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1. Zadani

Sestavte program pro komunikaci po sériové lintee @imym programovanim registr
asynchronniho obvodu UART 8250 dle nasledujicidkypi:

« napiSte program pro vysfianaki po sériové lince,
« napiSte program praffimac znaki prichazejicich po sériové lince,

« programy odld'te a gedvel'te funikcnost na propojené dvojici pidacu PC;
prijimané a vysilané znaky zobrazujte v dlédychc¢astech obrazovky monitoru,
prozkoumejte chovani obvodu 82580 iiznych rychlostech.

PoznamkaProgramy nejprve napiste bez pouzigniSeni, az poté s vyuzitim sluzeb
pierusovaciho systému.

2. Teorie

Rozhrani RS-232 (podle evropské normy V.24) jeno pro sériovyignos dat mezi dyma
jim vybavenymi zEizenimi fes rgjaké genosové médium, nigstji telefonni sf'. Pro kratSi
vzdalenosti je mozno toto vynechat @izani propojit pimo, nehled na moznost propojeni
prakticky s jakymkoliv zzenim s pislusSnym obsluznym programem. V naSegieni
pouzijeme upraveny kabel (zvany nulovy modem)ifia@ propojeni dvou osobnich
paotitaca, vybavenych timto rozhranim.

Standardizovana specifikace definuje vSechny westmozhrani tak, aby byla z&ena
propojitelnost z&zeni Giznych vyrob&. Mdme tu pedevsim vyjmenovéani vSech sighal
kterymi rozhrani ovladame, popis jejich vyznamuwkreg propojovacich konekiioa zpisob
pienosu informace po vatdch.

Pavodni podoba rozhrani vyuziva ke své praci 25 sigidnoho z nich se n&jsgji v
praktickych aplikacich nevyskytuje, setkame se@sokratkou (4 signaly),igtdni (9) a
velkou variantou (vSech 25 sigal My, protoZze mame k dispozici zadtu s 25 koliky,
pouzijeme posledni z nich.

Propojovaci kabel ma 25-pinovy konektor Canon &kglna obou koncich, na pitecich
jsou podobné konektory, jenom s dutinkami.

Zatizeni komunikuji v arytmickém rezimu, kazdy iak dat (jeho velikost @Zeme uéit, pro
nase dely vybereme 8 hif) je uvozen synchronizai znakou (start bit) a podobnou i
ukorten (stop bit, jehoz velikost sittheme vybrat). f2nos niZze byt navic zabezpen
paritou.Rizeni toku dat po kanéle je hardwarové.

Cip, ktery ovlad&innost rozhrani, je UART 16550, je v3akstrg kompatibilni s verzi 8250
pro PC XT a to jak programeéytak vyvodo¥. Programovaniniipu nastavime konkrétni
atributy, se kterymi bude pakgnos dat probihat.



3. Implementace

Program s vyuzitimieruSeni i bez vyuzititeruseni jsme implementovali v programovacim
jazyce Borland Pascal 7.0, ¥mz byly dodany zakladni kostry progranze kterych se o
pii implementaci vychazet.

3.1.Vykreslovani

V obou programech je vyuzita jednotRaawing, ktera zajisuje vykreslovani odesilaného
a [ijimaného textu. Pro vykreslovani jsou pouzity pgacedury a funkce dostupné ve
standardnich jednotkdch Pascalu. Jednotka je napai&nze ihned po inicializaci jednotky
(tedy po spusgni programu) dojde k vymazu obrazovky, vykreslém&ka a statickych
textl.

Jednotka pracuje tak, Ze se do horni poloviny awaz vypisuje odesilany text, do dolni
¢asti gijimany text. Oba texty se automaticky posouvajiyXkje textu vice.
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Serial chat by M. Augustyn, J. Bouska. M. Prchlik & M.Trs

Drawing.pas

unit Drawing;
interface

procedure LocalWrite(c: char);
procedure RemoteWrite(c: char);

implementation
uses crt;

const
width = 78;
height = 10;
bX = 2;
IbY = 4;
rbY = 16;

var IX, IY, rX, rY : integer;

procedure WriteBorder;



var i : integer;
begin
Window(1, 1, 80, 25);
GotoXY(10, 1);
Write('Serial chat by M. Augustyn, J. Bouska,

