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Abstract

The ISDN application for controlling computer service system consists of barcode
decoder,database and ISDN communication device.Student can use computer by swifting a
student-card ,with has student identity barcode, throughs a barcode reader.Output signal from
barcode reader is converted to ascii code and transmitted via the ISDN device to central
processing unit,a personal computer which has database.The central processing unit checks the
student identity as it receives.It is responsible of student to use a computer If he is permitted,

the power line will connect to computer so that the computer is enable.
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void interrupt com1(void)
{
CommBuf{ CommDataPos++ ] = inportb( CommAddr };
if { CommDataPos == CommBufSize }
CommDataPos = 0;
ourportb( 0x20 , EOI j;
1
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int InitSerialComm(int comno,int baudrate int darabitint stopbitint parity)
{
char low_divisor,high_divisor,comm_spec;
if ( installed )
return( E_INSTALLED J;
if ( comno {= COM1 && comno = COM2Z )
return{ E_COMN );
if ( baudrate < B1200 Il baudrate > B19200 )
return( E_BAUD );
if ( databit '= D7 && databit != DS )
return( E_DATABIT );
if ( stopbit I= S1 && stopbit != S2 )

return( E_STOPBIT };

if ( parity < PNONE Il parity > PEVEN )
remurn( E_PARITY );

switch( comno )



case COMI1 : CommAddr = COMIPORT; break;
case COM2 : CommAddr = COM2PORT,; break;
}
CommBuf = (char *) malloc(CommBufSize);
if ( CommBuf == NULL )
remrn( E_MEMORY );
low_divisor = baud[baudrate];
high_divisor = 0;
comm_spec = Data[databit] | stop[stopbit] | pari[parity];
ontportb{ CommaAddr + LCR . comm_spec | 0x80 );
outportb{ CommAddr + DLL , low_divisor )
outportb( CommAddr + DLH , high_divisor );
outportb( CommAddr + LCR , comm_spec & 0x7F );
outportb( CommAddr + IER , 1 ); /* enable int : Rx Ready */
outportb( CommAddr + \'[CR , 0x0B )I; O U203 RTIS Yo d,
wportb( CommAddr + LSR ;
inportb( CommAddr + MSR );
inportb( CommAddr + IIR J;
switch( comno )
{
case COMT
{ oldl = getvecd COMIINT j;
setvect! COMIINT , coml );
outportb{ IMR , inporth(IMR) & (~IRQ4FLAG) );
} break;
case COMZ :
{ 0ld2 = getvect{ COM2INT );
setvect{ COMZINT , com?2 );
outportb({ IMR , inportb(IMR) & (~IRQ3FLAG) );
} break;
} -
installed = comno;

remrn( PASS j;
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void QuitSerialComm(void)
{
if (| installed ) return;
switch( installed )
{
case COM1 :

setvect{ COMI1INT . oldl );
outportb( IMR , inportb(IMR) | IRQ4FLAG );
} break;
case COM?2 :
{
setvect( COMIINT , old2 );
outportb( IMR , inportb(IMR) | IRQ3FLAG );
} break;
t
free(CommBuf);
1
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int Transmit(unsigned char ch)
{
int i;
for (i=0; i<TXCOUNT; i++ )
if ( inportb( CommAddr + LSR ) & 0x20 ) /* THR empty? */
{
outportb( CommAddr , ch );
return( PASS );
}
return(FAIL); /* TXCOUNT too small or Serial Comm. Port error */
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void QuickDisk(FILE *fp,unsigned long int TowiRecord)
{
Qsdisk(fp 0L, TotalRecord-1};/* count-1 is a number of record begin at '0'%/
1
void Qsdisk(FILE *fp,unsigned long int left.unsigned long int mght)
{

unsigned long int 1.j;

char 1d[9];

i=left:  j=right;
/*get the middle Studentd*/
strepy(Id,GetStudentld(fp,(long )(i+))/2));
do
{
while( stremp(GetStudentld(fp1),1d)<0 && i<night ) i++;
while( stremp(GetStudentld(fp,j),Id}>0 && j>left ) j--;
f(i<=])
{
Swapfield(fpi.j);
i+ i
}
} while(i<=j);
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if(left<j) Qsdisk(fp left,j);
if(i<right) Qsdisk(fp i,right);

wlsunsuiminfisdudeyasznhasneiafiieannifusaedafiinnnh

void Swapfield(FILE *fp,unsigned long int i,unsigned long int j)

{

}

char a[sizeof(StudentRecord_t)],b[sizeof(StudentRecord_t)];
/*ﬁrs’t read in record i and j*/
fseek(fp,13L+sizeof(StudentRecord _t)*i,SEEK_SET),
fread((char *)a,sizeof(StudentRecord _t),1 fp);
fseek(fp,13L+sizeof(StudentRecord _t)*j,SEEK _SET);
fread((char *)b,sizeof(StudentRecord_t),1 fp);

[¥then write them back in opposite slots*/
fseek(fp,13L+sizeof(StudentRecord_t)*1,SEEK_SET);
fwrite((char *)b,sizeof(StudentRecord_t),1,fp);
fseek(fp.13L+sizeof(SmdemRecord_t)*',SEEK_SET){

fwrite((char *)a,sizeof(StudentRecord_t),1 fp);

o 3/ c‘ 1 3/ U = A; <
alsunsuimihfiewdeyasfiadibAny¥umnoning

char *GetStudentld(FILE *fp,unsigned long int record)

{

}

StudentRecord_t *p;

p=&StudentRecord;
fseek(fp,13L+record *sizeof (StudentRecord),SEEK_SET);
fread(p,sizeof(StudentRecord),1,fp);

return StudentRecord.Studentld;
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NOTFOUND n#@fui
long int Search(FILE *fp.char *Studentld,unsigned long int totairecord)
{
unsigned long int low,high,middle;
low=0; high=totalrecord-1;
while(low<=high)
{
middle=low-rhigh)/2;
if( stremp(Studentld,GetS tudentld(fp,middle)) < 0 ) high=middle-1;
else if( stremp(Studentld,GetStudentld(fp,middle)) > 0 ) low =middle+1;
else return middle; /found*/
}
return NOTFOUND;
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wlashlud #iAn $292wBfdower bandwidthy 20 ATaidsm szgnimuadlsminumiionim

}
0

vaaavoandour)os 1,75 dadigus dauisranmbqacupper bandwidth) 512 Ala@inazgnimua

dwmanhdinesh 0.001 Tulasieus Tavszdevuusuindoutasdalugii 3.5



3.2.1.2 mydszgnamsiyan

Tumiaammu'jumﬁ'aaﬁmsmﬁ'a;npmmuauﬁwq11'?'ﬂsu FawarBeansiudygna
AN 0Y TUMANUIN mﬂzzwma’niusma:Lﬁaﬂumf?ﬂmmﬁwia‘lﬂ*ﬁ’

- CCI (high speed clock input) 12191395800 Fammeidelsznoudnled 74uco4 nie
CD4069 ,ASampava 8 wWanzEsn Aunutlszy 20 Hlnhda wazanudumusing 10 wanz
Teviurerudsgy 3.7 tendadgygnauninuna 8 wanzdin

- MSI (mastet sync input) ,TDC/RDC (transmit/recieve data clock input) 2z 1% leFarduria
ouuns loddmsaenndyaennimung 8 wnnz@iminan i cct wrmsamud 18 18dyga
wiEmung 8 AlalEine dmiy MSI Hunz danauEniuing 256 alaline dimsy TDC/RDC )
Tanld 74HCT4 mrans 2 ase udr i Ui 7400393 Wenanamudselyl msreneasaziaag
Tuguii 37

-TE1,TEZREIRE2 @iudegnueyannlumsdmisfudeyn  wihduneiinesGaverer)
LATUBINY (Ands gate) Nsrynd lumsaedganaaaunuieli 3.7 dumudadyanannim
(tmming diagram) vmﬁ'ﬂgﬂgmm';uﬂu‘?iﬂfcx'nuwvfwnmzuﬁﬂﬂugﬂﬁ 3.10

- Ve LT, LOL 102 xiimaradeqilit 3.5 (dauiildosu lludlnine swazidon
yosgilnsel )

- SE, LB, PD 9zApfL +5 12an

#47UY Tx , Rx U@z VD 92na1ind lumseeni Z8o PIO

i
1N4 148
o P

LY

1N4 148

TO TELEPHONE LINE.

“m"'w‘,“—L_ j—‘m"v" '7

TRANFORMER PARA METERS
INDUCTANCE OF Tx WINDING 1.75 mH DIODE: 1N4148 OR EQUIVALENT
TURN RATIO: TxL1+L2 2:1

TURN RATIO: RxL.1+L.2:4:1
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POWER LINE CONTROL.
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A CPU. CIRCUIT.
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INPUT CIR

DUTPUT CIR
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9558 Loz d

74LS14

i BY COMPUTER RESERCH AND SERVICE CENTER.
L

KMITL
1 3 FILE =

= ISONN\ISON.CIR

POMER LINE CONTROL.

TIMING CONTROL OF MC145421. 1.1
Date: Marcn 13, T neet or _3]
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a v A v 13
3.2.2 m3l¥au 80 SIO lumsAnAsdemskIuNBINBYNIY
< d
3.2.2.1 3wwazBenvesgUnial

¥
Y

a 1 A ' ¢ ‘o A a ¢ - .y ¥ .
Tunsaadedoasseninues ammaes tuinsealulasnounumesiu  Tulassnuiiesly 780
. , o 5 o 4 e .
Serial Input/Output Controller (SIO) ¥msduazTudoyauuuesdalasHa( FITwaziBuAmuINY Z80 SIO
a . 4 . o A4 . v
Tavaziduaszeg uniARUIN) 1az Z80 SIO fosiun ity 280 s102 MsieuAeIENI Z80 SIO M)
¢ o cﬁ 4 Y . @ Y A Y vl.vly v
NoIN Rs-232C Wusuuivedoafitian s innmns giuves RS-232C A0 149N RS-232C uu lwlaseal
@ a el ' 9 o o [ ¢ o &' a 4
usadutlnAves AnueacrTL) uavelsedunsaiulumodalszina 12 Taan daiulumsdumosidasen
414 780 SIO M RS-232C Wunzdoahmsnldoussdvudynn TTL Tuifhusefudygrannasgiives Rs-2320
Tunisdsdoya waznlavusinssRudyunasguves Rs-232C Tuidhuseaudona TIL Tumissudoya
- 4.0 . oa 4 ' to
gnsaiiumhiiaaeedaiife 1C es MAX232 ¥89MAXSIM Msi¥ouAD Tz ININsRidINd1IvzUETAl

aalugiin a1

&——TxBD— ¢—TTL to R$232>
3 wire
= +——RxBD—4 il -RS$232 to TTL-® sgria]
232 line
210 7 —GND==—= &—GND—>

\

waasedu TTL i sz RS232

31]’7; 3.1 u'amnmuﬁweammﬂ%ﬂuuﬂauzﬁuusqé'fu‘m%'ﬁ'uqﬂnmﬁ
win TTL Fuihidassadrameluvea S10 6 Thast )iuiTaves Rs-232¢ (12 Taav)

ﬁxymmuﬁnw‘v’i’l%'vsﬁ%'n‘\":uﬂ1nmimimm‘ﬁ' 1.8632 wnnzdinaaeloddniu 741592 Taums v
fw 12 n:mﬁamm‘t’; 153,600 135N smiufioshimsms TasTosunsudaody 16 ﬁn:'lé’fﬂﬂu't‘;ﬁ”xyxywmﬁmﬂ
VoA 9,600 e dyynanaRmAlFunsAase RS-2320

3.2.2.2 mylszgnanis 1941

ludmveswsszuaasialugii 38 9sdosiinis Innitialize SI0 dou  TaoldrnuSudulyim
WRITE REGISTER /199404 SIO o Taumuitisdoens ulnseuilldroma B 3908i 8 WRITE
REGISTER (WRO-WR7) i) 3 READ REGISTER (RRO-RR2) Tauii REGISTER usos@nziianumuudmio’l)
3

a g

WRO IR SIO

i i 4

WR4  fmuasmimsanuddygiauidn , siuauinduge 3Uuuumisain



WRS

WR2

WRI1

. & 0w % o )

$ruuinsenitasnuse lulnuanissu, 1800 Auto Enable 1090 recieve enable bit

s a ' 2 o '

Suuinasniiednusy lulnuamsda,@on DIR Ua2 RTS enable (890 transmitter
enable )

o a o r'd < ) a o P4

MUUABUIABT SHANAMBT (115U THUADUMDT THA)

° a 2y @
ﬂ"muﬂgﬂunumiﬂumaﬁnﬂ

1 a = o w3 & a o azl 3 Yw cs’
ﬂ']‘i"ﬂ‘ﬁ:‘,Lﬁﬂﬂﬂ'ﬁL‘Kﬂﬂ"lllﬁ"lﬂ‘U‘U"NUU'}Nﬂ"l‘ﬂﬂ]ﬂu&]ut)ﬁﬂﬂﬁ’ﬂulﬂﬂﬂu

o 4 ¥y o a LG a n’ a yl o ¢
dmiulnsenuiiezly dasiwea 9600, 8 UnAealonys, 2 Induga, wmiarlasvazTudoya

¥
IS

' a ‘o 2 4 Ly o a & o
arogiulnuadumessng diumsasioyase Isunsulveylulnuaneads( POLLING ) Fenazidu

ADUUDIDANDTNUMY UHUAINITINOY

W&9N initialized SIO 1LIMAIATIVADUIN 2 ved RRO duly 0 uaasinivmeslihe

o o~ q 14 10 1 1 tayqq o 4 1 A a |d’t 9
BNHT mnmn%ﬂummsm mauquﬂx‘1ﬂmamauﬂaummzwmﬂﬁﬂmaﬁﬂgfynmmia‘lmiaﬂﬂ 1

in 2 ¥99 RRO WM 1 UerA37 Buffer Empty CPU Mizviimsasvoyasenld dmsy DTR , DTE RTS

waz cTs Iulasanuilu1dld Tusvunsudr9a199euaaens initial Z80 SIO

; program for inititial asynchornous with Z80SIO

CPU
HOF
ORG
ADATAEQU
BDATAEQU
ACONTEQU

BCONT: EQU

"Z80.TBL"

"BIN8"

0000H

80H ;CHANNEL A DATA
81H ;CHANNEL B DATA
82H :CHANNEL A CONTROL
83H ;CHANNEL B CONTROL

;INTTTIAL SIO INTERRUPT

SIOINI: DI
LD

SINIT1: LD
CP
JR
ouT
INC

JR

HL,TABLE!L
A (HL)
OFFH
Z,SINIT2
(BCONT),A
HL

SINIT1

;TABLE FOR INITIAL SIO INTERRUPT
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< ST%RT )

i LOAD WRO
] F E DC B A

[

step A-F Apsmudndy

]

B——m—»

Load WR4

C——

Load WR3

Load WRbB

Load WR2

A 4

Load WR1

TITTT

|

T

/k Begin I/Oj

Uil 3.12 ugas wwuAaNIITaY 117 initialize Z8O SIO
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Read 11 RRO «

Tx
Buffer

No———
Empty

Yes

J

Put Character

in Tx Buffer

71 8.12 uama uHUAINII119TH 984 Polled Transmit

TABLEI:.DFB  18H {WRO CHANNEL RESET
DFB  02H Shi wra
DFB  00H :WR2 INT VECT = 00H
DFB  03H S107 w3
DFB  0CI1H :8 BIT REC RX ENABLE
DFB  04H 317 wra
DFB  4FH ;WR4,X16 CLK ,2 STOP,EVEN PARITY
DFB  05H 311 wRs
DFB  68H ;8 BIT TRAN,TX ENABLE
DFB 014 F17 wri
DFB  14H :ENABLE INTERRUPT
DFB  OFFH

3.2.3 M51¥Yu Z80 PIO

a <
3.2.1.1 ‘a")Uﬁ:ﬁlElUﬁ'UﬂQQﬂﬂ‘iﬂl
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a o o o < 1w a a
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e luTnyanes MuozBuauozuwudadyananninmuzeglumanuinlaoazdoa
<
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. - Y 2 2 ¢ " ' \
revsuaaalugd 3.8 Tulassnudlez 1$medn A Wi wedmovinymaedy 74Ls165 dedoyarin
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o 4 Y R o 4 Y1 < Y v
dlusnugumsideuteyaves 7415165 uazaevdealnsuld  AsTB wieuenliihgunseiniousy
Joyann 780 PIO dunfumshauweaesan A sxdsuiiulnum 0 dumsiudeyann 1spN 3zl
nesin B AU 74Ls164 lavdidyanamnn vD uaz TEL Wudimuqums navesdoya § 7415393 uag
74Ls123 Wufmugumsidoudoyaves 74LS164 uazassdsalnsuly  BSTB susnld PO $u

doyann 74L5164

o < éa
3.3 MINNHIBIIDVIVBIUBTAMILYMINBINUBA ('ﬂﬁgﬂa’lﬁﬂ)

COMMUNICATION BARCODE

PROCESS & CONTROL

DISPLAY

. ¢ <
71 3.13 vdenlaszunsuueiAmesiiuea
1 [ ¢ da
3.3.1 guilszneuvdnyeausiamestiuea
- 2 o 2o < 4 4 sa 2a 2
vssatniumuaumesiusatiizszdegiinisunesdusavessruuuau laumes Jusaniia

4 ¥y 2 /a 2 7 ¥ 4 o 7 o a ] 2 )
LﬂﬂN‘BS1%‘U85ﬂﬂ7‘ﬂf]lﬂﬂﬂTilllﬂﬁﬂlNUﬂiﬂ HHIMYANUBIUBTAUAS NMIARADTS UITIYTLYDIUAS MU

4 a gy 4 oy d
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1. Barcode (SHEMO) fi'mifn:ﬁmﬁ%*ﬁ;%"uSuﬁmﬁmmmﬁﬂﬁﬂﬁnm udnhinilszanana
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Aol dawessHauavileryszneudanled luTasnouTnsames wed PIC16Css mhiineasa

v a £y

yessHauauMAIAT BT HAMaULLYA 1 ¥a  SehmhAuSuwndeyannsWaunuvesswmindnm

a

4 L4 1 a Q @ 1
uaz ldevinniduovsumes  wdaledald 103 prciscse vhmsnoasiane’ly

INPUT

BARCODE READER

ID-CARD

O/P Binary

PIC16C54
PROCESSOR

OfP (ASCII)

711 3.14 vdenlaszunsy YenaesaIuBEAIHEINIlAR
! . . T 4 o Y o A 1
2. 3993894 communication Vszneudie lulasaeulnsames PIciscss YmthiiFeusio
1 < 4 Ja o 1 A ' < <a
s ewsiama muquinseuneilusaduminilszumaranan  Wesnnsznhsuesaniugqumess
o i 4 1 1 é 4 LR
usANUMITELsZNIaNANANY WBUABMIUMY twisted pair Fuilumsdemsuuneynsy uad Uszudn
9 4 S g4 9 o & = 0 1
HaunzAILAN IxvhmsAemsuuinuuazdanudwh dniudedod PICI6Css avsvhnmsauguyn
T J £ i o
asvduiifiovzuasdoyann synsudhunny uar whawmnnnudueynsy  uaridifuivindeya
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Y o ay a - - 7 2 ay Y <
UBNAA PIC16CS5 ummu‘laqs UDLT 994 lilblliﬁ'lmﬂi MC145425 ‘Ni‘!‘(ﬁﬂiﬁ‘ﬂ Nﬂﬂlﬁﬂ

