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NDYLJDWH

RHTXLUHPHQWV
PC SULPHU
AVP SULPHU
YRXU ILUVW OS
GRLQJ IXUWKHU

HRZ WR ZULWH D VLPSOH RSHUDWLQJ V\VWHP

(C) 2011 MLNH SDXQGHUV DQG MLNHOS DHYHORSHUV

TKLV GRFXPHQW VKRZV \RX KRZ WR ZULWH DQG EXLOG \RXU ILUVW RSHUDWLQJ V\VWHP LQ [86 DVVHPEO\
ODQJXDJH. IW H[SODLQV ZKDW \RX QHHG, WKH IXQGDPHQWDOV RI WKH PC ERRW SURFHVV DQG DVVHPEO\
ODQJXDJH, DQG KRZ WR WDNH LW IXUWKHU. TKH UHVXOWLQJ OS ZLOO EH YHU\ VPDOO (ILWWLQJ LQWR D ERRWORDGHU) DQG
KDYH YHU\ IHZ IHDWXUHV, EXW LW'V D VWDUWLQJ SRLQW IRU \RX WR H[SORUH IXUWKHU.

AIWHU \RX KDYH UHDG WKH JXLGH, VHH WKH MLNHOS SURMHFW IRU D ELJJHU [86 DVVHPEO\ ODQJXDJH OS WKDW
\RX FDQ H[SORUH WR H[SDQG \RXU VNLOOV.

RHTXLUHPHQWV

PULRU SURJUDPPLQJ H[SHULHQFH LV HVVHQWLDO. II \RX'YH GRQH VRPH FRGLQJ LQ D KLJK-OHYHO ODQJXDJH OLNH
PHP RU JDYD, WKDW'V JRRG, EXW LGHDOO\ \RX'OO KDYH VRPH NQRZOHGJH RI D ORZHU-OHYHO ODQJXDJH OLNH C,
HVSHFLDOO\ RQ WKH VXEMHFW RI PHPRU\ DQG SRLQWHUV.

FRU WKLV JXLGH ZH'UH XVLQJ LLQX[. OS GHYHORSPHQW LV FHUWDLQO\ SRVVLEOH RQ WLQGRZV, EXW LW'V VR PXFK
HDVLHU RQ LLQX[ DV \RX FDQ JHW D FRPSOHWH GHYHORSPHQW WRROFKDLQ LQ D IHZ PRXVH-FOLFNV/FRPPDQGV.
LLQX[ LV DOVR UHDOO\ JRRG IRU PDNLQJ IORSS\ GLVN DQG CD-ROM LPDJHV - \RX GRQ'W QHHG WR LQVWDOO ORDGV
RI ILGGO\ SURJUDPV.

IQVWDOOLQJ LLQX[ LV YHU\ HDV\ WKHVHGD\V; JUDE UEXQWX DQG LQVWDOO LW LQ VMZDUH RU VLUWXDOBR[ LI \RX GRQ'W
ZDQW WR GXDO-ERRW. WKHQ \RX'UH LQ UEXQWX, JHW DOO WKH WRROV \RX QHHG WR IROORZ WKLV JXLGH E\ HQWHULQJ
WKLV LQ D WHUPLQDO ZLQGRZ:

VXGR DSW-JHW LQVWDOO EXLOG-HVVHQWLDO THPX QDVP

TKLV JHWV \RX WKH GHYHORSPHQW WRROFKDLQ (FRPSLOHU HWF.), QEMU PC HPXODWRU DQG WKH NASM
DVVHPEOHU, ZKLFK FRQYHUWV DVVHPEO\ ODQJXDJH LQWR UDZ PDFKLQH FRGH H[HFXWDEOH ILOHV.

PC SULPHU

II \RX'UH ZULWLQJ DQ OS IRU [86 PCV (WKH EHVW FKRLFH, GXH WR WKH KXJH DPRXQW RI GRFXPHQWDWLRQ
DYDLODEOH), \RX'OO QHHG WR XQGHUVWDQG WKH EDVLFV RI KRZ D PC VWDUWV XS. FRUWXQDWHO\, \RX GRQ'W QHHG WR
GZHOO RQ FRPSOLFDWHG VXEMHFWV VXFK DV JUDSKLFV GULYHUV DQG QHWZRUN SURWRFROV, DV \RX'OO EH IRFXVLQJ
RQ WKH HVVHQWLDO SDUWV ILUVW.

WKHQ D PC LV SRZHUHG-XS, LW VWDUWV H[HFXWLQJ WKH BIOS (BDVLF IQSXW/OXWSXW S\VWHP), ZKLFK LV
HVVHQWLDOO\ D PLQL-OS EXLOW LQWR WKH V\VWHP. IW SHUIRUPV D IHZ KDUGZDUH WHVWV (HJ PHPRU\ FKHFNV) DQG
W\SLFDOO\ VSXUWV RXW D JUDSKLF (HJ DHOO ORJR) RU GLDJQRVWLF WH[W WR WKH VFUHHQ. TKHQ, ZKHQ LW'V GRQH, LW
VWDUWV WR ORDG \RXU RSHUDWLQJ V\VWHP IURP DQ\ PHGLD LW FDQ ILQG. MDQ\ PCV MXPS WR WKH KDUG GULYH DQG

VWDUW H[HFXWLQJ FRGH WKH\ ILQG LQ WKH MDVWHU BRRW RHFRUG (MBR), D 512-E\WH VHFWLRQ DW WKH VWDUW RI

WKH KDUG GULYH; VRPH WU\ WR ILQG H[HFXWDEOH FRGH RQ D IORSS\ GLVN (ERRW VHFWRU) RU CD-ROM.

