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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.

(Bepcust Ha aHTJIMMCKOM SI3BIKE SIBIISIETCS OGUIIMATLHOM)

LINUX® sgBnseTcs 3aperuCTpUPOBaHHBEIM TOBapHBEIM 3HakKoM JImHyca TopBambaca B CIIA u gpyrux
CTpaHaX. 3aperuCTPUPOBAHHEIA TOBAPHLIN 3HaK Linux® MCIOJIB3yeTCsI B COOTBETCTBUY C CyOIHUIIeH3UeH
ot LMI, skckIr03uBHOrO nuiieH3uara JImayca TopBanbaca, Biagenbllia TOBAPHOIO 3HaKa BO BCEM MUDE.

ITpoexkT LinuxCNC He cBs3aH ¢ Debian®. Debian siBnseTcs 3aperuCTPUPOBAHHEIM TOBAaPHEIM 3HAKOM,
npuHapnnexamuM Software in the Public Interest, Inc.

ITpoekT LinuxCNC He cBs3aH ¢ UBUNTU®. UBUNTU — 3aperucTpupoBaHHass TOProBas Mapka,
npuHapiexainas Canonical Limited.



mailto:emc-users@lists.sourceforge.net
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Chapter 2

HAL OOwimMn cnpaBoO4YHUK

2.1 HAL NMeHa cywiHOCTEM

Bce 00bekThl HAL mOCTYIIHB M1 UMU MOXKHO MaHUITYJIUPOBAThH 110 UX UMeHaM, II03TOMY OYeHb BaxKHO
OOKYMEHTHUPOBATh UMEHa KOHTAKTOB, CUTHAJIOB, mapaMeTpoB U T. 0. Mimena B HAL uMeloT MaKCUMaJIbHYIO
nnuHy 41 cumBon (kak onpepneneno HAL. NAME LEN B hal.h). MHorue umeHa 6ygyT IIpeCcTaBlIeHE B
o611eM Bupe ¢ GopMaTUPOBAHHBIM TEKCTOM <MAK>>, IPEOCTABIISIONINM MOJIS C PA3/TMYHLIMU 3HAUEHUIMH.

Korma KOHTaKThI, CUTHAJIBl WX IIapaMeTphl OMHCHIBAIOTCS BIEPBHIE, Meped UX UMEHeM B KPYTJIBIX
ckoOKax ykKas3blBaeTcs ux THII (float), a 3a HUM clefgyeT KpaTKoe ONucaHue. THUITUYHBIE OIIPeeIeHus
BBIBOJIOB BBITJISIISIT TaK:

(bit) parport.<portnum>.pin-<pinnum>-in
KonTtakT HAL, cBsI3aHHBIN ¢ (U3NIECKUM BXOIHLIM KOHTAKTOM <pinnum> pa3beMa db25.

(float) pid.<loopnum>.output
Brixomuoit curaan [IU][I-perynsatopa

HMHorma MOKHO MCIIOIE30BaTh COKPAIIIEHHYIO BEPCUI0 UMEHU, HAITPUMED, BTOPOM KOHTAKT BHIIIIE MOXKHO
ITPOCTO BBI3BATh C IIOMOIIBIO .output, KOTga 9TO MOXKHO CHEeNaTh, He BEI3bIBAS ITYTAHUIIEL.

2.2 HAL Obwue cornaweHuss oo mmeHax

CornacoBaHHBIE COT/alleHUs 00 UMeHaX 3HAYUTEeJIbHO YIIPOCTSAT Hucroiib3oBanue HAL. Hampumep,
ecnu OBl KaXXOHIW ApaiiBep 9HKOJepanpenoCcTaBlIsasl OOUH U TOT Ke HaOOp KOHTAKTOB M Ha3hIBaJl UX
OIMHAKOBO, TO OLINIO OHI JIETKO IIEPENTH OT OQHOT O TUIIA IpaliBepa sHKoIepa K gpyromy. K coxkaneHuio,

KaK ¥ MHOTHE IIPOEKTHI C OTKPHITEIM HCXOOHEIM KomoM, HAL mpencTaBnsieT co60i KOMOMHAIINIO Bellel,
KOTOpHIe ObLTM pa3paboTaHbl, ¥ BeIlllel, KOTOPhIE IIPOCTO Pa3BUBAIMChb. B pe3ynbTaTe BO3HUKAET
MHOZKECTBO HECOOTBETCTBUM. B 3TOM pa3merie menaeTcs MOMBITKA PELIIUTD 3TY IPOOJIEMY IyTEM OITPEeNesIeHN:
HEKOTOPBIX COTJIAIIEHUM, HO, BEPOSATHO, IPONUIET HEKOTOPOE BpeMs, IIpexkae YeM Bce MOIyu OynyT
npeobpa3oBaHbl B COOTBETCTBUU C HUMMU.

Halcmd u opyrue yrunutel HAL HU3KOTO YPOBHS paccMaTpuBaoT mMeHa HAL kKak oTaenbHbIE 0O BEKTH

0e3 BHYTpPeHHEeH CTPYKTYpPhl. OOHAKO OOJIBIIMHCTBO MOYJIeH UMEIOT HEKOTOPYIO HESIBHYIO CTPYKTYDY.
Hanpuwmep, niiaTa COgepKUT HECKOJIBKO PYHKIIMOHAJILHLIX OJI0KOB, KaXK[IkIH 6JIOK MOKET UMEeTh HECKOJIBKO
KaHaJIOB, U KaXXAbIU KaHall UMeeT OOWH UJIM HECKOJIBKO KOHTaKTOB. B pe3dysnbTaTe nonydaeTcs CTPYKTYpa,
HaIlOMHUHAIIasa gepeBo KaTanoros. Hecmotps Ha To, uTo halcmd He pacrio3HaeT IpeBOBUIHYIO CTPYKTYDY,
IIPaBUJILHEIN BEIOOD COTJIAIeHnl 00 UMeHax II03BOJIUT MY I'DYIIINPOBATh CBSI3aHHEBIE 9JIEMEHTH BMECTe
(TIOCKOJIBKY OH cOpTHUPYyeT nMeHa). Kpome TOro, MHCTPYMEHTH 00jiee BEICOKOTO YPOBHS MOTYT OBITh
pa3paboTaHkl Aj1g paclio3HaBaHUS TaKOU CTPYKTYPHI, €CIIU UMeHa IIPefoCTaBIgI0T Heo0XoaumMyto nHdopmarr
st 3TOro BCe KOMIIOHeHTH HAL HONIXKHEL ClIefoBaTh CIEOyIIUM IIpaBUiIaM:
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“

Touku (“.”) pa3mensiioT YPOBHU Mepapxuu. DTO aHalIor KOCoM 4epTrl (“/”) B uMeHu ¢aiina.

L]

Oedwuce! (“-”) pa3mensioT CJI0Ba UJIM IIOJISI Ha OOHOM YPOBHE MEpPapXUU.

¢ KommonenTsl HAL He mOnMXKHBI KCIIOJIb30BaTh CUMBOJIHI momuyepKuBauus unu “MixedCase”. footnote:
[TloguyepKHYTBIE CUMBOJIEI OBLIM yHaJieHBl, HO BCE €llle eCTh HECKOJILKO CIIyYyaeB HEeITpaBUIbHOTO
coueTaHus, Hanpumep pid.0.Pgain BMmecTo pid.0.p-gain.]

* Hcnonb3yiTe B UMEHAX TOJIBKO CTPOYHEIE OYKBHL ¥ TUQPHI.

2.3 CornaweHua o0 MMeHax ApauBepoB 00oOpyAOBaHusA

Note
BONbLIMHCTBO APaNBEPOB He C/IeAYIOT 3TUM CorslaeHnsam B Bepcmm 2.0. OTa rnasa Ha CamMoM gene
ABNSAETCA PyKOBOACTBOM ansa byaywmx pazpaboTok.

2.3.1 Ha3BaHMA KOHTaKTOB/mapaMeTpoB

IIpatiBephl 000PYyHOBaHUS HOIXKHBI MCIIOIb30BATh ISATh ITOJIel (Ha TpeX YPOBHAX) IJIS CO3IaHUs UMEHHU
KOHTaKTa WX IIapaMeTpa, a HMEHHO:

<device-name>.<device-num>.<io-type>.<chan-num>.<specific-name>
OTpenbHBIE IIOJIS:

<device-name>
YcTpoiicTBo, OJiS KOTOPOro IpeJHa3HaveH nIpaiBep. Hallle Bcero 3To uHTepdencHas rnaaTta Kakoro-
nubo THIIQ, HO €CTh U OPYyIrue BO3MO2KHOCTH.

<device-num>
B KOMITBbIOTEP MOXKHO YCTAaHOBUTH 60JIee OHOM CEPBOIJIATHI, ITapajiIeJIbHOTO ITIOPTa UJIU APYIrOoro
alrapaTHoro ycTpoiicTBa. HoMmep ycTporicTBa uoeHTUGUIIMPYET KOHKPETHOE YCTPOoicTBO. Homepa
YCTPOMCTB HaunHaloTcsa ¢ 0 ¥ yBeTUYUBaIOTCH.

<io-type>
BonbIIMHCTBO YCTPOUCTB IIPENOCTABNAIOT O0Jiee OOHOTO THUIIA BBOOA-BEHIBOZa. [laxke IIPOCTOM
IapaJIyieIbHBEIN IOPT UMeeT KakK HNu(ppoOBLe BXOOH, TaK U IU(POBLIE BRIXOAH. bBojee ClI0XHEBIE
IIaThl MOTYT UMETh IU(MPOBLIE BXOIBI U BHIXOIB, CYETYUKU SHKOAEPOB, reHepaTopsl [IIVMM unu
IIaTOBBIX UMITYJIECOB, aHAJIOTO-IIM(POBLIE TPpeobpa3oBaTesiy, IU(pPO-aHaI0TOBEE TPeodpa3oBaTeIu
WIN OpYyTHe YHUKAJIbHEIE BO3MOXKHOCTHU. THII BBOOA-BRIBOAA HUCIIOJIB3YETCS IOJIST UOEeHTU(GUKAIIUN
THIIa BBOJa-BLIBOA, C KOTOPHIM CBsI3aH BHIBOJ UIU TapaMeTp. B upnearne npaiiBeprl, peanusyoiyie
OOWH U TOT 2K€ TUII BBOOa-BbIBOa, HaxKe €CJIN OJId O4YeHb Pa3HBIX yCTpOfICTB, OOJIZ2KHBI obecrieuuBaTh
COTJIaCOBaHHEBIM HAaOOP BLIBOJIOB U ITapaMeTPOB U UIEHTUYHOE TToBefieHue. Hanmpumep, Bce iudppoBLIe
BXO[IBI MOJIZKHEI BECTU ce0s OIMHAKOBO, €CJIU CMOTpPeTh u3HyTpu HAL, He3aBUCHMO OT yCTPOUCTBA.

<chan-num>
[TpakTHueckyu KaxKaoe YCTPOUCTBO BBOHOA-BHIBOAA MMeET HECKOJIbKO KaHaJloB, ¥ HOMep KaHajla
uneHTUGUIMPYET OOUH M3 HUX. Kak 1 HOMepa yCTPOUCTB, HOMepa KaHaJI0B HAaYWHAIOTCS C HyIq
u yBenuuuBawTca. footnote: [OgHMM HCKIIOYEHNEM U3 IIpaBUia “HOMepa KaHallOB HAUWHAITCS
C Hyna” sABAsSeTCS NapaienbHblli nopT. Ero koHTakTel HAL IpoHyMepoBaHE COOTBETCTBYIOIINM
HOMEPOM KOHTAaKTa Ha pa3beMe DB-25. 9To ymo6HO AJ1s pa3BOAKU, HO HECOBMECTHUMO C APYTUMU
IpariBepaMi. ECTb HEKOTOpBIE CHOPHEL O TOM, SIBJISIETCS JIU 9TO OMIMOKOM MJIM O0COOEHHOCTHIO. ]
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Ecnu ycTaHoBeHOo 60Jiee OOHOTO YCTPOKCTBa, HOMepa KaHalloB Ha NOIOTHUTEIbHEIX YCTPOMCTBax
HAYMHAIOTCS C HyJs. Eciau BO3MOXKHO MMeTh HOMep KaHasa 06oibine 9, TO HOMepa KaHaJIoB
OOJIKHBEI COCTOSATH M3 [ABYX HUGP, C BEAYIIUM HyJIeM B yucjiax MeHbire 10, 4TOOB COXPaHUTH
TIOPSIOOK COPTUPOBKU. HEeKOTOpPHIE MOOYyIu UMEIOT KOHTAKThI M/UJIU [TapaMeTPhI, KOTOPHIE BIIUSIOT
0osiee ueM Ha ofuH KaHan. Hanpumep, renepaTtop IINM MozkeT UMeTh YeThIpe KaHasla C YeTHIPbMS
He3aBUCUMBIMHU BXOOaMH ~“CKBaXKHOCTBH”, HO OOHUM IIapaMeTPOM “dacToTa”, KOTOPBLIA yIpPaBiIsieT
BCEMH YETHIPbMS KaHalaMU (M3-3a alllapaTHRIX orpaHndeHui). [lapaMeTp 4acToTa JOIKEH UCIIOIH30B
”0-3” B KaueCcTBe HOMepa KaHala.