{rovne cary}
fori:=bXto bX + width - 1 do

begin
GotoXY(i, IbY - 1); Write(chr(2
GotoXY(i, IbY + height - 1); Write(chr(2
GotoXY(i, rbY - 1); Write(chr(2

GotoXY(i, rbY + height - 1); Write(chr(2
end,

{svisle cary}
fori:=IbY to IbY + height - 2 do
begin
GotoXY(bX - 1, i); Write(chr(186
GotoXY(bX + width, i);  Write(chr(186
end;
fori:=rbY to rbY + height - 2 do
begin
GotoXY(bX - 1, i); Write(chr(186
GotoXY(bX + width, i);  Write(chr(186
end;

{rohy}

GotoXY(bX - 1, IbY - 1); Write(chr(201
GotoXY(bX + width , IbY - 1); Write(chr(187
GotoXY(bX - 1, IbY + height - 1); Writ
GotoXY(bX + width , IbY + height - 1); Writ

GotoXY(bX - 1, rbY - 1); Write(chr(201
GotoXY(bX + width , rbY - 1); Write(chr(187
GotoXY(bX - 1, rbY + height - 1); Writ
{GotoXY(bX + width , rbY + height - 1); Wri

GotoXY(bX + 3, IbY - 1); Write(' Local *);
GotoXY(bX + 3, rbY - 1); Write(" Remote )

end;

procedure WriteUni(c: char; bY: integer; var x, y
begin
Window(bX, bY, bX + width - 1, bY + height -
case c of
#13: begin
x:=1;
Inc(y);
if y = height then
begin
Dec(y);
GotoXY(1, 1);
DelLine;
end;
end;
#10: ;
#27: ;
else
begin
GotoXY(x, Y);
Write(c);
Inc(x);
if X = width then
begin
x:=1;
Inc(y);
if y = height then
begin
Dec(y);
GotoXY(1, 1);
DelLine;
end;
end;
end;
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end;
Window(bX, IbY, bX + width - 1, IbY + height
GotoXY(IX, 1Y);

end;

procedure LocalWrite(c: char);
begin
WriteUni(c, IbY, IX, IY);
end;

procedure RemoteWrite(c: char);
begin
WriteUni(c, rbY, rX, rY);
end;

begin

IX:=1;
Y :=1;
X:=1;
ry =1,

ClrScr;

WriteBorder;

Window(bX, IbY, bX + width - 1, IbY + height -
GotoXY(IX, 1Y);

end.

3.2.Komunikace bez vyuziti p Feruseni

-2);

2);

Tento program nam fungoval od¢zsku naprosto bez problém

Pouze sté provést spravhinicializaci podle danych materiah nasled& bézi smyka,
ktera testuje stisknutou klavesti gtisku klavesy dojde k jejimu vypisu na obrazowaku
zarove odeslani. V hlavni sndge programu se déle testuje dostupnost novychadat n
portu. Pokud jsouifpravena data kifjmu, dojde k vypisu fljatého znaku dofjislusné

¢asti obrazovky.

Program se spousti s parametrem, ktery udava bézi {tedy napp proCOML1je to
hodnota3f8). K ukorteni programu dojde po stisku klavdsscape

Normal.pas

Program Normal;

uses DOS,CRT, Drawing;

const

e et COM ports in PC -----=--------
COM1= $3f8;

COM2= $2f8;

e 8250 registers ---------------

RBR= 0; { received data - read only - if
THR=0; { transmit data - write only - if
DLL=0; { baud generator (LSB) - if DLAB=
DLM= 1, { baud generator (MSB) - if DLAB=
IER=1, {\interrupt enable - r/w }

IIR=2; { interrupt identification - read
LCR=3; { line control register - riw }
MCR=4; { modem control register - r/w }

LSR=5; {line status - read only }

DLAB=0}
DLAB=0}



{--mm 8250 register bits ---------- }
IER_RX=1; {'intr on received data - priorit y2}
IER_TX=2; {\intr on data transmitted - prio rity 3}
IER_ERR=4; {intr on receive error (see LSR) - priority 1 }
IER_MS=8; {'intr on modem sts change (see M SR) - priority 4 }