TKLV DOO GHSHQGV RQ WKH ERRW RUGHU - \RX FDQ QRUPDOO\ VSHFLI\ LW LQ WKH BIOS RSWLRQV VFUHHQ. TKH BIOS
ORDGV 512 E\WHV IURP WKH FKRVHQ PHGLD LQWR LWV PHPRU\, DQG EHJLQV H[HFXWLQJ LW. TKLV LV WKH
ERRWORDGHU, WKH VPDOO SURJUDP WKDW WKHQ ORDGV WKH PDLQ OS NHUQHO RU D ODUJHU ERRW SURJUDP (HJ
GRUB/LILO IRU LLQX[ V\VWHPV). TKLV 512 E\WH ERRWORDGHU KDV WZR VSHFLDO QXPEHUV DW WKH HQG WR WHOO
WKH OS WKDW LW'V D ERRW VHFWRU - ZH'OO FRYHU WKDW ODWHU.

NRWH WKDW PCV KDYH DQ LQWHUHVWLQJ IHDWXUH IRU ERRWLQJ. HLVWRULFDOO\, PRVW PCV KDG D IORSS\ GULYH, VR
WKH BIOS ZDV FRQILJXUHG WR ERRW IURP WKDW GHYLFH. TRGD\, KRZHYHU, PDQ\ PCV GRQ'W KDYH D IORSS\
GULYH - RQO\ D CD-ROM - VR D KDFN ZDV GHYHORSHG WR FDWHU IRU WKLV. WKHQ \RX'UH ERRWLQJ IURP D CD-
ROM, LW FDQ HPXODWH D IORSS\ GLVN; WKH BIOS UHDGV WKH CD-ROM GULYH, ORDGV LQ D FKXQN RI GDWD,
DQG H[HFXWHV LW DV LI LW ZDV D IORSS\ GLVN. TKLV LV LQFUHGLEO\ XVHIXO IRU XV OS GHYHORSHUV, DV ZH FDQ
PDNH IORSS\ GLVN YHUVLRQV RI RXU OS, EXW VWLOO ERRW LW RQ CD-RQO\ PDFKLQHV. (FORSS\ GLVNV DUH UHDOO\
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PDNH IORSS\ GLVN YHUVLRQV RI RXU OS, EXW VWLOO ERRW LW RQ CD-RQO\ PDFKLQHV. (FORSS\ GLVNV DUH UHDOO\
HDV\ WR ZRUN ZLWK, ZKHUHDV CD-ROM ILOHV\VWHPV DUH PXFK PRUH FRPSOLFDWHG.)

SR, WR UHFDS, WKH ERRW SURFHVV LV:

1. PRZHU RQ: WKH PC VWDUWV XS DQG EHJLQV H[HFXWLQJ WKH BIOS FRGH.
2. TKH BIOS ORRNV IRU YDULRXV PHGLD VXFK DV D IORSS\ GLVN RU KDUG GULYH.
3. TKH BIOS ORDGV D 512 E\WH ERRW VHFWRU IURP WKH VSHFLILHG PHGLD DQG EHJLQV H[HFXWLQJ LW.
4. TKRVH 512 E\WHV WKHQ JR RQ WR ORDG WKH OS LWVHOI, RU D PRUH FRPSOH[ ERRWORDGHU.

FRU MLNHOS, ZH KDYH WKH 512-E\WH ERRWORDGHU, ZKLFK ZH ZULWH WR D IORSS\ GLVN LPDJH ILOH (D YLUWXDO
IORSS\). WH FDQ WKHQ LQMHFW WKDW IORSS\ LPDJH LQWR D CD, IRU PCV WKDW RQO\ KDYH CD-ROM GULYHV.
ELWKHU ZD\, WKH BIOS ORDGV LW DV LI LW ZDV RQ D IORSS\, DQG VWDUWV H[HFXWLQJ LW. WH KDYH FRQWURO RI WKH
V\VWHP!

AVVHPEO\ ODQJXDJH SULPHU

MRVW PRGHUQ RSHUDWLQJ V\VWHPV DUH ZULWWHQ LQ C/C++. TKDW'V YHU\ XVHIXO ZKHQ SRUWDELOLW\ DQG FRGH-
PDLQWDLQDELOLW\ DUH FUXFLDO, EXW LW DGGV DQ H[WUD OD\HU RI FRPSOH[LW\ WR WKH SURFHHGLQJV. FRU \RXU YHU\
ILUVW OS, \RX'UH EHWWHU RII VWLFNLQJ ZLWK DVVHPEO\ ODQJXDJH, DV XVHG LQ MLNHOS. IW'V PRUH YHUERVH DQG
QRQ-SRUWDEOH, EXW \RX GRQ'W KDYH WR ZRUU\ DERXW FRPSLOHUV DQG OLQNHUV. BHVLGHV, \RX QHHG D ELW RI
DVVHPEO\ WR NLFN-VWDUW DQ\ OS.

AVVHPEO\ ODQJXDJH (RU FROORTXLDOO\ "DVP") LV D WH[WXDO ZD\ RI UHSUHVHQWLQJ WKH LQVWUXFWLRQV WKDW D
CPU H[HFXWHV. FRU LQVWDQFH, DQ LQVWUXFWLRQ WR PRYH VRPH PHPRU\ LQ WKH CPU PD\ EH 11001001
01101110 - EXW WKDW'V KDUGO\ PHPRUDEOH! SR DVVHPEO\ SURYLGHV PQHPRQLFV WR VXEVWLWXWH IRU WKHVH

LQVWUXFWLRQV, VXFK DV PRY D[, 30. TKH\ FRUUHODWH GLUHFWO\ ZLWK PDFKLQH-FRGH CPU LQVWUXFWLRQV, EXW
ZLWKRXW WKH PHDQLQJOHVV ELQDU\ QXPEHUV.

LLNH PRVW SURJUDPPLQJ ODQJXDJHV, DVVHPEO\ LV D OLVW RI LQVWUXFWLRQV IROORZHG LQ RUGHU. YRX FDQ MXPS
DURXQG EHWZHHQ YDULRXV SODFHV DQG VHW XS VXEURXWLQHV/IXQFWLRQV, EXW LW'V PXFK PRUH PLQLPDO WKDQ C#
DQG IULHQGV. YRX FDQ'W MXVW SULQW "HHOOR ZRUOG" WR WKH VFUHHQ - WKH CPU KDV QR FRQFHSW RI ZKDW D VFUHHQ
LV! IQVWHDG, \RX ZRUN ZLWK PHPRU\, PDQLSXODWLQJ FKXQNV RI RAM, SHUIRUPLQJ DULWKPHWLF RQ WKHP DQG
SXWWLQJ WKH UHVXOWV LQ WKH ULJKW SODFH. SRXQGV VFDU\? IW'V D ELW DOLHQ DW ILUVW, EXW LW'V QRW KDUG WR JUDVS.

