOCTU OT nNaaTdopMbl, Ha KOTOpOn/ans
KOTopown Bbl CTpouTe, cM. pa3gen debian/configure arguments section. TMo ymon4aHuto Linux-
CNC paboTaeT B MNosb30BaTeNbLCKOM MPOCTpaHCTBE ("uspace”), oxwupas, 4To aapo preempt rt
MUHUMUN3NPYET 3a0EPXKKMU.

IMocrne KoHGpUTypaIuy CKPUIITOB ¥ MeTafaHHLIX ITakeTa Debian cobepute makeT, 3anyctuB dpkg-buildpacka
$ dpkg-buildpackage -b -uc

Note

dpkg-buildpackage Heobxoammo 3amyCTUTb U3 KOPHA WCXOAHOrO OepeBa, KOTOPOE Bbl MOMn
Ha3BaTb linuxcnc-source-dir, He BHYTpu linuxcnc-source-dir/debian.

dpkg-buildpackage npnHnmaeT Heobs3aTeNbHbIN apryMeHT - N (rge N — 4ncno). 3To no3BonseTt
3anyckaTb HECKOJIbKO 3a4aHuNin 04HOBPEMEHHO.

7.4.2.1 LinuxCNC'’s debian/configure napameTpbl

B ucxomuoM mepeBe LinuxCNC ects KaTanor Debian co Bcelt mHbopMalei 0 ToM, Kak g0JIKEH OBITh
cobpan makeT Debian, HO HEKOTOPHIE KITI0YEBEIE (DaliJIkl B HEM PACIIPOCTPAHSAIOTCS TOIBKO KaK M1abJIOHHL.
Ckpunt debian/configure moaroraBnuBaeT 3TU HHCTPYKIIUHY 110 COOPKE /151 OOBIYHBIX YTUJIUT YIIAaKOBKU
Debian u moaTomy moikeH ObITh 3amyiieH mo dpkg-checkbuilddeps umu dpkg-buildpackage.

Ckpunt debian/configure npuHUMaeT OOWH apryMEHT, KOTOPHIU onpenessieT 6a30BYI0 IJIaTGopmy
peanpHOI0 UJIU He PeaJbHOTO BPEMEHH, AJIsI KOTOPOU OYAeT BRIIOMHATHCS cOopKa. OOBYHEIE 3HAYEHUS
9TOT'0 apryMeHTa:

no-docs
IMTponycTuth COOPKY OKyMEHTAIIUN.

uspace
HacTtpotite nakeTr Debian gns pexxuma Preempt-RT B peanbHOM BpeMeHU UM OJIS peXUMa He B
pealbHOM BpeMeHU (3TU OBa BapuaHTa COBMECTUMEL).

noauto, rtai, xenomai
O6sruno criucku OCPB amis mopmepskku uspace realtime onpepnensitorcst aBToMatTudecku. OgHaKo,
€CJIY BBl XOTUTE, BBl MOXKETe YKa3aTh OJHY UJIM HECKOJIbKO U3 HUX IT0CJIe USpace, YTOOHI BKITIOUUTh
noppmepkKy 9Tux OCPB. YT00H OTKITIOYNTE aBTOOIIPENEIEHNE, YKAXUTEe noauto.

Ecnu BaM HyKeH TOJILKO TPaOULIMOHHEIN «Mony b sapa» RTAI B pealbHOM BpeMeHHU, UCIIOJIL3YUTEe
BMecCTO 3Toro -r unu $KERNEL VERSION.

rtai=<package name>
Ecnu maket pa3pabotku mnsg RTAI Ixrt He 3amyckaeTcs ¢ “rtai-modules”, nnu eciiy mepBBIN TaKOH
IIaKeT, YKa3aHHLIfI IIOMCKOM apt-cache, He SABJISAE€TCSA HY2KHBIM, TOI'Ia ABHO YKAaXKHUTE UM IIaKeTa.

-r
HacTtpoiite nakeT Debian mis paboTaroiiero B maHHBIM MOMeHT saapa RTAI. YTo6w aTo paboTaro,
Ha Ballel cO0POYHOU MalvHe OOJIKHO OHITh 3amnylleHo ssapo RTAIT!

$KERNEL_VERSION
HacTtpotite naket Debian nns ykazauHol Bepcuu sanpa RTAI (manpumep, «3.4.9-rtai-686-pae»).
Ha kommbioTepe, Ha KOTOPOM HIPOU3BOOUTCS COOPKA, MOIXKeH OhITh YCTaHOBIEH mmakeT Debian c
COBIIQMAIONIMMH 3arojIoOBKaMu smpa (Hampumep, «linux-headers-3.4.9-rtai-686-pae»). Ob6paTtuTte
BHHMAaHMe, YTO BB MOKeTe cobupamsb LinuxCNC B 3T0# KOHQUTYPAIIUH, HO €CJIH BLI He UCIIOIL3yeTe
cooTBeTcTByloee siapo RTAI, BEI He cMoxkeTe 3anycmumb LinuxCNC, Bkmo4dast Habop TECTOB.
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7.4.2.2 YpoBneTBOopeHue 3aBUCUMOCTEN cOOpkKu

Ha nnatdopmax Ha ocHoBe Debian MBI IpemocTaBisieM MeTamaHHBIE O ITaKeTaxX , KOTOpPhIe 3HAIOT,
KaKue BHEIIIHKE ITPOTrPaMMHEBIE TaKeThl HE0OXOOUMO YCTaHOBUTS it cOopKu LinuxCNC. 3To Ha3kIBaeTCs
3asucumocmsamu coopku LinuxCNC. OuHu Ha3BIBalOTCA 3agucumocmsmu coopku LinuxCNC, T.e. Temu
ITakKeTaMu, KOTOPEIE JOJIZKHEI OBITH HOOCTYIIHBI

¢ cOOpKa mpoIIia yCIenIHo U

¢ cOopka MoxKeT OBITh cHejlaHa BOCIIPONU3BOOUMO.

Brl MO2KeTe UCIIOJIb30BaTh 9THU MeTaOaHHBI€ OJIs JIETKOI'O IIePEeYUCIIEHUu A TpGGyGMbIX IIaKeTOB, OTCYTCTBYIOIIL
B Bale# cucteMe cOopku. CHauana nepeugute B ucxomHoe gepeBo LinuxCNC ¥ MHHULUUPYUTE €ro
CaMOHACTPOMKY IO YMOIYAaHUIO, CJIH OHa ellle He BHIIIOIHEeHa:

$ cd linuxcnc-dev
$ ./debian/configure

910 monroroBuT (arin debian/control, comepzkamuii ciucku maketoB Debian, koToprie He0OX0OMMO
co3[aTh, C 3aBUCUMOCTSIMU BPEMEHU BHIIIOJTHEHUS [IJIS 3TUX IAaKETOB, a [JId HAIlero cjiydas TakXe U
3aBUCUMOCTH COOPKM OJISL 3TUX ITAKETOB, KOTOPHEIE HEOOXOOMMO CO37aTh.

CaMmbIli TTPOCTO¥ CIIOCOO0 YCTAHOBUTH BCE 3aBHCHUMOCTH COOPKM — IIPOCTO BBIIOJHUTH (M3 TOTO K€
KaTajora):

sudo apt-get build-dep

KOTOpasi YCTaHOBUT BCe TpeOyeMble 3aBUCUMOCTH, €Ille He YCTAHOBJIEHE!, HO NOCTYIHEL. . SIBIISETCS
YaCcThI0 KOMaHOHOM CTPOKH, T.e. MHCTPYKIIMEN 10 U3BJI€YEHUIO 3aBUCUMOCTEM [IJIs1 UCXOOHOTO IepeBa,
a He 111 3aBUCUMOCTEM OPYroro makeTa. DTO 3aBeplillaeT ycTaHOBKY build-dependencies.

OcTaBiascs 4aCcTh 3TOr0 pa3fesla OIMUChIBAET IIOJIypPy4dHOU nogxon. Crmcok 3aBucuMocTei B debian/-
control HHHHHBIﬁ, ¥ CpPaBHUBATLE C HUM TE€KYylllee€ COCTOsIHUE YK€ YCTaHOBJIEHHBIX ITIAaKETOB YTOMUTEJIBHO.
B cuctemax Debian ects mporpamma mopn Ha3BaHueM dpkg-checkbuilddeps, koTopast aHanmu3upyeT
MeTallaHHBIe [TaKeTa ¥ CPaBHUBAET ITaKeThl, TIepeYucieHHbe KaK 3aBUCUMOCTU COOPKYU, CO CIUCKOM
YCTaHOBJIEHHBIX ITaKETOB, a Tak¥Ke coolIIaeT BaM, Yero He XBaTaer.

Cuauarna ycta"HoBuTe nporpaMmy dpkg-checkbuilddeps, 3anycTus:

$ sudo apt-get install dpkg-dev

910 co3maer ¢aiin debian/control B popmaTte yaml, mocTynHOM [jis YTEHUS ITIOIb30BaTEIEM, B KOTOPOM
IIepevucCJyieHbl 3aBUCUMOCTHU CGOpKI/I Onuxke K Ha4ally. BrI MOkeTe 1UCIIOIb30BaTh 3TH MeTagaHHbIe OJIs3
ITPOCTOT O IIEPEYUCIeHU T TpeOyeMbIX TaKeTOB, OTCYTCTBYIOIIUX B Balllel cucTteMe cO0pKuU. BEl MoxkeTe
PEeIIuTh BPYYHYIO IIPOBEPUTHL 9THU (AMIIE, €CJIM Y BaC €CTh XOpOoIllee MpeacTaBjIeHue O TOM, YTO yXKe
YCTAHOBIIEHO.

B kauecTBe anbTepHATUBH cucTeMbl Debian mpepocrasinsioT mporpammy dpkg-checkbuilddeps, koTopas
aHaNIU3UPyeT MeTaJaHHbIE TAaKeTa U CPAaBHUBAET ITaKeTHl, TIepeYucIieHHbIe KaK 3aBUCUMOCTHU COOPKH,

CO CITMCKOM YCTaHOBJIEHHBIX ITAaKETOB M CO00IIIaeT BaM, 4ero He xBaTaeT. Kpome Toro, dpkg-buildpackage
COOOIITUT BaM O TOM, Yero He XBaTaeT, W 3TO JOJIXKHO OHITHL HOpMasibHO. OmHAKO OHa cooOlImaeT 00
OTCYTCTBYIOIIIUX 3aBUCUMOCTSIX COOPKHY TOJILKO IIOCJIE TOT0, KaK UCITpaBieHus B KaTanore debian/patches
OBLIM aBTOMATUYECKYU IIPUMEHEHH (eC/TH TaKOBhIe MMEeIOTCs). ECiTu BEI HOBUYOK B Linux u yIpaBiIeHUH
BEPCUSIMHU (it, YMCTHINM CTApPT MOXKET OBITh IPEATIOUTUTEIIbHEE, YTOOB N30eKaTh OCII0XKHEHUN.

