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Heo6xonrmMo HamucaHue HOBOM KHUTH MO $I3bIKY — CYILIECTBYIOIIME KHUTU JaBHO ycTape-
1. Hy»Ho odeHb moapo6HO, MOHSITHO U B TO K€ BPEMS JIETKO YUTaeMo U 6e3 TpaaullMOHHON
IS POCCHHCKUX KHUT 3ayMH (camblil rulez B 3ToM nsiaHe Bpoynn) onucath C/10:KHbBIE TEXHOJIO-
THU (DOPT-IPOrPaMMUPOBAHUS: HAMIMCAHHE acceMOJepOoB, eIeBbIX KOMIUJSTOPOB, (POPT-CUCTEM
A7 CrelU(pUUeCKUX CHCTEM THUIA CAMOMAEJbHBIX KOMIIBIOTEPOB U MPOMBIIIJIIEHHBIX KOHTPOJIIE-
pOB, MapcepoB M CHHTAKCUYECKHUX aHAJH3aTOPOB, CJOXKHBIX PACIIMPEeHHH si3blKa (Hampumep
OOII), nerko mepeHOCUMBIX MPOTPAaMM H T.A.. TakxKe AyMar CTOUT 00JIbIlIOe BHUMaHUE Yie-
JUTb COBPEMEHHBIM TEXHOJIOTHSIM B XKeJjiede, ocoOeHHO flex-TexHosoruu "TUOKOH JOTHKH' C
ucnosb3oBanuem [IJIMC (CPLD, FPGA) u cucrem Ha kpuctasne (System on Chip, SoC).

Kto rotoB ydactBoBaTh B mpoekTe ? He 006si3aTe/lbHO aBTOPOM — HYKHBI TaKyKe CaMble
HayMHaoIKe 1/ 00KAaTKU pPa3esoB HadaJbHOTO 00yYeHHs, PacCKasbl O MPaKTHUYECKOM TpHMe-
HEHHUH (POPT-TEXHOJIOTHH.

[enarcst ato Bce OyneT Mo TOH Ke JIMIEH3WH, UTO W JNOKyMeHTauus Ha Linux (BapuaHT
GNU GPL nna noxkymenrtauuu). Ilpoekt yxe Jjexutr B CVS, Xejawlux y4acTBOBaTb B pe-
NIaKTHPOBAaHUM KHHUTH Welcome perncTpHpoBaThCS.

['pynna SynergyOS naBHo mpensarana co3natbe CD ¢ Kossnekuueld matepuason mo @opry —
AyMaio oH OyleT MPHUJOKEHHEM K KHUTe, TaM OyAeT KOJJIeKIHsI (DOPT-CUCTEM [IJIsi HECKOJIBKHUX
OC, CHHUMOK 3TOro caiTa Ha MOMEHT BHITyCKa TUCKA, MOXeT ObITb (PHUPMbI, HCIMOJb3YIOIINE
DopT, TOXKE 3aXOTAT BKJAYUTh Tyda CBOM MarepuaJsbl (Komuu caitos, oueHodHsle Bepcud [10,
npadicel U peKJaMHble MaTepUaJbl).



1 Bpeenenwue

1.1 Bepcus 1

<forth@km.ru> <a href="mailto: forth@km.ru ’> forth@km.ru </a>

3wk nporpaMmupoBanust Popt! WMPOKO M3BECTEH MHOTMM COBPEMEHHBIM XaKepaM, HO He
Halllesl LIMPOKOro MPUMeHEeHHUs] Ha OOBIYHBIX KOMIbIOTepax. OObsICHSETCS 3TO AOCTATOYHO MPO-
CTO: 513bIK MEPBOHAUYa/bHO ObLI pa3paboTaH Kak 3aMeHa acceMOJiepy MPUMEPHO B Te Ke BPeMeHa,
uto U A3k CF+2. Ocobennocts PopTa — cHcTeMa CTPOMJIACh KaK A3bIKOBas Cpeia, BKJAUAk0-
1asi KOMIOUJSATOP, perakTop, accembJsep, OTNaUUK U CPeACTBa OMepallMoHHOH cucTeMbl. Pak-
THUeCKH KJaccuyeckas (opT-cucTeMa sBJseTcsl noaHo(yHKuHoHaabHoiH OC® co BCTPOEHHBIM
KOMIUJISTOPOM U KOMaHAHOH 060JIOUKOH.

HecwmoTpst Ha TO, 4TO (popT-crucTeMa TpeboBasa OUeHb MaJiO anmnapaTHBIX PecypcoB (Bcero
HECKOJIbKO HecaTKoB KO mamsiTH), U S3BIK NOCTAaTOYHO IOJHOLIEHEH, HA OObIYHBIX MepCOHAJ-
Kax OH 6OJbLIOTO NMpHUMeHeHHs He Hates. [l HauMHAIUMX MPOrPaMMHUCTOB K COXKaJeHHIO
BeiOpaain BASIC, xotss ®opr elie mpoiie ¥ B TO Ke BpeMsi paboTaeT HaMmHOro 6wictpee. [Ipo-
(beccHoHABI TPEANOUIH UCMOIb30BaTh O, Tak Kak OHM H3ydajid ero Mmpu CBoeM O0ydYeHHH,
M pelinau uto cuHTakcuc Popra nimoxo untaeM. OCHOBHAs CJI0XKHOCTb — 513bIK PopT obaana-
€T YHUKaJbHbIM CBOHCTBOM CaMOpaCLIMPSieMOCTH, MOITOMY [/l MOHMMAHHS HCXOAHBIX KOIOB
4yKHUX TPOrpaMM HYKHO MOHSITh, KaK aBTOP MPOTPaMMbl PACLIHUPHUJ SI3bIK.

Tem He MeHee BO BCTpauBaeMbIX CHCTeMaxX (CHCTeMbI YIIpaBJeHHs PA3JHUYHBIM 000pYLOBa-
HUeM, poOOTOTeXHHKa, OOPTOBOe M HazeMHOe 00OpYyHLOBaHHE B KOCMHUYECKUX HCCJEI0BAaHUIX
NASA) ®opT 10 cHUX MOp UMeeT AOCTATOUHO IIKPOKOE MPUMEHEHHE.

Ecsu Bbl 3aHHMMaeTech TaKMMH BelllaMH KaK pa3paboTKa passHyHbIX LIU(PPOBBIX CUCTEM U
MporpaMMHOro obecreueHus: I/ HUX, Bbl MOXKeTe CTOJNKHYTbCS C CHTyalHeH, Korga Bac He
6yneT yCcTpauBaTb MO KAaKUM-JHO0 MPUUMHAM OOBIUHO MCIIOJNb3YEMbIH B TAKHX CJydasix HHCTPY-
MeHTapui. DTUMH NPUUMHAMHU MOXKET 0Ka3aThbCsl €ro JOpPOroBH3HA, Heyl0OCTBO, OTCYTCTBHE
KaKUX-MM00 yTUJNT, WM [JIS Ballero xeJje3a He okasajocb rorosoii OC, koMmmujastopa H
61OHOTEK.

B sToM ciyyae XOpolKMM pellleHHeM MOXKeT ObITb UCIMOJb30BaHHe si3bika DopT B KauecTBe
MOLIHOTO MaKpoacceM6sepa WU ONepallMOHHON CUCTEMBI.

K coxaneHuto, mocsefHsisi KHUra Ha pyccKoM si3bike Bbllia B 1993 romy, cyuiectBytoliei
JIUTepaTypbl OUeHb MaJio U OHa sIBHO ycTapeJsa. C Apyrol CTOPOHBI, B HEH COBCEM HET MPUMepoB
MPaKTHUECKOTO HCIOJb30BaHUs PopTa U CJI0KHBIX TEXHHUK (POPT-TIPOrpaMMHUPOBAHUS (LieeBOH
kommnuasinuu, OOl pacuupenu#t, Hanvcanus acceM6aepoB, OTKOMMEHTHUPOBAHHBIX UCXOIHUKOB
(dopT-cUCTEM IS PA3JIUUYHBIX MJIATPOPM).

OueHb yacTo BO3HUKAIOT BO3paxKeHUs TUMA "POPT CAULIKOM CJI0XKEH B HCIOJNb30BAHUHU ', HO
oM npouje wem accembaep, Komopwviti 00 CUX NOP UCNOAL3YHOM OUeHb 4acmo.

[lenp HamucaHUsi 3TOH KHUTH — coOpaTh pas3po3HeHHYI HH(opmanuio no s3biky PopT u
MOKa3aTb KaK MOXKHO HMCIOJIb30BaTh 3TOT $13blK B KaueCcTBe MOLIHOI'O CPeICTBA A/l CO3JaHHUS
MPOrpaMMHOT0 obecredyeHrsi BCTPAUBAeMbIX CHUCTeM. JDTa 3ajadya J0CTATOUHO CJ0XKHA, YYUTHI-
Basi TO 4TO s He (OPT-Typy, HO K COXKaJleHWIO T'Ypy He XBaTaeT BpeMeHHU (a dalle KeJaHHS)
NHUcaTh KayeCTBEHHYIO NOKyMeHTalWio. Haneoch uTo OHM Bce »Ke NPUMYT aKTHBHOE yuacTHe B
HaMMCaHHWU 3TOTO PYKOBOACTBA.

Byny odeHb pan, eciu KTO-TO 3aX0ueT MPUCOEAUHHUTCS K paboTe HaJ KHUIOU: OHA W3HaYaJb-
HO cO3/aBaJjach B on-line Bepcuu, /151 ee peqaKTHPOBAHHUS HCIIOJNB3YETCS CHCTEMA yIpPaBJIeHUS
koHTeHTOM B Buae CVS*-cepsepa m mpocTefimero ckpunra, resepupyomero cait [akps]. Bee
MOM PabOThHl MO fI3bIKY TaK)Ke pacChlIaloTCsl 4yepe3 CIHCOK pacChlikd —comp.soft.prog.forth

I ®OPT, ®opr, Forth uiu FORTH
2 Cu unm C++
3 omeparuoHHoH cucTeMoi, wau OS



<a href=" comp.soft.prog.forth ’> comp.soft.prog.forth </a> 5. Jlna pa6oTel Haj KHHIOH
HeOoOXOMMO ydacTHe HayaWHaloUMX OCBAUBATb f3BbIK [/ OOKATKU yueOHBbIX pas3feJsioB, JIOJAeH
UCIIOJIb3YIOLMX WM Haob0opoT He Hcnojb3ynomux PopT mo KakuM-TO NPUYMHAM MAJs Halu-
CaHUS pasleJioB M0 MPAKTHYECKOMY MPUMeHeHUI0 (DOPT-TeXHOJOTHH, W BoOOLle MNpHUCHIIANTe
JtoOble BalllM BOMPOCHl, KOMMEHTapUHU U 3aMedyaHusl — MHe HeoOxonuMma oOpaTHasi CBSI3b.

1.2 Bepcusa 2

<forth@km.ru> <a href="mailto: forth@km.ru ’> forth@km.ru </a>

ITa KHUTA — TIONBITKA 00beIUHUTb HECKOJBKO OCHOBHBIX KHHUT 10 $13bIKy DopT, BEIMYILIEH-
HBIX Ha pycckoM s3bike. [Tocse 1995 roma He GbLIO BBINYIIEHO HE OIHOW KHUTH 00 3TOM SI3bIKE,
HO Ja)ke C y4eToM TOrO uTO f3bIK MaJo pacrlpocTpaHeH® M pasBMBaeTcs OueHb MeIJIEHHO, 3TH
KHHTH BCe PaBHO yCTapeJH.

Hcnonb3oBatb PopT MMeeT CMBICA B JOCTATOUYHO Y3KOH 06JIaCTH, Ile UCIOJb3YIOTCS MaJo-
MOLIHbIe KOMIBIOTEPHI C OUeHb HeOGOJbLIMMU oObeMaMu namsitH (8- 16 -6UTHBEIE MpolEeccopsl,
necsatk U cotHr K6 O3Y). f3bIK 04eHb HHU3KOYPOBHEBBIH, MOITOMY €CJH BaM AOCTYIIEH TOJ-
HOLIEHHBIE Kommuasitop C+, sydirie ucnonb3oBath ero, a He Popr.

[Tpumensite PopT MOXKHO B TOM Cjydyae, €CJM He AOCTYIMEH TOTOBbIH KoMmmuasitop CT+
— @opT oTiMYaeTcss KpalHeH MPOCTOTOH BHYTPEHHEro YCTPOHCTBA M CHHTAKCHCA, MO3TOMY
Hanucatb KoMnuastop Popra MoxkHO OyKBaJbHO 3a mosdaca (cM. [akps]).

Eure onuH BapuaHT ucno/b3oBaHust Popra — B KauecTBe ONepallMoOHHON CUCTeMBbI, HAallMCaB
MUHTepaKTHBHYI0 (hopT-cucTeMy. [Ipy 3TOM BBI MosyuaeTe KOMaHAHBIH HHTep(eic, BCTPOEHHBIH
KOMIUJSATOP U Habop runtime 6ubanoTeK, 00beIMHEHHbIE B OU€Hb KOMIAKTHYIO ONEePALlMOHHYIO
CUCTEMY.

1.3 O sasbike nporpammupoBanus Popt

Ecay BBl 3aHMMaeTech TaKMMH BellaMH KaK pa3paboTKa Pas/JHYHBIX LU(POBHIX CHCTEM’
M TMpPOrpaMMHOro obecredyeHUs IJIE HUX, Bbl MOXKeTe CTOJKHYTbCS C CHUTyallMedl, KOTAa Bac
He OyleT yCTpauBaTh 0 KaKHM-AMOO NPUUYMHAM OOBIYHO HCIHOJIb3YeMBIH B TaKHUX CJydasx
MHCTPYMeHTapuii®. DTHMH NPUYMHAMM MOXKET OKasaTbCsl NOPOrOBM3HA MHCTPYMEHTApHs, ero
Hey00CTBO, OTCYTCTBHE KAKUX-JUOO YTUJUT, UJIU B OCOOBIX ClydasiX KOTAA Bbl CAMH CJsMaJH
HeuTo, U JJIs1 9TOH Kese3KU He okazanocb rotoBoil OC u 6ubIHOTEK.

K coxkaneHunio, MeToiHKa LeJeBOH KOMMUJSLMM, NPUMeHsieMasi NpH Ucnosnb3oBaHuU Pop-
Ta B TaKUX CJydYasiX, OlHCaHa HENOCTATOYHO MOAPOOHO U MOHATHO. B ceTW MHOro BBeneHHUH
IS HAUMHAIIIKX, HO OUeHb MaJjo MaTepHaJsioB MJs OMBITHBIX (OPTEpoB (MPOrpaMMHUCTOB Ha
dopre), 1 HanucaHHe acceMOJIEPOB, [1eJeBBIX KOMIHUIATOPOB, (POPT-CUCTEM H PA3JHUUHBIX pac-
IIMPEeHUH He OMMCAHO B IOCTATOUHOH cTerneHH. MHorue pa3paboTurKH CablIand o sisbike Popr,
HO He MCIIOJIb3YI0T ero M3-3a OTCYTCTBUSl Xopolled AoKyMeHTauuMd. O4yeHb 4acTO BO3HUKAIOT
Bo3paxkKeHUsl THna "PopT CAULIKOM CJOXKEH B UCIIOJNb30BAHUU', HO OH npouwe wem accembaep,
Komopblli ucnoavdyrom ouerv wacmo. Manoe pacnpoctpaHenre DopTa onpenensieTcss IByMs
PUYHHAMMU:

1. oTcyTCcTBHME NOKYMEHTAllMM O TMPOrpaMMHpPoBaHUK Ha PopTe NOCTATOUHO CJONKHBIX MPO-
rpamm Tuna kommnuasitopos uan OOIl-pacuiupenuit u

2. OTCYTCTBHE XOpOILO JAOKYMEHTHPOBAHHBIX HapaboTok Ha PopTe B BUE €ro paclIMpeHHH
(6u6IMOTEK) M UCXOOHBIX KOMOB (hOPT-CHUCTEM.

® http://www.subscribe.ru/lists/comp.soit.prog.forth
6 XoTs M wIMpPOKO H3BECTeH
"BeTpanUBaeMble KOHTPOJLIEPD! 151 YIIPABJIEHHUS TEXHONOTHUECKUM HJH J1aBopaTOPHBIM 060pYI0BaHHEM



YuuTBIBasE BO3MOXKHOCTH COBPEMEHHBIX TEXHOJIOTMH MPOrpaMMHpPOBAHUS, CYLIeCTBYIOLIUX
O6uOMMOTEK W BO3MOXKHOCTEH ONepallMOHHBIX CUCTeM, 513bIK POpPT MMeeT TaKKe CMbICJ HCIOJb-
30BaTh B KayecTBe BCTPAaHMBAaeMOro B NPOrpaMMbl S3blKa, KOTOPBIH YIOOHO HCIIOJNB30BaTh A/
HalMCaHUsl KOH(UIYpaUHMOHHBIX (Dal/0B M NMPOrpaMMHUpPOBaHHUsI MoJb30BaTesneM. EcrecTBeHHO
3TO MMeeT CMBICJI TOJIbKO €CJIM CYLIeCTBYIOT OTPAHHUEHHS Ha PecypcChbl, KOTOPble MOXKET HUCIIOJb-
30BaTh TaKOe CKPUMT-pacliupeHHe. EciM Takux orpaHHYeHUH HeT, NpaBUJ/bHEE HCIOJb30BaTh
BCTpaUBaeMble CKPHUIT-S3bIKH ¢ GoJiee yno6oBapuMbIM cUHTakcucoM Tuma Python. Eme onna
00/1acTb NPUMeHeHHs] — OBICTpPOe HalmUCaHHe Kpocc-acceMOsepoB, KOTopble OoJiee yI0OHbBI UeM
TPaJIMLIMOHHBIE B CJy4asiX, KOTJa HY»KHA MOILHAs MOALEP:KKAa MaKpOCOB.

HoctonHctBa PopTa, KOTOpPblE MOTYT ONPEAENUTh €ro BbIOOp:

® BO3MO2KHOCTb peaJii3allui BHpTyaﬂbHOﬁ MallMHbI B TOTOBLIX IpOrpaMmax Ha JIIOOBIX S13bI-
KaxX ¢ MUHHMAJIbHbIMH 3aTPATaAMHU;

e MUHHUMaJsbHble TPeOOBaHHUS K pecypcaw;
® BCTPOEHHBIH B 11pO KOMIUJSTOP M OMNLMOHAJNBHO acceMOJep;
® KOMIIAaKTHOCTb KOJa;

® DPACLINPSIEMOCTb.

1.4 U3 [os]

A3eik DopT 1Mo cBoeH HOEe0JOrHH OueHb MUHHMMAJMCTHYeH, TaK KakK Obll paszpaboTaH AJs
NpOrpaMMHUpPOBAHHUSl CUCTEM C OYeHb OTPaHHUYEHHBIMHU pecypcaMu — ceHdyac TaKHWe CUCTEeMb
MOXKHO BCTPETHUTb HCKJ/IOUHUTEJNbHO B BUIEe OJIOKOB yNpaBJeHHS Pa3JUYHBIM 00OPYLOBaHHEM.
Jlaxxe KoMMnbloTepbl BHYTPU MOOWJIBHHUKOB Ha MOPSAOK MOILHee MO NOCTYMHBIM pecypcam —
CKOPOCTH, Pa3psiiHOCTH Ipoueccopa, o0bemMaM NaMsaTH, BOSMOXKHOCTSIM BbIBOAA FPaUKH.

Cam g3blK MPaKTHUECKU He 3alIHUILaeT MPOrpaMMHUCTa OT OLIMOOK THIA HEKOPPEKTHOH pabo-
Thl C JaHHBIMHU, He noanepxuBaeT Tunuaauuio, OOII, cTpykTyphl naHHbIX U T.14.. [IpakTHyeckn
3TO acceMOJsiep CTEKOBOH MalIMHBI, U IPOrpaMMHUPOBAHHe HA HEM OuyeHb OJIM3KO K NPOrpaMMH-
POBaHHIO Ha OOBIUHBIX acceMOJjiepax — MPOrPaMMMCT BBIHYKJE€H peasM30BBIBATH BCE BPYUHYVIO,
CaMOCTOSITeJIbHO OTCJIe2KMBAsi COCTOSIHUE CTeKa, KOPPEKTHOCTb aipecoB U yKasaTeJsel U T.A..

Ecay BBl XOTHTe MMeTb f3bIK, BBINOJHAMIIWKA Oojee cepbe3HBbId KOHTPOJb Balllero KOAa,
@DopT AMg Bac He TOIXOMHUT.

C npyroii ctoponsl y @opTa ecTb 0Ha 0COOEHHOCTb, KOTOPOH MHOTHe ApPYyTHe sI3bIKK He 00-
JIalaloT, U KoTopas siBJisieTCsl KatoueBoil — Ha PopTe Bbl He CTOJNBKO NPOrpaMMHUpyeTe, CKOJIbKO
pacliupsieTe sI3bIK Uepes3 yKe CyLleCTBYIOLIMe B HEM CJI0Ba, ONpenessis AUaJ/eKT MOA Bauly 3a-
nauy. [TogpoGuee cMm. [orange] u ocobenHo [thinking]|. M3-3a 310#t ocobernHocTH DopT Hesb3s
Ha3BaTh 3bIKOM HH3KOTO yPOBHSl — XOTsl €ro [P0 M HM3KOYypPOBHEeBOe, HO ero paclihpeHue
NPUBOJIUT K CO3[JaHUIO NHAJEKTOB CBEPX-BBICOKOIO YPOBHS.

Hpyrumu caoBamu: PopT — §3bIK AJ5 KOHCTPYHPOBAHHS MPOOSEMHO-OPHEHTHPOBAHHBIX
SI3bIKOB, pabOTalOIIUX HA O4YeHb MPOCTOH BUPTyaJbHOU MalluHe. Peanusauus Tako#d CTeKOBON
BM nuis1 peasibHOro »kKeJsie3a TakxKe MpocTa, no3ToMy 31a BM serko u GbICTpPO peasiu3yeTcs Ha
J0O0M s3blKe WJIM [aKe Ha annapaTHOM YPOBHE B BH[E CIleLHaJU3HPOBAHHBIX MPOLIECCOPOB B
FPGA wunu kpemHuu.

Kpome Toro, 6a3oBbiii @opT oueHb NMPOCT KaK B U3yUEHHH, TaK U B CAMOCTOSITEJbHOU pea-
JIM3al1H1, 0OCOOEHHO €CJ/IM HUCIO0J/b30BaTh METOAUKY Lie/1€BOH KOMIU/ISALMN B UHTEPIPEeTHPYeMbIH
0alT-KOM, ONMMUCAHHOH B 3TOH KHHre, W JI0OOM YaHHUK BIIOJHE B COCTOSHHUM HalMUCaThb CBOH
paboTtaroiiuii BapuaHT Popra 6yKBaJbHO 3a HECKOJbKO YacoB HJs JHO0H maatdopMbl U Ha
JI0OOM S3bIKE.




EcTecTBeHHO NnpH 3TOM y Hero OyAyT Te ke NpobJeMbl C HU3KOYPOBHEBOCTbBIO 513bIKa U HEOO-
XOIMMOCTbBIO PACILIUPSITh SI3BIK 0 MPHUEMJIEMOI0 YPOBHSI, HO TOTJIAa OH BCerja CMOXET CKa3aThb,
4TO caM Hanucas JJisl cebs 13blK U CpefcTBa pa3paboTKH.

B 3ToMm ciyyae HY»KHO OueHb aKKypaTHO CJEIUTb 32 COBMECTHMOCTbIO Balled BepCHU C
BEPCUSIMH JPYTUX XaKepoB — Jydyllle HUCIOJNb30BaTh UyXKHEe I'OTOBble HAPAOOTKH U JEJNUThCS
CBOMMH, UeM BapUTbCS B COOCTBEHHOM COKY, MCIIOJIb3ysl CBOH YHHKaJbHBIH HeCOBMeCTHMBIH
nuanekt Popra.

1.5 U3 [orange]

Martepuan KHUIM NOCTPOEH [IJIS1 UCIOJb30BAHUSl ee B KayecTBe CIIPaBOYHUKA TaK, UTOOBI
OXBaTUTbh BeCb HaOOp CPENCTB M MPHUEMOB U MOJHBIN MepedyeHb cl0B U PyHKUHUH si3bika. Kpome
TOrO, MPUBEJIEHBl NTPUMEpPbI PaCLIMPEHHUs si3blKa U UCMoJb30BaHUs PopTa B KayecTBe CpPeiCcTBa
pa3paboTKH MporpaMM M Kak ONepalMoHHOH CHCTEMBI.

M Bce xe MHorue yTtBepxkaawT, yto PopT TpyaeH Aas usydeHus. [l aToro unmeercs
HeCKoJIbKO MpUYMH. ONbITHBIM nporpaMmMuctaM PopT 3auacTyio faeTcs TpyaHee, UeM HOBUYKAM,
MIOTOMY YTO OH OTJIMYaeTcsl OT APYTHUX SI3bIKOB MPOrpaMMHpPOBAHHS 10 CaMOH CBOeH Npupofe.
Xotsi B s13bike DOpT HET KAKUX-NHOO MPUCYIIMX TOJBKO €My CJIOXKHOCTEH, MPOrpaMMUCThI C
TPYZOM OTBBIKAIOT OT MepeMeHHbIX, MOANPOrpaMM, MHOIOCTIOBHOTO TeKCTa Ha UCXOLHOM S3bIKe,
anredpanyeckux 0003HAUEHHWH U MPOUMX aTPUOYTOB MPUBBIYHBIX UM SI3bIKOB. EcCJM Bbl 3HaeTe
Ipyrue sI3bIKK TPOrpaMMHUPOBaHUS, MONPoOyHTe K A3blKy DPopT MOZOHTH C MOJHOH oTaauel.
OcBoliTe MOHSITHSI CTeKa W OMNpefeseHHs CJIOB, MpexJae 4YeM IMepeXoAuTb K 0oJsiee CJO0XKHBIM
BorpocaM. 3abynbTe BCsKHe MpenyOexAeHHs, KOTOpPble Y Bac MOT'YyT BO3HUKHYTb, BpOle TOrO,
4TO [JI XOPOLIero si3blka MPOrpaMMHUPOBaHHUsI 0053aTebHO HY)KHA OINEpaldOHHAs CHCTeMa
u (aiaoBas noppepxkka. M He GecnokoiiTech o OJIOK-cXeMe, HauHUTe ¢ HeOOJbIIMX 3aaay,
Ball OMbIT OyIeT HaKamauBaThcsl nocterneHHo. PopT MOXKET M0Ka3aThCsl TPYAHBIM, TaK KaK 3TO
JOCTaTOYHO MOIIHOE CPEACTBO MPOrpaMMHPOBAHHUS.

JleficTBHTE/NBHO, BCE BO3MOXKHOCTH $13blKa M3YYUTb TPYIHO, HO BCe OHU U He MoTpebyroTcs,
4yTOoOBl MHUCATh OYeHb MoJe3Hble mporpaMmbl. Ha Popre MOXKHO HaydUThCS MHUCATh MPOrpaMMbl
Ha YpOBHe XOpOIIero nporpaMMucTa, nogbsytolerocs sidsikamu BASIC 1 FORTRAN, 6vicTpee,
yeM Ha Jil0OOM ApyroMm si3blke. Tak »kKe HeCJ0XKHO NporpaMMHUpoBaHHe Ha QopT-accembiepe
(ompenenienue caoB Popra B MAIMHHBIX Komax). MoKHO omucath CJoBa, KOTOpPble GYIyT CO-
3[aBaTh B CJIOBApPe COBEPIIEHHO HOBBbIE THIbI JAHHBIX, HUCMOJb30BaTh POPT AN MOAUPUKALUH
CaMoro s13blKa, [Jis1 onepauui ¢ 60JbIIMMHU 0ObeMaMH AaHHbIX B MaMSTH KOMIIbIOTEpa U axKe
1715l TOTO, UTOOB! peasi30BaTh HOBbIE SI3bIKM MPOrpaMMHpoBaHusi. KoHeuHo, U3yuyeHHe 3TUX BO-
MPOCOB MOXKeT ObITb TPYAHBIM. M, XOTS MBIl OCBETUM OOJIbIIYIO X YaCTb, BBl CMOXKETe XOPOLIO
nporpaMMHupoBaTh Ha s3bike DopT paHblile, yeM oBJazeeTe UMU BceMu. DopT mpenocTasiisi-
eT BaM MOILHble CpPeACTBa A/ yNpaBJeHHUs paboTOH KOMIMbIOTepa, NMPUCYLIUe APYTUM SI3bIKaM
NpOrpaMMHUPOBaHUS, BKJOYAs MALIMHHBIA $13bIK, HO BaM 3TH MOLIHble CPeICTBA CKOpee BCEro
He MoTpedyloTCs.

