Ać3 Linux ìãű¨Pĳÿà I/O Á

őï: Riku Saikkonen <Riku.Saikkonen@hut.fi> Ëï: Da-Wei Chiang <dawei@sinica.edu.tw> v, 28 December 1997 ŸË^˚: 22 Jul. - 1 Aug. 1998

ÍZÝ/ffi1ĂÝ Intel x86 ÚxìAć3ÿàïßP (user-mode) ıãű-Pĳÿà{ŻI/O Á|CĞ İŒˇðÝ‘ ø˚. ê� 1 +Û 1

2 Ać3 C +Őìÿà I/O Á 1 2.1 Ñ!Ý]ř . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2.2 ĺŒÍ˝ĆÝ]ř: /dev/port . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 {Żı\ (IRQs) ^ DMA Dã 3

4 {Þ@Ý‘« 3 4.1 ;ô‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4.1.1 ^>ı (Sleeping) : sleep() ^ usleep() . . . . . . . . . . . . . . . . . . . . . . . . . 3 4.1.2 nanosleep() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4.1.3 ÿà I/O Áĳ;ô‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4.1.4 ÿàà)+Őĳ;ô‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4.1.5 3 Pentiums ˛ğ îÿàÐP rdtsc . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4.2 ‘ Ý„? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5 ÿàÍĂ-P+Ő 5

6 ŒřbàÝ I/O Á 5 6.1 ň»Á (parallel port) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6.2 żY (EÁZ) Á (game port) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 6.3 Ź»Á (serial port) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7 èî 8

8 őÞ4t 9

9 -PDPż 9

1. +Û 2

10 l` 10

1 +Û

ÍZÝ/ffi1ĂÝ Intel x86 ÚxìAć3ÿàïßP (user-mode) ıãű-Pĳÿà{Ż I/O Á|C ĞİŒˇðÝ‘ ø˚. /ffiÙŁyŒS&ðyÝZa IO-Port mini-HOWTO Íőï^ÍZ!. ÍZ 1995-1997 ÝÌJòy Riku Saikkonen Xb. ÌJÎĂŊŇçř Linux HOWTO copyright <http: //sunsite.unc.edu/pub/Linux/docs/HOWTO/COPYRIGHT>.

AŇ˙EÍZb˚ćĳ>ąÎý0ÑÑTÎ/ffiĆŰ, KK„Ø*Ż& (Riku.Saikkonen@hut.fi)... ÍZEGŒgsŢÝÌÍ (Mar 30 1997) őÝAìÝÑÑ:

• Ey inb_p/outb_p õÁŻë 0x80 fi Ýn;ĘŇÝ‹z.

• ÀtÝny udelay() ÐPÝč], .‚ nanosleep() ÐP èžÝfťĂ@Ýÿà]ř.

• Þ/ffiżðW Linuxdoc-SGML }P, ňvěśőÝř&Ý_4.

• EĲ92]őÝř&ÝĆŰ^ÑÑ.

2 Ać3 C +Őìÿà I/O Á

2.1 Ñ!Ý]ř

àĳDã I/O ÁÝðP (Routine) Kw3jn /usr/include/asm/io.h Ě (Tw3mTæ»D-P/Ý linux/include/asm-i386/io.h jnĚ). 9řðPÎ|ŐŢž/ (inline macros) Ý]PűWÝ, X|ÿ à‘ľŁ| #include <asm/io.h> Ý]PSàţÈÝ; mŁ!Ŕ˚ćÐP (libraries). Ëě: ðP(Routine) ;ðÎĳ-Ùñğ(System Call)^ÐP(Function)ÝÀÌ. .‚ gcc (ŃKŇĺ3 2.7.2.3 õ|GÝÌÍ) |C egcs (XbÝÌÍ) ÝğŒ, ŕ3_Ë˚ćÿàÕ9ř ðPÝæ»D‘ Ä6 Æffitů;ó4 (gcc -O1 Tť{ůgÝ), TïÎ3Ę #include <asm/io.h> 9 ÍŻőGÿà #define extern Þ extern fflLWèç.

‚ÝtýÝêÝ, ŕ_Ë‘İ|ÿà gcc -g -O (ŃKĺ3Ý gcc ÌÍÎ9ø), ňÎtů;fiąb‘İ »žŕtý (debugger) ÝŢ‚ŐÝbFˇM. AŇ9ÍÏţEŕĆŐÎÍæW, ŕİ|ÞXbÿàÕ I/O ÁÝðP/ıw3ŒÍjnĚňľ3_ËŇjn‘ĽÆffitů;ó4.