IIporpammy dpkg-checkbuilddeps (Takzke u3 naketa dpkg-dev, KOTOpPHIM YCTaHAaBIUBAETCS KaK YacCTh
3aBucuMocTe build-essential) MOXKHO MOIIPOCHUTE BEIIOTHUTH CBOIO paboTy (06paTuTe BHUMAaHHUE, YTO
ee Hy2KHO 3allyCTUTh U3 KaTajora linuxcnc-source-dir, He u3 linuxcnc-source-dir/debian):

$ dpkg-checkbuilddeps
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OH BBIZACT CIIUCOK MaKeTOB, KOTOpHIe TpebyioTcs anst coopku LinuxCNC Ha Balled cucteMe, HO ITOKa
He YCTaHOBJIEHHI. Telmmeps BbI MOXKETE YCTAaHOBUTH OTCYTCTBYIOIIHE 3aBUCUMOCTH COOPKH

BPY4YHYIO
YcTaHoBuTe uX Bce ¢ momoIibio sudo apt-get install, a 3aTem mMeHa makeToB. Brl MoxkeTe
noBTopHO 3anyctuth dpkg-checkbuilddeps B mo60e BpeMsi, 4TOOBI ITOTYYUTH CITMCOK OTCYTCTBYIOIITUX
IMaKeTOB, YTO He MOBIUSIET Ha MCXOOHOEe OepPeRo.

AaBTOMaTH3HPOBAaHHBLIH
3anyctute sudo apt build-dep .

Ecnu BBl COMHEBaeTeCh B TOM, YTO MOXKET ITPEeHOCTaBIsATL KOHKPETHHIM nakeT build-dep, mpoBepbTe
oIMCaHUe MaKeTa C MoMOIbio  apt-cache show ™ packagename.

7.4.2.3 BapwuanTbl ansa dpkg-buildpackage

st cOopkm TunmuHOro naketra Debian Bam HyzkHO 3amyctuth dpkg-buildpackage 6e3 kakux-nmu6o
aprymeHTOB. Kak OBIJIO yKa3aHO BHIIIE, KOMaHJle TIepeaHtl IBE NOIOJIHUTEJIbHbIE OonItuu. Kak u g
BCEX XOPOILINX MHCTPYMEHTOB Linux, Ha CTpaHuIle pYKOBOACTBA ECTh BCE MOAPOOHOCTH C IOMOIIIBIO Man
dpkg-buildpackage.

-uc
He nmopamnuckiBaiiTe MUGOPOBLIMY MTOANKUCSIMY IOTy4YeHHbIE IBOMYHEBIE (haiibl. BaM ciieqyeT MOAIKUCHBATE
IMakKeThl CBOUM Kii0uoM GPG TOJILKO B TOM CiIy4Yae, eCJIM BBl XOTHUTE PACHPOCTPAHAThH UX Cpenu
opyrux. Eciu aTa omius He YCTaHOBJIeHA, a 3aTeM ITaKeT He IMOANKNCaH, 3TO He MOBIUAeT Ha Qai
.deb.

KomnunupyeT TONBKO apXUTEKTYPHO-3aBUCHUMEIE ITaKETH (HampuMep, IBOUYHEIE (aitinel Linuxcnc
u GUI). 9To oueHb 0JI€3HO, YTOORI 130€KaTh KOMITUJISIINY TOTO, YTO HE 3aBUCUT OT 000PYIOBaHMUS.
g LinuxCNC aTo moKyMeHTallus, KoTopas B TII000M Cydae MDOCTYIIHa OHJIAWH.

Ecnu y Bac BO3HUKIU TPYSHOCTHU IIPU KOMIIUJISALNY, IIOCETUTE OHNIaWH-popyM LinuxCNC.

B HacTosmee BpeMs nosiBIseTCa nognepxkka nepemenHou cpensl DEB BUILD OPTIONS. YctaHoBuTe
ee B

nodocs
4TOOBI IPOILYCTUTh COOPKY HOKyMeHTAaIlUY, Iy4dllle KCIIoNIb30BaTh (iiar - B ans dpkg-buildpackage.

nocheck
IIJIsI ITPOIyCKa CaMOTEeCTUPOBaHus mpoiiecca c60pku LinuxCNC. 3To 3KOHOMUT BpeMs ¥ CHHUXKAET
noTPeOHOCTH B HECKOJILKUX IPOTPAaMMHBIX ITAaKeTaX, KOTOPbIE MOT'YT OBITH HETOCTYITHEI OJIs Balei
cucteMbl, Hanpumep, Bxvfb. He crnenyeT ycTaHaBIUBaTh 3Ty OMNILMIO, YTOOHI ITONYUYUTh AOIOTHUTETBHY
YBEPEHHOCTh B TOM, YTO Ballla cOopka OymeT pabGoTaTh Tak, KakK OXKHIOAETCs, €CIIU TOIbKO BHI HE
CTaJIKMBaeTeChb C YUCTO TEXHUYECKUMU TPYOHOCTAMU C 3aBUCUMOCTAMU ITIPOTIrPAaMMHOTI'O 06ecnequH5{,
CHeI_II/I(I)I/I‘-IHbIMI/I OJisd TECTUPOBAHUA.

HepeMeHHaﬂ OKPYZXKEHUA MOXKET OBITh YCTAaHOBJIEHA BMECTE C BBIIIOJTHEHUEM KOMaHObI, HAIIDUMEDP:

DEB BUILD OPTIONS=nocheck dpkg-buildpackage -uc -B

00BEeIUHUT BCE BAPHWAHTHI, IIPEACTABJIEHHBIE B 3TOM pa3gelie.
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7.4.2.4 YcTaHOBKa CaMOCTOATEJIbHO coOpaHHbIX nakeToB Debian

ITakeT Debian M0OXKHO pacIo3HaTh IO ero pacimupeHuio .deb. MHCTPYMEHT, YyCTaHABIHUBAIOIIUH €T,
dpkg, siBnsgeTcsa 4YacThlO KaxKmou ycTaHoBKuU Debian. ®aiinbl .deb, co3gannbie dpkg-buildpackage,
HaXOIsITCS B KaTasiore BeiIe linuxcnc-source-dir, T. e. B . .. YT0OBI yBUOETH, KaKue (haiiIbl MPEIOCTaBIISIOTCS
B ITAKeTe, 3alyCTUTE

dpkg -c ../linuxcnc-uspace*.deb

Bepcusa LinuxCNC 6ymeT yacThio UMeHU ¢aiiia, KOToOpoe O0JIKHO COOTBETCTBOBATh 3Be30UuKe. Bo3MoOXKHO,
B CIIMCKE CIIHUIIIKOM MHOTO (aiiioB, 4TOOLI IIOMECTUTHCSA Ha 3KpaHe. Eciu BB HEe MOXKeTe IMTPOKPYTUTh
BBEPX B CBOEM TepMUHAae, Ho6aBbTe | MOre K 3TON KOMaHOe, YTOOBl ee BBIBOA IIPOIIEN dYepe3 TakK
Ha3bIBaeMHBIM “pager”. BemiguTte, HaXkas "q”.

YT0o0BI YCTaHOBUTE ITAKETHI, 3allyCTUTE

sudo dpkg -i ../linuxcnc*.deb

7.5 HacTpouka cpepabl

B 3TOM pasperie onuCHIBAIOTCS CliealbHbIe IIaryu, He0OXOOUMEIE I HACTPOWKY CTaHKa M1 3alrycKa
nporpamm LinuxCNC, BKiIO4Yasa TECTHI.

7.5.1 YBenuubte NUMUT 3a0/1IOKMPOBAHHOM NAaMATHU

LinuxCNC nbITaeTcst yIydIIuThb CBOIO 3aieP2KKY B peaIbHOM BpeMeHH, OJIOKUPY S UCIIOIb3yEeMYIO ITaMSITh
B O3Y. 3T0 mesnaeTcs OJig TOro, 4YTOOH HE AaTh ONEePallMOHHOM cucTeMe BHTPY3uTh LinuxCNC Ha [uckK,
YTO MOXKET IIJIOX0 CKa3aThCA Ha 3aAepxkKe. OObI4HO 6/10KUPOBKa maMaTu B O3Y He NPpUBETCTBYETCS, U
oIepalMoHHas CUCTeMa YyCTaHaB/IMBa€eT CTPOTHUe OrpaHuYeHNs Ha 00beM ITaMsaTH, KOTOPHIM IT0JIb30BaTEeIb
MOXKeT 3a07I0KUPOBaTh.

ITpu ucnionb30BaHUM II1aTGHOPMEL peanbHOTr0 BpeMeHHu Preempt-RT LinuxCNC 3ammyckaeTcs ¢ OCTaTOYHLIMHI
IIPUBUJIETUSAMU, YTOOBI CAMOCTOSTEILHO [IOBEICUTE CBOM IUMUT 6)’[OKI/IpOBKI/I IIaMATH. HpI/I HUCIIOJIb30BAHUU
mnaTdopMel peanbHOro BpeMeHu RTAI y Hero HegoCTaTOYHO ITPUBUNIETWM, M IIOIb30BATENb HOJIKEH
TTOBBLICUTDH TUMUT OJIOKMPOBKU ITaMSITH.

Ecnu LinuxCNC npu 3anycke oToOpazKaeT cieaylolee coodienne, mpobiemMa 3aKII09aeTCsi B YyCTAHOBIEHH(
B BaIlled CHCTeMe OrpaHWYeHUU 3a0JT0OKUPOBAHHON IMaMSATH:

RTAPI: ERROR: failed to map shmem
RTAPI: Locked memory limit is 32KiB, recommended at least 20480KiB.