Cy1iecTByeT onHa MPUUKHA, U3-32 KOTOPoH PopT MHOTIA OKA3bIBAETCS NEHCTBUTEIBHO TPY/-
HbiM. Jlesio B TOM, YTO B CTaHAApTax si3blka U B IMOCTABJ/SEMBIX MOTPEOUTE/SIM peasn3alusx
13bIKa OTCYTCTBYIOT HEKOTOpPbIE CJIOBA [Jis BBIMOJHEHHS OCHOBHBIX MJIM BaxKHBIX (DYHKLHH, Tpe-
LYCMOTPEHHBIX APYTHMH $I3bIKaMU. B Takux ciaydasix MporpaMMHCT BBIHYXKJAEH caM HalucaThb
CJI0BA, KOTOpPbIe NOJIKHBI BBIMOJHATE 3TH BaKHble (DyHKUUH. Hanpumep, cTapelii cTaHoapTHBIN
Dop1’83 He COmEp:KHUT OMepalri Hal YHUCJIaMM C TJaBalolled 3amsiTod, B HEM HET TPaHCIEH-
IEeHTHBIX (PYHKUHH (TPUrOHOMETPUYECKHX, JIOTapU(MHUECKON); He OIpeleseHbl CTaHAApTaMU
ormepanuu ¢ CUMBOJIAMH U CHUMBOJIbHBIMU CTPOKaMH (HampuMep, W3BJeueHHe OTAEJbHBIX CJIOB
M3 TekcTa), paboTa ¢ (hailsaMu NaHHBIX, rpadruyeckrHe BO3MOXKHOCTH. HeT B cTaHmapTe U cJ0Ba,
TI03BOJISIOIET0 BBOAUTD UKCJ/A B MpoLiecce UCToNHeHUs nporpaMmel. K cuacTbio, BO MHOTHX MO-
CTaBJ/sieMbIX peanusanusx Popra nperycMOTpeHbl CJI0BA, MO3BOJSIONINE TIPEOAOJIETh 3T Orpa-
HUUeHHUsl, a PopT HACTOIBKO MOILHBIH, UTO MO3BOJSET CAMOMY HAamUCaTb TaKHe CJOBA, €CJIH



Kpome moeo, 1994 200y soviuies Hosolii cmandapm [ans], 8 Komopolii 8KAOUeHA 6OAbULAS
yacmo u3 svlule nepeuusennoeo. H 8 KoHue KoHuos scecda ocmaemcs docmyn g Cemo,
LUCNOAb3YSL KOMOPYHO 8bl MONEMe HALMU UCXOOHble MeKCmbl NPoepamm, cpasy no0xXo0auLUx
05 peutenus sawux 3aday uru mpebyrowux Hekomopoil adanmayuu. Ecau amu npoepammol
He Komnaexmyromcs dokymernmauyuet. 00CmamouH020 Kauecmsa, C8AMUMECh C UX A8mopamu
no 3AeKMPOHHOL noume — 8 IMOM CAy4ae 8ol MOKEme He MOLbKO NOAYUUMb KOHCYAbMAUUI,
HO B03MOXMCHO NOABUMCS HOBASL BEPCUS NPOEPAMMbL, 8 CO30AHUU KOMOPOLL 8bL CAMU npuMeme
yuacmue. Umenno 8 amom u skarowaemcs cmoica osuncenus Open Source'® |

[TonBonst uTOr, MOXHO CKa3aThb, 4To POPT — 3TO B TO K€ BPeMsI MOLIHBIH U HePa3BUTHIH
13bIK. MOIIHBIH OH MOTOMY, UTO MPOTpPaMMbl, HAMCAHHblE HA HEM, 3aHHMAIOT MaJjo MecTa B
MaMsATH U UCIOJHSIOTCS C TaKOW »Ke CKOPOCTbIO MJM OblcTpee, UeM Ha JPYrux $3blKax, OH
JaeT TMOTeHLHaNbHO HeorpaHUUeHHble BO3MOXKHOCTH YIpaBJeHHS KOMIIbIOTEPOM, W MHCATb U
OTJIaXKUBATh MPOrPaMMbl TOBOJILHO HECJOXHO. B To ke Bpemsi cTaHmapTHbid PopT HepasBHT,
BBUIY TOTO UTO He MpeIyCMAaTPUBAET BBITIOJHEHHWS HEKOTOPHIX BaKHBIX (PYHKIHUH, KOTOpbIE
SIBISIOTCS HEOTHEMJIEMOH UYacThlO APYTHUX $I3BIKOB HJIM OMEPAllMOHHOW CHUCTEMBI M HOCTYIIHBI
IJis1 TIPOTPaMMHCTa, U KPOMe TOTO B COCTaB MOCTAaBKU He BKJIOUEHBbl MerabalTbl OHUOJIHOTEK,
KaK 3TO [eJaloT IMOCTAaBIIMKH COBPEMEHHBIX KOMMepPUYeCKHX CpelCTB pa3paboTKu. BpemeHue
3TUX (YHKUMH U co3naHHe OUONHMOTEK MPeNOCTaBJIEHO MPOrPaMMHUCTY, MPeayCMaTPUBAETCS B
HEKOTOPBIX (KOMMepUeCKHX WJIM PacIIMpeHHbIX) Bepcusax Dopra uiau mpocto noctynHo B Cetu
B BHJE OTAeJbHbIX makeTos!!.

[Touemy xe cranpaptbiii Popt Tak GenHo ompeneseH ? UToObl MOHATH 3TO, HAlO0 HEMHO-
ro MO3HAKOMUTLCSI C UCTOPUEH €ero CO3[aHUsl U e€CTeCTBEHHO YUeCTb YTO B €ro Pa3BUTHH He
yuacTBOBaJja Ta KPUTHYECKas Macca MPOrpaMUCTOB M MOCTABIIMKOB KoMMmepdeckoro 10, kak
3TO CJAYUHJOCH ¢ s3bikamu Tvna Ct+, Python, Perl, Java u T.1.

1.6 U3 nepepona [thinking]

Y>Ke HEeCKOJIbKO JIeT 51 UCIOJIb3YI0 [/ mporpaMMupoBaHus s3bik Popt. C mepBoii xke BCTpe-
YU C HUM 51 OBl O4apoOBaH M IMOKOPEH ero MPOCTOTOH, 3JIETaHTHOCTbIO M JIOTHYHOCTbIO. K
coXKaJsleHHuIo, B Halled ctpaHe PopT 3HAIOT U UCMOJb3YIOT JHILb CYUTAHHBIE SHTY3HACTHI, UEMY
B 0O0JIbLIOK Mepe CrocoOCTBYyeT OTCYTCTBHE CKOJbKO-HUOYAb NOCTYIHOH COBpeMeHHOH JuTepa-
TYpbl ¥ IPOTPaMMHOr0 o0ecrneyeHusl.

HeckosnbKo KHHT N0 A3bIKY U3aHbl 60Jee 10 et Ha3an, OHU AAIOT AOCTATOYHO HH(OPMALUU
I/ HauMHaIIlero ¢opmepa, HO B HHUX He OINHCAaHbl METOAbl W TpHEeMbl, pa3paboTaHHble U
ONHCAHHble MHPOBBIM COOOLIECTBOM (POPTEPOB.

Heo6xonumo HanucaHue HOBOM KHHIH IO $I3bIKY: CYLIECTBYIOLIME KHUTU JABHO yCTapeJiH,
HeoOXOAUMO OYeHb MOAPOOHO, MOHATHO U B TO Ke BpeMs JIeTKo 4uTaeMo U 6e3 TpaaullMOHHOH
I/l POCCHHCKHUX KHUT 3ayMH (camblii rulez B aTom nsiane bpoynu) onucath c/oKHbIE TeXHOJO-
TAX QOPT-NPOrpaMMHUPOBAHHUS: HAIUCAHHE acceMO/epoB, LleseBbIX KOMIUIATOPOB, (POPT-CUCTEM
IJ5 criequ(UYecKUX CHCTEM THIA CaMOJeJbHbIX KOMIIbIOTEPOB M MPOMBILIJIEHHBIX KOHTpOJJe-
pOB, MapcepoB W CHHTAKCHYECKHX aHaJHU3aTOPOB, CJOXKHBIX pPACIIHpeHUH si3blKa (Hampumep
OOII), nanucaHue JerkKo TePeHOCHMBIX MPOTpaMM M T.M. Takyke BO3MOXKHO CTOMUT YIENHThb
BHUMAaHHEe COBPEMEHHBIM TEXHOJIOTHSIM B KeJje3e, ocobeHHO flex-TexHosmoruu "TuOKOH JIOTHKU"
¢ ucnoabazoBanuem [1JIMC (CPLD, FPGA) u cucrem Ha kpuctasne (System on Chip, SoC).

B kauectBe 6a3bl 51 pewns B3sATh [starting, orange, thinking, green| u Hamucatb on-line
KHUTY YUWUTBIBasi COBpeMeHHOe cOoCTosiHWe si3bika. [lepBoHauasnbHO 3TO OymeT mpocTasi KOMIH-
JISILUS 3TUX KHUI, KOTOpas B JaJjbHeilleM OyfeT pelaKTHPOBATbCH M MOAM(PHULUPOBATBHCS, B
TOM YMCJIe U C BalIUM y4acCTHEM.

®Dopt siB/SIETCS A3bIKOM U ONepallMoHHOH cucteMoii. Ho 3To He Bce: OH Takke U BOIJIOILEHHE
¢dunocodpun. OO6bIYHO (UIOCOPUI0 HE pacCMaTPUBAIOT KaK HeuTo, oTAesnbHoe oT Popra. OHa

10 http://www.fsf.org <a href=" http://www.isf.org > http://www.isf.org </a>



He npenuectsoBaia PopTy U He onMchBasnach rae-1160 BHe paccyxieHuil o Popre, U gaxe
He UMeeT APYroro UMeHH, kpoMme Kak "Popt". TouHee naxke ckazaTb 4TO 3TO He ¢pu0cOUs, a
(MH(pOpPMaLMOHHAs) TEXHOJOTHS U METONHKA pa3pabGoTKH MPOrpaMMm.

[Ipennaraemast KHura siBJsieTCsl OJHOBPEMEHHO y4eOHHUKOM M CIIPaBOYHHUKOM, MO3BOJSIOLIUM
oBsazieTb PopTOM HE3ABUCUMO OT TOr0, HAUMHAIOUIUH Bbl IPOTPAMMHUCT UJH OMBITHBIH.

®opT — O0CTATOUHO MOIIHBIH SI3bIK MPOrpaMMHUPOBAHHS, HECMOTPS Ha €ro HU3KOYypOBHe-
BOCTb, HO OH HauboJjiee 3(p(PeKTUBEH [/ KOMIbIOTEPHBIX CUCTEM C Me[JIEHHBIM MPOLECCOPOM
HU3KOH PaspsiIHOCTH U HeOOJJIbIIUM 00beMOM MaMsSITH (Mopsiika HecKoabKux Ko6).

1.7 (© HO. A. CemeHOB

Cmamos ssasemcs sgedenuem K knuee: Cemernos 0. A., "llpoepammuposarue na s3viKe
Dopm", M., "Paduo u csasv”, 1991 e.

B 1971 r. Yapaba Myp paspabotasn si3blK [Jis1 YIIPABJEHHS ONTUYECKUM TeJIECKONIOM H, CUH-
Tasi ero s3bIKOM ueTBepToro nokoJeHusi, Hazeaas FOURTH (uereprriit). OnHako Ha OBM, Ha
KOTOPOH OH paboTaJji, CHMBOJIbHBIE HMeHA MOTJIH HMeTh ToJbKO NsiTh 6yKB. Tak FOURTH cran
FORTH (®opT). HecmoTpst Ha KOHKYpeHLHIO APYTUX $3BIKOB NMPOTrPaMMHPOBAHHS, B UaCTHO-
ctu sisbika C'T+, Dopt maso-nomasny craj 3aBOEBBIBATH MOMYJASPHOCTb, OCOOEHHO MPH PelieHHH
3a/au yrpaBJieHHus CJI0XKHBIMU 06beKTaMH B peasibHOM Macllutabe BpeMeHH.

d3pik PopT Hcnosb3oBaaCcs [/ MaTeMaTHyecKoro odecreyeHust KopabJisi MHOropasoBOro
ucroJsib3oBanusl tuna Shuttle, passenbiBaTesbHoro 1802 (Avco Inc.) U APYrUX HCKYCCTBEHHBIX
cryTHUKOB 3emud, njs padpabotku Teseurp (GameFORTH), npu cosmanuu ¢unbmoB Star
Wars, Batlle Beyond the Stars u Star Trek, nas cuctembl ynpaBjeHHsI TOJIeTaMH B a3pPOIOPTY
dp-Pusina (400 9BM u 36 000 matuukos) [24].

B 1976 r. KomuteT MeXIyHapoOAHOrO acTpPOHOMHUECKOro coto3a npuHsaa Popt B KauecTBe
CTaHIAPTHOTO si3blKa MmporpamMMupoBaHus. [Tlo3nHee DopT mpuUMeHsJICsS /s CO3aHUS IKCIEpPT-
HBIX CHCTEM, CHCTEM HCKYCCTBEHHOTrO 3peHHs, aBTOMAaTM3aLMH aHajuM3a KPOBH M KapAHOJIO-
THYECKOro KOHTPOJIsl, cucTeM MamuHHOro nepesopa ¢ 20 s3eikoB (Craig M100, kapmaHHBIN
MepeBOUHK) U T.J..

B CCCP 3ToT 513bIK UCMOJb3yeTCs AJs CUCTEM YIpaBJ/eHusl 6a3aMH JaHHBIX 9KOHOMHUYECKHX
3ajau, 15 MPOrpaMM yrNpaBJeHHUs] SKCIIePUMEHTOM, MOHUTOPHUHTA COCTOSIHUSI MAIlUEHTOB.

HecwmoTpst Ha olyTHMBIE YCTIEXH B UCNOJNb30BaHUHU si3biKa DopT, fesaTh MPOrHO3 0 Hecrpe-
NIeIbHOM paclIMpeHun cdepsl ero MpuMeHeHHUs BPsil JU MOxKHO. B To ke Bpewmsi, 6e3ycJIOBHO,
CYLIeCTBYIOT 06s1acTH, Tie PopT HMeeT HECOMHEHHbIE MTPEUMYIIECTBA Mepel APYTHMH SI3bIKaMH.
Dopt a3dpekTHBEH Mpekae BCero A/ yrnpaBJ/eHHs HeOObIIMMH SKIIEPHUMEHTaMH U CUCTEMaMH,
MPU OUATHOCTHKE CJIOXKHOH 3JEKTPOHHOH anmapartypel ¢ MOMOIbio MUKPODBM uan Mukponpo-
16CCOPOB, J51 CO3JaHHs IeLIeBbIX MOUCKOBBIX CHCTEM, NPOrpaMM MALIMHHOH rpaduKH, TpaHC-
JSITOPOB C APYTHX SI3bIKOB. JTO, pasyMeeTcsi, He O3HauaeT, 4To PopT HEMPUMEHHUM B JIPYyTUX
06J1acTAX, er0 BO3MOKHOCTH ellle He PACKPBITHI MTOJHOCTHIO.

f3eik @opT MHOrIA HA3BIBAIOT (HOPT-CUCTEMOM, TaK KaK OH CONEPXKUT MPOrpaMMbl IJIsi pa-
00Tbl C BHELIHMMH yCTpOHCTBaMHM, (aiiaMu, cpelcTBa 00paGOTKH NpepblBAHUH, pelakTop H
T.0.. [IpeumyiiectBo PopTa 3ak/rouaeTcss Mpekae BCEro B CKOPOCTH HAMHCAHUS U OTJAALKH
Mporpamm, a Takxke B UX KoMnakTHocTH. Ecau mporpammy Ha @optpane unu [lackane MoxHO
HamucaTb M OTJIaAUTh 3a HeleJsio, TO TaKylo e nporpammy Ha Popte 3a HeckosbKO yacos. o
CpaBHeHHIO ¢ DelCHKOM M HEKOTOPBIMM APYTHMH HHTepnperatopamu PopT Mo3BoJsIeT cocra-
BUTb MIPOrpaMMy B HeCKOJIbKO pa3 Gosiee GwicTponelicTBymoulyo. OH mpourpeiBaeT Accembiepy
M0 CKOPOCTH HMCIIOJHEHHsI mporpaMMmbl He Gosee yeM B 1.5-2 pasa. [IpumeneHue xe ¢oprt-
accemOJiepa MO3BOJISIET MOJNYUUTD ellle OOJbIINKA BBIMTPbIL B OBICTPOAEHCTBHUH.

DKOHOMHOE MCIOJIb30BaHHE ONepaTHBHOH maMaTH DBM u BHellHed nmamsiTv (AMCKa), BO3-
MOXKHOCTb aBTOHOMHOT'O (DYHKLHOHHPOBAHHS (B OTCYTCTBUE ONEPALHOHHOH CHUCTEMBI), HHTEp-
AaKTHUBHBINA XapakTep nenaioT PopT 0cob6eHHO MPUBJEKATENbHBIM B HEOOJBIINX aBTOMAaTH3UPO-



EC 9BM pisi opraHusaiiu CJI0XKHBIX BBIUUCJUTEJbHBIX Tporece coB [36]. Xopolio HamucaH-
Hasi mporpaMMa Ha PopTe 3aHHMaeT B MaMSITH MeHblIe MecTa, YeM aHaJoru4yHasi, COCTaBJeHHas
Ha Accembiiepe (31eChb He YUHUTBIBAeTCS MECTO, 3aHHUMaeMoe Mpouexypamu 6a30BOro CJoBapsi
dopra).

MonynpHOCTh MHTepIpeTaTopa U CUCTEMBl B LI€JOM MO3BOJSET JErKO afanTHpOBaTh ee K
HOBBIM MpoueccopaM M 3anadam. [lo npoctore obyuenuss Popt conepHuyaet ¢ belicukom, uto
[ieslaeT ero MpuBJeKaTeNbHbIM [J51 HEMPO(peCCHOHANbHBIX MPOrPaMMUCTOB.

Kakue xe ocobeHHocTH obecriedun PopTy aHC BBIXKHUTb B KOHKYPEHTHOH 6opbbe ¢ apy-
THMH CHCTEMaMHU ?

Hns dopra, BK/IOYAs MNPOrpaMMbl yIpaBJAeHUS TEPMHUHAJOM H JAHUCKOM, Tpebyercss 5-8
K6a#it onepatuBHoil namsarty, a anas [lackans 48 K6a#t (3nech, mpaBaa, He yUUTHIBAETCS MECTO,
3aHMMaeMoe OTepallMoOHHON crucTeMoi). C y4eToM 3TOrO BHIMIPHILI MO MaMSITH OKa3blBaeTCs Cy-
1ecTBeHHo GoJblie. [Ipu Heo6xoguMoCcTH 6a3oBblii cioBapb PopTa MoKeT ObITh COKpALleH M0
1 K6aiit. [Iporpamma Ha PopTe MoKeT ObITh MCIOJNHEHA cpasdy IMocje HalHUCaHHs, TaK Kak He
TpebyeT pefakTopa CBsi3eH.

@DopT moMycKaeT pPeKypcHio, T.e. MPorpaMMa MOXKeT o0pariaTbCcsi K caMmod cebe (4TO Hemo-
nyctumo B Doprpane).

[TocJsie BbIMO/IHEHKS TpOrpaMMbl K BO3BpaTa yrnpabJjeHUs cucteMe PopT coxpaHsieTcs A0CTYI
K J11000H MepeMeHHON WJM MacCHBY C TMOMOLIBIO CHMBOJIBHBIX HMEH, UTO He JOMYCKAalT MHOTHE
IpyTHe SI3BbIKH.

[Ipu pabore c opr-accembyepoM UCHoOJHSIEMas NporpaMMa NPakTHYeCKH MAEHTHYHA Mpo-
rpaMMme, HalnWCaHHOM B MAlIMHHBIX KOAAX, HO MPOrPaMMHUCT U30aBJieH OT NJIUTEJNbHOH TpaHC-
JSUUM U pelaKTHPOBaHHs CBsized (mporpaMma cpasy rorora K HcrosHeHHI0). [Ipourpeim mno
MaMsiTH ¥ CKOPOCTH HCIIOJIHEHHSI TIPOrpaMMbl B 3TOM cjydae He npesbimaer 20-30%.

Cnucox onepatopoB dopra OTKPHIT AJISI MOJB30BATENSI U MOXKET ObITb PaCIIMpeH IO €ero
ycMOTpeHHnIo. JTo kKacaetcs camoro Dopra, popT-accembiepa, penakropa H, pasymeercs, Ma-
KETOB MPHUKJAIHBIX MPOrpaMM.

[Ipu pabore ¢ MHOrosagauHeIM (MHOTOIMOJb30BaTeNbCKUM) POpPTOM HCMONB3yeTCs OOIIUH
CJI0Bapb TpoLenyp AJsI HECKOJNbKUX 3a1ay.

K Hemocratkam dopta OTHOCAT:

e OTCYTCTBHe B 6230BOH BepPCHHU ONMEPATOPOB AJs1 PaGOTHI C YUCJAAMHU C MJaBalollel TOUKOMH;

® HENOCTAaTOYUHbIE IT0 COBPEMEHHBIM Tpe6OBaHI/IHM Cpeactsa IMAarHoCTUKH (0)110516]0) 4 (XOTH 3TO
KW KOMIIEHCHUPYETCA OTHACTU APYTHMHU BO3MO2KHOCTAMHU, B HACTHOCTH AOCTYIMHOCTBIO 3THX
CpencCTB AJid HOJIb3OBaTeJIH);

® HEIIPpUBbIYHAA MOJ9 MHOTHX O6paTHaH IMoJibCKad (HOCT@)HKCH&H) HOTalud, IIHUPOKOE IIPH-
MEHEHHE CTEKOB;

® OTCYTCTBHe B 6a30BOM BepCHH Pa3BUTOH CUCTeMBbI JJisi paboThl ¢ haiisaMu (0TUacTH ycTpa-
HEH B MHTepIpeTaTopax /s MepcoHalbHbXx IBM).

[IpocToTa pacuivpeHus CUcKa OMepaTopoB M JErKOCTb MOIHU(HKAIIMKA UHTEPIIpeTaTopa CBO-
OSIT 3TH HENOCTAaTKU K MUHUMYyMy. YnoOHasih MHEMOHHKa W XOpollas afanTalys KO BKycaM
nporpaMMHcTa MOTYT clesaTh paboTy Ha DopTe JerKUM U [a)Ke MPUSITHBIM 3aHsTHeM. llasee
6ynet paccmatpuBaThes B ocHoBHOM Bepcusi FIG-FORTH, kak Hau6oJsiee pacnpocTpaHeHHas.

(hopT-HHTEpPIPETATOP, KAK U MHOTHE IPYyrve, HMeeT HECKOJbKO YPOBHEM:

° pa60Ta CHUCTEMBI B Ka4yeCTBE HACTOJIbHOI'O KaJIbKYJIATOPA,
® JIporpaMMHpoOBaHHe C HUCIOJb30BaHHEM 6a30Boro cJioBaps CDopTa;

® CO3[aHue C IOMOIIbIO peaakTopa nporpaMM, CoOXpaHdeMblX Ha MarHuTHOM [JHCKE, KOTOPbIE



[TpunannexHocTb Popra yeTBepTOMY MOKOJEHHIO YacTO BbI3blBaeT cropbl. C 0QHOH CTOpO-
HbI, OH colepKUT cTpyKTypHble onepatopsl THna DO...LOOP, BEGIN...UNTIL u t.x., ¢ apyro#
— JonycKaeT paboTy € afpecaMH, 4TO XapaKTepHO AJsl 13bIKOB HU3KOro ypoBHs. [yaBHoe —
3T0 6ajlaHC JOCTOMHCTB U HENOCTAaTKOB, a 3TOT OajaHC, HA MOW B3IJsH, OJAronpusiTeH AJs
Dopra.

B CIIA cosnaHno o6uiectBo nogabsosareseil @opra (FORTH Interest Group, FIG) u ¢upma
FORTH Inc. — ryiaBHBII NOCTaBUIMK MPOrpaMMHBIX PoAyKToB DopT, B TOM 4MC/e MHOTONOJb-
3oBartesbckodl Bepcuun PolyFORTH-2.

CyuectByet psin crangapro: FORTH-79, FORTH-83 [18], FIG [17], MMS, MVP [25,
26]. B kakoii-To Mepe 3TOMY CIOCOOCTBYeT MPOCTOTA UX CO3JaHHS, Bellb MajJ0o KTO PELIUTCS
nepefesblBaTh MM paclIMpsiTb 6a30BBIH cjoBapb onepaTopoB PopTpaHa MpocTo H3-3a UYHLO-
BULIHOH TpynoeMKocTH. HameTnsnach TeHIeHLHS K CO3[aHHUIO MPOLECCOPOB, OPHEHTHPOBAHHBIX
Ha Popt (pupmbl Harris, Silicon Composers, FORTH Inc. CIHA u MHCTUTYT KHOEPHETUKH
AH 2CCP).

CyuiecTBytoT Bepcuu sidbika Popt aast oredectBeHHbix IBM CM 1420, "dnexktponnka-60",
CM 1810, IIBK, nepconanpueix DBM EC1840, EC1841, EC 1842, mukpomnporeccopoB K580 u
naxe OBM cepun EC.

1.8 (© UT® Texnodoprt

fsbik nporpammupoBanus Popt (ot anrauiickoro FORTH) 6v11 nzo6petren Yapabzom My-
pom B 70-x rogmax ajis CO3[aHHs MPOrpPaMMHOro oOecrieyeHHUsl yMpPaBJsIOUIMX YyCTPoHcTB. B
HacTosiiiee BpeMsi POpPT MIMPOKO HUCMOJb3yeTCs TMPH PEelleHnH CJIeNYIOUUX 3a1ay:

e pa3paboTKa U TeCTUPOBAHHE BCTPOEHHOro 000pYyHO0BAHHUS;

e yIpaBJeHHEe CTaHKaMH, poO60TaMM, MeAMLHHCKUMH NPUOOPaMH;
e pa3paboTKa TPAHC/STOPOB M ONEPALHUOHHBIX CUCTEM;

® CHCTeMbl yIpaBJ/eHHUs 0a3aMu JaHHBIX;

e 3a/aud MAUIMHHOU rpadUKH;

® SKCIIepTHbIe CUCTEMBI, B TOM YHCJ/I€ 3KCIEPTHbIE CUCTEMBI pP€aJIbHOI'O BPEMEHHU.

B oranume oT APyTHX sI3bIKOB BBICOKOTO ypoBHs, PopT obecrneurnBaeT MporpaMMHUCTY T0J-
HBId AOCTYN K MalllMHE W He MbITaeTcs OrpafuTb ero ot owunbok. OnHAKO, MOLYJAbHOCTb, a
Tak»Ke pacIUpsieMOCTb $13blKa, MO3BOJSIOLIAS TPOTPAMMHUCTY BBOAUTb KOHCTPYKIMHU CO BCTPO-
eHHBIMU CPeACTBAMH KOHTPOJIS, 1aeT BO3MOXKHOCTb CO31aBaTh BbICOKOHA/EXKHbIE IIPOTPAMMBI.

®opt ucnosb3yeT 06pPaTHYIO MOJNBCKYIO (MOCT(HUKCHYIO) 3aMHUCh, NMPH KOTOPOH OTepaH[bl
NpealIecTBYIOT olepaluru. X0Ts Takas 3alMCb HENPHUBBIUHA U MOXKeT [0Ka3aTbCs HeyN0OHOH,
OHa CyLIeCTBEHHO YMEeHbIIAeT 3aTpaThl HA OPraHU3aLHI0 BEI30BOB IOANPOTrPaMM U PeaNU3aLUIo
13bIKA.

Kon, nonyuaemblit komnuasgtropom Popra, UCKAOUUTETBHO KOMIIAKTEH, [1aKe 110 CPABHEHHIO
C MalMUHHBIM KogoM. Oco6eHHO 3TO 3aMeTHO Ha GOJIBLIMX MpOorpaMMax.

(opT-cucTemMa, B OCHOBHOM, HamucaHa Ha camoM sibike Popt. OHa 3aHumaer ot 8 no 16
K6a#iT B 3aBUCHMMOCTH OT MPENOCTaBJSIEMBIX BO3MOXKHOCTEH (TaKUX, KaK BCTPOEHHBIH acceM-
6J1ep, SKpaHHBIH pelakTop, B3aUMOJEHCTBHE ¢ (DallIOBOH CHUCTEMOH).

[Iporpammsbl Ha s3bike PopT peeHTepabesbHBI, TOMYCKAIOT peKypcuio. [IporpaMMucT MoxeT
HanucaTb IPorpaMMy B MalLMHHBIX KOMaHJaX Ha BCTPOEHHOM B (hOPT-CUCTeMY acceMbJiepe U B
najbHeHIIeM HCI0b30BaTh ee KaK 00bIUHYI0 moanporpammy. Beaenctsue storo, @opT MoxKHO
NPUMEHSATD 115 CO3[aHUsl MPOrpaMM HerNoCpPeACTBEHHOrO YNpaBJeHHs annapaTypou.