<specific-name>

OTOenbHBIM KaHal BBOHA-BBIBOJA MOXKET MMETh TOJIBKO OOUH CBSI3aHHBEIM C HUM KOHTakT HAL,
HO GOJIBITMHCTBO M3 HUX UMeloT 601ee ogHoro. Hampumep, 1iudppoBoil BXxoq UMeeT ABa KOHTaKTa:
OMH — COCTOSIHHE PU3UIEeCKOr0 KOHTAKTa, APYrol — TO XKe caMoe, HO B MHBePTHPOBAaHHOM BHJE.
9To mO3BONIAET KOHOUTYPATOPY BHIOMPATh MEXKOY BXOOAMU C aKTUBHEIM BEICOKMM M aKTHUBHBIM
HU3KUM ypoBHeM. [l GONBIIMHCTBA TUIIOB i0 CYyIIECTBYET CTAHOAPTHHINM HaOOpP KOHTAKTOB U
IapaMeTpoB (Ha3blBaeMbIY “CTaHOAPTHEIM HHTePGheicoM”), KOTOPHIM HOIXKeH peain30BaTh OpanBep.
CraHgapTHBIE UHTEP(GENCH ONUCAHE B rjiaBe MHTepdeichl CTaHIapTHEIX YCTPOUCTB.

Examples

motenc.0.encoder.2.position
BrIxon momoxkeHuss TPeThEero KaHalla 9HKOJepa Ha ImepBou miuate Motenc.

stg.0.din.03.in
CocTosiHuEe YeTBepTOoro HudpoBOro BXomga Ha IIepBol mjaTe Servo-to-Go.

ppmc.0.pwm.00-03.frequency
Hecymasa gacTtoTa, ucnonabs3lyemas g KaHanos [ITUM c 0 o 3 Ha nepBou nnate ppmc Pico Sys-
tems.

2.3.2 WMNmeHa yHKUUHU

IIpaiBephl 000PYyIOBaHMS OOBIYHO UMEIOT TOJIBKO OBa TUla GpyHKIui HAL: oqHY CUMTHIBAIOT 0600PyaOBaHUE
1 OOHOBINISAIOT KOHTAKTH HAL, a gpyrue 3anuceBaOT B 000pyIOBaHME, UCIIOIb3Ys JaHHBIE C KOHTAKTOB
HAL. Ux cnemyeT Ha3BaTh CIEOYIOMIIM 00pa30M:

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

<device-name>
To Xe, YTO UCIIOIb3yETCS [OJII KOHTAKTOB U ITapaMeTPOB.

<device-num>
KonkpeTHOe yCTpO#CTBO, K KOTOpOMY OymeT oOpalnaTbCcs GyHKIIHUS.

<io-type>
OHI_II/IOHaJ'IBHO. CDYHKI_[I/IH MO2XKeT UMEeTh JOCTYII KO BCeEM BBO,'E[&M/BBIBOJI&M Ha IIjIaTe UJIN TOJIBKO
K OolpelefieHHOMY Tuny. Hampumep, MOTYT CYyLIECTBOBaTh HE3aBUCUMBIE (QYHKIIUU [JIT UTEHUS
CYEeTYUKOB 3HKOIEepa U YTeHUS IUPPOBLIX BXOOOB/BEIX0N0B. ECu Takue He3aBUCHUMEIE PYHKIIUU
CYILIECTBYIOT, OJIEe <io-type> nmeHTUGUUIUPYET TUI BBOJA-BEIBOAA, K KOTOPOMY OHUY 00paIlatoTCH.
Ecnu omra GyHKIMS CUUTEIBAET BCE BXOMOBI/BBIXOHBI, IIPENOCTaBNsIeMble IIATOH, <io-type> He
ucnonblyetrca. footnote: [[IpumedaHue Oy NporpaMMUCTOB ApakiBepoB: HE peanu3syliTe oTOenbHBIE
(I)YHKI_II/II/I OJIsd PA3HBIX TUIIOB BBOOA-BEIBOOA4, €CJIN TOJIBKO OHU HE ABJIAIOTCA IIPDEPEIBAEMBIMU U HE
MOTyT paboTaTh B HE3aBUCHUMEIX ITOTOKax. Ecu mpephiBaHue YTEHMS SHKOOEepa, YTeHUe HM(PPOBLIX
BXOOOB U ITOCJIeAyIolllee BO30OHOBIEHNE YTEHUS Y9HKOIEPA BEI30BYT MPOOIEMEl, peanu3ynuTe OoHy
¢yHKUMIO, KOTOpas cOejyiaeT 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 SHKOJEPHI Ha IIEPBOH I1aTe motenc.

generic8255.0.din.09-15.read
CuuTHIBaeT BTOPOM 8-OMTHEHIM MOPT Ha IIEPBOM YHUBEPCAJIBHOM IIyIaTe IIM(POBOT0 BBOIA-BEIBOIA
Ha 6ase 8255.

ppmc.0.write
3anucheiBaeT BCe BEHIXOOHEBEIE OaHHBIE (I1aroBble reHepatopsl, [IIWM, ILIAII u mmudpoBble maHHEBIE)
Ha IepByIo IIaTy ppmc Pico Systems.
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Chapter 3

Code Notes

3.1 Intended audience

This document is a collection of notes about the internals of LinuxCNC. It is primarily of interest to
developers, however much of the information here may also be of interest to system integrators and
others who are simply curious about how LinuxCNC works. Much of this information is now outdated
and has never been reviewed for accuracy.

3.2 Organization

There will be a chapter for each of the major components of LinuxCNC, as well as chapter(s) covering
how they work together. This document is very much a work in progress, and its layout may change
in the future.

3.3 Terms and definitions

e 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 referredtoasX, 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 MOABUXKHBLIX dYacTeld MalluHbl. CouYleHEeHUS OTINYalOTCA
OT OCeM, XOTS ITH [OBa TepMHHA MHOTHA (HeIpaBUJIbHO) HCIIOIL3YIOTCS OJjIsT 0003HAYEHUS OTHOTO
u Toro x®e. B LinuxCNC couneHeHHe — 9T0 GU3NYECKHH OOBLEKT, KOTOPHIM MOXKHO IIepeMeIaTh,

a He KOOpOWHAaTa B IIPOoCTpaHCcTBe. HampumMmep, IUHOIb, KOJIEHO, Cenjio U CTol ¢ppe3epa Bridgeport
MIPenCTaBIsIOT co00it cousieHeHus. [11e4o, TOKOTh U 3aNsiCThe PyKU poOOTa ABISIIOTCS COUJIeHEHUSIMU,
KakK ¥ TUHEeNHble IPUBOAHI rekcanofa. C KaXXObIM COYJI€eHEHUWEM CBS3aH ABUTATENIb WJIA IIPUBOL
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ompeneneHHOro Tuna. CouneHeHus He 00513aTeIbLHO COOTBETCTBYIOT OCSAIM X, Y ¥ Z, XOTS OJIsT MallInH

C TPUBUAILHOM KNHEMATUKOM 3TO MOXKET UMETh MecTo. Jlake Ha 9TUX MallIMHAX II0JIOKEHME COYTIEHEeHM S
1 TIOJIOKEHUE OCH — 9TO MMPUHIIUIINATILHO Pa3HbIE BEIll. B 9TOM MOKyMEHTe TEPMUHEBI COU/IeHeHUe U

OCb UCIIOJIB3YIOTCSI OCTOPOKHO, C YUeTOM UX Pa3TUYHBIX 3HaUeHuH. K coxkajleHuo, 9T0 He 003aTebHO
Tak Be3me. B wactHocTH, TUTlbl cmaHko8 ¢ mpusudabHOU KUHeMamuKol MOo2ym 3amywessbi8amy
U/U NO/AHOCMbIO CKPbIB8AMb pa3audue mexcoy couseHeHuamMuU u ocamu. Kpome moeo, 8 ¢atise INI
UCno/1b3yemcs mepMuH '0Cb OJIsI GAHHBIX, KOTOPBIE TOYHEE OBII0 ObI OIIMCATh KAK JaHHBIE COYJIEHEHUS,
HanpuMep MacmTabupoBaHUe BXOIHBIX U BEIXOOHBLIX TaHHEIX U T. 1.

Note

9To pasnuyme 6bilo caenaHo B Bepcum 2.8 LinuxCNC. B INI-channe nosBmacs HOBbIM pa3nen
[JOINT _<num>]. MHorme napameTpbl, KOTOpPble paHblle OTHOCUNAUCL K pa3aeny [AXIS <letter>],
Tenepb HaxoAATCA B HOBOM pasgene. [pyrume pasgenbl, Takue kKak [KINS], Takxe npuHumaoT
HOBble MapameTpbl, COOTBETCTBYWOLWME 3TOoMy. bbin npepoctasneH ckpunT obHOBAEHWS ANns
npeobpasoBaHuns cTapbix annos INI B HOBYIO KOH(hUTypaLUIO OCEN/COYNEHEHNN.

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

if 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.
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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 ucnomnb3dyeTcs Ojsi cOpoca Bxofla JaTuYHKa ITpU IOATOTOBKE K KOMaHie
PROBE. (Bompoc: nmouemy koMmauna PROBE He monKHa aBTOMaTH4YeCKU COpachIBaTh BBOMO?)

(More later)

3.8.27 SET _xix

CymiecTtByeT npuMepHO 15 koMaHf SET xxX, rie XXX — 3T0O UM HEKOTOPOI'O ITapaMeTpa KOHGUrypaiun.
OzxupaeTcs, 4yTo OymeT elle HeCKOIbKO KoMaHn SET mo mepe mo6aBiieHU s QOIIOTHUTETbHBIX TapaMeTPOB.

A xoTen 611 HaliTH 60Jiee aKKypaTHHIN C10CO0 YCTaHOBKY U YTEHUS TapaMeTpPoB KoHpurypauuu. CyiiecTByIO
MeTOnHBl TpeOyIoT no0aBIeHNsI MHOXKECTBa CTPOK KoZla B HECKOJILKO ¢aiiioB IIpU KaxkaoM nobaBieHuu
napameTtpa. bonbiast 4acTs 3TOr0 KOfla UOEHTUYHA WU IIOYTH UAeHTUYHA OJI KaXXA0ro IlapaMeTpa.

3.9 KoMmneHcauusa nodTa 1 NOrpeiHoCTU BUHTOB

+ FIXME KomneHcauusa nwodta M MOrpewHoCcT BUHTOB

3.10 KoHTponnep 3apay (EMCTASK)

3.10.1 CocTosiHMe

3amaya UMeeT TPU BO3MOKHEIX BHYTPEHHHUX COCTOSIHNS: ABapHHHasi OCTaHOBKA, COPOC aBapUHHOM

oCTaHOBKH 1 CTAaHOK BKJ/IIOUYEH.

3.11 KonTponep BeBopa/sbiBoga (EMCIO)

The I/O Controller is part of TASK. It interacts with external I/O using HAL pins.
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B Hactosimee BpeMss ESTOP/Enable, CO2XK u cMeHa uHCTpyMeHTa obOpabaTtriBaioTcsa iocontrol. 3to
OTHOCHUTEJIbHO HU3KOCKOPOCTHHIE COOBITHSI, BICOKOCKOPOCTHOM CKOOPOUHUPOBAHHEIN BBOA-BLIBOM 00pabaTel
B OBUXKEHUH.

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

IIPOoIlecC OCHOBHOTO ITMKJIa iocontrol:

¢ IIPOBEPLIET, YTOORI YBUIOETH, YTO BXOOHBIE TAaHHEIE HAL n3meHunmch

* IIpOBepseT, yKa3eBaeT U read_tool inputs(), 4To cMeHa MHCTpyMeHTa 3aBepllieHa, ¥ yCTaHaBIMBaeT
emcioStatus.status

3.12 WHTepdencol nonb3oBatens

WHTepdencol nonb3oBaTens

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 chapteris 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 LinkedLlist

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

Kmnacc Semaphore mpemocTaBisieT MEeTO[ B3aUMHBIX HCKITIOUEHHH OJIST JOCTyIla K OOIIeMy pecypcy.
OyHKIIMA OJI TOTy4YeHus ceMadopa MoxKeT Tn00 6JIOKMPOBATHLCS N0 TEX IIOP, TOKA OTCYTCTBYET MOCTYII,
BO3BpalllaThCs II0CiIe TaliM-ayTa, 100 HeMe[JIeHHO BOo3BpalaThcsa ¢ unu 0e3 noiaydeHus ceMmadopa.
KoucTpykTOp co3pmact cemMadop UM IPUCOEOUHUTCS K CYIIECTBYIOIIEMY, €CJIN UNEeHTU(PUKATOP yXKe
HCIIONb3yeTC .

Semaphore::destroy() moKeH BEI3EIBATHCS TOJIBKO ITOCIETHUM IIPOIIECCOM.

3.20 CMS

B ocnoBe libnml nmexut knacc CMS, oH comepXKUT OGONBUIMHCTBO (QYHKIINN, MCIIONb3yeMbIx libnml

u no OombiioMy cuery NML. MHorue u3 BHYTPEHHUX (QYHKIUH NeperpyzxKeHbl, 4YTOOB 00eCIeuuThb
oIlpefieNieHHEIEe allllapaTHO-3aBUCUMEIE METOOLI IIepefayyl faHHLIX. B KOHEYHOM cUeTe, BCe BpaliaeTcs
BOKPYT LIEHTPaJIbHOTr0 0JI0Ka MaMATH (Ha3kiBaeMoTo «6ydhepoM COOBIIIEHUN» UITH IIPOCTO «Oydhepom»).