3ŕDã˚ć I/O ÁfiG, ŕÄ6ŕŕÝ-PbAhĘÝJğ. Ł¿W9ÍêÝ ŕİ|3ŕÝ-P Œffi»Ý2] (ňÎŁ3˚ć I/O ÁDãŻőfiG) ñğ ioperm() 9ÍÐP (ŇÐPffĚŒyjn unistd.h , ňvfffflL3 mTı). ÿà+řÎ ioperm(from, num, turn_on), Íı from ÎÏŒÍ. &DãÝ I/O ÁŻë, num Î#¡=ˇDã I/O ÁŻëÝóê. żA, ioperm(0x300, 5, 1) ÝŇďţÎ 1.&DãÁ 0x300 Õ 0x304 (Œ”"ÍÁŻë). ĆtąŒÍćóÎŒÍ¿ŚĆóÂàĳĳfflÎÍ Ż ffi-PDã I/O ÁÝJğ (true (1)) TÎtĲDãÝJğ (false (0)). ŕ İ|9gñğÐP ioperm() |-ÿà9Í=ˇÝÁŻë. Ńy+řÝÞ;Ž ćĄ ioperm(2) Ýÿà1ĂZ˝. ŕÝ-PÄ6=b root ÝJğĽ»ñğÐP ioperm() ; X|ŕAŇÎ| root ÝŰ¯ÆŢŇ-P, ţ ÎßÞŇ-P setuid W root. ¯ŕñğÄÐP ioperm() Æffi I/O ÁÝDãJğąŕ-İ|J* root

3. {Żı\ (IRQs) ^ DMA Dã 3

ÝJğ. 3ŕÝ-PŤ@fiąňľ¡ ŁOŕ| ioperm(..., 0) 9Í]PJ* I/O ÁÝDãJğ; . ‚¯ŕÝ-P ÆŢ˝śfią9ÍŻőžŁŻ˝W.

ñğÐP setuid() ÞêGÆŢ-PÝb[ÿàïI¡D (ID) ’fflW& root ÝÿàïňÅ(Í›G | ioperm() Ý]PXãßÝ I/O ÁDãJğ, ňÎñğÐP fork() Ý]PQžbXÅ( (4QlŢ- (parent process) 1bDãJğ, ňÎ~Ţ- (child process) QPřãßDãJğ). ÐP ioperm() ľ»ŕŕãßÁŻë 0x000 Õ 0x3ff ÝDãJğ; Ńy ť{ŻëÝÁ, ŕßÿàÐP iopl() (ŇÐPŕŕŒgİ|DãXbÝÁŻë). ÞJğĞùćóÂ’‚ 3 (żA, iopl(3)) |-ŕÝ -P»ÈDã XbÝ I/O Á (.hŁˇT — AŇDãÕý0ÝÁŻëÞEŕÝé\CW&Ëİï ˚Ýłı. !ø2, ñğÐP iopl() ŕß=b root ÝJğ.Ńy+řÝÞ;ŽćĄ iopl(2) Ýÿà1 ĂZ˝.

# ¡, & Æĳ @ j2 D ã I/O Á ... Ł´ Ø ÍÁ Ż ë íá Œ Í byte (8 Í bits) Ýč ] , ŕ ß ñğ Ð P inb(port) , ŇÐ P žF / Xã ß ÝŒ Í byte Ý č] . Łí Ň ŒÍ byte Ý č] , ŕß ñ ğÐ P outb(value, port) (ŽBĲćóÝg«). Ł´ØÞÍÁŻë x õ x+1 (ÞÍ byte àWŒÍ word, Æÿ àà)+Ő ĳČ inw) íáŒÍ word (16 Í bits) Ýč], ŕßñğÐP inw(x) ; ŁíŇŒÍ word Ý č]ÕÞÍÁŻë, ŕßñğÐP outw(value, x) . AŇŕ@fflÿàčÍÁĳČ (byte T word), ŕ ´Ã6Ł inb() ^ outb() 9ÞÍÁĳČ — .‚´9óÝĎHKÎ2à byte ´ˇÝÁDã]Pĳ’ ŇÝ. ěŇXbÝÁDãĳČKŃKmŁ´VŒŁJÝ‘ ĳÆŢ.

AŇŕÿàÝÎ inb_p(), outb_p(), inw_p(), |C outw_p() Ğž/ĳČ, 3ŕEÁŻőëDãŻő fią ľmĲ yÝ(´ VŒ ŁJ); ô‘ ţİ| ˝W; ŕôİ |ŕ; ô‘ ŐW´ VřŁ J]ř Î3 ÿà #include <asm/io.h> fiGÿà #define REALLY_SLOW_IO. 9řž/ĳČ;ð (t&ŕÿàÝÎ #define SLOW_IO_BY_JUMPING, 9Í]řİ»ťã@) ž£àíŇč]ÕÁŻë 0x80 |-¿Õ;ô ‘ ÝêÝ, X|ŕß›|ÐP ioperm() ãßÁŻë 0x80 ÝÿàJğ (íŇč]ÕÁŻë 0x80 T ŇžE-ÙÝÍĂÍĂI5CWÅ(). Ńy ÍĂ;àÝ;ô‘ Ý]ř, Žţˇ\ìĲ.

ioperm(2), iopl(2) ĞÐP, õîńXŰCÝž/ĳČÝÿà1Ăž[´3 t»ŇÌÝ Linux ÿà1 ĂZ˝/ı.