¢dopT-cucTeMa — aBTOHOMHas cuctemMa. OHa MoxXeT paboTaTh Kak Ha 'TosoM" 000pyHOBa-



®opt sABASETCS AUAJIOTOBBIM SI3BIKOM, TO €CThb KOMaH/bl BBIIOJHSAOTCS (POPT-CUCTEMOH cpa-
3y, KaK TOJIbKO Bbl X BBeleTe ¢ KIaBUATYPhl U HaxKMeTe KJaBuily BBoga. Oteet "ok" sBssieTcs
MOATBEPKIAEHUEM TOT0, YTO 3aMPOC BBIMOJHEH, U MPUTJALLEHHEM MTPOAOJXKATE PabOTY.

1.9 ocrounctBa si3pika Popt (43 [ans])

®dopT npenocraBiseT UHTepaKTHBHYIO cpeny pa3pabotku (IDE). Ero nmepBbie mpumMeHeHHs
B HAay4HbIX W MPOMBILIJIEHHBIX NPUJI0KEHUSIX TAaKHUX Kak annaparypa, poOOTOTeXHHKa, yIpaB-
JieHue TpolieccaMu, rpaduka u o6paboTka M300parKeHUH, UCKYCTBEHHBbIH HMHTeJJNEKT U OHHec-
npusoxenusi. [IpuHuunuanbubie focTouHcTBa PopTa BKIAOUAIOT OBICTPYIO HHTEPAKTHBHYIO pas-
paboTKy mporpaMMHOro obecrneueHust U 3p¢heKTUBHOE UCMONb30BAHHE KOMIIBIOTEPHOTO XKeJie3a.

O ®opre uacTo roBopsT Kak o s3blKe, TaK KaK 3T0 HauboJsee 3aMeTHbIN acnekT. Ho pakTuue-
ckr PopT ofHOBpeMeHHO 00Jibllle YU MeHblle yeM OObIYHBIH 3bIK MPOrPAMMHUPOBAHUS: OOJbLIE
TaK KaK BCe BO3MOXXHOCTH $13blKa, OOBIYHO aCCOLMMPOBAHHBIE C OOJbIIMM HaOOPOM OTHAEJb-
HBIX MPOrpaMM'?, BK/IIOYEHbl B 3bIK, U MeHblle TaK KaK B A3blKe (CO3HATEJbHO) OTCYTCTBYIOT
CJI0XKHBle CUHTAaKCHYeCKHe KOHCTPYKLHH, XapaKTepUHble IJif OOJIbLIMHCTBA SI3bIKOB BBICOKOTO
YPOBHSI.

OpurrHanbpHble peanusauun Popra OblIM CaMOCTOSATENbHBIMH CHUCTEMaMH, BKJIOYAIOILHMU
(PyHKLMOHAJ/JbHOCTb, OOBIYHO 0OecreunBaeMylo OTAebHO ONepPaLlMOHHOM CUCTEMOMH, pefakTopa-
MH, KOMIIUJISITOPaMH, acceMOJepamMu, OTIaAdyHKaMH U APYrUMH yTuantamu. A single simple,
consistent set of rules governed this entire range of capabilities. Ceronns no cux mnop mpona-
IOTCSI MHOKECTBO BEpCHil CaMOCTOATEJNbHBIX'® (hOPT-CHCTEM [/l MHOTMX MPOLECCOPOB, HO MPH
3TOM TaKKe CYLIeCTBYyeT MHOXKeCTBO BepCHH, paboTaloliMX MOBepX OObIUHBIX ONepallMOHHBIX
cucteMm tuna MS-DOS uaun UNIX.

®opTt He sBJSIETCSA OTBETBJEHHUEM KaKOro-jaubo Apyroro sisblka. B pesysnbrare ero BHeILIHHH
BUJ M BHYTPEHHHE XapaKTePUCTHKH MOTYT MOKa3aTbCsl HENPUBBIYHBIMH /I HOBBIX I0JIb30Ba-
tesieid. Ho mpoctora ®opra, ero kpaiHss MOAY/NbHOCTb U UHTEPAKTHBHAS NPUPOAA OTOABUIAIOT
€ro HayaJibHyl0 HENpPUBBIUHOCTD, [eJlasi NPOCTBIM ero M3ydyeHue u Hcrosb3oBaHue. Hobl# (op-
Tep' o/KeH MOTpaTHTL HEKOTOpOe BpeMsi Ha M3ydeHHe OOJbLIOrO Habopa KOMaH[ A3bIKa.
[TpumepHo mocsie Mecsna ucnonbzoBanusgs Popra Goprep MOXKET MOHATH OOJblle BHYTPEHHHUX
MeXaHHU3MOB 513blKa, 4eM 3TO BO3MOXKHO JJsi OOBIYHBIX ONEPALlMOHHBIX CUCTEM W KOMIIUJ/ISATOPOB.

Han6osee nuTepecHoe cBoiictBo Popra — ero pacuupsieMocTb. [Ipouecc nporpamMmupoBa-
Hus Ha PopTe COCTOUT U3 ONpefiesieHHsT HOBBIX €408 — (PaKTHYeCKH HOBBIX KOMaHJ sI3bIKa.
OnHu MoryT ObITb OMpefiesieHbl B TEPMHHAX paHee ONpeleseHHBIX CJOB, YTO CHJbHO MOXO0XKe
Ha oOyueHue pebeHKa OOBSCHSISI HOBble MOHATHS Uepe3 paHee M3yueHHble. Takue Cj0Ba Ha3bl-
BaIOTCS BbLCOKOYpOBHesbimU onpedesenuamu. C IPyrod CTOPOHbI, HOBbIE CJ0BAa MOTYT TaKxke
ObITh ONpefiesieHbl HAa YpPOBHe MAalMHHBIX KOMaHH, TakK Kak 00JbLIMHCTBO peanusaunil Popra
BKJIIOYAIOT acceMOJIphl /151 UCI0Jb3yeMBIX NPOLECCOPOB.

Ata paclInpsieMOCTb ONecneyrnBaeT pa3paboTKy CrelHaNbHbIX TPUKJIAIHBIX SI3bIKOB AJIs1 KOH-
KPeTHBIX NPoOJeMHBIX 00/1acTel UIU AUCLHUIIUH.

Pacmupsiemocts @opra naet 6oJblie yeM 100aBJaeHNEe HOBBIX KOMaH/ B s13biK. C TOH Ke Mpo-
CTOTOH Bbl MOXKeTe TakxKe 100aBJsTb HOBblE THIB cj0B. Hanpumep, Bbl MOXKeTe CO31aThb CJIOBO,
KOTOopoe caMo OyzieT onpenensiTb cyaoBa. [Ipu co3manuum Takux onpedeasrouyux cA08 NPOrpaM-
MHUCT MOXeT 3aaTh 0co0oe MOBeleHHEe [/ CO3[1aBaeMbIX CJIOB, KOTopoe OyneT 3(p(peKTHBHO
BO BpeMsl KOMIUJSLUH, UCIOJHEHHS WU B 000MX caydasxX. dTa BO3MOXKHOCTb MO3BOJSIET BaM
onpeneuThb CleluaJu3dpPOBAHHbIE TUIbl JAHHBIX C MOJHBIM KOHTPOJIEM HaJ UX CTPYKTYPOH H
noBefeHreM. Tak Kak noBeleHHe TAKUX CJIOB BO BpeMsl UCIONHEHHUS TaKxkKe MOXKeT ObITh 3a/1aHO
Ha BBICOKOM YPOBHE WJIM B MalUMHHOM KOJe, CO3[aHHble TAKUM OMNpeessIolMM CJA0BOM HOBbIE
CJI0Ba SKBUBAJIEHTHBI 10 NMPOU3BOAUTEbHOCTH APYTrUM cjoBaM Popra. Tak xe mpocto moba-

12 KOMITUJIATOPaMHU, pelakKTopaMu U T.A.

13 stand-alone



BUTb HOBble KOMITHJIUPYIOLIHME KOMaHIbl [/ peanu3aliyd OCOOBIX BHUIOB LIMKJOB HJH APYTHUX
YyIPaBJSIOLUX CTPYKTYP.

BosbmnHeTBO mpodeccHoHanbHblX peanusauuilt @opra camu Hanucanbl Ha Popre. MHorue
(opT-CHCTEMBl BKJIOUAIOT MEMA-KOMNUAAMOP, KOTOPBIH M103BOJISET 110/1b30BATEN0 MOAUDHULIHU-
pOBaThb BHYTPEHHUH KO CaMOH (POPT-CHUCTEMBI.

2 Hctopus s3biKa

2.1 U3 [orange]

B orauuue oT Apyrux si3blKOB MporpaMMupoBaHusi PopT He ABJSETCS MJIOAOM KOJJNEKTHB-
HOTO Tpyda Kakoro-aubo KOMHTETa WJH KOJJIEKTHBA Y4YeHbIX, OH POAHUJICS B TOJIOBE OIHOTO
yesnoBeka — Yapsabsza X. Mypa. B Hauasne 60-x rogoB Mypa crtaso Bce GoJiblile He yIOBJIETBO-
pATb BpeMs W 3aTpaThl TPyna, TpeboBaBILHecs AJs1 pPa3pabOTKKU MPOrpaMM Ha CYIIeCTBOBABIIMX
tTorna OBM. B TeueHue HeCKOJbKUX JIeT OH CO3/aJl OCHOBBI MPOTOTHUINA si3bika PoPT, MOJMB3YACh
IJIsl 3TOTO TaKUMHU sisbikamu, kak Ausron, Ko6os, PL/I u accembaep nns IBM/360. Myp nan
cBoeMy si3biky HazBaHue FORTH, cuurasi, uto 310 Oymer s3bik st IBM gerBeproro (fourth)
TIOKOJIEHHS, OfIHAKO eMy TPHXOAUJIOCh pabdoTaTb Ha DBM, KoTopas momycKajia TOJBKO MATh
OyKB Ha3BaHUS, 3TUM U 00bsiCHsleTcsl Takoe HeoObluHoe uMs g3blka Popt. B 1971 r. Mypa
npurjaacuau Ha padory B HauuonanbHyto PannoacTpoHoMuueckyto o6cepBaTOpHio AJs paspa-
60TKM mporpamm cbopa U 0O0pabOTKM NAHHBIX, MOJydaeMblX C pafuoTeseckona. B mpouecce
5TO# pabOTHl M MOSIBUJIACH IepBasi COBpeMeHHas peasnsanus sisbika PopT (a BTOPHIM B MH-
pe MPOrpaMMHUCTOM Ha 3TOM si3blKe cTaja coTpyAHuna Mypa dmusaber Patep), KoTopbiil Obl1
MPUHSAT B KayeCTBe OCHOBHOTO sI3blKa MPOTPaMMHUPOBAHHUS B AMEPHUKAHCKOM acTPOHOMHYECKOM
obwectBe. K 1973 r. noTpebHOCTb B si3blKe CTasa HACTOJAbKO GoJbluoit, uto Myp u Parep co-
3nanu HoBytlo ¢upmy Forth Inc., npesugenTom kortopoit crana . Parep. @upma paspaborana
HEeCKOJIbKO BepcHH si3bika PopT /s pa3auuHbiXx Mapok DBM, munu- u Mukpo-OBM, B Tom unc-
Jie HanboJsiee coBpeMeHHYI0 Bepcuto mon HazBaHueM PolyFORTH. Ilo mHeHuio crneunannctoB
¢upmbl Forth Inc., HaubGosee BaxkHbIe MpUMeHeHUs 3bika POPT B HACTOSIIEE BPEMS CBSI3aHBI C
paboTo# MporpaMMHO-yIpaBasieMoro o60py10BaHUs B peasbHOM MacliTabe BpeMeHH, XOTs ellle
B 1974 r. dbupma paspaborana Ha si3bike PoOpPT aAMUHUCTPATUBHYIO CUCTEMY MJS YIIPaBJeHHUS
6asoit naHHbIX o6beMoMm 300 muH. 6uT uHpopmaunu. Cekiuac pupma Forth Inc. cocpenoroun-
Jla CBOM YCHJIUSl Ha 00paboTKe U300pakeHHWH, poOOTOTeXHHUKe U yIpPaBJE€HHUH CePBONPHUBOLAMH.
HenaBHo mosiBu/IMCh MporpamMMbl A/ TAKUX NPUMEHEHUH, KaK aBTOMaTH3alHusl MPOBEPKH HAKO-
nuTesedl Ha TMOKMX MArHMTHBIX OMCKaX, AJs MEePBOr0 MPOTOTHNA KOMMEPYECKOro yCTPOHCTBA
10 3J71eKTPOo(POpPe3HOMY pasieseHUI0 OUONOTMUeCKUX MaTephasoB Ha KOCMUYeCKOM KopabJie MHO-
ropa3oBOro HUCIOJb30BaHUS, [JI CEPBOCHCTEM POOOTOB, YIPAaBJSEMBIX TOJOCOM, a TaKXkKe [/
KOHTPOJISI TIOUTH BCeX OMepaluii B HOBOM IJIaBHOM aspornopte CaynoBckoi ApaBuu.

OnHako momy/sipHOCTBIO s13blK PopT 00s5i3aH He TOJBKO cBOoMM aBtropam Mypy u Parep u
¢dupme Forth Inc.. basoBeii 1361k PopT 061IEN0CTYIEH M GECIIATHO PaclpoCTPaHsIeTCs 3aUHTe-
pecoBanHoil rpynnoil FORTH Interest Groop (FIG), mHOKecTBO ¢prpM mocTaB/sieT pa3/avyHble
110 CBOMM BO3MOXKHOCTSIM KOMMepUeCKHe BepCHH si3blKa, HO ellle BaKHee TO, YTO OpPraHHW30BaHa
rpymnna 1o cTaHaapTusauuu sgspika Popt aas Toro, 4ToObl HAMKMCAHHBIE HA HEM MPOrpPaMMBbl MOT-
J1 Obl paboTaTh HA PA3IMUYHBIX KOMIMbIOTEPAX ¢ MUHUMAaJbHBIMH 3aTpaTaMyd Ha UX aJanTalHuio.
[pynna FIG 6v1a cosgana B KoHie 70-X IT. aKTUBHBIMH MPOTPAMMUCTAMH U MOYUTATEJSIMH
13blKa, KOTOpPble XOTeNHU CHesaTh ero eule 6oJee momysaspHbiM. CyllecTBYyeT MHOXKeCTBO Opra-
HU3aLKH, B TOM YHCJIe HeCKOJbKO oThaeseHui stod rpynnbl B CIIIA u apyrux crpaHax mupa,
O/IHAKO OCHOBHAasl JesATeNbHOCTb I'PYIIbl HalpaBjeHa Ha paclpocTpaHeHHe 0a30BOro Auasex-
ta sisbika, FIGFORTH (koTopasi peanu3aoBaHa Ha MHOTMX MHUHH- U MHKpoOBM) u usnanue
x)ypHana FORTH Dimensions, Beixoasiiero pas B aBa Mecsina. ComepxkaHue »KypHaJa IMoka-
3bIBaeT, UTO PeNaKLHs MPOSIBJSET HHTEPeC KaK K MOAU(DUKALMK U PACILIHPEHHIO CAMOTO SI3bIKa,



Kaxabld rof, HaunHas ¢ 1980-ro, rpynna FIG coseiBaeT KoHpepeHuuio nox HazBaHnuem FORTH
Modification Laboratory (FORML), uenbto KoTopoil siByisieTcsl BCTpeua MOJb30BaTeNed U CU-
CTEMHBIX NPOrPaMMHCTOB /51 00CYKIeHHsSI BOMPOCOB HaJjbHeHIlero pasBuTHsl s3bika. Kpome
3TOH KoH(pepeHIHH MHCTUTYT mpukaanHbix ucciaenoBanuit ¢pupmbl Applied FORTH Research
exxeronHo opranusyet B Pouectepe (CLHA) kondepenuuio no npumenenuto Popra (Rochester
FORTH Application Conference). MuctutyT nmy6aukyer Tpyabl KOH(EpPeHUHUH U, KPOME TOrO,
npodeccuoHa bHbl xkypHasa Journal of FORTH Application and Research, conepxamuit pede-
patel, 6ubarorpaduueckre CChlJIKM Ha MaTepHuassbl 10 f3blKy PopT ¥ MaTepuasnbl CTyIeHUECKUX
UCCJ/IeJOBAHUH.

['pynmna no crangapTu3aluy nepBoHauyasbHO BO3HUK/A B paMKax MexXayHaponHOro o6benu-
HeHUs acTpoHoMoB. Ha Berpeue B Haunonanbhoit o6cepsartopun Kurra (CLIA) B mae 1977 r.
6bl1 BhipaboTaH rioccapuii sisbika Popt nox wudpom AST.01, a mocse HeCKONBKUX BCTPeY B
EBporne, HakoHel, B ¢eBpasne 1978 r. B ¥rpexre (lonnanmusi) 6ui1 paspaboran cranmgapt 1977
r. (FORTH-77), anpecoBaHHbIl Npexje BCero noJib3oparessiMm MUKpoIBM. B oktsiope 1979
. BCTpeua Ha ocTpoBe KaTannHa 3akoHuusach paspadotkoit cranzapra FORTH-79, koropeiit
pacnpocTpaHsiercss Ha OBM Bcex tunos. Ocenblo 1983 r. cocTosiiach BecTpeua Mo paspaboTke
cranpapra 1983 r, yrBepxkaentnoro B 1984 r, kak FORTH-83. Crannapt ®@opt-83 oriuuaercs
ot crangapra Popr-79 HEKOTOPHIMU AeTaNsIMH, HO He OTJIMYAeTCs OT Hero mo cylectsy. Heko-
TOpble CMELHANUCTbl, B TOM YHCJe U MOCTABIIMKH KOMMepPUeCKHX BEPCUH 513BIKA, CYUTAIOT, YTO
usMeHeHus 1983 r. B syulieM cjydae He NPUBENH K COBEPILEHCTBOBAHHUIO f3blKa, B XYyJILIEM
JKe — BHeCJM HeKOTOpYlo MyTaHuly, nodtomy Kak Popt-83, tak u Popt-79 HMel0T paBHOE
pacmnpocTpaHeHHe, U Mbl paccMaTpuBaeM 3fech obe BepcHd. HecMoTpsi Ha TO, YTO HEKOTOpbIE
M3MeHEHHUs] MOTYT NPHUBECTH K CMeLIeHHI0 00euX BepcHH, OBbLIM BCe XKe HEKOTOpble pa3yMHbIE,
XOTSl U He OYeHb BaXKHBbIE NMPUYUHBI BHECEHUS] ITHUX PA3JHUUUM.

C MomeHTa M3naHHs KHUTHM Obla BeimylieH HoBblH cTangapT ANS FORTH 94, u Teneps
CUTYyalUsl aHAJOTHYHA OMHMCAHHOH Bblllle — CYIIEeCTBYIOT MHOXKECTBO (hOPT-CUCTEM, MOJHOCTbIO
MJIM YaCTUYHO COOTBETCTBYIOIIMX cTaHAapty 83 uau 94. B HoBOM cTaHmapTe Obli0 106aBJEHO
MHOXKeCTBO pacIiupeHHi 6a30Boro cijoBaps (mJjaBaiollasi TO4Ka, (aisbel, AMHAMHYECKas Ia-
MSATb M T.A.), HO IO CUX ITIOp €CTb MHOXECTBO (POPTEPOB, KOTOPHIX HE YCTPAHBAIOT KaKHe-TO
0COOGEHHOCTH HOBOTO CTaHAapTa.

[lenbto cTaHOapTU3aLUK ObLIO CO3aHHe eTUHOTO Habopa cjoB (rioccapusi), UTOOBI MOXHO
OBLIO JIETKO TMePEeHOCHUThb NPOrpaMMbl C OTHOTO KOMIIbIOTepa Ha APYroil (0CoGeHHO ecau OHU
cusnbHO orinyatoTes no OC u xkesesdy, Hanpumep [IK Ha uHTesoBckux mpoueccopax u ZX
Spectrum). Crannapt omnpene/sieT MUHHMaJbHBIH Habop 0053aTesNbHBIX CJIOB H HeoOsi3aTesb-
HbIF HabOp pacLIMPSIIOLIMX CJOB, HAaNpuUMep acceMOJep U CJ0Ba W3 KOHTPOJUPYEMOTO CIIHC-
Ka, BBIMOJHSIOUINE TOUHO onpeneseHHble GyHKUUH. K coxaneHuio, B CTaHIApTe HET HUKAKHUX
yKa3aHUH Ha Takhe Ba)KHble KOMIIOHEHTHI, KaK YHCJa, CUMBOJbHBIE CTPOKH, Ha OPraHM3alLHIo
(aiinoB naHHBIX (CM. 3aMedaHHe Bbllle). KoHLenuuu rpynnsl CTaHAAPTU3ATOPOB YACTHUHO Obl-
JIM TIpUBEJIeHbl B cTaThe ee npeacenarens Y. Parcueisa: "Camoii TpynHOH 3anauedt pazpaboTKu
13bIKa SIBJISIETCS] IPUHSATHE PELIeHHUs O TOM, UTO cjenyeT oTopocuTh. CTaHAApPTH3aTOPB! CTANKHU-
BAIOTCS C 3ajayell YCTaHOBJIEHHS PABHOBECHSI MEXIY MPaKTUYECKH MOJe3HBIMU (PYHKIHUSIMH H
NpoCTeHINMHU (DYHKLUHUAMH, 00eCreynBaoIMMHU [10Jb30BaTeNI0 BO3MOXXHOCTb JOMNOJNHHUTh NPO-
rpaMMHble CPeACTBa, YTOObl pellaTh NMPHUKJIaAHble 3a1auu”. B pedysnprate mosydyusnocs Tak, 4yTo
BO BCeX IMOCTaBJ/sieMbIX Bepcusax PopTa Bo3HHKaeT HEOOXOAUMOCTb B 106aBAE€HUH COOCTBEHHBIX
(PYHKLMOHAJbHO BaXKHBIX CJIOB, YTO NPOTHBOPEUUT Hjee CBOOOAHOH MepeHOCUMOCTH MPOrpaMm
MeXIy Pa3iUYHbIMH KOMIbIOTEPAMH.

[Touemy ke Bce-Taku B PopT He BKJ/IOUEHBI CJIOBA /IS BBIMONHEHHS (PYHKLUHUH, 6€3yCI0BHO
MPeNIyCMOTPEHHBIX B JPYTMX sI3blKax MporpaMMupoBaHusi ? YacTHuHO 3TO 0ObsiCHseTCs Tpa-
OULMOHHBIMU TIPHMEHEHHSIMH $3blKa, OTYaCTH HHTepecaMu rpynnsl FIG u MHoroyucseHHbIX
nosnb3oBartesel sf3bika PopT, B 0COOEHHOCTH JIOOUTENEH, U YAaCTUYHO BO3PAXKEHUSIMU TPYIIIIHI
M0 CTaHAapTH3aLMH. Bo-nepBeIX, TPaAULIHOHHON 06/1acTbi0 NIPUMEHEHHs s3blKa OblJIO yIpaBJie-
HHe YCTaHOBKaMM B peasibHOM Macluitabe BpeMeHH, riae PopT MOAXOAUT HAUIYULIMM 06pPa3oOM.



pallMOHHOM CUCTEMOH W Jpyrue KauyecTBa 3[eCb He CTOJb BaXKHbl, KaK NMpHU pelleHUH OoJee
MpaKTHUEeCKUX 3a/lay, HAlpUMep NPH MPOBEJEHUH HWHKEHEPHbIX PacueToOB WJIM B JI€JOBOH cde-
pe. Bo-BTopbiX, ocHoBHOU 3amauedt rpynmnel FIG 6bl10 pacrnpocTpaHeHHe MpoCcTellleldl BepCHH
s3pika FIGFORTH #u, kak ormeuaetcs B xypHase FORTH Dimensions, 60/bUIHHCTBO 4JI€HOB
FIG nposiBasier uHTepec ckopee K MOOU(HUKALHKSAM $I3blKa, UeM K MPUMEHEHHIO ero B IOBCe-
JIHEeBHOH XKM3HH, U MO3TOMY He MMeIOT MOOYAUTEJbHOTO ToJMYKa K cCHabxKeHHI0 DopTa TakKUMH
¢ynkuuamu. HakoHel, rpynna cTaHAapTH3alUU NPefOCTaBJSET M0Jb30BATENI0 BO3MOXKHOCTb
CaMOMY BBINOJHUTb pa3paboTKy AOMOJHHUTEJNbHBIX UHCTPYMEHTANbHBIX CPEICTB, CBelsl K MUHHU-
MyMy Habop cTaHAapTHbIX cyoB. [Ipu 3Tom Gpems pa3paboTKK Bo3JiaraeTcsl Ha MoJb30BaTe/el
¥ MOCTABIIMKOB TMPOMBILIIIEHHBIX BEPCHH S3bIKa, JHUIIb B TOCJEIHNE TPH rofa HeKOTopble HeoO-
XonuMble (DYHKLUHH OBbLJIK BBEIEHBI B TOCTaBJ/sIEMbIX peannsanusx dopra.

2.2 W3 [ans]

2.3 Forth — The Early Years
Chuck Moore: The Invention of Forth

© Chuck Moore
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2.3.1 Abstract

Forth is a simple, natural computer language. It has achieved remarkable acceptance where
efficiency is valued. It evolved in the 1960s on a journey from university through business
to laboratory. This is the story of how a simple interpreter expanded its abilities to become a
complete programming language/operating system.

2.3.2 Forward 1999

This paper was written for the HOPL II (History of programming languages) conference.
[t was summarily rejected, apparently because of its style. Much of the content was included
in the accepted paper [Rather 1993].

This HTML version was reformatted from the original typescript. Minimal changes were
made to the text. Examples of source code were suggested by reviewer Phil Koopman. They’ve
not yet been added.

2.3.3 Forth

Forth evolved during the decade of the 60s, across America, within university, business
and laboratory, amongst established languages. During this period, [ was its only programmer
and it had no name until the end. This account is retrieved from memory, prompted by sparse
documentation and surviving listings.

Forth is hardly original, but it is a unique combination of ingredients. I'm grateful to the
people and organizations who permitted me to develop it — often unbeknownst to them. And
to you, for being interested enough to read about it.

Forth is a simple, natural computer language. Today it is accepted as a world-class
programming language. That it has achieved this without industry, university or government
support is a tribute to its efliciency, reliability and versatility. Forth is the language of choice
when its efficiency outweighs the popularity of other languages. This is more often the case



A number of Forth organizations and a plethora of small companies provide systems,
applications and documentation. Annual conferences are held in North America, Europe and
Asia. A draft ANSI standard will soon be submitted [ANS 1991].

None of the books about Forth quite capture its flavor. I think the best is still the first,
Starting Forth by Leo Brodie [Brodie 1981]. Another window is provided by JFAR’s invaluable
subject and author index [Martin 1987].

The classic Forth we are discussing provides the minimum support a programmer needs to
develop a language optimized for his application. It is intended for a work-station environment:
keyboard, display, computer and disk.

Forth is a text-based language that is essentially context-free. It combines 'words’ separated]]
by spaces, to construct new words. About 150 such words constitute a system that provides
(with date of introduction)

SAO 1958 Interpreter

SLAC 1961 Data stack

RSI 1966 Keyboard input
Display output, OK
Editor

Mohasco 1968 Compiler
Return stack
Dictionary
Virtual memory (disk)
Multiprogrammer
NRAO 1971 Threaded code
Fixed-point arithmetic

Such a system has 3-8K bytes of code compiled from 10-20 pages of source. It can easily
be implemented by a single programmer on a small computer.

This account necessarily follows my career. But it is intended to be the autobiography of
Forth. I will discuss the features listed above; and the names of the words associated with
them. The meaning of many words is obvious. Some warrant description and some are beyond
the scope of this paper.



Interpreter

WORD NUMBER INTERPET ABORT
HASH FIND ’ FORGET
BASE OCTAL DECIMAL HEX
LOAD EXIT EXECUTE (
Terminal
KEY EXPECT EMIT CR
SPACE SPACES DIGIT TYPE
DUMP
Data stack
DUP DROP SWAP OVER
+ - * /
MOD NEGATE
ABS MAX MIN
AND OR XOR NOT
0< 0= =
@ ! +1 C@ C!
SQRT SIN.COS ATAN EXP LOG
Return stack
: PUSH POP I
Disk
BLOCK UPDATE FLUSH
BUFFER PREV OLDEST
Compiler
CREATE ALLOT , SMUDGE
VARIABLE CONSTANT
[ | LITERAL COMPILE
BEGIN UNTIL AGAIN WHILE REPEAT
DO LOOP +LOOP IF ELSE THEN

2.3.4 MIT, SAO, 1958

October, 1957 was Sputnik — a most exciting time. I was a sophmore at MIT and got a
part-time job with SAO (Smithsonian Astrophysical Observatory, 14 syllables) at Harvard.

SAO was responsible for optical tracking of satellites — Moonwatch visual observations
and Baker-Nunn tracking cameras. Caught off-guard by Sputnik, they hired undergraduates
to compute predictions with Friden desk calculators. John Gaustad told me about MIT’s IBM
EDPM 704 and loaned me his Fortran II manual. My first program, Ephemeris 4, eliminated
my job [Moore 1958].