YToOBI UCIIPaBUTE 9Ty IPo06JieMy, mobaBbTe daiin c umeHem /etc/security/limits.d/linuxcnc.conf
(kak root) ¢ IOMOIIIBIO BAIlero TI0O0MMOT0 TEKCTOBOTO pemakTopa (Hampumep, sudo gedit /etc/security/1
®dau DoJIKEeH CcoOepkKaTh CIEQYIOMIYI0 CTPOKY:

* - memlock 20480

BrliiguTe U3 CUCTEMEI U BOUOUTE CHOBA, YTOOH U3MEHEHUS BCTYIIUIIN B CUITy. YOenuTech, 4TO IIpeaest
OJIOKMPOBKM TTAMSITH TTOBHIIIEH, UCIIOJIb3YS CIEeOYIOUIyI0 KOMaHAy:

$ ulimit -1
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7.6 COopka Ha Gentoo

Co6opka Ha Gentoo Bo3MOXKHA, HO He MoOgepXKuBaeTcs. YOeOuTech, UTO BHl HCIIONIb3yeTe IIPOoduUIbL
pabouero ctona. ITOT mpoekT ucnosb3yeT Tk Widget Set, asciidoc 1 umeeT HeKOTOpHIEe OPYTHE 3aBUCUMOCTH
OHU [OIXKHBI OBITH YCTAHOBJIEHHI KaK root:

~ # euse -E tk imagequant
# emerge -uDNa world

# emerge -a dev-libs/libmodbus dev-lang/tk dev-tcltk/bwidget dev-tcltk/tclx

# emerge -a dev-python/pygobject dev-python/pyopengl dev-python/numpy

# emerge -a app-text/asciidoc app-shells/bash-completion

BBl MOXKeTe MepeKIIIoYUTHCS 00paTHO Ha OOBIYHOTO IIOJIL30BaTeNsA OIS OOJIbIIell YacTu OCTaBIIeNCs
4aCTHU YCTaHOBKHU. Kak 3TOT IIOJIb30BaTesIb, CO3alTe BUPTYaJIbHYIO CPEeny OJi Pip, 3aTeM yCTaHOBHUTE
HaKeTHl pip:

~/src $ python -m venv --system-site-packages ~/src/venv
~/src $ . ~/src/venv/bin/activate

(venv) ~/src $ pip install yapps2

(venv) ~/src $

3aTeM BBl MOKEeTe IIPOOOJIZKUTE KaK OOBIYHO:

(venv) ~/src $ git clone https://github.com/LinuxCNC/linuxcnc.git
(venv) ~/src $ cd linuxcnc

(venv) ~/src $ cd src

(venv) ~/src $ ./autogen.sh

(venv) ~/src $ ./configure --enable-non-distributable=yes

(venv) ~/src $ make

HeTt Heob6xomumMocTHu 3amyckaTh “make suid”, mpocTo y6eauTech, YTO Balll II0JIb30BATEIb HAXOIUTCS B
rpynne “dialout”. YTo6rl 3amycTUTh linuxcnc, BH OOJIKHBEI HAXOOUTHCS B BUPTYaJIbHOU cpede Python
U HaCTPOUTH cpeny linuxcnc:

~ $ . ~/src/venv/bin/activate
(venv) ~ $ . ~/src/linuxcnc/scripts/rip-environment
(venv) ~ $ ~/src/linuxcnc $ scripts/linuxcnc

7.7 BapuaHTbl NPOBEPKMU peno3utopusa git

HucTtpykumm Quick Start B BepxHeW 4aCTH 3TOT0 AOKyMeHTa KJIOHUPYIOT Halll PENo3UTOopuM git c
https://github.com/LinuxCNC/linuxcnc.git. 9To cambili OBICTPHIM U TPOCTOM cnocob HadaTh. OmHAKO
€CTh U IPyrue BapuaHThl, KOTOPHIE CTOUT PACCMOTPETh.

7.7.1 ®opKHuTe Hac Ha GitHub

Git-penosuTopuit npoekra LinuxCNC HaxomuTcs 1mo agpecy https://github.com/LinuxCNC/linuxcnc.
GitHub — momynsipHBI# CEepBUC XOCTHHTA (it 1 calT myiss oOMeHa KogoM. Bel MozkeTe nerko (1 6ecmiiaTHO)
co3maTh POopK (BTOPOI 5K3eMIINIIP, COmepKalIuil KOIIHIO, KOTOPYIO BBl KOHTPOJIUPYETe) git-permo3utopus
LinuxCNC nHa GitHub. 3aTeM BbI MOKeTe HCII0JIb30BaTh 3TOT GOPK [JIST OTCIIEKUBAHUS U ITyOIUKAIINN
CBOUX U3MEHEHUH, IOJTYyYEHUSI KOMMEHTaPHUEB K CBOMM U3MEHEHUSIM U IPUHSATUS ITaTUYel OT COOOIIEeCTBa.

IMocne co3manus cobcTBeHHOro popka LinuxCNC #Ha GitHub KnoHupy#Te ero Ha CBOM KOMIIbIOTEP OJIs
pa3paboTKy ¥ IPOOoIXKaNTe 3aHUMAThCSA XaKUHIOM KaK 0OBIYHO.



https://github.com/LinuxCNC/linuxcnc.git
https://github.com/LinuxCNC/linuxcnc
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Mer u3 npoekta LinuxCNC HapmeeMcsl, YTO BBl IOOENUTECh C HAMM CBOMMM M3MEHEHUSIMU, YTOOBI
Co0OIIIeCTBO MOTJIO M3BjIeYUb IOIL3Yy u3 Bamel pabotel. GitHub memaet aToT 00MeH 0YeHBb ITPOCTHIM:
II0CJIe TOTO, KaK BHL OTHINMH(YeTe CBOU U3MeHEHHUS U OTIIpPaBUTe UX B CBOU ¢opk GitHub, oTtnpasbTe
HaM 3anpoc Ha Pull Request.
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Chapter 8

JobaBneHue 3nneMeHTOB BbIOOpa KOH(W

ITpuMepsl KOHGUTYPAIUN MOXKHO TO0OABUTh B CEJIEKTOP KOHGUTYpalMii AByMsI ciocobaMu:

e JTOmMONMHUTENbHEIE TPUI0XKEeHUA. [IPUI0oKeHNsI, yCTaHOBJIEHHBIEe He3aBUCUMO C IakeTamMu deb, MoryT
pa3MeraTh I0JKaTaJIOTH KOHGUTYypalluy B YKa3aHHOM CHCTEMHOM KaTasore. MMs KaTasora 3agaeTcs
C IOMOIIBIO CIleHapus 0001049KH linuxcnc var:

$ linuxcnc_var LINUXCNC_ AUX EXAMPLES
/usr/share/linuxcnc/aux_examples

¢ [TapaMeTpHI CPeB! BHIITOTHEHUS — CEJIEKTOP KOH(PUTYpaluy TakKxkKe MOXKeT ITpeAjiaraTh HOgKaTaloru
KOH(UTypaluy, yKa3aHHbBIE B MOMEHT BHITIOJTHEHU ST C MCIIOJIb30BaHUEM 9KCIIOPTUPOBAHHOM ITEPEMEHHOM
cpensl (LINUXCNC AUX CONFIGS). OTa nepeMeHHas OOJI)KHA OBITH CIIMCKOM IIyTE€M OIHOTO WUJIU
HECKOJIbKUX KaTaJIOT0B KOHGUTypaluu, pa3aeieHHbIX 3HaKoM (:). OOBIYHO 9Ta HepeMeHHas yCTaHaBIUBaE
B 000JI0UKe, 3aIycKaroIeid Linuxcnc , UM B IIOIb30BaTeIbCKOM CIleHapuu 3alycka ~/.profile.
ITpumep:

export LINUXCNC AUX CONFIGS=~/myconfigs:/opt/otherconfigs
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Chapter 9

Contributing to LinuxCNC

9.1 BBepeHue

This document contains information for developers about LinuxCNC infrastructure, and describes the
best practices for contributing code and documentation updates to the LinuxCNC project.

Throughout this document, "source” means both the source code to the programs and libraries, and
the source text for the documentation.

9.2 Communication among LinuxCNC developers

The two main ways that project developers communicate with each other are:

¢ Via IRC, at #linuxcnc-devel on Libera.chat.

* Via email, on the developers’ mailing list

9.3 The LinuxCNC Source Forge project

We use Source Forge for mailing lists.

9.4 The Git Revision Control System

All of the LinuxCNC source is maintained in the Git revision control system.

9.4.1 LinuxCNC official Git repo

The official LinuxCNC git repo is at https://github.com/linuxcnc/linuxcnc/
Anyone can get a read-only copy of the LinuxCNC source tree via git:

git clone https://github.com/linuxcnc/linuxcnc linuxcnc-dev



irc://irc.libera.chat/%23linuxcnc-devel
https://libera.chat/
https://lists.sourceforge.net/lists/listinfo/emc-developers
https://sourceforge.net/p/emc/mailman/
https://git-scm.com/
https://github.com/linuxcnc/linuxcnc/
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If you are a developer with push access, then follow github’s instructions for setting up a repository
that you can push from.

Note that the clone command put the local LinuxCNC repo in a directory called linuxcnc-dev, instead
of the default Linuxcnc. This is because the LinuxCNC software by default expects configs and G-code
programs in a directory called $HOME/linuxcnc, and having the git repo there too is confusing.

Issues and pull requests (abbreviated PRs) are welcome on GitHub: https://github.com/LinuxCNC/-
linuxcnc/issues https://github.com/LinuxCNC/linuxcnc/pulls

9.4.2 Use of Git in the LinuxCNC project

We use the "merging upwards” and “topic branches” git workflows described here:
https://www.kernel.org/pub/software/scm/git/docs/gitworkflows.html

Y Hac ecTh BeTKa pa3pabOTKu IIOA Ha3BaHMEM «MacCTep» M OfJHa WM HEeCKOIbKO CTAOMILHEIX BETOK
C UMeHaMHu Bpofe «2.6» U «2.7», yKa3bplBaIIMMU HOMEDP BEPCUM BHIIIYCKOB, KOTOPEIE MHEL fejlaeM M3
Hee.