2.2 ĺŒÍ�ĆÝ]ř: /dev/port

ĺŒÍDã I/O ÁÝ]řÎ|ÐP open() ffi@jn /dev/port (ŒÍC-ĎH,xŁĎH_r‚ 1, gŁ ĎH_r‚ 4) |-ÆŢ\v/TűÝŻő (ěŇýãíŇá (stdio) ÐP f*() b/IÝcŐ (buffering), X|Ł–źÿà). #¡ÿà lseek() ÐP|-3ŇC-ĎHjnı0ÕØÍ byte č]ÝÑ@ŻH (j nŻH 0 = ÁŻë 0x00, jnŻH 1 = ÁŻë 0x01, |hv.), Qąŕİ|ÿà read() T write() Ð PEØÍÁŻëĘ\TűŒÍ byte T word č]ÝŻő.

9Í˝ĆÝ]řţÎ3ŕÝ-PĚÿà read/write ÐPĳDã /dev/port C-ĎHjn. 9Í]řÝÆ Ţ>ŮT&fGńXýÝŒffl]řX, ňÎmŁ_Ë Ýtů;Ř»ômŁÿàÐP ioperm() . AŇŕ.&& root ÿàïTNàDã /dev/port C-’ĎHn, Eő‘ţm=b root Jğ – ňÎ Ey-ÙH“ĆŐ ÎÍ&ðűćÝŕ›, .‚Ăİ»JıÕŕÝ-Ù, T&žbSS.ĆãÝ root ÝJ ğ, £à /dev/port C-ĎHjnà#Dã{Ã, çŋŸ, Ğ’n.

3 –Żı\ (IRQs) � DMA Dã

ŕÝ-PAŇ3ÿàïßP (user-mode) ìÆŢİ|à#ÿà{Żı\ (IRQs) T DMA. ŕÄmãű ŒÍmT,Ż-P; 8nÝÞ;ŽćĄçř The Linux Kernel Hacker’s Guide <http://www.redhat.com:

8080/HyperNews/get/khg.html> |CJmT-Pæ»Dĳ¯Pż. ţÎ1, ŕ3ÿàïßP (user-mode) ıXűÝ-PPř9Œ{Żı\ÝőSS.

4 {Þ@Ý‘«

4.1 ;ô‘

ť›, &ž11Jŕ3ÿàïßP (user-mode) ıÆŢÝŢ- (process) »ÈÞ@2fflŒ‘«.‚ Linux ÎÍ9˛ÝőĳŢ(. ŕ3ÆŢıÝŢ- (process) ¸‘ž.‚&Ëæ.ffõĆ´V 10 mJÕóJ (3 -ÙŘˇ&ð{Ý‘Î). QĆ, Ey´9óÿà I/O ÁÝTàĆŐ, 9Í;ô‘ @jîÕÝ%Ć. Łźy;ô‘ , ŕßÿàÐP nice Þŕ3ÆŢıÝŢ- (process ) ’fflW{8›J(ŽćĄ nice(2) ÿà1ĂZ˝) TÿàÇ‘4-ř (real-time scheduling) (Ž:ìń).

AŇŕŔŞßf3ŒfflÿàïßP (user-mode) ıÆŢÝŢ- (process) ŁÞ@Ý‘«, bŒř]řİ |ŕŕ3ÿàïßP (user-mode) ıĘÕ ‘Ç‘’ 4-ÝYî. Linux 2.x ÌÍÝmTıb8Ż]PÝÇ ‘4-Yî; ŊÞÝ1ĂŽćĄ sched_setscheduler(2) ÿà1ĂZ˝. bŒÍľĎÝmTYî{ŻÝ Ç‘4-; ŊÞÝčGŽćĄçř <http://luz.cs.nmt.edu/rtlinux/>

4.1.1 ^>ı (Sleeping) : sleep() ^ usleep()

ĺ3, ŕ&Æffi»ťŊŐÝ‘«ÐPñğ. ŔŁ;ôóJÝ‘ , tůÝ]ř´Ã ÎÿàÐP sleep() . ŔŁ;ôŃKóèmJÝ‘ (10 ms ń{‹ÎtyÝ ;ô‘ Ý), ÐP usleep() TŇİ|ÿà. 9řÐPÎŕŇ CPU ÝÿàJ ŻÍĂŔŁÆŢÝŢ- (processes) (“Ł‚^>ĲÝ”), X|^bŊð* CPU Ý‘ . Þ;ŽćĄ sleep(3) ^ usleep(3) Ý1ĂZ˝.

AŇŕŇ CPU ÝÿàJ.Ćÿß‘ ;ôÝ´V 50 mJ (9ãXy˛ğ ^^ Ý>Ů, |C-Ù ÝŘˇ), ţŊð* CPU H9Ý‘ , .‚ Linux Ý4- (scheduler) (Őţ x86 ÚxĆŐ) 3ÞfflŒ JsŻŕÝŢ- (process) fiG;ðŃKŁ¨ð 10-30 mJÝ‘ . .h, y‘ Ý;ô, ÿàÐP usleep(3) XßÕÝ;ôŤŇ;ðž´yŕ3ćóXĳfflÝÂ, ´VŃKb 10 ms.