Now a Programmer, I worked with George Veis to apply his method of least-squares
fitting to determine orbital elements, station positions and ultimately the shape of Earth [Veis
1960]. Of course, this part-time job was at least 40 hours, and yes, my grades went to hell.

At MIT, John McCarthy taught an incredible course on LISP. That was my introduction
to recursion, and to the marvelous variety of computer language. Wil Baden has noted that
LISP is to Lambda Calculus as Forth is to Lukasewcleicz Postfix.

APL was also a topical language, with its weird right-left parsing. Although I admire and
emulate its operators, I'm not persuaded they constitute an optimal set.

The programming environment in the 50s was more severe than today. My source code
filled 2 trays with punch cards. They had to be carried about to be put through machines,
mostly by me. Compile took 30 minutes (just like C) but limited computer time meant one



So I wrote this simple interpreter to read input cards and control the program. It also
directed calculations. The five orbital elements each had an empirical equation to account for
atmospheric drag and the non-spherical Earth. Thus I could compose different equations for
the several satellites without re-compiling.

These equations summed terms such as P2 (polynomial of degree 2) and S (sine). 36-
bit floating-point dominated calculation time so overhead was small. A data stack was
unnecessary, and probably unknown to me.

The Forth interpreter began here with the words

WORD NUMBER INTERPRET ABORT

They weren’t spelled that way because they were statement numbers.

INTERPRET uses WORD to read words separated by spaces and NUMBER to convert
a word to binary (in this case, floating-point). Such free-format input was unusual, but was
more efficient (smaller and faster) and reliable. Fortran input was formatted into specific
columns and typographic errors had caused numerous delays.

This interpreter used an IF ... ELSE IF construct, coded in Fortran, finding a match on
a single character. Error handling consisted of terminating the run. Then, as now, ABORT
asked the user what to do. Since input cards were listed as they were read, you knew where
the error was.

2.3.5 Stanford, SLAC, 1961

In 1961 I went to Stanford to study mathematics. Although Stanford was building its
computer science department, I was interested in real computing. I was impressed that they
could (dared ?) write their own Algol compiler. And I fatefully encountered the Burroughs
B5500 computer.

[ got another ’part-time’ job at SLAC (Stanford Linear Accelerator Center, 12 syllables)
writing code to optimize beam steering for the pending 2-mile electron accelerator. This was
a natural application of my least-squares experience to phase-space. Hal Butler was in charge
of our group and the program, TRANSPORT, was quite successful.

Another application of least-squares was the program CURVE, coded in Algol (1964). It is
a general-purpose non-linear differential-corrections data-fitting program. Its statistical rigor
provides insight into agreement between model and data.

The data format and model equations were interpreted and a push-down stack used to
facilitate evaluation. CURVE was an impressive precursor to Forth. It introduced these words
to provide the capability to fit models much more elaborate than simple equations:

+ - & NEGATE
IF  ELSE THEN <

DUP DROP SWAP

: ; VARIABLE ! (
SIN ATAN EXP LOG

Spelling was quite different:

NEGATE was MINUS

DROP ;

SWAP .

! <
VARIABLE DECLARE

; END



The interpreter used IF ... ELSE IF to identify a 6-character input word called ATOM
(from LISP). DUP DROP and SWAP are 5500 instructions; I'm surprised at the spelling
change. The word : was taken from the Algol label format, flipped for left-right parsing (to
prevent the interpreter encountering an undefined word):

Algol — LABEL:
CURVE — :LABEL

In fact, : marked a position in the input string to be interpreted later. Interpretation was
stopped by ; . A version of : was named DEFINE .

The store operator ( ! ) appeared in connection with VARIABLE . But fetching ( @
) was automatic. Note the input had become complex enough to warrant comments. The
sometime-criticised postfix conditional dates from here:

Algol — IF expression THEN true ELSE false
CURVE — stack IF true ELSE false THEN

True is interpreted if stack is non-zero. THEN provides unique termination, the lack of
which always confused me in Algol. Such expressions were interpreted: IF would scan ahead
for ELSE or THEN.

The word < introduces the convention that relations leave a truth value on the stack, 1
for true and O for false. The transcendental functions are, of course, library calls.

2.3.6 Free-lance

[ left Stanford in 1965 to become a free-lance programmer in the New York City area.
This was not unusual, and [ found work programming in Fortran, Algol, Jovial, PL/I and
various assemblers. I literally carried my card deck about and recoded it as necessary.

Minicomputers were appearing, and with them terminals. The interpreter was ideal for
teletype input, and soon included code to handle output. So we aquire the words

KEY EXPECT EMIT CR
SPACE SPACES DIGIT TYPE

EXPECT is a loop calling KEY to read a keystroke. TYPE is a loop calling EMIT to
display a character.

With the TTY came paper-tape and some of the most un-iriendly software imaginable —
hours of editing and punching and loading and assembling and printing and loading and testing
and repeating. I remember a terrible Sunday in a Manhattan skyscraper when I couldn’t find
splicing tape (nothing else works) and swore that 'There must be a better way’.

[ did considerable work for Bob Davis at Realtime Systems, Inc (RSI). I became a 5500
MCP guru to support his time-sharing service (remote input to a mainirame) and wrote a
Fortran-Algol translator and file editing utilities. The translator taught me the value of spaces
between words, not required by Fortran.

The interpreter still accepted words with the first 6 characters significant (the 5500 had
48-bit words). The words

LIST EDIT BEGIN AGAIN EXIT

appear, with BEGIN ... AGAIN spelled START ... REPEAT and used to bracket the editor
commands

T TYPE I INSERT D DELETE F FIND

later used in NRAOQ’s editor. The word FIELD was used in the manner of Mohasco and



One of Forth’s distinctive features comes from here. The rule is that Forth acknowledge
each line of input by appending OK when interpretation is complete. This may be difficult, for
when input is terminated by CR a blank must be echoed, and the CR included with OK. At
RSI, OK was on the next line, but it still conveyed iriendly reassurance over an intimidating
communications line:

56 INSERT ALGOL IS VERY ADAPTABLE
OK

This postlix notation suggests a data stack, but it only had to be one deep.

2.3.7 Mohasco, 1968

In 1968 I transformed into a business programmer at Mohasco Industries, Inc in Amsterdamj]]
NY. They are a major home-furnishing company — carpets and furniture. I had worked with
Geoff Leach at RSI and he persuaded me to follow him up-state. I had just married, and
msterdam has a lovely small-town atmosphere to contrast with NYC.

[ rewrote my code in COBOL and learned the truth about business software. Bob Rayco
was in charge of Corporate data processing and assigned me two relevant projects:

He leased an IBM 1130 minicomputer with a 2250 graphic display. The object was to see
if computer graphics helped design patterned carpets. The answer was 'not without color’ and
the 1130 went away.

Meanwhile 1 had the latest minicomputer environment: 16-bit CPU, 8K RAM, disk (my
first), keyboard, printer, card reader/punch, Fortran compiler. The reader/punch provided disk
backup. I ported my interpreter again (back to Fortran) and added a cross-assembler to
generate code for the 2250.

The system was a great success. It could draw animated 3-D images when IBM could
barely draw static 2-D. Since this was my first real-time graphics, I coded Spacewar, that first
video game. I also converted my Algol chess program into Forth and was duely impressed
how much simpler it became.

The file holding the interpreter was labeled FORTH, for 4th (next) generation software —
but the operating system restricted file names to 5 characters.

This environment for programming the 2250 was far superior to the Fortran environment,
so | extended the 2250 cross-assembler into an 1130 compiler. This introduced a flock of
words

DO LOOP UNTIL

BLOCK LOAD UPDATE FLUSH

BASE CONTEXT STATE INTERPRET DUMP

CREATE CODE ;CODE CONSTANT SMUDGE

@ OVER AND OR NOT 0= 0<

They were still differently spelled
LOOP was CONTINUE

UNTIL END
BLOCK GET
LOAD READ
TYPE SEND
INTERPRET QUERY
CREATE ENTER
CODE the cent symbol

The only use I've ever found for the cent symbol. The loop index and limit were on the



BLOCK manages a number of buffers to minimize disk access. LOAD reads source from
a 1024-byte block. 1024 was chosen as a nice modular amount of disk, and has proven a good
choice. UPDATE allows a block to be marked and later rewritten to disk, when its buffer is
needed (or by FLUSH ). It implements virtual memory and is concealed in store (! ) words.

BASE allows octal and hex numbers as well as decimal. CONTEXT was the first hint
of vocabularies and served to isolate editor words. STATE distinguished compiling from
interpreting. During compilation, the count and first 3 characters of a word were compiled for
later nterpretation. Strangely, words could be terminated by a special character, an aberration
quickly abandoned. The fetch operator ( @ ) ppeared in many guises, since fetching from
variables, arrays and disk had to be distinguished. DUMP became important for examining
memory.

But most important, there was now a dictionary. Interpret code now had a name and
searched a linked-list for a match. CREATE constructs the classic dictionary entry:

link to previous entry
count and 3 characters
code to be executed
parameters

The code field was an important innovation, since an indirect jump was the only overhead,
once a word had been found. The value of the count in distinguishing words, I learned from
the compiler writers of Stanford.

An important class of words appeared with CODE . Machine instructions followed in the
parameter field. So any word within the capability of the computer could now be defined.
;CODE specifies the code to be executed for a new class of words, and introduced what are
now called objects.

SMUDGE avoided recursion during the interpretation of a definition. Since the dictionary
would be searched from newest to oldest definitions, recursion would normally occur.

Finally, the return stack appeared. Heretofor, definitions had not been nested, or used the
data stack for their return address. Altogether a time of great innovation in the punctuated
evolution of Forth.

The first paper on Forth, an internal Mohasco report, was written by Geoff and me [Moore
1970]. It would not be out of place today.

In 1970 Bob ordered a Univac 1108. An ambitious project to support a network of leased
lines for an order-entry system. I had coded a report generator in Forth and was confident
[ could code order-entry. I ported Forth to the 5500 (standalone !) to add credibility. But
corporate software was COBOL. The marvelous compromise was to install a Forth system on
the 1108 that interfaced with COBOL modules to do transaction processing.

[ vividly recall commuting to Schenectady that winter to borrow 1107 time 3rd shift. My
TR4-A lacked floor and window so it became a nightly survival exercise. But the system
was an incredible success. Even Univac was impressed with its efficiency (Les Sharp was
project liason). The ultimate measure was response time, but I was determined to keep it
maintainable (small and simple). Alas, an economic downturn led Management to cancel the
1108. I still think it was a bad call. I was the first to resign.

1108 Forth must have been coded in assembler. It buffered input and output messages and
shared the CPU among tasks handling each line. Your classic operating system. But it also
interpreted the input and PERFORMed the appropriate COBOL module. It maintained drum
buffers and packed/unpacked records. The words

BUFFER PREV OLDEST
TASK ACTIVATE GET RELEASE

date from here. BUFFER avoided a disk read when the desired block was known empty.



management. TASK defines a task at boot time and ACTIVATE starts it when needed. GET
and RELEASE manage shared resources (drum, printer). PAUSE is how a task relinquishes
control of the CPU. It is included in all I/O operations and is invisible to transaction code. It
allows a simple round-robin scheduling algorithm that avoids lock-out.

After giving notice, I wrote an angry poem and a book that has never been published. It
described how to develop Forth software and encouraged simplicity and innovation. It also
described indirect-threaded code, but the first implementation was at NRAO.

[ struggled with the concept of meta-language, language that talks about language. Forth
could now interpret an assembler, that was assembling a compiler, that would compile the
interpreter. Eventually 1 decided the terminology wasn’t helpful, but the term Meta-compile
for recompiling Forth is still used.

2.3.8 NRAO, 1971

George Conant offered me a position at NRAO (National Radio Astronomy Observatory, 15
syllables). I had known him at SAO and he liked Ephemeris 4. So we moved to Charlottesville
VA and spent summers in Tucson AZ when the radio-telescope on Kitt Peak was available
for maintainance.

The project was to program a Honeywell 316 minicomputer to control a new filter-bank
for the 36’ millimeter telescope. It had a 9-track tape and Tektronix storage-tube terminal.
George gave me a free hand to develop the system, though he wasn’t pleased with the result.
NRAO was a Fortran shop and by now [ was calling Forth a language. He was right in that
organizations have to standardize on a single language. Other programmers now wanted their
own languages.

Anyhow, [ had coded Forth in assembler on the IBM 360/50 mainframe. Then I cross-
compiled it onto the 316. Then I re-compiled it on the 316 (Although I had a terminal on the
360, response time was terrible). The application was easy once the system was available.
There were two modes of observing, continuum and spectral-line. Spectral-line was the most
fun, for I could display spectra as they were collected and fit line-shapes with least-squares
[Moore 1973].

The system was well-received in Tucson, where Ned Conklin was in charge. It did advance
the state-of-the-art in on-line data reduction. Astronomers used it to discover and map inter-
stellar molecules just as that became hot research.

Bess Rather was hired to provide on-site support. She had first to learn the Forth system
and then explain and document it, with minimal help from me. The next year I reprogrammed
the DDP-116 to optimize telescope pointing. The next, Bess and I replaced the 116 and 316
with a DEC PDP-11.

The development that made all this possible was indirect-threaded code. It was a natural de-
velopment from my work at Mohasco, though I later heard that DEC had used direct-threaded
code in one of their compilers. Rather than re-interpret the text of a definition, compile the
address of each dictionary entry. This improved efficiency for each reference required only 2
bytes and an address interpreter could sequence through a definition enormously faster. In
fact, this interpreter was a 2-word macro on the 11:

: NEXT IP )+ W MOV W )+ ) JMP ;

Now Forth was complete. And I knew it. I could write code more quickly that was more
efficient and reliable. Moreover, it was portable. I proceeded to recode the 116 pointing the
300’ Green Bank telescope, and the HP mini that was inaugurating VLBI astronomy. George
gave me a ModComp and I did Fourier transforms for interferometry and pulsar search (64K
data). I even demonstrated that complex multiply on the 360 was 20% faster in Forth than
assembler.

NRAO appreciated what I had wrought. They had an arrangement with a consulting firm



software patents were controversial and might involve the Supreme Court, NRAO declined to
pursue the matter. Whereupon, rights reverted to me. I don’t think deas should be patentable.
Hindsight agrees that Forth’s only chance lay in the public domain. Where it has flourished.

Threaded-code changed the structure words (such as DO LOOP IF THEN ). They acquired
an elegant implementation with addresses on the data stack during compilation.

Now each Forth had an assembler for its particular computer. It uses post-fix op-codes
and composes addresses on the data stack, with Forth-like structure words for branching. The
manufacturer’s mnemonics are defined as word classes by ;CODE . Might take an afternoon
to code. An example is the macro for NEXT above.

Unconventional arithmetic operators proved their value

M* %/ /MOD SQRT
SIN.COS ATAN EXP LOG

M* is the usual hardware multiply of 2 16-bit numbers to a 32-bit product (arguments,
of course, on the data stack). */ follows that with a divide to implement rational arithmetic.
/MOD returns both quotient and remainder and is ideal for locating records within a file.
SQRT produces a 16-bit result from a 32-bit argument. SIN.COS returns both sine and
cosine as is useful for vector and complex arithmetic (FFT). ATAN is its inverse and has no
quadrant ambiguity. EXP and LOG were base 2.

These functions used fixed-point arithmetic — 14 or 30 bits right of a binary point for trig,
10 for logs. This became a characteristic of Forth since it’s simpler, faster and more accurate
than floating-point. But hardware and software floating-point are easy to implement.

I'd like to applaud the invaluable work of Hart [Hart 1978] in tabulating function approximationsjj
with various accuracies. They have provided freedom from the limitations of existing libraries
to those of us in the trenches.

The word DOES> appeared (spelled ;: ). It defines a class of words (like ;CODE ) by
specifying the definition to be interpreted when the word is referenced. It was tricky to
invent, but particularly useful for defining op-codes.

Nonetheless, I failed to persuade Charlottesville that Forth was suitable. [ wasn’t going to
be allowed to program the VLA. Of any group, 25% like Forth and 25% hate it. Arguments
can get violent and compromise is rare. So the friendlies joined forces and formed Forth, Inc.
And that’s another story.

2.3.9 Moral

The Forth story has the making of a morality play: Persistant young programmer struggles
against indifference to discover Truth and save his suffering comrades. It gets better: Watch
Forth. Inc go head to head with IBM over a French banking system.

[ know Forth is the best language so far. I'm pleased at its success, especially in the
ultra-conservative arena of Artificial Intelligence. I'm disturbed that people who should, don’t
appreciate how it embodies their own description of the ideal programming language.

But I'm still exploring without license. Forth has led to an architecture that promises a
wonderful integration of software and silicon. And another new programming environment.
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3 OcCHOBBI 93bIKa

3.1 Apudmernueckue onepanumn

Hakoneln, B 3ToM MecTe Bbl MOXKeTe 3a/aTb BOMPOC: NOJKHBI JIU Mbl PaboTaTh TOJBKO C
uespiMu yucaaMmu ? Cam no cebe Poprt, onpeneseHHbH B COOTBETCTBUH CO CTAaHAApTaMHM, He
NpUMeHsIeT apu(PMeTHUKH C TJaBaoLleld 3ansTou.

MHorue cyuTalOT, YTO LEJOYUCTEHHOH apU(PMeTUKH BIOJHE NOCTATOUHO IJIs pa3paboTKH
porpaMM yIpaBJieHUsl 000pyl0BaHUeM, aBTOMAaTHKH, KOMIIBIOTEPHBIX UTP U 00pabOTKHU TEKCTO-
BOW MH(OpPMALHU.

Ho nns pelueHusi TeXHHYeCKHX W HayUHbIX 33/1a4 3TOr0 IBHO HEOCTATOUHO. XOTS AeHCTBUS
C LeJBIMH YMCJIAaMH BBINOJHAIOTCA OBICTpee, a B APYTMX $I3bIKax MPOrPaMMHPOBAHUS HCIIOJb-
30BaHHMEM UHCeJ C MJaBawolLled 3ansgToHd MHOIZA Ype3MepHO YBJEKalTCs, BCe XKe OblBaeT, uTo
LeJible YUC/a NPy pelleHUH NPaKTHUeCKUX 3aJau OKa3blBAIOTCS HempuMeHUMbIMU. [lasee OynyT
paccMOTpeHbl IPUEMBl BBIUMCJEHHS C IPUMEHEHHEM LieJbIX YUCeJ, a TaKXKe ClellMa/bHbIX anmna-
pPaTHBIX CPEACTB WJIM WX MPOrpaMMHON 3ameHbl. M, KpoMe, TOro y3HaeM 3HAUUTEJbHO OOJbLIE
0 APYTHX apU(pMeTHUYeCKHUX orepauusix B s3bike DopT.

Mbl yxe He pa3 TOBOPHJIM O TOM, YTO KOMIBIOTEPBl UCMOJb3YIOTCS HE TOJbKO IJIs1 BbIUKC-
JIEHWH, HO ¥ BO MHOTHX JAPYTHX OOJACTSIX, OAHAKO, YTO Obl OHH HHU JeJajd, OHU UMEIT &0
¢ yucaaMu. Jrta 6oJblias ryaBa MpeacTaBiseT co00H UTO-TO BpPOAe MOMYPPH Ha TeMy YHCeJ.
OnHako ecsii B MpPeAbIAYLIUX U OOJBLUIMHCTBE CJAEAYIOLIUX IJ1aB [Js J0O00H cepbe3HOH padoThl
0 MPOrPaMMHPOBAHHUIO OblJI HYXKEH BeChb MaTepuaJs, TO HEKOTOpble YacTH 3TOH TIJaBbl TOTpe-
OyloTCs BaM TOJIBKO B TOM CJydae, ec/lH Bbl OyjleTe 3aHMMaTbCsl "TepeMasbiBaHueM"duncen'®,
Hanprumep o6paboOTKOH pe3y/bTaTOB KCIIEPUMEHTOB UM MOLENUPOBAHHEM.




Kak MHHHMYM, Bbl IOJKHBI U3yYUTb 3TO BBeleHHe W pasnessl 3.1.1, 3.1.2, 3.1.3. Ecau B
Oynete paboTaTh C OueHb OOJbIIMMH UACJAAMH U APOOSIMH, BaM HYKHO M3yUWUTb pasnesbl 3.1.4,
3.1.5, 3.1.6 u 3.1.7. A ecsu Bac uHTepecyeT paboTa C UHUCJAMH C MJaBalLIeld 3ansToH, BbI
JOJIXKHBI TIPOUUTATh paszies 7.

K HacrosillieMy BpeMeHH Bbl U3yUHJ/IH UeThIpe apu(MeTHYeCKHe ONepallu: CJA0KeHHe, BBIYU-
TaHUe, YMHOXKEHHe U JieJleHHe U COOTBeTCTBYoIIMe cioBa Popra +, -, * u /. Ham ocraercs masgo
4yTO 100aBUTb, KPOMe KaK YIIOMSHYTb O MOTEHLIMAJbHO BO3MOXKHOMH NpobJeMe apupMeTHUeCKOro
TepenoJHeHHUS.

[Tpenmonoxum, Bel ckaanbiBaete unciaa 36000 u 37000. PesysnbraT moxeH paBHATbCS
73000; T.e. 6bITb Oogsblie, ueM 16-pas3psifHOe YMCI0, KOTOPOE MOXKET ObITh B CTeKe 16-OGMTHOrO
®opra. AHajoruuHas CUTyaldsi BO3HUKAET M B CHUCTeMax JII0OOH APYrod paspsimHocTH (32- U
64-) — TOJIBKO B 3TOM CJlyuae 3T YKCJa HA MHOTHE TIOPSIAKH OGOJIbIle, TOITOMY BBl MOXKETe U
He CTOJNIKHYTbCS C TAKOH CUTyalLHeH, ecyid He MHULIeTe COOTBETCTBYIOMIMUX MPOrpaMM AJst paboThl
C TaKMMH 00JbLIMMH uncaaMu. Hanpumep, ecau Bbl nuilete 6yXraaTepckyro NMporpaMmy, Bbl-
MOJIHSAIONLYI0 BCE BBIYMCJEHHS B KOTEHKax /M NeCATHYHBIX NOJAX Komeek'®, Bama mporpamma
OyneT HOpMaJ/bHO paboTaTh BO Bcex MeJKUX pupMmax Tuna Bacs [lynkun u Ko, Ho npu nomnbit-
Ke ee HCI0/b30BaHUs KaKOH-HUOYAb TPaHCHALIMOHANBHON KOpriopalueil ¢ OrpOMHBIM G101 KETOM
MOKeT BBIJIE3TH OLIMOKA MepernoHeHusl.

DTO U eCThb NepernosHeHne, KOTopoe TPUBOIHUT K HEBePHOMY pesy/bTaTy. Bo Bcex 16-6uTHBIX
Bepcusix Popra B pesdysabrare caoxeHus 36000 u 37000 6ynmer mosyuatbess 7464, 4yto, oue-
BHUJIHO, HEBEPHO.

[TepenosHeHHe MOxKeT BOZHUKHYTb TaK:Ke MpU omepauusx * u -. HekoTopele i3bIKM MOTYT

00HapYKHUTb OLIMOKY MepernosHeHUs U MO0 MpeKpPaTUTh UCTIOJIHEHHE TPOrPaMMBbl, THO0 BbIAATD
coobuleHue 06 owubke, Popt 3T0ro He caenaet. [louemy ? [loromy uTo mpoBepka Ha HasnHyue
omn6oK 3aHuMmaeT BpeMmss IBM, u 006blYHO HemaJsioe, TO3TOMY, YTOOBI He CHHUXKAThb CKOPOCTH
paboTbl, 3a60Ty 00 H3bexaHUHU olInO0K PopT mpenocTaBJsieT nporpaMMucty. Bropas npuuuHa
— XKeJlaHue, 4ToObl IporpaMma paboTaJa, Aaxe ec/au MPOoU30LIIa OlKOKa.

Hac uHTepecyeT mpoBepKa BO3HHKHOBEHHs TeperoJHEHHWs U ero mnpenoTBpaileHue. Kak
ObITb, €CJIM Bbl XOTUTe paboTaTh ¢ yucaaMu 6GoJgbiue 32767 uad MeHblIUMH -32767, T.e. C
yucsaaMu 6osbliie 65535, ecsid He YUUTHIBaTh 3HaKa. MiMeercst 1Ba crocoba pelieHUs: STOH Mpo-
6sembl. ONMH U3 HUX — 3TO HUCIOJb30BaHUe TaK Ha3blBA€MbIX YHCEJ NBOMHOM AJNHHBI (HUJIH, KaK
MHOT/1a TOBOPSIT, ABOMHOH TOUHOCTH MJIK MPOCTO JABOHHBIX YHCEJ), KOTOPbIE MPENCTaBJSIOTCS 32
paspsinamu. I[pyroii — B HUCMOJb30BaHUM YMCEJ C TJaBaolleld 3ansTod (Mpu 3TOM BBl TMOJNYYH-
Te GOJBIIYIO MOTEPI0 TOUHOCTH, UMEHHO MO3TOMY MCIOJb30BaHHE TaKHUX UHCE] B (PMHAHCOBBIX
pacyeTax BOCIpEIaeTcs).

3.1.1 OmnepaTopsl a5 padoThl C HEOOJBIMINMH YUCIAMH

B cranpaprax onuchiBalOTCS HECKOJBKO CellHalbHbIX Onepalui 15 paboThl ¢ HEOOMbILIUMHU
yncaamu, tuna dto 1+, 1-, 2+ u 2-, 2%, 2/ u T.n. ITH omepalyy BBIMNOJIHSIOT TO, UTO U CJELYET
0XKHJAaTh, paboTasi ¢ YUKCJAOM, HAXOASIIUMCS Ha BepLIMHE CTeKa, T.e. MPOU3BOAAT YMHOXKEHHE,
JeJIeHHe, CJ0XKEeHHe H




3.1.2 HexoTopbie npodJeMbl onepauy AeJeHUs

3.1.3 Onepauuu c BeJUUYNHAMHU U 3HAKAMU YHUCEJ

3.1.4 Iloyemy mcnoab3ylTCH LieJable Yuciaa ?

3.1.5 MacmrabéupoBaHue 4uces

3.1.6 Ywucjaa 1BOMHONA NJUHBI

3.1.7 CoBMecTHOe NMpUMEHEHHE YHCeJ OOMHAPHOW U IBOMHOW IJIMHBI
3.1.8 trash

ApudmeTnyeckuil cTeK — OCHOBHOE MOJie [Jis BBIMOJHEHHUS apuU(PMeTHUYeCKHUX HeHCTBHH
M XpaHEeHHUsl MPOMEeKYTOUHbIX pe3yJ/bTaTOB BblUuMcJAeHUH. Hano ToNbKO MOMHHTB, 4TO 3HaK
onepaiuu (TouHee cJ0BO, o6o3Hauamwllee onepauuio) nuiercs [TOCJIE Toro, Kak apryMmeHThI
B CTeKe yxKe pa3MellleHbl.

Tekct

13 3 -

noMeriaer B cteK yucgao 10, Tak Kak cjoBO = (MHHYC) H3BJI€KaeT M3 CTeKa ABa YMCJa,
CriepBa BbHIYHTAEMOe, TIOTOM YMEHbIIaeMoe, U MOMeIlaeT B CTeK UX PasHOCTD:

a b -——> ... a-b

+ ... a b -—> ... atb

* ... a b -—> ... a*b

ABS ... a -—> e |al

NEGATE .. a -——> -a

/ ... a b -—> ... llejyas 4acTb

MOD ... a b -—> ocTaTokK

/MOD ... a b -——> ... OCTaTokK 1jesiasg yacTb

B Tpex mocjieqHUX cJ0BaX MMEIOTCS B BUAY OCTAaTOK M liejiasi 4aCThb YacTHOTO OT JeJIeHHSsI
a Ha b. Tak, npu nensenun 26 Ha 7 UMeeM:

26 7 / -——> 3
26 7 MOD --> 5
26 77 /MOD --> 5 3

HwmeroTcest crnieniMasibHble ¢loBa 1151 1eHUCTBUE ¢ 1 U 2 (OHU BBIMOJIHSIIOTCS HEMHOTO OBICTpEE)

1+ ... a --> ... atl



4 TIlpunHuunsl padoTbl HOPT-CUCTEMBI

4.1 CospgaHue cJjoB-onpeneauTesen

4.2 Ilamarp Popra, cl0Bapy U KOHTEKCTHbIE CI0Bapu

4.2.1 Kopodaitn

Konodaitisom Oymnem Has3biBaTb yuyacTOK MaMsTH, B KOTOPOM pacroJiaraioTcesi Habop CJoB
®dopT-cucTeMbl ¥ HOBblE CKOMIHUJMPOBAHHBIE CJ0BA, HAMHCAHHbIE MOJb30BaTesNeM. 31eCh XKe
pasMellalTcsl KOHCTAHThl U nepeMeHHble. [[amMsATh 3aHKMMaeTcsi B HampaBJeHUM BO3pacTaHUS
azpecoB, NMpU 3TOM cBoOONHAs MaMsATb HaXOAMTCS B KoHUe cJjoBapsi. MHorma nBa cocenHux
GaiiTa HasblBalOT s4eiikod. Torna agpecom suelKH CuMTaeTcs aapec mJuaniiero 6aira (To ecTb
6afiTa ¢ MeHbIIUM afpecoM). Mur 6ynem HasbiBaTh BEPILIMHOWM CJIOBAPSI nepsuiii cBo6os-
HbIH 6alT namsatd. OT nporpammucta Tpebyercsi ocob6asi OCTOPOKHOCTb MPH padoTe ¢ MaMATbHIO:
MU3MeHeHUs], 3allUCaHHble B Y€Ky C OLIMOOUHBIM aapecoM, MOTYT HapyLIHUTh (DYHKIIMOHHUPOBA-
Hue DopT-cUCcTeMBl TaK, UTO MoTpedyeTcs ee nepesarpyskal

BoT HekoTOpble cTaHAApPTHBIE CJ0BA Js1 paboThl ¢ KOLO(paHIOM:

HERE “e --> ... addr

Ha crek knanercss appec BepiinHbl Kopgo(aiina. C MOMOLIBIO 3TOr0 C€J0Ba MOXHO OIpe-
NeJUTh, KaKol oO0beM mamsiTU TpebyeTcsl AJs1 Joboro gparMeHta Bamieil nporpammbl - Hano
CpaBHUTL 3HaueHUsT HERE 10 KOMIOUJSALHWU U IOCJIe Hee.