HcnpaBieHus UOYT B CaMOI CTapOU IPUMEHUMOM CTaOUIbHON BETKE, U 3Ta BeTKa 00BeIHHSIEeTCS CO
crnenyroirel, 6oee HOBOI CTaOUIBbHOM BETKOM, ¥ TaK majiee I0 «MacTepa». KOMMUTTED UCIIPaBIeHUs
MOXKET CHOeJIaTh CJIUSHUE CaMOCTOSITEIbHO MJIM OCTAaBUTD CJIMSIHUE OJIST KOT0-TO OPYTOTO.

Hosrle GyHKIIMYE OOBIYHO TOMEIIAIOTCSA B BETKY master, HO HEKOTOphle BUAL QYHKIIUHM (B YACTHOCTH,
XOPOIIIO U30JINPOBaHHEBIE IPaWBEPHl YCTPOUCTB U JOKyMEeHTalusI) MOTYT (110 YCMOTPEHUIO MEHEIKEePOB
BBIITyCKa CTaOMIbHOM BETKM) ITOMENIaThCS B CTAOMIILHYIO BETKY U 00beQUHATHCS, KaK 3TO OejlaeTCs C
HCIIpaBlIeHuEeM OMMNOO0K.

9.4.3 git yueOHUuKnM

B MHTepHEeTe eCTh MHOTO OTJIMYHEIX OeCIIIaTHEIX PYKOBOOCTB II0 git.

IlepBoe MecCcTO, KyHa CTOUT 3arjIiHyTh, 3TO, BEPOSITHO, man-cTpaHuila gittutorial. docTyn K 3Toi
CIIPABOYHOM CTpAHUIIE MOXKHO ITOJIy4YUTh, 3allyCTUB «man gittutorial» B TepMuHarne (ecnm y Bac yCTaHOBIEHEL
crpaBouYHBIe cTpaHUIEl git). Gittutorial u mocnepyoiias OOKyMeHTaIlUMs TaKXKe OOCTYIHBLI OHJIalH
3[€eChb:

git tutorial: https://www.kernel.org/pub/software/scm/git/docs/gittutorial.html

git tutorial 2: https://www.kernel.org/pub/software/scm/git/docs/gittutorial-2.html

* ExxemgHeBHEBIN git ¢ mpuMepHo 20 koMaHgaMmu: https://www.kernel.org/pub/software/scm/git/docs/-
giteveryday.html

* PykoBopcTtBo nmonb3oBaTtens Git: https://www.kernel.org/pub/software/scm/git/docs/user-manual.html

Bonee noapoOHYI0 MOKyMeHTalunIo 110 git cM. B KHUTe «Pro Git»: https://git-scm.com/book

Emie omuH peKOMeHOyeMbBIH OHTaWH-yueOHUK — «Git mms meHuBeIx»: https://wiki.spheredev.org/index.php/-
Git for the lazy

9.5 O0630p npouecca

O6H.[I/II‘;I O630p TOT'0, KaK BHECTH U3MEHEHUS B UCXOTHEIN KOM, BEITJISOUT ClieyIIuM OGp&BOM:

* Communicate with the project developers and let us know what you’re hacking on. Explain what
you are doing, and why.



https://github.com/LinuxCNC/linuxcnc/issues
https://github.com/LinuxCNC/linuxcnc/issues
https://github.com/LinuxCNC/linuxcnc/pulls
https://www.kernel.org/pub/software/scm/git/docs/gitworkflows.html
https://www.kernel.org/pub/software/scm/git/docs/gittutorial.html
https://www.kernel.org/pub/software/scm/git/docs/gittutorial-2.html
https://www.kernel.org/pub/software/scm/git/docs/giteveryday.html
https://www.kernel.org/pub/software/scm/git/docs/giteveryday.html
https://www.kernel.org/pub/software/scm/git/docs/user-manual.html
https://git-scm.com/book
https://wiki.spheredev.org/index.php/Git_for_the_lazy
https://wiki.spheredev.org/index.php/Git_for_the_lazy
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* Clone the git repo.
* Make your changes in a local branch.

¢ ToGaBneHue MOKyMeHTallMu U HallrcaHue TeCTOB — BaXKHas 4acTbh JoOaBJIEHUS HOBOM (QYHKIIUH.
B mpoTtuBHOM ciiydyae mpyrue He OyOyT 3HaATh, KaK HMCIIONb30BAaTh Ballly QYHKIIMIO, a €CJIU OPyTHue
M3MEHEHHUS CIIOMaloT Bally QYHKIIUIO, 9TO MOXKET OCTAaThCsA He3aMe4YeHHBIM 0e3 IIPOBEPKHU.

» TlomenuTech CBOMMU W3MEHEHUSIMH C IPYTHMH Pa3pabOoTUYMKaMHU IIPOEKTa OOHUM W3 CJIeOyIOIINX
CIIoCco00B:

- Push your branch to github and create a github pull request to https://github.com/linuxcnc/-
linuxcnc (this requires a github account), or

- Push your branch to a publicly visible git repo (such as github, or your own publicly-accessible
server, etc) and share that location on the emc-developers mailing list, or

- Email your commits to the LinuxCNC-developers mailing list (<emc-developers@lists.sourceforge.net>
(use git format-patch to create the patches).

* Advocate for your patch:

- Explain what problem it addresses and why it should be included in LinuxCNC.
- BynbTe BoCcIpuMMYUBHL K BOIIPOCAM M OT3hIBAM OT CO00IllecTBa pa3paboTYUKOB.
- ITatu HepeaKo IIoagBepraeTCcd HECKOJIBKUM PEBU3UAM, IIPpEXKOe 4YeM OH GYJIGT IIPUHMAT.

9.6 KoHdwurypauusa git

YT0OE KOMMHUTEl PACCMATPHUBAINCH [JIsT BKITIOYEeHMS B UCXOOHEIM Kom LinuxCNC, oHHM JOIXKHBE UMETh
ITpaBuUJIbHEBIE TTOJIA Author, umeHTuGUIMPYIOIITe aBTOPa KOMMUTA. XOPOIInui C1oco0 yOeauTsCsI B 3TOM
— HACTPOUTH I'JIO0ANIbHYIO KOHGUTYPALUIO git:

git config --global user.name "Your full name”
git config --global user.email "you@example.com”

Hcmonb3yiiTe CBOE HACTOsIIIee UM (He TICEBOOHUM) U He3amn(poBaHHBIN afipec 3JIEKTPOHHOM ITOYTHI.

9.7 3ddekTuBHOE UCNOsNib30BaHue git

9.7.1 Copep>XuMoe KOMMMUTA

Hep}KI/ITe CBOU KOMMHUTHI HEOOIBIITUMH U II0 CyIlIeCTBY. Kaxanlii KOMMUT OJOIXKEH BBLIIOMHATE OOHO
JIOTU4YEeCKOe USMEHEHNE PEeIIo.

9.7.2 MuuwuTe xopoLine cooOLLEeHUA KOMMUTOB

CoxpaHsiiTe COOOIIeHNSI KOMMUTOB IMUPUHOM 0KOJIO 72 cTONOI0B (4TOOH B OKHE TepMHIHAJIA 10 YMOTYaHUIO
OHU He TIePEeHOCUJIUCH ITPU OToOpakeHuu ¢ momoIrbio git log).

Hcmonb3yiiTe MEPBYIO CTPOKY KaK KpaTKOe HU3I0XKEHHe IeTd M3MeHEeHMUS (IIOYTH KaK CTPOKY TEMEI
971eKTPOHHOTO IT1MCbMa). 3a HUM CIeOyeT IIyCcTasi CTPOKa, a 3aTeM OoJiee IIIMHHOE CO001IeHEe, 00bsICHSIOIIEE
usMenenue. [Ipumep:



https://github.com/linuxcnc/linuxcnc
https://github.com/linuxcnc/linuxcnc
mailto:emc-developers@lists.sourceforge.net
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9.7.3 KOMMMUT B HY)XHYIO BETKY

HcnpaBineHus OOJIXKHBI UATH B CAMOM CTAapO¥d MPUMEHUMOI BeTKe. HoBblie QYHKIIMH OOIKHBEI UOATH B
OCHOBHOU BeTKe. Eciu BBl He yBepeHEHI, Kyda OTHOCHUTCS M3MeHEeHHe, CIIPOCUTE B irC MM B CIUCKE
PaCCHIIKH.

9.7.4 MNcnonb3yuTe HECKOJIbKO KOMMMUTOB AJIA OpraHM3auum U3MeHeHun

Korpa aT0 yMecTHO, OpraHu3yiTe CBOM U3MEHEHUS B BETKY (CEepUI0 KOMMUTOB), I'lle KaXObIi KOMMUT
SIBJISIETCS JIOTMYECKUM IIIaroM K Balllell KOHeYHOU 11eu. Hampumep, cHavaa BEHIHECUTE KaKOU-HUOYOb
CJIOKHBIM KOJI B HOBYIO (pyHKITMIO. 3aTeM, BO BTOPOM KOMMUTE, UCIPaBbTe 6a30ByI0 OIIUOKYy. 3aTem
B TpeTheM KOMMUTe N0o0aBbTe HOBYIO (PYHKIIMIO, KOTOpas yipollaetrcsa Onaromaps pedakTopuHTY U
KoTopasi He paboTrasna Ovl 6€3 UCIIPABIEHUS 3TOM OMIMOKH.

9TO MOJIE3HO OIS PELeH3€eHTOB, IOTOMY 4YTO JieT4Ye YBUOETh, UYTO IIal' KBEIHECTH KO B HOBYIO (1)YHKLII/IIO>>
OBLIT IIPaBUJIBHBIM, KOI'la HET OPYI'UX CMEIIIaHHBIX IIPABOK; JiIieT4Ye YBUOETDL, YTO omrnbKa HUCIIPpaBJI€Ha,
KOrga UCIIPpaBIIAKOIIEEe €€ NSMEHEHUEe OTOEJIEHO OT HOBOM (1)YHKI_II/II/I,’ 1 TaK OaJiee.

9.7.5 CnepyuTte CTUJIO OKpY>XXaloLiero Kkopa

[TocTapaiiTech clemoBaTh MpeobsiafgaroleMy CTHUIII0 OTCTYIIOB OKPYXKaloIero Koma. B YacTHOCTH,
M3MEeHEeHUs IPOo0esIoB 3aTPYOHAIOT OPYTUM pa3paboTUuHKaM OTC/IeXKHBAaHHE W3MEHEHUH C TeYeHHeM
BpeMeHHu. Korga HeoGXoauMO BEITIOIHUTE HepedopMaTHPOBaHue KOMa, JejlaiTe 9TO KaK KOMMUT OTHEILHO
OT KaKuX-Tu00 CEMaHTUYECKUX U3MEHEHUH.