AW WKH DVVHPEO\ ODQJXDJH OHYHO, WKHUH LV QR VXFK WKLQJ DV YDULDEOHV LQ WKH KLJK-OHYHO ODQJXDJH VHQVH.
WKDW \RX GR KDYH, KRZHYHU, LV D VHW RI UHJLVWHUV, ZKLFK DUH RQ-CPU PHPRU\ VWRUHV. YRX FDQ SXW
QXPEHUV LQWR WKHVH UHJLVWHUV DQG SHUIRUP FDOFXODWLRQV RQ WKHP. IQ 16-ELW PRGH, WKHVH UHJLVWHUV FDQ
KROG QXPEHUV EHWZHHQ 0 DQG 65535. HHUH'V D OLVW RI WKH IXQGDPHQWDO UHJLVWHUV RQ D W\SLFDO [86 CPU:

AX, BX, CX,
DX

GHQHUDO-SXUSRVH UHJLVWHUV IRU VWRULQJ QXPEHUV WKDW \RX'UH XVLQJ. FRU LQVWDQFH,
\RX PD\ XVH AX WR VWRUH WKH FKDUDFWHU WKDW KDV EHHQ SUHVVHG RQ WKH NH\ERDUG,
ZKLOH XVLQJ CX WR DFW DV D FRXQWHU LQ D ORRS. (NRWH: WKHVH 16-ELW UHJLVWHUV FDQ EH
VSOLW LQWR 8-ELW UHJLVWHUV VXFK DV AH/AL, BH/BL HWF.)

SI, DI
SRXUFH DQG GHVWLQDWLRQ GDWD LQGH[ UHJLVWHUV. TKHVH SRLQW WR SODFHV LQ PHPRU\ IRU
UHWULHYLQJ DQG VWRULQJ GDWD.

SP TKH SWDFN PRLQWHU (H[SODLQHG LQ D PRPHQW).

IP (VRPHWLPHV
CP)

TKH IQVWUXFWLRQ/CRGH PRLQWHU. TKLV FRQWDLQV WKH ORFDWLRQ LQ PHPRU\ RI WKH
LQVWUXFWLRQ EHLQJ H[HFXWHG. WKHQ DQ LQVWUXFWLRQ KDV ILQLVKHG, LW LV LQFUHPHQWHG
DQG PRYHV RQ WR WKH QH[W LQVWUXFWLRQ. YRX FDQ FKDQJH WKH FRQWHQWV RI WKLV UHJLVWHU
WR PRYH DURXQG LQ \RXU FRGH.

SR \RX FDQ XVH WKHVH UHJLVWHUV WR VWRUH QXPEHUV DV \RX ZRUN - D ELW OLNH YDULDEOHV, EXW WKH\'UH PXFK
PRUH IL[HG LQ VL]H DQG SXUSRVH. TKHUH DUH D IHZ RWKHUV, QRWDEO\ VHJPHQW UHJLVWHUV. DXH WR
OLPLWDWLRQV LQ ROG PCV, PHPRU\ ZDV KDQGOHG LQ 64K FKXQNV FDOOHG VHJPHQWV. TKLV LV D UHDOO\ PHVV\
VXEMHFW, EXW WKDQNIXOO\ \RX GRQ'W KDYH WR ZRUU\ DERXW LW - IRU WKH WLPH EHLQJ, \RXU OS ZLOO EH OHVV WKDQ D
NLORE\WH DQ\ZD\! IQ MLNHOS, ZH OLPLW RXUVHOYHV WR D VLQJOH 64K VHJPHQW VR WKDW ZH GRQ'W KDYH WR
PHVV DURXQG ZLWK VHJPHQW UHJLVWHUV.

TKH VWDFN LV DQ DUHD RI \RXU PDLQ RAM XVHG IRU VWRULQJ WHPSRUDU\ LQIRUPDWLRQ. IW'V FDOOHG D VWDFN

EHFDXVH QXPEHUV DUH VWDFNHG RQH-RQ-WRS RI DQRWKHU. IPDJLQH D PULQJOHV WXEH: LI \RX SXW LQ D SOD\LQJ
FDUG, DQ LPRG SKXIIOH DQG D EHHUPDW, \RX'OO SXOO WKHP RXW LQ WKH UHYHUVH RUGHU (EHHUPDW, WKHQ LPRG,
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FDUG, DQ LPRG SKXIIOH DQG D EHHUPDW, \RX'OO SXOO WKHP RXW LQ WKH UHYHUVH RUGHU (EHHUPDW, WKHQ LPRG,
DQG ILQDOO\ SOD\LQJ FDUG). IW'V WKH VDPH ZLWK QXPEHUV: LI \RX SXVK WKH QXPEHUV 5, 7 DQG 15 RQWR WKH
VWDFN, \RX ZLOO SRS WKHP RXW DV 15 ILUVW, WKHQ 7, DQG ODVWO\ 5. IQ DVVHPEO\, \RX FDQ SXVK UHJLVWHUV RQWR
WKH VWDFN DQG SRS WKHP RXW ODWHU - LW'V XVHIXO ZKHQ \RX ZDQW WR VWRUH WHPSRUDULO\ WKH YDOXH RI D UHJLVWHU
ZKLOH \RX XVH WKDW UHJLVWHU IRU VRPHWKLQJ HOVH.