ALLOT ... n -—> ...

PesepBupytoTest n 6aiiToB cBOOOAHOH MaMsATH: afpec BepIIUHb Kopodaiia yBeJUuUBaeTCs
Ha n (a npu n<0 yMmeHbIuaeTcs).

3aHaTHe ABYX 0alTOB B KoJgo(alae U 3alUCh TyAa Nn.
! c..oa addr -—> ...

D10 ¢JI0BO (BOCKJ/MIIATEbHBIH 3HAK, YUTAETCS "'3alIOMHHTD") CJYXKHUT /51 3alTUCH 3HAUEHHSI
MO JAHHOMY ajpecy.

@ ... addr -—> ... a

CsoBo @ (yuTaercst "B3ATb") KJaleT B CT€K 3HAUeHHe, XpaHslleecs MO afpecy, JeKalleMmy
Ha cteke. CaM ajpec U3 CTeKa MPU 3TOM yOHpaeTcs.

+! ... a addr -—>

K HHUCJY, PACIOJJOKEHHOMY IO afpecy addr, HpI/I6aBJIHeTCH 3Ha4YeHHe a. p€3y.HbTaT coxpa-



4.3 MHuTrepnperauusi, KOMIUJIALMS U UCTIOJHEHNE
5 Co3gaHue KOMOUJIATOPOB U (POPT-CUCTEM

5.1 Co3paHue cOOCTBEHHBIX KOMITMJISATOPOB

Ecsin BaM MpHUCIUYMIO HAaMMCcaTbh COOCTBEHHBIH KOMIMJSATOP $13bIKA BBICOKOTO HMJIH CBEpPX-
BBICOKOTO YPOBHS, HO MpPHU 3TOM XOYeTCSl 3TO JeJO MaKCUMaJbHO YNPOCTUTb — MCIOJb3yHTE
MonupUKauuio si3pika Popr.

@®opT — camblil TPOCTOH MO CUHTAKCUCY U peanusauuu u3 ABY, Hanucatb KOMIUASITOP A5
®DopTa cmoxeT M060H YaHHUK, 0COOEHHO ecJii OYeT UCMONb30BaTh 3Ty KHUTY KaK CIPAaBOYHHUK.

HmenHo npoctotolt PopT v 0OAHOBPEMEHHO €ro KpalHe HU3KUMU TPeOOBAHUAMH K KOMIIbIO-
Tepy OOBSICHSIETCS TO, UTO CO3[aHbl IeCATKH KoMIUasaTopoB PopTa A5 BCeX CyILIeCTBYIOLUIUX
KOMITBIOTEPOB, Ja)Ke MJ51 CAMBbIX XHJbIX MHKPOKOHTpoJiepoB ¢ O3Y Bcero Heckosbko K6.

B 3Toll KHUTe onKcaHa MeTOAMKA, KOTOpas yIPOCTUT HamucaHue cBoero dopra Ha MopsiioK
— Telnepb BaM Jaxke He HYKHO MHCATh CBOH MHTEPNpPeTaTop U CTAaHAAPTHBIH HabOp CJOB, H0-
CTaTOUHO B35ITh OTOBYIO UyXKYyI0 (DOPT-CHCTEMY U N00aBUTb K Hel NMPOCTEHIIHH KOMIUAATOP B
6aliT-Kon, a UHTeprpeTaTop O0aliT-KoAa HalUCcaTh Ha JI0OOM APYroM si3bike, acceMOJepe WU [a-
JKe cleiaTh COOCTBEHHBIH CTEKOBBIH MPOLECCOP, UCTOJb3YS TepenporpaMMHUpyeMble JOTHUECKHe
matpuiibl upM Altera uau Xilinx.

5.2 IleseBass KOMOHUJIALMSA

3HaueHWe TepMHHA Komnuaiyus B PopTe oTIHYaeTCss OT €ro TPaAULHMOHHOIO NpPUMeHe-
Husi. OOBIYHO TMOJ KOMIUJSILKMEH MoapasyMeBaeTcss 00paboTKa TEKCTOBBIX (hailjioB ¢ TeKCTa-
MU NPOrpaMM M reHepalusi MallMHHOTO WM GalT-koma. B ®opre Komnumsuueld HasblBaeTcs
no6aBjeHue 0aWTOB B CJOBapb B MpoOLlecce ONpefieseHUs HOBBIX CJOB M CTPYKTYp HNaHHBIX.
Komnuasitopom B @opte sBasitores cjoBa C, U , , KOTopble 100aBJSIOT HA BEPLIMHY CJ0Baps
COOTBETCTBeHHO 6alT nau cell (mamuHHOe coB0). OcTanpHBIE KOMIHAKPYIOKe cjoBa PopTa
paboTaloT yepe3 3TH CJIOBa.

Hlrarubiii komnuaatop @POPTa cnocoben Tosnbko no6aBasth Kom K Kogy @OPT-cucteMms.
Bonee uuTepecHast nasi paspaGoTynKoB TexHHKa!! — meseBas komnuasiuus. OHA HCIIOMb3Y-
eTcsl B cJaydasx Korga HeoOXONHMMO I'eHepUpOBaThb MALUIMHHBIA KOH I/ APYrod apXUTEKTYpbl
(Kpocc-KOMNUJISILUS) MJIK [JIST TOH 2Ke caMoH, HO He BKJouath B Kog POPT-cucremy, To ecth
co3/aBaTh 00BEKTHHINA Kof ¢ HYJs. [Ipu aToM 06beM reHeprpyeMoro Koia MOXKHO 3HaUUTeJNbHO
COKPaTHTb, He BKJIOUasi B HEr0 HUKAaKOU JOMOJHUTEJbHOU HH(OpMAIUK (cjaoBapei).

5.2.1 Munumaasubsii K

Mexanusm paboThl 1eseBoro komnuasitopa (LK) mosHocTbio aHaOTHYeH 0OBIYHOMY, OTJIH-
que 3aKJ0UaeTcs B TOM 4TO (POpPMHUPYeMBIH Ko Komnuaupyetcs He B namMsaTb POPT-cucremsl, a
B CIelMasbHO BbleNeHHBIH Oydep LeaeBoro KOMNUAATOpa. TeKyllyio MO3ULHI0 KOMIUASLUU B
sToM Oydepe ykasbiBaeT value-nepemenennas THERE, ananornunas HERE B @OPT-cucreme.

0x10000 CONSTANT Msz \ pasmep O6ydepa UK (MaKCUMAJILHHIE pas3Mep LEeJIeBOr'O
CREATE M Msz ALLOT \ 6ydep LK
0 VALUE THERE \ ykaszsarenb LK

Onpenensiem ocHoBHble cj1oBa LIK. [Ipy 3TOM HyKHO y4UTHIBaTh NOPSIAOK GAUT B MAIIMHHOM
cioBe. Hanpumep, B apxutektype 80x86 mepBbiM B MaMsiTh HaXOOUTCst Maanmui 6aut, y MCS-
51 u AVR crapmuii. B npumepe nokasaner cioBa njs 80x86 u os, miass MCS-51 HyxkHO OyneTt
JOTIONIHUTEIBbHO BBITIONHATD NepeynopsinodeHre 6aito. /s yrpolieHUs MOHUMaHUS KOa MBI

xoma)



He 6YH€M nepeonpenesiaTb CTaHAAPTHBIE CJIOBA C, H,,a 6Y,HEM HCII0Jb30BAaThb AJidd CJIOB I_LK
HeCTaHAApPTHbIE UMEHa.

: b, ( byte -— ) THERE M + C! THERE 1 + TO THERE ; \ ckxoumnunuporBaTb Hautj
: w, ( word —- ) THERE M + W! THERE 2 + TO THERE ; \ ckomnunupoBaTb cyioBoj
: d, ( dword -- ) THERE M + ! THERE 4 + TO THERE ; \ CKOMOMJIXPOBATHL

\ 32-6uTHOE CJIOBO

Jlnsi coxpaHeHHs HapaGOTAaHHOrO KoAa B ABOMUHBIM (haill MCHOJb3yeM CJ0BO save'(Takxke
HernJoxo OblI0 OBl ONpeneauThb caoBo hex" nns coxpaHenus B ¢popmare Intel HEX nnsa 3arpysku
B CHMYJISITOPBI U [leJieBble CHCTEMBbI)

save" \ program.bin"

[CHAR] "™ WORD COUNT W/O CREATE-FILE DROP \ OTKpHTbH daisn
M THERE ROT WRITE-FILE DROP \ Banucare kon B Qaun
BYE \ BHIXOZ C aBTOMaTUUECKHUM

\ 3akpeTHEM damia
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[IpyuBeneHHBIE TPU CEKLUMH KOAA SIBJSIOTCS MUHUMAJbHBIM I1eJIeBBIM KOMIUJASTOPOM, Ha
OCHOBE KOTOPOTO TMHUIIYTCS KOMITHUJSTOPLl U (popT-acceMOsepsl 1151 M0ObIX naatdopm (¢ yueTom
nopsinka 6aUT B MalIKMHHOM CJIOBe CM. Bhille). Mcrnosb30BaHHe TEXHUKH 11eJ1€BOH KOMITHJISILIUH
N03BOJIIET OYeHb GBLICTPO HAaMMCaTh acceMbJep ¢ OYeHb MOLIHOH MOAJep:KKoi Makpocos'®, Ho
MUMeeT 3HAUUTEJbHBIH HEeN0CTaTOK, KOTOPBIH MOXKET 0Ka3aThCsl KPUTUUHBIM MPHU BBIOOPE MEXKIY
rOTOBBIM accembJiepoM U opT-acceMOepoM: NPy Hanucanuu GopT-acceMmbJepa yallle BCero uc-
MOJb3YIOT MOCT(HUKCHBIN (hOPT-MOAOOHBIH CHHTAKCHUC, TAK KaK €r0 OueHb MPOCTO Peasn30BaTh,

HO IIPpHU 3TOM BO3HHKAET npo6J1eMa HCII0JIb30BaHHUSA Hapa60TOK C TPAAULMOHHBIM CHHTaKCHUCOM.

5.2.2 IlesneBoit KOMOIUJAATOP AJS OS

[Ipocreiiiinm npumepom ucnosnb3zoBanusi LUK asaserca LIK nns os. Ero npoctora onpenesns-
eTcsl TeM, 4TO BUPTyaJbHasi MamuHa os'’ WmeeT Bcero nBa BuAAa KOMaHJ C MPOCTHIM (OPMATOM:
OMKOJA UMeeT (PUKCUPOBAHHBIH pa3Mmep B OAMH 0alT, KOMaHAbl Oe3onepaHAHble WJAW C OLHUM
onepaHaoM (PUKCHPOBAHHOrO pa3mepa OallT uau 16-O6uTHOe c/a0Bo. B apyrux apxurtekTypax
(opmMaT KOMaHABI HAMHOT'O CJIOXKHEe M3-3a UCMO0Jb30BAHUS OUTOBBIX MOJeH, B KOTOPbIX KOIH-
pyloTcsl onepaHabl U pexkuMbl aapecauud. OcHoBHYO caoxHocTh B LIK nsis os cospaior c/oBa
AJ151 POPMHUPOBAHUS CJIOBAPHOW CTPYKTYPBl U OCOOEHHO CJIOBA, KOMIUJMUPYIOLIYe yIPABJSIOLIHE
CTPYKTYpHl. Ec/iM y Bac BO3HHKAIOT BONPOCH], HAMUILNWTE MHe YTOOBI 51 60Jsiee OAPOOHO OmHUcall
CTPYKTYPY KOAa YNPaBJSIOUIMUX CTPYKTYP U MeXaHHU3M PabOThl CJA0B, KOMIHUJIUPIOYLIHUX 3TOT
KO[I.

Ara Bepcusi LIK Hanucana pnass KOHKpPeTHOH (POPT-CHCTEMBI, KOTOpasi SBJSETCS PErucTpo-
4YBCTBUTEJIbHOM, TO €CTh OT/H4aeT cjaoBa dup u DUP. § npoGoBan HCNO/Ib30BaTh APYyrye
(GopT-cUCTeMBbl, HO OHU He OTJUYAIT PErucTp CJaoB, M0o3TOoMy 3TOT BapuaHT LIK nns Hux He
TOIUTCS.

Xopomum yrnpaxeHeHreM (KOTOpPOe BaM BCe PABHO MPUIETCS CHENaTh, €CJIH CTPOTO CJENO0-
BaTh ujeosoruu os) 6yner Hanucanue LUK nnsa Bauedt ymo6umoi hopT-cUCTEMBI.

EcTe noxBoiHBIM KaMeHb — B NpUMepax NPOrpaMM HCIHOJb3YIOTCS MaKpOChl, KOTOpbIE Ha
CaMOM [eJle SBJSIOTCS OOBIYHBIMHU (POPT-CJIOBAMH, MIOITOMY OHHM MOTYT OTKa3aTbcs paboTaTh C
Balled (POPT-CHCTEMOH, U UX TOXKEe NMPUAETCS aJalTUPOBATh.

CaMmblil HEMPUSITHBIA BaPUAHT, €CJIH Bbl PELINTE HAMKCATh LleJeBOH KOMIUAATOP He Ha Pop-
Te, B 3TOM CJy4yae MakKpochl paboTaTh BooOllle He OyayT, TakK Kak UX padoTa LeJUuKoM obecrie-
4yKuBaeTcs (POPT-CUCTEMOH.

181151 onpenesieHust MAKPOCOB AOCTYIHB BCe (QYHKIUHE QOPT-CHCTEMBI
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B stom Bapuante LIK He wucrosnb3yioTcsi cjoBapu, a 3TOT KOA TOJbKO YOHpaeT JHILHHE
npefynpeXaeHHs O Mepeonpese/leHHH CJO0B.

VOCABULARY TC ONLY FORTH ALSO TC TC DEFINITIONS

[To momuanuto LIK kKommuaupyer 6alT-KOA ¢ CO3LaHUEM CJOBAPHOH CTPYKTYpbl (BKJ/HOUe-
HHeM MeTaWH(pOpMalMH C MMEHaMH BCeX CJIOB BallMX mporpamm). Eciu Bam Mo Kako#-To
MPUUHHE HYKHO BBIKJIIOUMTb T€Hepaluio cjaoBapsl, nocse 3arpysku LIK HY»KHO BBIMONHUTH KOA
0 TO ?VOC.

1 VALUE ?VOC \ ¢mar BximoueHuUs B H6ANUT-KOL CJIOBAPHOM CTPYKTYpPH]
\ (0 yMOJIUAHMIO BJIOUEH, [OJI MMHHUMHU3ALMUK Koma

\ mocrse S" tc.4th" INCLUDED gobaBuTrs 0 TO ?VOC )i

Mb1 komnuaupyem Kop AJsi 16-6UTHOH BUPTYasibHOM MalllMHbI, O3TOMY HYXKHO Iepeornpe-
nesuThb cjaosa CELL u CELLS:

2 CONSTANT CELL \ paspsagHOCTb BM 8*cell 6ur
CELLS CELL * ;

3ToT KO/l OITMCaH B MpUMepe MUHHUMAJbHOI'O ]_[K BbIIIE.

0x10000 CONSTANT Msz \ MaxcuMaJsbLHHE pas3Mep IporpaMMmil, bauT
CREATE M Msz ALLOT \ 6ydep xkommnumssTOpPa
0 VALUE THERE \ yKasaTelnb KOMIUJIATOpa

B Hauase 6aiiT-Koma HaxXoAsITCSI HECKOJIbKO MOJieH, afipeca KOTOPbIX HaM OYAYT HY>KHbI B
caoBax LIK (KoMmuasinuio aTUxX moJsiedt cM. nocjennue cTpoku LK)

[To anpecy 0000 B 6aliT-KONe HAXOMUTCS KOMaHIa Mepexoa Ha TOUYKY BXofa jmp _entry:
1 CONSTANT _entry \ CcTapTOBHM ampec

3ateM ujet 2-6alTHOe MoJe ¢ aApecoM MocJ/enHero (opT-c/a0Ba B CJI0Bape, KOTOPBIH Mpej-
cTaBJ/sieT cOO0H OMHOCBSI3HBIH CITUCOK CJIOBAapHBEIX CTaTed (cM. najee). DTO MoJie UCMOJNb3YeTCs
1J151 TIlepeXofia Ha HayaJo 3TOro CIIHCKA.

_entry CELL + CONSTANT _latest \ agpec mocrnenHero CJOBa B CJOBape

[Tocnennee nose — 3HayeHHe yKasaTe/s KOMIMJSLMM HAa MOMEHT COXpaHeHHsl OaHT-kKona
(anasor 3HaueHus1, BosBpaitaemoro cjaoBoM HERE nast o6biunoro ®opra).

_latest CELL + CONSTANT _here \ agpec Hauana Kyuu (pasmep banrT-xoma +1)

s urenus/3anucu 6ydepa LIK, komnunsauuu 6aita, 16-6uTHOrO c/I0Ba ¥ CYETHOH OaUTHOM
CTPOKH OIpeleIsIIoTCS CliellMasbHble CJI0Ba, KOTOPbIE Bbl MOXKETe TaKxKe HCI0/Nb30BaTb B CBOUX
Makpocax d pacuuupenusx LK.

3anucarthb 6aﬁT, CJIOBO, MIPOYUTATh CJIOBO:

b! ( byte addr -—- ) M + C! ;
w! ( cell addr ——- ) M + W! ;



Komnunupytomue cioBa

b, THERE b! THERE 1+ TO THERE ; \ CKOMOIMJIMPOBATL OauT
w, THERE w! THERE 2+ TO THERE ; \ -"- 16-6uTHOE CJIOBO

CKOMIIUJIMPOBATb CUETHYIO CTPOKY

s, (addr n —- ) \ -"- cueTHyW 8-OUTHYIO CTPOKY
DUP b, 0 DO
DUP I + CQ@ b,
LOOP DROP

s 3aBepuieHuss pa6otel LIK HyxHO BeIMOJMHUTL c/0BO save" filename", ykasaB UM
¢aiina, B KOTOpBIH 3anucaTb 0alT-KoOA:

save" \ program"
\ COXpPaHUTL CKOMIMIMPOBAHHHMN 6aWT-KOA B Qann ¥ BHHATH U3 POPT-CUCTEME

THERE _here w! \ coxpanenue pasmepa kognall
[CHAR] " WORD COUNT W/O CREATE-FILE DROP \ OTKpHITHE Qaiia
M THERE ROT WRITE-FILE DROP BYE \ zamnuchk bHanT-xoma u BHxOIf

B os wucnonbsyercs nBa tuna komanz (ITosiHoe ormucaHHe CHCTEMbI KOMaHA 0S CM. pasjed
9.4):

Oop CREATE C, DOES> CR b, ; \ 6es3omnepaHaHEEe KOMAaHIH
lop CREATE C, DOES> CQ b, w, ; \ KoMmaHOe C ogHuM omnepaHpom (16 6ut)]]

KOMaHIbl YIIpaBJ€HHs BBIIIOJTHEHUEM TIPOrpaMMbl

0x00 Oop nop

0x01 lop jmp 0x02 lop ?jmp 0x03 lop call 0x04 Oop ret
0x05 lop 1lit : # 1lit ;

0x06 Oop exec

0x07 Oop bye

0x0F Oop cell

Camoe cnoxHoe B LIK — komnunsuus ynpasasitolinx cTpyktyp. [Ipucblnaiite Bonpocsl, ec/u
HY2KHO OoJiee OApOOHOE ONMKCaHUeE.

LIUKJB CO CUETUUKOM

0x08 Oop do 0x09 Oop loop 0x0A QOop i 0x0B Oop J 0x0C Oop ki

: entry! THERE _entry w! ; \ MomuPULUPOBATL CTApPTOBHM koxm (Touky Bxogna)ll
CuioBa /11 KOMIUJISILMK CJAOBAPHOM CTATbHU.

Kamaoe CJIOBO B CJi0OBape COCTOHUT M3 HECKOJbKHX noJiei:

LFA

ITosnie cBsi3u

CELL

ajipec CJeLyIOIIero 3jeMeHTa Cnucka cjoBapsi, 0 mpu3HaK KOHIA CIIHCKA.

[Tpu komnuasiunu LFA Tekylee 3HaueHMe ykaszaTeJssi cOXpaHsieTcs B ToJjie _latest, a ero



LFA, _latest w@ THERE _latest w! w, ;

NFA

[Tosie umeHHu

CueTHasi CTpoKa
COZIEPXKHUT UMS CJIOBA.

Nwmst [MoJy4aeTCs U3 BXOAHOTO MMOTOKA, 3aTeM INO3WL KA BO BXOJAHOM IIOTOKE BOCCTaHABJHBA-
eTCH.

NFA, >IN @ BL WORD COUNT s, >IN ! ;
AFA

[losne atpubyToB cioBa

OaiT

Xpanut daaru caosa tuna SMUDGE u IMMEDIATE, B LIK He ycTaHaBinBaTCSl.
AFA, 0 b, ;

CsioBo kKoMmnusupyet 3aroioBok caoBapHoit ctatbu (LFA, NFA, AFA), ecau ycraHoBjeH
(paiar ?VOC.

HEADER, \ CKOMOUIIMPOBATHL 3arOJIOBOK ciioBa ecnu ?2VOC != Off
?VOC IF
LFA, NFA, AFA,
THEN

Hauano OorpenesqieHHUsdA CJ0Ba

Kommnusrpyercsi 3aro/ioBoK CJI0BapHOH CTAaTbH, TeKyllas MO3ULHs KOMIUISLUH (Mosle Koaa,
CFA) 3amomuHaeTcsi B BHJe CIIEMAJNBHOTO CJI0BA B cJioBape GopT-cucTeMbl. [Ipu BbINOJHEHHH
3TOTO CJI0Ba OylIeT CKOMIMJIHpPOBaHA KoMaHIa call Ha 3amomHeHHbIH CFA.

{ HEADER, entry! CREATE THERE , DOES> @ call ; \ Hauasno {} omnpemereH:
Konel onpenenenus cjoBa

[IpocTo kKomnuaMpyeTcss KoMaHaa ret.

} ret ; \ konern {} omnpegpenenwusij
Onpenenenvie koHCTaHTBl 01234 const A

Komnuaupyercs ¢jioBo A, KOTOPOE MPU BHIIIOJHEHUH MOJIOKUT Ha CTEK YKa3aHHYI0 KOHCTaH-
Ty KOMaHIOoH lit.

const (n--) {(n) #1}; \ ompenenuTbL KOHCTAHTY
Onpenenenve nepemMeHHod 0x5678 var B

Komnunupyercs cioBo B u cienom (PFA, nosie napameTpoB) Haua/ibHOe 3HaYeHHE MepeMeH-
Ho#. CjioBO OyleT KJacTh Ha CTeK ajpec MOJs MapaMeTpoB.



Ckomnuaunposats Oydep pasmepom n 6aiiT 0x120 buffer C

Pa6oTa aHasoruyHa var, HO MoJe napaMmeTpoB — KoMmnuaupyercss 0 6alT ykazaHHOE YHUCJIO
pas.

buffer CREATE THERE , 0 ?DO 0 b, LOOP DOES> @ # ;
Ynpasastoiias ctpykrypa if else then

il komnKMpyeT KOMaHIy YCJOBHOTO mepexona Ha (PUKTUBHBIM anmpec -1, 3amomuHasi agpec
napameTpa KOMaHAbl Ha CTEKe.

if -1 ?jmp THERE CELL - ;

then Geper co cTeka azpec, W 3amucbIBaeT MO 3TOMY aapecy TeKylllee 3HAUeHHe yKasareJs
KOMITUJISILIUM. afipec yYKas3blBaeT Ha MapaMeTp KOMaHAbl jmp uau *jmp (Meton backpatching npwu
OIHOTIPOXOHOH KOMITHJISILIUH)

then THERE SWAP w! ;
else -1 jmp THERE CELL - SWAP then ;
B UTOTE U3

a (flag ) if b else c then d

JOJI2KEH CKOMITHJIHWPOBATBLCA KO

a
:if ?jmp else
b
jmp then
telse
c
:then
d

[{ukJBI ¢ ycioBHEM
Peanusanug anasoruuna if else then

begin THERE ;

again jmp ;

until ?2jmp ;

while if ;

repeat SWAP jmp THERE SWAP w! ;

OcTtasibHble KOMaH[bl OMUCHIBAIOTCS 3JeMeHTapHo depes cjoBa Oop u lop.

Ecau Bel Oynere no6aBasTh B cucteMy KoMaHa BM cBou KoMaHbl, JOMHCHIBANTE UX HA OI-
konnul FO..FF, MOXXHO Tak:Ke UCII0JNb30BATHL MHOT0OAUTHBIE KOMAH/IbI, BKJOUAs JOMOJHUTEbHbIE
Habopbl OMKOAOB KOMaHIOH-peUKCcOM (B KauecTBe MPUMepa CM. TpauuecKoe paciiupeHue).

CTeK



[NaMATb

Jlnsi vcrniosnb3oBaHus cjoBa @ u3 (hopT-cHcTeMbl (OHO MepeonpenessieTcsi HOBBIM CJIOBOM @
KOMITHJIUPYIOLIMM COOTBETCTBYIOLLYO0 KOMaHy) CHadaJsa olpefie/isieTcsi HOBOe ajhacHoe CJIOBO
~@.

~Q @ ;
0x20 Oop c@ 0x21 Oop c! 0x22 Oop @ 0x23 Oop !
apudpmeTHkKa
~+ + ; oM = o~k ox g
0x30 Oop + 0x31 Oop - 0x32 Oop * 0x33 Oop /
0x34 Oop */ 0x35 Oop rnd
JIOTUKA U OUTOBBIE OMepanuu
0x40 Oop = 0x41 Oop <> 0x42 Oop > 0x43 Oop <
0x48 Oop not 0x49 Oop or 0x4A Oop and 0x4B Oop xor
0x4C Oop lshift 0x4D Oop rshift
KOHCOJIbHBIH BBOJI/BBbIBOJ
0x70 Oop key 0x71 Oop emit
0x72 Oop ?key 0x73 Oop ?emit
UHTep(elc K OTJIagUUKY
0x80 QOop s. 0x81 Oop h. 0x82 Oop dump
0x83 Oop . 0x84 Oop u.
CTPOKH
0x90 Oop (") 0x91 Oop count 0x92 Oop print
s komnuasauuum " cTpoka” U ." BHBOL CTPOKH'" UCMOJb3YIOTCH MaKpPOCHI:

" (") [CHAR] " WORD COUNT s, ;
- " print ;

BricTpeili OKCK B cy0Bape
0xA0 Oop find

Tak kKak y Hac onkoi KOMaH[Ibl 3aHHMaeT BCEro ofuH 0alT, obllee UACIO KOMAH[ He MOXET
MpeBHIIATh 256 KOMaH[, UTO SIBHO HEJOCTATOUHO Aaxe st Dopra Bo BCTpauBaeMoi CHCTEMe.
Uro6Bl pacIIMpUTh AMANA30H KOMaHI, HMCIOJb3YIOTCS ClelHajbHble ONHOOAHUTHbIE KOMAaHIbI-
MOIU(HUKATOPHI (TPEPHUKCEI), MOC/e BHITIOJHEHUST KOTOPBIX B BUPTyaJ/ibHOM MallMHE 3aMyCKaeTcs
JOTIONIHUTEIbHBIH UK/ BBIOOPKH/BHITIOJHEHNST KOMaHIbI, TPU ITOM ONKOJ 3TOH KOMaHIbl J€KO-
IMpyeTcs MO0 OPYToH (paclivpeHHOH) Tabsule COOTBETCTBHS ONKOA-KOoMaHna. Mcnosb3ys onuH
UM HECKOJIbKO KOMaH[-Tpe(pHUKCOB, MBI TT0JlyuaeM HeorpaHUYEHHOe KOJIMUecTBO KomMaHa BM.