9.7.6 M3b6aBbTecb ot RTAPI_SUCCESS, BMecTO 3TOro ucnonbsyurte 0

TecT «retval < 0» golXXeH MOKa3aThCS BaM 3HAKOMEIM; 9TO TOT XK€ TeCT, KOTOPHIH BBl HCIIOIb3yeTe B
II0JTb30BaTEILCKOM ITPOCTPAHCTBE (BO3BpaIllaer -1 B ciiydyae omuMOKM) ¥ B IPOCTPAHCTBE Aapa (BO3BpallaeT
-ERRNO B ciiyuae omubku).

9.7.7 YnpocTuTe CJZIOXXHYIO UCTOPUIO, NpeXxae YeM AeJZIMTbCA elo C APpYyruMu
paspaboTuyukamm

C git MOKHO 3alKCHBaTh KaXKaoe pefakKTupoBaHue U haabCTapT KaK OTHEIbHBEIM KOMMHUT. JTO OYEHb
ymoOHO KakK CII0co0 CO3MaHUSA KOHTPOJIPHBIX TOYEK BO BpeMsi pa3paboTKH, HO YaCTO BBl HE XOTHUTE
OEeNIUThCA 9TUMU (pasibCcTapTaMu C OPYTUMU.

Git IIpengocCcTaBiisi€T OIBa OCHOBHEIX criocofa OYUCTKU ucTropuu, o6a u3 KOTOPHBIX MO2KHO HCIIOJIB30BAThH
CBO6OJIHO, IIpexne 4eM OeJINThCAd U3MEHEHUAMMN:

git commit --amend mo3BoJIsZIeT BaM BHECTHU SOIOJIHUTENILHEIE N3MEHEHHUS B IOCTIEIHIO0 Belllb, KOTOPYIO
BBl 3aKOMMMUTHJIM, @ TaKXKe IMPU He0OXOOMMOCTU U3MEHUTH COOOIIIeHne KOMMUTA. M CIoJb3yiiTe 9TO,
€CJIY BBl Cpa3y MOHSIM, YTO YTO-TO YIIYCTUJIM U3 KOMMMTA, UJIM €CJIU Bhl OlleYaTaIuCh B COOOIIEHUN
KOMMMUTA.

git rebase --interactive upstream-branch mo3BomnsieT BEpHYTHCA K KaKA0OMY KOMMUTY, COeJIaHHOMY
C TeX II0p, KakK BHI Pa3BETBUJIN CBOIO BETKY (PYHKIINI 13 BOCXOAIIEN BETKY, BO3SMOXKHO, OTPENakKTUPOBaB
KOMMUTHI, 0OTOPOCUB KOMMUTHI MJIM CMeIaB (00beANHNB) KOMMUTEI C APYrUMH. Rebase Takke MOKHO
HCIIOJIB30BATh OJId Pa3OeJIEeHUd OTOEJIbHBIX KOMMUTOB Ha HECKOJIBKO HOBBEIX KOMMUTOB.
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9.7.8 YOepuTtechb, 4HTO KaXA bl KOMMUT coOupaerca

Ecnu Ballle n3MeHEeHUEe COCTOUT U3 HECKOJIbKUX PICHpaBJIeHPIfI, MOZKHO HCIIOJIB30BaTh glt rebase -1,
YTOORI IIepeynopsano4YuTh 3TU UCIIPABJI€HUA B IIOCJIEA0BATEJIBHOCTE KOMMUTOB, KOTOPas foJee 4eTKO
ONUCHIBAET 3TAIlbl Balllei pa60T51. [ToTeHuMaIbHBIM IIOCJIEACTBUEM IepeynopsanodyrnBaHUA natyeu
ABJIAETCA TO, YTO MOZKHO HEIIPAaBUJIBHO IIOHATHL 3aBUCHMOCTHU — HaAIIPXMMeEP, BBECTU HCIIOJIb30OBaHUE
HepeMeHHOfI, a 0OBsIBJIEHHE 3TOHU HepeMeHHOI;I ciienyeT TOJIBKO B Oonee IIO30HEM IIaT4de.

Xots BeTBb HEAD 6ymeT cobupaThCsl, He KaXKabIi KOMMUT MOXKET ObITh cOOpaH B TaKOM clIydae. ITO
nomaet git bisect - To, 4TO KTO-TO APyroi MOXKET HUCIIONb30BATh [T032Ke, YTOOB HAUTHU (PUKCAIUIO,
KOTOpas mpuBesna K omubke. Takum oO6pa3oM, IOMHUMO obecrmedeHuss COOPKU Balllell BETKH, BAzKHO
Takke o0ecneduTh COOPKY KaxKAoro OTAEeIbHOTO KOMMHUTA.

CyuiecTByeT aBTOMaTU4€eCKUi ClIoco0 TPOBEPKU BETKHU AJIS KaXKO0T0 KOMMUTA, KOTOPHIN MOXKHO ITOCTPOUTH
— cM. https://dustin.sallings.org/2010/03/28/git-test-sequence.html u kog Ha https://github.com/ dustin/binc
test-sequence. Hcmonb3yiTe ciuemylomnmM 00pa3oM (B 3TOM CiIydyae TeCTUPYHTEe KaxKObli KOMMHUT OT
origin/master o HEAD, BKIl0o4as BHIIOJTHEHUE PETPECCUOHHBIX TECTOB):

cd linuxcnc-dev
git-test-sequence origin/master.. '(cd src && make && ../scripts/runtests)’

9Tto nmudo coodbmutT All is well, nudbo Broke on <commit>

9.7.9 MNepeunMmeHoBaHue cpannos

IMoxkanyicTa, UCIIONIB3yHTE BO3MOKHOCTD IEPEUMEHOBAHMS (PANJIOB 0YEHL OCTOPOKHO. [10f0OHO MpUMEHEH
OTCTYIIOB AJIsI OTHEJIFHBIX (haijIOB, IEPENMEHOBaHUS ITO-TIPEKHEMY 3aTPYLHSAIOT OTCII€KMBaHUE U3MEHEHU N
c TedeHueM BpeMeHHU. Kak MUHUMYM, BB HOJIZKHEI MCKAaTh KOHCEHCYC B irC X CIUCKE PACCEHUIKH, 9YTO
IIepeuMeHOBaHue SIBIIETCS yIydIIeHueM.

9.7.10 MNpeanouuTtato "rebase”

HUcnomnpayiiTe git pull --rebaseBmectompoctorogit pull, yToOBI COXPaHUTH KPACUBYIO TUHEHHYIO
uctopuio. Korpma Bb mepeba3upyeTe, BBl BCerfla COXpaHsieTe CBOIO paboTy KaK PEBU3UH, KOTOPHIE
omepezxkaroT origin/master, mosToMy Bbl MOXKETe JenaTh TakKue Bellu, Kak git format-patch, uTob6nr
OEeNUThCS UMU C OPYTUMHM, He OTIPAaBIISs UX B IIEHTPAJIbHBIN PETIO3UTOPUH.

9.8 lMepeBopbl

ITpoekT LinuxCNC ucnonb3yet gettext ons mepeBomga mporpaMMHOT0 o0ecedYeHu s Ha MHOTHE SI3LIKH.
MEI TPUBETCTBYEM BKJIa[ ¥ IOMOIIL B 9TOM oOsactu! YiaydinaThk ¥ pacIIupPSATh IePeBOOLl TeTrKO: BaM
He HYXHO 3HaTh IIPOTrpaMMUpPOBaHUE, U BaM He HYXKHO yCTaHaBJIMBAaTh KakKue-nmubo cCIelrabHbIE
IIPOrpaMMHI IJIsI IePeBOia UITH APYyroe IIporpaMMHoOe obecrnedeHue.

CambIli TPOCTOM CIIoco0 IOMOYh C IepeBOgaMM — MCHOJIb30BaTh Weblate, Be6-cepBUC C OTKPHITHIM
HUCXOOHBIM KopoM. Hartr nmepeBomgyecKUil TPOEKT HAaXOOUTCS 30ECh:

https://hosted.weblate.org/projects/linuxcnc/

IMokyMeHTalus 110 UCIIoIb30BaHMio Weblate HaxoguTcs 3mechk: https://docs.weblate.org/en/latest/user/-
basic.html



https://dustin.sallings.org/2010/03/28/git-test-sequence.html
https://github.com/
https://hosted.weblate.org/projects/linuxcnc/
https://docs.weblate.org/en/latest/user/basic.html
https://docs.weblate.org/en/latest/user/basic.html
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9.9 [Apyruve cnocobbl BHECTU CBOM BKJap

EcTb MHOTO cIt1oc000B BHEeCTH cBoM BKiaf B LinuxCNC, KOTOpEIe He pacCMaTPHUBAIOTCS B 3TOM JOKYMEHTe.
OTU CIOCOOHI BKIIOYAIOT B CE0:

* OTBeyas Ha BOIIPOCH Ha GopyMe, B CIUCKaX pacchliku U B IRC

¢ Coobmienne 06 ommbKax B CUCTEME OTCJIe2KMBaHUS OIMIMOO0K, Ha (opyMe, B CIIMCKaX PACCHIIKY U
B IRC

e TTomoiIb B TECTUPOBAHUHU SKCIIEPUMEHTATbHEIX PyHKIMHI
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Chapter 10

Glossary

A listing of terms and what they mean. Some terms have a general meaning and several additional
meanings for users, installers, and developers.

Acme Screw
A type of lead-screw that uses an Acme thread form. Acme threads have somewhat lower friction
and wear than simple triangular threads, but ball-screws are lower yet. Most manual machine
tools use acme lead-screws.

Axis
One of the computer controlled movable parts of the machine. For a typical vertical mill, the
table is the X axis, the saddle is the Y axis, and the quill or knee is the Z axis. Angular axes like
rotary tables are referred to as A, B, and C. Additional linear axes relative to the tool are called
U, V, and W respectively.

AXIS(IT'TII)
One of the Graphical User Interfaces available to users of LinuxCNC. It features the modern use
of menus and mouse buttons while automating and hiding some of the more traditional LinuxCNC
controls. It is the only open-source interface that displays the entire tool path as soon as a file is
opened.