[ d a a 1 a £ '
ifﬂgauﬁ'ﬁﬁamumuma B uay D uuuauﬂwﬁ’wﬂmmﬂ 160 ﬂIaUﬂﬂﬂuTﬂ ‘Nlﬂﬂﬂ']']lﬂ??‘\]ﬂ\iﬂ'ﬁﬁﬁ
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3 : 4 4 =2 3 g
ﬂﬂi}aluizﬂﬂ ISDN LL!ﬂQﬂWﬂiﬁﬂNaﬂWQﬁTUﬂQ']ULi'l 3911 IC MC145425 3J']1‘!N'lu HUINTINUYITIUITD

i 1 é q' as 1
detoyatidhudoa1ddndan Fumung lumsfingiannszuude U Tuswnens

TWISTED PAIR LINE

SERIAL INJOUT PARALELL IN/OUT

MC145425 /" \ PIC18C55
UDLT

7119 3.15 vdenlaBzunsuI9I8dIU  communication

/B 50 =]
DATA O/F BUFFER Y DATA up

I\ TO CONTROL
TERMINAL

COMMAND [/

DECODER

TO DISPLAY

717 3.18 vdenlaezunTaEAInITi¥8939938 1Y Process & control
T | aa o 2 S = 1 P
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#iclude <graphics.h>
#include <string.h>
#mchude <stdlibh>
#mchide <stdioh>
#include <alloch>
#mchide <conioh>
#mnclude <ctypeh>
#include <math h>
#mchide <bios.h>
#include <dirh>

#include <dos.h>

{*pulldown menu colors®f

#define RIMCOLOR ~ GREEN
#define HOTKEY RED
#define HOTKEY_R  LIGHTRED
#define NORLMENU BLACK

#define NORLMENU_R BLACK

LIGHTGRAY

#define MAINBKG_1
#define MAINBKG_2  LIGHTCYAN
#define MAINBKG_R ~ LIGHTGREEN
#dcfine DESATT BLUE
#define DESATT_R RED

#defne BKGPULLD  WHITE

#define BKGPULLD_R LIGHTGREEN

{*popup window color:"‘/

#define MENUSHA DARKGRAY
#define POPUPBKG LIGHTGRAY
#define RIMUPPER WHITE
#define RIMLOWER = DARKGRAY
#define POPUPSHA LIGHTMA GENTA
#define ICONSHA BLACK
#define ICONORM LIGHTGREEN
#define ICONORIM GREEN
#define ICONTEXT BLUE
#define ICONACTIVE YELLOW
#define ICONACRIM RED

#define BKSP 8

#define TABKEY 9

#define ENTER 13

#defme SHFTAB 15

#define ESC 27

#define HOME Kt

#define UP 72

#define LEPT 75

#define RIGHT 77

#defme END 79

#define DOWN 80

#define DELETE 83

#define Alt_A 0x1B
#defme Alt_K 0x25
#define Alt_8 Ox7F
#define Alt_O 0x81

#define Alt_R 0x13

-1

#defme Alt 'V 0x2F

#define Alt X 012D

#defme F10 Ox44

#defme ENG 0O

#define THA 1

#define PATL. 0

#define PASS 1

#define FALSE 0

#defme TRUE 1

#defme NOTPOUND (-1)

#define USERCANCEL (-2)

#defme MAX_MENU &

#define DELCODE D’

int AppendData(void);

void Border(int leftx,int kefty,int rightx,int righty,int thick,int color);
void Blockfill{int leftx,int lefty,int rightz,int righty,int color);

char *Conrvertdate(date_t *sredate);

char *CopyFromPos(int npos,unsigned char *s);

it Creatfile(FILE **{ptr,char *filname,char *Textheader);

void DatabaseDialogue(void);

mt Daytomt{char *d);

void Defmemenu(void);

void Dimension(int leftx,int lefty,mt rightx,int righty,int thick, int colerl,mnt
color2);

void DisplayChar{int col,int row,unsigned unsigned char ascii,int color);
void DisplayIdRs d long mt s

void DisplayPulldown(int num);

void DisplayString(int z,int y,unsigned char *t=xt,int colorl,int color2);
void DisplayStudentData(vgid);

void DosShell(void);

void DrawReserveDialogue(void);

void ErrorDislogue(char *errmessage);

void ExitProgram(void);

void PillLine(int leftx,int kefty,int rightx,int righty,int color);

void getcurpath(void);

int Getdate(int xpos,int ypos,char mputdate([8]);

char *GetEngString(int startx,int starty,int MaxStrLen,nt LineLength,mt
Teolor,mt Beolor);

mt GetmodifyRecord(void);

int GetThaiString(int startx,int starty,int MaxStrLen,int LineLength, int
Teolor,mt Beolor);

int GetR Me r(FILE * berftemp, long * dent,long *
totalstudent);

char *GetStudentld(FILE *fp,unsigned long int record);

nt Gettime(int zpos,mt ypos,char mputtime[9]);

void Getvideo(int leftx,int lefty,int rightz,int righty,char far *buffer);

1gned gned char GetThaikey(unsigned d char ch);
void Intialize(void);
void InttialStud Data(void);
int IngtSenalComm(mnt,nt,nt, int,mt);
void mterrupt (*0ld1)(Q,mterrupt (*old2)Q);
void inttoDay(int d);

mt i5_m(unsigned char *s,unsigned char c);



void LogMensuBuffer(void);

void MakeMainmenu(int num,unsigned char *menu{},unsigned char «
keys,nt count,it startx,int starty);

void MakeOneLineChar(int length,unsigned char *str);

void MenuManage(voud);

int ModifyData(yoid);

int Openfile(int mode,unsigned long int *Nrecord);

void OpenDatafile(roid);

void PutCenterString(int startz,int endx,int starty,unsigned char *s,int color);

void Putvideo(int leftx,int lefty,int rightx,int righty,char far *buffer);
mt QuickDisk(FILE *fp,unsigned long int totalrecord);
int Qsdisk(FILE *fp,unsigned long int keft,
void QuitSerialComm(void);

d long mt right);

void ResetBuffer(void);
yoid ReadPont(roid);
void ReserveTime(void);

long int Search(FILE *fp,char *Studentld,unsigned long int tota d);

void SearchDialogue(void);
void Shadow(int keftx,int lefty,int rightx,nt righty,int bthick,int thick,int
coler);
void SortDialogue(yoid);
it Sort(FILE *fp,unsigned long int totalrecord);
int Stringlength(unsigned char *text);
void Swapfield(FILE *fp,unsigned lt;ns int L,unsigned long int j);
yoid WritePizel(int x,int y,int coler);
int xmit{unsigned char);
typedef struct {

char day;

char month;

int year;

} date_t;
typedef struct {

char Name({30};

char StudentId(9];

char Faculty[30];

char Year;

date_t RegisDate; //dd-mm-yy

date_t ExpirDate;

} StudentRecord _t;
typedef struct {

chear Subjectld[9];

char TeacherNeme[40];

char Day;

char BeginTime(9];

char EndTme(9);

} Reserveheader_t;
typedef struct {

char StudeatId(9];

char Subjectld[9];

} Reservedata_t
struct menu_mfo {

int startx,starty,endz,endy;

unsigned unsigned char “p;

unsigned char **menu;
unsigned char *keys;
it count;
} menu_num{MAX_MENUJ;
FILE *StudentIdFile;
FILE *ReserveHeaderFile;
FILE *ReserveldFile;
StudentRecord _t StudentRecord;
Reserveheader_t ReserveHeader;
Reservemember_t ReserveMember;
char NodeID;
char  *CommBuf;
nt CommAddr;
it installed = 0
unsigned CommDataPos = 0;
unsigned ReceiveFlag = 0; //OFF
unsigned baud[5] = { 96,48,24,12,6 }; /* for 1200,2400,4800,9600 &
16200 bps */
char Data[2] = { 0x03,0x02 }; /* feature bit of 8-bit, 7-bit */
char stop[2] = { 0x00,0204 }; /* feature bit of 1-bit, 2-bit %/

char pari[3] = [ 0x00,0x08,0x18 }; /* feature bit of none,odd,even */

char rtime[9]=" : ¢ ",xtime[0]=" : : ";
char rdate(11 ]='-' [ [ xdate[ll}=" [ "%
unsigned long ipt TotalRecord=0L;
unsigned long int TotalReserve=0L;
unsigned long mt TotalReserveStudent=0L;
unsigned long int CurrentRecord=0L;
unsigned long int CurrentReserve=0L;
char std_datfile{127];
char rsv_headfile[127];
char rsv_stdfike{127];
unsigned char far *vidmem=(unsigned char far ¥)0xA0000000;
unsigned char Font{5376];
unsigned char InputString{127]="";
unsigned char CurrentPath[127]="";
int Language=ENG;
mt mam_menu_startx{ MAX _MENU]={4,11,22,39,50,63};
int main_menu_length(MAX_MENUJ={3,7,13,7,9,8};
unsigned char far *mammenu_buf=NULL;
unsigned char *main_menu(]={

Mavdr,

“PI%UTOYE",

“whumnivadoya”,

"%98371M",

“BHRURTIBAIN,

“d%onnofa,

}
unsigned char *mamkey="N1NON0";
unsigned char *File[]={

» uiiindoynludody -,

" %oonTaonsania -,

"1HANMIMNN. AlHX

H



unsigned char *Database(]={
" iursiioulny v,
“ughlvdoymnn »,
* waudeymdu v,
k
unsigned char *Search_sort{]={
* phumdoyaninuiudoyn »,
*1%iuafeyalundudeys -,
h
unsigned char *Reserve(]={
* %90UIA",
» wdoymitaiumsens -,
* BHUNIANMT903 *,
IH
unsigned chax: *Report{]={
" GRUNTIWNU ",
k
unsigned char *Setserialf]={
“moineuis v,
“1mofawaos v,
I3
unsigned char *describ[]={
“ fadufvatumsfams Iddunes o,
" ﬁﬁqlﬁmﬁumnﬁumﬁw‘mt’mqn",
" fdafuatums fumunedusdoyn,
» fdaffumressam uflvammssasam®,
* fadufiafumsRuiseau,
4 tianm:’mqnmﬁu:ﬁnu'z
I
void Initialize(void)
{
int gdriver, gmode, errorcode;
detectgraph(&gdriver,&gmode);
if{ gdriver != 9)
{
printf( This program must run in 6401480 YGA mode\a);
exit(0);
}
nitgraph(&gdriver, &gmode,™);
errorcode = graphresult();
if (errorcode != grOk)
{
printf("Graphics error: %s\a”, grapherrormsg(errorcode));
ext(1);
}

n-3

}

)

fseek(Reserve HeaderFile,9,SEEK _SET);

fwrite(&TotalReserve, sizeof(unsigned long),1,ReserveHeaderFilke);
fclose(ReserveHeaderFile);

fseek(ReserveldFile,9,SEEK_SET);

fwrite(&TotalReserveStudent, sizeof(unsigned long),1,ReserveldFile);

felose(ReserveldFike);

losegraph();

void ReadFont(void)

{

1

FILE *font_fp;
if{ (font_fp=fopen("font1.fon","rb"))==NULL )
{
printf(*Cannot open file fontl.fon\a");
exit(l);
}
fxeeh(fvn;_fp,NBLSEEK_SE'D;
fread((unsigned char *)Font,sizeof{Pont),1,font_fp);
felose(font_fp);

void Getvideo(int kefx,int lefty,int rightx,int righty,char far *buffer)

{

char far *t;
register unsigned int x,y,plane;
if(leftx <Ollls fty <Olfrightx > 7Slirighty>19) retum;
efty *=24;righty=(righty “24)423;
cutportb(0x3CE,0204);//select control register to read
for(y=lefty;y <=righty;y++)
{
t=vidmem+y*80+kfix;
for(z=leftx;x<=rightx;x++)
{
outportb(023CF,0x00);//select plane 0
‘buffer++ = *f
outportb(0x3CF,0x01)i//sekect plane 1
*buffer++ = *f
outportb(0x3CF,0202)y//select plane 2
huffer++ = *f
outportb(0x3CF,0x03);//select plane 3

*buffer++ = S+

void Putvideo(int lefix,int lefty,mt rightx,int righty,char far *buffer)

{

ReadPont(); char far °t;

} register unsigned mt x,y,plane;

void ExitProgram(void) if(l Ax <Ollle fry <Oltrightx >79ltrighty >19) retumn;
{ leRy *=24;nighty=(righty *24)+23;

farfree(mammenu_buf); outportb(023C4,0x02);//select sequencial register to wrie

for(y=leftyy<=righty;y++)
fwrite(&TotalRecord, sizeof{unsigned long),1,StudentldFile); {

fseek(StudentIdFile,9,SEEK_SET);

felose(StudentIdPile); t=vidmem+y *80-+leftx;



}

for(x=keftx;x<=rightz;x++)

{
cutportb(0x3C5,0201);f/select plane 0
*t=*bufferi+;
outportd(0x3C5,0202);//select plane 1
*t=*buffer++;
outportb(0x3C5,0x04);//select plane 2
*t=*buffer+;
outportb(0x3C5,0208);//select plane 3

= *buffer++

void WritePixel(int z,int y,int color)

{

}

{*** top kft of screen is (0,0)

void DisplayChar(int colint row,unsigued unsigned char ascii,int color)

{

unsigned char far *t;
register int plane,bit_position;
t=vidmem+y *80+2/8;
bit_position=0x01<<(7-(x%8));
outpertb(0x3CE,0x04);//select control register
outportb(0x3C4,0x02);//select sequencial register
for (plane=0;plane<=3;plane++) 7
{
outportb(0x3CF,plane); //select plane 0-3 to read;
outportb(0x3C5,0201 <<plane); /fselect plane 0-3 to write;
if (color&0101) i
“t=((*t)lbit_position);
else  *t=((*t)&~bit_position);

color=color>>1;

top right of screen is (79,0)

bottom kft of screen is (0,19) bottom right of screen is (79,19) *#%/

int 1,3;
unsigned unsigned char bitset=0201;
1f{ col>79 Il row > 19 |l ascii<32 )
return;
else ascii-=32;
col*=8;row *=24;
for(y=0;7<24;7++)
{
bitset=0101;
if(Font{asc11*24+y])
{
for(x=8;x>0;x--)
{
if{ Font{ascii*24+y] & biset )
(
Write Pizel(x+col,y+row,color);
}

bitset<<=1;

n-4

}

{*** top left of screen is (0,9)

void DisplayString(int x,int y,unsigned char *text,mt colorl,int color2)

{

}

top right of screen is (79,0)

bottom left of screen is (0,19) bottom right of screen is (79,19) **#f

int color;
while(*text)
{
iff *text=="%")
{
text++; color=color2;
}
else color=colorl;
switch(*tzxt)
e
{*case use unsigned char*/
case 215: case 216: case 217: case 218: case 219:
case 220: case 221: caye 222: case 223: case 224:
case 225: case 226: case 227:
case 228: --x;break;
}
DisplayChar(z++,y, *teat++,color);

if(x==80) return;

int Stringlength(unsigned char *text)

{

}

void PutCenterStrmg(imt startx,mt endx,mt starty,unsigned char *s,mt color)

{

unsigned it kngth=0;
while(*text)
(
switch(*text++)
{
case 215: case 218: case 217: case 218: case 219:
case 220: case 221: case 222: case 223: case 224:
case 225: case 226: case 227: case 228:
case '%": breaks

default : kength++;

}
return length;

mt len;
len=Strmglength(s)/2;
endx=(endx+startz)/2;
endx-=len;
startx=endx;

DisplayString(startx, starty,s,color,color);
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/**= this function accept parameter with 6402480 direct value ***/ for(y=lefty;y<=righty-1;y++)

void FillLine(int leftx,int kefty,int rightx,int righty,int color) Write Pixel(leftx-+i,y,colorl);

{
register mt x,5;
ifCle ftz <Ollle fty<Oltrightx>630lirighty >479) return;
for(y=lefty;y<nghty;y++)
for(x=lefx;x<rightx;x++)
WritePizel(z,y.color);
}
/**¢ top left of screen is (0,0) top right of screen is (79,0)
bottom left of screen is (0,19) bottom right of screen is (79,19) **¢/
void Blockfili(int keftx,int kfy,int right,int righty,int color)
{
unsigned char far *
register int x,3,i;
ifleftx <Ollls fry <Oltrightx>79lirighty>19) return;
lefty *=24;righty=(righty *24}+24;
color=colord0x0F;
outportb(0x3C4,0x02); //select sequencial write plane reg.
outportb(0x3C5,020F); /fenable to write plane 0-3
for(y=lefty;y<righty;y++)
{
t=vidmem+y *80+lefix;
for(z=leftx;x<=rightx;x++)
{ ! v
cutportb(0x3CE,0x01); //select setfreset enable register.
outportb(0x3CF,020F); //set piane enabke in set/reset enable reg.
outportb(0z3CE,0x00); /fselect set/reset register.
outpertb(0x3CF,coloré&0x0F);//load coler into setfreset reg.