PC PHPRU\ FDQ EH YLHZHG DV D OLQHDU OLQH RI SLJHRQ-KROHV UDQJLQJ IURP E\WH 0 WR ZKDWHYHU \RX
KDYH LQVWDOOHG (PLOOLRQV RI E\WHV RQ PRGHUQ PDFKLQHV). AW E\WH QXPEHU 53,634,246 LQ \RXU RAM, IRU
LQVWDQFH, \RX PD\ KDYH \RXU ZHE EURZVHU FRGH WR YLHZ WKLV GRFXPHQW. BXW ZKHUHDV ZH KXPDQV
FRXQW LQ SRZHUV RI 10 (10, 100, 1000 HWF. - GHFLPDO), FRPSXWHUV DUH EHWWHU RII ZLWK SRZHUV RI WZR
(EHFDXVH WKH\'UH EDVHG RQ ELQDU\). SR ZH XVH KH[DGHFLPDO, ZKLFK LV EDVH 16, DV D ZD\ RI
UHSUHVHQWLQJ QXPEHUV. SHH WKLV FKDUW WR XQGHUVWDQG:

DHFLPDO 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

HH[DGHFLPDO 0 1 2 3 4 5 6 7 8 9 A B C D E F 10 11 12 13 14

AV \RX FDQ VHH, ZKHUHDV RXU QRUPDO GHFLPDO V\VWHP XVHV 0 - 9, KH[DGHFLPDO XVHV 0 - F LQ FRXQWLQJ.
IW'V D ELW ZHLUG DW ILUVW, EXW \RX'OO JHW WKH KDQJ RI LW. IQ DVVHPEO\ SURJUDPPLQJ, ZH LGHQWLI\ KH[DGHFLPDO
(KH[) QXPEHUV E\ WDJJLQJ D 'K' RQWR WKH HQG - VR 0AK LV KH[ IRU WKH QXPEHU 10. (YRX FDQ DOVR GHQRWH
KH[DGHFLPDO LQ DVVHPEO\ E\ SUHIL[LQJ WKH QXPEHU ZLWK 0[ - IRU LQVWDQFH, 0[0A.)

LHW'V ILQLVK RII ZLWK D IHZ FRPPRQ DVVHPEO\ LQVWUXFWLRQV. TKHVH PRYH PHPRU\ DURXQG, FRPSDUH
WKHP DQG SHUIRUP FDOFXODWLRQV. TKH\'UH WKH EXLOGLQJ EORFNV RI \RXU OS - WKHUH DUH KXQGUHGV RI
LQVWUXFWLRQV, EXW \RX GRQ'W KDYH WR PHPRULVH WKHP DOO, EHFDXVH WKH PRVW LPSRUWDQW KDQGIXO DUH XVHG
90% RI WKH WLPH.

PRY

CRSLHV PHPRU\ IURP RQH ORFDWLRQ RU UHJLVWHU WR DQRWKHU. FRU LQVWDQFH, PRY D[,
30 SODFHV WKH QXPEHU 30 LQWR WKH AX UHJLVWHU. UVLQJ VTXDUH EUDFNHWV, \RX FDQ JHW
WKH QXPEHU DW WKH PHPRU\ ORFDWLRQ SRLQWHG WR E\ WKH UHJLVWHU. FRU LQVWDQFH, LI BX
FRQWDLQV 80, WKHQ PRY D[, [E[] PHDQV "JHW WKH QXPEHU LQ PHPRU\ ORFDWLRQ 80,
DQG SXW LW LQWR AX". YRX FDQ PRYH QXPEHUV EHWZHHQ UHJLVWHUV WRR: PRY E[, F[.

DGG / VXE
AGGV D QXPEHU WR D UHJLVWHU. DGG D[, FFK DGGV FF LQ KH[DGHFLPDO (255 LQ RXU
QRUPDO GHFLPDO) WR WKH AX UHJLVWHU. YRX FDQ XVH VXE LQ WKH VDPH ZD\: VXE G[,
50.

FPS

CRPSDUHV D UHJLVWHU ZLWK D QXPEHU. FPS F[, 12 FRPSDUHV WKH CX UHJLVWHU ZLWK
WKH QXPEHU 12. IW WKHQ XSGDWHV D VSHFLDO UHJLVWHU RQ WKH CPU FDOOHG FLAGS - D
VSHFLDO UHJLVWHU WKDW FRQWDLQV LQIRUPDWLRQ DERXW WKH ODVW RSHUDWLRQ. IQ WKLV FDVH, LI
WKH QXPEHU 12 LV ELJJHU WKDQ WKH YDOXH LQ CX, LW JHQHUDWHV D QHJDWLYH UHVXOW, DQG
QRWHV WKDW QHJDWLYH LQ WKH FLAGS UHJLVWHU. WH FDQ XVH WKLV LQ WKH IROORZLQJ
LQVWUXFWLRQV...

MPS / MJ / MO...

JXPS WR D GLIIHUHQW SDUW RI WKH FRGH. MPS ODEHO MXPSV (GOTOV) WR WKH SDUW RI RXU
VRXUFH FRGH ZKHUH ZH KDYH ODEHO: ZULWWHQ. BXW WKHUH'V PRUH - \RX FDQ MXPS

FRQGLWLRQDOO\, EDVHG RQ WKH CPU IODJV VHW LQ WKH SUHYLRXV FRPPDQG. FRU LQVWDQFH,
LI D FPS LQVWUXFWLRQ GHWHUPLQHG WKDW D UHJLVWHU KHOG D VPDOOHU YDOXH WKDQ WKH RQH

ZLWK ZKLFK LW ZDV FRPSDUHG, \RX FDQ DFW RQ WKDW ZLWK MO ODEHO (MXPS LI OHVV-WKDQ WR
ODEHO). SLPLODUO\, MJH ODEHO MXPSV WR 'ODEHO' LQ WKH FRGH LI WKH YDOXH LQ WKH FPS ZDV

JUHDWHU-WKDQ RU HTXDO WR LWV FRPSDUHG QXPEHU.