B KadecTBe WJMIOCTPAlLIMM — pacLUMpPeHHbIH Habop KOMaH[ rpaduueckoro npaiBepa, BCTpO-
€HHOr'0 B BHUPTYaJ/bHYIO MALIUHY:



Jlns onpenesieHust gr/ KOMaHA HCIOJAb3yeM CJI0BO, aHasoruyHoe Qop, HO KOMIHJHpYIOLIee
nepel OMKOAOM Mpe(UKC BKJOUYEHUS rpaUyecKOro pacliMpeHHs CHUCTeMbl KoMmaHpi (gr/ He
MCII0JIb3yeT KOMaHIbl hopMara lop):

: gr CREATE C, DOES> OxFO0 b, CQ b, ;

0x00 gr gr/on 0x01 gr gr/off
0x02 gr gr/Xsz 0x03 gr gr/¥sz
0x04 gr gr/set 0x05 gr gr/clr 0x06 gr gr/get

0x07 gr gr/pointer 0x08 gr gr/?pointer
CoOTBeTCTBEHHO KOMaHIa gr/on CKOMNUJIUpYeT ABa 6aiita: FO 00.
ITOT KO CKOMITHJIMPYET 3aro/iok 6alT-Kona (CTapTOBBIM jmp U MoJisi _here u _latest)

-1 jmp \ jmp _entry
0 w, \ _latest
0 w, \ _here

5.3 Kak Hanucatb cBo# (Kpocc-)accemoJiep
(© Brad Rodriguez

5.3.1 Bsegenmune

B mpenpigyiiem BbIycKe »KypHasa s ONMHCAJ Kak "3arpy3uTh” ceGs Ha HOBBIH TPOLECCOP
UCIOJb3ysl MPOCTON OTJAfOUHbIH MOHUTOP. HO Kak Bbl cMOXxkKeTe nucaTb KOJ AJsl TOrO HOBOTO
mpoleccopa, ecjqd Bbl He MOxeTe HaHTH acceMOsep WM OH Bac He ycTpamBaeT ? Hamumwure
cBoH !

DOPT — npeanbublii 36K 1415 31oro. as TSM320 nanpumep 51 Hanucasn Kpocc-acceMbaep
BCET0 32 JIBa 4aca, BKJUas AJUHHBIN 00eleHHbIH nepepbiB. OOBIUHO 3TO 3aHUMAET OKOJIO ABYX
IHeH, HO I/ ogHOTro M3 mpoueccopoB (Zilog Super8) nmorpeboBanock naTh nHed. Ho korma y
Bac 6oJibllle BpeMeH 4YeM JIeHer, 3TO He BaXKHO.

B yactu 1 370l cTathu g onuily ocHoBHble npuHuUnbl POPT-accemb1epoB — CTPYKTypH-
poBaHHbIe, OIHONPOXOAHbIE, NOCT(HUKCHBIE. MHOroe U3 3TOro NMpUMEeHUMO AJ1s J060ro mpoiec-
copa, ¥ 3To KoHUenuuu noutu Jwodoro POPT-accembepa.

B yacTu 2 g nokaxy kKak muacaTtb acceMbJiep Ajs crenuduuHoro npoueccopa Motorola 6809.
AToT accembJiep MPOCT HO He TPUBHAJEH, 3aHUMaeT 15 cTpaHuLl ncxonHoro koxa. Kpome Bcero
npoyero, 3TOT MPHUMep MOKaKeT KaK peajuM30BbiBaTb MHCTPYKLHUH C MHOXKECTBEHHBIMH peXXH-
MaMH{ afpecauuu. M3yuuB 3TOT mpuMep, Bbl CMOXKETe MOHSTh KaK MCIOJb30BaTh 0COOEHHOCTH
BaIlIero MpoLeccopa.

5.3.2 3auem ucnoasnzosarr POPT ?

Mue kaxercs yto @POPT - npocreiiuil a3blK As9 HanucaHus accem6OJepa. [lpexnae Bcero
®OPT wnmMeeT TeKCTOBBIH HHTepripeTaTop AJsS pa3bopa TEKCTOBBIX CTPOK M BBIMOJHEHHS CO-
OTBEeTCTBYIOUIMX KOMaH[. [IpeoOpa3oBaHue TeKCTOBBIX CTPOK B OAWThl KOJa — Kak pa3 U ecThb
3anaua accembepa. OnepaHbl U PeXKUMBI afpecalnd Takxke peanusytorces yepe3 POPT-cioBa.

DOPT rakke BKJIOYAET ONpeNessollfe CJI0Ba, KOTOPbIE MO3BOJSIOT JIETKO OMHcaTh 00JIb-
1de Habopel CJAOB C OOLIMM JAeHCTBHEM. DTa BO3MOXHOCTb OUeHb I10JIe3HA MPU ONpefieseHHUH
MHEMOHHUK acceMbJepa.

Tax kak npu paborte accem6sepa noctymnHel Bce caoBa POPT a, oHU MOryT OBITH MCIOJb-
30BaHBI MPHU UCIIOJAb30BAHHUHU acceMbJepa He TOJIbKO /151 BRIYUCJAEHHS afpecoB U OMEpaHIoB,
U 7151 BBINOJIHEHHUS OoJiee CJI0XKHBIX NEHUCTBHH.

B o61uieM Tak Kak accembjiep MoJHOCTbIO peanusyercs uepes caoBa POPT a, onpenenenus



5.3.3 IIpocreiimuii npumep: accem6auposanue NOP

Hns nonumanus toro Kak @POPT TpaHc/aupyeT MHEMOHUKH B MALIMHHBIA KOJ, pACCMOTPUM
npocredimuil caydait: unetpykuuo NOP (0x12 nas 6809, 0x90 nas 80x86).

OO6biunbll accem6Jiep npu HaxoxkaeHUH cTpokd "NOP" nosxeH 106aBUTb COOTBETCTBYIOLIUH
6alT B BBIXOOHOH (Dail/l U yBeJUUHUTb yKasaTesb Ha 1. OnepaHnbl U KOMMEHTapUH UTHOPUPY-
1oTcsl. 8 Takke moka Oyny UTHOPUPOBATb MeTKH.

B ®OPT e BbixogHbiM (haiisioM 0ObIUHO SIBJSIETCS CJAOBapb B MaMsATH WJW MPU Kpocc-ac-
ceMbJMpoBaHUM OJIOK MaMsITH: o6pa3 MaMmsiTH LieseBoH cucteMbl. Tak, onpeneaum cjaoBo NOP
COOTBETCTBYIOLIUM 0OpasoM: "ckoMmmuaupoBath onkoq NOP u yBennunth ykasaresn'.

O6paTuTe BHUMaHHE YTO B 3TOM NpUMepe HUcrogb3yetcss Bo3MoxkHOCTh SP-FORTH Bocmnpu-
HUMaThb 4nca ¢ npedurcom Ox (mecTHaAATEPHUHBIE UHC/Ia) HE3ABUCHMO OT TEKYIIEH CHCTEMBI
cuucJsenusi, 3ananHoil B nepemenHodl BASE. Eciu Bama @OPT-cuctema He MMeeT Takoil BO3-
MOXKHOCTH, AJ51 yA0OCTBa B HauaJe Kofa acceMOJjiepa MOXKHO HcnoJb3oBaTh caoBo HEX. Takxe
cjenyeT oOpaTUTb BHUMaHHe Ha TO, YTO MPH UCIIOJb30BAHMH 11€/1€BOT0 KOMITUJISITOPA JJIst KpOCe-
paspabotku caoBo C, HOMKHO OBITH MepeonpesiesieH0 TaK, YTOObl OHO KOMIHMJIHPOBAJIO OAaUT B
00pa3 maMsTH LeJeBOH CHCTEMBI.

Jns accembyiepHbiX 0omKonoB 4yacTo 3anatorcess umeHa POPT-csoB uMerolie B KOHIE CHM-
BoJ ",", KaK 3TO clieJlaHO Bhille. DTO JesaeTrcs u3-3a Toro uto MHorue POPT-csoBa (Hampumep
AND, XOR, OR) koH(pHKTYIOT ¢ MHeMOHUKaMu accembJepa. [IpocTefiiiee pelieHue — ciaerka

13MeHUTb MHeMOHUKH (cuMmBoa "," B @OPT e o603HauaeT uto 4To-TO KoMnujaupyercs (nob6as-
JISIeTCs1) B CJIOBaphb).

5.3.4 Kuacc HacaeqyeMbIX ONKOIOB

BoJsbIIMHCTBO TpoLlecCOPpOM HUMelT MHOro MHCTPYKUMH mnono6HbiXx NOP, KoTopble He Tpe-
6ytoT omnepaHnoB. Bce onu moryT ObiTh ompepenensl B POPT e uepe3 nBoertodne, HO 3TO
3HAYUTEJbHO yBeJHUYMBaeT 00beM HCXoAHOro kKopa. HamHoro Gojee 3(p(eKTUBHBIM SIBJSETCS
HCIIOJIb30BAHHE MeXaHHU3Ma Onpedessroujux CA08 IJs1 TOro, 4ToObl 3aaTb MJSl BCeX TaKHUX
coB oblee noseneHre. B tepmunax OOII 370 3HaYUT co3laHHe 3K3eMIJSPOB €IUHCTBEHHOT
Kjacca.dto pajercs ¢ ucrnosb3oBaHueM cjgoB CREATE u DOES>. B npuBeneHHoM npumepe
napaMeTp (pasHbIH IJs1 KaXKAOTO CO3NAHHOTO CJIOBA) OOBIYHBIH OMKOI, KOTOPBIH NOJ2KEH ObITh
CKOMITUJIMPOBAH /151 KaXXJI0H UHCTPYKLIHUH.

cmdOops \ ompepernieHVe HMEHU KJjlaCcCa KOMaHOH 6e3 omnpeaHIoE
CREATE \ BTOT KOO BHIIOJIHAETCS IIPU CO3O0aHWU CJIOB
C, ( byte —- ) \ coxpaHuTb Oa¥WT OJi HOBOI'O ompenensomero ciosa|
DOES> ( -- addr ) \ BsTOT KOn ompemdernsapmero ciosa (obmee mencTaue)
CQ@ ( addr -- byte) \ [OJIYUUTH COXPAHEHHHM NPU CO3OAHUU CJIOBA ONIKOQ
C, ( byte —- ) \ CKOMIUIIMPOBATL ONKOL

[Iprmepsl ucnosnb3oBaHus onpepedsioiero caosa cmdOops:

0x12 cmdOops NOP,
0x3A cmdOops ABX,
0x3D cmdOops MUL,

O6paTue oco60e BHUMaHHe Ha TO, UTO 3TOT NMPUMEP AaH AJs 00buHOTO (hopT-accembiiepa, a
He Kpocc-acceMbJepa, TO eCTb MeHepUpyeMblHl KOl KOMIMJIHUPYETCs] B OCHOBHOH CJ10Bapb (OpT-



HECKOJIbKO (DMHTOB YILIAMH — HalpUMep HYXKHO HCIOJb30BaTb pas3Hbie BAPUAHTHI cjoBa C, B
6sokax CREATE u DOES> csoBa cmd0Oops, KOTOpble AO/IXKHBl KOMITHJIHUPOBATH ONKOJA COOTBET-
CTBEHHO B CJIOBAPb (DOPT-CHCTEMBI U B 00J1aCTb MAMATH LeJ/1eBOH CUCTEMHB.

JTa TeXHHMKa JaeT HEKOTOPYI0 SKOHOMHIO NaMSTH MOUTH 6e3 MoTepu CKOPOCTH, HO peasbHOe
yRo6CTBO OyleT BUAHO NPU ONpeeJIeHUH CJIOKHBIX HHCTPYKLHH, KOTOpble TPeOYIOT MapaMeTpsl
¥ MOAU(UKATOPLI PEXXUMOB afpeCcaluu.

5.3.5 OO0paboTka onepaHAOB MHCTPYKIIHI

BonbuinHeTBO KOMaH[ accembyepa TpebyOT OAUH WK GoJiee onepaHaoB. /s 3TUX KOMaH[
acceMOsiep OJIKeH OBITb CroCOOeH pasbupaTb TEKCT M3 BXONHOIO MOTOKa W HHTEPHNpPETHPO-
BaTb ero kak onepannsl. [as nocrgpukcHoro POPT-accembiepa ncnogbayercs 6oJee nNpocToi
croco0, UCMOMb3yILUIHUK ToToBbIH MexaHu3M uHteprnperaund POPT-cucremsl.

HUrak ®OPT 6Gyner ucnonb3oBaThest A5 pazdopa onepannoB. Uucaa o6pabaThiBalOTCs Kak
06bIuHO (B /1060# cucTeMe cuucyeHus), aass EQU BelpakeHHH MOT'YT HCIOJb30BaThCs 00yu-
Hble KoHcTaHThl POPT CONSTANT. Tak kak omnepaH/bl onpeaestoT popMaT acceMOJHPyeMOH
KOMaH/1bl, OHU JOJKHbI ObIThb 00paboTaHbl 10 KOMaHAbl accemOJsepa. PesynbraTthl pasbopa orme-
paHIOB OOBIUHO OCTaBJSIIOTCS Ha CTeKe AaHHBIX M HCMOJb3YIOTCS KOMaHAaMHU accembJepa AJs
onpeneseHus opmaTta KOMaHAbl U Hcmosb3yemoro on-koxa. Hdas @OPT-accembmepa ucmnobay-
eTcsl yHUKaNbHBIA?Y MOCTQUKCHBIH (OpMaT KOMaH/: OMepaH/bl, 32 KOTOPHIMH C/efyeT KOMaHaa
accembaepa.

Hns npumepa pacemotpum uHcTpykuuio ORCC mpoueccopa 6809, koTopas ucmosib3yer
NPOCTOM YUCJOBOU MapameTp:

: ORCC, Ox1A C, C, ; \ npumep ucnonbzoBanusi: 0x34 ORCC,
BhinosiHeHHe 3TOH KOMaHIbl COCTOMT M3 ABYX 3TalloB:

1. komnuaupyetest onkon uHcTpykuuu ORCC Ox1A;

2. xomnuaupyeTtcs napametp MHCTpyKuHH 0x34, B3ATHIH co cioBaps.

OTa KOMaHAa INpearoJaraeT 4To Ha CTeKe YyKe JIEXKHUT UHUC/JAO0BOH MapameTp, MOJy4YeHHbIH
B pesyJibTaTe pa3bopa onepaHoB, KOTOpble B HAIllleM C/ydae UMeIT BHJ MPOCTOro hex umucia
0x34 B UCXOOHOM KOJ€.

JoctonHcTBO Takoro accembiaepa — poctynHa Besi Momb POPT a, koTopasi MoxkeT ObITb
UCIOJb30BaHA 1151 (DOPMUPOBAHHUS OMepPaH/0B, HAIPUMeED:

ONSTANT CY-FLAG \ ucnonb3yeMm KOHCTAHTH ®OPTa Oiisa 3amanusi onepanHnosj
0x02 CONSTANT OV-FLAG
0x04 CONSTANT Z-FLAG

CY-FLAG Z-FLAG + ORCC, \ komangma ORCC npoeepur dmnaru CY u Z

13 npumepa BUIHO uTO paclivpeHHe pa3bopa ONepaHioB /s ONpPeessIOIUX CJI0B acceM-
6Jiepa 10CTaTOYH MPOCTO.

5.3.6 OO6pabGoTka pexHMOB aapecanuu

JIs1 coBpeMeHHBIX MPOLEeCCOPOB AJS1 OJHOHM KOMaH[bl UCIIO/b3yeTCs] HECKOJbKO (DOPMATOB U
pas3/JMuHbe OIM-KOABI B 3aBUCHMOCTH OT pexkuma agpecanun. POPT-accembiepsl pemaoT 3Ty
npo6seMy HECKONBbKHMMM CIOCOOaMM B 3aBUCHMOCTH OT THMa Ipoueccopa. Bce atu crnocoOwl




ucnodb3yoT Metoposoruio @OPT a: onepaTopsl onpepnesieHUs pexuMa agpecaluy SBJSIOT-
cst @OPT-cnoBamu. Korna atu cioBa HCHOJHSIOTCS, OHW U3MEHSIIOT (popMaTt acceMONHUpyeMOH
MHCTPYKUUHU. 1 momellleHHe NOMOJHUTENbHBIX TapaMeTpoB Ha CTeK.

Ato Haubosee ynoOHO eCM BCeryia N0/KeH yKasblBaThes pexkuM anpecaund. CioBa pexxuma
ajpecalyd OCTaBJISIIOT Ha CTeKe HEKOTOpble KOHCTAHThl, KOTOpble 00pabaThiBAIOTCS CJIOBAMU
accembJsiepa. MlHorna st 3HayeHuss MOT'yT ObITh 'MarMuecKUM UHUCJIOM', 10OaBASEMbIM K OMKOLY
I/ U3MEHEHHUsl pekuMa afipecallid KoMmaHibl. Koara 3To HempuMeHMMO, UCNOJb3yeTcsl BbIOOP
¢dopmara komauabl B 6joke CASE. B ofuiem ciayyae cKOMMNHUJIUPOBaHHbIE UHCTPYKIIMM MOTYT
MUMeTbh pasHy0 AJNHHY B 3aBUCUMOCTH OT pexKHMa ajpecalyu.

2 ycraHOBKa (pJ1aroB WJIM 3HAUEHWH B (DUKCHPOBAHHBIX MEpPeMEHHbIX.

At1o Hauboslee ynOOHO ecsu pexXUM ajpecaluy oNuHOHajeH. He 3Has 4To Obl yKasaH pe-
JKUM aJipecallu, Bbl He MOXKeTe 3HaTh UTO 3HaueHHe Ha CTeKe 'Maruuyeckoe UHCJ0" WU MPOCTO
3HaueHHe ornepaHja. PelieHue 3TOH NnpoJieMbl: pexXUM afipecalii YKa3blBaTh MoMellasi COOTBeT-
CTBYIOILYIO €My KOHCTaHTY B OINpelesieHHYI0 nepeMeHHYy0 (4acTo HasbiBaemyto MODE). Tlocse
BBITIOJIHEHHUS] KaXK/I0H KOMaHAbl acceMOJjepa 3Ta nepeMeHHash HHUHWANU3UPYeTCsl 3HaUeHHeM T10
ymosuyanu. Eciu ucnonbsyercss komanaa accembsepa, y KOTOPOH MOXKeT ObITb HECKOJIbKO pe-
JKMUMOB ajipecalli, TO OHa OINpefiesisieT COAepKUMOe 3TOH MepeMeHHOMH.

3 Moau(UKalUsl 3HaUeHUH MapaMeTpoB HEMOCPEACTBEHHO Ha CTeKe.

ITo MHOrA BO3MOXKHO /51 peaju3alllid CJOB YKa3blBAIOIIMX PeXHUM afpecalld, KOTopble
paboTtalT MOAU(ULHPYS 3HAUEHHUS OMEPaHAOB. DTOT METOM HUCIOJIb3yeTCs PENKO.

Bce 3T Tpu MeToza 1 UCMOJ/b30BaJ C HEKOTOPBIMHU pacCIIMpPeHUsIMHU Uil peau3alliu acceM-
6aepa 6809.

Jlns 60/bIIKHCTBA MPOLIECCOPOB HMEHA PErnCTPOB 33at0TCsi 0ObIYHBIMU KOHCTaHTaMu Pop-
Ta, U OCTaBJSIOT Ha CTeKe CBOM 3HaueHMs. /11 HEKOTOPBIX MPOLECCOPOB TaKxkKe yA00HO MMeTb
MMeHa PerUCcTPOB, ONpeNesIolHe PeKUM "PErUCTPOBOH afipecauuu’. DTO JIETKO ClenaTh, ornpe-
JeJisisl UMEHa PerMCcTPOB KaK ONpefessiiolle C/10Ba, KOTOpble CO3Aal0T C/I0Ba, YCTAHABIMUBAIOLINE
peXXuMm ajpecauuu (a cTeke WM B nepeMeHHOH MODE).

HekoTopble npoueccopsl MO3BOJSIOT HUCIOJAb30BaTh HECKOJNBKO PEXHWMOB afpecaldd B Of-
HOM MHCTPyKUMH. Ecan uncTo pekMMOB aapecauud (UKCUPOBAHO, OHH MOT'YT OCTaBJSTbCS
Ha cTeke. Ecau uMcTo nepeMeHHOe, HEOOXOAUMO 3HAThb CKOJbKO HMX OBl YKa3aHO, U HYXKHO
UCMosb30BaTh HeckosbKo nepemeHHbix MODE,,. Hnsa npoueccopa Super8 si mosizkeH GBI OT-
CJeKMBAaTh He TOJBKO CKOJIBKO PEXXKMMOB ajipecallMd yKas3aHo, HO M CKOJIbKO ONepaHuoB. $
cesall 3TO COXpaHssl MO3ULHUIO CTeKa OTAEJNBbHO AJIs1 KaXKJI0ro pekrMma ajpecalyu.

Paccmorpum nHerpykuuio 6809 ADD. [lasi ynpolieHUs: UTHOPUPYeM MHAEKCHPOBAaHHEBIE pe-
JKUMBI aJipecaliy, ¥ peasnudyeM TOJbKO TPHU PeXKHUMa: HemocpencTBeHHbH (immediate), nmpsmoi
(direct) u pacmupenssiii (extended):

MCXOIOHEIHM KOO acceMbrupyeTcsa Kak
immediate <uucno> # ADD, 8B nn
direct <apgpec> <> ADD, 9B nn
extended <appec> ADD, BB aa aa

Tak kaxk pexum extended He HMeeT omepaTopa pexHUMa ajpecalnd, pexHUM aapecaluy
okasbiBaetcs yxe onpeneneHHbIM. CjoBa POPT a # u <> ycTaHaBJIMBAIOT PEXKUM afipecaliu.
Paccmotpum cuctemy komang 6809. Ecnu onkox immediate siBisieTcss OCHOBHBIM 3HaueHHEM,
To onkon B direct pexume paBen 6azoBomy +0x10, B indexed pexume +0x20 u B extended
pexume +0x30. dT0 cnpaBe UBO /5 MOUYTH BCEX WHCTPYKLHUH, UCMOJb3YIOLMX 3TH PEKUMBbI
anpecauru. MckJ/oueHrne cOCTaBJSIIOT Te OMKOM, AJISi KOTOPBIX OMKOMBI B pexxuMe direct HMsiOT
dbopmy 0x0?.

Takue oco6eHHOCTH CHCTEMbBI KOMaH[ HYKHO MCII0Jb30BaTh. DTO 00llee MPABUJIO MPH HAMH-
CaHMM acceMOJIePOB: HAUAUTE UJIM CHeNalTe caMy TaOJ/MIy ONKOAOB, U HAUAUTE 3aKOHOMEPHO-
CTH — 0COOEHHO Te, KOTOpble TPUMEHUMBI 115 PEXKHUMOB afipecalny Un APYTHX MOIU(PUKATOPOB



B HaleMm c/ayuae Hy»>KHO HCIOJIb30BaThb CJefytolre 3HadeHus nepemenHoit MODE:

VARIABLE MODE
# 0x00 MODE ! ;
<> 0x10 MODE ! ;
RESET 0x30 MODE ! ; \ 3HaueHUe IO YMOJIUAHMUIO

3Hauenue no ymosuanuio 0x30 (extended pexxum) ycranaBauaercsi cnmoBoMm RESET. Oto
CJI0BO GyIeT UCIOJb30BaThCsl MOCJE TOTO KaK OyneT acceMOMpOBaHa KaxKaash HHCTPYKLHSI.

Tenepb MoxeT ObITH HamucaHa KomaHaa accembisepa ADD,. JlaBaiiTe mOCMOTPUM ee cTapyto
BEPCHIO U HaMHILIEM ONpeeJsiiollfe CI0Ba AJs CO3AaHUs KOMaHI accemobJepa.

GENERAL-OP ( <bazoBHII OmNKOO> —--— )
CREATE C,
DOES> \ ( <omepaHmg> —-- )
ca \ nonyuuTs ©a30BHE ONKOL
MODE @ + \ mobamrnseM "Marmueckoe UuUCIIO"
C, \ accembnupyeMm OIKOL

MODE @ CASE
0x00 OF C, ENDOF
0x10 OF C, ENDOF
0x30 OF , ENDOF

ENDCASE

RESET \ BubOp pexuMa anpecaluy 10 YMOJIUAHUIO

~

omepaHng HaunT
omepaHng 6auT
omepaHpg cinoBo (2 6awnra)

~ =~

8B GENERAL-OP ADD,

Kaxnpiit sk3emmisip GENERAL-OP Gynet umeTb pa3nuuHbiil 6a3oBeiil onkon. Korna ADD,
BBINIOJIHSIETCS, OH OyIeT MoJydaTb 3TOT 0a30Bblil onkon, n006aBasTh K HeMy 3HaueHHe MODE,
1 KOMILJIMPOBATh MoJydeHHbIH 6aiiT. [lase oH OyneT 6paTh onepaHi, HaXOASLIMICS Ha CTeKe, U
KOMIHUJIMPOBATh €r0 B 3aBUCHMOCTH OT BBIOPAHHOIO pexKUMa ajfipecallu Kak 6alT u/au ciaoso. B
koHile MODE 6ynet c6polieH B 3HaueHHe Mo ymoauaHuto. OTMETHM 4TO yxKe OmNpeleseH Bech
KOJ, KOTOPBIH HY2>KHO MCIOJ1b30BaTh AJIS ONpefesieHUs UHCTPYKLUHH TOTO Ke CeMeHCTBa UTo U
ADD:

0x89 GENERAL-OP ADC,
0x84 GENERAL-OP AND,
0x85 GENERAL-OP BIT,

CoxpaHeHHe MaMsiTH MPU UCIONb30BAHUN OINPENENSIOMINX CI0B M0 CPABHEHHIO ¢ OOYYHBIMU
CJI0BaMH OIpeJle/IeHHbIMHU Uepes3 BoeTouHe O4eBUAHO. Bce KomaHAbl accembiiepa, NpUBeeHHbIE
BbILIE, UCIOJb3YIOT eIMHCTBeHHbIH 6J10K kKoma mocjae DOES>, BbI30B KOTOpPOro M3 3THX CJIOB
3aHHMMaeT BCEero HeCKOJbKO OalT

Ha camom nene 310 He Moii Kop peasbHOro accem6sepa 6809 — cyliecTBYIOT AONOJHUTENb-
Hble 0CcOOBIe CJIydau, KOTOpble HeOOXOAHMMO peasn3oBaTb. Ho OH MOKa3blBaeT UTO COXPaHSSA 4TO
JIOCTAaTOYHO CHeNaTh YTOOBl COXPAHUTb HH(OPMALHIO O PeKUMe U KaK CBOOOAHO HCIOJb30BaTh
KoHCcTpyKUHI0 CASE 4T0O6bI peann3oBaTbh HanboJee MPOCTbie HAGOPBl KOMAH/I.

5.3.7 Peanusaunus cTpyKTyp ynpaBjeHUs

CTpyKTypHOe NpOrpaMMHpOBaHHe Hane a0 OueHb MHOTO IIyMa, M OBbLJIO HAMMCAHO MHO-
’KECTBO MAaKpONaKeTOB 'CTPYKTYPHOro acceMOJHpPOBaHUSA" /51 pacnpoCTpaHeHHBIX acceMbJe-



CTPYKTYpPHBIH acceMOJiepHbIE KOA, UTO 0O0BSACHATCS TOH npuuuHOd uto Ha POPT e npowe
peaausosamo cmpykmyproili accembaep uem memku.

CrpykTypsl, 00b14HO BKJOYaeMble B POPT-accembiepsl, aHaNIOTHUHBI CTPYKTYPaM BbICOKO-
ypoBHeBoro @OPT a. [las ux oTaiMuus K HUM N00aBjseTcsl 3ansitas, Kak 3T0 ObLIO CAeJaHO
17151 acceMOJIepHBIX KOMaHI.

5.3.8 BEGIN, UNTIL,

drta camas mpocTas AJs MOHHMaHHUs acceMmOJjepHas CTPyKTypa. AcceMOsepHBIH KOI IOJ-
»KeH 3allukauTbess 10 MeTkh BEGIN go Toro xak 6yneT ynoB/eTBOPeHO HEKOTOPOE YCJIOBHE.
Cunrakcuc piss @OPT-accembaepa:

BEGIN, <xon> <ycropue> UNTIL,

Kon ycsioBUs npennonoKUTebHO ONpefiesieH KakK OnepaH] UK PeXKUM afpecalry AJs UHT-
CPYKLHH Nepexosa.