=ty

1

outpertb(0x3CE,0201); //select setfreset enable register.

outportb(0x3CF,0200); //disable all plane for set/reset operation.
}
void Dimension(int leftx,int lefty,int rightz,int righty,int thick,int colorl, it
color2)
{

register mt x,3,i;

lefix=lefix *8-thicksrightx =rightx *8+7-+thicks

lefty=lefty *24-thickerighty=(righty *24)}+2 3-+hicl;

if(le fix <Ollle Rty <Oilrightx >=640llrighty >=480) return;

color] =color1 &0x20F; color2=color2&0z0F;

{*upper x axis®/

for(i=Oi<thicksi+)

for(x=leftx;x<=rightx-;x++)
Write Pixel(x, lefty+i,colorl);
[*lower x axis®/
for(i=0;i<thicksi+—+)
for(x=leftx+i;x<=rightx:x4++)
Write Pixel(x,righty-icolor2);
[*keft 7 axis®/
for(i=0i<thciGi+)

[*right y azis*/
for(i=0;i<thicii++)
for(y=lefty+i;y<=righty;y++)
Write Pizel{rightx-i,y,color2);
}
void Border(int kefix,int kefty,int rightx, int righty,int thick, int color)
{
register int X,7,i;
lefx=leftx *8-thickgrightx =rightx *8+7+thicls
kefty=kefty *24-thickirighty=(righty *24)+2 3+thiciq
if(le ftx<Ollie fty <Ollrightx >=640lkrighty >=480) return;
color=cclor&0z0F;
for(x=lke fix;x<=rightx;x++)
{
for(i=0;i<thicisi++)
{
WritePixel(x, lefty+i,color);
Write Pixel(x,righty-i,color);

}
for(y=leRy;y<=righty;y++)
{
For(i=0si<thicksi)
{
WritePizel(le ftx-+i,y,color);

WritePixel(rightx-1,y,color);

}
void Shadow(int Jeftx,int kefty,int rightx,int righty,int bthick,int thick, int
coler)
{
unsigned char far *t;

it x,y;

ifleftz<0 I lefty<0 Il rightx>79 Il righty>19) retum;
kftx=lefix *8-bthicks
rightx=rightx *8+-7+bthick;
lefty=le fty #24-bthick;
righty=righty *24+2 3+bthick;
for(z=leftx-+thick+1;x<=rightx+hicksx++)
for(y=1;y<=thickgy++)
WritePixel(x,righty+y,color);
for(y=lefty-+hick+2;y<=righty-+thick: y++)
for(x=1;x<=thiclgx++)
WritePixel(rightz+x,y,color);
}
unsigned unsigned char GetThaikey(unsigned unsigned char ch)
{
switch (ch)
{



case '8': ch=189; breai;
case 'b': ¢ch=217; break;
case 'c': ch=209; break;
case ‘d": ch=161; break;
case ‘e": ch=207; break;
case 'f: ch=178; brealg

case 'g': ch=208; breal;
case 'h': ch=223; break;
case ‘i': ch=193; break;

case 'j': ch=224; break;

case 'K': ch=206; break;
case 'I't ch=199; break;

case 'm’; ch=181; break;
case 'n': ch=220; break;
case '0'i ch=183; break;
case 'p't ch=192; break;
case 'q': ch=213; breals
case 'r': ch=188; break;

case 's't ch=200; break;

case 't ch=204; brealk

case 'u': ch=218; brealg
case 'v': ch=202; breaig
case 'w': ch=212; breaig
case ‘2" ch=1835; break;
case 'y': ch=221; breakg
case 'z &:186; brealk;
case 'A'i ch=194; break;
case ‘B': ch=222; break;
case ‘'C': ch=167; break;
case ‘D" ch=173; break;
case 'E": ch=172; breals
case 'F': ch=210; break;
case ‘G’ ch=170; brealg
case 'H': ch=223; break;
case T: ch=177; break;

case T: ch=227; break;

case 'K': ch=108; breal;
case ‘L’ ch=197; break;
casc 'M': ch=63; breaks

case 'N': ch=228; break;
case 'Q" ch=214; breaks
case ‘P': ch=171; break;
case 'Q" ch=129; break;
case 'R': ch=175; breai
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)

}

case ' ch=211; brealg
case ‘f: ch=187; break;
case ‘< ch=176; breai;
case '>": ch=201; break;

case ‘7 ch=207; treak:/funuse

case 't ch=196; bresk;
case \": ch=165; brezis
case ":": ch=169; brealg
case ": ch=46; brealk;

case '[": ch=184; brealg
case ')': ch=193; breal;
case '{": ch=174; break;
case '}': ch=44; break;

case '1": ch=195; breaig
case '2': ch~47; break;

case '3": ch=905; break;

case "4'; ch=190; brealg
case '5': ch=180; break;
case '6'; ch=215; break;
case '7": ch=219; break;
case '8': ch=163; breaic
case ‘9" ch=179; break;
case '0": ch=166; breais
case -': ch=162; breaks
case ‘=" ch=168; break:

case \\'! ch=207: break;/funuse

case 'I's ch=46; break;
case ‘@' ch=129; breaig
case ‘#': ch=130; break;
case '$": ch=131; break;
case ‘%' ch=132; break;
case "\'; ch=216; break;
case ‘&': ch=207; break;
case “*': ch=133; break;
case '(: ch=134; break;
case )"t ch=135; breaks
case '_': ch=136; break;
case +': ch=137; breaky

case 'I'' ch=207; breaksy// unuse

return ch;

void Definemenu(void)

(

case 'S': ch=164; breai MakeMainmenu(0,Pile, “3113%,3,4,1);

case T ch=182; break; Male Mainmenu(l,Database,"NN7"3,11,1);
case 'U': ch=226; breaks Make Mammenu(2,Search_sort,"V4",2,22,1);
case V': ch=203; break; Make Mainmenu(3,Reserve, " Wun”,3,39,1);
case 'W': ch=34; breai; MakeMammenu(4,Report,"H",1,50,1);
case X" ch=41; breaic Malee Mainmenu(5,Setserial,"#1",2,63,1);
case Y': ch=222; break; /IMAX_MENU=6
case Z': ch=40; break; }

case 't ch=191; break;



void MakeMainmenu(int num,unsigned char *menu{],unsigned char *
keys,int count,

int startx,mt starty)

int i,len;
nt endx,eady;
len=0;
for(i=0;i<counti++)
if(len<Stringlength(menu(iD) len=Stringlength(menu(il;
endx=startx+len-1;
endy=starty+count-1;
if{ (endy>19)li(endx>79) )
{
printf(“Size of menu errof\a”);
exit(1);
J
menu_aum{num].startx=startx;
menu_num{num)endx=endx;
menu_num{num].starty=starty;
menu_num({num]endy=endy;
menu_num{num].menu=(unsigned char **)menu;
menu_num{num] keys=keys;
menu_num{num].count=count;
}
void LogMenuBuffer(void)
( ;
int large_menu=0;
unsigned long mainmenu_bsize=0;
unsigned long ij;
for(i=0;i<MAX_MENU;i++)
{

if{ ((menu_num{ilendx-menu_num{i].startx) *(mean_num(il.eady-

menu_numi].starty)) >mainmenu_bsize )
{
mainmenu_bsize=((menu_num([i).eadx-menu_numfi].startx)«
(meau_gum(i]eady-meau_num(i].starty));
large _menu=i

1
i=menu_numflarge_menu)].endx-menu_num(large _menu].startx+4;
i*=8; H=2;
j=menu_num(large_menu].endy-meau_num(large _menu].starty+3;
j*=24+=2;
mammenu_bsize=i%j2;
mammenu_buf=(void far *)farmalloc(mammenu_bsize);
1f( !mamnmenu_buf )
{

closegraph();

ext(l);

}
void DisplayPulldown(int num)
{

n-7

unsigned char **m;
int i
m=menu_num{num].menu;
/fSave video reserve for menu and shadow area(+2,+1)
getimage(menu _num{num].startx *8-2,menu_num{numy] starty *24-2,
(menu_num(num].endz+2)*8,(menu_num{num].endy+2)*24,
mammenu_buf);
Blockfill{menu_num({num].startx,menu_num{num].starty,
menu_num{num].endx,menu_num{num).endy,BKGPULLD);
Border(menu _num{num].startx,menu_num{num].starty,
menu_num{num].eadx,menu_num{num].eady,2, RIMCOLOR);
Shadow(menu_num{num].startx,menu_num[num].starty,
menu_num{num].endx,menu_num{num]endy,2,6, MENUSHA);
for(i=0;i<menu_num{num].count;i++)
DisplayString(menu_num{num].startx,i+1,m(i],
NORLMENU,HOTKEY);
}
int is_in(
{

mt i

gned char *s,unsigned char c)

for(i=0;*s;i4-+)
if(*s++==c) return #1;
return 0;
}
char *CopyFromPos(int npos,unsigned char *5)
{
mt =05
unsigned char temps(80]="";
while( s{npos] ) temps{i++] = s(npos++];
temps(i}="\x0'
retum (temps);
}
void MakeOneLineChar(int length,unsigned char *str)
{
int len=0;
while(*str)
{
i ==length) *str=x0";
else
{
if(is_n(*B Il sstray);
else len++;

}

char *GetEngStrmg(int startx,mnt starty,int MaxStrLen,mt LineLength,mt
Teolor,mt Beolor)

{
union mkey (
char ch(2);
nt i
Je
unsigned char “tempstrmg=""}



int leftx=0,curz=0,Stringlen=0,StrModPos=0;

int i

MazxStrLen-=1; Linelength-=1;

DisplayChar( (curx-startx),starty,230,Teolor);
forG)

{

while(Ibioskey(1)) ;

c.i=bioskey(0);
iffc.ch[0])

{

if{Language==THA) c.ch[0]=GetThaikey(c.ch[0]);
switch(c.ch[0]

{

case ESC: InputString{0]="x0'retumnputString);
case ENTER:
{
DisplayChar( (curx-+startx),starty,230,Beolor);
InputString{Stringlen }="x0"
retum(InputString);

case BKSP :

iffeurz==0)

{
smind(2000);delay(200);nowundO;bmﬁl:

}

else if( StrModPos<Stringlen )

{
InputString(Stringlen]="x0';
tempstring=CopyFromPos(StrModPos,InputString);
InputString(StrModPos-1]="x0";
streat(inputString, tempstring);
Stringlen--; StrModPos--;

Blockfill(startx,starty,startx+Line Length+1,starty, Beolor);
ifleftx)
{
kfx--;
tempstring=CopyFromPos(leftx, InputString);
MakeOneLineChar(LineLength+1,(char *ytempstring);
DisplayString(startx, starty,tempstring, Tcolor, Tcolor);
DisplayChar( (curx-+startx), starty,230, Tcolor);

clse

tempstrmg=CopyPromPos(0,InputString);
MakeOneLmeChar(LineLength+1,tempstring);
DisplayString(startx, starty,tempstring, Tcolor, Tcolor);
DisplayChar( (curx+startx),starty,230,Beolor):
curx--;

DisplayChar( (curx+startx),starty,230,Tcolor);
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Beolor);

]
else if{ leftx )
{
Stringlen--; StrModPos--;
InputString[Stringlen]=\x0';
leftx--;
Blockfill(startx, starty, startx+Line Length-+1, starty, Beolor);
tempstring=InputString+leftx;
DisplayString(startx, starty,(char ')mzpsﬁ-mg,’rcolar.Tcolor)

DisplayChar( (curx-+startx),starty,230,Tcolor);
}
else /f keftx==0
{
Stringlen--; StrModPos--;
DisplayChar( (clm-i-!taftx).’ltaﬂyl%.Bcclor);
curz--;

DisplayChar( (curz-+startz),starty,InputString[ Stringlen],

DisplayChar( (curx-+startx),starty,230,Tcolor);
}

Joreaks
default:

if( Stringlen == MaxStrLen)

{
sound(2000);delay(1 00)nosound(;

}

{f used to press arrowkey

else if( StrModPos<Stringlen )

{
ffe.ch[0] docsn't in thai special character set
InputString(Stringlen]=\x0";
tempstring=CopyFromPos(StrModPos, InputString);
InputString[StrModPos++]=c.ch[0];
InputString[StrModPos]=\x0;

streat(ls

mgh
DisplayChar( (curz-+startx),starty,230,Bcolor);
Stringlen++;

I(display part

if(Stringlen > LineLength)

(
if{ curx > LineLength )
{

efix

}
else curx++;
Blockfill(startx, starty, startx+LineLength+1, starty, Beolor);
tempstring=Copy PromPos(leftx InputString);
MaiceOneLineChar(LineLength+1,tempstring);
DisplayString(startz, starty,t=mpstrmg, Tcolor, Teolor);
DisplayChar( (curx-+startx),starty,230, Tcolor);



cUrx-++;

Blockfilistartx, starty,startx+Line Length+1 starty, Beolor);
DisplayChar( (curx-+startx),starty,230,Teolor);
DisplayString(startx, starty,InputStrmg, Tcolor, Tcolor);

}
else /fnever place arrowkey
{

InputString[Stringlen4—+]=c.ch(0]; StrModPos++;

{[display part

if{ curx > LineLength )

{
Blockfill(startx, starty, startx+Line Length+1,starty, Beolor);
TnputString(Stringlea]=\x0';
eftx++;
tempstrmg=InputSiring+eftx;
DisplayString(startx, starty, tempstring, Teolor, Teolor);
DisplayChar( (curx+startx),starty,230,Tcolor);

else

DisplayChar( (curx+startx),starty,c.ch(0],Teolor);
DisplayChar( (curx-+startx),starty,230,Bcolor);
curx++;

DisplayChar( (curz+startx),starty,230,Teolor);

1
else iffcch(1])
{
switch(c.ch[1]
{
case LEFT:

i curz==0)
{
if{ eRx==0) ;
else
(
Blockfill(startx, starty, startx+Lme Length+1,starty, Beolor);
StrModPos--; leftx--;
while(is_in("8111" InputString 1o D) efx--;
tempstrmg=CopyFromPos(le ftz InputStrmg);
MakeOneLmeChar(LineLength+1,tempstring);
DisplayString(starmx, starty, tempstring, Teolor, Teolor);
DisplayChar( (curz-+startx),starty,230,Teolor);
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else

StrModPos--;

while (is_in("3W 111" InputString [SrModPos ) StrModPos-

DisplayChar( (curx+startx),starty,230,Beolor);
curx--;
DisplayChar( (curx-+startx),starty,230,Teolor);
} .
Jbreaks
case RIGHT:

if{ StrModPos==Stringlen) ;

else if( curx>LineLength )

{
Blockfill(startx, starty,startx+Line Length-+1,starty,Beolor);
StrModPos++; leRa++;
while(is_in(*Bit 111" InputString{1efx D) ez
tempstring=CopyFromPos(leftx, InputString);
MakeOneLineChar(LineLength+1,tempstring);
DisplayString(startx, starty,t=mpstring, Tcolor, Tcolor);
DisplayChar( (curx+startx),starty,230,Tcolor);

else
{
StrModPos++;

whileCis_in(*ButT11" InputString[StrModPosT))

StrModPos++;

}

DisplayChar( (curx+startx),starty,230,Bcolor);
curz++;

DisplayChar( (curz+startx),starty,230,Tcalor);

Joreaic

int GetThaiString(int startx,int starty,int MaxStrLen, int LineLength,int

Teolor,int Beolor)

{

unicn mkey {
char ch(2];
mt i
le
unsigned char *tempstring="";

nt curz=0,Stringlen=0,SrModPos=0;

1f( LineLength<MaxStrLen ) return(ESC);
MaxStrLen-=1; LinelLength-=1;
Strmglen=strien(InputString);
curx=Stringiength(InputStrmg);
StrModPos=Sirmglen;

DisplayChar( (curx-+startx),starty, 230, Teolor);



for(;)
{
while('biosk=y(1)) ;
c.i=bioskey(0);
ific.ch(0D
{
if(Language==THA) c.ch{0]=GetThaikey(c.ch[0D;
switch(c.ch[0])
{
case
{ ;
if{Language==ENG) Language=THA;
else Language=ENG;

Joreals

case ESCinputString[0]="x0";retum(ESC);

case ENTER:

{

DisplayChar( (curx-startz),starty,230,Bcolor);
InputString{Stringlen ]="x0';
retamn(ENTER);

}

case TABKEY:

{ !
DisplayChar( (curx+startx),starty,230,Ecolor);
InputString[Stringlen]=\x0";
reumn(TABKEY):

case BKSP :

iflcurz==0)
{
sound(2000);delay(200);nosound();

if{ StrModPos<Stringlen )
{
if¢ is_in('BuT11" InputString[StrModPos-1]) )i
clse
{
DisplayChar( (curx+startx),starty,230,Bcolor);
curx--;
DisplayChar( (curx+startx),starty,230,Tcolor);
}
InputString[{Strmglen]=\20";
tempstring=CopyPromPos(StrModPos,InputString);
InputStrmg([StrModPos-1]="z0"
streat(InputString lempswng);
/idisplay part
Blockfill(startx, starty, startx+Line Length, starty, Beolor);
DisplayStrmg(startx,starty, InputStrmg, Tcolor, Teolor);
DisplayChar( (curx+startx),starty,230,Tcolor);
Stringlen--; StrModPos--;
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else

Strmglen--; StrModPos--;
if¢ is_in¢*3u 111" Inputstring(Stringiea) 3
{
DisplayChar( (startx+curx-1),starty,InputString

[Stringlen],Beolor);
}
else
{
DisplayChar( (curx+startx),starty,230,Bcelor);
curx--; '
DisplayChar( (curx+startx),starty, InputString
[Stringlen],Beolor);
DisplayChar( (curx-+startx),starty,230,Tcolor);
. .
}
}
jbreai
default:

{
if{ Stringlen == MaxStrLen)
{
sound(2000);delay(100);nosound();

else

it is_inCwll"c.chfop )
{
i is_in("S~
{
sound(2000);delay(200);nosound();

else if( is_in( 11T InputString{SttModPos-1] )
{
DisplayChar( (curx-+startx-1),starty,InputString
[StrModPos-1),Beolor);
InputString[StrModPos-1]=c.ch[0];
DisplayChar( (curx-+startx-1),starty,InputString
[StrModPos-1),Teolor);
}
else 1f( B_md?.!nvutSwhg[StrMadPox-l D)
(
iff is_inC w1181 InputString[StrModPos-2] )
{
DisplayChar( (curx+startx-1),starty,InputString
[StrModPos-2],Beolor);
InputStrmg[StrModPos-2]=c.ch[0]);
DisplayChar( (curx+startx-1),starty InputString
(StrModPos-2),Teolor);
}
else



if{ StrModPos==Stringlen )
{
InputString[{StrMod Pos+—+]=c.ch[0];
}
else
{
tempstring=CopyPromPos(StrModPos,InputString);
InputString[StrModPos++]=c.ch[0];
InputString[StrMod Pos}="x0";
streat(InputString,tempstring);

Stringlen4-+;
DisplayChar( (curx+startx-1),starty,c.ch[0], Tcolor);
1

}
else

if{ StrModPos==Stringlen )
{
InputString[StrMod Pos++]}=c.ch[0];
}
else
{
tempstring=CopyFromPos(StrModPos,InputSiring);
InputString{StrModPos++]=c.ch{0];
InputString{StrModPos}="x0"
streat(InputString, tempstring);
}
Stringlen--+;
DisplayChar( (curx-+startx-1),starty,c.ch{0],Tcolor);
}

else if{ is_in(T,c.ch(0]) )

if is_inC"$178 i1, InputString[StrModPos-1]) )
{
sound(2000);delay(200)nosoundQ;
}
else if( is_in(:31",InputString[SttModPos-1]) )
{
DisplayChar( (curx+startx-1),starty,InputString
[StrModPos-1],Beolor);
InputString(StrModPos-1]=c.ch(0};
DisplayChar( (curz+startz-1),starty, InputString
(StrModPos-1],Teolor);
}
else 1 u_m("\un“lnputSIrhg[SuModPo:-l]) )
{
if is_in('81" InputString(StrModPos-2]) )
{
DisplayChar( (curx+startx-1),starty,InputString
(StrModPos-2],Beolor);

InputString[StrModPos-2)=c.ch[0];
DisplayChar( (curx+startx-1),starty InputString

(StrModPos-2], Teolor);

}
else iff is_in("r,InputString[StrModPos-2D) )

{

sound(2000);delay(200);nosound();
else

if( StrModPos==Stringlen )

{

InputString{StrModPos++]=c.ch[0];

else

mmhg=CopmemPos(StrMoﬁP6:anutSuhg);

InputString{StrModPos++]=c.ch(0];
InputString{StrModPos]="x0";
streat(InputString, tempstring);
}
Stringlen++;
DisplayChar( (curz+startx-1 ).my.cnh[O].Tcolmﬁ:
I

else

if{ StrModPos==Stringlen )

{
InputString[StrModPos++j=c.ch[0];

else

tempstring=CopyFromPos(StrModPos,InputString);
InputString[StrMod Pos-++]=c.ch([0];
InputString(StrModPos}="x0';
streat(InputString, tempstring);

1

Stringlen+-+

DisplayChar( (curx+startx-1),starty,c.ch( 0}, Teolor);

]
else iff is_in("r,c.ch(0D )
{
ift is_in("$178 (81" InputString[StrModPos-1] )

sound(2000);delay(200);n0s0undQ);
)
else iff is_in¢r InputString{StrModPos-1]) )
{
DisplayChar( (curx+startx-1),starty,InputString