GMOCCAPY (GUI)
A Graphical User Interfaces available to users of LinuxCNC. It features the use and feel of an
industrial control and can be used with touch screen, mouse and keyboard. It support embedded
tabs and hal driven user messages, it offers a lot of hal beens to be controlled with hardware.
GMOCCAPY is highly customizable.

Backlash

The amount of ”“play” or lost motion that occurs when direction is reversed in a lead screw. or
other mechanical motion driving system. It can result from nuts that are loose on leadscrews,
slippage in belts, cable slack, “wind-up” in rotary couplings, and other places where the mechan-
ical system is not "tight”. Backlash will result in inaccurate motion, or in the case of motion
caused by external forces (think cutting tool pulling on the work piece) the result can be broken
cutting tools. This can happen because of the sudden increase in chip load on the cutter as the
work piece is pulled across the backlash distance by the cutting tool.

Backlash Compensation
Any technique that attempts to reduce the effect of backlash without actually removing it from
the mechanical system. This is typically done in software in the controller. This can correct the
final resting place of the part in motion but fails to solve problems related to direction changes
while in motion (think circular interpolation) and motion that is caused when external forces
(think cutting tool pulling on the work piece) are the source of the motion.
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Ball Screw
A type of lead-screw that uses small hardened steel balls between the nut and screw to reduce
friction. Ball-screws have very low friction and backlash, but are usually quite expensive.

Ball Nut
A special nut designed for use with a ball-screw. It contains an internal passage to re-circulate
the balls from one end of the screw to the other.

CNC
Computer Numerical Control. The general term used to refer to computer control of machinery.
Instead of a human operator turning cranks to move a cutting tool, CNC uses a computer and
motors to move the tool, based on a part program.

Halcompile
NHCTPYMEHT, UCIOJIb3YEMBIN AJIT COOPKU, KOMOUJISAIIMYU M YCTAHOBKU KOMIOHEHTOB LinuxCNC
HAL.

Configuration(n)
A directory containing a set of configuration files. Custom configurations are normally saved in
the users home/linuxcnc/configs directory. These files include LinuxCNC'’s traditional INI file and
HAL files. A configuration may also contain several general files that describe tools, parameters,
and NML connections.

Configuration(v)
The task of setting up LinuxCNC so that it matches the hardware on a machine tool.

Coordinate Measuring Machine
A Coordinate Measuring Machine is used to make many accurate measurements on parts. These
machines can be used to create CAD data for parts where no drawings can be found, when a hand-
made prototype needs to be digitized for moldmaking, or to check the accuracy of machined or
molded parts.

Display units
The linear and angular units used for onscreen display.

DRO
A Digital Read Out is a system of position-measuring devices attached to the slides of a machine
tool, which are connected to a numeric display showing the current location of the tool with
respect to some reference position. DROs are very popular on hand-operated machine tools
because they measure the true tool position without backlash, even if the machine has very loose
Acme screws. Some DROs use linear quadrature encoders to pick up position information from
the machine, and some use methods similar to a resolver which keeps rolling over.

EDM

EDM is a method of removing metal in hard or difficult to machine or tough metals, or where
rotating tools would not be able to produce the desired shape in a cost-effective manner. An
excellent example is rectangular punch dies, where sharp internal corners are desired. Milling
operations can not give sharp internal corners with finite diameter tools. A wire EDM machine
can make internal corners with a radius only slightly larger than the wire’s radius. A sinker EDM
can make internal corners with a radius only slightly larger than the radius on the corner of the
sinking electrode.

EMC
The Enhanced Machine Controller. Initially a NIST project. Renamed to LinuxCNC in 2012.

EMCIO
The module within LinuxCNC that handles general purpose I/O, unrelated to the actual motion
of the axes.

EMCMOT
The module within LinuxCNC that handles the actual motion of the cutting tool. It runs as a
real-time program and directly controls the motors.
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JHKOOEp
YcTpoiicTBO ast u3MepeHus monoxkKeHusi. OOBIYHO 9TO ONTHKO-MEXaHNYeCKOe YCTPOHUCTBO, BEIAa0IIee
KBaHpaTyprIﬂ curtaj. Curgasna MoxXeT CUUTATbCA CIIelIMaJIbHBIM O60pYJIOBaHI/IeM UJIX HAIIPAMYIO
parport ¢ LinuxCNC.

Feed
Relatively slow, controlled motion of the tool used when making a cut.

Feed rate
The speed at which a cutting motion occurs. In auto or MDI mode, feed rate is commanded using
an F word. F10 would mean ten machine units per minute.

Feedback
MeTop (HanpuMep, CUTHAJIBI KBaApPaTyPHOT 0 3HKOfepa), ¢ ToMoirbio KoToporo LinuxCNC nonydaeT
nHGOPMaAITUIO O II0JIOKEHUM ABUTaTelel.

Feedrate Override
A manual, operator controlled change in the rate at which the tool moves while cutting. Often
used to allow the operator to adjust for tools that are a little dull, or anything else that requires
the feed rate to be "tweaked”.

Floating Point Number
A number that has a decimal point. (12.300) In HAL it is known as float.

G-code
The generic term used to refer to the most common part programming language. There are
several dialects of G-code, LinuxCNC uses RS274/NGC.

GUI
I'paduueckust Uuatepdeiic [lonp3oBaTens.

General
A type of interface that allows communications between a computer and a human (in most
cases) via the manipulation of icons and other elements (widgets) on a computer screen.

LinuxCNC
An application that presents a graphical screen to the machine operator allowing manipula-
tion of the machine and the corresponding controlling program.

HAL
VpoBeHb anmapaTHOM abcTpakinu. Ha caMoOM BHICOKOM YPOBHE 3TO MPOCTO CIIOCO0 3aTpy3Ku U
COeqUHEHUS HECKOJIBKUX CTPOUTEITHHEIX OJTOKOB AJIsT COOPKY CITOKHOM CHCTEMEI. MHOTHE U3 9TUX
0I0KOB IIPENCTABIISIOT COO0M ApaBePHI AJIS anapaTHHIX ycTpoiicTB. OmHako HAL MoXeT menaTh
6oJIbllle, YEM ITPOCTO HACTPAWBATh ApalBepsl 000OPYIOBaAHUA.

Home
A specific location in the machine’s work envelope that is used to make sure the computer and
the actual machine both agree on the tool position.

INI file
A text file that contains most of the information that configures LinuxCNC for a particular ma-
chine.

Instance
One can have an instance of a class or a particular object. The instance is the actual object
created at runtime. In programmer jargon, the "Lassie” object is an instance of the “Dog” class.

Joint Coordinates
These specify the angles between the individual joints of the machine. See also Kinematics
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Jog

Manually moving an axis of a machine. Jogging either moves the axis a fixed amount for each
key-press, or moves the axis at a constant speed as long as you hold down the key. In manual
mode, jog speed can be set from the graphical interface.

kernel-space

Koqi, BEITIOTHSIEMBIN BHYTPH SIAPA, B OTIMYME OT KOfIa, BHITIOJTHSIEMOTO B ITOJTb30BATETbCKOM MPOCTPAHCT]
HekoTtoptie cucTeMbl peanbHOTO BpeMenu (HanpuMep, RTAI) BEITOTHSIIOT KO peajibHOT0 BpEMEHU

B SiApe, a KoM He B peajlbHOM BPEMEHU — B II0JIb30BATEJIECKOM IIPOCTPAHCTBE, B TO BPEMS Kak
IOpyTHe CUCTEMBI peaJiIbHOTO BpeMeHH (Hanpumep, Preempt-RT) BEIIOTHAIOT KO KakK B peajbHOM
BpeMeHH, TakK U He B peajibHOM BpeMEeHHU B MOIb30BaTEILCKOM IIPOCTPAHCTBE.

Kinematics

The position relationship between world coordinates and joint coordinates of a machine. There
are two types of kinematics. Forward kinematics is used to calculate world coordinates from joint
coordinates. Inverse kinematics is used for exactly the opposite purpose. Note that kinematics
does not take into account, the forces, moments etc. on the machine. It is for positioning only.

Lead-screw

An screw that is rotated by a motor to move a table or other part of a machine. Lead-screws are
usually either ball-screws or acme screws, although conventional triangular threaded screws
may be used where accuracy and long life are not as important as low cost.

Machine units

JInHelHbIE U YTTIOBbIE e MUHUITHI, UCIIOJIb3yeMbie AJIst KOHGUTypaluu CTaHKa. DTH eIUHULIB YKa3aHbl
¥ ucmonb3yioTcs B INI-¢paiine. BeiBombel v mapaMeTpsl HAL Takke 0OBIYHO BHIPAZKaIOTCS B @ QUHHIIAX
CTaHKa.

MDI

Manual Data Input. This is a mode of operation where the controller executes single lines of
G-code as they are typed by the operator.

NIST

National Institute of Standards and Technology. An agency of the Department of Commerce in
the United States.

NML

Neutral Message Language provides a mechanism for handling multiple types of messages in
the same buffer as well as simplifying the interface for encoding and decoding buffers in neutral
format and the configuration mechanism.

Offsets

An arbitrary amount, added to the value of something to make it equal to some desired value.
For example, G-code programs are often written around some convenient point, such as X0, YO.
Fixture offsets can be used to shift the actual execution point of that G-code program to properly
fit the true location of the vice and jaws. Tool offsets can be used to shift the "uncorrected” length
of a tool to equal that tool’s actual length.

Part Program

A description of a part, in a language that the controller can understand. For LinuxCNC, that
language is RS-274/NGC, commonly known as G-code.

Program Units

The linear and angular units used in a part program. The linear program units do not have to
be the same as the linear machine units. See G20 and G21 for more information. The angular
program units are always measured in degrees.

Python

General-purpose, very high-level programming language. Used in LinuxCNC for the Axis GUI,
the StepConf configuration tool, and several G-code programming scripts.
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Rapid
Fast, possibly less precise motion of the tool, commonly used to move between cuts. If the tool
meets the workpiece or the fixturing during a rapid, it is probably a bad thing!

Rapid rate
The speed at which a rapid motion occurs. In auto or MDI mode, rapid rate is usually the max-
imum speed of the machine. It is often desirable to limit the rapid rate when testing a G-code
program for the first time.