OueBuaHO, uTo UNTIL f0/I2KEH KOMIJIMPOBATb YCJAOBHBIH MePeXoi. YCI0BUS Mepexoia J0JK-
Hbl OBITb UHBEPTHPOBAHBI TaK, YTO, €CJIM YCJ0BUE yIOBJIETBOPSIETCS, TO NepexXo] UTHOPHUPYeTCs,
B OTJIMYME OT Tepexofia, KOTa yCJOBHe JIOXKHO. AcceMOepHbIH KO /151 0ObIYHOTO accembJepa
JOJI2KEH UMeTb BUJ:

JR ~cc, xxX \ ~cc To ®e uTo u NOT(cc)

CylecTByeT 1Ba CBOHCTBA, OMOralollle peanansoBaTh 3Ty cTpyTKypy. Caoso HERE?! Bos-
BpalllaeT TeKYIIWH yKazaTeJb KOMNUAALIUU. Hucaa MOTYT XpaHUTbCS Ha CTeKe He BJIUSIA Ha
pe6oty ®OPT a, u nocraBaThecs M0 HEOOXOAUMOCTH.

Hrak BEGIN, nosmxeH 3anmoMuHaTh MO3ULMIO YKasaTesss KOMIUJSLUHUU MOMelllasi ee B CTeK,
a UNTIL, 6ynet accembsrpoBaTh yCJOBHBIH Nepexof MO 3alOMHEHHOMY Ha CTeKe afpecy.

BEGIN, ( -- a ) HERE ;
UNTIL, ( a cc —— ) NOTCC JR, ; \ ¢mnar nepexola UHBEPTUPYETCH

Kak BugHo no crekoBoé Hotauuu BEGIN, ocraBasietr Ha cTeke Tekyuwui agpec, 1 UNTIL,
MCIOJIb3yeT 3alIOMHEHHBIH afipec U KOJ YCJOBHUS I/ KOMIUJSIUKU yCa0oBHOTO nepexona. CJoBo
NOTCC npenBaputesbHO uHBepTHPYeT Kon ycjoBusi. CjoBo JR, wcrmosbsyeT ampec mepexo-
na ¥ (MHBEPTHUPOBAHHBIN) KO YCJOBUS AJs (POPMHUPOBAHMSI COOTBETCTBYIIEr0 KOAA YCJIOBHOTO
nepexona 6809.

Takasi peanusanusi Mo3BOJSET UCIOIb30BATH BJIOXKEHHbIE YCJIOBHBIE LIMKJIBL:

BEGIN,

BEGIN,

cc UNTIL,

cc UNTIL,

Bnoxennwiét UNTIL, cceutaercess Ha BaoxenHeld BEGIN, dopmupyas kox uMkaa BHYTpU
KOJla OXBAaThIBAIOLLEr0 LHUKJA.




5.3.9 BEGIN, AGAIN,

®OPT rak:xke nopaep:xuBaeT KoHCTpyKIHI0 6eckoHeyHoro uukaa BEGIN AGAIN. Omnpene-
JIeHHe 3TOH KOHCTPYKLHHU I/ acceMbjiepa aHAJIOTMUHO, 32 T€M UCKJIOUEHHEM UTO KOJ YCJIOBHUS
He HCIOJb3yeTcsl, U KOMIUANpPYyeTcsl 6e3yCaOHBIH Mepexo Ha Hauasao LHKJA.

5.3.10 DO, LOOP,

MHorue mpoueccopsl MpenoCTaB/SIOT HEKOTOPble MHCTPYKLUMU LHKJA. 1aK KaK MX HET Y
6809, pacmotpum Zilog Super8. On umeet nnctpykuuto DIJNZ (nexkpeMeHT u nmepexon ecyiu He
HOJIb), KOTOpPasi MOXKET MCIOJb30BaTh JIOOOH M3 16 perucTpoB Kak cueTyWK LUKaAA. [las mpo-
neccopa 80x86 3Ta MHCTPYKLHMs paboTaeT TogbKo ¢ peructpoMm (E)CX. LIuka Ha CTPyKTypHOM
accemOJiepe OyneT UMeTb BU:

Do, ... r LOOP,
TIe I' PerUCcTpP HUCNOJb3yeMbld KaK CYETUHK LHUKJA.

DO, ( -—— a) HERE ;
LOOP, ( a r —— ) DJNZ, ;

B nekotopeix @OPT-accembaepax DO, Takxke acceMbaupyeT KO HHULHAMNU3ALKN CUETUYHKA
[IMKJIa, HO 3TO YMeHblIaeT I'HOKOCTb.

5.3.11 IF, THEN,

DTa KOHCTPYKLHUS — NpocTelllasi KOHCTPYKIMS, UCIOMb3YIOlLasl CChlIKH Brepen. Ecau ycio-
BUe UCTHHHO, OHA JOJI’)KHA BBINOJNHSTHCS, HHAYe ylpaBJ/eHHe IepelaeTcs Ha MepBY0 HHCTPYK-
uuio nocae THEN,.

Accem6aepublit kon a1 POPT-cunTakcuca

cc IF, e e eee e THEN,
OyneT UMeTb BHU]

JP ~CC, XXX

XXX

O6paTtuTe BHHMaHHe UTO KOJ YCJOBHS IOJI?KeH ObITb MHBepTHpoBaH aHajornyHo UNTIL,.

B onHonpoxonHoM accembJyepe HEOOXOAUMBIH Mepexol Bliepell He MOXKeT ObITb CKOMIUJIUPO-
BaH Cpasy, Tak KaK aapec Mepexofa ellle HEM3BEeCTeH. JTa MpobjemMa peliaetcs MyTeM acceM-
6supoBaHus myctoro nepexona tTuna JMP O u moMerneHus Ha cTek ajpeca ornepaHia KOMaHIbI
JMP. Tlosxe caoso THEN, cmoxer B3aTb 3TOT ajpec M NpONaTYUTb CKOMIJIMPUPOBAHHBIN
JMP, cooTBeTcTBYyIOIIM 00pa3oM MOAU(HULHUPOBAB €ro ONepaHA.

IF, (cc -- a)
NOT 0 SWAP JP, \ YCJIOBHHM IE€pexon
HERE 2 - \ nomemaem Ha cTek HERE-<pa3Mmep omnepaHga>

THEN, (a --)
HERE SWAP ! \ 3anoMuHaeM IO anpecy omnepaHma JP Tekymui
HERE



[F, uHBepTHpPYeT KOA YCJI0BHSI U KOMIUJIUPYET YCJAOBHBIH Mepexo] Ha HYyJeBOH aipec, Kaaas
anpec onepanaa Ha ctek. [locse xomnuasiuuu ycaoBHoro nepexona HERE ykasbiBaer Ha 6aiiT
nocJie Hero, MO3TOM HY>KHO BBIYECTb pa3Mep omepaHaa ycjaoBHoro mnepexoma. THEN, zarem
MOIU(ULHPYET KOMaHIy YCJOBHOTO Mepexona, U3MeHssl afipec Tepexofa Ha peasibHbIH.

[IpuBenennwid Bapuant THEN, — cambiii npocToll BapHaHT AJisl NPOLECCOPOB, HUCIOJB3Y-
OLIIUX YCJIOBHBIM Mepexoi 1Mo abconoTHOMY 16-6uTHOMY ampecy. ¥ MHOTHX IMPOLECCOPOB €CThb
TOJIbKO KOMaHJa yCJIOBHOTO Tepexoaa Mo OTHOCHTeJbHOMY anpecy +127 GalT oT ampeca Ko-
MaH[bl nepexona. B atom cnydae pasmep omepanma paBeH opHomy 6Gaiity, a THEN, nosxen
npensaputesnsHo BeidecTh U3 HERE anpec na creke.

5.3.12 [IF, ELSE, THEN,

Ynyuwennsit BapuaHT IF, THEN, nonosnnsiercss 610KoM Koia, BBINOJHSEMOM €CJH YCJIOBUE
He BbIMOJHAETCS:

cc IF, ... ... ELSE, ... ... THEN,
AccemOJiepHbIi KO 3TOH KOHCTPYKLHMH UMEET BHIL:

JP ~CC, XXX
; Xxom "ecrnu"

JP Yyy
XXX: ... ; kxonm "uHaue"

Yyyy:

ELSE, nomxen moguduunposats aedctus IF, u THEN, caenyomum o6pazom:

1 nepexon Bnepen B IF, noseH 6bITh MOIU(PUIMPOBAH UTOOBI BBIMOJHSJCS MEPEXO Ha HAauaJ0
6saoka ELSE, ("xxx");

2 anpec, nonoxenHbld Ha ctrek THEN, noskeHn ObiTh 3amucaH B omepaHj 0e3yCJOBHOTO
nepexona B koHue 6go0ka IF, ("JP yyy").

ELSE, tak:ke noJiKeH KOMIUJAHUPOBATh 6€3yCJOBHBIH MePexof.

ELSE (a -- a)
0O T Jp, \ 6e3yCJIOBHHU Nepexon
HERE 2 - \ OMecCTUTBL B CTeK aIpec ollepaHOa nepexona mOis THEN,l
SWAP \ nonyuuTh agpec nepexona IF,
HERE SWAP ! \ 3aMeHUTL ero Ha TeKymu# agpec

YcnoBue nepexona T o6o3Hayaet TRUE, 1o ectb GesycsoBHbIH nepexon. [lpu onpenenennu
ELSE, moxert 6biTh ucnonb3oBan Kox IF, u THEN, ecau taxe onpeneneno yciaosue F FALSE:

ELSE (a -- a) F IF, SWAP THEN, ;

SWAP anpecoB B cTeke MHBEPTHPYET MOCJIEI0BATENbHOCTb MOAU(HUKALUK UHCTPYKIHUH Me-
pexona Tak, yto THEN, monuduuupyer nepexon BuyTpu Koma ELSE,:

IF, (1) ... IF,(2) THEN, (1) ...  THEN, (2)
\ /




5.3.13 BEGIN, WHILE, REPEAT,

Haubosee cnoxHoi# accembuepnii ctpyktypolt siBasiercest uuk/a [IOKA, B kotopom ycsoBue
npoBepsieTCcsl B HayaJjle LMK/, a He B KOHILIE.

BEGIN, <xom> cc WHILE, <kopg uukna> REPEAT,

Ha npakrtuke mexny BEGIN, u WHILE, moxer 6biTh BcTaBJjIeH /000U KO, a He TOJBKO
3aJlaHKe yCJIOBHSI.

WHILE, nosxeH CKOMIUJIUPOBATH YCJOBHBIN MEepeXof MO MHBEPCHOMY YCJOBHIO Ha KOJ 3a
REPEAT,. Ecau kKon ycJioBUsi CC YIOBJETBOPSIETCS, 3TOT MEPEX0J NOJKEH HTHOPUPOBATHCS H
BBIMIOJIHATBCS KOJ, LIUKJIA.

REPEAT, nomnxeH KoMnuaupoBath 6e3ycioBHbIH nepexon Ha BEGIN,.

BEGIN, (1) ... cc IF,(2) ... AGAIN, (1) THEN, (2)
ITO MOXKeT ObITb CHIEJaHO C UCIOJb30BAHUEM CYIIECTBYIOIIHUX CJIOB:

: WHILE, (a cc —— a a) IF, SWAP ;
: REPEAT, (a a —- ) AGAIN, THEN, ;

5.3.14 3aroaosok POPT-onpenenenns

B GosblIMHCTBE MPUIOKEHUH MalIUHHBIA Kof, co3naHHblli POPT-accembiepom, nomernia-
etcsi B cyaoBapb ¢ nomoiibio CODE <umsi>, KOTOpPBIH CO31aeT CJOBAapHYI CTaTbhid C MUMEHEeM
<UMS> U CBSI3bIBAET €€ CO CJIOBAPHBIM CIHUCKOM.

Caoso CODE mnony4aeT nMs cjioBa U3 BXOJHOTO MOTOKA, CO3/aeT ONpefiesieHHe B CJoBape C
S9THM HUMeHeM, W HacTpauBaeT yKas3aTeJsb CJIOBApsl HA HadaJjo MOJs KOAA 3TOT0 HMEHH.

Cranpaptabiit @OPT wucnosbsyer cioso CODE He TosbKO As151 BBIIENEHHUS Hayajga acceM-
6JIepHOTO OMpefieJieHUsi B CJIOBape, HO U NOMOJHUTENbHOH MHULIMAMU3alun accembiepa (ycra-
HoBKe mepeMeHHbIX THa MODE).

5.3.15 Kpocc-komnuasuus

Jlo cux mop Mbl MpearnoJsaraiu uTo B CJI0Bapb KOMIUAKPYeTCS MALIMHHBIA KO CUCTEMBI, Ha
KOTOPOX M HCIIOJHSAETCS.

JL1st Kpocc-KOMIU/ISILUU OOBIUHO BBIMOJHAETCS KOMIUJSLHKS B OTIE/bHYIO 00/1aCTh NaMsTH.
dTa 06J1aCTb MOXKET UMeTh WJIM He UMeTh CJOBAapHOH CTPYKTYpPHI, HO OHa OTHeJeHa OT CJoBaps
XOCT-MAIIWHBl, U CKOMIIJIMPOBAHHBIM KO HE MOXKET OBbITh HCIIOJHEH.

Yaure Bcero A/15 3TOro MUCMOMb3yeTcss HA0Op CJOB JISl IOCTYNa K LieJeBOMY MPOCTPAHCTBY
MaMsaTH MO aHaJOTHU ¢ OOBIUHBIM JAoCTynoM K namsatd B Poprte. nsg satoro mMoryr ObITh HC-
Mo/b30BaHbl 0OBIYHBIE cJI0Ba ¢ npedukcom "T":

TDP ykazaresab Komnuasiuuu DP neneBo#t cuctemsl
THERE ananor HERE gns ueseBoit cuctemsl
(ecain VALUE-nepemennas, TDP He HyxeH)
TC,
TC@
TC!
T@
T!

WHorna BmMecto ncnosb3oBanusi npeducka "T" 3Tu coBa ompenensiioTcsi B OTAENBHOM CJIO-

Bape uLeseBoro komnuJjstopa. CnosapHas ctpykrypa POPT a nosBossieT UMeTb HeCKOJBKO



5.3.16 Kommuagiuga Ha AHCK

[leneBast KOMIUJISIIIAS TaKKe MOXKET BHIIIOJHSTBCS Cpasy Ha TUCK (B Qaiis) 6e3 ucrnosbp3oBa-
Hus Oy(epa NaMsATH LeJeBOH CUCTEMBI, HO U3-3a UCIIOJb30BAHUS NPSIMOro NOOAUTHOrO AOCTyNa
K (palisy 3TO MOXKeT 3HAuMTe/JbHO 3aMefJUTb padoTy KoMmmujastopa. OcoO6eHHO 3TO 3aMeTHO
eCJIM He HCIOJIb3yeTCs KellMpOBaHHWe JHUCKOBBIX OlNepaLry.

5.3.17 DBe3omnacHag KOMIIUJIAILUAA

Hekotopoie peanusanuu POPT a ucnonb3yoT 6e30macHy0 KOMIUJSINIO, KOTOPasi MbITSET-
Csl OTJIOBUTb OLIMOKK THMa HecHaJaHCHPOBAHHBIX CTPYKTYP yIpaBJeHUsl THUMA

IF, ... cc UNTIL,

B stom npumepe UNTIL, HekoppeKTHO HcHOJ/b3yeT aapec, NoMelleHHbH Ha cTek [F,.

OO6bluHBI MeTOA MpoBepKH cOANaHCUPOBAHHOCTHU CTPYKTYP YINpaBJ/eHHs — MOMelleHHe Ha
CTeK JaHHBIX WJ/IM Ha OTHEJNbHbIH CTeK KOHCTAHT, YHUKaJbHBIX AJS KaXAOTO YIPaBJSIOLLEro
CJIOBA, KOTOpble MPOBEPSIIOTCS APYTHMH CJIOBAMHM:

IF, nomemaeT 1;

THEN, npoBepseT Ha 1;

ELSE, npoBepsieT Ha 1 u ocrTaBnseT 1;
BEGIN, ocraBnseT 2;

UNTIL, npoBepseT 2;

AGAIN, mnpoBepsieT 2;

WHILE, npoBepsieT 2 M ocTaBisdAeT 3;
REPEAT, ocTaBigeT 3

DO, ocraBnseT 4;

LOOP, mnpomepserT 4.

CrouMocTb Takoil 6€30MacHOCTH — yBeJMUEHHe CJI0KHOCTH MaHUIMYJSLHUHA CO CTEKOM B Ta-
kux cjoBax Kak ELSE, u WHILE,. TAkxe nporpaMMHCT MOXKeT 3aXOTeTh MOCJIeI0BATETbHOCTD
B KOTOPOH YTpaBJSIOLIHe CTPYKTYphl are resolved BpyuHyro MaHUMynupysi cTekoMm. bBesomac-
HOCTb JieJlaeT 3TO 0oJiee CJIOKHBIM.

5.3.18 MeTknu

Jlaxke B apy CTPYKTYPHOI'O POrpaMMHPOBaHUSI HEKOTOPbIe TPOrPaMMUCThl UCIOJb3YIOT MET-
KU B acceMOJIepHOM KOJe.

[TpunuunuaneHas npobsema ¢ nmeHoBaHbIMU MeTKaMu B POPT-accembiiepe — Tak Kak MeT-
ku 370 POPT-c/10Ba, OHU HOMKHBI OBITH CKOMIUJIWPOBAHBI B CJIOBAPb BO BpeMsi He3aBepLIEHHON
KOMITHJISILIUM IPYTOr0 CJIOBA B MALLKMHHOM KOJe, HalpuUMep:

CODE TEST ... <MamNUHHHHK KOI> ...
HERE CONSTANT LABELl

<MamMWHHBEIN KOI> ...
LABEL1l NZ JP,

Kak BugHo u3 npumepa onpenesende Mmetku LABEL] nosxHO co3maBaTh CJOBapHyH CTa-
Tbi0 BHYTpU cepunudbl CODE. Bot Hecko/bKo pelneHHi | METKH ONpenessiloTCs TOJBKO BHE
MAallMHHOTO KOJA. 2 MCIIOJb3YIOTCS HeKHe IpelorpelesieHHble MepeMeHHble [Jsi BPEMEeHHOTOo
XpaHeHHs MeTOK. 3 JJii METOK HCIOJIb3YeTCsl OTAebHOe CJI0BAapHOE MPOCTPAHCTBO, HANpPUMeP
Kak 370 cuesnano no cxeme TRANSIENT

tj3
. 4 I MallMHHOTO KOJla HCIOJIb3yeTCsl OTHEeJbHOE MPOCTPAHCTBO CJI0Bapsi. ATO HauboJee ua-
CTO UCIOJb3yeMbIH METOJ MPU MeTa-KOMNUAALUUU. BosbiinHcTBO MeTa-kKomnuasaTopoB POPT a



5.3.19 Tab6auunHbIi accemMOJep

BoabmnHeTBo @POPT-accembepoB MOryT 0TpabaThIBATh PeKUMBL aipecallii U UHCTPYKLUN
ucnosib3ys cTpyktypsl Tuna CASE. Mx MoXXHO Ha3BaTh MpoLeAypHBIMU acceMOJiepaMu.

Hekotopble npoueccopsl THna 68000 uMer0T HACTOJBbKO CJIOKHBIE HAOOPbl MHCTPYKUHUH U
peXMMOB aJipecallii, 4YTO CTAHOBUTCS CJOXKHBIM CTPOUTb JepeBbsl Beibopa npu acceMbJ/enpoBa-
HUM UX KOMaHZ. B Takux ciaydasix 6osee MOAXOASIINM $IBJISIETCS HUCIOJNb30BaHHE TabJHLL, YTO
yMeHbIIAeT UCIOMb3YeEMYIO MaMSTh U MPOLECCOPHOE BpPeMs.

4 He Oyny onuchIBaTH Takue MpoLEeccopbl — TabJHUHble acceMbJepbl MUCATh HAMHOTO CJIOXK-

Hee?2,

5.3.20 IlIpeduxchHbie acceMOJepbl

MHorna ucnosnb3oBanue npedUKCHbIX acceMbepoB HeobxonarMo. Hampumep MHe ofHax bl
MPUILJIOCH MEPEeBOAUTb MHOTHE KHJ00ANThl acceMOJepHOro kKopa aus Super8 1jsti 00bIYHOTO
Zilogosckoro accem6sepa ansg POPT-accembaepa. CylecTByeT TPIOK MO3BOJSIOUIANA HMUTHPO-
BaTb Npe(UKCHbIH acceMbyep MPH HUCIOJb30BAHUM METONOB, ONMHUCAHHBIX B 3TOH CTaThbe.

B 0CHOBHOM 3TOT TPIOK MOKHO OIpele/IUTh KaK OTJ0KEHHOE BbIIOJHEeHHEe acceMOIHpPOBaAHUS
MoCJie TOTO Kak OblM 06paboTaHbl onepaHAbl. DTO AejaeTcs CJeqyHLUM CJI0BOM acceMObJepa.

Tak kaxknoe cjaoBo accemb/epa MOAUDPULHUPYETCS TaK YTO OHO

1 coxpaHsieT cBOH KO WJM afpec Kojaa, KOMIHUJIUPYIOLIEro KOMaHLy;

2 BBIMOJIHSIET KOMIUJHUPYIOLIMH KOMaHLy KOA 1Js Mpeablayliero caosa accembJepa.

... JP operand ADD operands ...

JP coxpansieT ykaszaresb Ha CBOH KOJ B KakoH-au60 nepemeHHoH. Jlanee obpabaTeiBaloTCs
onepanabl. ADD 6eper undopmanuio, sanomHeHuyo JP u BeimosHsier nefictBue JP, KoTopoe
MCroJib3yeT onepanabl Ha cteke. Korma kon JP 3aBepriaercsi, ADD coxpansieT cBoil anpec, u
TPOLECC TTPOIOJIKAETCH.

Oco60 mo/KHBl OTpabaThiBaThCS TepBble M MOC/JAeNHHE KOMaHAbl B acceMOJepHOM OJOKe.
Ecan ucnosb3ytoTcsl nepeMeHHble peXXHMa, TO UX COXPaHEeHHWEe W BOCCTAHOBJEHHE CTAaHOUTCS
KOLLIMapOoM.

5.3.21 BrniBog

4 pacemorpen Haubosee mpocTeie MeTOOUKH Hcnonb3yeMble B POPT-accembiepax. Mayue-
HHe TOTOBOro acceMmbJepa MOxKeT JaThb BaM MH(pOPMALMIO KaK MHUCaTb COOCTBEHHBIH accembJep,
HO JIyYIIMH crocob U3ydeHUs — IeHCTBUE.

5.4 TIloctrdukcHbii popT-accemOsep gas MCS-51

5.5 Peanusanusa co6cTBeHHOU (POPT-CUCTEMBI
6 Peanusanmua OOII

6.1 JleraabHoe onucanue mini-OOF

(© Bernd Paysan

O6bekTHo-oprenTHpoBaHHble (OO) cHCTEMBI C MO3IHUM CBA3bIBAHHEM OOBIYHO HCIMO/b3YIOT
meton VTABLE: neppas nepemennan® B kaxaoM o6bekte?! apaiserca ykasaTesnem Ha onucaHue

2nipumep Takoro accemb/epa MpHBeeH B CeAyIOleM pasjene
23
foJie



Knacca B BHe TaGauLbl yKasatened Ha Gynxuun®®. dta VTABLE MmoxeT Takxke comepKaThb
HEKOTOpYI0 NPYrylo HH(MOpPMALHIO, HATIpUMep CTaTHUYeCKHe TepeMeHHbIe.

O6bekTr — | vtable-ptr — | YUCJIO TepeMeHHbIX
nepeMeHHast YHCJI0 METOMIOB
nepeMeHHas xt Merona

Bo-nepBbiX, onpenesuM MeTOIBL:

: method ( m v - m+1 v ) CREATE OVER , SWAP CELL+ SWAP DOES> (...0 — ....)
@ OVER @ + @ EXECUTE ;

[Ipu nexnapanuu mMetona co cTeka OGepercs ofllee YUCJIO METONOB M MepeMeHHBIX KJjacca.
method co3maer omuH MeTom M yBesuuyuBaeT Ha | yucao mMetomoB. JJisi MCTONHEHUS MeTO-
na Gepercsi 00beKT, U3 Hero mnoJydaercss ykaszateab Ha VTABLE, no6aBasiercsi cmelnenue, u
BeImosHsIeTCs Xt?% MeToza, KOTOPHIA HaxoaMTCA Mo MoJaydeHHOMY aapecy. Kaxabiii meton ompe-
nensieT 00BEKT, AJsI KOTOPOTO OH BBI3bIBAeTCs, MO agpecy Ha cTeke — ykKasaresio this. Meton
IOJ2KeH paboTaTb ¢ OOBbEKTOM CaMOCTOSIT€JNBHO M yAansaTb this co cTeka mepen BBIXOIOM M3
MeTO1a.

Tenepb Mbl TOKHBI OMPEIEJTUTD TTepeMeHHbIE KJacca

:var (m v size - m v+1 ) CREATE OVER , + DOES> (0 - addr ) @ + ;

Tak Ka, Kak U method, coBo co3naercs ¢ TeKymuM cMelrieHueM. [lepeMeHHbIe MOTYT HMETh
pasJMuHbBle pasMepbl’’, Tak uTO BCe YTO Mbl JejaeM — OepeM pasMep M 1006aBJseM ero K
cMmemllenuo. Ecaiy Balia MaiuMHa uMmeeT TpeGOBaHHs MO BBIPABHMBAHMIO®S, mepej MepeMeHHON
no6asssieM TpeOyemble BoipaBHHBatwmue 6aiTel cmoBaMd ALIGNED wnn FALIGNED, Takxke
KOPPEKTUPYIOLIUMH CMelleHre MepeMeHHOH. VIMeHHO 1Mo 3ToH TMpUUYHHe CMelleHHe HaXOOUTCS
Ha BepIUIMHE CTeKa.

Jlns Hauana onpenesneHusi 00beKTa HAM HY>KHO 33/1aTh HauaJbHOE COCTOSTHHE
HEKOTOpble IOMOJHUTE/bHbIE NeHCTBHUSA:

CREATE object 1 CELLS , 2 CELLS,

: class ( class - class methods vers ) DUP 2@ ;

Jlnsi HacsiemoBaHUs MPH JIeKJapaluyd HOBOTO HAcJeoyeMoro°” KJjacca HOJIKHA ObITb CKOIH-
poBana VTABLE ponutenbckoro o6bekta. DTo KOMUPOBAHHE AeT BCE METOMABl POAUTEIbCKOTO
00beKTa, KOTOPBIE Jlajiee MOTYT ObITb MepeornpeeIeHbl.

: end-class ( class methods vars — ) CREATE HERE >R (1) ( vars ), ( methods ) , DUP
, ( methods ) 2 CELLS ?DO ['] NOOP , 1 CELLS +LOOP (2) CELL+ DUP CELL+ R> (
here ) ROT @ 2 CELLS /STRING MOVE ;

(1) cospaer VTABLE, ununuanusupoBannyro NOOPawmy;

(2) peanusyer MexaHu3M HacJenoBaHus — u3 ponutenbckoit VTABLE konupyiorcs xt me-
TOJIOB.

29 W BbITNIOJIHUTD

30

Y Hac Bce elle HeT cnoco6a onpesie/ieHHs] HOBBIX METOJOB, TI03TOMY OINpPENeJNHM CJI0BO

: defines ( xt class — )’ >BODY @ + ! ;

L5 BbiIeIeHHsI MaMSITH 110, HOBBIH OOBEKT HaM TaKxKe HYXKHO CJIOBO

: new ( class - o ) HERE OVER @ ALLOT SWAP OVER ! ;

MHorzna nouepHue Kjacchl TpeGyOT I0CTYNA K MeTOAAM POAUTEIbCKOTOo Kiaacca. CyliecTByer
nBa crocoba crenatb 3To B 3ToM BapuaHTte peanusdauuu OOF: Bel Moxere

1. ucrnosb30BaTh UMEHOBAHHbBIE CJIOBAQ;

25
26

MEeTOfbl KJiacca

execution token, o6buno agpec mosst koga CFA ciosa

2 LeJible, YAC/A C MJIaBaKoUlel TOUKOH ONMHAPHOHA M ABOWHOW TOYHOCTH, CUMBOJIBL U T.II.
%8 yanpuMmep Ha rpaHHIly MaIlIMHHOTO CJI0BA

29 nycTol 06BEKT



2. ucnosb3oBath uxX xt 3 VTABLE ponutenbckoro k/iacca.