(StrModPos-1],Beolor);
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InputString[StrModPos-1]=c.ch[0};
DisplayChar( (curx-+startx-1),starty InputString
[StrModPaos-1),Teolor);
1
else if( is_in("i4 11, InputString{StrModPos-1]) )

if( is_in(’r InputString[StrModPos-2]) )
{
DisplayChar( (curz+startx-1),starty,InputString
[StrModPos-2],Bealor);
InputString[StrMod Pos-2]=c.ch[0];
DisplayChar( (curz+startx-1),starty,InputString
[StrModPos-2],Tealer); -
}
else if{ is_nCB1"InputString(StrModPos-2] )
{
sound(2000);delay(200)nosoundQ;

else

if( StrModPos==Strmglken )
{
InputString[StrMod Pos++]=c.ch[0];

else

tempstring=Copy FromPos(StrModPos,InputString);
InputString[StrModPos++]=c.ch{0];
InpuString{StrModPos]="x0";
streat(InputString,tempstrig);
}
Stringlen-++;
DisplayChar( (curz-+startx-1),starty,c.ch(0],Teoler);

else

if{ StrModPos==Strmgien )
{
InputStrmg(StrModPos++]=c.ch[0};

else

t=mpstring=CopyPromPos(StrModPos InputStrmg);
InputStrmg{StrMod Pos++]=c.ch[0];
InputStrmg({StrModPos]="x0";
steat(lnputStrmg,tempstrm g);

]

Strnglen+—+;

DisplayChar( (curz+startx-1),starty,c.ch(0], Tcolor);

else if is_in("1B",c.ch[0] )
{
i i:_m(“?:!f!W'.InputSking[StxMode:-l D)
{
sound(2000);delay(200);nosoundQ;
}
eise if is_in(W 118" InputStrmg(StrMod Pos-17) )
{
DisplayChar( (curz+startx-1),starty,InputString

[StrModPos-1],Beolor);

InputString[StrModPos-1}=c.ch[0];

DisplayChar( (curx+startx-1),starty, InputString

[StrModPos-1],Teoler);

}
else
{
if{ StrModPos==Stringlen )
{
InputString{StrModPos++]=c.ch[0];

else

tempstring=CopyPromPos(StrModPos, InputString);
InputString[StrModPos-++]=c.ch(0];
InputString[StrModPosj="\x0";
streat(InputString, tempswring);

}

Stringlen++;

DisplayChar( (curx+startz-1),starty,c.ch[0],Tecler);

else

if{ StrtModPos<Stringlen )

{
tempstring=CopyPromPos(StrMod Pos, InputString);
InputString[StrMod Pos++]=c.ch[0];
InputString{StrModPos]="\x0";
streat(InputString, tempstring);
Stringlen++;

Blocicfill(startx, starty, startx-+Line Length, starty, Beolor)

DisplayStrmg(startx,starty, InputString, Tcoler, Teolor);
curz++

DisplayChar( (curx+startx),starty,230,Tcolor):

clse

InputString(StrModPos++]=c.ch(0];

Stringlen++;

DisplayChar( (curx+startx),starty,c ch(0],Tcolor);
DisplayChar( (curx+startx),starty,230,Ecolor);

curt+;
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DisplayChar( (curx+startx),starty,230,Tcolor); StrModPos++;
} while(is_in("Bui 111" InputString{StrModPos D)
} StrModPos++;
} DisplayChar( (curx+startx),starty,230,Bcolor);
} curx++;
} DisplayChar( (curx+startx),starty,230,Tcolor);
} }
else iffc.ch{1]) Joreais
{ 1
switch(c.ch(1] }
{ }
case SHFTAB: }
{ void MenuManage(void)
DisplayChar( (curx+startx),starty,230,Bcolor); {
InputString(Stringken]=\x0"; mnt mode=0,choice=0,num=0;
return(SHFTAB); int eftx=0;
} int sel_choice=0;
case UP: ' int user_select=FALSE;
{ char far *append_buf;
DisplayChar{ {curx-+startx),starty,230,Bcolor); unsigned char **m;
InputStrmg({Stringlen}="\x0"; union inkey{
reum(UP); unsigned char ch(2];
1 : 3 it i
case DOWN: . e
{
DisplayChar( (curx+startx),starty,230,Ecoler); Blockfill(0,0,78,1 MAINBKG _1);
InputString{Stringlen]="x0% Blockfill(0,1,79,18, MAINBKG _2);
rerum(DOWN); Blockfil(0,19,79,19,MAINBKG _1);
} Definemenu(;
case LEFT: LogMenuBuffer();
{
if{ curx==0) for(aum=0;num<MAX _MENUnum++)
{ DisplayString(main _menu _startx(num},0,main_menu(num],
sound(2000);delay(200);nosound();break NORLMENU,HOTKEY);
1 DisplayString(2,19,"%P%]1%0-Menu | Arrow keys-Select. Enter-
else Information.”,DESATT.HOTKEY);
{ OpenDatafile(;
StrModPos--; num=0;
whilc(ix_m(‘muu'l".InputSu'm;[SuMadeD) StrModPos- for(;s)
‘ {
DisplayChar( (curx-+startx),starty,230,Bcolor); while('bioskey(1));
curz--; c.i=bioskey(0);
DisplayChar( (curx-+startx),starty,230,Tcolor); ifilmode==0)
} {
" Joreak switch(c.ch(1]D
case RIGHT: {
! case P10 :
if{ StModPos==Stringlen ) {
{ mode=1;
sound(2000);delay(200);nosound();breaic Blockfill{mam _menu_startx{num]},0,mam _menu _length(aum]
] +mam_menu_startx{num},0, MAINBKG_R);
else DisplayString(main_meau_startx[num),0,mam_menu({num],

( NORLMENU_R,HOTKEY _R);



Bleckfill(leftx,19,79,19,MAINBKG _1);
DisplayString(leftx,19,deserib{num],DESATT,HOTKEY);
} breaks

I
else if (mode==1)
{
iftc.ch(0D
{
switch(c.ch{0]

{
case ENTER :

DisplayPulldown(aum);
m=menu_num{num].menu;
Blockfill(menu_num(pum].startx,choice+1,
" menu_num{num]endx,choice+1,BKGPULLD_R )
DisplayString(menu_aum{num].startx,choice+1,
mfchoice, NORLMENU_R,HOTKEY_R);
mede=2;
} breaks
case ESC :
{
mode=0; \
Blockfillimain_menu_startx[num],0,
main_mu_hngm[numhmam_mu_startx[num].o,
MAINBKG_1);
DisplayString(main_menu_startz[aum),0,
main_menu{num] NORLMENU,HOTKEY);
Blockfill(leftx,19,79,19, MAINBKG _1);
DisplayString(2,19,"%F%]1%0-Menu | Arrow keys-Select.
Bater-Information.",DESATT,HOTKEY);
Joreais

clse

switch(c.ch{1]
{

case F10 :

mode=0;
Blockfillfmam_meau _startx(num],0,
main_menu_leagth{num}+main_menu _startx(num],0,
MAINBKG_1):
DisplayString(mam_menu_startz{num},0,
mam_menu{num],NORLMENU,HOTKEY);
Blockfill(leftx,19,79,19, MAINBKG _1);

DisplayString(2.19,"%P%1 %0-Menu | Arrow keys-Select.

Enter-Information.”, DESATT,HOTKEY);
} break;
case Alt_A //File

{
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Blockfill{main_menu_startx[num],0,main_menu_length

[num}+main_menu_startz(num],0, MAINBKG_1);

DisplayString(main_menu_startx{aum],0,mam _menu

[num),NORLMENU,HOTKEY);

num=0;

Blockfill(main_menu _startx[num],0,main_menu_length

[numHmam_menu_startx[num],0, MAINBKG _R );

DisplayString(main_menu_stertz{aum],0,mam _meau

[num),NORLMENU _R,HOTKEY _R);

Blockfill(leftx, 19,79,19, MAINBKG _1);
DisplayString(leftx,19,describ[num], DESATT,HOTKEY _R)

DisplayPulldown(num);
m=menu_num{num].menu;

Blockfill(menu _num({num].startx,choice+1,menu_num

[num).endx,choice+1,BKGPULLD_R );

DisplayString(menu_num{num].startx,choice+1,m[choice],

NORLMENU_R,HOTKEY_R);

mode=2;
} breaig
case Alt_K : //Database
{
Blockfill{main __Imu_m[num].o.mam_mu_bngm

[numHmain_menu_startx[num],0,MAINBKG_1);

DisplayString(main_menu_startx[num},0,main _mc;zu
[num],NORLMENU,HOTKEY);

num=1;

Blockfill(main_menu_startx{num],0,mam_meanu_length
[numMmam_menu_startx[num],0, MAINBKG_R );

DisplayString(main_menu _startx[num],0,main_menu
[num],NORLMENU_R,HOTKEY_R);

Blockfill(e ftx,19,79,19, MAINBKG_1);

DisplayString (e ftx,19,describ[num],DESATT,HOTKEY _R)

DisplayPulldown(num);
m=menu_num{num].menu;
Bleckfill(meau _num{num].startx,choice+1,menu_num
[num).eadx,cheice+1 , BKGPULLD_R )
DisplayStrmg(menu _num[num].startx,choice+1,m{choice],
NORLMENU_R,HOTKEY_R);
mode=2;
} break;
case Alt_8 : //search+sort
{
Blockfill{(mam _menu_startx[num],0.mam_meau_length
[num}+mam_menu_startx{num},0,MAINBKG_1);
DisplayString(mam _menu_startx(num},0,main_menu
{num),NORLMENU,HOTKEY);
num=2;
Blockfill(main _menu _startz[num},0,main_menu_length
[numMmam_menu_startx(num},0, MAINBKG_R );
DisplayString(mam _menu _startx (aum],0,mam_menu

[aum],NORLMENU_R,HOTKEY_R);



Blockfill(letx,19,79,19, MAINBKG _1);
DisplayString(leftx,19,describ(aum],DESATT,HOTKEY _R)

DisplayPulldown(num);
m=menu_num(num].menu;
Blockfill(meau_num{num].startx,choice+1,menu_num

{num].endx,choice+1,BKGPULLD R );

DisplayString(menu_num;
NORLMENU_R,HOTKEY_R);
mode=2;
} breaks
case Ak_O: /freserve
{
Blockfill(main_menu_starx[num],0,main_menu_length
[num}+main_meau_startx(num),0,MAINBKG_1); )
DisplayString(main_menu_startx(aum],0,main_menu
[num],NORLMENU,HOTKEY);
num=3;
Blockfilllmain_menu_startx{num],0,main_menu_length
[num}main_menu_startx[num],0,MAINBKG_R );
DisplayString(mam_meau_startx[num],0,main_meau
[num],NORLMENU_R,HOTKEY _R);
. Blockfill(le ftx,19,79,19, MAINBKG _1);
DisplayString(lefix,19,describ{num],DESATT, HOTKEY _R)

DisplayPulldown(aum);
m=menu_num{num].meau;
Blockfill{menu _num({num].startx,choice+1,menu_num
[num].endz,choice+1,BKGPULLD_R );
].startx,choi

DisplayString(menu_num(; +1,m{choice],

NORLMENU_R,HOTKEY_R);
mode=2;
Joreais
case Alt_R: ffprint
{
Blockfill{main _menu_startx{aum],0,main_menu_length
[num}mm_mu_m[num],O.MATNBKG_l);
DisplayString(main_menu_startx[num],0,main_menu
[num],NORLMENU,HOTKEYY);
num=4;
Blockfill{mam _menu _startx[aum],0,main_menu_leagth
(numMmam_menu_startz(num],0,MAINBKG_R );
DisplayString(main_menu_startx[num},0,mam_menu
[num),NORLMENU_R,HOTKEY _R);
Blockfill(efx,19,79,19, MAINBKG_1);
DisplayString(lefix,19,describ{num],DESATT,HOTKEY _R)

DisplayPulldown(aum);

m=menu_sum{num].menu;

Blockfill{meau _num{num].startz,choxce+1 . meau_num
(num].endx,choice+1,BKGPULLD R );

DisplayStrmg(menu_num{num].startz,choxe+1,m{choxce},
NORLMENU_R.HOTKEY _R);
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mode=2;
Jbreaic
case Alt_Vfset serial port
{
Blockfill(mam _menu_startx{num],0,main_menu_leagth
[numMmain_meau_startx{num],0, MAINBKG _1);
DisplayString(mam_meau_startx[num],0,mamn _menu
[oum],NORLMENU,HOTKEY);
aum=3;
Blockfill{main _menu _startx[num},0,main_menu_length
[num}main_menu_startz[aum],0, MAINBKG_R );
DisplayString(main_menu_startz[num],0,main_meau
(num,NORLMENU_R HOTKEY _R);
Blockfill(leftx,19,79,19, MAINBKG _1);
DisplayString(le ftx,19,describ(num],DESATT,HOTKEY_R)

DisplayPulldown(aum;
m=menu_num{num].menu;
Blockfili{imenu _num{num].startx,choice+1,menu_aum
{num).endx,choice+1,BKGPULLD_R );
DisplayString(meau_num{num].startz,choice+1,m{choice],
NORLMENU_R,HOTKEY_R);
mode=2;
Joreals
case Alt_X: return;
case LEFT :
{
Blockfill{main _menu _startx[num],0,mam_menu_length
[aum}+main_menu_startx{num],0, MAINBKG _1);
DisplayString(main_menu_startx(num),0,man_menu
{num],NORLMENU,HOTKEY); '
aum--;
iftnum<0) num=MAX_MENU-1;
Blockfill(main_menu_startz(num],0,main_meau_length
[numBmain_menu_startx[aum],0, MAINBKG_R );
DisplayString(main_menu_startx[num],0,main_menu
{num],NORLMENU_R,HOTKEY _R);
Blockfill(leftx,19,79,19,MAINBKG_1);
DisplayString(leitx, 1 9,describ(num],DESATT,HOTKEY _R)

} breais
case RIGHT :
{
Blockfill(main_menu_startx{num},0,mam_menu_length
{numMmam_menu_startx(num],0, MAINBKG_1);
DisplayStrmg(mam_menu_startz{num},0,mam_meau
[num],NORLMENU,HOTKEY);
num-+;
i{fnum>MAX _MENU-1) num=0;
Blockfill(main _menu_startx(num),0,mam_meau_jength
[numHmam _menu_startx(num),0, MAINBKG_R );
DisplayString(mam _menu_startx(aum},0,mam_menu

(num],NORLMENU_R HOTKEY_R);



Blockfill(leftx,19,79,19, MAINBKG_1);
DisplayString(leftx, 1 9,describ(num],DESATT,HOTKEY _R)

} breaig
case DOWN :
{
DisplayPulldown(num);
m=menu_num{num].menu;
Blockfill(menu_num{num].startx,choice+1,menu_num
[num].endx,choice+1,BKGPULLD_R );
DisplayString(menu _num[aum].startx,choice+1,m[choice],
NORLMENU_R,HOTKEY_R);
mode=2;

} breaks

}
else if{fmode==2)
{
iffe.ch(0D
{
sel_choice=is_in(menu_num{num]keys,tolower(c.ch(0D);
if(sel_choice)
{
Blockfill(menu _num{num].startx,choice+1,menu ‘_nun;[num].
endx,choice+1,BKGPULLD ) .
DisplayString(menu_num{num].startx,choice+1,
m{choica], NORLMENU,HOTKEY);
choice=sel_choice-1;
Blockfillimeau _num({num].startx,choice+1,menu_num{numy].
endx,choice+1,BKGPULLD_R );

DisplayStri s ].startx,choice+1,

michoice] NORLMENU _R,HOTKEY _R);
Blockfill(leftx,19,79,19, MAINBKG _1);
DisplayString(leftx,19,describ[aum], DESATT,HOTKEY _R);
putimage(menu _num([num].startx *8-2,menu_aum{num].

starty #24-2,
mainmenu_buf,COPY_PUT);
user_sekct=TRUE;
}
if(luser_select)
{
switch(c.ch[0])
{
case ENTER :

putimage (menu _num({num].startx *8-2,menu_num{aum].

starty *24-2,
mamnmenu_buf,COPY_PUT);
user_select=TRUE;
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putimage(menu_num(numy].startx *8-2,menu _num{numyj.
starty ©24-2,
mammenu_buf,COPY_PUT);
choice=0;
mode=1;

} break;

else

switch(c.ch(1]
{
case UP:
{
Blockfilllmenu_num({num).startx,choice+1,meau_num
[num].endx,choice+1,BKGPULLD );
DisplayString(menu_num([num].startx,choice+1,
m{choice ]NORLMENU,HOTKEY);
choice--;
if{choice<0) choice=menu_num{num].count-1;
Blockfill{menu_num{num].startx,choice+1,menau_num
[num].endz,choice+1,BKGPULLD_R );
DisplayString(menu_num{num].startx,choice+1,
m{choics], NORLMENU_R,HOTKEY _R);
} breaic
case DOWN :
{
ﬁlockfill(mu _num{num] startx,choice+1,menu_num
[num].eadx,choice+1, BKGPULLDY);
DisplayString(menu_num{num].startx,choice+1,
m{choice], NORLMENU,HOTKEY);
choice++;
ifichoice>(menu_num(num].count-1))
choice=0;
Blockfill(menu _num{num].startx,choice+1,menu_num
[num].endzx,choice+1,BKGPULLD _R);
DisplayString(menu_num([num).startx,choice+1,
m{choice ,NORLMENU_R,HOTKEY _R);
} breaks
case LEFT :
{
putimage(meau_num(numy].startx *8-2,menu_num{num].
starty €24-2,
mammenu_buf,COPY_PUT);
Blockfill(main _menu_startz(num},0,main_menu_length
[numHmam_menu_startx(num),0, MAINBKG_1);
DisplayString(mam _meau_startz(num),0,mam _menu
{oum)NORLMENU,HOTKEY);
num--;
iflnum<0) num=MAX _MENU-1;
Blockfill(mam _menu_startx{num},0,mam_menu_length

[numHmam _menu _startz(num],0, MAINBKG_R);



DisplayString(main_menu_startx{num),0,main_menu
[oum),NORLMENU_R,HOTKEY_R);
Blockfili(lefx,19,79,19, MAINBKG_1);

DisplayString(leftx,19,deserib{num]),DESATT,HOTKEY _R)

m=menu_num{oum].menu;
DisplayPulldown(num);
choice=0;
Blockfill(menu_num{num].startx,choice+1,menu_num
(num]endz,choice+1,BKGPULLD_R );
DisplayString(menu_num{num].startx,choice+1,
m(choice,NORLMENU_R,HOTKEY_R);
} break;
case RIGHT :
{
putimage(menu_num{num].startx *8-2 Jmenu_num{num],
starty*24-2,
mainmenu_buf,COPY_PUT);
Blockfilliman_menu_startx{num},0,main_menu_length
[numM-main_menu_startz[aum],0, MAINBKG_1);
DisplayString(main_menu_startx[num],0,main_menu
[num],NORLMENU,HOTKEY);
UM+ "
iffaum>MAX _MENU-1) num=0;
Blocifill(maia_menu_startx [num],0,main_menu_length
[num}+main_menu _startz[oum],0,MAINBKG_R %
DisplayString(main_menu_startx[num],0,main_meau
[num),NORLMENU_R,HOTKEY_R);
Blockfill(eftx,19,79,19, MAINBKG _1);

DisplaySiring(leftx,19,describ[num], DESATT,HOTKEY _R)

m=menu_num{num].menu;
DisplayPulldown(num);
choice=0;
Blockfill(menu_num[aum].startx,choice+1,menu_num
[num]endx,choice+1,BKGPULLD _R );
DisplayString(menu_num{num].startx,choice+1,
m{choice,NORLMENU_R,HOTKEY_R);

} breais

case Alt_A YfFile

{
putimage(menu_num{num].startx *8-2,menu_aum{num].