9ToT 6ydhep MOXKET CyIIeCTBOBATh KaK OJIOK 00IIlel TaMsaTH, K KOTOPOMY 0OpallatoTCs OPYTUe TPOLECCH
CMS/NML, unm Kak JTOKaJIbHBIN U YaCTHHIM Oydep 01 faHHBIX, IepefaBaeMbIX [10 CETH UJIU I0C/Ie0BaTEeIbH
uHTepdercaM.

Bydep BrIAensieTCsa QUHAMUYECKH BO BPEMS BHIIIOJTHEHMSI, YTOOB 00€CIIeYUTD OOJIBIITYI0 THOKOCTH IO CUCTEM
CMS/NML. Pazmep 6ydepa moiKeH OBITh HOCTATOYHO OOIBIIUM, YTOOBI BMECTUTH CaMoe OO0JIbIIIoe
coob1eHne, He6oJIbIIOM 00beM [IJII BHYTPEHHETO UCII0Ib30BaHU U IT03BOJISITH KOAUPOBAThL COOOIIEHNE,
ecyy BEIOpaH 3TOT ITapaMeTp (3aKOoJUpPOBaHHBIE JaHHBIE OyoyT pacCMOTpeHH! o3xke). Ha cnenyromem
PUCYHKe ITOKa3aH BHYTPeHHUH Bup 6ypepHOTro mpoCcTpaHCTBa.
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Buffer Name [32 char]

CMS Header {
Read,
Message ID
Message Size

}

Data Space

CMS oydep Fazostrrit kKnacc CMS B 1IepByIo OUepenb OTBEYAET 3a CO3[IaHue KaHal0B CBSI3U U B3aUMOIeCTBY
C OIlepallMOHHOU CHUCTEMOM.

3.21 dPopmaT panna KoHduUrypauumm

Koudurypaumss NML coctouT u3 gByxX THIIOB GopMaToB CTPOK. OpuH mns OydepoB, a BTOPOM mOjs
MIPOLIECCOB, KOTOPHIE TTOIKI/II0Yal0TCI K 6ydhepam.

3.21.1 BbydepHasa nuHuA

Hcxopuriii ¢popmat cTpokru O6ydepa NIST:
* B name type host size neut RPC# buffer# max_procs key [type specific configs]

* B - upeHTUGUIIMPYET 3Ty CTPOKY KakK KoHpurypamuio 6ydepa.

* name - 3T0 ugeHTHUGUKaTOpP Oydepa.

e type — onuchiBaeT tun 6ydpepa — SHMEM, LOCMEM, FILEMEM, PHANTOM wunu GLOBMEM.
¢ «xocT» — 310 nMubo IP-agpec, mubo uMs xocTa Oist cepBepa NML

* size - pasmep Oydepa

* neut - IOru4YecKoe 3HAYEHWE, yKa3bIBawllee, 3aKOOUPOBAHBI JIU JaHHBIE B Oydepe B MAIIUHHO-
He3aBUCUMOM (popmaTe UM OHU B He0OpabOTaHHOM BUE.

¢ «RPC#» — ycTapeno — 3aIoJIHUTEIb COXPaHeH TONMbKO AJIsT 00PaTHOM COBMECTHUMOCTH.

* buffer# — yHUKanbHBIU UOEHTU(PUKAITMOHHBIN HOMED, UCIIOJIb3YEMEIN, €CJIU CEPBEP YIIPABIIE€T HECKOJIBKU
oydepamu.

® max _procs - MakKCHUMaJIbHO€ KOJIM4YEeCTBO IIPOLECCOB, KOTOPBEIM Pa3PEIIIeHO IIOOKIIYAThCA K 3TOMY
Oydepy.

* key - unucsnoBol uneHTudUKaTop Ousa 6ydepa obIIel naMaTu
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3.21.2 TunusupoBaHHble KOH(Urypauum

Tun 6ydepa nogpazyMeBaeT AOIOTHUTEIIFHEIE TTapaMeTPhl KOHQUTYPaIlUH, B TO BpeMs Kak oIlepaluoHHas
CUCTeMa X0CTa UCKJTIoYaeT onpefelieHHble KoMOMHanuu. [1pu moneITKe mpeodpa3oBaTh ONyOJIMKOBaHHYIO
OOKYMEHTAIIMIO B COTJIaCOBaHHEIN opMaT OyIeT pacCMOTpPeH TOoJbKO TUI 6ydpepa 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

» 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 ?)

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 - onpenenseT, ABASETCS JIU 3TOT IIPOIeCC JIOKaIbHBIM UJIU YaleHHBIM IT0 OTHOIIIEHUIO K Oydepy.
* host - yKka3bIBaeT, Toe B CeTH 3allylLIeH 3TOT IIPOIeCC.

¢ OpS - OaeT IIPOoLeCCy OOCTYII TOJIBKO OJId YTE€HHUd, TOJIBKO OJIsA 3allMCHU WUJIN OJIA ‘-ITeHI/IH/SaHI/ICI/I K
Oydepy.

* server - yKa3blBaeT, Oy[eT U 9TOT IIPOLIECC 3aIlyCcKaTh cepBep s 3Toro 6ydepa.
* timeout - ycTaHaBIMBaeT XapaKTEPUCTUKYU TalMayTa [Jis HOCTyma K 6ydepy.
* master - yKka3bslBaeT, OTBEYAET JIU STOT IIPOLIECC 3a CO3MaHne U YHuUTOoXReHue Gydepa.

* C num - 1eJioe YUCJIOo OT Hyasd Ao (max procs -1)
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3.21.4 KoMMeHTapum K KOHchUrypauum

HexkoToptbie 13 KoMOMHaUNM KOHQUTYpAITUU HeAeUCTBUTEIILHEL, B TO BpEMS KaK OPYTHe ToApa3yMeBaioT
onpeneleHHble orpaHudeHusa. B cucteme Linux GLOBMEM vycrapen, B To BpeMsa Kak PHANTOM
OelCTBUTEJILHO II0Ie3€H TOJIBKO Ha 3Talle TECTUPOBAHUS IIPUIoxKeHus, Kak u gyt FILEMEM. LOCMEM
MaJIOIIPUTOLEH [JIst MHOTOIIPOLIeCCOPHOI0 IPUJIOXKEHU S U IIpejlaraeT JIUIIbL OTPaHUYEHHBIE IPEUMYIIeCTBa
B IIPOU3BOAUTEJILHOCTU IO cpaBHeHHI0 ¢ SHMEM. 3T1o ocraBnser SHMEM eOuHCTBEHHBIM TUIIOM
Oydepa s ucrmonb3oBaHusa ¢ LinuxCNC.

ITapameTp neut UCIOIL3yETCS TOTBKO B MHOTOITPOIIECCOPHOM CUCTEME, TTIe pa3Hbie (M HECOBMECTUMEIE)
apPXUTEKTYPhl COBMECTHO HCIIONIL3YIOT OJIOK HaMsATH. BeposiTHOCTh YBUOETH CUCTEMY TAKOTO THIIA 3a
mpenenaMy My3esl WM HCCIIeTOBaTeIbCKOTO YUpeXKIeHUs HeBelnKa U MMeeT OTHOIIeHHEe TOJIBKO K
6ydepam GLOBMEM.

Homep RPC 3amoKyMeHTUPOBAH KaK yCTAaPEBIITUHI M COXPaHSIETCS TOIBKO 110 COOOPazkeHUSIM COBMECTHUMOCTH.

C yHuUKanbHBIM mMeHeM Oydepa Halmuyue YHCJIOBOI0 MAEeHTH(HUKATOPa KazXKeTCs O0eCCMBICIIEHHBIM.
Heo6xomumMo mpoCcMOTPETD KO, YTOOHI OTIPeeIUTh JIOTUKY. TOYHO Tak XKe KJII0UeBOe I10Jie Ha ePBLIN
B3TJISI[T KaXKeTCsT U30BITOYHBIM 1 MOXKET OBITh ITONy4YeHo 13 uMeHu Oydepa.

Llep OrpaHUYEHUsT KOJIMYECTBA MIPOIIECCOB, KOTOPHIM Pa3peIleH0 MOOKIYaThCSA K JTI000MYy OTHOMY
Oydepy, HesiCHa U3 CYIIECTBYIOLIEH JOKyMEHTALlMH ¥ OPUTHUHAJIBHOTO MCXOOHOTO KOAa. Pa3pelruTh
HeollpeqeIeHHEM MHOKEeCTBEHHBEIM ITPolieccaM IMOAKIIYaThCs K Oydepy peann3oBaTh He CIIOXKHEe.

THUIIBI MBIOTEKCOB CBOASATCS K OMHOMY M3 IBYX: II0 YMOJTYAHHUIO «0S_Sem» Mju «mao split». BoIbITMHCTBO
coobmiennit NML OTHOCHUTENIBHO KOPOTKHE M MOTYT OBITH CKOIHPOBaHHEI B Oydep unu u3 Gydepa c
MUHUMAaIbLHBEIMY 3aiepPKKaMu, TO9TOMY pa3fenbHoe YTeHue He 00si3aTenbHO.

KopupoBaHue gaHHEIX UMeET 3HaYeHUe TOJIBKO IIPU Iepefade yoajleHHOMY IIpoleccy. Mconb30BaHue
TCP unu UDP nogpasymeBaeT kogupoBaHue XDR. B To BpeMms kak KogupoBaHue ASCII MoXeT uMeTh
HEKOTOpOe IIPUMEHEHYVEe B [UarHOCTUKE UJIU OJid Iepefadyu JaHHBEIX BO BCTPOEHHYIO CUCTEMY, KOTOpas
He peanusyeT NML.

ITpoTtokonsl UDP uMeoT MeHbIIIe ITPOBEPOK MaHHBIX M IT03BOJISIOT OTOPACEIBATE ITPOIEHT makeToB. TCP
06oJiee HageXKeH, HO HEMHOT'O MefJIEHHEeE,

Ecnu LinuxCNC goszxeH OBITh IIOIKJIIOYEH K CeTH, MOXKHO HalesIThCsI, YTO OHA JIOKa/JIbHAaA U HAXOOUTCS

3a 6panpMayapoM. EquHCTBeHHAs npryrHa pa3pemuTs AocTyn K LinuxCNC yepe3 MHTepHET — ymaneHHas
OUArHOCTUKA. ITOT0 MOXKHO f0OUTHCS ropa3no 6onee 6€301acHO, UCIIOJIL3Y S APYTUe CPeaCcTBa, HallpuMep,
BebO-uHTEPDeliC.

TouyHOe MOoBeeHMEe, KOTTIa BpeMS OKUAAaHNUS YCTaHOBJIEHO PAaBHLIM HYJIIO UJIU OTPULIATEIbHOMY 3HAYEeHUIO,
HesicHO u3 pokymMeHTOB NIST. YnomuuaroTcsa tonbko INF u monoxurtenbHble 3HadeHus. OnHAaKO,
nmorpeGeHHBIH B UCXOOHOM Kofe rcslib, o9eBumHO, YTO IPUMEHUMO CleAyIollee:

timeout > 0 BrnokupoBKa OOCTyIa OO TeX IIOp, IIoKa He OymeT OOCTUTHYT MHTepBall TallM-ayTa WU
IMOSIBUTCST HOCTYH K Oydepy.

timeout = 0 Hoctyn K 6ydepy BO3MOXKEH TOIBKO B TOM ClIy4dae, €CJIM HUKAKOW APYTro# mpolecc He
YMTaeT U He MUIIET B 3TO BpeMs.

timeout < 0 unu INF Joctymn 3a610KupoBaH A0 TeX II0p, IoKa 6ydep He OyOeT mOCTYyIIeH.

3.22 ©06a30Bbi4 Knacc NML

PackpotiTe cnucky 1 B3auMocBa3b Mexkny NML, NMLmsg u knaccamu cms 60Jiee HI3KOI'O YPOBHS.
He nyrats ¢ NMLmsg, RCS STAT MSG unu RCS CMD MSG.

NML oTBeyaeT 3a CHHTAaKCUYECKUY aHasu3 ¢aiiyia KoHGUTypalluu, HaCTPOMKY O0ydepoB cms u ABIsIeTCS
MeXaHU3MOM MapIlIpyTU3aluyu co00IeHUH B TpaBuiibHEI(e) 6ydep (). s sToro NML co3maeT HECKOJILKO
CIIUCKOB [JIsI:
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* 6ydepsl cms, CO3TaHHbIE UJIN OOK/II0OYEHHBIE K HUM.
* TIpoLeccH u 6ydepsl, K KOTOPHIM OHU HOOKITIOYaIOTCS

* OJIMHHBIM CIIMCOK QYHKIIMH dopMaTa OjIs KaXXgoro TUIIa COOOIIeHU

OTOT MOCIEeOHUWU IIyHKT, BEPOSITHO, SIBJISETCS OCHOBHOM NMPUYMHOMN HecooTBeTcTBUA libnml/rcslib u
NML B uenom. Kaxpoe coobiieHue, iepegaBaemMoe uepe3 NML, TpeOyeT MpucoegUHEHMNS OIPEIeIeHHOT'0
o6beMa MHGOPMAIIUK B HOIOIHEHNE K PaKTHUYeCKUM JaHHBIM. 17151 3TOT0 ITOCIeH0BaTeIbHO BHI3EIBAIOTCS
HECKOJIbKO (GYHKIIHMM hopMaTUPOBAHUSI [AJIsI COOPKU parMeHTOB 00111ero coobienusi. PyHKmu hpopmaTa
O6ynyTt Bkmodatb NML TYPE, MSG TYPE B gomonHeHUEe K JaHHBIM, OOBSIBJIEHHBIM B ITPOU3BOOHBIX
kiaccax NMLmsg. M3MeHeHHUsS B NOpPSAOKEe, B KOTOPOM BHI3BIBAIOTCA (QYHKIIMU (hOPMaATHUPOBAHUSA, a
Tak’Ke IlepefaBaeMble IepeMeHHble, HapyllaT COBMECTUMOCTh C rcslib, ecnu ¢ HUMM 4TO-TO He Tak.
Cy11eCcTBYIOT IPUYUHEI 17151 TTOAAEePKaHU S COBMECTUMOCTH C rcslib 1 BecKue mpuYuHEI OJ1 BMelllaTeIbCTBa
B Kof. Bommpoc B TOM, KaKO# HaOOp MPUYHH IIPEeBaTupPyeT?