:: ( class "name ’ >BODY @ + @ COMPILE, ;

IIpumep HuuTo He MoxkeT ObITH Jy4llle YeM XOPOLIMH MpUMep, TaK 4To BOT OH. /s Hauasa
OTpelieIUM TEKCTOBBIH 00bEKT (HaJslee HasbiBaeMblil button), KOTOPBIH XPaHUT TEKCT U MO3ULHIO:

object class cell var text vell var len cell var x cell var y method init method draw
end-class button

Tenepp peanusyeMm nBa mertofa:

:NONAME (0 - ) >RR@ x @ R@ y @ AT-XY R@ text @ R> len @ TYPE ; button
defines draw

:NONAME (addruo-)>R0R@ x!0R@ y! R@ len ! R> text ! ; button defines init

B kauecTBe mpumepa HacJenoBaHUs onpeneuM Kiuacc bold-button 6e3 HOBBIX mepeMeHHBIX
¥ METOJIOB

button class end-class bold-button

: bold 27 EMIT ."[Im"; : normal 27 EMIT ."[Om";

:NONAME bold [ button :: draw | normal ; bold-button defines draw

W HakoHel HEKOTOPBIH KO/, 1€MOHCTPUPYIOIIHH co3aHNe 0ObeKTOB U MPUMEHEeHHe METOJIOB!

button new CONSTANT foo s"thin foo"foo init foo draw

bold-button new CONSTANT bar s"fat bar"bar init bar draw

7 IlnaBaromas TOuKa
8 CereBble MPOTOKOJIBI

9 OnepauuoHHas cucTemMa 0S

DTOT pasnes KHUTH SBJsSETCS NOKyMeHTauued K mpoekTy [os]. JlokyMeHTaLUsl UCKJ/I0YeHa
U3 NpoeKTa, 4YToObl He Je/1aTh ABOHHYI0 padoTy, NyOaUpYsl ONHHU U Te XKe TeMbl B JOKYMeHTalHH
npoekTta U KHure. Kpome Toro, Kak pa3 [0s]| siBJsieTCS] XOPOLIUM MOAPOOGHBIM TIPUMEPOM HCIIOJb-
3oBaHusl PopTa W MPAaKTUUYECKH He ONMHCAHHOTO B JINTEPATypPe METONA YeAeB0l KOMAUAAYUU.

9.1 O cucreme

B nocsenHure HeCKOJIBKO JieT MPOU3BOAMTENbHOCTh KOMIIBIOTEPOB HACTOJIbKO BO3pacJa, uTo
TOSIBUJICST MHTEpeC K peau3alrsM $3bIKOB MMPOTPaMMHUPOBAHHS, HCIOJNB3YIOIMX WHTEpIpeTa-
nuto. CaMblil pacpoCcTpaHeHHbIH MOAXOA MPHU peasu3aluu TaKUX CUCTEM MPOrpaMMHUPOBAHUS —
KOMIUJISILIUS MPOrpaMM C OZHOTO UM HecKoJbkux ABY B GoJsiee uiu MeHee HU3KOYPOBHEBBIH
TIPOMEXKYTOUHBIH KO, KOTOPBIH 3aTeM MHTepPNpeTHpyeTcs: mpu paboTe mporpamm B run-time.

Bupn Takoro npomMe:KyTOUHOTO KOAA MOXKET OTJIMYAThbCS CUCTEMOH KOMaHI U BO3MOXKHOCTS-
MU supmyarvroil mawunst (BM), ux KomMpoBaHHeM, HO dYallle BCero TaKOW KOJ HasblBaeTcs
6atim-kodom. COOTBETCTBEHHO urmepnpemamop baiim-koda Ha3bIBAIOT TaKKe BUPMYALbHOL
mawurnoi (BM), dsusckom ninu (unmepnpemupyiowyum) s0pom.

Jlnst yckopeHusi paGoThl MHTepHpeTaTopa 4acTo®! MCHo/b3yloTes MeTOAbl YaCTHUHON KOMITH-
JALUM 6aliT-KONa B HamMusHbS? MalIMHHBIA KOJ PeaJbHOro KOMIIbIOTepa.

Y MeHs ellle ¢ HHCTUTYTCKHUX BpeMeH Oblja MeuyTa HalmucaTh CBOK ONEPAlMOHHYID CUCTEMY
Ha DopTe, HO 06nyMaB TpeOOBaHHUSI K TAKOH CHCTeMe s OCTAHOBHJICS Ha BapHaHTe WHTepIpeTa-
Topa 6alT-Koma, KOTOPEIA MOXKeT paboTaTh Ha Bcex muatdopmax U OC, KOTOpbIe s UCTOJb3YIO

2 0COOEHHO B TSI2KEJIBIX KOMMeEpPYECKHUX A3BIKOBBIX CHUCTEMaxX THIIA Java unu NET



(Windows, Linux u DOS na 1386 IIK, nananonnuk Palm IlIxe, Mo6uabpHbBIH TesnedoH ¢ BUP-
TyaJqbHOH MaminHOH Java). Kpome Toro, s miaHHpylo 3aHSITbCS BCTPAUBAeMbIMH CHCTEMaMH
Ha 8-OMTHBIX MHUKPOKOHTpOJJIepaxX, U €CTb BapHaHT MCIOJIb30BaThb YUCTO HHTEPHPETHPYeMBbIH
BapuaHT Popra A/ 4acTH Kona, KOTOPEIH He TpeOyeT BBICOKOH CKOPOCTH paboThl.

B TeueHue HeCKOJbKMX MeCseB IKCIEePUMEHTOB W Oblia cosdnaHa [os|: OC mas BcTpaw-
BaeMbIX CHCTeM, [OCTPOEHHasl Ha OCHOBE BUPTYyasJbHOH CTEKOBOH MalUMHbI, CHCTeMa KOMaH[
KOTOpPOH ONTHMH3UPOBAHA NOJ $3bIK MporpaMMupoBaHusi Popr.

Tekymuii BapuaHT 0S UCKYCTBEHHO cleiaH 16-OGUTHBIM, UTOOBI MPOrpaMMBbl [J51 HEe MOTJIU
paboTaTb Ha CaMOJEJbHBIX CHeLHaJU3UPOBAHHBIX MaJOMOLIHBIX YIPaBJ/SIOLIMUX KOMIbIOTEPAX.
Kpome TOro, 3To 0QHOBpEMEHHO $IB/ISIeTCS SKCIIEPUMEHTOM — J1acT JM HCIO0Jb30BaHUe $13bIKa
@opT Ty KOMNAKTHOCTb NPOrPaMM, O KOTOPOH 4acTO IOBOPSIT (hOPTEpHI.

Hcnonb3oBaHne HHTEPNPETUPYIOILErO ABUKKA HUMEET HeCKOJbKO BayKHbBIX HOCTOMHCTB:

e KpaiiHe BHICOKasl MEPEHOCHMOCTb MeXIY pasHbIMU KommbioTepamMu U OC — sa1po cucte-
Mbl (MHTeprpeTaTop OalT-KoOAa) MEPENUChIBAETCS MOA JI0YH XOCm-cucmemy BCETrO 3a
HECKOJIBKO 4acoB;

® AP0 MOXKET ObITh JIETKO HAMKMCaHO Ha JIl0OOM SI3bIKe [nporpaMMHupOBaHUA UJIHA acceM6J1epe;

® /PO 3JEeMEHTApHO BCTPAUBAETCS BHYTPb JIOOBIX APYTHX MPOrpaMM, UTO I03BOJSET J0-
0aBUTb B NPOTPAMMBI NpOEpPAMMUPOBAHUE NOAb30BamMeseM — B CHCTeMy Komani BM
106aBasIOTCS KOMaHAbl 15 B3aUMOAEHCTBUS ¢ mporpaMMHO# ('pyuku”), a moJib3oBaTesNb
MOXKeT MHMCaTh CBOM CKPHUITHI U PACLIMPEHHUS U KOMIIMJIUPOBATb UX B OAaHUT-KOL;

e ellle OIMH BapHaHT (10Ka HepeasM30BaAHHBIN) — BMECTO JBYXCTYNEHUYATOTO Mpolecca KoM-
MUJIALMH [10J1b30BATeIbCKUX CKPUIITOB B 0AUT-KOL U UX NOCJEYIOLIEro BLIONHEHUS BHY-
TPU OCHOBHOM NPOrPaMMbl Ha BCTPOEHHOM HHTEpPIpeTaTope UCIONb30BaTh (POPT-CUCTEMY
B 0alT-KOle; B 3TOM CJydae [0J1b30BaTesNbCKUe CKpUNTE Ha Popre OynyT 3arpyKartbcs
HeroCpeACTBEHHO B TEKCTOBOM BHJe 0e3 NpelBapUTeJbHOH KOMIUJSLUU B OaUT-KOL;

e pOrpaMMbl, CKOMIHJIUPOBAaHHBIE B GalT-KOM, BHIMOJHSIOTCS 0e3 MepeKOMNUJsuuu (mpa-
BUJIbHO HalHCaHHBIE TIPOrPAMMbI) UJIH C MUHHMAJbHOH HACTPOEUHOH MOTU(UKALNEH HC-
XOIHOTO KOJa MoJ KOHKPETHYI0 XOCT-CUCTEeMY HJIM TpeOOBaHUS M0Jb30BaTeJS;

® HEOrpaHWYEHHble BO3MOXKHOCTHU OTJAAKH — OTJ'IaII,O‘{HbIIjI KOL I[O63BJIH€TCH B I/ICXO,U,HI:II;'I
KOO sfapa UJIHU B L eJIeBOH KOMITHJIATOP;

® 3a cyeT YUCTOH UHTEPIHpEeTalkd BOSMOXKHO HCII0J/Ib30BaThb JII00BIe THUIIBI MHOIo3aga4yHOCTH,
3alllMThl NAHHBIX, KOHTPOJIA pa6OTbI nporpamMM B IipoLiecce BBIITOJITHEHUA.

Boob61ie ucnonb3oBaHWe HHTEPIpeTaldd ONMHAKOBOIO [AJsl BCeX XOCT-CUCTeM OalT-Kona
103BOJISIeT NIPUMEHSATb METOAMKH, He paboTarllre /s TPAAULUOHHOH KOMIHUJASLUMU B MallWH-
HBIA KOJ

® CaMOMOAH(HKALHUSA IPOrpaMM;

e HCNO/Mb30BaHHE MeTaaHHbIX 00 MCXOJHOM KOJe NPOrpaMM, TakkKe CKOMIHJIMPOBAHHLIX B
6aiT-Kom>2;

e pasHooOpa3Hble BUObl MHOr03aJayHOCTHU C 3alLUTOH 3amad ApPYyr OT ApPyra, B TOM 4YHC-
Jie U Ha XOCT-CHCTeMax, He MOoAJepKUBAKOLIKX ee annapatHo, Thna 8086 u 8-OGUTHBIX
MUKPOKOHTPOJIIEPOB;




® pecypchl XOCT-CUCTeMbl ((paiijoBasi cucrema, ceTeBble (DYHKUHH, MaMsiTh, YCTPOHUCTBA
BBOJA/BBIBOJA U T.H.) JUOO BBOOLIE HEAOCTYIHBI [/ MporpamMm B GalT-kKoje, JUOO J0-
CTyn obecrneyuBaeTCsl C MOMOLLbIO CMEeHaJn3UPOBAaHHBIX KOMaH[, BUPTYyaJ/JbHOH MAlLUWHBI,
MO3TOMY IPOrPaMMbl BBINOJHSIOTCS B M30JUPOBAHHOU Cpelle U He UMEKT BO3MOXKHOCTH
MOBJUSATh HAa paboOTy APYrUX MPOrpaMM W CHUCTEMbI, 2 UHTEPNPETATOP MPU ITOM MOXKET
OTCJIe’KMBAaTb M OTPAHUUYMBATH HCIOJIb30BAaHHE BCEX PECYypCOB B MPOLECCE BBINOJHEHHUS
NPOTrPaMM;

® [I0JIHAS HEe3aBUCHUMOCTb (popmaTa OalT-Koxa OT MaT(OPMbl U €ro U30JMPOBAHHOCTD I103-
BOJISIeT BBITOJIHATh POrPaMMbl HA TeTepOreHHBIX pachpeeseHHbIX CeTsX, COCTOSILIUX U3
Pa3HOTHUIIHBIX KOMIIBIOTEPOB, COEAUHEHHBIX MexXOy CO0O0H J/0ObIM COCOOOM — MOXKHO
TIOBBICUTh Ha[eXKHOCTb MPOrpaMMHO-AMNIMNaPATHLIX CHCTeM, MOBBICUTb 3((PEKTHUBHOCTb HX
UCIIO/Nb30BAHUSA U MaclITaOUPyeMOCTb 3a CUeT paclpefiesleHUs] Harpys3KH.

OcHOBHOe CpefCcTBO pa3paboOTKU — acceMOsep CTEKOBOH MalUUHbI (yeresoil komnuaamop,
LIK), Hanucauubiéi B Bujee paciuupenusi popr-cuctembl SP-FORTH?*. Cucrema komann cre-
KOBOH MalIWHBl eCTeCTBEeHHO 3aTtoyeHa nox Popr.

K coxkanenuio moka (?) He HaUINIOCh KOMIMJSITOPLIMKA, CIIOCOOHOrO U »KeJalollero Harmu-
caTh [JIs1 0S KOMIUJSIIMIO B GAUT-KOM C APYTHX SI3bIKOB TPOrpaMMUpoBaHusi, ocobeHHo C1+. C
JPYTO# CTPOHBI, ec/iu OyneT Hamucan Komnusitop CH+, B coo0I1eCTBO XaKepoB-pa3paboTUHKOB
0S HabeXUTCs JaMepbe W JI0OUTEH BbICOKOYPOBHEBBIX S13bIKOBbIX NpuModek Ttuna OOII, nu-
HaMHYeCKHX CTPYKTYp JaHHBIX U COOPIIMKOB Mycopa, U MOJYy4UTCs elle oaHa Java.

[Tpu HeoOGxomMMOCTH BBl MOXKeTe HamUcaTb COOCTBEHHYIO BEPCHUIO LeeBOT0 KOMIUJATOPA,
KOTOPBIH OyneT BMeCTo 0alT-KoJa reHepupoBaTh HACTOSALMH MAlIMHHBIA KOJ LieJieBOH maTdop-
MBI, TIPH YCJOBHH YTO BalUM NPOrpaMMbl He paboTalOT HANpsIMyI0 ¢ 0AWT-KOJOM U CJIOBapeM.

DTO yC/IOBHE He BBIMOJHAETCS /Il CaMOMOAM(DHULHPYIOLUIUXCS TIPOrpaMM, B TOM YHUCJEe U IS
UHTEPAKTUBHON (POPT-CHCTEMBl, KOTOpas B [aJbHeHIIeM BO3MOXXHO KeM-TO OylIeT HanucaHa.
Ecau nanucath Takyioo (OpT-CHCTEMY, OHAa COBMECTHUT B cebe HHTep(elc KOMaHAHOH CTPOKH,
MOHHUTOp, CPeACTBO on-board paspaboTKu, 3arpy3urKk KOH(PUIypalHOHHBIX (aijoB (ecau IBHU-
’KOK UX MOJLEP:KUBAET) U CKPUITOB U T.[..

B npouecce pasBUTHSI CUCTeMbl OHA €CTeCTBEHHO OyleT MOCTeNeHHO paclyXxaTb, HO s Haje-
I0Ch BCE K€ COXPAHUTb ee MPOCTOTY 3a CUET MHOIOCJIOHHOCTH.

Cambl#l ydmIni crnoco® OCBOEHHUS] 0S — MOJHOCTbIO HAmUCaTb C HYJ/S ee KJOH, COXPaHUB
COBMECTHMOCTb.

Jls NBH2KKa »KeslaTe/IbHO MCII0JIb30BATh OAWH HJIM HECKOJIBKO S3bIKOB IIPOrPAMMHUPOBAHUS U
OubIMOTEK, KOTOPble BaM OO0Jble BCEro HPABATCS WJIM Jydllle NOAXOAAT AJsl pellaeMblX 3a1au.
B poccutickux BY3ax ocobenHo momysasipeH B 3ToM msaHe Pascal, Hy ¥ KoHe4YHO Haipiercs
Macca Hapoja, »KeJIalollero HalucaTh JBHXKOK Ha acceMbJepe.

Elle onuH KaHAMJAT Ha NepelnuCbiBaHHE — LieJeBOH KOMIUJSTOP, TaK KaK OH 3aTOYeH Ha
peructpo-3aBucuMbll SP-FORTH, u He Oynmer paboTaTb Ha OOJIbIIMHCTBE (DOPT-CHCTEM, He
pasnuuamurx cjaosa dup u DUP. Kpome Toro, B HOBOM CTaHAapTe MOSBUJCS pa3feJ Mo LeJeBoH
komnuasuuu, a LUK B puctpubyTuBe 0S eMy COBEpILIEHHO He COOTBETCTBYET.

CoOCTBEHHO TroBOpS 0S — 3TO creuuduyeckas MeTOAWKA NporpammupoBaHusi Ha Dopte
C UCIIOJIb30BAHHEM lleJIeBOH KOMIMHUJSLMK B OAUT-KOA M MHTepIpeTally, U Mo 6oJbllel 4yacTH
HamMcaHa Kak WJIIICTPALUs 3TOH MeTOAMKHU. 10, 4TO 3Ta MeTOAHKa OKa3biBaeTcs HoJiee adpdek-
TUBHOH, UeM TPaAMLHOHHOE MporpamMMupoBaHue Ha DopTe ¢ pacKpyTKOH CHCTEMBI OT YPOBHS
MalllMHHOTO KOJa, MpocTo NMoOouHbIH 3dekT. 2Kanab TONbKO, UTO MHe He MOMaJoCh XOPOLIEro
OnMMCaHus LeJeBod Komnuasuuu tuna cratbu Brad Rodriguez sner stak 10 naszan.

Bynyiiee nokaxert, HO ecii BAPYT METOIMKA 0S OKaxKeTCs MONYJSIPHOH, HaM OMSATb NPUAETCS
pelaTh OCHOBHYI0 BaBusoHckyto npobsemy sisbika Popt — pacrnosizaHue Ha AeCATKH YACTHUYHO




HECOBMECTHUMBIX NHajieKToB PopTa, MosiBjeHHe MPOrpaMM, 3aBUCUMbBIX OT 0COOEHHOCTEH KOH-
KPETHBbIX (POPT-CUCTEM, U CaMoe IJIaBHOe MpoOJeMbl MOHHMAHHUS KOOB UyKHUX MPOrpaMM H3-3a
I3BIKOBOTO TePeHachIlleHus1 (cM. ??).

9.2 MHoroc/oiiHas CTPYKTypa

CucremMa MMeeT MHOTOCJIOMHYIO apXHUTEKTYPY:

9.2.1 Amnnaparnas naargopma u OC

Tekyluii BapuaHT qucTpubyTHBa paboTaeT TOJNbKO B rocTeBoM pexkume noBepx DOS Ha [1K
¢ npoueccopamu 80x86.

DOS naet owlylieHre BCTpauBaeMOH CHCTeMbl — HH3Kas PaspsaaHOCTLS), MpsMOE J0CTYI

K Kese3y>®, oTcyTcTBHe MHOrMX GHGIHOTEKS .

os paspabarbiBasiach Kak rocreBasi OC, padoratouias noepx xoct-OC, HO HUKTO He 3arpe-
aeT B3Tb B PyKH accemOuep u/uau Kommnuasitop CT+ u JHUHKep, COCOOHBIH IeHepHPOBATh
OUHaApHBIN (hal/J C MALIMHHBIM KOIOM, U HAlMCaTh JBUKOK 0S, KOTOPBIH OyIeT 3arpyKaTbcs Kak
stand-alone OC u pa6oratb HampsMyio ¢ xkese3oM. [IpaBaa npu 3ToM BaM MPUAETCS BJOXKHUTDH
B 9TO Uy/0 HEeCKOJIbKO UeJI0BeKO-JeT KOAMHTa, YToObl Hanucath ApaiBepa, ceTeBble NPOTOKOJIHI,
O6UOJMOTEKH MIPOTPaAMM U T.J..

Ecsu BBl X0THTe paboTaTh B MPUBBIUHON Cpejie, HO TPU 3TOM IKCMEPUMEHTHPOBATH C CH-
CTEMHBIM ITPOTPaMMHpPOBaHHEM, eCTb 6oJiee MPOCTOH BapHaHT — HanuuuuTe BM, kotopasi 6ynet
SMYJIUPOBATh HU3KOYPOBHEBBIH AOCTYM K ycTpodcTBaM, W numnte csoro OC Ha PopTe.

9.2.2 BupryajbHas mMamuHa (MHTeprpeTaTop 0alT-KOHA)

Hanucan va Ct+ ¢ Hcnosib30BaHUeM JIEBOTO HeJHLEH3HOHHOro Kommuastopa Borland C++
3.1. PacnpocTpaHsieTcsi B MCXOOHBIX TEKCTaX B KauecTBe MpUMepa [Jisi HAMUCaHWs Ballero
coOCTBEHHOT0 UHTepIIpeTaTopa 6alT-Koaa Ha JIoOOM s13blKe UJK acceMOJepe, OUeHb XKeJaTelbHo
6e3 HapylLIeHUH JULIEH3UOHHOCTH.

9.2.3 IleneBoil KOMIUJIATOP

[TpuHuMNB LeneBOH KOMOUIALUM U NoApoOHoe onncaHue 16-6utHoro LIK nss os nogpo6Ho
OMHUCaHo B pasjese 5.2.

3516 6ur
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9.2.4 Budauorexku

9.2.5 Ilonb3oBaTenbCKHe paclIupeHUs U NMPHUKJIATHbIE MPOTrpPaMMbl

9.3 Apxurekrypa BM
9.3.1 Ilamsars

9.3.2 Crek BO3BpaToB
9.3.3 Crek maHHBIX

9.3.4 Perucrtpsi

9.3.5 CreK LHUKJIOB CO CYETUHKOM

9.4 Cucrema KOMaH[

0S MCIOJIb3YeT MOANPOrPaMMHbIH [IKTHIE KO, PUUEM HCIOMb3YIOTCS He MallMHHbIE KOMaH-
Iibl, BBITOJIHSIEMbIE aNapaTHO, 2 KOMaHIbl BUPTYaJ/bHOH MallKWHbI (6alT-KOm). DTa TEXHONOTHS
TaKKe HCIOJb3yeTCsl HEKOTOPbIMH (opT-cucTeMaMH, M HasbiBaeTcs tokenized threaded code
(TTC) nau switched threaded code.

Ha6op komann u apxutektypa BM ontumusupoBaHa misi s3eika PopT, B 4aCTHOCTH Bce
KOMaH/Ibl BBITIOJIHAIOT AeHCTBUS, aHaJoruuHble HeGoblomy Habopy ciaoB u13 CORE WORDSET
CTaHIapTa si3blKa.

9.4.1 DBasoBbie KOMaHIbI

Yr[paB.neHI/Ie BBIIMMOJE€HHUEM IIPOTrpaMMBbl

IIamsars

Crek

IlenouncaenHas apupmMeTuKa



9.4.2 TI'pacduueckuin apaiiBep monoLCD
9.5 bubauoreku

9.56.1 Dbubauoreka MakKpocoB

9.5.2 2D mnogHo3KpaHHad rpaduka

9.6 IIpumeps! mporpamm

9.6.1 empty
9.6.2 blinker

9.6.3 liner
9.6.4 grdemo
9.6.5 pautov

9.6.6 cmdline

10 3akaoueHue

Pab6oTta Han KHUrOW BeneTcsl MOCTOSTHHO, MMOSTOMY Ta BEPCHSi, KOTOPYIO Bbl cefuac 4UTaerTe,
MOKET 0Ka3aTbCd He CaMOU CBeXKeH.

[TocsieHI00 BepCHIO 3TOH KHUTH M ApPYyrue marepuajbl o Popty u paspaboTke »KeJie3a Bbl
MoXeTe cKadaTb ¢ [akps].

10.1 KoHcrakTHBIE agpeca

[loxxanyiicta, HanpaB/sliTe BallK 3aMeUaHUS U MPeNJIOKEHHUS:

Dmitry Ponyatov <forth@km.ru>
FidoNet: 2:5057/18.29 unu B koHpeperuno SU.FORTH

Jlydille Bcero ecyid Bbl TPUCOEAHMHHUTENb K padoTe Hal KHUIOH M APYTHMH MaTepuaJaMu
caliTa — 3TO MOTYT ObITb KaK Ballld MHUCbMa C OMHCAHHEM Pas3JHUYHbIX METOAUK, HCXOAHBIMH
TEKCTaMH MpPOrpaMM M T.A., TaK W MOJHOLEHHast on-line paGoTa Haj MaTepHasjaMH HCIOJb3Ys
noctyn ¢ ucnosb3oBanuem CVS (em. http://www.cvs.ru).

10.2 Heo0xogumbii cogt

e Jlio6ass dopr-cucrema nnas Baweir OC. [lpumepsl mprBeneHbl At QOPT-CHCTEM, COOT-
BetcTBytomux crangapraMm FORTH-83 u ANS FORTH '94. Ilns Win s ucnonbsyto SP-
FORTH. CM. noppo6Hbl#i cnucok (hopT-cucTeM. B KHUrY MjaHUpPYeTCsl BKJIOYUTb pasje-
JIbl, TIOCBSILLIEHHble HCIO0Jb30BAaHUIO HECKOJNBKUX CAMBIX PACIpPOCTPaHEHHBIX (OPT-CUCTEM
(B cMBIC/IE UCTIONB30BAHUS CIIELU(UUHBIX [/ KAXKI0H CHCTEMbl BO3MOXKHOCTEH).

e PeanbHoe xkene3o uau amyasitopsl He-80x86 nmardopm (Palm, ZX Spectrum, cpenctsa
pa3paboTKU 1/ BCTPAaMBaeMblX CHUCTEM Ha MHUKPOKOHTpoJJepax uiad He-80x86 mpolec-
copax?®, cumynstop VHDL).




e Komnuasitop C(++), accembiep, KOMIUISATOP HJIH S3bIKOBAs Cpeaa /s Ballero JoOUMOro
13blKa — JJI HanucaHus uHTepnpertupytouero asuxkka FVM u t.n. Ina DOS-nBuxka 1
ucnonb3yto Borland C++ 3.1. M3 ckpunToBbIX $13bIKOB OueHb pekoMeHay Python.

o Knuenr nmasg CVS-cepBepa, ecid XOTHTe ydyacTBOBAaTb B PeagKTUPOBAHUM KHUIH HJIH
npyroro pasnena cairta. as win kagaite cvsnt/WinCVS unu cvs-sfx .

e Penaxrop, coco6HbIil paboTath ¢ TekcTaMu B KonupoBkax DOS c¢p866, win-1251 u koi8-r

— 1 noJsib3ytoch cpenoit DOS Navigator u pegaktopom vim.

10.3 Heo0OxoaMbie HaBbIKU

e [lsis paboThl Ha/l TEKCTOM KHUTU — BJafleHUe U3natebckol cucteMoit IATEX, xenaTesbHO
nox Jiro6siM UNIXom (Linux, *BSD).

e Jlns paGotel Hax KopoM — Baanenue C(++), cranpaptibiM FORTH wu (unu) nuanexktom
FVM.



Cnucok aurepaTypsbl

[os]
16-6umnas OS Oas scmpausaemovLx cucmem
CUCTeMa MOCTpoeHa Ha Oase UHTeprperatopa 6aiT-Kona
apXUTEKTypa BUPTYaJbHOH MAIIMHBI U CHCTeMa KoMaH B3sThl H3 Popra
http://akps.ssau.ru/forth/os/ <a href="  http://akps.ssau.ru/forth/os/ ’>
http://akps.ssau.ru/forth/os/ </a>
[rufig]
caiim epynnot. RU FIG (Russian FORTH Interests Group)
http://www.forth.org.ru <a href="http://www.forth.org.ru > http://www.forth.org.ru
</a>
[akps]
caiim Jlabopamopuu aspokocmuueckoeo npubopocmpoenus (AKIIC) CTAY
http://akps.ssau.ru <a href=" http://akps.ssau.ru > http://akps.ssau.ru </a>
[orange]

M. Keanu, H.Cnaiic

S3vik npoepammuposarnus ®OPT

[TepeBon c anrautickoro E. B. Kypkosa, 0. A. CemenoBa

Mocksa, "Pagyo u cBsasn"”, 1993

http://akps.ssau.ru/forth/orange/ <a href=" http://akps.ssau.ru/forth/orange/ ’>
http://akps.ssau.ru/forth/orange/ </a>

[green]
C.H. bapanos, H.P. HosnpyHos
Szoik Qopm u eeo pearusdauyuu
Jlenurpan, "MamnHoctpoenue” JleHuHnrpauackoe otnesneHue, 1988
http://akps.ssau.ru/forth/green/  <a href=" http://akps.ssau.ru/forth/green/ ’>
http://akps.ssau.ru/forth/green/ </a>

[starting]
Jleo Bpoynu
Hauanonoili kypc npoepammuposanus Ha aseike Popm
[TepeBon ¢ anrauiickoro B.A. Konngparenko
[Ton penakuuein Bb.A. Kauesa, B.A. Kupunnuna
[Tpenucaosue M.B. PomanoBckoro
MockBa, "®PunHadce U cratuctuka”, 1990

[thinking]
Jleo Bpoynu
Cnocob moiunrenus — Popm. Asvik u ¢purocodus ors pewenus zadau
[lepeBon ¢ anrauiickoro C.H. JImuTpeHko
Mocksa, 1993
http://akps.ssau.ru/forth/thinking/ <a href=" http://akps.ssau.ru/forth/thinking/ >
http://akps.ssau.ru/forth/thinking/ </a>

[ans]
American National Standard for Information Systems
Programming Languages
Forth
Computer and Business Equipment Manufacturers Association
Approved: March 24, 1994
American National Standards Institute, Inc.
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