4.1.2 nanosleep()

3 Linux 2.0.x Œ - » Ý m T s Ţ Ì Í ı , b Œ Í ś Ý - Ù ñ ğ (system call), nanosleep() (Ž ć Ą nanosleep(2) Ý1ĂZ˝), Ăŕŕ»È ^>T;ôŒÍyÝ‘ (óŁJT?9). AŇ;ôÝ‘ <= 2 ms, u(vřu)ŕÆŢıÝŢ- (process) ’fflÝ8ŻÝÇ‘ 4- (ţÎÿàÐ P tt/sched_setscheduler()/), ñğÐP nanosleep() ‘ ÎÿàŒÍR’]žĳ;ô‘ ; ţÎž¯Ð P usleep() ŒøŕŇ CPU ÝÿàJ^>ĲÝ.

9ÍR’]žÿàÐP udelay() (ŒÍ,Ż-PðžàÕÝmT/IÝÐP) ĳ¿W, ňvÿà BogoMips Â (BogoMips İ|ã@„?9vR’]žÝ>Ů) ĳŇÕ]ž;ôÝ‘ ffŮ. ÍAćŻőÝÞ;Žć Ą /usr/include/asm/delay.h).

4.1.3 ÿà I/O Áĳ;ô‘

ĺŒÍ;ôóŁJÝ]řÎÿà I/O Á. ţÎ´ÁŻë 0x80 íáTíŇ˚ć byte Ýč] (ŽćĄGń ) ĞİÝ‘ TŇ£{ľŁ 1 ŁJ9Ł:ŕÝ˛ğ Ýl¡^>Ů. AŇŁ;ôóŁJÝ‘ ŕİ|Þ

9ÍŻő9Ę£g. 3˚ćýãÝ^ îíŇč]ÕŇ ÁŻëTŇžbĹÝąŇĽE (Ćvbř mTÝ’n,Ż-Pô3ÿàĂ). {in|out}[bw]_p() ĞÐPţÎÿà9Í]řĳőSS‘ ;ôÝ (Ž ćĄjn asm/io.h).

@jî, ŒÍÿàÕÁŻëPŽ‚ 0-0x3ff Ý I/O ÁĳČ£{ľŁ 1 ŁJÝ‘ , X|AŇŕŁAhĘ, żA, à#ÿàň»Á, ľŁŔî£Í inb() ÐP´Ň ÁŻëPŽ\á byte Ýč]Çİ.

4.1.4 ÿàà)+Őĳ;ô‘

AŇŕáĳÆŢ-PX3^ Ý˛ğ l¡^‘Ö>Ů, ŕİ|ÆŢØřà)+ŐĳČ|-Şßťy Ý;ô‘ (ňÎBĲ, ŕ3ÆŢıÝŢ- (process) ¸‘žffõĆ, X|b‘;ôÝ‘ žf@jff ). AìńÝ“}Xî, /I˛ğ Ý>ŮXfflÝXŁÿàÝ‘Öø˚ó; A, ŒÍ 50 MHz Ý˛ğ (486DX-50 T 486DX2-50), ŒÍ‘Öø˚Ł¨ð 1/50000000 J (=200 ˘J).

ĳČ i386 ‘Öø˚ó i486 ‘Öø˚ó nop 3 1 xchg %ax,%ax 3 3 or %ax,%ax 2 1 mov %ax,%ax 2 1 add %ax,0 2 1

(ER, &áĳ Pentiums Ýč], T&^ i486 #»Ï. &Př3 i386 Ýč]î0Õľ¨ðŒÍ‘Ö ø˚ÝĳČ. AŇ»ÈţŽÿà¨ðŒÍ‘Öø˚ÝĳČ, ŁQţÿàÑa*ÝśP˛ğ ôÎİ |źy‘ Ý.)

îńÝ“}ıĳČ nop ^ xchg TŇžbĹÝąŇ. ĳČtąİ»ž ;ŐmrõD Ý/ffi, ňÎ 9^n;.‚ gcc ž˛ğ. ĳČ nop ÎÍ?ÝóC.

ŔŁ3ŕÝ-PıÿàÕ9řĳČ, ŕßÿà asm("instruction"). ĳČÝ+řţA!îń“}Ýàř ; AŇŕŔŁ3ŐŒÝ asm() BŰıÿà9ÍĳČ, İ|ÿà5rÞĂÆâffi. żA, asm("nop ; nop ; nop ; nop") žÆŢřÍ nop ĳČ, 3 i486 T Pentium ˛ğ ıž;ôřÍ‘Öø˚ (TÎ i386 ž; ô 12 Í‘Öø˚).

gcc žÞ asm() ŸËWŐŢà)+Ő-PD, X|žbñğÐPÝŘˇ. 3 Intel x86 Úxıİ»bfŒÍ‘Öø˚yÝ‘ ;ô.

4.1.5 3 Pentiums ˛ğ îÿàÐP rdtsc

Ey Pentiums ˛ğ ĆŐ, ŕİ|ÿàìńÝ C +Ő-PDĳãßŁ´îgěśffi^ Õĺ3BÄÝ 9KÍ‘Öø˚:

extern __inline__ unsigned long long int rdtsc() { unsigned long long int x;

__asm__ volatile (".byte 0x0f, 0x31" : "=A" (x)); return x; } ŕİ|ŸőćĄhÂ|-;ôŕŔŁÝ‘Öø˚ó.

5. ÿàÍĂ-P+Ő 6

4.2 ‘Ý`?