3.22.1 BHyTpeHHee ycTpoucTtBo NML

3.22.1.1 KoHcTpyKTOop NML

NML::NML() ananu3upyeT (paiin KOoHGUrypauuu 1 COXpaHsaeT ero B CBI3aHHOM CIUCKe [OJIf Iepefaydu

B KOHCTPYKTOPEL CINS B BUAE OTHOEJILHEIX CTPOK. DyHKIUA KOHCTpyKTOpa NML COCTOUT B BBHI30BE
COOTBETCTBYIOIIET0 KOHCTPYKTOPAa CMS [jig KaXkaoro 0ydepa v BeleHUM CliicKa 00 bEKTOB CMS U IIPOIIECCOB,
CBSI3aHHBIX C KaXXOHIM OydepoM.

HMIMEHHO C TOMOIIIBIO yKa3aTeneI71, XPaHALINXCA B CIIMCKaAX, NML MoxkeT B3aMOIeCTBOBATL C CMS, U
II03TOMY Doxygen He MOXKeT IIOKa3aTh PeaJIbHbI€ OTHOIIEHM .

Note
KOH(UIr XpaHUTCA B MaMATM 40 Nepefaydun ykasaTesnsd Ha KOHKPETHY CTPOKY KOHCTPYKTOPY CMS.
3aTeM KOHCTPYKTOP CMS CHOBa aHaNM3npyeT CTPOKY, 4Tobbl n3Bneyb napy nepemMeHHsbIX... bbiaio 6bl
pa3syMHee BbiNoHUTL BECb aHanus n coxpaHuTb NepeMeHHble B CTPYKTYpe, KOTopasa nepepaeTtcs
KOHCTPYKTOPY CMS. ITO YCTPaHUT 06paboTKy CTPOK M YMEHbLUUT KonyecTeso Ay6bnkaToB Koaa B
cms...

3.22.1.2 YTteHue/3sanucb NML

BrrzoBel NML::read 1 NML::write BEIIIOTHSIIOT CX0XKHe 3aJa4dy B TOM, UYTO KacaeTcs 00pabOoTKM COOOIeHUS.
EJ:[I/IHCTBeHHaH PealsibHasa Pa3HHUIla 3aKJ/II04YaeTCs B HallPpaBJIEHHUHU IIOTOKA HaHHBIX.

Br13oB pyHKIMY YTEHUS CHaYalla IojydaeT gaHHble u3 Oydepa, 3aTeM BeI3eIBaeT format_output(), B To
BpeMs Kak QYHKIIUSA 3anucu BeI3bIBaeT format input() mepepn mepemauei maHHBIX B Oydep. UMeHHO B
format xxx() mpoucxoaut paboTa I10 HOCTPOEHUIO UJIN HEeKOHCTPYKIIUM co00IIeHrs1. CIIMCOK Pa3JIMYHBIX
(GyHKITMI BEI3BIBAETCS 10 0YEepeny I pa3MellleHU s pa3/IMuHbIX YacTel 3arojioBka NML (He myTaTh C
3arojIoBKOM CMmS) B IpaBUJIbHOM IopsAnke. ITocnenHel BEI3EIBaeMol GyHKIMelN aBasgeTcsa emcFormat()
B emc.cc.

3.22.1.3 OtHoweHus NMLmsg n NML

NMLmsg — 3To 6a30BHIM KJIacC, OT KOTOPOTO MPOUCXOAST BCe KJlacChl coobuenuii. KaxkpmbIii Kiacc
COOOIIEHM S OOJI2KEH UMETh YHUKATbHBIN UIeHTUDUKATOP, OIIPEIEIeHHbIH (M TepegaHHbI KOHCTPYKTOPY),
a Takxke QyHKIHio o6HOBIeHUs (*cms). OyHKIus update() OymeT BRI3BIBATHCS GYHKIIMSIMU YTEHUSI/3aTUCH
NML npwu BrI3oBe Moayisa dopmatupoBanus NML — ykasaTenb Ha MOOynb ¢pOpMaTHPOBaHUSA OymeT
00bsiBNIEH B KOHCTPYKTOPEe NML B Kakoii-To MOMeHT. bnarogaps cBsi3aHHBIM CIMCKaM, KOTOPBIE CO3aeT
NML, o MoxkeT BeIOMpATh yKa3aTellb CMS, KOTOPLIM mepenaeTcsi GopMaTTepy, W, ClIedoBaTelIbHO,
Kakoi Oydep ucroibL30BaTh.
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3.23 JdoOGaBneHue nonb3oBaTeNbCKuX KomaHng NML

LinuxCNC moBOJIBHO KPYT, HO HEKOTOPHIE YaCTH HYXKAI0TCS B IpaBKaxX. Kak BEl 3HaeTe, CBA3b OCYIIIECTBIISEe]
yepes kaHansl NML, maHHbIE, OTIIPABIIIEMEIE YePE3 TAKOM KaHaJl, SBASIOTCS OOHUM U3 KJIaCCOB, OIIPEIEIIEHH
B emc.hh (peanmu3oBaHHHIX B emc.cc). Ecim KOMy-TO HY2KeH HECYIIECTBYIOIINH THUII COOOIIEHUsI, OH
OOJIZKEH BBIIIOJIHUTH CJIEOVIOIIKE IIaru, 4Toosl mob6aBuThk HOBHIM. (Coo0O0IeHre, KOTOpoe s1 moGaBUl B
npumepe, HaseiBaeTca EMC 10 GENERIC (wacnegyer EMC 10 CMD MSG (macnegyetr RCS CMD MSG)))

1. mo6aButhk onpepernenue kinacca EMC 10 GENERIC B emc2/src/emc/nml_intf/emc.hh

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

a. (g BeiOpan 1605, moTomMy 4TO OH OB HOCTyIEeH) B emc2/src/emc/nml intf/emc.hh

3. mo6aButhk 610k EMC IO GENERIC TYPE B emcFormat B emc2/src/emc/nml intf/emc.cc
4. po6aButk 6710k EMC IO GENERIC TYPE B emc symbol lookup B emc2/src/emc/nml intf/femc.cc
5. mo6aButhk dpyukuuio EMC 10 GENERIC::update B emc2/src/emc/nml intf/emc.cc

[MepekoMnIunIupPy#uTe, U HOBOE COOOIIeHNE NOJIZKHO ObITE TaM. Credyiolias 9acTh — OTIPABJISATh TAKUeE
COOOIIEeHNsT OTKyHa-TO, ITIOIy4YaTh UX B IPYTOM MECTE U YTO-TO C 9TUM OeJjiaTh.

3.24 Tabnuua MHCTPYMEHTOB U YCTPOMUCTBO CMEHblI UHCTPYMEHTa

LinuxCNC B3auMofefCTByEeT C 000pyIOBaHNEM CMEHBI MHCTPYMEHTA M UMEET BHYTPEHHI0I0 abCTPaKIINio
cMeHbl nHCTPYMeHTa. LinuxCNC ynpassisieT uHpopMarluei 06 "HCTPyMeHTax B (patiyie TaGIuIIEl MHCTPYMEHT

3.24.1 AOcTpakuus cMeHbl MHCTPpyMeHTa B LinuxCNC

LinuxCNC nogmepzKuBaeT OBa THUIIa alllapaTHBIX CPEOCTB CMEHEl MHCTPYMEHTAa, Ha3kIBaE€MBIX NONran-
dom u random. TlapameTp INI [EMCIOJRANDOM TOOLCHANGER onpenenser kKak LinuxCNC 6ygert
pemaTh K KaKOMY M3 3TUX TUIIOB 000PyA0BaHUS OH ITOAKJIIOUEH.

3.24.1.1 Hecny4yaWHasa CMeHa MHCTPYMEHTa

YCTPOﬂCTBO ABTOMATHUYECKOM CMEHBI HMHCTPYMEHTA BO3BpalllaeT KaXXIbIN WHCTPYMEHT B 'HE3OO, U3
KOTOPOTrO OH OBLIT IIepBOHA4YAJIbHO B34T.

HpI/IMepaMI/I HeCquafIHOFO OGOpy,]IOBaHI/IH OJIsi CMEHBI MHCTPYMEHTaA ABJIAIOTCSA «PYy4YHAA» CME€Ha MHCTPYMEH
PEeBOJIbBEPHEBIE I'OJIOBKH TOKAPHBIX CTAHKOB U PEEYHEIE y'CTpOI;'ICTBa CMEHEBI UHCTPYMEHTA.

ITpu HacTPOMKE A/ HECITyYalHOTO YCTPOMCTBaA cMeHE mHCTpyMeHTa LinuxCNC He U3MeHsIeT HOMED
THe3da B ¢aiinie TabauIlkl MHCTPYMEHTOB MPU 3arPy3Ke M BHITPy3Ke MHCTPYMEHTOB. BHyTpwm Linux-
CNC, npu cMeHe MHCTPyMeHTa mHpopMaIus 06 HHCTPYMEHTE KOIMUPYETCS U3 MCXOOHOTO KapMaHa
TabJIUIIEl THCTPYMEHTOB B KapMaH 0 (KOTODLIH IpefCcTaBisaeT MIUHENb), 3aMeHs1s JII00yi0 nHpopManuio
00 HHCTpPYMeHTe, KoTopas Oklyla TaM paHee.

Note

B LinuxCNC, CKOHUIrypupoBaHHOM A1 HeCslydalHOW CMeHbl MHCTPYMeHTa, MHCTpymeHT 0 (TO)
nMmeeT ocoboe 3HayeHme: «HEeT UHCTPyMeHTa». TO MOXeT He oToBpakaTbCa B hanne Tabnuupbl
WHCTPYMEHTOB, U U3MeHeHne Ha TO npuBegeT K ToMy, 4To LinuxCNC bypeT aymaTb, 4TO Yy Hero
NyCcTOW WNUHAENb.
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3.24.1.2 YCTpPOMUCTBA CJZIYy4aMHOW 3aMeHbl MHCTPYMEHTa

YCcTpouCTBO CllydaliHOU CMeHbl MHCTPYMEHTa MeHsIeT MHCTPYMEHT B MINIUHIe e (eCIU €CTh) Ha 3allPOLIEeHHEIL
WHCTPYMEHT IIPU CMeHe MHCTPYMeHTa. TakuM o0pa3oM, KapMaH, B KOTOPOM HaXOOUTCS MHCTPYMEHT,
U3MEHseTCs 10 Mepe TOr0, Kak OH BCTaBJISeTCs B IINKWHOEIb U BBIHUMAaeTCs U3 HeTo.

I[TpumepoM 060PYIOBAHUS CIIy4aWHOTO YCTPOMCTBA CMEHBI UHCTPYMEHTA SIBJIIETCS YCTPOMCTBO CMEHHI
WHCTPYMEHTa KapyCeJabHOTO THUIIA.

[Tpu HacCTpOUKEe CIy4aWHOT'O YCTPOUCTBa CMeHBl MHCTpyMeHTa LinuxCNC MeHseT MecTaMU HOMED
KapMaHa CTaporo ¥ HOBOT'O MHCTPYMeHTa B (hatiyie TabIUIL MHCTPYMEHTOB ITPU 3aTPy3Ke UHCTPYMEHTOB.
Baytpu LinuxCNC, npu cMeHe HHCTPpYMeHTa uHdopMalus 00 MHCTPYMEHTE MepPeCcTaBIsIeTCs MeXIy
MCXOIHBIM I'HE300M TaOIUIlEl MHCTPYMEHTOB U rHe300M 0 (KOTOpOe IPenCTaBIseT IMNUHAENb). TakuM
06pa3oM, Iociie CMeHEl UHCTpyMeHTa KapMaH 0 B Tabnulle HHCTPYMEHTOB COIEPKUT UHGOpPMAaIuio oo
WHCTPYMEHTE [JIT HOBOT'O MHCTPYMEHTA, a KapMaH, U3 KOTOPOT0 OBIJI TOJIy4eH HOBBIM MHCTPYMEHT,
comepKUT MHPopMaIuio 06 MHCTPYMEHTE IJIT CTaporo MHCTPYMEHTa (MHCTPYMEHT, KOTOPHIM OLINT B
MIIUHAEeJIe 4O CMEeHBl UHCTPYMEHTAa) €CJIU TAaKOU eCTbh.

Note

Ecnn LinuxCNC HacTpoeH Ha C/y4YalHyl CMeHY WHCTpyMeHTa, MHCTpyMeHT 0 (TO) He wmnmeet
cneumanbHOro 3HavyeHusa. OH obpabaTbiBaeTCA TOYHO TakK XKe, Kak 1 Ntobon Apyron MHCTPYMEHT B
Tabnnue nHcTpymeHToB. O6bi4HO TO ncnonb3yeTtcs A9 o603HaYeHUSA «OTCYTCTBUA MHCTPYMEHTa»
(T. e. MHCTpyMeHTa c HyneBbiM TLO), 4Tobbl Npn HEO6XOOMMOCTM WINUHAENb MOr BbITb YO0OHO
pasrpy>xeH.