LQW

IQWHUUXSW WKH SURJUDP DQG MXPS WR D VSHFLILHG SODFH LQ PHPRU\. OSHUDWLQJ
V\VWHPV VHW XS LQWHUUXSWV ZKLFK DUH DQDORJRXV WR VXEURXWLQHV LQ KLJK-OHYHO
ODQJXDJHV. FRU LQVWDQFH, LQ MS-DOS, WKH 21K LQWHUUXSW SURYLGHV DOS VHUYLFHV
(HJ DV RSHQLQJ D ILOH). T\SLFDOO\, \RX SXW D YDOXH LQ WKH AX UHJLVWHU, WKHQ FDOO DQ
LQWHUUXSW DQG ZDLW IRU D UHVXOW (SDVVHG EDFN LQ D UHJLVWHU WRR). WKHQ \RX'UH ZULWLQJ
DQ OS IURP VFUDWFK, \RX FDQ FDOO WKH BIOS ZLWK LQW 10K, LQW 13K, LQW 14K RU LQW

16K WR SHUIRUP WDVNV OLNH SULQWLQJ VWULQJV, UHDGLQJ VHFWRUV IURP D IORSS\ GLVN HWF.

LHW'V ORRN DW VRPH RI WKHVH LQVWUXFWLRQV LQ D OLWWOH PRUH GHWDLO. CRQVLGHU WKH IROORZLQJ FRGH VQLSSHW:

 PRY E[, 1000K
 PRY D[, [E[]
 FPS D[, 50
 MJH ODEHO
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 MJH ODEHO
 ...

ODEHO:
 PRY D[, 10

IQ WKH ILUVW LQVWUXFWLRQ, ZH PRYH WKH QXPEHU 1000K LQWR WKH BX UHJLVWHU. TKHQ, LQ WKH VHFRQG
LQVWUXFWLRQ, ZH VWRUH LQ AX ZKDWHYHU LV LQ WKH PHPRU\ ORFDWLRQ SRLQWHG WR E\ BX. TKLV LV ZKDW WKH [E[]
PHDQV: LI ZH MXVW GLG PRY D[, E[ LW'G VLPSO\ FRS\ WKH QXPEHU 1000K LQWR WKH AX UHJLVWHU. BXW E\

XVLQJ VTXDUH EUDFNHWV, ZH'UH VD\LQJ: GRQ'W MXVW FRS\ WKH FRQWHQWV RI BX LQWR AX, EXW FRS\ WKH FRQWHQWV
RI WKH PHPRU\ DGGUHVV WR ZKLFK BX SRLQWV. GLYHQ WKDW BX FRQWDLQV 1000K, WKLV LQVWUXFWLRQ VD\V: ILQG
ZKDWHYHU LV DW PHPRU\ ORFDWLRQ 1000K, DQG SXW LW LQWR AX.

SR, LI WKH E\WH RI PHPRU\ DW ORFDWLRQ 1000K FRQWDLQV 37, WKHQ WKDW QXPEHU 37 ZLOO EH SXW LQWR WKH AX
UHJLVWHU YLD RXU VHFRQG LQVWUXFWLRQ. NH[W XS, ZH XVH FPS WR FRPSDUH WKH QXPEHU LQ AX ZLWK WKH

QXPEHU 50 (WKH GHFLPDO QXPEHU 50 - ZH GLGQ'W VXIIL[ LW ZLWK 'K'). TKH IROORZLQJ MJH LQVWUXFWLRQ DFWV RQ
WKH FPS FRPSDULVRQ, ZKLFK KDV VHW WKH FLAGS UHJLVWHU DV GHVFULEHG HDUOLHU. TKH MJH ODEHO VD\V: LI

WKH UHVXOW IURP WKH SUHYLRXV FRPSDULVRQ LV JUHDWHU WKDQ RU HTXDO, MXPS WR WKH SDUW RI WKH FRGH GHQRWHG
E\ ODEHO:. SR LI WKH QXPEHU LQ AX LV JUHDWHU WKDQ RU HTXDO WR 50, H[HFXWLRQ MXPSV WR ODEHO:. II QRW,

H[HFXWLRQ FRQWLQXHV DW WKH '...' VWDJH.

OQH ODVW WKLQJ: \RX FDQ LQVHUW GDWD LQWR D SURJUDP ZLWK WKH GE (GHILQH E\WH) GLUHFWLYH. FRU LQVWDQFH,
WKLV GHILQHV D VHULHV RI E\WHV ZLWK WKH QXPEHU ]HUR DW WKH HQG, UHSUHVHQWLQJ D VWULQJ:

 P\ODEHO: GE 'MHVVDJH KHUH', 0

IQ RXU DVVHPEO\ FRGH, ZH NQRZ WKDW D VWULQJ RI FKDUDFWHUV, WHUPLQDWHG E\ D ]HUR, FDQ EH IRXQG DW WKH
P\ODEHO: SRVLWLRQ. WH FRXOG DOVR VHW XS VLQJOH E\WH WR XVH VRPHZKDW OLNH D YDULDEOH:

 IRR: GE 0

NRZ IRR: SRLQWV DW D VLQJOH E\WH LQ WKH FRGH, ZKLFK LQ WKH FDVH RI MLNHOS ZLOO EH ZULWDEOH DV WKH OS

LV FRSLHG FRPSOHWHO\ WR RAM. SR \RX FRXOG KDYH WKLV LQVWUXFWLRQ:

 PRY E\WH DO, [IRR]

TKLV PRYHV WKH E\WH SRLQWHG WR E\ IRR LQWR WKH AL UHJLVWHU.

TKDW'V WKH HVVHQWLDOV RI [86 PC DVVHPEO\ ODQJXDJH, DQG HQRXJK WR JHW \RX VWDUWHG. WKHQ ZULWLQJ DQ
OS, WKRXJK, \RX'OO QHHG WR OHDUQ PXFK PRUH DV \RX SURJUHVV, VR VHH WKH RHVRXUFHV VHFWLRQ IRU OLQNV
WR PRUH LQ-GHSWK DVVHPEO\ WXWRULDOV.

YRXU ILUVW OS

NRZ \RX'UH UHDG\ WR ZULWH \RXU ILUVW RSHUDWLQJ V\VWHP NHUQHO! OI FRXUVH, WKLV LV JRLQJ WR EH H[WUHPHO\
EDUH-ERQHV, MXVW D 512-E\WH ERRW VHFWRU DV GHVFULEHG HDUOLHU, EXW LW'V D VWDUWLQJ SRLQW IRU \RX WR
H[SDQG IXUWKHU. PDVWH WKH IROORZLQJ FRGH LQWR D ILOH FDOOHG P\ILUVW.DVP DQG VDYH LW LQWR \RXU KRPH

GLUHFWRU\ - WKLV LV WKH VRXUFH FRGH WR \RXU ILUVW OS.