mammenu_buf,COPY_PUT);

Blockfill{main_menu_startx[num),0,man _meau_length
{nump+mam _menu_startz(num],0, MAINBKG _1);

DisplayStrmg(main_menu_startz(num),0,man_menu
[aum],NORLMENU,HOTKEY);

num=0;

Blockfill(mam _menu_startz(num),0,mam _reau_leagth
(numBmam _menu _startz(oum},0, MAINBKG_R );

DisplayString(mam _menu_startx(num),0,mamn_menu

{aum],NORLMENU_R,HOTKEY_R);
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Blockfill(le ft%,19,79,19,MAINBKG_1);
DisplayString(le ftx, 19, describloum},DESATT.HOTKEY _R)

m=menu_num{num).meaau;
DisplayPulldown(num);
choice=0;

Blockfill(menu _num{num].startx,choice+1,menu_num

[num].endx,choice+1, BKGPULLD _R );

starty *24-2,

DisplayString(menu_num({num].startx,choice+1,
m{choice ]NORLMENU_R,HOTKEY _R);

} breal

case Alt_K fDatabase

{

putimage(menu_aum{num].startx *8-2,menu_num{aum].

mainmenu_buf,COPY_PUT);

Blockfillimam_menu_startx([num],0,main_menu_lkngth

[num}+main_menu_startz(num]},0, MAINBKG_1);

DisplayStrng(mam_menu _startx{num],0,main_menu

[num],NORLMENU,HOTKEY);

num=1;

Blockfill(main_menu_startx{num],0,main_menu_length

[numHmam_menu_startx{num],0, MAINBKG_R );

DisplayString(main _menu_startx{num},0,mam _menu

[num],NORLMENU_R,HOCTKEY _R);

Blockfilileftx,19,79,10,MAINBKG _1);
DisplayString(leftx,19,describ{num],DESATT,HOTKEY _R)

m=menu_numf{num].menu;
DisplayPulldown(num);
choice=0;

Blockfill(menu_aum({num].startx,choice+1,menu_num

{num].endx,choice+1,BKGPULLD _R )

starty ©24-2,

DisplayString(menu_nsum({num].startx,choice+1,

michoice] NORLMENU_R,HOTKEY _R);

} breakg
case Alt_8 :/search+sort

{

putimage(menu_num({num].startx *8-2,menu_num{num].

mammenu_buf,COPY_PUT);

Blockfill{mam _menu_startx[num},0,main_menu_length

[numMmain_meau_startx[num],0, MAINBKG_1);

DisplayString(main_menu_startx{num},0,mam _menu

[num),NORLMENU,HOTKEY);

aum=2;

Blockfilllmam _menu _startz([num},0,mam_menu_length

[numMman_menu_startx[aum},0,MAINBKG_R );

DisplayString(main _menu_startx[oum},0,mam _menu

(rum],NORLMENU_R,HOTKEY_R);

Blockfill(leftx,19,79,19,MAINBKG_1);
DisplayStrmg(leftx,] 9,describ(num},DESATT,HOTKEY _R)



m=menu_numinum).menu;
DisplayPulldown(num);
choice=0;
Blockfill(menu_num{numy].startx,choice+1,menu_sum
(num].endx,choice+1, BKGPULLD R );
DisplayString(menu_num({num].startx,choice+1,
m{choice] NORLMENU_R,HOTKEY_R);
} break;
case Alt_0 freserve
{
putimage(menu_num{num].startx *8-2,menu_num(aum].
starty *24-2,
mainmenu_buf,COPY_PUT);
Blockfillimain_menu_startz{num]},0,main_menu_length
[num}+main_menu _startx(num},0, MAINBKG_1);
DisplayString(main _menu _startz{aum],0,main_meau
[num],NORLMENU,HOTKEY);
num=3;
Blockfill{main_menu_startx{num],0,main_menu_lkngth
[num}+main_meau_startx[num],0, MAINBKG_R );
DisplayString(main_menu_startx[num),0,main_menu
[num],NORLMENU_R,HOTKEY_R); ‘
‘ Blockfill(eftx,19,79,13, MAINBKG_1);
DisplayString(leftx,19,describ{num], DESATT,HOTKEY _R)

&\:ﬂ:nu_num{num]mu:
DisplayPulldown(num);
choice=0;
Blockfill(menu_num(num].startx,choice+1,menu_num
{num].endx,choice+1, BKGPULLD _R );
DisplayString(menu_num{num].startx,choice-+1,
mfchoice,NORLMENU_R,HOTKEY _R);
} break;
case Alt_R :ffprint
{
putimage(menu_aum[num].startx *8-2,meau_num({aum].
starty*24-2,
mamnmenu_buf,COPY_PUT);
Blockfill{main _menu_startx(num),0,main_menu _kngth
[num}+main_menu_startz[sum],0, MAINBKG_1);
DisplayString(main_menu_startz(num},0,mam_menu
[num),NORLMENU,HOTKEY);
num=4;
Blockfill(main_menu_startx(oum),0,mam_menu_length
[numHmam_menu_startx[aum],0, MAINBKG_R );
DisplayString(mam_menu_startx(num],0,mam_menu
{num],NORLMENU_R,HOTKEY _R);
Blockfill(leftx,19,79,19, MAINBKG _1);
DisplayString (ke ftx,19,describ(num), DESATT,HOTKEY _R)

m=menu_num{num].menu;
DisplayPulidown(num);

choxce=0;
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Blockfill{menu _num{num].startx,choce+1,menu_num

[num].endx,choice+1, BKGPULLD _R );

DisplayStrmg(menu _num{num].startx,choice+1,
michoxce] NORLMENU_R,HOTKEY _R);
} breaig
case Alt_V :/fset port
{
putmage(menu _num{num].startx *8-2,meau_num{aum].

starty *24-2,

mainmenu_buf,COPY_PUT);

Blockfillimam_menu_startx[num],0,main_menu_length

[num}+main_menu_startx{num],0, MAINBKG_1);

DisplayStrmg(mam _menu _startx[num],0,mam _menu

{num],NORLMENU,HOTKEY);

nums=3;

Blockfill{main_menu _startx([num]},0,main_menu_length

[numpmain_menu_startx(num],0, MAINBKG _R );

DisplayString(main_menu_startx(num],0,main_m=nu

[num],NORLMENU_R,HOTKEY _R);

Blockfill(leftx,19,79,19,MAINBKG_1);
DisplayString(leftx,19,describ{num], DESATT,HOTKEY_R)

m=meau_num{num].menu;
DisplayPulldown(num);
choice=0;

Blockfill{menu _npum{num].startx choice+1,menu_num

[oum) endx,choice+1,BKGPULLD _R );

}

DisplayString(menu_num{num].startx,choice+1,
m{choice ,NORLMENU _R,HOTKEY _R);
} breaks

case Alt_X : return;

if(user_select)

{

user_selkect=FALSE;

mode=1;

switch(aum)

{

case 0 :
{
switch(choxce)
{ case 0 :OpenDatafile();breaky/Creatfile(“stud file");breaks
case 1 :DosShell();breals

case 2 return;

choxe=0;
] break;

case | .

swich(choxe)

{



case 0 :

append _buf=(char far *)farcalloc(72576L,sizeof(char));
if(*append _buf)
{
closegraph();
printf("Alloc error in Menumange function while call
AppendData");
exit(0);
}
Getvideo(14,3,67,16,append _buf);
do
{
InitialStud Data();
Jwhile( AppendDataQ)l=ESC );
Putvideo(14,3,67,16,append _buf);
farfree(append _buf);
Joreaks
case 1:
{
if(GetmodifyRecord)==PASS)
ModifyDataQ);
Joreaic
case 2 : brealg
} choice=0;
} break:
case 2 :
{
switch(choice)
{
case 0 : SearchDialogue();break;
case 1 ! SortDialogue();breaks

choice=0;
} break;

case 3 :

switch(choice)
{
case 0:
{
append_buf=(char far *)farcalloc(77760L,sizeof{char));
if(!append _buf)
{
closegraph(;
prmtf("Alloc error in Menumanage while call
AppendReserveTime");
exit(0);
}
Cetvideo(14,2,67,16.append _buf);
do
{
InitialReserve Header();
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}while( AppendReserveTime()!=ESC );
Putvideo(14,2,67,16,append _buf);
farfree(append _buf);
Joreak;
case 1; break;
case 2: break;
}
choice=0;
} breaks
case 4 :
{
switch(choice)

case 0 : breakg

choice=0;

} breaic

]
void DosShell(void)
%
int num;
Blockfill(0,0,79,19,BLACK);
x.y:tgm("g:omand;com");
Blockfill(0,0,79,1, MAINBKG _1);
Biockﬁ]l(O,] ,79,18, MAINBKG_2);
Blockfill(0,19,79,19,MAINBKG_1);
for(aum=0;num<MAX _MENU;num++)
DisplayString(main_menu_startx[aum]},0,mam_menu[num],
NORLMENU,HOTKEY);
DisplayString(2,19,"%F%1%0-Menu | Arrow keys-Select. Enter-
Information.”,DESATT,HOTKEY);
}
void main(void)
{
Initialize();
McnuManage(Q);
ExitProgram();
}
int Getdate(int xpos,int ypos,char inputdate(11])
{
char active _att=MAGENTA deactive _att=BLUE;
union mkey|{
mt i
char ch(2};
Je
mt count=0,curx=0;
Blockfill(xpos.ypos,xpos+10,ypos,POPUPBKG);
DisplayStrmg(xpos,ypos, mputdate,active _att,active _att);
\f(inputdate(9]1=" )
{



}

curx=10;count=10;

DisplayChar(xpos+curx,ypos,230,active _att);
for(;))

{

while(!bioskey(1)):

c.i=bioskey(0);

if{ c.ch(0] == ESC ) retum ESC;

iff c.ch{0] == TABKEY Il c.ch(0] == ENTER )

{

}

if(inputdate[9]!="")

{
mputdate[10]="z0";
DisplayChar(xpos+curz,ypos,230,POPUPBKG);
DisplayString(xpos,ypos,inputdate,deactive _att,deactive _att);
return ENTER;

else

sound(2000);delay(200);nosound();

if( c.ch(1] == SHFTAB)

{

}

if{inputdate[9]i="")

{
inputdate[10]="x0";
DisplayChar(zpos-+curx, ypos,230,POPUPBKG);
DisplayString(xpos,ypos,inputdate,deactive _att,deactive _att);
return SHFTAB;

sound(2000);delay(200);no0scund(;

switch(count)

{

case 0:
{
if{ is_in("0123",c.ch(0] )
{
nputdate{count]=c.ch(0];
DisplayChar(xpos+curz,ypos,230,POPUPBKG);
DisplayChar(xpos+curx, ypos.c.ch(0],active _att);
curx++count++;
DisplayChar(zpos+curx,ypos,230,active _att);
breaic

else

sound(2000);delay(200);nosound();
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Joreak;

case 1:

if{ c.ch[0]==BKSP )

{
DisplayChar(xpos+curz,ypos,230,POPUPBKG);
curx--;count--;
DisplayChar(xpos+curx,ypos,229,POPUPBKG);
DisplayChar(xpos+curx,ypos,230,active _att);
break;

}

switch(inputdate(count-1])

{

case ‘0"

if{ is_in('123456789",c.ch(0] )

{
inputdate{count]=c.ch[0];
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
DisplayChar(zpos+curx,ypos,c.ch[0],active _att);
curx+=2;count+=2;
DisplayChar(zpos-+curx,ypos,230,active_att);
breals

else

sound(2000);delay(200);nosound();
}
Jbreaic;

case '1'case 2"

i is_in("0123456789",c.ch(0]) )

{
inputdate[count]=c.ch{0];
DisplayChar(xpos+curx, ypos,230,POPUPBKG);
DisplayChar(xpos-+curz, ypos,c.ch{0],zctive _att);
curx+=2;count+=2;
DisplayChar(zpos-+curx,ypos,230,active_att);
break;

else

sound(2000);delay(200):nosound();
}
Jbreaic
case '3":
{
iff is_in('01",c.ch[0]) )
{
inputdate{count]=c.ch(0];
DisplayChar(xpos+curz,ypos,230,POPUPBKG);
DisplayChar(xpos+curx, ypos,c.ch[0],active _att);

curz+=2;count+=2;



DisplayChar(xpos-+curz, ypes,230,active _att);
break;

eise

sound(2000);delay(200);nosound();
)
joreaky
}
Jbreak;
case 2:break;
case 3:
{
if( c.ch[0]==BKSP )
{
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
curx-=2;count-=2;
DisplayChar(xpos-+curz, ypos,229,POPUPBKG);
DisplayChar(xpos+curx,ypos,230,active _att);
break;
}
if( is_in("01",c.ch[0] )
{
inputdate{ccunt]=c.ch[0]; )
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
DisplayCher(zpos+cur,ypos.c.ch[0],active_att);
curx++count++;
DisplayChar(xpos-+curx,ypos,230,active _att);

break;
else

sound(2000);delay(200)nosound(;
}
Joreak;
case 4:
{
if{ c.ch(0)==BKSP )
{
DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
curx--;count--;
DisplayChar(xpos+curz,ypos,229,POPUPBKG);
DisplayChar(xpos+curz,ypos,230,active _att);
break;
}
switch(inputdate{count-1])
l
case ‘0"
{
1f( is_m("123456789",c.ch(0]) )

{
mputdate{count]=c.ch(0];

DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
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DisplayChar(xpos+curx, ypos,c.ch[0],active _att);
curx+=2;count+=2;
DisplayChar(xpos+curx,ypos,230,active _att);
break;

else

sound(2000);delay(200);nosound();
}
Joreai

case '1"

if( is_m('012",c.ch{0D )

{
mputdate[count]=c.ch[0];
Di:playChsr(xpén-curx.ypo:,ZBO,POPUPBKG);
DisplayChar(xpos+curx,ypos,c.ch{0],active _att);
curx+=2;count+=2;
DisplayChar(xpos+curx,ypos,230,active _att);
breaic

else

sound(2000);delay(200);nosound(;
}
Joreaic
}

Jbreaic
case 5breaks

case G:

{

if( c.ch[0]==BKSP )

{
DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
curx-=2;count-=2;
DisplayChar(xpos+curx,ypos,229,POPUPBKG);
DisplayChar(zpos-+curx,ypos,230,active _ait);
break;

}

if{ is_in(2",c.ch(0]) )

{
inputdate(count}=c.ch{0];
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
DisplayChar(xpos+curx,ypos,c.ch(0],active _att);
curx+count+;
DisplayChar(zpos-+curx,ypos,230,active_ait);
breals

else

sound(2000);delay(200);noscund(;

Jbreaks



if{ c.ch[0]==BKSP )

{
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
curx--jcount--;
DisplayChar(xpos+curz,ypos,229,POPUPBKG);
DisplayChar(zpos+curx, ypos,230,active _att);
brealg

}

if( is_in("5678%",c.ch[0] )

{
nputdate[count]=c.ch[0];
DisplayChar(zpos-+curx,ypos,230,POPUPBKG);
DisplayChar(zpos+curx, ypos,c.ch{0],active _att);
curz++count;
DisplayChar(xpos-+curx,ypos,230,active _att);
break;

sound(2000);delay(200);nosoundQ;
.
}breaks;
case 8:
{
if( c.ch[0]==BKSP )
{
DisplayChar(zpos+curx,ypos,230,POPUPBKG);
curx--jeount--;
DisplayChar(xpos+curx, ypos,229,POPUPBKG);
DisplayChar(xpos+curz, ypos,230,active _att);
breais
}
switch(inputdate[count-1])
{
case ‘5"
{
if( is_in("3456789",c.ch(0D )
{
mputdate(count]=c.ch(0];

DisplayChar(zpos+curx,ypos,230,POPUPBKG);

DisplayChar(xpos+curz,ypos,c.ch{0],active _att);

curx++count+;

DisplayChar(zpos+curx,ypes,230,active _att);

break;

else

sound(2000);delay(200);nosound();

Jbreac

case ‘G'case ‘7 case ‘8'case 9"
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if{ is_in("0123456789",c.ch(0]) )

{
nputdate[count}=c.ch[0];
DisplayChar(zpos+curx,ypos,230,POPUPBKG);
DisplayChar(xpos-+curx,ypos,c.ch(0),active _att);
CUrX-HCount-++;
DisplayChar(xpos+curx,ypos,230,active _att);
breaic

else

sound(2000);delay(200);nosound();

if( c.ch[0]==BKSP )

{
DisplayChar(xpos+curx,ypos,23C,POPUPBKG);
curx--jcqunt--;
DisplayChar(zpos-+curx,ypos,229,FOPUPBKG);
DisplayChar(zpos+curz,ypos,230,active _att);
break;

}

if{ is_in("0123456789",c.ch(0] )

{
inputdate[count]=c.ch[0];
DisplayChar(zpos-+curz, ypos,230,POPUPBKG);
DisplayChar(xpos+curx, ypos,c.ch(0],active _att);
curz-+Hcount++;
DisplayChar(zpos+curx,ypos,230,active _att);
brealg;

clse

sound(2000);delay(200);nosound(;
}

Joreaks

case 10:

if{ ¢.ch(0]==BKSP )

{
DisplayChar(xpos+curx,7pos,230,POPUPBKG);
curx--count--;
DisplayChar(zpos+cur,ypos,229,POPUPBKG);
DisplayChar(xpos+curz, ypos.230,active _att);
breaic

else



sound(2000);delay(200);nosound();
}
Jbreakc/fend case 8
)ifend swich mam

)

void DrawDbaseDialogue(void)

{

char *message{]=(

rsufsuinAnnmauit,
Ao,
~sHminfin®,
“noe”,
i,
“Tugeninr®,
“TunuAowY",

b
Blockfill(15,4,65,15,POPUPBKG);
Dimension(15,4,65,15,4,RIMUPPER, RIMLOWER);
Shadow(15,4,65,15,4,8,POPUPSHA);
Blockfill(26.5,54.5, BLUE);
Border(26,5,54,5,2,LIGHTBLUE);
DisplayString(28,5,message[0], YELLOW,RED);
DisplayString(25,7,message[1],BLACK,RED);
DisplayString(18,8,message[2],BLACK,RED);
DisplayString(24,9,message(3],BLACK,RED);
DisplayString(24,10,message[4],BLACK,RED);
DisplayString(19,11,message[5],BLACK,RED);
DisplayString(19,12,message{6],BLACK,RED);

}

void DisplayRs

d long int recordnum,nt ,int y,mt
bg,int texte)
{
char srecord(7]="";
Blockfill(z,y,2+6,y,0kg);
recordaum--+;
srecord(0]= (recordnumy100000)4+0x30; recordnum%=100000;
srecord(1]= (recordnum/10000)}+0230; recordnum%=10000;
srecord(2]= (recordnumy1000)+0x30;  recordnum%=1000;
srecord(3)= (recordnumn/100)+0230; recordaum®=100;
srecord(4)= (recordnumy10)+0230;  recordnum%=10;
srecord(5]= recordaum+0x30;
srecord([6]= \x0°;
DisplayString(x,y,srecord texte texte);
}
void InitiaiStud Data(void)
{
strepy(rdate,” [/ )
strepy(xdate,” /[ /%
StudentRecord Name([0]="x0"
StudentRecord .StudentId[0]="x0";
StudentRecord.Paculty[0]=\x0";

StudentRecord.Year=x0’;

CurrentRecord=TctalRecord;
DrawDbaseDialogue();

}

int AppendData(yoid)