3.24.2 TabGnuvua MHCTPYMEHTOB

LinuxCNC oTcnexkuBaeT UHCTPYMEHTHI B ¢atine tool table. B Tabnuiie MHCTPYMEHTOB 3alMCHIBAETCS
cnepyomas uHGopMauus Oy KaXXaoro MHCTPyMeHTa:

HOMEp MHCTPYMEHTa
Llenoe 4mnciio, KOTOpoe OOHO3HAYHO UAEHTUQUIIUPYET 3TOT MHCTPYMEeHT. HoMepa UHCTPYMEHTOB
obpabaTtriBatoTca LinuxCNC nmo-pa3HoMy IIpY HaCTPOMKE CIIy4aWHBIX U HeCTy4YalHbIX YCTPOUCTB
CMEeHBI UHCTPYMEHTa:

* Korpa LinuxCNC HacTpoeH [jii HeCIy4alHOT0 YCTPOMCTBA CMEHBI UHCTPYMEHTa, 9TO YHCJIO
OOJIZKHO OBITH ITOIOKUTETLHEIM. T0 momBepraeTcs crelnnaabHOM 00paboTKe ¥ He MOKET 0TOOpaxkaTh(
B TabJulle MHCTPYMEHTOB.

* Korma LinuxCNC HacTpoeH A CIy9aliHOT0 YCTPOMCTBA CMEHBLI HHCTPYMEHTA, 3TO YKUCJIO AOIXKHO
OLITh HeOTpHUIlaTeNMbHEIM. TO momycKaeTcs B TabJHIle MHCTPYMEHTOB B OOBIYHO MCIOJIb3YeTCs
o1t 0003HAYEHUSI OTCYTCTBUSI HHCTPYMEHTA, TO eCTh IyCTOr0 KapMaHa.

HOMeEp rHe3aa
ITenoe unucno, uneHTUGUIUPYyIOllee THE30 UIK I1a3 B 000pyN0BaHUM YCTPONCTBA CMEHEI MHCTPYMEHTA,
B KOTOPOM HaXOOUTCS MHCTPyMeHT. Homepa kapMmaHoB o6pabaTteiBatoTcst LinuxCNC mo-pasHOMY
IIpY HaCTPOMKE CIIy4YaWHBIX U HECJIy4YaUHEIX YCTPOKUCTB CMEHBI HHCTPYMEHTAa:

* Korpga LinuxCNC cKOHGUT'YPHUPOBaH OJII HECITYYaWHOT0 YCTPOUCTBA CMEHBI MHCTPYMEHTa, HOMED
rHe3ma B ¢aiiyie UHCTPYMeHTa MOXKeT OBITh JIIOOBIM IIOJIOKUTEJIbHEIM I1eJIBIM YUC/IoM (s4etika 0
He gonyckaetcs). LinuxCNC Monua yIJIOTHSIET HOMepa rHe3[ IpU 3arpy3kKe ¢aiina MHCTPYMEHTa,
II09TOMY MOXKeT OBITH Pa3HHUIa MeXIy HOMepaMy rHe3y B ¢alijie M"HCTPYMEHTAa U BHYTPEHHUMU
HOMepaMu rae3f, ucrnonb3yeMeiMu LinuxCNC ¢ HeciTy4allHEIM yCTPOXCTBOM CMEHEI HHCTPYMEHTA.

* Korpga LinuxCNC HacTpO€H OJis CJIy4alHOT' 0 YCTPOMCTBa CMEHLI MHCTPYMEHTa, HOMepa KapMaHOB
B (patisie UHCTPYMeHTa OOJIKHEL OLITh B fuana3oHe ot 0 go 1000 BkmtouuTenbHo. 'He3ma 1-1000
HaXOoOsTCS B YCTPOUCTBE CMEHBI HHCTPYMeHTa, THe340 0 - 5TO MNUHOEeNb.
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diameter
[InaMeTp MHCTPyMEHTa B eIUHUIIAX U3MEPEHUsI CTaHKa.

CMeIlleHHe JIMHbI HHCTPYMEeHTa
Koppeknus oiuHEI MHCTPYMeHTa (Takzke Ha3biBaeMas TLO), mo 9 ocell, B eqUHHUIIAX U3MEPEHUS
ctaHka. OcH, y KOTOPHIX HeT yKa3zarnHoro TLO, nony4atot 0.

3.24.3 G-Kopabl, BAIMSAIOLWLME HA UHCTPYMEHTbI

G-KO[BI, KOTOPHIE UCIOJIB3YIOT UJIM BIUSIOT Ha WHGOPMAILNI0 00 UHCTPYMEHTE:

3.24.3.1 Txxx

YKa3riBaeT OGOpy,]IOBaHI/IIO CMEHBI MHCTPYMEHTA IIOATOTOBUTLCHA K IIEPEKIIIOYEHUIO Ha YKa3aHHbIﬁ UHCTPYMEI
XXX.

Oo6pabateiBaeTcst Interp::convert tool select().

1. CraHKy npepnjaraeTcs IOATOTOBUTELCS K IIEPEKIIIOUEHNIO Ha BEIOPAHHBIN HHCTPYMEHT, IIyTEM BEI30Ba
Canon ¢yukmnuu SELECT TOOL() c HOMepoM 3alpoIlIeHHOT0 HHCTPYMEHTaA.

a. (saicanon) No-op.

b. (emccanon) Co3maeT coobmenue EMC TOOL PREPARE c 3ampoIrieHHEIM HOMEpPOM KapMaHa u
ormpaBisieT ero B Task, koTopriit otnpasinsiet ero B 10. 10 momy4yaeT coobIeHre U IPOCUT
HAL nmogroToBuTh KapMaH, ycTaHoBuB iocontrol.0.tool-prep-pocket, iocontrol.0.tool-prep
u iocontrol.0.tool-prepare. 3arem IO moBTOopHO BHI3BIBaeT read tool inputs() mnsa
ompoca BeiBoga HAL iocontrol.0.tool-prepared, KOTOPHIM CHTHATU3UPYET OT 000PYIOBaHU A
CMeHBI HHCTpyMeHTa Yyepe3 HAL IO, 4To 3anpoireHHas IOAT0TOBKA MHCTPYMEHTAa 3aBepIlleHa.
Korma aTot BeIBOom ctaHoBuTcs True, IO ycTanaBnuBaeT emcioStatus.tool.pocketPrepped
Ha HOMep KapMaHa 3alpoIIeHHOI0 MHCTPYMEHTa.

2. BepHyBumch B nHTEpnperanuio, settings->selected pocket mpucsauBaeTcss mHaekc tooldata
3alpOUIEeHHOTO UHCTPYMEHTa XXX.

Note

Yctapeswune umeHa selected_pocket u current_pocket Ha camom pene ccbinaloTCA Ha
nocsienoBaTeNbHbIN MHAEKC AaHHbIX MHCTPYMEHTa A1 3/1€MEHTOB MHCTPYMEHTA, 3arpy>XeHHbIX
n3 Tabnuubl nHCTpyMeHToB ([EMCIO]TOOL TABLE) nnn 4epes 6a3sy AaHHbIX MHCTpyMeHTOB ([EM-
CIO]DB_PROGRAM).

3.24.3.2 M6

Coo01raeT yCTPOUCTBY CMEHBI MHCTPYMEHTA MEPEKIII0UYNTLCS Ha TEeKYIIUN BEIOPAHHBIA WHCTPYMEHT
(BRIOpPaAHHLBIN ITPEOBIAYIEeN KOMaHoou TXXX).

ObpabateiBaeTcs Interp::convert tool change().

1. CraHKy npefnjaraeTcs nepeiTy Ha BEIOpaHHBINM MHCTPYMEHT, TyTeM Bei3oBa Canon ¢yukiuu CHANGE TO
c settings->selected pocket (MHOEeKC maHHBIX UHCTPYMEHTA).

a. (saicanon) YcranaBnuBaeT sai’'s _active slot B mepemanHBIN HOMep KapMaHa. UHdpopmaums
00 MHCTPYMEHTE KONMMPYETCS U3 BEIOPAaHHOTO KapMaHa TabIHuIbl MHCTPYMEHTOB (T. €. u3 sai’s
_tools[ active slot]) Ha mmuHAens (oH Xke sai’s tools[0]).
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b. (emccanon) Otnpasnset coobmerue EMC TOOL LOAD B Task, koTopoe otmpasnseT ero B IO.
10 ycranaBnuBaeT emcioStatus.tool.toolInSpindle Ha HOMep UHCTPYMEHTA B THE3[€e, YKa3aHHO
emcioStatus.tool.pocketPrepped (yctanaBnuBaeTcs TXXX, TakKe nu3BeCTHHIM Kak SELECT TOOL (
3aTeM OH 3amnpammnBaeT, YToOb 000PyOOBaHNEe CMEHBI MHCTPYMEHTA BHITIOTHUIIO CMEHY UHCTPYMEH”
yctaHoBUB Ay1s KoHTakTa HAL iocontrol.0.tool-change 3uauenue True. [To3xke read tool inpt
10 o6HapyxwuT, uto KoOHTAaKT HAL iocontrol.0.tool changed 6wi1ycTanoBmneH B True, yKa3riBas
Ha TO, YTO YCTPOMCTBO CMEHHI MHCTPYMEHTa 3aBEPIINJIO CMeHYy MHCTpyMeHTa. Korma ato
ITPOMCXOOUT, OH BhI3EIBaeT Load tool() mms oOHOBHIEHUS COCTOSTHUS CTaHKA.

i. load tool() c korpurypaumei ycTpoiicTBa HeClIy4aHOM CMEHE UHCTPYMEHTa KOMIUPYeT
uHpopManuio 060 UHCTPyMeHTe U3 BRIOpaHHOTO THe3[a B IMINUHAENb (KapMaH 0).

ii. load tool() c koHburypanuel yCTpouCTBa CIydaliHOU CMEHBLI MHCTPYMEHTa MEHSET
MecTaMu mHPopMaIio o6 UHCTPYMeHTe Mexkny rHe3moM 0 (IINWHOENb) U BHIOPaHHBIM
THe37IOM, 3aTeM COXpaHseT TabIuily UHCTPYMEHTOB.

2. BepuyBmmuch B uHTepuperarop, settings->current pocket HazHadaeTcs HOBHIM HMHIOEKC tool-
dataus settings->selected pocket (ycranaBnuBaeTcs Txxx). COOTBETCTBYIOIIHE IPOHYMEPOBaHHEIE
napaMeTpsl (#5400-#5413) oOHOBNSAIOTCS HOBOM MHpoOpMaIlme 06 MHCTpyMeHTe u3 rHe3ma 0
(mImuHOoens.).

3.24.3.3 G43/G43.1/G49

I[TpuMeHUTHs KOPPEKUIUIo ANIMHE HHCTPpyMeHTa. G43 ucnonblyeT TLO 3arpykeHHOTr0 B JaHHBEIM MOMEHT
WHCTPYMEHTA UJIM YKa3aHHOT'O MHCTPYMeHTa, ecinu H-cnoBo 3agano B 6i10ke. G43.1 monydaet TLO us
oceBbIX c10B B 0110ke. G49 ormensieT TLO (ucnonb3yeT 0 oIt CMeIlleHUs OJIsT BCEX OCei).

Oob6pabateiBaeTcst Interp::convert tool length offset().

1. OH HaymHaeTcs co cOopku EmcPose, comep:skaliero mjs MCIOIbL30BAHUS CMeIeHus 9-1 ocei.
st G43.1 3Ty KOPPEKIIUM MHCTPYMEeHTa OepyTCst U3 CJIOB Ooceli B TeKymeM Kagpe. g G43 atu
KOPPEKIINHU UCXOOSAT OT TEKYIIEero MHCTPYMeHTa (MHCTPYMEeHT B THe3me 0) Uau OT MHCTPYMEHTa,
ykasaHHoro H-cimoBom B 6roke. [ G49 Bce cMmelieHus paBHEL 0.

2. CmemeHuda nepegaiorcsa Canon ¢pyukiuu USE TOOL LENGTH OFFSET().

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

b. (emccanon) Co3paet coobienre EMC TRAJ SET OFFSET, comepikailiiee CMeIIeHus, 1 OTIIPABIISAET
ero B Task. Task komupyet cMmerierus: B emcStatus->task.toolOffset u ormpaBnsieT ux B
Motion ¢ momomrsio koMaHasl EMCMOT SET OFFSET. [IBuKeHue KOIUPyeT cMelleHusa B emcmotStatu
TIle OHO MCIIOJIb3YEeTCS OJI CMeIleHus OyoyImxX IIepeMeleHu.

3. BepHYBIIUCH B MHTEPIIPETALINIO, CMEIIEHUS 3alIUCkHIBalOTCA B settings->tool offset. SddekTuBHOE
THe3[o 3anuceBaeTcs B settings->tool offset index, xoTs 3To 3HAYEeHMe HUKOTOa He UCIIOIb3YETCS

3.24.3.4 G10L1l/L10/L11

U3MmeHseT TabNuUIly UHCTPYMEHTOB.

O6pabaTteiBaeTcst 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.)
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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 I10. I0 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 10 saves the new tool table.

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 O (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.