 BITS 16

VWDUW:
 PRY D[, 07C0K  ; SHW XS 4K VWDFN VSDFH DIWHU WKLV ERRWORDGHU
 DGG D[, 288  ; (4096 + 512) / 16 E\WHV SHU SDUDJUDSK
 PRY VV, D[
 PRY VS, 4096

 PRY D[, 07C0K  ; SHW GDWD VHJPHQW WR ZKHUH ZH'UH ORDGHG

 PRY GV, D[

 PRY VL, WH[W_VWULQJ ; PXW VWULQJ SRVLWLRQ LQWR SI
 FDOO SULQW_VWULQJ ; CDOO RXU VWULQJ-SULQWLQJ URXWLQH

 MPS $   ; JXPS KHUH - LQILQLWH ORRS!
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 WH[W_VWULQJ GE 'TKLV LV P\ FRRO QHZ OS!', 0

SULQW_VWULQJ:   ; RRXWLQH: RXWSXW VWULQJ LQ SI WR VFUHHQ
 PRY DK, 0EK  ; LQW 10K 'SULQW FKDU' IXQFWLRQ

.UHSHDW:
 ORGVE   ; GHW FKDUDFWHU IURP VWULQJ
 FPS DO, 0
 MH .GRQH  ; II FKDU LV ]HUR, HQG RI VWULQJ
 LQW 10K   ; OWKHUZLVH, SULQW LW
 MPS .UHSHDW

.GRQH:
 UHW

 WLPHV 510-($-$$) GE 0 ; PDG UHPDLQGHU RI ERRW VHFWRU ZLWK 0V
 GZ 0[AA55  ; TKH VWDQGDUG PC ERRW VLJQDWXUH

LHW'V VWHS WKURXJK WKLV. TKH BITS 16 OLQH LVQ'W DQ [86 CPU LQVWUXFWLRQ; LW MXVW WHOOV WKH NASM
DVVHPEOHU WKDW ZH'UH ZRUNLQJ LQ 16-ELW PRGH. NASM FDQ WKHQ WUDQVODWH WKH IROORZLQJ LQVWUXFWLRQV LQWR
UDZ [86 ELQDU\. TKHQ ZH KDYH WKH VWDUW: ODEHO, ZKLFK LVQ'W VWULFWO\ QHHGHG DV H[HFXWLRQ EHJLQV ULJKW DW
WKH VWDUW RI WKH ILOH DQ\ZD\, EXW LW'V D JRRG PDUNHU. FURP KHUH RQZDUGV, QRWH WKDW WKH VHPLFRORQ (;)
FKDUDFWHU LV XVHG WR GHQRWH QRQ-H[HFXWDEOH WH[W FRPPHQWV - ZH FDQ SXW DQ\WKLQJ WKHUH.

TKH IROORZLQJ VL[ OLQHV RI FRGH DUHQ'W UHDOO\ RI LQWHUHVW WR XV - WKH\ VLPSO\ VHW XS WKH VHJPHQW UHJLVWHUV
VR WKDW WKH VWDFN SRLQWHU (SP) NQRZV ZKHUH RXU KDQG\ VWDFN RI WHPSRUDU\ GDWD LV, DQG ZKHUH WKH GDWD
VHJPHQW (DS) LV ORFDWHG. AV PHQWLRQHG, VHJPHQWV DUH D KLGHRXVO\ PHVV\ ZD\ RI KDQGOLQJ PHPRU\
IURP WKH ROG 16-ELW GD\V, EXW ZH MXVW VHW XS WKH VHJPHQW UHJLVWHUV DQG IRUJHW DERXW WKHP. (TKH
UHIHUHQFHV WR 07C0K DUH WKH HTXLYDOHQW VHJPHQW ORFDWLRQ DW ZKLFK WKH BIOS ORDGV RXU FRGH, VR ZH
VWDUW IURP WKHUH.)

TKH QH[W SDUW LV ZKHUH WKH IXQ KDSSHQV. TKH PRY VL, WH[W_VWULQJ OLQH VD\V: FRS\ WKH ORFDWLRQ RI WKH

WH[W VWULQJ EHORZ LQWR WKH SI UHJLVWHU. SLPSOH HQRXJK! TKHQ ZH XVH FDOO, ZKLFK LV OLNH D GOSUB LQ
BASIC RU D IXQFWLRQ FDOO LQ C. IW PHDQV: MXPS WR WKH VSHFLILHG VHFWLRQ RI FRGH, EXW SUHSDUH WR FRPH
EDFN KHUH ZKHQ ZH'UH GRQH.

HRZ GRHV WKH FRGH NQRZ KRZ WR GR WKDW? WHOO, ZKHQ ZH XVH D FDOO LQVWUXFWLRQ, WKH CPU LQFUHPHQWV
WKH SRVLWLRQ RI WKH IP (IQVWUXFWLRQ PRLQWHU) UHJLVWHU DQG SXVKHV LW RQWR WKH VWDFN. YRX PD\ UHFDOO IURP

WKH SUHYLRXV H[SODQDWLRQ RI WKH VWDFN WKDW LW'V D ODVW-LQ ILUVW-RXW PHPRU\ VWRUDJH PHFKDQLVP. AOO WKDW
EXVLQHVV ZLWK WKH VWDFN SRLQWHU (SP) DQG VWDFN VHJPHQW (SS) DW WKH VWDUW FOHDUHG D VSDFH IRU WKH
VWDFN, VR WKDW ZH FDQ GURS WHPSRUDU\ QXPEHUV WKHUH ZLWKRXW RYHUZULWLQJ RXU FRGH.