{
int x=28,y=7,choice=0;
char active_att=MAGENTA,deactive_att=BLUE;
DisplayRecordnumber(CurreatRecord,47,5,BLUE, YELLOW);
Blockfill(28,14,38,14,LIGHTGREEN);
Border(28,14,28,14,1,GREEN);
Shadow(28,14,38,14,1,5,JCONSHA);
PutCenterString(29,38,14,"ANA3",BLUE);
Blockfill(44,14,54,14,LIGHTGREENY);
Border(44,14,54,14,1 GREEN);
Shadow(44,14,54,14,1,5 ICONSHA);
PutCenterString(44,54,14,"unidin", BLUE);
for(;7)
{

switch(choice)
{
case 0:

{

" Dimension(x,y+choice,x+34,y+choice,2, RIMLOWER,RIMUPPER);
strepy(InputString, StudentRecord Name);
DisplayString(x+1,y+choice, InputString,active _att,active _ait);
Language=THA; -
switch(

GetThaiString(x+1,y+choice,30,32,active _att,POPUPBKG) )
{
case ESC: return ESC;
case ENTER:case TABKEY:
{
strepy(StudentRecord Name, InputString);
Border(x,y+choice,1+34,y+choice,2,POPUPBKG);

DisplayString(z+1,y+choice,InputString,deactive _att,deactive _att);

choice=1;

strepy(StudentRecord Name,InputString);
Border(x,y+choice,x+34,y+choice,2,POPUPBKG);

DisplayStrng(z+1,y+choice,InputString,deactive _att,deactive _att);
choice=7;
Joreals
}
Joreaic
case 1:

{

Dimension(x,y+choice,x+34,y+chorce,2, RIMLOWER,RIMUPPER);
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strepy(InputString, StudentRecord Studentld);

DisplayString(x+1,y+choice, InputString,active _att,active _ait);
Language=ENG;

switch( GetThaiString(x+1,y+choice,9,32,active _att, 'OPUPBKG)

case ESC: return ESC;

case ENTERcase TABKEY:

{
strepy(StudentRecord . Studeatld, InputString);
Border(x,y+choice,x+34,y+choice,2, POPUPBKG);

DisplayString(z-+1,y+choice, InputString,deactive _att,deactive _att);
choice=2;
Jbreak;
case SHFTAB:
{
strepy(StudentRecord Studentld,InputString);

Border(x,y+choice,x+34,y+choice,2,POPUPBKG);

DisplayString(z+1,y-+choice InputString,deactive _att,deactive_att);
choice=0;
Joreak;
}
Jorealks

case 2:

Dimension(z,y+choice,x+34,y-+choice,2, RIMLOWER,RIMUPPER);
strepy(InputString, StudentRecord Faculty);
DisplayString(x+1,y+choice,InputString,active _att,active _att);
Language=THA;
switch(

GetThaiString(x+1,y+choice,30,32,active _att, POPUPBKG) )
{
case ESC: return ESC;
case ENTER:case TABKEY:
{
strepy(StudentRecord.Faculty, InputString);

Border(x,y+choice,x+34,y+choice,2,POPUPBKG);

DisplayString(x-+1,y+choxe,l deactive_att,deactive_att);

choice=3;

Jbreaks

case SHFTAB:

(
strepy(StudentRecord . Paculty, InputString);
Border(x,y+choice,x+34,y4<choxce,2,POPUPEKG);

DisplayString(x+1,7+ch InputString,deactive _att.d _att);

choice=1;

Jbreai;

jbreaks

case 3:

Dimension(x,y+choice,x+34,y+choice,2, RIMLOWER, RIMUPPER);

InputString(0]=StudentRecord Year;

DisplayChar(z+1,y+choxcs,StudentRecord. Year,active _aft);

InputString[1]="\x0";
Language=ENG;

switch( GetThaiString(z+1,7+choice,2,32,active_att, POPUPBKG)

case ESC: retumn ESC;
case ENTER:case TABKEY:
{
StudentRecord . Year=InputString[0];
Border(x, y+choice,1+34,y+choice,2, POPUPBKG);

DisplayChar(x+1,y+choice,StudentRecord. Year,deactive _att);
choice=4;
Jbreaig
case SHFTAB:
{
StudentRecord. Year=InputString[0];
Border(x,y+choice,x+34,y+choice,2,POPUPBKG);

DisplayChar(z+1,y+choice,StudentRecord . Year,deactive _att);
choica=2;
Jbreaic;
}
Jorealg
case 4:

(

Dimension(x, y+choice,x+34,y+choice,2, RIMLOWER,RIMUPPER);
switch(Getdate(x+1,y+choice rdate))
{
case ESC: retum ESC;
case ENTER:
{
Berder(x,y+choice,x+34,y+choice,2,POPUPBKG);

choice=5;

StudentRecord RegisDate.day= (((rdate(0]-0x30)*10)+rdate

[1]-0x30)
StudentRecord . RegisDate . month= (((rdate[3]-0x30)*10)+
rdate(4]-0 130);
StudentRecord.RegisDate.year= (((rdate(6]-0x30)*1000)+
((rdate(7]-0230)*100)+{(rdate(8]-0x30) *10)+(rdate(9]-0
x30));
Joreais
case SHFTAB:

Border(x,y+choice,2+34,y+choxe 2,POPUPBKG);
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choice=3; {
StudentRecord RegisDate.day= (((rdate(0]-0x20)*1C)+rdate case ESC: reurn ESC;
[1]-0x30) case ENTER:
StudentRecord RegisDate month= (((date[3]-0x30)*10)+ {
rdate{4]-0 130); fseek(StudentIdFile,CurrentRecord *sizeof
StudentRecord RegisDate year= (((rdate[6]-0230)*1000)+ (StudentRecord)+13, SEEK_SET);
((rdate[7]-0230)*100)+((rdate(8]-0x30)*1 0)+{(rdate[9]-0 fwrite(&StudentRecord, sizeof{StudentRecord),1,
x30)); StudentIdFike);
Jbreals if(CurrentRecord==TotalRecord) TetalRecord++
} ’ CurrentRecord4++
Jbreak; retum ENTER;
case 5: }
{ case TABKEY:
{
Dimension(z,y+choice,x+34,y+choice,2, RIMLOWER,RIMUPPER); Blockfill(28,14,38,14,LIGHTGREEN);
switch(Getdate(x+1,y+choice,xdate)) Border(28,14,38,14,1, GREEN);
{ PutCenterString(29,38,14,"ANNY",BLUE);
case BSC: retum ESC; choice=7;
case ENTER: Joresis
{ » cass SHFTAB:
Border(x,y+choice,x+34,y+choice,2, POPUPBKG); {
d:;:nc:=6: Blockfill(28,14,38,14,LIGHTGREEN);
StudentRecord ExpirDate day= (((xdate[0]-0230)*10)+ : Border(28,14,38,14,1,GREEN);
xdate(1]-0 x30); PutCenterString(29,38,14,"ANAY",BLUE);
StudentRecord ExpirDate month= (((xdate[3]-0230)*10)+ choice=5;
zdate(4]-0 230); joreaks
StudentRecord. ExpirDate.year= (((xdate{6]-0x30)*10001+ }
((xdate[7]-0x30)*100)+H(xdate[8)-0x30)*10)H(xdat=[9]-0 ' ) while( choicel=5&&choicei=T );
230)); Joreais
Joreak; case 7!
case SHFTAB: {
{ Blockfill(44,14,54,14,YELLOW);
Br:rder(x.y+choiee.z+34,y;§dxo'ne,2.POPUPBKG); Border(44,14,54,14,1, RED);
choice=4; PuthnmrString(M.54.]4,"Hmﬁn",BLUE‘,;
StudentRecord.EapirDate.day= (((xdate[0]-0x30)*10)+ do
xdate(1]-0 x30); {
StudentRecord.ExpirDate month= (((xdate[3]-0x30)*10)+ while(lkbhit();
xdate(4]-0 130); switch(getch(Q)
StudentRecord . EapirDate.year= ({(xdate(6]-0x30)*1000)+ {
((xdate(7]-0x30) *100)+((xdatz[8]-0230)*10)}+(xdate[9]-0 case ESC:
130)); case ENTER: retum ESC;
}oreai case TABKEY:
} {
}breais Blockfill(44,14,54,14, LIGHTGREEN);
case 6: Border(44,14,54,14,1, GREEN);
{ PutCenterString(44,54,14,"umifin", BLUE);
Blockfill(28,14,38,14, YELLOW); choice=0;
Border(28,14,38,14,1 RED); Joreaic
PutCenterStrmg(29,38,14,"ANA3",BLUE); case SHFTAB:
do {
{ Blockfill(44,14,54,14, LIGHTGREEN);
while(IkbhitQ); Border(d4,14,54,14,1 GREEN);

swach(getchQ) PutCenn:rS‘!n'ng(M.S“,l4."Uﬂlin“,BLUB);



}

choice=6;
Jor=als
}
} while( choice!=08&&choice!=6 };

Joreais

void DisplayStudeatData(void)

{

SEEK_SET);

)

nt x=28,y=7;
char deactive_att=BLUE;

char *recdate;

ﬁcek(Studem!dPib,Qmthwwd'siuof(SmdentB:curd)ﬂ 3,
fread(&StudentRecord, siseof(StudentRecord),1 \StudeatIdFile);
DisplayRecordnumber(CurrentRecord,47,5,BLUE,YELLOW);
Blockfill(x,y,x+34,5,POPUPBKG);

DisplayString(x-+1,y,StudentRecord Name, deactive _aft, deactive _att);
Blockfill(x,y+1,x+34,y+1,POPUPBKG);

DisplayString(z+1,y+1 \StudentRecord.Studentld,deactive_att,deactive_att

Blockfill(x,j+2,2+34,y+2,POPUPEKG);

DisplayString(z+1 .y+2,SmdentRecard.Pawky,demve_m,dewtive_an);
Blockfill(z,y+3,x+34,7+3,POPUPEKG);
DisplayChar(z+1,y+3,StudeatRecord Year,deactive_att);

recdate=Con vertdate(&StudentRecord RegisDate);

strepy(rdate,recdate);

Blockfill(x,y-+4,x+34,7+4,POPUPBKG);

DisplayString(z+1 \y+4,recdate, deactive _att,deactive _att);

n 4

“on (&S

Record ExpirDate);

strepy(zdate,recdate);
Blockfill(z,y+5,x+34,y+5,POPUPBKG);
DisplayString(z+1 .y+5;=cdm.demdn_amdemﬁm_m);

int ModifyData(void)

{

char *iconmsgl4]={ “suiousell,
“suilyuniou”,
ufly,
“ynidn®,

b

int startz()={17.29,41,53};

mt choice=0;

char far *modify_buf;

char far *2ppd_buf;

modify_buf=(char far ©farcall

if(!modify_buf)

{

closegraph(Q);

725761 f(chan);

printf("Alloc error in ModifyData function');
ex(0);

}

Getvideo(14,3,67,1 6,modify_buf);
DrawDbaseDialogue();
DisplayStudentData();

1;choice<4;choice++)

{
Blockfill(startx[choice],14,startx [choice 1+10,14,JCONORM);
Shadow(startx [choice),14,startx [choice H10,14,1,3,ICONSHA);
Border(startx{choice],14,startx[choice 1+10,14,1 ICONORIM);
PutCenterString(startx (choice ], startx(choice |+10,14, iconmsg[choice],
ICONTEXT);
}
choice=0;
Blockfill(startz[choice ], 14, startx[choice }+10,14,ICONACTIVE);
Shadow(startx [chaice ],14,startx[choice +10,14,1,3,ICONSHA);
Border(startx[choice],14,startx [choice 1+10,14,1 JCONACRIM);
PutCenterString(startz{choice ) startx [choice 1+1 0,14, iconmsg [ choice],
ICONTEXT);
for(;s)
{
while(lkbhit();
switch(getch()
{
case ESC:

Putrideo(14,3,67,16,medify_buf);
farfree(modify _buf);

return ESC;

CufreatRecord-++;
if{ CurrentRecord>=TotalRecord )
{

if{TotalRecord)

{
CurrentRecord=TotalRecord-1;break;

else breaks

else

DisplayStudentData();
1
jbreak;
case 1:
{
if{CurrentRecord >0)
{



CurrentRecord--;
DisplayStudentData();
}
Joreak;
case 2:
{
appd_buf=(char far #farcalloc(72576L,3izeof(char));
if(lappd_buf)
{
closegraph();
printf("Alloc error in ModifyData function while call
AppendData”);
exit(0);
}
Getvideo(14,5,67,16,appd_buf);
Blockfill(16,13,64,15,POPUPBKG);
if{ AppeadDataQ1=ESC) CurreatRecord--;
Putvideo(14,5,67,16,appd _buf);
farfree(appd _buf);
DisplayStudentData();
Jereaks
case 3:
{
Putvideo(14,3,67,16,modify_buf);
farfree(modify_bui);

return ESG;

Joreais
case TABKEY:

Blockfill(startx [choice ], 14,startx(choice H+10,14,JCONORM);
Shadow(startz(choice),14,startx[choice 1+10,14,1,3,JCONSHA);
Border(startx[choice],14,startx[choice }+10,14,1 ICONORIM);
PutCenterString(startx [choice),startz [choice 11 0,1 4,iconmsg

[choice] ICONTEXT);
choice++;
if(choice>3) choice=0;
Blockfill(starta [choice ],14,startx [choice H+10,14,JCONACTIVE);
Shadow(startx[choice ], 14, startx[choice 1+10,14,1,3,ICONSHA);
Border(startx(choice],14,startz[choice 1+10,14,1 JICONACRIM);
PutCenterString (startxchoice ) startx [choice H-10,14,iconmsg
ICONTEXT);

Jbreak;

[choxe],

case 0x00:

switch(getch(Q)
{
case SHFTAB: case LEFT:

l
Blockfill(startx (choxce ),14,startz [chowe }+10,14 ICONORM)

-27

Shadow(startx[choice],14,startx[choice+10,14,1,3,
ICONSHA)
Border(startx[choice],14,startx [choice +10,14,1,
ICONORIM);
PutCenterString(startx[choice ], startx[choice +10,14,
iconmsg[choice],JCONTEXT);
choice--;if(choice<0) choice=3;
Blockfill(startx {choice ],14,startx[choice H-10,14,
ICONACTIVE);
Shadow(startx[choice],14,startx [choice +10,14,1,3,
ICONSHA);
Border(startx[choice],14,startx[choice H10,14,1,
ICONACRIM);
PutCenterString(startx [choice ], startx [choice +10,14,
iconmsg(choice,JICONTEXT);
Jbreaic
case RIGHT:

Blockfill(startx[choice), 14, startx[choice 410,14, ICONORM)

Shadow(startx[choice],14,startx[choice +10,14,1,3,
ICONSHA);

Border(startx[choice],14,startx [choice +10,14,1,
ICONORIM);

PutCenterString(startx [choice ], startx[choice 10,14,
iconmsg(choice,JICCNTEXT);

choiced-+

if{choice>3) choice=0;

Blockfill(startx[choice],14,startz[choice 110,14,
ICONACTIVE);

Shadow(startx[choice],14,startx[choxce 410,14,1,3,
ICONSHA);

Border(startx[choice ],14,startz[choice +10,14,1,
ICONACRIM);

PutCenterString(startx[choice],startz[choice 410,14,
iconmsg(choice,ICONTEXT);

Jbreais

Joreaks

}
char *Convertdate(date _t *srcdate)
{

char *strdate="00W00\N0000";

strdate[0]= ((sccdate->day)/10)+0230;
srdate(1)= ((srcdate->day)%10)+0230;
stdate(Z]= 13

strdate(3)= ((srcdate->month)/10)}+0x30;
strdate(4]= ((srcdate->month)%10)+0230;
srdate(5)= /;

strdate(G]= ((srcdate->year)/1 000)+0x30;srcdate->year¥%=1000;



}

strdate[7])= ((srcdate->year)/100)+0x30;sred ate->year%=100;

strdate[8)= ((srcdate->year)10)4+0x30;
strdate(9]= ((srcdate->year)%10)+0230;
strdate(10]= \x0%

retn strdate;

int Sort(FILE *fp,unsigned long int totak d)

{

}

if{ QuickDisk{fp,totalrecord)==USERCANCEL )
return USERCANCEL;

else return PASS;

int QuickDisk(FILE *fp,unsigned long int total d)

{

1

int Qsdisk(FILE *fp,unsigned long int left

{

if{ Qsdisk(fp,0L,totalrecord-1)==USERCANCEL )

{® count-1 is a number of record begin at ‘0'%f
return USERCANCEL;

else return PASS;

unsigned long int ij;
char I4[9);
i=left
j=right;
{*get the middle StudentTd*/
strepy(Id, CetStudeatld(fp, (long) (H/2))
do
{
while( stremp(GetStudentId(fp,i).1d)<0 && i<right )
{
ifbioskey (1))
{
bioskey(0);
return USERCANCEL;

)
while( stremp(GetStudentId(fp),Jd)>0 && j>kft )
{
if(bioskzy(1))
{
bioskey(0);
return USERCANCEL;

iffi<=))
{
Swapfield(fp,L);
-+ 1)) §-3
}
} while(i<=y);

d long int right)

if(left<))
{

if{ Qsdisk(fp,left,)==USERCANCEL ) return USERCANCEL;
}

ifi<right)
{
if{ Qsdisk{fp,i,right)==USERCANCEL ) return USERCANCEL;
}
return PASS;
}
char *GetStudentId(FILE *fp,unsigned long int record)
{
StudentBecord _t *p;
p=&StudentRecord;
fseek(fp,13L+record *sizeof{StudentRecerd), SEEK_SET);
fread(p,sizeof(StudentRecord),1,fp);
retumn StudentRecord.Studentld;
}
void Swapfield(FILE *fp,unsigned long int i,unsigned long int j)
{

char a[sizeof{StudentRecord _t)],b[sizeof(StudentRecord _t}];
{*first read in record i and j*/
fseek(fp,13L+sizeof(StudentRecord _t)*i,SEEK _SET);
fread((char *)a,sizeof(StudentRecord _t),1,ip);
fseek(fp.l 3L+sizeof(StudentRecord_t)*j,SEEK_SET);
\ fread((char *)b,sizeof{StudentRecord _t),1,fp);
[*then write them back in opposite slots*/
fseek{fp,13L+sizeof(StudentRecord _t)*i, SEEK_SET);
fwrite((char *)b,sizeof(StudentRecord_t),1,7);
fseek(fp,13L+sizeof(StudentRecord _t)*j,SEEK_SET);
fwrite((char #)a,sizeof(StudentRecord_t),1,/p);
}

Tadd AR TI g D e e L b L LA Lt ittt i bt i it

‘II

/***  aretum value is a number of record in Database file sse/
%= the value starts at 0 upto TotalRecord or NOTFOUND

l"/

/Ill'llt"lltll(i‘l"‘l‘l‘l"ll'll.lllll‘l.“.ll“l!lt‘(lll‘t
.y
long int Search(FILE *fp,char *Stidentld,unsigned long int totalrecord)
{
unsigned long int low,high,middle;

low=0; high=totalrecord-1;
while(low<=high)
{
if(kbhit() return USERCANCEL;
middle=Clow-+high)/2;
if{ stremp(Studentld,GetStudentld(fp,middle)) < 0 ) high=middle-1;
else if{ stremp(Studentld,GetStudentld(fp,middie)) > 0 ) low =
middle+1;
else return muddle; /*found®/
}
return NOTPOUND;