IIR_PEND=1; {active intr request }
IIR_MASK=6; {source id mask }
IIR_MS=0; { modem sts change }
IIR_TX=2; { data transmitted }
IIR_RX= 4; { data received }
IIR_ERR=6; {receive error}

LCR_5BIT=0; {byte length codes }
LCR_6BIT=1,
LCR_7BIT=2;
LCR_8BIT= 3;

LCR_2STOP=4; {two stop bits }
LCR_PTYEN=38; { parity enabled }
LCR_EVPTY=$10; {even parity }
LCR_FIXPTY= $20; { fixed parity }
LCR_INTREN= $40; {interrupt enabled }
LCR_DLAB= $80; { baud gen. access enabled }

MCR_DTR=1; { DTR modem signal }

MCR_RTS=2; { RTS modem signal }

MCR_OUT1=4; {user signal }

MCR_OUT2=38; {user signal - wired to 3 state IRQ driver }
MCR_LOOP= $10; {testloop}

LSR_RX=1, { data received }
LSR_OR=2; { overrun - read once }
LSR_PR=4; { parity error - read once }
LSR_FR=8; { frame error - read once }
LSR_BT=$10; { break error - read once }
LSR_BF=$20; {tx buffer empty}
LSR_TX=$40; {serializer empty }

MSR_CSR_CH=1; {CSR has changed - read once }
MSR_DSR_CH=2; {DSR has changed - read once }
MSR_RI_END=4; {RIended - read once }
MSR_RLSD_CH=38; {RLSD changed - read once }
MSR_CSR= $10;

MSR_DSR= $20;

MSR_RI= $40;

MSR_RLSD= $80;

DLM_300= 1, {300 Baud }
DLM_HIGH=0; {more than 300 Baud }

DLL_300= $80; {300 Baud }
DLL_600= $c0; {600 Baud }
DLL_1200= $60; {1200 Baud }
DLL_2400= $30; {2400 Baud }
DLL_4800= $18; {4800 Baud }
DLL_9600= $0c; {9600 Baud }
DLL_19200= $06; { 19200 Baud }

[ }
type word=0..65535;
parstr=string[255];

[ e }
var

com: word;

loop: boolean;

c: char,;

argvl, argv2: parstr;
e }

procedure init_com(portaddr:word; loop: boolean);



begin
port [portaddr+LCR]:= LCR_DLAB; { path to baud
port [portaddr+DLM]:= DLM_HIGH; { more than 300
port [portaddr+DLL]:= DLL_1200; {1200 Baud }
port [portaddr+LCR]:= LCR_8BIT; { baud gen off,
port [portaddr+IER]:= 0; { no interrupt
if loop then
port [portaddr+MCR]:= MCR_DTR or MCR_LOOP
else
port [portaddr+MCR]:= MCR_DTR;
end;

function rx_rdy (portaddr: word): boolean;

begin

rx_rdy:=((port[portaddr+LSR] and LSR_RX) <> 0);
end;

function tx_rdy(portaddr: word): boolean;
begin

tx_rdy:=((port [portaddr+LSR] and LSR_BF) <> 0);
end;

function rx_get(portaddr: word): char;
begin

rx_get:= chr(port [portaddr+RBRY]);
end;

procedure tx_put(portaddr: word; ¢ : char);
begin

port [portaddr+THR]:= ord (c);
end;

function hx (t: parstr): word;
var ix: integer;

w: word,;

ok: boolean;

begin w:=0; ok:=true;
for ix:=1 to length(t) do if ok then
begin if tfix] in ['0".."9"1 then  w:=16*
else if tfix] in ['A"..'"F'] then w:=16*
else if tfix] in ['a'..'f] then w:=16*
else ok:=false;
if w>$3FF then ok:=false;
end;
if ok then hx:=w else hx:=0;
end;

{

begin
com:=COML1,;
loop:=false;
c:='"a)

argvl:=ParamStr(1);
argv2:=ParamStr(2);

case ParamCount of

0: begin writeln (‘Usage: serial <port hex addr>
writeln (COML1 is at 3F8, COM2 is at 2F8

halt;

end;