Oob6pabatriBaeTcd 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.
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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 I0 STAT

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.toolTablel[]
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.
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* OtnpasnsieTcsa B Motion uepes coobmenue EMCMOT SET OFFSET. Bce, uTo IBUIKEeHUe IenaeT CO
CMeIeHUSIMHU, — 3TO 3KCIIOPTUPYET ux Ha KOHTAaKThl HAL motion.0.tooloffset. [xyzabcuvw].
FIXME: skcnopTupyiiTe UX Kyna-HuOynb Omxke K Tabianile HHCTPYMEHTOB (BEpPOSTHO, i0 unm
interp) u ymanute coobimenue 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.

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.
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3.25.2 In Motion

KoMnoHEHT peanbHOTO BpeMeHU KOHTPOJIJiepa ABUXKEeHUI CHaudasla I1oydaeT KOJINYeCTBO COeIUHEHUN
K3 TapaMeTpa BpeMeHH 3arpy3Ku num_joints. 9To onpenenseT, CKOILKO COUIEHEHUN 3aCIyKUBAIOITHUX
KoHTakTOoB HAL GymeT co3maHo IIpH 3allyCKe.

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

KonTtponnep mBuxkenus: Bcerga paboraetr no ocam EMCMOT MAX AXIS. OH Bcerma co3maeT OeBSATh
HaOOPOB KOHTAKTOB axis.*.*,
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Chapter 4

CoobuweHna NML

Cnucok coobmienuit 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
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4.3 AXIS

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
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4.6 MOTION

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
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EMC_AUX_ESTOP_ON_TYPE
EMC_AUX_ESTOP_OFF TYPE
EMC_AUX_ESTOP_RESET TYPE
EMC_AUX_INPUT WAIT TYPE
EMC_AUX_STAT TYPE

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_IO HALT TYPE

EMC_IO0 ABORT TYPE

EMC_IO SET CYCLE TIME TYPE
EMC_IO STAT TYPE

EMC_I0 PLUGIN CALL TYPE
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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) {
// cpenatb 4YTO-TO nopgxopsauee

}

3akpriBatomas GurypHasi CKoOka HaXOOUTCS Ha OTHEeNIbHOU CTPOKe, 3a UCKII0YeHNeM Clly4aeB, Korga
3a HelU cienyeT OpPOOOJIKEHUe TOTO XKe omneparopa, T. e. «while» B do-onepaTtope unu «else» B if-
oIleparTope , HallpuMep :

do {
// 4TO-TO BaxHoe
} while (x > 0);

nu

if (x ==y) {
// nenaTtb OfHO
} else if (x <y) {
// Benatb ppyroe
} else {
// pBenatb TpeTbe

}

Takoe pa3MelieHre GUTYPHBIX CKOOOK TaKyKe MEUHUMU3UPYET KOJIMYeCTBO IIYCTHIX (UJIX IIOYTHU IIyCTHIX)
CTPOK, 4TO IO3BOJIIET OOHOBPEMEHHO oToOpaxkaThk OoJiblllee KOIUYECTBO KOfa UM KOMMEeHTapueB B
TepMuHane GUKCUPOBAHHOIO pa3Mepa.

5.5 MNmMeHOBaHue

C — cmapTaHCKUH S3HIK, ¥ TAKUM K€ OOJIKHO OBITH Ballle UMEeHOBaHWe. B oT/IHMYMe OT IpOorpaMMUCTOB
Modula-2 u Pascal, nporpammuctel C He UCHOJIL3YIOT MUJIbIe MMeHa, Takue Kak ThisVariableIsATem-
poraryCounter. IIporpammuct Ha C Ha3Bal OB 3Ty IePEMEHHYIO tMp, 4YTO HAMHOT'O MPOIIe HalKucCcaTh
U He B IIOCJIEOHIOI0 OYepenb CII0XKHEee MOHATD.

OpHako omucaTeNlbHBEIE MMeHa [ IJ100albHBEIX IIepeMeHHEIX o0s3aTenbHEl.. Ha3BaTh riobanbHyIio
¢pyukumio «foo» — 3TO IpecTyIIeHue.

T'JIOBAJIbHBIE nepemMeHHbIe (MCIIOTb3YIOTCS TOIBKO B TOM CJTy4Yae, eCJIHM OHU HeHCTBHTEILHO HYKHBI)
OOJIKHEI UMEeTh OIIUCaTeIbHEIE UMeHa, KakK U riobanbHble GyHKIMU. Eciu y Bac ecTh GYHKINS, KOTOPas
MIOACYUTHIBAET KOJIMYECTBO aKTUBHEIX ITOIb30BaTesIe!, BE JOJIKHEL Ha3BaTh 9T0 count_active users()
WU aHaJIOTUYHO, Bbl He NOJIKHEI Ha3kIBaTh ee cntusr()

KomupoBanue Tuna QyHKINU B UMEHU (TaK Ha3blBaeMas BEHI'epCKas HOTallusi) — 9TO MO3TOBOUM KOCSK
— KOMIIMJIATOP ¥ TaK 3HaeT TUIBI ¥ MOXKET UX IIPOBEPUTH, a 3TO TOJIBKO IIyTaeT MpPOrpaMMUCTa.
HeynusuTenbHo, uTo Microsoft menaeT ritoyHble IPOrpPaMMEI.

HNmena JIOKAJIBHBIX nmepeMeHHBIX OOIXKHBI OBITH KOPOTKUMH M TOYHBIMHU. ECIIM Yy Bac eCTh CYETYHK
LIMKJIOB CO CIIyYaWHBIMMU II€JILIMUM YU CJIaMU, eT0, BEPOSATHO, clienyeT Ha3BaTh «i». Ha3riBaTh ero loop counter
HETIPOIYKTUBHO, €CJIU HET IIaHCOB, YTO €T0 HENIPABUIBHO IMOUMYT. TOYHO Tak ke «tmp» MOXKeT OBITh
IepeMeHHOU II060T0 TUIla, KOTOpas UCIIOJIb3YeTCs AJIS XpaHeHUsI BpDeMeHHOT0 3HaUeHU .

Ecnu BB GOoUTECH ITEPeIyTaTh UMeHa JIOKaJIbHBIX IIEPEMEHHEBIX, Y BaC eCThb ApyTras ImpobjieMa, KoTopas
Ha3bIBAETCS CUHAPOMOM aucbajianca QyYHKIUHU-TOPMOHAa-pocTa. CM. CIIemgyIomIyo IJIaBy.
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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

Coopka LinuxCNC

6.1 BBepeHue

B 3TOM MOKyMeEHTE OIUCHBAETCs, Kak coopaTh mporpaMmmuoe obecrnederre LinuxCNC 1 moKyMeHTaIuio
M3 UCXOOHOT'0 Kofia. DTO B IIEPBYIO OYepeIb IT0JIe3HO0, €CIH BE pa3paboTuuk, MogubuIupyomui Lin-
uxCNC. 3To TaKkKe MOXKeT ObITh IT0JI€3HO, €CJTU BEI TECTUPYETE BETKU Pa3paboTUMKOB, XOTS TOTHAA y Bac
Tak’kKe eCTh BO3MOXKHOCTh IIPOCTO YCTaHOBUTH ITakeTH Debian u3 buildbot: http://buildbot.linuxcnc.org

6.1.1 BbICTpbLIA CTApPT

[l HeTepIleIUBLIX MOMPOOYHTE Cleayolee:

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

$ ./autogen.sh

$ ./configure --with-realtime=uspace

$ make

3TO, BEPOATHO, HE y,'[[aCTCH! OTO He [ejlaeT Bac IIJIOXUM YEIOBEKOM, 3TO IIPOCTO O3Ha4YaeT, YTO BEI
OOJI2KHBI IIPOYUTATh BECh 3TOT OOKYMEHT, YTOOBI Y3HATh KdK PELINTH CBOU HpO6HeMBI. Ocob6GeHHO
pa3nell yooBJIeTBOpPeHNe 3aBUCHUMOCTEN C60pKI/I.

Ecnu BEH paboTaeTe B cuCTeMe C IOLONEPZKKOUW peaslbHOI'0 BPeMeHH (HalpuMep, IIPU YCTAHOBKE M3
o6paza LinuxCNC Live/Install Image, cM. pa3gen B peanpHOM BpeMeHU HUIKE), B HACTOSIIEE BPEMS
TpebyeTCcs OOUH [OIOTHUTENLHEIN IT1ar COOPKU:

$ sudo make setuid

ITocne Toro, Kak BH ycnelrHo cobpanu LinuxCNC, mpHIIIo BpeMs 3allyCTUTDb TECTHI:

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

ITO TOXKEe MOXKET He HOJIy‘{I/ITBCH! HpO‘ITI/ITe BeCh 3TOT OOKYMEHT, HO 0CcOOEeHHO pasnei HaCTpOﬂKa
Cpenbl TECTUPOBAHUA.



http://buildbot.linuxcnc.org
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6.2 Moppep>xusBaembie NaaTdopmbl

IIpoekT LinuxCNC HalleneH Ha COBpeMeHHble AUCTPUOYTUBE Ha ocHOBe Debian, Bkmiouas Debian,
Ubuntu u Mint. MBI TOCTOSSHHO TeCTUPYyeM Ha ITaTdhopMax, IepedruciieHHbX Ha http://buildbot.linuxcnc.org.

LinuxCNC cobupaeTcs Ha 60JIbIINHCTBE OPYIUX TUCTPUOYTUBOB Linux, X0Ts yIpaBieHue 3aBUCUMOCTSIMHU
Oynert 6o/ee py4YHBEIM U MEHEe aBTOMaTUYeCKUM. Bcerpa npuBeTCTBYIOTCS UCTIPABJIEHUS AJIS YIYYIIeHUS
IIEPEeHOCUMOCTH Ha HOBHIE T1JTaT(HOPMEL.

6.2.1 B peaJsibHOM BpEeMEHM

LinuxCNC — 5T0 KOHTPOJIJIEP CTaHKA, U [AJI BEIMIOTHEHUS 9TOM paboThl TpebyeTcs minaThopMa peaabHOTO
BpeMeHH. JTa Bepcusi LinuxCNC nmoppmepKuBaeT TpU IIaTHOPMBI PEaTbHOTO BPEMEHH

RTAI
C catita https://www.rtai.org. Axgpo Linux ¢ nmatyem RTAI moctynHo B apxuBe Debian nmo agpecy
https://linuxcnc.org. MHCTpYKUMH 110 ycTaHOBKe cM. [lonmyuenue LinuxCNC.

Xenomai
C caiita https://xenomai.org. Bam npugeTcss CKOMIUIUPOBATH UJIU ITOYYUTE IAPO Xenomai caMOCTOSTe

Preempt-RT
C https://rt.wiki.kernel.org. dgpo Linux ¢ natueM Preempt-RT unorma moctynHo B apxuse Debian
o apgpecy https://www.debian.org u B uHTepHeT-apxuBe 10 afgpecy https://snapshot.debian.org.

YToOBl MCII0Ib30BaTh BO3MOKHOCTH LinuxCNC B peanbHOM BpeMeHU, HeKOTophle 4acTu LinuxCNC
OOXKHEL paboTaThk C NPUBUIIETUAMU root. YUTOOHI BKIIOYWUTH rOOt OJjIg 3THX YacCTel, 3allyCTUTE 3Ty
OOIIOJTHUTEIbHYI0 KOMaH/y mocie make, kotopas cobupaet LinuxCNC:

$ sudo make setuid

6.2.2 He B peasIbHOM BpeMeHM

LinuxCNC Takzke MOXKHO cOOpaTh ¥ 3aIIyCTUTH Ha I1aTdhopMax, He paboTaoIIuX B pealbHOM BPEMEHH,
TaKUX Kak 00blyHas ycTaHoBKa Debian unm Ubuntu 6e3 Kakoro-nu6o crenuanbHOTO0 SOpa peabHOro
BpEMEHU.

B atom pexume LinuxCNC Oecrnosie3eH [js YIIPaBIeHUS CTaHKaAMM, HO OH MOJIE3€H [JIs UMHUTAIIUU
BEITTIONTHeHUsT G-Kofa W OJI TeCTUPOBAHUS YacTel CHCTEeMEI, He padoTaionux B pealbHOM BpeMeHHU
(Tak¥X Kak I0JIb30BaTEeJILCKNE UHTeP(ENChl 1 HEKOTOPHIE BUAH KOMIIOHEHTOB 1 APaliBEPOB YCTPOMUCTRB).

6.3 Pe>Xxumbl cOOpku

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



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
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6.3.1 CO6opka ansa 3anycka Ha mecte (RIP)

B c6opke Run-In-Place nporpamMmmsbl LinuxCNC KOMIUIUPYIOTCS U3 MCXOOHOI'0 KOJIa, a 3aTeM 3allyCKalOTCs
HENOCPeICTBEHHO U3 Katajora cOopku. Hudero He ycTaHaBIuBaeTCs BHe KaTajiora COOpKU.

9T0 GBICTPO M MPOCTO, ¥ IMOAXOOUT [JIsI OBICTPOYN MTEepaluyu U3MEHEHUH.
Ha6op TectoB LinuxCNC paboTtaeT Tonbko B cOopke Run-In-Place.
BonbimnHCcTBO pa3dpaboTunkoB LinuxCNC B OCHOBHOM MCIIONb3YIOT 9TOT PEKUM.