}

void SearchDialogue(yoid)

{

char *message[]={
“fumdeyamurviadndnuc,

- - a -
“sHainfinnnfosmIfum®,

inusudvuvoninfnwsvafinma”,

“fousWmindAnu luouysa®,
“mdsfumdeyamus Ha,
|

long int recaum;

char choice=0,active _att=MAGENTA,deactive _att=BLUE;

char Idrequest{9}="";
char far *srh_buf;
sth_buf=(char far *)farcalloc(38016L,sizcof(chan));

if{tsth_buf)

{
closegraphQ;
printf("Alloc error in SearchDialogue function”);
exit(C);

}

" Getvideo(19,5,62,13,srh_buf);

Blockfill(20,6,60,12,POPUPBKG);
Dimension(20,6,60,12,3, RIMUPPER,RIMLOWER);
Shadow(20,6,60,12,3,8,POPUPSHA);
Blockfill(29,7,51,7,HEADBKG);
Border(29,7,51,7,2, HEADRIM);

PutC ing(29,51,7 [0}, HEADTEXT);

DisplayString(23,9,message(1],BLACK,BLACK);
Dimension(45,9,56,9,2, RIMLOWER,RIMUPPERY);
Blockfill(28,11,38,11,ICONORM);
Border(28,11,38,11,1 JCONORIM);
Shadow(28,11,38,11,1,5ICONSHAY;
PutCenterString(28,38,11,"ANAY",ICONTEXT);
Blockfill(43,11,53,11, ICONORM);
Border(43,11,53,11,1 JCONORIM);
Shadow(43,11,53,11,1,5,ICONSHAY;
PutCenterString(43,53,11,"UMAN" JICONTEXT):
for(;})
{
switch(choice)
{
case 0:
{
Language=ENG;

strepy (InputString Idrequest);

switch(GetThaiStrmg(46,9,9,10,active _att, POPUPBKG))

{
case ESC:
{
Putvideo(19,5,62,13,sth _buf);
farfree(srh_buf);

retumn;

}

case ENTER: case TABKEY// call search

{
strepy(ldrequest,InputString);
DisplayString(46,9,Idrequest,deactive_att,RED);

Blockfill(28,11,38,11, ICONACTIVE);
Border(28,11,38,11,1, ICONA CRIM);
Shadow(28,11,38,11,1,5ICONSHA);
PutCenterString(28,38,11, AN ICONTEXT);
choice=1;

Jreak;

case SHFTAB:

strepy(Idrequest, InputString);
DisplayString(46,9,Idrequest,deactive _att, RED);

Blockfill(43,11,53,11 ICONACTIVE);
Border(43,11,53,11,1, ICONACRIM);
Shadow(43,11,53,11,1,5,ICONSHA);
PutCenterString(43,53,11,"unidin", ICONTEXT);

choice=2;

while(licbhit);
switch(getch()

case BSC:

Putvideo(19,5,62,13,sth_bui);
farfree(sth_buf);

retumn;

case ENTER:

if(strlen(ldrequest) < 8)
{
BrrorDialogue(message[3]);
choice=0;
Blockfill(28,11,38,11, ICONORM);
Border(28,11,38,11,1, ICONORIM);
Shadow(28,11,38,11,1,5,JCONSHA);
PutCenterString(28,38,11,"ANA3",ICONTEXT);
DisplayString(46,5,Idrequest,active _att,RED);
brealc
)
Blockfill(20,8,60,12,POPUPBKG);
DisplayString(27.9,message(4),BLACK,BLACK);
DisplayString(47,9,Idrequest, BLACK,BLACK);
Blockfill(35,11,44,11 ICONACTIVE);



Border(35,11,44,11,1 ICONACRIM);
Shadow(35,11,44,11,1,5 JCONSHA);
PutCenterString(35,44,11,"UMan",ICONTEXT);

Search(StudentIdFile,Id st,TotalRecord);

Blockifill(20,8,60,12,POPUPBKG);
DisplayString(23,9,message{1],BLACK,BLACK);
Dimeasion(45,9,56,9,2, RIMLOWER,RIMUPPER);

DisplayString(46,9,Idrequest, deactive _att,deactive_att);

Blockfill(28,11,38,11,ICONACTIVE);
Border(28,11,38,11,1, ICONACRIM);
Shadow(28,11,38,11,1,5,JCONSHA);
PutCenterString(28,38,11,"ANAY",JCONTEXT);

Blockfill(43,11,53,11,ICONORM);
Border(43,11,53,11,1, JCONORIM);
Shadow(43,11,53,11,1,5,JCONSHA);
PutCenterString(43,53,11,"UNIAn",ICONTEXT);
switch(recnum)
{
case NOTFOUND :
{
ErrorDialogue(message(2]);
choice=0;
Blocvkﬁn(ZB.l 1,38,11, ICONORM);
Border(28,11,38,11,1 ICONORIM);
Shadow(28,11,38,11,1,5,ICONSHA);
PutCenterString(28,38,11,"ANa" ICONTEXT);
Di ing(46,9,1d

%

active _att,RED);

Joreais

default:

{
CurrentRecord=recnum;
ModifyData();

Joreai;
case TABKEY:

Blockfill(28,11,38,11, JCONORM);
Border(28,11,38,11,1,ICONORIM);
Shadow(28,11,38,11,1,5JCONSHA);
PutCenterString(28,38,11,"ANAN“,ICONTEXT);

Blockfill(43,11,53,11 ICONACTIVE);
Border(43,11,53,11,1 ICONACRIMY);
Shadow(43,11,53,11,1,5ICONSHA);
PutCenterString(43,53,11,"unidn".JCONTEXT);
choxe=2;

Joreaic

case 0x00:

{

n-30

if( getchQ==SHFTAB )

{
Blockfill(28,11,38,11,JCONORM);
Border(28,11,38,11,1 ICONORIM);
Shadow(28,11,38,11,1,5,ICONSHA);
PutCenterString(28,38,11,"ANAY* JCONTEXT);
choice=0;
DisplayString(46,9,Idrequest,active _att, RED);

}

Joreai

while(lkbhitQ);
switch(geteh ()
{

case ENTER: case ESC:

Putvideo(19,5,62,13,5th_buf);
farfree(sth_buf);
return;

)

case TABKEY:

{ y
Blockiill(43,11,53,11 JCONORM);
Border(43,11,53,11,1, ICONORIM);
Shadow(43,11,53,11,1,5,JCONSHAY;
PutCenterString(43,53,11,"unian", ICONTEXT);
choice=0;
DisplayString(46,9,Idrequest,active _att, RED);

Jbreais

case 0z00:

if(getch()==SHFTAB)

{
Blockfill(43,11,53,11 ICONORM);
Border(43,11,53,11,1 JCONORIM);
Shadow(43,11,53,11,1,5 ICONSHA);
PutCanterString(43,53,11,"niAN" ICONTEXT);

Blockfill(28,11,38,11, ICONACTIVE);
Border(28,11,38,11,1,JCONACRIM);
Shadow(28,11,38,11,1,5,ICONSHA);
PutCenterString(28,38,11,"ANAI" ICONTEXT);
choice=1;

}

Jbreais

Jbreak;



void ErrorDialogue(char *errmessage)
{

int len,leftx,rightx;

char *message="ANAI";

char far *errd_buf;

kn=Stringlength(errmessage);

leftz=36-(leaf2);
rightz=44+(len/2);

errd_buf=(char far *) Hoc(53760L,sizeof{char));

if(lerrd _buf)
{
closegraph();
printf("Alloc error in ErrorDialogue function™);
exit(0);
}
sound(2000);delay(200)nosoundQ;
Getvideo(0,6,79,12,errd_buf);
Blockfill(leftx, 7,rightx,11,RED);
Border(leftx,7,rightx,11.2, WHITE);
Shadow(leftz,7,rightx,11,2,8,BLACK);

PutCenterString(leftx+1,rightx,8,errmessage, WHITE);

Blockfill(36,10,44,10,YELLOW);
Border(36,10,44,10,1,BLACK);
Shadow(36,10,44,10,1,5,ICONSHA);
PutCenterString(36,44,10,message,RED);
geteh(;
Putvideo(0,6,79,12,errd _buf);
farfree(errd_buf);
}
void SortDialogue(void)
{
char *message[]={ “1?!14‘501‘11",
“hdvhmsdoadoyalufar,
“ynidn®,
yndnmaiuadeya”,
simuFoafoymai ofuuda,
“ANAY",
|5
char far *srt_buf;

stt_buf=(char far *)farcalloc(29376L,sizeof(char));

if{!srt_buf)
{
closegraphQ);
printf("Alloc error in SortDialogue function™);
exnit(0);
}
Getvideo(24,5,57,13,51t_buf);
Blockfill(25,6,55,12,POPUPBKG);
Dimension(25,6,55,12,3, RIMUPPER, RIMLOWER);
Shadow(25,6,55,12,3,8,POPUPSHA);

n-31

}

Blockfill(33,7,45,7, HEADBKG);
Border(33,7,45,7,2, HEADRIM);

PutCs mg(33,45,7,message(0], HEADTEXT);
PutCenterString(25,55,9,message(1],BLACK);
Blockfill(36,11,44,11, ICONACTIVE);
Border(36,11,44,11,1, ICONACRIM);
Shadow(36,11,44,11,1,5,ICONSHA);

DisplayString(38,11,message(2],ICONTEXT,ICONTEXT);

if{ Sert(StudentIdFile, TotalRecord)==USERCANCEL )
{
BrrorDialogue(mossage[3];

Putvideo(24,5,57,13,srt_buf);

clse

Bloekfill(25,9,55,9,POPUPBKG);
PutCenterString(25,55,9,message(4],BLACK);
Blockfill(36,11,44,11 ICONACTIVE);
Border(36,11,44,11,1,ICONACRIM);
Shadow(36,11,44,11,1,5,JCONSHA);

DisplayString(38,11,message[5).ICONTEXT,ICONTEXT);

sound(1000);delay(200);nosound();
sound(4000);delay(200);mnosound(;
getch(;

' Putvideo(24,5,57,13,srt_buf);

int GetmodifyRecord(void)

{

char *message(]={ "uﬁ'l'uﬂoun",

4 z5.5
“nyonflounmuavinfvundosimindnwr,

Mifsadudoyaiiag’,
I

char choice=0;
int len,i;
char modId[9]="";
char active _att=MAGENTA,deactive _att=BLUE;
long int recnum;
char far *gmr_buf;
gmre_buf=(char far *)farcalloc(46656L,sizeof(char));
if(lgmr_buf)
{

closegraph();

prntf("Alloc error in GetmodifyRecord function™);

ex(0);
}
Getvideo(14,5,67,13,gmr_buf);
Blockfill(15,6,65,12,POPUPEKG);
Dimeasion(13,6,65,12,3, RIMUPPER, RIMLOWERY);
Shadow(15,6,65,12,3,8,POPUPSHA);
Blockfill(32,7,47,7, HEADBKG);
Border(32,7,47,7,2, HEADRIM);
PutCenterString(32,48,7,message(0], HEADTEXT);



DisplayString(1 7,9,message{1],BLACK,BLACK);
Dimeasion(52,9,62,9,2, RIMLOWER, RIMUPPER);
Blockfill(26,11,36,11 ICONORM);
Border(26,11,36,11,1 ICONORIM);
Shadow(26,11,36,11,1,5ICONSHA);
PutCeaterString(26,36,11,"ANAY"ICONTEXT);
Blockfill(44,11,54,11 ICONORM);
Border(44,11,54,11,1 JCONORIM);
Shadow(44,11,54,11,1,5,ICONSHAY;
PutCenterString(44,54,11,"unifin",ICONTEXT);
for(;;)

Language=ENG;

strepy (InputString,modId);
switch(GetThaiString(53,9,9,10,active _att, POPUPBKG))
{

case ESC:

{ .
Putvideo(14,5,67,13,gmr_buf);
farfree(gmr_buf);
return FAIL;

}

case ENTER: case TABKEY:

{
strepy(modId,InputString);
DisplayString(53,9,modId,deactive _att,RED);
Blockfill(26,11,36,11, ICONACTIVE);
Border(26,11,36,11,1,ICONACRIM);
Shadow(26,11,36,11,1,5,ICONSHA);
PutCenterString(26,36,11,"ANAY"ICONTEXT);
choice=1;

Joreais

case SHFTAB:

{
strepy(modId,InputString);
DisplayString(53,9,modId,deactive _att,RED);
Blockfill(44,11,54,11, ICONACTIVE);
Border(44,11,54,11,1, ICONACRIM);
Shadow(44,11,54,11,1,5 ICONSHA);
PutCenterString(d4,54,11,"8NifN",ICONTEXT);

choice=2;

Joreais

case 1:

while(!kbhitQ);
switch(getch()
{

case ESC:

Putvideo(14,5,67,13,gmr_buf);
farfree(gmr_buf);
return FAIL;

case ENTER:

if(strien(modId) < 8)
{
recnum=0;
len=strien(modId)-1;
for(i=len;1>=0;i--)
{
recnum—:(long)((mogld[hn-i}ﬂxSO) *pow(10,1));
}
if{ (recnum<TotalRecord)&&(rzcaum>0) )
{
CurrentRecord=recnum-1;
Putvideo(14,5,67,13,gmr_buf);
farfree(gmr_buf);
return PASS;

else

BrrorDialogue(message[2]);

choice=0;

Bloekfill(26,11,36,11, ICONORM);
Border(26,11,36,11,1, ICONORIM);
Shadow(26,11,36,11,1,5,JCONSHA);
PutCenterString(26,36,11,"ANAN",ICONTEXT);
DisplayString(53,9,modId,active_att, RED);
break;

}
recaums=Search(StudentIdFile,modId, TotalRecord);
switch(recnum)
{
case NOTFOUND :

BrrorDialogue(message[2]);
choice=0;
Blockfill(26,11,36,11 ICCNORM);
Border(26,11,36,11,1 ICONORIM);
Shadow(26,11,36,11,1,5 JCONSHA);
PutCenterStrmg(26,36,11,"#na" JCONTEXT);
DisplayString(53,9,modId,active _att, RED);
Jbreaic
default:
{
CurrentRecord =recaum;

Putvideo(14,5,67,13,gmr_buf);



farfree(gmr_buf);

reman PASS;

Jbreak;
case TABKEY:

Blockfill(26,11,36,11,ICONORM);
Border(26,11,36,11,1 ICONORIM);
Shadow(26,11,36,11,1,5,JCONSHA);
PutCenterString(26,36,11,"AnA",ICONTEXT);
Blockfill(44,11,54,11 ICONACTIVE);
Border(44,11,54,11,1 ICONACRIM);
Shadow(44,11,54,11,1,5,JCONSHA);
PutCenterString(44, 34,11, Unifin", ICONTEXT);
choice=2;
Joreais
case 0x00:
{
if getch(==SHFTAB )
{
Blockfill(26,11,36,11, ICONORM);
Border(26,11,36,11,1 ICONORIM);
Shadow(26,11,36,11,1,5,ICONSHA);
PutCenterStrmg(26,36,11,"ANAY" ICONTEXT);
choice=0; '
DisplayString(53,9,modId,active _att,RED);
}
joreais
}
Joreak;
case 2:
{
while(!kbhit();
switch(getch()
{
case ENTER: case ESC:

Putvidco(14,5,67,13,gmr_buf);
farfree(gme_buf);
return PAIL;

case TABKEY:

Blockfill(44,11,54,11, ICONORM);
Border(44,11,54,11,1 ICOCNORIM);
Shadow(44,11,54,11,1,5 ICONSHA);
PutCenterString(44,54,11,"unifin" ICONTEXT);
choice=0;
DisplayString(53,9,modId,active _art,RED);
Jbreais
case 0x00:

{

i}

w

if(getch()==SHFTAB)

{
Blockfill(44,11,54,11 ICONORM);
Border(44,11,54,11,1,ICONORTM);
Shadow(44,11,54,11,1,5 ICONSHA);

PutCenterString(44,54,11 .“umﬁn",lcomn;
PurCenterStrng(43,53,11 ,"uniAn" ICONTEXT);

Blockfill(26,11,36,11,ICONACTIVE);
Berder(26,11,36,11,1 ICONACRIM);
Shadow(26,11,36,11,1,5 ICONSHA);

PutCenterString(26,36,11,"ANAI",ICONTEXT);

choice=1;
}
}oreaks

Joreaks

}
mt Gettime(int xpos,int ypos,char inputtime(9])
{
char active_att=MAGENTA ,deactive _att=BLUE;
union inkey{
nt i
char ch[2];
le

int count=0,curx=0;

Blockfill(xpos,ypos,xpos+10,ypos, POPUPBKG);
DisplayString(xpos,ypos,inputtime,active _att,active _att);
if(inputtime[7}!="")
{

curz=8;count=8;
1
DisplayChar(xpos+curx,ypos,230,active _att);

for(3)
{
whik(Ibioskey(1));

c.i=bioskey(0);

if( c.ch(0] == ESC ) return ESC;
if{ c.ch(0] == TABKEY Il c.ch(0) == ENTER )
{
if(puttime(7]!=")
{
mputhme(8]="x0";
DisplayChar(zpos+curz,ypos,230,POPUPBKG);

DisplayStrmg(xpos.ypos,mputtime, deactive _att,deactive _att);

retumn ENTER;

else



sound(2000);delay(200);no0soundQ;

}
if{ c.ch[1] == SHFTAB)
{
if{inputtime(7]!="")
{
inputtime(8]="x0%
DisplayChar(zpos+curz,ypos,230,POPUPBKG);

DisplayString(zpos,ypos,inputtime, deactive _att,deactive _att);

return SHFTAB;

else

sound(2000);delay(200)nosound();

}
switch(count)
{
case 0:
{
if{ is_in('012",c.ch[0]) )
{
inputtime(ccunt]=c.ch{0];
Disvlayd:ar(xposmrx.ypol,ZBO.POPUPBKG);
DisplayChar(zpos+curx,ypos,c.ch[0],active _att);
curx+Hcount+;
DisplayChar(zpos+curx,ypos,230,active _att);

break;

else

sound(2000);delay(200)noscund(;
)
Joreak;
case 1:
{
if{ ¢.ch[0]==BKSP )
{
DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
curx--count--;
DixplayChar(xpomn.ypo!.ZZS).POPUPBKG):
DisplayChar(zpos-+curx,ypos,230,active _ait);
breaic
)
switch(inputtime(count-1])
l
case ‘0"
{
if( is_in("0123456789",c.ch(0]) )

{
inputtime(count)=c.ch(0];

DusplayChar(zpos+curx,ypos,230,POPUPBKG);

DisplayChar(xpos-+curz,ypos,c.ch{0],active _att);
curx+=2;count+=2;
DisplayChar(xpos+curz,ypos,230,active_att);

break;

else

scund(2000);delay(200);nos0und(;
}
Joreaks

case '1":

if{ is_mn("0123456789",c.ch[0]) )

{
mputtime{count]=c.ch(0];
DisplayChar(xpos-+curx,ypos,230,FOPUPBKG);
DisplayChar(xpos-+curx,ypos,c.ch(0],active _aif);
curx+=2;count+=2;
DisplayChar(xpos-+curx, ypos,230,active _att);
brealc

else

sound{2000);delay(200);nosound();
}
jbreals
case 2%
{
if{ is_in("0123",c.ch(0]) )
{
inputtime[count]=c.ch[0];
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
DisplayChar(xpos-+curx,ypos,c.ch[0],active _att);
curx+=2;count+=2;
DisplayChar(zpos+curx,ypos,230,active_att);
breaks

else

sound(2000);delay(200);n0s0undQ;
}
Joreai

Jbreaic
case 2:breaic

case 3:

if{ c.ch{0)==BKSP )