1: begin com:=hx(argvl);
if com=0 then
begin writeln ('Port address must be hex
halt;
end;
end;

2: begin com:=hx(argv1l);

genon}
Baud }

8 bit, no par }
}

wH+ord(t[ix])-ord('0")
wHord(t[ix])-ord('A")+10
wH+ord(t[ix])-ord('a’)+10

m:

number in the range 10..3FF");



if com=0 then
begin writeln ('Port address must be hex
halt;
end;
loop:=true;
end,

end;
init_com(com,loop);

while true do
begin
if (rx_rdy(com)) then RemoteWrite(rx_get(com)
if keypressed then
begin
¢ :=readkey;
if Ord(c) = 27 then break;
if ord(c) = O then
begin
¢ :=readkey;
if Ord(c) = 27 then break;
end;
if tx_rdy(com) then
begin
tx_put(com, c);
LocalWrite(c);
end;
end,;
end;

end.

3.3.Komunikace s vyuzitim p

FeruSeni

Tento program nam v labordtmefungoval (vyzkouSet doma nebylo mozno). Nakasec
nédm ho ale poddo upravit do funkni verze. Probléinbylo rekolik. V daném mustru byla
nag. jako bazova adresa uvedena adB&# coz jsme fehlidli. Bylo nutné tedy hodnotu
piepsat n8f8h Dale jsme zjistili, Ze zaleZi na tom, zda se nejprovede inicializace
portu nebo dojde k nastaveni vektorenusSeni. Pro spravnou funkci bytelba, aby doslo

number in the range 10..3FF');

nejdiive k nastaveni vektorugruSeni a az nasledlk inicializaci portu.

Tento program se od verze bez vyuzitgrpSeni liSi jen inicializaci a tim, Ze se v hlavni
smycce programu neprovadi testovani, zda jsgoravena data kifjmu. Misto toho tu je
procedura ozrigna direktivou interrupt, coz je obsluh@mseni. V této obsluzné
procedtie dojde k vypisu fijatého znaku a k odhlaSenigousSeni (odeslanim hodn@g9h

na port20h).

K ukorceni programu dojde po stisku klavdsscape

Inter.pas
Program RS232;

uses DOS,CRT, Drawing;
const BAS=$3f8;

var Il: integer;
OK: boolean;
DATA: byte;
PLAT: boolean;
c: char;

procedure INTER; interrupt;
var b:byte;



begin
RemoteWrite(chr(port[BAS])));
b := port[bas+2];
port[$20]:=$20;

end;

procedure Send(c:char);

begin
while (port[bas+5] and $60) <> $60 do;
port[bas]:=ord(c);

end;

var b, imask: byte;
p: Pointer;

begin

b := port[bas+5];
b := port[bas+2];

getintvec($0C, p);
setintvec($0C, addr(inter));

port[bas + 1] := 0; { deny innterupt on com }

port[bas + 3]:= $80; { DLAB=1, for speed settin gs}

port[bas + 0]:= $60; { speed to 1200 }

port[bas + 1]:= 0;

port[bas + 3]:= $03; { 8b data, 1b stop, no par ity }

{ port[bas + 2]:= $07;} { 1 byte length buffer a nd its cleaning }
port[bas + 4]:= $0F; {OUT2to 1, enable int }

imask := port[$21];
port[$21]:= imask and $EF;
port[bas + 1]:= $01; {/int on received characte r}

while true do
begin
¢ := readkey;
if Ord(c) = 27 then break;
if ord(c) = 0 then
begin
¢ := readkey;
if Ord(c) = 27 then break;
end;
Send(c);
LocalWrite(c);
end;

port[$21] := imask;
setintvec($0C, p);
end.

4.Zaver

Povedlo se ndm u&fre implementovat a odladit programy pro komunikacisgoiové lince
piimym programovanim registasynchronniho obvodu UART 8250.

Byly vytvoreny dv verze programu — s vyuzitinkgguSeni a bez vyuZitigruSeni. Oba tyto
programy vyuzivaji jednotkDrawing, ktera slouzi k vykreslovani odeslanéhaig@ggho
textu.