Co6opka o151 3aIIycKa Ha MecTe [IejlaeTCs II0 IIaraM, OIUCAaHHBIM B pa3fesie BEICTPHIN CTapT B BePXHEH
4acTU 9TOTO JOKyMEeHTa, BO3MOXKHO, C Pa3HBIMU IIapaMeTpaMu onsg src/configure u make.

6.3.1.1 src/configure napameTpbl

Cxkpunrt src/configure HacTpamBaeT CIoco0 KOMITHUISIIUY UCXOOHOTO Koma. OH IpUHMMAaeT MHOIO
Heo0s13aTeIbHEIX ITapaMeTpPOB.

I monmy4deHus BCeX IapaMeTpoB src/configure, 3anycTure 9To:

$ cd linuxcnc-dev/src
$ ./configure --help

Hawubomnee gyacTo HUCIIOJIb3yEeMEI€ IIapPaMETPHI:

--with-realtime=uspace

C6opka nis m060ii mraThopME pealbHOT'0 BpEMEHHU UIIH He 1 peallbHOT0 BpeMeHHu. [lonydyeHHbIe
ucnojyHsieMmble daimer LinuxCNC OyaoyT paboTtaTth Kak Ha spape Linux ¢ matuamum Preempt-RT
(obecmeunBarONIMMY YIpPaBlIeHNe MaIlllMHOM B peajlbHOM BpeMeHM), TaK ¥ Ha CcTaHmapTHOM (6e3
naTtuel) sappe Linux (obecneunBatomem cumynsanuio G-koma, HO 6e3 ympaBleHUsS MAIIUHOU B
peanbHOM BpeMeHU). Ecnu daiinel pa3dpaboTKu yCTaHOBIEHH Ojid Xenomai (06BIYHO M3 IaKeTa
libxenomai-dev) unu RTAI (0GBIYHO M3 ITaKeTa, MMs KOTOPOTO HauMHaeTCs C «rtai-modules»),
nopmepikKKa 3THX sSiep pPeanbHOI'0 BpeMeHU TakXke OymeT BKIIOYeHa.

--with-realtime=/usr/realtime-$VERSION
Coopka mist mnaT@opMel peanbHOTo BpemeHu RTAI ¢ mcmonb3oBaHueM 06ojee CTapod MOmenu
«SOpoO peanbHOro BpeMeHU». s 3TOro Heob6Xoammo, 4TOoOH y Bac 6vU10 Anpo u momynu RTAI,
ycTaHOBIeHHEIe B /usr/realtime-$VERSION. [Tony4uenHsie ucnonuseMsle parinsl LinuxCNC OynoyT
paboTaTh TONBKO Ha yKazaHHOM sagpe RTAI. HaumnHas ¢ LinuxCNC 2.7, 3To o6ecnedynBaeT HAUIy YIIYIO
IIPOU3BOOUTEJIBPHOCTE B PEaIbHOM BPEMEHM.

--enable-build-documentation
C6opKa JOKyMeHTAllMK B [OIIOJTHEHNE K UCIIOJTHIEMBIM (haiiiaM. DTa OIMIK 3HAUUTETbHO YBETUYUBaET
Bpewms, HGOGXOI[I/IMOG OJI1d KOMITUJIAITNK, TaK KaK c6opKa OOKYMEHTAIIUU 3aHUMAET JOBOJIBHO MHOT'O
BpEMEHH. Ecu BB HE aKTHUBHO pa60TaeTe Haf I[OKYMeHTaHHefI, BEI MOKeETE OIIYCTUTBh 3TOT aAPI'YMEHT.

--disable-build-documentation-translation
OTKITIOUYUTE COOPKY MepeBeeHHON TOKYMEeHTAIINH [IJIsSI BCeX MOCTYIIHLIX sI3EIKOB. CO0pKa mepeBeqeHHOT
OOKYMEHTAIIMH 3aHUMaeT OrPOMHOE KOIHYeCTBO BpeMeHH, II03TOMY PEKOMEHIYeTCS MTPOIyCTUTD
5TO, €CJIX B 3TOM HET 0C000¥ HeoOX0IMMOCTH.

6.3.1.2 MapameTpsbl make

Komanna make IIPUHHWMAET OBa IIOJIE3HBIX OIMIITNMOHAJIBHEIX ITapaMeTpa.
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IMTapanienbHAasi KOMITHIISIITHST
make mMpuHUMaeET OHIIMOHANbHBEINM mapaMeTp-jN (rme N — umcio). 3TO MO3BOJISET BEIIOIHSTH
apaJsyienbHY0 KOMIUIAINI0 C N OTHOBPEMEHHBIMHU ITPOIIECCAMH, YTO MOXKET 3HAUYUTEILHO YCKOPUTD
BaIry cOOpKy.

IMone3nsiM 3HaueHueM N sBisgeTcsa KomudecTtBo LIIT B Bammei cucteMe cOOpkKu. Bnl MoxkeTe
y3HaTh KOJIMYECTBO IIPOIIECCOPOB, 3allyCTUB NProc.

COopKa TOJIBKO KOHKPETHOI'O 3JIEMEHTa
Ecnu BB x0THTE coOpaTh TOJIBKO OompenesieHHBIM KoMmoHeHT LinuxCNC, Bb MoXkKeTe yKa3aThb
Ha TO, 4YTO XOTUTe cobpaTh, B KOMaHOHON cTpokKe make. Hampumep, ecnu B paboTaeTe Hap
KOMIIOHEHTOM Cc uMeHeM froboz, Bl MoxkeTe cobpaTh ero UCIOJIHAEMEIN (aliyi, 3ayCTUB:

$ cd linuxcnc-dev/src
$ make ../bin/froboz

6.3.2 Cobopka Debian nakeTtos

When building Debian packages, the LinuxCNC programs are compiled from source and then stored
in a Debian package, complete with dependency information. This process by default also includes
the building of the documentation, which takes its time because of all the I/O for many languages, but
that can be skipped. LinuxCNC is then installed as part of those packages on the same machines or on
whatever machine of the same architecture that the .deb files are copied to. LinuxCNC cannot be run
until the Debian packages are installed on a target machine and then the executables are available in
/usr/bin and /usr/lib just like other regular software of the sytem.

9TOT pexuM COOPKM B IIEPBYIO OUYepedb II0JIe3eH MPH YIaKOBKe IIPOTrPaMMHOTO O0eCIeYeHHus [OJis
OOCTaBKH KOHEYHBIM I10JIb30BATEIISIM, a TaK¥Ke ITpr cOOPKe ITPOrpaMMHOT0 00ecedyeHus OJIst KOMITBIOTEePa,
Ha KOTOPOM He yCTaHOBJIeHa cpefla COOPKYU MK HET MOCTyIa K MHTepHeTY.

s c6opku nmakeToB Debian TpeGyetcs unctpymeHnT dpkg-buildpackage n3 naketa dpkg-dev:

$ sudo apt-get install dpkg-dev

C6opka makeToB Debian Takke TpeOyeT yCTaHOBKH BCEX 3aBUCUMOCTEH COOPKH, KaK OITMCAHO B pa3merie
YnooBneTBopeHue 3aBUCUMOCTEN COOPKU.

Kak TOmbKO 3TM HpemBapUTENbHBIE YCIOBUS COOMIOOeHHI, cOoOpka makeToB Debian cocTouT M3 OByX
I111aros.

[lepBBIM ITAaroM SBISIETCS CO3OaHWe CKPUNTOB Iaketa Debian m meTamaHHBIX M3 peno3uTopus git,
IIyTeM 3aIlycKa:

$ cd linuxcnc-dev
$ ./debian/configure

Note

Ckpuntdebian/configure oTnnyaetcs oT ckpunTa src/configure!

Ckpunt debian/configure npuHnMaeT aprymMeHTbl B 3aBUCUMOCTU OT NJaaTdPopMbl, Ha KOTopon/ans
KOTOpOM Bbl CTpouTe, CM. pa3gen debian/configure arguments section. Mo ymonyaHuto Linux-
CNC paboTaeT B MNosb30BaTe/IbCKOM MpPOCTpaHCTBe ("uspace”), oxwupasa, 4To sapo preempt rt
MUHUMU3MPYET 3a0epXKKN.
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ITocne KoHGUTYpalluy CKPUIITOB U MeTaflaHHKIX ITakeTa Debian cobepuTe nakeT, 3anycTuB dpkg-buildpacka

$ dpkg-buildpackage -b -uc

Note

dpkg-buildpackage pomkeH 3anyckaTbCa U3 KaTanora linuxcnc-dev, a He u3
linuxcnc-dev/debian.

dpkg-buildpackage npnHumaeT HeobazaTenbHbLIA NapameTp -jN (rae N — 4yucno). 310 no3sonseT
BbIMO/IHATb HECKOJIbKO 3af4aHNin 04HOBPEMEHHO.

6.3.2.1 napameTpsbl debian/configure

Ckpunt debian/configure HactpamBaet cO0pKy B mmakeTel Debian. Ero Heo0XOmmMO 3amyCTUThL OO
3anycka dpkg-checkbuilddeps u dpkg-buildpackage.

On IIPUHUMAET OOWH IIapaMeTD, KOTOpBIfI YKa3EBIBaeT nnachopMy peaslbHOTI'O NIk HE PeaJIbHOI'O BpeMEHU
o1 C60pKI/I. HOpMaHBHI:Ie 3HAQ4Y€eHUs 3TOI'O IIapaMeTpa:

no-docs
IMTponycTuTh COOPKY HOKYMEHTAIIUH.

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

noauto , rtai, xenomai
O6wruno cricku OCPB gy mogmepkKu uspace realtime ompenesnsaioTcs aBToMaTudecku. OgHAKO,
€CJIH BBl XOTUTE, BB MOXKETe yKa3aTh OJHY HJIHM HECKOIbKO U3 HUX II0CJIe USpace, YTOOHI BKITIOUUTD
nogmepxkKy 3Tux OCPB. YT06B OTK/IIOYUTH aBTOOIIPEAeIeHre, YKakuTe noauto.

Ecnu BaM Hy2K€eH TOJIBKO TPagULIMOHHEBIN «Moay b sapa» RTAI B pealbHOM BpEMEHH, UCIIONIb3YUTE
BMecTO 3Toro -r unu $KERNEL VERSION.

rtai=<package name>
Ecnu makeT pa3paboTku mns rtai lxrt He 3amyckaeTcs ¢ «rtai-modules», Uy ecyiu MEPBBEIM TaKOH
IIaKeT, YKa3aHHbeI IIOMCKOM apt-cache, He 4BJIA€TCA HYZKHBIM, TOI'Iad ABHO YKAaXKKWTE UM IIaKeTa.

-r
Hacrtpotite nakeTt Debian gns pa6oTatorero B manHbI MOMeHT agpa RTAIL YTo6sl 9T0 paboTtano,
Ha Ballleil cO0pPOYHOM MalllMHe OOJIKHO OBITh 3amylneHo sapo RTAI!

$KERNEL_VERSION
HacTtpotiTte nakeT debian mnsa ykazanHol Bepcuu sapupa RTAI (Hanpumep, «3.4.9-rtai-686-pae»).
Ha xommbioTepe, Ha KOTOPOM ITPOM3BOAUTCS COOPKA, MOIXKeH OBITh YCTaHOBJIEeH makeT debian c
COBIIQMAIONIMMK 3arojioBKaMu smpa (Hampumep, «linux-headers-3.4.9-rtai-686-pae»). ObpaTtuTte
BHHMAaHMe, YTO BB MOKeTe cobupamsb LinuxCNC B 3T0# KOHQUTYPAIIUH, HO €CJIH BLI HE UCIIOIb3yeTe
cooTBeTcTByOIIee siapo RTAI, BEI He cMoxkeTe 3anycmums LinuxCNC, Bkitodass Habop TECTOB.

6.4 YpoBneTBOpeHue 3aBUCMMOCTEN COOpKM

Ha nmatdopmax Ha ocHoBe Debian MBI mpepocTaBisseM MeTafaHHBIE O MaKeTaxX , KOTOPHIE 3HAIOT,
KaKue BHEIIHNE IIPOrPaMMHEIE TaKeThl HE0OXOAUMO YCTaHOBUTS fJig coopku LinuxCNC. 3To Ha3kIBaeTCs
3asucumocmsamu coopku LinuxCNC. Ouu Ha3bIBalOTCS 3agucumocmsamu coopku LinuxCNC, T.e. Temu
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IMakeTaMHU, KOTOPhIe MOMXKHEBI ObITh mocTymHE * the build succeeds and * the build can be built repro-
ducibly.

You can use this meta-data to easily list the required packages missing from your build system. First,
go to the source tree of LinuxCNC and initiate its default self-configuration, if not already performed:

$ cd linuxcnc-dev
$ ./debian/configure

This will prepare the file debian/control that contains lists of Debian packages to create with the
runtime dependencies for those packages and for our cause also the build-dependencies for those
to-be-created packages.

The most straightforward way to get all build-dependencies installed is to just execute (from the same
directory):

sudo apt-get build-dep .

which will install all the dependencies required but available. The . is part of the command line,
i.e. an instruction to retrieve the dependencies for the source tree at hand, not for dependencies of
another package. This completes the installation of build-dependencies.