ŔŁ‘ Þ@ÕŒJÖ, ÿàÐP time() T&ÎtŊŐÝ]ř. ŔŁ‘ ?Þ@, ÐP gettimeofday() ´Vİ|Þ@ÕŁJ (ňÎAGXŰžåÕ CPU 4-ÝÅ(). Ńy Pentiums ˛ğ , ÿàîńÝ-P Dn\ţİ|Þ@ÕŒÍ‘Öø˚.

A Ň ŕ Ł ŕ Æ Ţ ı Ý Ţ - (process) 3 Œ ð ‘ Õ Ý fi ą » È ff ; á (get a signal), ŕ ß ÿ à Ð P setitimer() T alarm() . Þ;ŽćĄÐPÝÿà1ĂZ˝.

5 ÿàÍĂ¨P+Ő

îńÝ1Ă/ı3 C -P+Ő. ĂTŇİ|à#Tà3 C++ C Objective C fiî. Ńyà)+ŐI5, 4QŕÄ6›3 C +ŐıñğÐP ioperm() T iopl() , ňÎfiąŕţİ|à#ÿà I/O Á\űĳČ.

ŃyÍĂ-P+Ő, t&ŕİ|3Ň-P+ŐıæáŐŢà)+ŐT C +Őfi-PDTïÿàîńX 1Ý-Ùñğ, ÍJÅAãűŒÍ/âbDã I/O ÁT;ô‘ XÄmÐPfiŊŐÝ C æ»-PD T&fťffi|, _Ëfią„^ŕÝ-PdŤ. ŁQţÎÿàGńX1Ý /dev/port C-ĎHjn.

6 ŒřbàÝ I/O Á

Í;èžŒřðà I/O ÁÝ-PãűčG9řKÎİ|à#JĳàÝŒfflêÝ TTL (T CMOS) Řì ŻãÝ I/O Á.

AŇŕŁűïÍæ»Ý’ŇêÝĳÿà9řTÍĂðàÝI/O Á (żA, fflŒŒfflÝfl“^TóA^), ŕ TŇžÿàĺWÝĎH,Ż-P (Ă;ðffâ3mTı) ĆžAÍZX12Ĳãű I/O Á-P. Í; xŁÎèžŻčřŔŁÞ LCD Ţî , M˙y¿, TÎÍĂďĳé~ő‘ =#Õ PC ýã I/O ÁÝSS.

AŇŕŔŁfflŒ´¿¡İX-řÝĎH¯Î+à (‹B3¡İ-řÝŒð˚ ), Ĳ0::ÎÍbĺW Ý Linux ĎH,Ż-P. çř Hardware-HOWTO <http://sunsite.unc.edu/pub/Linux/docs/HOWTO/ Hardware-HOWTO> ÎÍ?ÝćĄRF.

ŃyŔŁáĳ?9bnAć=#é~ĎHÕé\(|CŒfflÝé~.æğ)Ý8nčGJçř <http: //www.hut.fi/Misc/Electronics/> ÎÍ?Ýč]ĳÙ.

6.1 ň»Á (parallel port)

ň»ÁÝÃÍÁŻë (|ìÌfi‚ “BASE”) fiy /dev/lp0 Î 0x3bc , fiy /dev/lp1 Î 0x378 , fiy /dev/lp2 Î 0x278 . AŇŕľÎŔŁfflŒŒř¯ÎŒfflfl“^ÝŻő, İ|ćĄçř Printing-HOWTO <http://sunsite.unc.edu/pub/Linux/docs/HOWTO/Printing-HOWTO>.

tÝìńÇÞàŰÝýãGíŇ (output-only) ßP, ´9óÝň»ÁKb ‘UĘÝ’ Ô’ (bidirectional) ß P . Ń y ťś Ý ECP/EPP ß P (| CŒ ffl Ý IEEE 1284 ýã ) Á ý Ý 8 n č] , İ | ć Ą ç ř <http://www.fapo.com/> |C <http://www.senet.com.au/cpeacock/parallel.htm>. .‚3ÿàï ßP (user-mode) ıÝ-PPřÿà IRQs T DMA, ŔŁÿà ECP/EPP ßPŕT&ßãűŒÍmTÝ ĎH,Ż-P; &ŔTŇbSSűÝ9vÝĎH,Ż-P, ňÎŊ›&ňáĳ.

ÁŻë BASE+0 (č]Á) àĳfflŒč]ÁÝ*rŻã (D0 Õ D7 5¡Ć“¡ bits 0 Õ 7, ŻãÏV: 0 = śŻã (0 V), 1 = {Żã (5 V)). ŒÍűáč]ÕŇÁÝŻőžÞč]*rŻãÂĲ (latches) 3ÁÝX

Ż (pins) î. ŒÍÞŇÁÝč]\ŇÝŻőžÞîŒg|ýãGíŇ (output-only) ßPTUĘÝűá ßPXÂĲÝč]*rŻã\/, TÎ|UĘ\ŇßP ´ĺšŒ ÍĎHÞXŻîÝč]*rŻã\/. Żë BASE+1 (ÏVÁ) ÎÍG\ (read-only) ÝÁ, žÞìńÝíá*rŻã\/:

• Bits 0 õ 1 1žà.