SR, WKH FDOO SULQW_VWULQJ VD\V: MXPS WR WKH SULQW_VWULQJ URXWLQH, EXW SXVK WKH ORFDWLRQ RI WKH QH[W
LQVWUXFWLRQ RQWR WKH VWDFN, VR ZH FDQ SRS LW RII ODWHU DQG UHVXPH H[HFXWLRQ KHUH. E[HFXWLRQ KDV

MXPSHG RYHU WR SULQW_VWULQJ: - WKLV URXWLQH XVHV WKH BIOS WR RXWSXW WH[W WR WKH VFUHHQ. FLUVW ZH SXW

0EK LQWR WKH AH UHJLVWHU (WKH XSSHU E\WH RI AX). TKHQ ZH KDYH D ORGVE (ORDG VWULQJ E\WH) LQVWUXFWLRQ,
ZKLFK UHWULHYHV D E\WH RI GDWD IURP WKH ORFDWLRQ SRLQWHG WR E\ SI, DQG VWRUHV LW LQ AL (WKH ORZHU E\WH RI
AX). NH[W ZH XVH FPS WR FKHFN LI WKDW E\WH LV ]HUR - LI VR, LW'V WKH HQG RI WKH VWULQJ DQG ZH TXLW SULQWLQJ

(MXPS WR WKH .GRQH ODEHO).

II LW'V QRW ]HUR, ZH FDOO LQW 10K (LQWHUUXSW RXU FRGH DQG JR WR WKH BIOS), ZKLFK UHDGV WKH YDOXH LQ WKH

AH UHJLVWHU (0EK) ZH VHW XS EHIRUH. AK, VD\V WKH BIOS - 0EK LQ WKH AH UHJLVWHU PHDQV "SULQW WKH
FKDUDFWHU LQ WKH AL UHJLVWHU WR WKH VFUHHQ!". SR WKH BIOS SULQWV WKH ILUVW FKDUDFWHU LQ RXU VWULQJ, DQG
UHWXUQV IURP WKH LQW FDOO. WH WKHQ MXPS WR WKH .UHSHDW ODEHO, ZKLFK VWDUWV WKH SURFHVV DJDLQ - ORGVE WR
ORDG WKH QH[W E\WH IURP SI (LW LQFUHPHQWV SI HDFK WLPH), VHH LI LW'V ]HUR DQG GHFLGH ZKDW WR GR. TKH UHW

DW WKH HQG RI RXU VWULQJ-SULQWLQJ URXWLQH PHDQV: "ZH'YH ILQLVKHG KHUH - UHWXUQ EDFN WR WKH SODFH ZKHUH
ZH ZHUH FDOOHG E\ SRSSLQJ WKH FRGH ORFDWLRQ IURP WKH VWDFN EDFN LQWR WKH IP UHJLVWHU".

SR WKHUH ZH KDYH D GHPRQVWUDWLRQ RI D ORRS, LQ D VWDQGDORQH URXWLQH. YRX FDQ VHH WKDW WKH
WH[W_VWULQJ ODEHO LV DORQJVLGH D VWUHDP RI FKDUDFWHUV, ZKLFK ZH LQVHUW LQWR RXU OS XVLQJ GE. TKH WH[W
LV LQ DSRVWURSKHV VR WKDW NASM NQRZV LW'V QRW FRGH, DQG DW WKH HQG ZH KDYH D ]HUR WR WHOO RXU
SULQW_VWULQJ URXWLQH WKDW ZH'UH DW WKH HQG.

LHW'V UHFDS: ZH VWDUW RII E\ VHWWLQJ XS WKH VHJPHQW UHJLVWHUV VR WKDW RXU OS NQRZV ZKHUH WKH VWDFN
SRLQWHU DQG H[HFXWDEOH FRGH UHVLGHV. TKHQ ZH SRLQW WKH SI UHJLVWHU DW D VWULQJ LQ RXU OS ELQDU\, DQG
FDOO RXU VWULQJ-SULQWLQJ URXWLQH. TKLV URXWLQH VFDQV WKURXJK WKH FKDUDFWHUV SRLQWHG WR E\ SI DQG
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FDOO RXU VWULQJ-SULQWLQJ URXWLQH. TKLV URXWLQH VFDQV WKURXJK WKH FKDUDFWHUV SRLQWHG WR E\ SI DQG

GLVSOD\V WKHP XQWLO LW ILQGV D ]HUR, DW ZKLFK SRLQW LW UHWXUQV EDFN LQWR WKH FRGH WKDW FDOOHG LW. TKHQ WKH

MPS $ OLQH VD\V: NHHS MXPSLQJ WR WKH VDPH OLQH. (TKH '$' LQ NASM GHQRWHV WKH FXUUHQW SRLQW RI FRGH.)
TKLV VHWV XS DQ LQILQLWH ORRS, VR WKDW WKH PHVVDJH LV GLVSOD\HG DQG RXU OS GRHVQ'W WU\ WR H[HFXWH WKH
IROORZLQJ VWULQJ!

TKH ILQDO WZR OLQHV DUH LQWHUHVWLQJ. FRU D PC WR UHFRJQLVH D YDOLG IORSS\ GLVN ERRW VHFWRU, LW KDV WR EH
H[DFWO\ 512 E\WHV LQ VL]H DQG HQG ZLWK WKH QXPEHUV AAK DQG 55K (WKH ERRW VLJQDWXUH). SR WKH ILUVW RI
WKHVH OLQHV VD\V: SDG RXW RXU UHVXOWLQJ ELQDU\ ILOH WR EH 510 E\WHV LQ VL]H. TKHQ WKH VHFRQG OLQH XVHV
GZ (GHILQH D ZRUG - WZR E\WHV) FRQWDLQLQJ WKH DIRUHPHQWLRQHG ERRW VLJQDWXUH. VRLOD: D 512 E\WH ERRW
ILOH ZLWK WKH FRUUHFW QXPEHUV DW WKH HQG IRU WKH BIOS WR UHFRJQLVH.