OcTaBlIascs 4acTh 3TOr0 pa3fesla OIMUCHIBAET MTOJIypy4uHOU noaxon. Crmcok 3aBUcUMOCTeM B debian/-
control gMHEHELIN, ¥ CpaBHUBATh C HUM TEKYyIIlee COCTOSTHME YKe YCTaHOBJIEHHEIX ITaKETOB YTOMUTEJIBHO.
B cucremax Debian ects nmporpamma mnop HazBaHumeM dpkg-checkbuilddeps, xoTopas aHanu3upyert
MeTafaHHbIe TaKeTa ¥ CPAaBHUBAET MaKeThHl, IIepPeYrCIeHHbEIe KaK 3aBUCUMOCTH COOPKM, CO CIIUCKOM
YCTAHOBJIEHHBIX IAKETOB, @ TaK¥XKe CO0OIIIaeT BaM, Yero He XBaTaer.

Caauana yctanoBuTte nporpammy dpkg-checkbuilddeps, 3anycTus:
$ sudo apt-get install dpkg-dev

Finally ask dpkg-checkbuilddeps to do its job (note that it needs to run from the linuxcnc-dev
directory, not from linuxcnc-dev/debian):

$ dpkg-checkbuilddeps

It will emit a list of packages that are required to build LinuxCNC on your system, but that are not
installed yet. Install them all with sudo apt-get install, followed by the package names.

You can rerun dpkg-checkbuilddeps any time you want, to list any missing packages.

6.5 Setting up the environment

This section describes the special steps needed to set up a machine to run the LinuxCNC programs,
including the tests.

6.5.1 Increase the locked memory limit

LinuxCNC tries to improve its realtime latency by locking the memory it uses into RAM. It does this
in order to prevent the operating system from swapping LinuxCNC out to disk, which would have bad
effects on latency.
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Normally locking memory into RAM is frowned upon, and the operating system places a strict limit
on how much memory a user is allowed to have locked.

When using the Preempt-RT realtime platform LinuxCNC runs with enough privilege to raise its mem-
ory lock limit itself. When using the RTAI realtime platform it does not have enough privilege, and
the user must raise the memory lock limit.

If LinuxCNC displays the following message on startup, the problem is your system’s configured limit
on locked memory:

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

To fix this problem, add a file named /etc/security/limits.d/linuxcnc.conf (as root) with your fa-
vorite text editor (e.g., sudo gedit /etc/security/limits.d/linuxcnc.conf). The file should con-
tain the following line:

* - memlock 20480

Log out and log back in to make the changes take effect. Verify that the memory lock limit is raised
using the following command:

$ ulimit -1

6.6 COopka Ha Gentoo

Building on Gentoo is possible, but not supported. Be sure you are running a disktop profile. This
project uses the Tk Widget Set, asciidoc, and has some other dependencies. They should be installed
as 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

l
H R H R K

You can switch back to being a normal user for most of the rest of the install. As that user, create a
virtual environment for pip, then install the pip packages:

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

(venv) ~/src $ pip install yapps2

(venv) ~/src $

Then you can contrinue as normally:

(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




PykoBoacTBo pa3paborumka V2.10.0-pre0-2910-gf08f5d039a, 09 Oct 2023 56/75

There is no need to run "make suid”, just make sure your user is in the ”dialout” group. To start
linuxcnc, you must be in the Python Virtual Environment, and set up the linuxcnc environment:

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

6.7 Options for checking out the git repo

The Quick Start instructions at the top of this document clone our git repo at https://github.com/-
LinuxCNC/linuxcnc.git. This is the quickest, easiest way to get started. However, there are other
options to consider.

6.7.1 Fork us on Github

The LinuxCNC project git repo is at https://github.com/LinuxCNC/linuxcnc. github is a popular git
hosting service and code sharing website. You can easily (and for no cost) create a fork of our git repo
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.

We of the LinuxCNC project hope that you will share your changes with us, so that the community
can benefit from your work. Github makes this sharing very easy: after you polish your changes and
push them to your github fork, send us a Pull Request.



https://github.com/LinuxCNC/linuxcnc.git
https://github.com/LinuxCNC/linuxcnc.git
https://github.com/LinuxCNC/linuxcnc
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Chapter 7

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

» [TapaMeTpHl CpenHl BEIIOJTHEHUS — CeJIeKTOP KOHPUTypaluy TakKe MOXKeT ITpefjlaraTh HogKaTaloru
KOHUTrypaluy, yKa3aHHbIE B MOMEHT BHIIIOJTHEHU A C UCIIOJIb30BaHUEM 9KCIIOPTUPOBAHHON ITEpEMEHHON
cpensl (LINUXCNC AUX CONFIGS). 9Ta nmepeMeHHas OOJIKHA OBITH CIIMCKOM ITyTE€H OJHOTO HJIN
HECKOJIbKHMX KaTaJIOT0B KOH(MUTYPAIuH, Pa3fe/IeHHbIX 3HaKOM (:). OOBIYHO 9Ta IepeMeHHas YCTaHaBIUBaE
B 000J104Ke, 3amycKaromei Linuxcnc , uau B MOJIb30BaTEIbCKOM CIleHapuu 3amnycka ~/.profile.
[Tpumep:

export LINUXCNC AUX CONFIGS=~/myconfigs:/opt/otherconfigs
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Chapter 8

Contributing to LinuxCNC

8.1 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.

8.2 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

8.3 The LinuxCNC Source Forge project

We use Source Forge for mailing lists.

8.4 The Git Revision Control System

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

8.4.1 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

8.4.2 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.

8.4.3 git yueOHuKHM

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

8.5 0OO030p 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.

8.6 KoHdurypauusa 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”

Hcnonp3yliTe CBOE HACTOSAIIee UM (He IICEBOOHUM) U He3alnppoBaHHBIN afpec 3JIEKTPOHHOM ITOYTHI.

8.7 3ddekTuBHoe ucnosnb3loBaHue git

8.7.1 Copep>XuMoe KOMMUTa

[lepx&uTE CBOM KOMMHUTHE HEOOJIBIIUMM U 10 CYIIECTBY. KaKObli KOMMUT AOJI2KEH BBITIOJIHATH OIHO
JIOTUYECKOE N3MEHEHUE PETIO.

8.7.2 TMuuwuTte xopowine coodOLLEeHUA KOMMUTOB

CoxpaHsiiTe COOOIIEeHN T KOMMUTOB ITMPUHOM 0KOJIO 72 cTOJIOII0B (4TOOHI B OKHE TEPMUHAJIA 10 YMOTYaHUIO
OHU He IIePEeHOCUIUCH TPU OoToOpaXkKeHuu ¢ momoIrsio git log).

Hcmonb3yliTe MEPBYIO CTPOKY KakK KpaTKoe U3JI0XKEeHUe IeJil U3MeHeHHUs (IIOYTHU KaK CTPOKY TeMBbI
3MEeKTPOHHOTO IXChMA). 3a HUM CJIeyeT IIyCcTasi CTPOKa, a 3aTeM 0ojiee MIIMHHOE CO00IeHre, 00BSICHSIIOIEe
usMmenenue. [Ipumep:



https://github.com/linuxcnc/linuxcnc
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8.7.3 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.

8.7.4 WNcnonb3yuTe HECKOJIbKO KOMMUTOB AJif OPraHU3auum U3MeHeHUM

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.

8.7.5 CnepyuTte CTUIO 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.

8.7.6 WM3b6aBbTecb 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).

8.7.7 YnpocTuTe CJZIOXXHYIO UCTOPUIO, NpeXxae YeM AeJZIMTbCA elo C APpYyruMuU
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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8.7.8 YOepuTtechb, 4TO KaXabii 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)’

3T10 nmubdo coodbiut All is well, nubo Broke on <commit>

8.7.9 MNepeumMmeHoBaHue pannos

IMoxkamnyiicTa, UICIOIB3YHUTE BO3MOXKHOCTD IePENMEHOBaHUsI (haiIOB 0Y€Hb OCTOPOXKHO. [Tomo6HO TpuMeHeH
OTCTYIIOB AJIsI OTAEJNILHLIX (paliioB, IepeuMeHOBaHUS IIO-IIPeXKHEMY 3aTPYOHSAIOT OTCIeXKBaHNe U3MEHEeHN N
C Te4eHueM BpeMEeHMN. Kak MHHUMYM, BBl JOJIZKHBEI UCKAQTh KOHCEHCYC B irc umau cuucke PacCCEhIJIKH, YTO
ImeperuMeHOBaHUE SBJISETCSA YIYYIIeHUEM.

8.7.10 MpepnouuTtato "rebase”

UcnomneayiiTe git pull --rebaseBmectonpoctorogit pull, yTo6nI COXpaHUTH KPACUBYIO TUHENHYIO
ncrtoputo. Korpma BEI nepeba3upyeTe, BBl BCerga CcoxpaHsieTe CBOIO paboTy KaK PeBU3WUM, KOTOPHIE
OIlepexkaloT origin/master, mo3ToMy BB MOJKETE HejlaTh TaKue Bely, Kak git format-patch, uTobs
OEIUThCS UMU C IPYTUMHY, He OTIIPABJISS UX B IEHTPAJIbHEIN PEIIO3UTOPUH.

8.8 TllepeBopabl

IMpoekT LinuxCNC ucnons3yet gettext mns mepeBoma mporpaMMHOT0 00eCIIieYeHNsI Ha MHOTHE SI3BIKH.
MEI IpUBETCTBYEeM BKJIAafd M IOMOIIb B 9TOM 06stacTu! YiIydIillaTh ¥ pacHIMPSITh MePeBOOLl JIETKO: BaM
He HYXKHO 3HaTh IIPOTrpaMMUPOBaHWE, W BaM He HY2KHO yCTaHABJIMBaTh KaKWe-TMOO CIIelrajIbHBIE
IIPOTPAMMEI [JIsI IepeBOia UIU IPYyToe MporpaMMHoe obeclIedeHue.

CawmbIli TPOCTO#M crioco0 MOMOYL C IepeBogaMu — UCHOJb30BaTh Weblate, Be6-cepBUC C OTKPHITHIM
HCXOOHBIM KopoM. Harrr nepeBogyecKUil TPOEKT HaXOOUTCS 30ECh:

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

[okyMeHTalus 1o ucmoiab3oBanuuio Weblate HaxoguTcs 3meck: 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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8.9 J[Apyrue cnocobbl BHECTU CBOM BKANapA,

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 9

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(I'YII)
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.

Comp
A tool used to build, compile and install LinuxCNC HAL components.

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 INTI 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 KBagpaTypPHOT' 0 3HKOepa), ¢ ToMoiibio KoToporo LinuxCNC nonydaeT
uHOOPMAaIHIO O II0JIOKEHUU OBUTATEIIEH.

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
Graphical User Interface.

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
Hardware Abstraction Layer. At the highest level, it is simply a way to allow a number of building
blocks to be loaded and interconnected to assemble a complex system. Many of the building
blocks are drivers for hardware devices. However, HAL can do more than just configure hardware
drivers.

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

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.




PykoBoacTBo pa3paborumka V2.10.0-pre0-2910-gf08f5d039a, 09 Oct 2023 67/75

kernel-space
Kopm, BEITONIHAAEMEBINU BHYTPU SIIpa, B OTJIMYKeE OT KOJa, BEIIIOJIHAEMOI'0 B [10JIb30BaTEJILCKOM IIPOCTPAHCT!
HekoTopsie cucTeMbI peanbHOT0 BpeMeHU (HanpuMep, RTAI) BEITONHSAIOT KO PeaibHOTO BpeMeHHU
B spe, a KOO He B peaJlbHOM BpeMeHU — B II0JIb30BaTeJIbCKOM IIPOCTPAHCTBE, B TO BpeMs Kak
IpyTrHue CUCTEMEI peabHOr0 BpeMeHU (HanpuMep, Preempt-RT) BHIIONIHSIOT KOI KaK B pealbHOM
BpPEMEHU, TaK U He B PealbHOM BPEMEHU B I10JIb30BaTEILCKOM 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
JIuHelHbIE U YTJI0Bble eQUHUITH, UCIIOJIb3yeMble AJIt KOHGUTypaluuu CTaHKa. DTU eIUHUIIE yKa3aHbl
u ucnonb3lyioTcs B INI-¢paiine. BriBons! u mapameTpsl HAL Takke 0OBIYHO BBIPAZKaIOTCS B eQUHULIAX
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.

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!
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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[TporpamMHOe obecrieuyeHue, IMpegHa3HaAaYeHHOe [ COOII0OeHHsI OYeHb CTPOTHUX BPEMEHHBIX
ycimoBu#. B Linux ojist ygoBIeTBOPEHU S 3TUX TpeboBaHUM HE0OX0OUMO YCTaHOBUTD SITPO PEabHOT O
BpeMeHnH, Takoe Kak RTAI mnu Preempt-RT, u cobpaTth mporpammuoe obecneuenue LinuxCNC
i paboThl B CIIeIMaIbHOM cpefie peajibHOTO BpeMeHU. [IporpaMmMHuoe obecriedyeHre peaabHOro
BpeMeHU MOKeT paboTaTh B IPOCTPAHCTBAaX AApa UK IT0JIb30BaTEe IS B 3aBUCUMOCTH OT BO3MOXKHOCTEH,
npenaraeMbIX 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 cTaHKa, KOTOpasi BpalllaeTcs i pe3aHus. Ha dbpese unu gpenu MINUHOENb yoepKUBaeT
pexymui uHCTpyMeHT. Ha ToOKapHOM CTaHKe MINUHIEND YIEPKUBaeT 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.

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



https://www.rtai.org/
https://en.wikipedia.org/wiki/RTLinux
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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 10

Legal Section

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

10.1 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”.

10.2 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.




PykoBoacTBo pa3paborumka V2.10.0-pre0-2910-gf08f5d039a, 09 Oct 2023 74 /75

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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