Real-time
I[IporpammHOe obecrneueHue, MpemgHa3HAUYEHHOE [OJIs1 COOMIOOEeHUsI OYeHb CTPOTUX BPEMEHHBIX
ycnoBuii. B Linux ajist ymoBiieTBOpeHUs 3TUX TpeOoBaHUM HE00X0AMMO YCTAHOBUTD SIOPO PEATbHOTO
BpeMeHH, Takoe Kak RTAI unu Preempt-RT, u cobpats mporpamMmHoe obecnedenue LinuxCNC
s paboThI B CIIEIMaIbHOM cpefe peasibHOTO BpeMeHu. [IporpaMMHoe obecredeHre peaabHOro
BpeMeHU MOXKeT paboTaTh B IPOCTPAHCTBAX SIIPa UITH II0IL30BATES B 3aBUCUMOCTH OT BO3MOXKHOCTEH,
npennaraeMbIX CUCTEMOM.

RTAI
Real Time Application Interface, see https://www.rtai.org/, the real-time extensions for Linux that
LinuxCNC can use to achieve real-time performance.

RTLINUX
See https://en.wikipedia.org/wiki/RTLinux, an older real-time extension for Linux that LinuxCNC
used to use to achieve real-time performance. Obsolete, replaced by RTAI.

RTAPI
A portable interface to real-time operating systems including RTAI and POSIX pthreads with
realtime extensions.

RS-274/NGC
The formal name for the language used by LinuxCNC part programs.

Servo Motor
Generally, any motor that is used with error-sensing feedback to correct the position of an actu-
ator. Also, a motor which is specially-designed to provide improved performance in such appli-
cations.

Servo Loop
A control loop used to control position or velocity of an motor equipped with a feedback device.

Signed Integer
A whole number that can have a positive or negative sign. In HAL it is usually a s32, but could
be also a s64.

Spindle
YacTh CcTaHKa, KOTOpAsi BpalllaeTcs Ot pe3anus. Ha ¢hpes3e unm gpenu MINUHAENb yOepXKUBaeT
pexymui nHCTPyMeHT. Ha TOKapHOM CTaHKe MINUHAENDb YAEPKUBAET 3arOTOBKY.

Spindle Speed Override
A manual, operator controlled change in the rate at which the tool rotates while cutting. Often
used to allow the operator to adjust for chatter caused by the cutter’s teeth. Spindle Speed
Override assumes that the LinuxCNC software has been configured to control spindle speed.

StepConf
An LinuxCNC configuration wizard. It is able to handle many step-and-direction motion command
based machines. It writes a full configuration after the user answers a few questions about the
computer and machine that LinuxCNC is to run on.

Stepper Motor
A type of motor that turns in fixed steps. By counting steps, it is possible to determine how far
the motor has turned. If the load exceeds the torque capability of the motor, it will skip one or
more steps, causing position errors.
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https://en.wikipedia.org/wiki/RTLinux

PykoBomctBo pa3paborumka V2.10.0-pre0-5003-g36a693b5f6 76 /81

TASK

The module within LinuxCNC that coordinates the overall execution and interprets the part pro-
gram.

Tcl/Tk
A scripting language and graphical widget toolkit with which several of LinuxCNCs GUIs and
selection wizards were written.

Traverse Move
A move in a straight line from the start point to the end point.

Units
See "Machine Units”, ”"Display Units”, or "Program Units”.

Unsigned Integer
A whole number that has no sign. In HAL it is usually a u32 but could be also a u64.

World Coordinates
This is the absolute frame of reference. It gives coordinates in terms of a fixed reference frame
that is attached to some point (generally the base) of the machine tool.
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Chapter 11

Legal Section

Translations of this file provided in the source tree are not legally binding.

11.1 Copyright Terms

Copyright (c) 2000-2022 LinuxCNC.org

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.1 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled “"GNU Free Documentation License”.

11.2 GNU Free Documentation License

GNU Free Documentation License Version 1.1, March 2000

Copyright © 2000 Free Software Foundation, Inc. 51 Franklin Street, Fifth Floor, Boston, MA 02110-
1301 USA. Everyone is permitted to copy and distribute verbatim copies of this license document, but
changing it is not allowed.

0. PREAMBLE

Llens HACTOSAIIEN NMUIIEH3UU — CHENlaTh PYKOBOICTBO, YUeOHUK UM APYrOoM MUCHLMEHHBIM OJOKYMEHT
“CcBOOOOHBIM” B CMBIC/IE CBOOOABI: TapaHTHPOBATH KaXXOoMmy 3¢h(eKTHBHYI CBOOOOY KOMHPOBATDL U
pacIpocTpaHsaTh ero ¢ Mogudukanuen uiu 6e3 Hee, KaK B KOMMEPYECKHUX, TaK ¥ B HEKOMMEPUYECKHUX
noesax. BO-BTOprX, HaCTOSIIad JIMIEeH3UA OCTABJISAE€T 3a aBTOPOM U U30aTEeJIEM BO3MO2KHOCTD IIOJIYYUTH
IIpU3HaHue 3a CBOIO PaboTy, He HecCs ITPU 9TOM OTBETCTBEHHOCTH 3a U3MEHEHUs, BHECEHHbIE IPYTUMH.

This License is a kind of ”"copyleft”, which means that derivative works of the document must them-
selves be free in the same sense. It complements the GNU General Public License, which is a copyleft
license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software
needs free documentation: a free program should come with manuals providing the same freedoms
that the software does. But this License is not limited to software manuals; it can be used for any
textual work, regardless of subject matter or whether it is published as a printed book. We recommend
this License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS
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This License applies to any manual or other work that contains a notice placed by the copyright holder
saying it can be distributed under the terms of this License. The "Document”, below, refers to any
such manual or work. Any member of the public is a licensee, and is addressed as "you”.

A "Modified Version” of the Document means any work containing the Document or a portion of it,
either copied verbatim, or with modifications and/or translated into another language.

«BTopou pa3men» — 3TO IOMMEHOBAHHOE NIPUJIOKEHUE UJIM OCHOBHOU pa3nen HoKyMeHTa, KOTOPHIT
KacaeTCs UCKITIOYUTENbHO OTHOIIIEHUY U3laTesIel Uik aBTOPoB JIoKyMeHTa K obiied TeMe [JoKyMeHTa

(nnm K CBA3aHHBIM C HEHM BOIIPOCAM) U HE COOEPXKUT HUUETO, YTO MOTJIO OB HAaIPSIMYIO OTHOCUTBHCS

K B paMKax 3Tou o6mieir tembl. (Hampumep, ecrnu JJOKYMEHT YaCTUYHO SIBISIETCS y4eOHHKOM IIO
MaTeMaTuke, BTopo#l pa3men He MOXKeT OOBSICHSATH KakKyo-Tub6o MaTeMaTukKy.) OTHOIIEHUS MOTYT
OBITH BOIPOCOM HCTOPHUYECKOH CBSI3M C IPEOMEeTOM MM CBSI3aHHLIMI C HMM BOIIPOCAMH, a TaKXkKe
IOPUANYECKUMU, KOMMepUYeCKUMU, GUI0CODCKUMHU, STUYECKas NI MONUTHUYeCKast IIO3UITUSI II0 OTHOIIIEHUIO
K HUM.

The ”"Invariant Sections” are certain Secondary Sections whose titles are designated, as being those
of Invariant Sections, in the notice that says that the Document is released under this License.

The "Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License.

“TIpo3pauHas” konus JJoKyMeHTa O3Ha4YaeT MalllMHOYKUTaeMyI0 KOIIHUIO, IPEICTaBIeHHYI0 B (popMarTe,
crermudrKanms KOTOPOT0 HOCTYITHA IITUPOKOM ITyOIuKe, CogepKaHrue KOTOPOT'0 MOXKET OBITh ITPOCMOTPEHO

1 OTPEIaKTHUPOBAHO IIPSIMO U IIOHSTHO C IIOMOIIIbI0 OOBIYHEIX TEKCTOBHIX PEOaKTOPOB UIH (1T H300paKeHuH,
COCTOSIIIINX M3 ITHUKCeJIeH) oOIeqOCTyIIHEX IPOrpaMM PHUCOBAHUS WK (OJI PUCYHKOB) KaKOH-Tu0O
IIXPOKO JOCTYHHBIM PEJAKTOP PUCYHKOB, KOTOPHIM IOAXOOUT OJI BBOAA B (pOPMATHPOBIIUKUA TEKCTa

WJTH [IJIsT aBTOMATHUYECKOTO IIepeBoIa B pa3nudyHble (JOPMaThI, HOOXOISIINE 15 BBOIA B QOPMaTHUPOBIIUKH]
TekcTta. Komusi, cmemanHas B popmarte ¢atina “IIpo3padHbiil”, pa3MeTKa KOTOpPoro Obljia pa3paboTaHa

OJIS1 TpeqoTBPAalleHus UK n30eraHus IIOCIIeIVIOIIero H3MeHeHU s YU TaTeIsIMH, He ABseTcs “IIpo3pavyHoit”

CN7]

Komusi, koTopas He saBiaseTcs “[Ipo3paunoii”, Ha3eiBaeTcsa “"Henmpo3pauyHoi”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input
format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming
simple HTML designed for human modification. Opaque formats include PostScript, PDF, proprietary
formats that can be read and edited only by proprietary word processors, SGML or XML for which the
DTD and/or processing tools are not generally available, and the machine-generated HTML produced
by some word processors for output purposes only.

The "Title Page” means, for a printed book, the title page itself, plus such following pages as are
needed to hold, legibly, the material this License requires to appear in the title page. For works in
formats which do not have any title page as such, “Title Page” means the text near the most prominent
appearance of the work’s title, preceding the beginning of the body of the text.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially,
provided that this License, the copyright notices, and the license notice saying this License applies to
the Document are reproduced in all copies, and that you add no other conditions whatsoever to those
of this License. You may not use technical measures to obstruct or control the reading or further
copying of the copies you make or distribute. However, you may accept compensation in exchange
for copies. If you distribute a large enough number of copies you must also follow the conditions in
section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies of the Document numbering more than 100, and the Document’s license
notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all
these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover.
Both covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible. You may add
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other material on the covers in addition. Copying with changes limited to the covers, as long as they
preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying
in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must ei-
ther include a machine-readable Transparent copy along with each Opaque copy, or state in or with
each Opaque copy a publicly-accessible computer-network location containing a complete Transpar-
ent copy of the Document, free of added material, which the general network-using public has access
to download anonymously at no charge using public-standard network protocols. If you use the lat-
ter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until
at least one year after the last time you distribute an Opaque copy (directly or through your agents
or retailers) of that edition to the public.