• Bit 2 IRQ ÝÏV (ÎÍXŻ (pin) , &áĳĂÝ˛őæğ) • Bit 3 ERROR (1={Żã) • Bit 4 SLCT (1={Żã) • Bit 5 PE (1={Żã) • Bit 6 ACK (1={Żã) • Bit 7 -BUSY (0={Żã) (&@ffl{śŻãÝéDÏV.)

ÁŻë BASE+2 (fflŒÁ) ÎÍGű (write-only) ÝÁ (ŒÍÞŇÁÝč]\ŇÝŻőGžÞîŒgűá Ýč]*rŻã\/), àĳfflŒìńÝÏV*r:

• Bit 0 -STROBE (0={Żã) • Bit 1 AUTO_FD_XT (1={Żã) • Bit 2 -INIT (0={Żã) • Bit 3 SLCT_IN (1={Żã) • Bit 4 ¯ff’ffl‚ 1 ‘.&ň»ÁőSS IRQ *r (sSS3 ACK XŻÝŻããśŐ{Ý§ ) • Bit 5 àĳfflŒUĘßP‘ÁÝíŇá]’ (0 = ű, 1 = \), 9ÎÍGű (write-only) ÝÁ (ŒÍ ÞŇÁÝč]\ŇÝŻőEh bit ŒFà˛ô^b).

• Bits 6 and 7 1žà.

(!ø2, &@ffl{śŻãÝéDÏV.)

ÁÝXŻ4» (Pinout) ]P (ŇÁÎŒÍ 25 wX D Cȷš$ (D-shell) ÝÒfi=# ) (i=íá, o=í Ň): 1io -STROBE, 2io D0, 3io D1, 4io D2, 5io D3, 6io D4, 7io D5, 8io D6, 9io D7, 10i ACK, 11i -BUSY, 12i PE, 13i SLCT, 14o AUTO_FD_XT, 15i ERROR, 16o -INIT, 17o SLCT_IN, 18-25 Ground IBM Ý!}Z˝î1XŻ 1, 14, 16, õ 17 (fflŒ*rÝíŇ) 2àéþŻÝffi/Á (open collector) ,Ż] PÄmÿà 4.7 Ţˇ” (kiloohm) Ýè>é #Ń 5 V ÝéD (İøáéø 20 mA, øŇéø 0.55 mA, {Ż ãÝíŇéDţÎ 5.0 V 3Ĳè>é ÝéD). yìĳÝXŻİøáéø 24 mA, øŇéø 15 mA, {Żã ÝíŇéDtˇ 2.4 V. śŻãÝíŇéDÞïKÎt´ 0.5 V. čř& IBM !}Ýň»ÁT&žŔÒ9Í ýã. ?9Ý8nč]ŽćĄçř <http://www.hut.fi/Misc/Electronics/circuits/lptpower.html>. tą, ŻŕŒÍÊŒ: žT#2ÝőÞ. &¨B3é\Îffi^ÝÏţţĲ=#Ă.Ć û?£Íň» Á. sSSÝ9Ëŕ›ŕİ»žÆßÎŁÞň»ÁJ )Õx^ŤĚńfť?. (ŕ;ðİ|JŒn- !Ýýã ‘multi-I/O’ ŸHĎÏÞÍ ň»Á; ľŁÞÍĂmŁÝÁĆà, QąÞŸnîň»ÁÝÁŻ ë’ffl3 è¡ÝŻëÇİ. ŕm3Ňň»ÁÝ IRQ ’ffl, .‚;ðžffàÕ.)

6.2 żY (EÁZ) Á (game port)

żYÁÝÁŻëPŽ‚ 0x200-0x207. ŔŁfflŒŒfflÝEÁZ, bŒÍmTůgÝEÁZ,Ż-P, İć Ąçë <ftp://sunsite.unc.edu/pub/Linux/kernel/patches/>, j( joystick-*. ÁÝXŻ4» (Pinout) ]P (ŇÁÎŒÍ 15 wX D Cȷš$ (D-shell) ÝÒfi=# ):

• 1,8,9,15: +5 V (éÙ)

• 4,5,12: #2

• 2,7,10,14: 5¡Î BA1, BA2, BB1, õ BB2 ĞóŻíá

• 3,6,11,13: 5¡Î AX, AY, BX, õ BY Ğ“vf”íá

+5 V ÝXŻń{;ðžffà#=#Õx^ŤÝéÙaî, X|ĂTŇ»Èèž8¯Ýéæ, 9Ł: Xÿàx^Ť, éÙžŻ , |CżYÁÝvl.