LHW'V EXLOG RXU QHZ OS. IQ D WHUPLQDO ZLQGRZ, LQ \RXU KRPH GLUHFWRU\, HQWHU:

QDVP -I ELQ -R P\ILUVW.ELQ P\ILUVW.DVP

HHUH ZH DVVHPEOH WKH FRGH IURP RXU WH[W ILOH LQWR D UDZ ELQDU\ ILOH RI PDFKLQH-FRGH LQVWUXFWLRQV. WLWK
WKH -I ELQ IODJ, ZH WHOO NASM WKDW ZH ZDQW D SODLQ ELQDU\ ILOH (QRW D FRPSOLFDWHG LLQX[ H[HFXWDEOH - ZH
ZDQW LW DV SODLQ DV SRVVLEOH!). TKH -R P\ILUVW.ELQ SDUW WHOOV NASM WR JHQHUDWH WKH UHVXOWLQJ ELQDU\ LQ D

ILOH FDOOHG P\ILUVW.ELQ.

NRZ ZH QHHG D YLUWXDO IORSS\ GLVN LPDJH WR ZKLFK ZH FDQ ZULWH RXU ERRWORDGHU-VL]HG NHUQHO. CRS\
PLNHRV.IOS IURP WKH GLVN_LPDJHV/ GLUHFWRU\ RI WKH MLNHOS EXQGOH LQWR \RXU KRPH GLUHFWRU\, DQG
UHQDPH LW P\ILUVW.IOS. TKHQ HQWHU:

GG VWDWXV=QR[IHU FRQY=QRWUXQF LI=P\ILUVW.ELQ RI=P\ILUVW.IOS

TKLV XVHV WKH 'GG' XWLOLW\ WR GLUHFWO\ FRS\ RXU NHUQHO WR WKH ILUVW VHFWRU RI WKH IORSS\ GLVN LPDJH. WKHQ
LW'V GRQH, ZH FDQ ERRW RXU QHZ OS XVLQJ WKH QEMU PC HPXODWRU DV IROORZV:

THPX -IGD P\ILUVW.IOS

AQG WKHUH \RX DUH! YRXU OS ZLOO ERRW XS LQ D YLUWXDO PC. II \RX ZDQW WR XVH LW RQ D UHDO PC, \RX FDQ
ZULWH WKH IORSS\ GLVN LPDJH WR D UHDO IORSS\ DQG ERRW IURP LW, RU JHQHUDWH D CD-ROM ISO LPDJH. FRU
WKH ODWWHU, PDNH D QHZ GLUHFWRU\ FDOOHG FGLVR DQG PRYH WKH P\ILUVW.IOS ILOH LQWR LW. TKHQ, LQ \RXU KRPH
GLUHFWRU\, HQWHU:

PNLVRIV -R P\ILUVW.LVR -E P\ILUVW.IOS FGLVR/

TKLV JHQHUDWHV D CD-ROM ISO LPDJH FDOOHG P\ILUVW.LVR ZLWK ERRWDEOH IORSS\ GLVN HPXODWLRQ, XVLQJ
WKH YLUWXDO IORSS\ GLVN LPDJH IURP EHIRUH. NRZ \RX FDQ EXUQ WKDW ISO WR D CD-R DQG ERRW \RXU PC
IURP LW! (NRWH WKDW \RX QHHG WR EXUQ LW DV D GLUHFW ISO LPDJH DQG QRW MXVW FRS\ LW RQWR D GLVF.)

NH[W \RX'OO ZDQW WR LPSURYH \RXU OS - H[SORUH WKH MLNHOS VRXUFH FRGH WR JHW VRPH LQVSLUDWLRQ.
RHPHPEHU WKDW ERRWORDGHUV DUH OLPLWHG WR 512 E\WHV, VR LI \RX ZDQW WR GR D ORW PRUH, \RX'OO QHHG WR
PDNH \RXU ERRWORDGHU ORDG D VHSDUDWH ILOH IURP WKH GLVN DQG EHJLQ H[HFXWLQJ LW, LQ WKH VDPH IDVKLRQ
DV MLNHOS.

GRLQJ IXUWKHU

SR, \RX'YH QRZ JRW D YHU\ VLPSOH ERRWORDGHU-EDVHG RSHUDWLQJ V\VWHP UXQQLQJ. WKDW QH[W? HHUH DUH
VRPH LGHDV:

AGG PRUH URXWLQHV -- YRX DOUHDG\ KDYH pUinW_VWUing LQ \RXU NHUQHO. YRX FRXOG DGG URXWLQHV WR
JHW VWULQJV, PRYH WKH FXUVRU HWF. SHDUFK WKH LQWHUQHW IRU BIOS FDOOV ZKLFK \RX FDQ XVH WR DFKLHYH
WKHVH.

LRDG ILOHV -- TKH ERRWORDGHU LV OLPLWHG WR 512 E\WHV, VR \RX GRQ'W KDYH PXFK URRP. YRX FRXOG

PDNH WKH ERRWORDGHU ORDG VXEVHTXHQW VHFWRUV RQ WKH GLVN LQWR RAM, DQG MXPS WR WKDW SRLQW WR
FRQWLQXH H[HFXWLRQ. OU \RX FRXOG UHDG XS RQ FAT12, WKH ILOHV\VWHP XVHG RQ IORSS\ GULYHV, DQG
LPSOHPHQW WKDW. (SHH VRXUFH/ERRWORDG/ERRWORDG.DVP LQ WKH MLNHOS .]LS IRU DQ LPSOHPHQWDWLRQ.)

JRLQ DQRWKHU SURMHFW -- TKLV WXWRULDO ZDV ZULWWHQ E\ MLNH SDXQGHUV, WKH OHDG GHYHORSHU RI

MLNHOS. IW'V D VLPSOH 16-ELW [86 DVVHPEO\ ODQJXDJH RSHUDWLQJ V\VWHP, DQG RQFH \RX'UH IXOO\
FRQILGHQW ZLWK WKH FRQFHSWV FRYHUHG KHUH, \RX'OO EH DEOH WR GLJ LQWR WKH FRGH DQG DGG IHDWXUHV.
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FRQILGHQW ZLWK WKH FRQFHSWV FRYHUHG KHUH, \RX'OO EH DEOH WR GLJ LQWR WKH FRGH DQG DGG IHDWXUHV.
SHH WKH S\VWHP DHYHORSHU HDQGERRN OLQN RQ WKH IURQW SDJH IRU PRUH LQIR, DQG MRLQ WKH PDLOLQJ
OLVW!