IIpocwba, HO He 00s13aTENbHO, YTOORI BEI CBSI3AJIMCH C aBTOpaMu [lOKyMeHTa 3afi0JIro 4O PacIIpOCTPaHEeH U
GOJIBIIIOr0 KOJIMYECTBA KOIMKH, YTOOHI TaTh UM BO3MOXKHOCTD ITIPEHOCTaBUTh BaM 0OHOBJIEHHYIO BEPCHIO
HokyMeHTa.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2
and 3 above, provided that you release the Modified Version under precisely this License, with the
Modified Version filling the role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must do these things in the
Modified Version:

A. Vicnonb3yiTe Ha TUTYJIBHOM JTHUCTe (M Ha 00JI02KKaX, €CJIM TAKOBhIE UMEIOTCST) 3aTr0JIOBOK, OTITUYHBIHM

OT Ha3BaHUA [[OKYMeHTa U IIPeObIOyIINX Bepcuil (KOTOpPhIE HOJXKHEI, €CJIM TaKOBBIE UMEIOTCS, OBITH
yKa3aHHl B pa3uene «HMctopus» [JokyMeHTa) . Bl MOXKeTe MCIIOIb30BaTh TO K€ Ha3BaHUeE, YTO U B
IpenbIAyIleil BEePCUH, eclik lIepBOHaYalbHBIN U3JaTellb 3TOU BEePCUHU HaeT pa3pelueHue. b. Ykaxure

Ha TUTYJIbHOM JINCTE B KaUueCTBEe aBTOPOB OMHO MJIM HECKOJILKO QU3NYECKUX UJIH IOPUONYECKUX JIUII,
OTBETCTBEHHLIX 3a aBTOPCTBO M3MeHeHUN B MommbuIIMPOBaHHON BEPCHUU, a TaKXKe He MeHee ISITU
OCHOBHBIX aBTOPOB J[[oKyMeHTa (BCeX eT0 OCHOBHBIX aBTOPOB, €CJIM OH UMeeT MeHee nsiTu). C. YKaxkure

Ha TUTYJIbLHOM JIUCTE UMS u3gaTenss MooguduiinpoBaHHON BepcuHu B KauecTBe usgarens. D. CoxpaHure
BCe yBegOMJIeHUsT 00 aBTOPCKHX ITpaBax Ha JJokyMeHT. E. [lo6aBbTe COOTBETCTBYIOIIEE YBEIOMIIEHUE

00 aBTOPCKUX ITpaBax [JIs BallllX U3MEHEHUH PSAOOM C IPYTUMHU YBEIOMIIEHUSIMHU 00 aBTOPCKUX ITpaBax.

F. BkntouuTe cpa3y IIOCHe YBemOoMJIeHUM 00 aBTOPCKHX MpaBaX YBEIOMIIEHUE O JUIIEH3WH, maiollee
myOIuYHOe pa3pelleHre Ha UCI0Ib30BaHue MoauduIinpoBaHHOM BEPCUY B COOTBETCTBUM C YCIIOBUSIMHU
HacTosmen JIuen3uu, B GopMe, moka3daHHOU B [Ipunoxkenun Huxe. G. CoxpaHUTe B 9TOM YBEIOMIIEHUH

0 JINLIEH3WH IIOJTHBIE CIIMCKY Hen3MeHsIeMBIX pPa3aeioB U 00513aTeIbHBIX COITPOBOUTEIbHEIX TEKCTOB,
[IPUBENEHHLIX B YBEIOMJIEHUY O TULIEH3UH K [JokyMeHTy. H. BKirounTe HeM3MeHeHHYIO KOIIMIO HaCTosIIen
JInuensuu. 1. CoxpaHuTe pasfesi, o3arjaBiieHHbN «McTopusi», U ero Ha3BaHUe, U 000aBbTE K HEMY
IIYHKT, YKa3bIBAIOUINY KaK MUHUMYM Hal3BaHUe, I'Oll, HOBBEIX aBTOPOB U U3paTenss MoguduiinpoBaHHOM
BEepCHUH, KaK YKa3aHO Ha TUTyJIbHOM jiucTe. Ecnu B [loOKyMeHTe HeT pa3fesia nog Ha3BaHueM "HMctopusa”,
co3faliTe ero, yKkalaB Ha3BaHUe, IO, aBTOPOB U u3naTeisa [JJoKyMeHTa, KaK yKa3aHo Ha ero TUTYJIbHOU
CcTpaHuIle, 3aTeM H00aBbTE 3JIEMEHT, OMHUCHIBAIOIINK MommduIMpoBaHHYI0 BEPCHUI0, KaK yKa3aHO B
mpenbIayIleM ImpeaioxeHuu. J. CoxpaHUTE CETEBOE MECTOIIOIOKEHUE, €CJIM TAKOBOE UMEETCS, yKa3aHHOe
B [loKyMeHTe, Oy TyOIUYHOT0 JOCTYIIa K IPO3pavHol Komnuu [JOKyMeHTa, a TaKXKe CETEBhIe MECTOIIOI0KEeHY
yKa3aHHbBIE B [[OKyMeHTe [JIsI IPeObIAyIIUX BEPCHUil, Ha KOTOPHIX OH OBLII OCHOBaH. MIX MOXKHO pa3MeCTHUTh

B pa3pgerne “"HcTtopus”. Bel MOXKeTe OIIYCTUTh CETEBOE MECTOIIOJIOXKEHUE I MPOU3BEOEHUS, KOTOPOE
OBLI0 OTITYOJIMKOBAHO HE MEHee YeM 3a YeTHIPe T'ofa 0 caMoro JJloKyMeHTa, WX eC/IY ITIepPBOHAaYaIbHBIN
M“3aTenb BEPCHUM, Ha KOTOPYIO OHO CChIJTaeTcs, faeT pa3pemienne. K. B mo6omM pas3merne, o3arjaBIeHHOM
"BrnarogaprocTtu” unu “IlocBsaiieHus”, COXpaHUTe Ha3BaHUe pa3feslia U COXpaHUuTe B HeEM BCIO CYThb U
TOH KaXXIOOT0 13 IPUBEIEHHBIX B HEM O1arofapHOCTEel U/UTY MOCBSAIeHUM yuyacTHUKOB. L. CoxpaHure
BCe Henu3MeHseMble pa3mensl [JokyMeHTa 6e3 nu3MeHeHUH B X TEeKCTe ¥ Ha3BaHUSX. HoMepa pa3mernos
WJIY WX 9KBUBAJIEHTH HE CYUTAIOTCS YaCThIO HAa3BaHUM pa3mesioB. M. Yoanuts 1000 pa3mer, 03arjlaBIeHHbBL
"TlopTBepxkpmeHus”. Takol pa3gesr He MOXKeET OBITh BKIIOYEeH B MomudunmpoBaHHyo Bepcuio. N. He
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IIepenMeHOBLIBaliTE CYIIECTBYIOIIME pa3fentl Kak "IlogTBepxaeHus” 1 He KOHMQIUKTET 10 Ha3BaHUIO
C KaKuM-TH00 HeM3MEeHHEIM Pa3/ieIoM.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary
Sections and contain no material copied from the Document, you may at your option designate some
or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must be distinct from any other section titles.

You may add a section entitled "Endorsements”, provided it contains nothing but endorsements of
your Modified Version by various parties—for example, statements of peer review or that the text has
been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as
a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by)
any one entity. If the Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you may not add another;
but you may replace the old one, on explicit permission from the previous publisher that added the
old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their
names for publicity for or to assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms
defined in section 4 above for modified versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections
of your combined work in its license notice.

The combined work need only contain one copy of this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there are multiple Invariant Sections with the same name
but different contents, make the title of each such section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of
the combined work.

In the combination, you must combine any sections entitled "History” in the various original docu-
ments, forming one section entitled “History”; likewise combine any sections entitled “Acknowledge-
ments”, and any sections entitled “Dedications”. You must delete all sections entitled "Endorsements.”

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this Li-
cense, and replace the individual copies of this License in the various documents with a single copy
thatis included in the collection, provided that you follow the rules of this License for verbatim copying
of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this
License, provided you insert a copy of this License into the extracted document, and follow this License
in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or
works, in or on a volume of a storage or distribution medium, does not as a whole count as a Modified
Version of the Document, provided no compilation copyright is claimed for the compilation. Such a
compilation is called an “aggregate”, and this License does not apply to the other self-contained works
thus compiled with the Document, on account of their being thus compiled, if they are not themselves
derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if
the Document is less than one quarter of the entire aggregate, the Document’s Cover Texts may be
placed on covers that surround only the Document within the aggregate. Otherwise they must appear
on covers around the whole aggregate.
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8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document
under the terms of section 4. Replacing Invariant Sections with translations requires special permis-
sion from their copyright holders, but you may include translations of some or all Invariant Sections
in addition to the original versions of these Invariant Sections. You may include a translation of
this License provided that you also include the original English version of this License. In case of a
disagreement between the translation and the original English version of this License, the original
English version will prevail.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for
under this License. Any other attempt to copy, modify, sublicense or distribute the Document is void,
and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such
parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation
License from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns. See https://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that
a particular numbered version of this License ”or any later version” applies to it, you have the option
of following the terms and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Document does not specify
a version number of this License, you may choose any version ever published (not as a draft) by the
Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document
and put the following copyright and license notices just after the title page:

Copyright (c) YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documentation License, Version 1.1 or any later version
published by the Free Software Foundation; with the Invariant Sections being LIST THEIR TITLES,
with the Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST. A copy of the license
is included in the section entitled “"GNU Free Documentation License”.

If you have no Invariant Sections, write “with no Invariant Sections” instead of saying which ones
are invariant. If you have no Front-Cover Texts, write “no Front-Cover Texts” instead of "Front-Cover
Texts being LIST”; likewise for Back-Cover Texts.

If your document contains nontrivial examples of program code, we recommend releasing these exam-
ples in parallel under your choice of free software license, such as the GNU General Public License,
to permit their use in free software.
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