óŻíáàyEÁZÝű»İ|ŕŕ=#ÞÍEÁZÝřÍű» (EÁZ A õ EÁZ B, &bÞÍű ») ÕżYÁôţÎóŻíáÝřÍXŻ. ĂÆTŇÎŒffl TTL éDŻãÝíá, ŕİ|à#´ÏV Á (ćĄìń1Ă) \ŇĂÆÝŻãÏV. ŒÍ@jÝEÁZ3ű»ffDì‘žF/śŻã (0 V) ÏV ÍJţÎ{Żã (5V Bã 1 Kohm Ýé =#ÕéÙXŻ) ÏV.

XÛÝvfíá@jÎ„?ÕÝ (Â. żYÁbřÍŐ\9ŒMŻ (one-shot multivibrator) (ŒÍ 558 þn) =#ÕřÍvfíáXŻ. NÍvfíáXŻ^9ŒMŻ ÝíŇfi =#¡ŒÍ 2.2 Kohm Ýé , Ćv9ŒMŻ ÝíŇ^2fi =#¡ŒÍ 0.01 uF Ý‘«éffi (timing capacitor). ŒÍ@j ÝEÁZÍNÍ2ý (X õ Y) îžbŒÍİŐé , =#3 +5 V ^NÍ8EÝvfíáXŻfi (X Ż AX T AY ÎŻEÁZ A àÝ, ĆXŻ BX T BY ÎŻEÁZ BàÝ).

EőÝ‘Î, 9ŒMŻ ÞÍíŇ’ffl‚{Żã (5 V) ňvĞÕ‘«éffiîÝéD¿Õ 3.3 V fiąÞ8 EÝíŇ’ffl‚śŻã. .hEÁZı9ŒMŻ íŇÝ{Żã‘ ø˚ ^İŐé Ýé ÂWÑf (ôţÎ, EÁZ38E2ýÝŻH), AìXî:

R = (t - 24.2) / 0.011,

Íı R ÎİŐé Ý (Â (ohms) Ć t Î{Żã‘ ø˚ÝffŮ (J).

.hŁ\ŇvfíáXŻÝóÂ, ť›ŕß@Ż9ŒMŻ (|ÁűáÝ]P; Ž:ìń), QąãŸř Í2ýÝ*rÏV(|źˇÝÁ\Ň]P)ŒàÕ*rÏVã{ŻãŐWśŻã, ŇÕÍ{Żã‘ ø ˚ÝffŮ. 9ÍźˇãŸÝŻő¨ð8¯9Ý CPU ‘ , Ćv3ŒÍ&Ç‘Ý9˛Ţ(¯Î (ŒfflÝ ÿàïßP (user-mode) ) Linux, XßÝŤŇÎ&ðã@.‚ŕPř|üfflÝ‘ ĳãŸ*rÝÏV (t&ŕÿàmTůgÝ,Ż-PĆvŕß3ŕãŸÝ‘Î9Œ*ı\ÝőSS, ňÎ9øĘžŊð?9 Ý CPU ‘ ). AŇŕáĳ*rÝÏVÞž¨ðŒðyÝ‘ (óèmJ) ĽžW‚śŻã, ŕİ|3 ãŸfiGñğÐP usleep() Þ CPU Ý‘ ŕŻÍĂŔŁÆŢÝŢ- (processes). żYÁıřŒmŁŕĳDãÝÁŻëÎ 0x201 (ÍĂÝÁŻëÎŻőŒøţÎ^à). ˚ćE9ÍÁŻ ëXĘÝűáŻő (ąŕűá%Ć) Kž@Ż9ŒMŻ . E9ÍÁŻëĘ\ŇŻőžã/íá*r ÝÏV:

• Bit 0: AX ( (1={Żã) 9ŒMŻ ÝíŇÏV)

• Bit 1: AY ( (1={Żã) 9ŒMŻ ÝíŇÏV)

7. èî 9

• Bit 2: BX ( (1={Żã) 9ŒMŻ ÝíŇÏV)

• Bit 3: BY ( (1={Żã) 9ŒMŻ ÝíŇÏV)

• Bit 4: BA1 (óŻíá, 1={Żã)

• Bit 5: BA2 (óŻíá, 1={Żã)

• Bit 6: BB1 (óŻíá, 1={Żã)

• Bit 7: BB2 (óŻíá, 1={Żã)

6.3 Ź»Á (serial port)

AŇ ŕX1 ÝĎHÎ YîŒ ř¯Î RS-232 čvÝ ŃŮ, ŕT Ňİ|A ŕXw 2ÿà Ź»Á. Linux Xè žÝŹ »Á, Ż-P TŇ» ÈTà 3˚ć 2] (ŕT Ňm Łà# ãűŹ »Á- P, TÎ mT Ý,Ż-P); Ă8¯Ìb;àP, X|¯Îÿà&ýãÝ bps >č|CÍĂĞĞTŇÎőÞ. Ž ćĄ termios(3) 1ĂZ˝, Ź»Á,Ż-Pæ»-PD (linux/drivers/char/serial.c), |Cçř <http://www.easysw.com/mike/serial/index.html> îb?93 Unix őĳ-ÙãűŹ»Á-PÝ8 nč].

7 èî

AŇŕŔŁb?Ý I/O ‘Â, ŕİ|3ň»ÁîŁŢàĎ ADC v/T DAC þn (èî: éÙI5, İÿ àżYÁîÝTÞÎàÕÝÂÃéÙ=#fi#Ń ^$fiš, AŇŕÝĎHŘčŔˇśJİ|Jň»Á ĳĘ¯éÙ, QţÎÿàšIÝéÙžŻ), TÎó AD/DA Ÿn (´I5ťİl/ťś>Ýő‘İã I/O ÁfflŒ). TïÎ Linux ŕ[Ÿ,Ż-PXYîÝ-!ŕ[Ÿ (>Ů8¯Ý") î 1 T 2 ÍÞ@, (İ»ž) PřhëÝ*r;ĳEŕĆŐţÈÝ.

ÿàÞ@ÝvfĎH, ¯Ý#2İ»CWvfíŇá*rÝ0-. AŇŕb9]ńÝBŹ, ŕİ»ž Ő|˛l) ĳâŰ (é\^ŕÝĎHfi XbÝ *r) é~”W. Ő¡´é\îãß˛l) Ý éÙ (3ÁîÎàÕÝ*rXŻİ|èžŢÈÝéÙ) |O¿ÕtůÝâŰ[Ň.

AŇŕĺ3Ñ3ť0»3 Linux îÿàÝflÓéŋŤ’Ň8Ż, bŒÍÌ‚ Pcb źðÝ X11 Tà-P TŇ»È{˚, ľŁŕŁĘŒřHŘÓÝŕ. &9Ý Linux sŢÌÍ (distributions) K/â9Í-P, !‘Ăôffw3çë <ftp://sunsite.unc.edu/pub/Linux/apps/circuits/> î(j(‚ pcb-*).

8 őÞ4t Q1. ¯&Dã I/O Á‘ŤŇ$Õ segmentation faults 9ÍőÞ A1. ÎŕÝ-P^b root Jğ, ţÎ.‚Øřğã0lÐP ioperm() ñğť?. lãÐP ioperm() ÝF/Â. !‘, lãŕXDãÝÁôţÎŕ| ÐP ioperm() X@àÝÁŻë (ćĄ Q3). AŇ ŕÿàÝÎ;ô‘ Ýž/ĳČ (inb_p(), outb_p(), ĞĞ), BßôŁñğÐP ioperm() |-D ãÁŻë 0x80.

9. -PDPż 10

Q2. &Př0Õ in*(), out*() ĞÐPfffflL3ć˛, !‘ gcc ôpĺćĄÕÎfflLÝÐr (undefined references). A2. ŕ3_Ë-P‘^bÆffitů;ó4 (-O), .h gcc »ŁŮ asm/io.h ıÝž/ĳČ. TÎŕq Íţ^bÿà #include <asm/io.h>. Q3. out*() ^bŻő, TÎŻőMMÝ. A3. l ã ć ó X w H Ý g « ; Ă T Ň Î 9 ø outb(value, port) , Ć Î MS-DOS î ð à Ý č ø outportb(port, value) Q4. &ŔŁfflŒŒÍýãÝ RS-232 ĎH/=#ň»ÁÝfl“^/EÁZ... A4. ŕt?»ĆchŕĆÿàĺbÝ,Ż-P (ĂÆD3y Linux ÝmTıT X ğĘ ıTÍĂÝ2 ]) ĳ¿WŕÝêý. 9ř,Ż-P;ð8¯Ì;àP, X|ţÕÎbFýãÝĎH, ĂÆ;ð K»Ñðžő. 9řýã I/O ÁÝ8nčGŽćĄGń1ÄÝZ˝ĳS.

9 ¨PDPż

9\ÎŒðàĳDã I/O ÁÝŊŐÝ-PDPż: /* * example.c: ŒÍàĳDã I/O ÁÝ&ðŊŐÝPż * * 9Í-PDň^b%Ćà˛, ĂľÎĘÝÁÝűá, õĆ, * |CÁÝ\Ň£ÍŻő. _Ë‘Žÿà ‘gcc -O2 -o example example.c’, * ň| root ÝŰ¯ÆŢ ‘./example’. */ #include <stdio.h> #include <unistd.h> #include <asm/io.h>

#define BASEPORT 0x378 /* lp1 */

int main() { /* ãßÁŻëÝDãJğ */ if (ioperm(BASEPORT, 3, 1)) {perror("ioperm"); exit(1);}

/* ’fflÁÝíŇč]*r (D0-7) “‚ë (0) */ outb(0, BASEPORT);

10. l` 11

/* ^¿Œì (100 ms) */ usleep(100000);

/* �ÏVÁ (BASE+1) \Ňč]ňŢîŤŇ */ printf("status: %d\n", inb(BASEPORT + 1));

/* &Æ„mŁ9řÁŻë */ if (ioperm(BASEPORT, 3, 0)) {perror("ioperm"); exit(1);}

exit(0); } /* Ť@ example.c */

10 l`

ÜÃÄ&ÝSS@3H9PřŒŒ»Ň, ňÎŁń&Ż1Î9`Ý. EXbĳ*ÜÃ&ÝSSň^bŒŒ /ńlîpĚfiŇ, ň„g``ŕÆÝÜÃ.