{
DisplayChar(zpos+curx,ypos,230,POPUPBKG);
curx-=2;count-=2;
DisplayChar(xpos+curz, ypos,229,POPUPBKG);

DisplayChar(xpos+curx,ypos.230,active _att);



1

break;

if is_n("012345",c.ch{0D )

{

inputtime(count]=c.ch{0];
DisplayChar(zpos-+curz,ypos,230,FOPUPBKG);
DisplayChar(xpos+curx, ypos,c.ch[0],active _att);
curx-+-+count+;
DisplayChar(xpos+curx,ypos,230,active _att);
brealg

else

sound(2000);delay(200);n0s0undQ;
}

Joreaks

case 4:

{

if{ c.ch(0]==BKSP )
{
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
curx--jcount--;
DisplayChar(xpos-+curz,jpos,229,POPUPBKG);
DisplayChar(zpos+curx,ypos,230,active _att);
breais
}
switch(inputtime[count-1])
{
case '0'case '1'icase 2'case '3'case ‘4’
{
if( is_in("0123456789",c.ch{0] )
{

case ‘5"

mputtime(count]=c.ch{0}
DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
DisplayChar(xpos+curx,ypos,c.ch[0),active _att);
curx+=2;count+=2;
DisplayChar(xpos-+curx,ypos,230,active _att);
break;

else

sound(2000);delay(200);nosound(Q);

if({ c.ch(0]==BKSF )
{
DisplayChar(xpos-+curz,ypos,230,POPUPBKG);

curx-=2;count-=2;
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DisplayChar(xpos+curz, ypos,229,PCPUPBKG);
DisplayChar(zpos-+curx,ypos,230,active _att);
brealg

}

if{ is_in("012345",c.ch{0] )

{
inputtime[count]=c.ch[0];
DisplayChar(xpos+curx,ypos,230,POPUPBKG);
DisplayChar(xpos-+curx, ypos,c.ch{0],active _att);
curz4++icount++;
DisplayChar(xpos+curx,ypos,230,active _att);

break;

clse

sound(2000);delay(200);n0sound(;
}
Joreaic
case 7:
{
if( c.ch[0]==BKSP )
{
DisplayChar(xpos+curx, ypos,230,POPUPBKG);
curx-~count--;
DisplayChar(xpos+curx,ypos,229,POPUPBKG);
DisplayChar(zpos+curx,7pos,230,active_am);
brealg
}
if{ is_in('0123456789",c.ch(0] )
{
mputtime({count]=c.ch[0];
DisplayChar(xpos-+curx,ypos,230,POPUPBKG);
DisplayChar(xpos+curx, ypos,c.ch[0],active _att);
curz++eount++
DisplayChar(xpos+curx,ypos,230,active _att);
breaks

else

sound(2000);delay(200);noscund();
}
jbreais
case 8:
{
if{ c.ch[0]==BKSP )
( -
DisplayChar(xpos-+curx, ypos,230,POPUPBKG);
curx--jcount--;
DisplayChar(xpos+curx, ypos,229,POPUPBKG);
DisplayChar(zpos+curx,ypos,230,active _att);

breais

else



n-36

{ remove('mftemp.$35");
sound(2000);delay(200);nosoundQ;

} }

retumn ESC;

Jbreac/fend case 8 case ENTER:case TABKEY:
}ifend switch main {
} strepy(Reserve Header. SubjectName, InputString);
} Border(x,y+choice,x+33,y+choice,2,POPUPBKG);
int AppendReserveTime(roid)
{ DisplayString(x+1,y+choice,InputString,deactive _att,deactive _att);
char *message({]={ "ANAI", choice=1;
"ynifin®, Joreais;
~fouTuiifouianma, case SHFTAB:
Nmurrnseslurauamil i, {
i strepy(Reserve Header SubjectName, InputString);

int iconx(]={27,42}; Border(z,y+choice,x+33,y+choice,2,POPUPBKG);

int x=29,y=6,choice=0;

char active _att=MAGENTA, deactive _att=BLUE; DisplayString(x+1,y+choice,Inp deactive _att,deactive _att);
char mputdate(10]; choice=8;
FILE *memberftemp; Joreaks
long netstudenttotalstudent,i; }
if{ (memberftemp=fopen('mfemp.§53","wb+"))==NULL) Joreak;
{ case 1:
closegraph(); {
printf("Can't open temporary file in AppendReserveTime function\n");
exit(1); Dimension(z,y+choice,x+33,y+choice,2, RIMLOWER,RIMUPPER);
} " . strepy(InputString, Reserye Header Subjectid);
DisplayString(x+1,y-4choice, InputString, active _att,active _aff);
DisplayRecordnumber(CurrentRaserve,44,4,BLUE, YELLOW); Language=ENG;
Blockfill(iconxz[0),14,iccnx (010,14, ICONOCRM); . switch( GetThaiString(x+1,y+choice,9,32,active_att, OPUPBKG)
Border(iconxz{0],14,iconx(0}+10,14,1, ICONORIM); )
Shadow(iconz[0),14,iconx[0}10,14,1,5,ICONSHA); {
PutCeaterString(iconx([0], iconx [0}+10,14,message[0]JCONTEXT); case ESC:
Blockfill(iconx(1],14,iconz[1 }+10,14 JCONORM); {
Border(iconx({1],14,iconx(1}+10,14,1 ICONORIM); felose(memberftemp);
Shadow(iconx[1],14,iconz[1]+10,14,1,5 JCONSHA); remove("mitemp.$55");
PutCenterString(iccax(1 },iconx(1 H10,14,message(1 ,ICONTEXT); retum ESC;
for(;3) 1
{ case ENTERcase TABKEY:
switch(choice) {
{ strepy (ReserveHeader Subjectld, InputString);

case 0:

{

Border(x,y+choice,x+33,y+choice,2, POPUPBKG);

DisplayString(z+1,y+choice, InputString,deactive _att,deactive _att);

Dimension(x,y+choice,x+33,y+choice,2, RIMLOWER,RIMUPPER); choice=2;
strepy(InputString, Reserve Header . SubjectName); Joreaks
DisplayString(x+1,y+choice InputString, active _att,active _att); case SHFTAB:
Language=ENG; {

switch( strepy(Reserve Header.Subjectld InputString);

GetThaiString(x+1,y+choice,30,32,active _att, POPUPBKG) ) Border(x,y+choice,x+33,y+choice,2,POPUPBKG);

{

case ESC: DisplayString(z+1,y+choice InputString,deactive _att,deactive _att);
( choice=0;
felose(memberflemp); |breais



Joreais

case 2:

Diﬂm:ian.(x,y@oice.x+33,7+chaice.2.m0WER.RmUPPER):
strepy(InputStrmg, Reserve Header. TeacherName);
DisplayString(x+1 Jy+choice,InputString,active_att,active_att);
Language=THA;
switch(

GetThaiStrmg(z+1 ,7+choice,30,32,active_att,POPUPBKG) )
{
case ESC:

felose(memberfiemp);
remove("mftemp .$$5°);
retumn BSC;
}
case ENTER:case TABKEY:
{
strepy(ReserveHeader. TeacherName, InputString);
Border(x,y+chcice,x+33,y+choice, 2, POPUPBKG);

DisplayString(z+1,y+choice,l mng,d

'g_An" ot _m);
chaice=3;

jorealg

case SHFTAB:

{
strepy(Reserve Header TeacherName, InputString);
Border(z, y+choice,x+33,y+choice,2,POPUPBKG);

DisplayString(x-+1,y-+choice InputString,deactive _att,deactive_att);
choice=1;

Jbreais

Dm:icn(x,y-l-chobe.x-&'és.y-ochohc.z.B.I.MLOWER.RIMUPPER):
inttcDay(ReserveHeader.Day);
DisplayString(x+1 ,y+choice,InputString, active _att,active_att);
Language=THA;
switch(
GetThaiString(x+1,y+choice,10,32,active_att, POPUPBKG) )
{
case ESC:

fclose(memberftemp);
remove("mftemp .$$87);
return ESC;

}

case ENTER:case TABKEY:
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ReserveHeader.Day=Daytoint(InputString);
if(!ReserveHeader.Day)
{
sound(2000);delay(200);nosound();
Blockfill(x,y+choice,x+10,y+choice, FOPUPBKG);
ErrorDialogue(message[3];
choice=3;breaks
}
Border(x,y+choice,x+33,y4choice,2,POPUPBKG);

DisplayString(x+1,y-+choice,InputString,deactive _att,deactive _att);
choice=4;
Jbreak;
case SHFTAB:

ReserveHeader.Day=Daytoint(InputString);
if(!ReserveHeader.Day)
{
sound(2000);delay(200);nosound();
Blockfill(z,y+choice, x+10,y+choice, POPUPBKG);
ErrorDialogue(message(3]);
choice=3;breaks
}
Border(z,y+choice,x+33,y+choice,2,POPUPBKG);

DisplayString(x-+1,y+choice InputString,deactive _att,deactive _att};
choiee=2;
Joreaks
}
jbreak;
case 4:

{

Dimemion(x,y«k:haice.x+33,y+chcice,2,RIMLOWER.RMUPPER);
switch(Gettime(x+1,y-+choice,rtime))
{
case ESC:

felose(memberfiemp);
remove( 'mftemp.$88");
return ESC;
}
case ENTER:
{
Border(x,y+choice,x+33,y+choice,2,POPUPBKG);
choice=5;
ReserveHeader.BeginTime hour= (((rtime(0)-0x30)*10)+
rtime(1]-0230);
ReserveHeader.BeginTime minutes= (((rtime(3]-0230)*10)
+rtime(4]-0230);
ReserveHeader.BeginTime secs= (((rtime(6]-0x30)*10)+

rtime(7]-0x30);
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Joreak; }
case SHFTAR: case SHFTAB:
{ {
Border(x,y+choice,1+33,y-+choice,2, POPUPBKG); Border(x,y+choica,x+33,y+choice 2, POPUPBKG);
choice=3; choice=4;
ReserveHeader BeginTime hour= (((rtime[0]-0230)*10)+ ReserveHeader.EndTime hour= (((xtime[0]-0x30)*101+
rtime{1]-0230); xtime{1]-0z30);
ReserveHeader.BeginTime minutes= (((time[3]-0x30)*1 0) ReserveHeader. EadTime minutes= (((xtime({3]-0230)*10)+
+rtime(4]-0x30); xtime({4]-0x30);
ReserveHeader.BeginTime secs= (((time(6]-0x30)*10)+ ReserveHeader.EndTime secs= (((xtim={6]-0x30)*10¢+
rtime[7]-0230); xtime(7]-0230);
Joreaks
} if(Reserve Header.EndTime hour>ReserveHeader,BegmTime hour)
Joreals {
case 5: b choice=4;break;
{ }
else
Dimension(x,g+choice,x+33,y+choice,2, RIMLOWER,RIMUPPER); {
switch(Gettime(x+1,y+choice, xtime))
{ if(R:chuder.EndTmmhute»kwerveﬁeada.BesmTﬁmmmes)
case ESC: {
{ choice=4;break;
felose(memberfemp); : , }
remove("'mftemp $58"); else
retun ESC; {
} ErrerDialogue(message(4D;
case ENTER: choice=5breaks
{ }
Bordcr(x,y+chnk=.x+33,y-ochokx.Z.POPUPBKQ: }
ReserveHeader EndTime hour= (((xtime(0]-0230)*10+ }
xtime(1]-0230); }
ReserveHeader.EadTime minutes= (((xtime(3]-0x30)*10)+ Joreais
xtime[4]-0x30); case 6:
ReserveHeader EndTime secs= (((xtime[6]-0230)*10)+ {
time(7]-0230); if{!Reserve Header. Totalmember)
{
if(R:mHeader.BndirthmR:mHeadu.BeginTm.hnun InputString[0]="x0"
{ netstudent=0; totalstudeat=0;
choice=6;breaig 1
) swich(
else GetReserveMerr \berfemp, Smetstudent, &ctotalstudent) )
{ {
case ESC:
if(ReserveHeader.End Time mi >ReserveHeader. BegmTime ) {
{ felose(memberftemp);
choice=6;brealc remove("mftemp.$$8");
} return ESC;
clse }
{ case TABKEY:
ErrorDialogue(message{4]; {
chowce=5;break; ReserveHeader Totaimember=netstudent;
} choxe=7;

} Jbreaks



case SHFTAB:

ReserveHeader. Totalmember=netstudent;
choice=35;
Joreais
}
Joreaig
case 74
{
Blockfill(iconz({0],14,iconz(0}+10,14,ICONACTIVE);
Border(iconx[0],14,iconx[0}+10,14,1 ICONACRIM);
PutCenterString(iconx{0],iconx[0}+-10,14,message(0],
ICONTEXT);
do
({
while(Ikbhit();
switch(getch()
{
case ESC:
{
felose(memberfiemp);
remove("mftemp.$$$');
r=turm ESC;
e
case ENTER:
{
if(IReserveHeader.SubjectName[0] I
IReserve Header.Subjectld[0]
Il |ReserveHeader. TeacherName[0] il |
ReserveHeader Totalmember)
{
sound(2000);delay(200);nosound();
choice=0;break;
}
fseek(ReserveHeaderFile, CurrentReserve *sizeof
(ReserveHeader)+13L,SEEK_SET);
fwrite(&ReserveHeader,sizeof(Reserve Headern), 1,
ReserveHeaderFike);
if(CurrentReserve==TotalReserve) TotalReserve++;
CurrentReserve++;
fseek{memberfemp,0L,SEEK_SET);
fseek(ReserveldFilke,OL,SEEK_END);
for(i=0;i<netstudent;i++)
{
dof

fread(&Reserve Member,sizeof(Reserve Member),1,

memberftemp);
} whike(ReserveMember.StudentId[0]==DELCODE);
fwrite(&Reserve Member, sizeof(Reserve Member), 1,
ReserveldFile);
1
felose(memberfiemp);
remove("'mftemp.$58°);
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retum ENTER;
case TABKEY:

Blockfill(iconx(0],14,iconx[0H10,14,ICONORM);

Border(iconx(0],14,iconz[0}+10,14,1 ICON CRIM);

PutCenterString(iconxz[0),iconx[0H10,14,message[0],
ICONTEXT);

choice=8;

Blockfill(icons[0],14,iconx[0}+10,14,ICONORMY);
Border(iconz({0],14,iconx{0}+10,14,1 ICONORIM);
PutCenterString(iconx([0],iconx[O}+1 0,14,message(0],

ICONTEXT);
choice=6;

Jbreak;
}

} while( choice|=68&choice|=8&&choics!=0 );
Jorea;
case 8:
{

Blockfill(iconx[1],14,iconx[1 410,14 ICONACTIVE);

Bmer_(mm].i4.mxn}+w,14.1.ICONACRDA):

PutCenterString(iconz{1],iconx(1 110,14,message{1],
ICONTEXT);

do
{

while(lkbhit();

switch(getch()

{

case ESC:

case ENTER:

felose(memberftemp);
remove('mftemp.585");
return BSC;

case TABKEY:

Blockfill(iconz(1),14,iconx(1 410,14, ICONORM);
Border(iconx(1},14,iconx[1 }+10,14,1, ICONORIM);
PutCenterString(iconx[1],iconx{1}+10,14,message(1],
ICONTEXT);
choice=0;
Jbreais
case SHFTAB:
{
Blockfill(iconx({1],14,icenx(1 410,14, ICONORM);
Border(iconx(1],14,iconx(1 +10,14,1 ICONORIM);
PutCenterString(iconx(1),iconx(1}+10,14,message(1),
ICONTEXT);



choice=7;
jbreais
}
} while( choice!=0&&choicel=7 )
Joreaks

}
void DrawReserveDialogue(void)
{
char *message[]={
“ggaamdisui,
",
"sHaIn",
“oIiNmou”,
“Fuidour,
“Fuisiam,
“oufiam®,
“sHminAnu®,
|5
Blockfill(15,3,65,15,POPUPBKG);
Dimension(13,3,65,15,4,RIMUPPER, RIMLOWER);
Shadow(15,3,65,15,4,8,POPUPSHA);
Blockfill(28,4,52,4,BLUE);
Border(28,4,52,4,2,LIGHTBLUE);
DisplayString(31,4,message[0), YELLOW,RED);
DisplayString(25,6,message[1],BLACK,RED);
DisplayString(22,7,message(2], BLACK,RED);
DisplayString(18,8,message(3],BLACK,RED);
DisplayString(21,9,message[4], BLACK,RED);
DisplayString(20,10,message[5],BLACK,RED);
DisplayString(20,11,message[6],BLACK,RED);
DisplayString(19,12,message(7),BLACK,RED);
}
void inttoDay(int d)
{
switch(d)
{
case OdnputString{0]=0;breais
case 1 :mcpy([nputSt:ing."mﬁﬂ!f");bmak;
case 2:strepy(aputString,” TUNE");breaks
case 3istrepy(InputString,” 5311 ");breaks
case 4:strepy(InputString, "M 1 ");breaks
case 5:strepy(lnputSiring, "WV ALA")breal:
case Gistrepy(lnputStrmg, N3 Ybreaks
case 7:mupyanputsn'mg."lm!1");bmm

}

int Daytomt{char *d)

{
iffstremp(d," 01 fine)==0) return 1
else iffstremp(d, "SUNT)==0) retum 2;
else if(stremp(d, " 8IN117)==0) return 3;

else if{(stremp(d, "N 3")==0) return 4;
else if{stremp(d,"NOHTTLA")==0) retum 3;
else if{stremp(d, NI )==0) return &
else if{stremp(d, 1T ")==0) return 7;
else return 05

}

void InitialReserveHeader(void)

{
strepy(rtime,” ¢ @ ')
strepy(atime,” ;1 ")
ReserveHeader.SubjectName[0]=\x0";
ReserveHeader.SubjectId(0]="x0";
ReserveHeader TeacherName([0]="x0";
ReserveHeader.Day=0;
ReserveHeader. Totalmember=0L;
CurrentReserve=TotalReserve;
DrawReserve Dialogue();

}

int GetReserveMember(FILE *memberfiemp,long *netstudent,long *

totalstudent)

{
char *message(]={ “dafut,
“sHmindAnu”,
“anas”,
Ui,
“sHmindAnu Ty,
H
long int currecaum=0,i;
int y=12;
union inkey{
char ch(2];
int i;
Jos
char delfactor=0;

char active_att=MAGENTA,deactive _att=BLUE;

fseek(memberftemp,0L,SEEK _SET);
if(*netstudent)
{

do{

fread(&ReservyeMember,sizeof(Reserve Member), 1 memberftemp);

} while( ReserveMember.StidentId[0)==DELCODE );
}

Dimension(39,y,58,7,2, RIMLOWER,RIMUPPER);
DisplayChar(60,y,231,BLUE);
DisplayChar(60,y,232,LIGHTBLUE);

strepy(Reserve Member . Subjectld, Reserve Header. Subjectid);
forG3)
{

strepy(InputStrmg, Reserve Member . Studentld);

i InputString[0)!="x0" )

{



delfactor=0;

for(;:)

{
iffourrecnum)  DisplayChar(60,y,231,LIGHTBLUE);

else DisplayChar(60,y,231,BLUE);

iflcurrecnum< *netstudent) DisplayChar(60,y,232,LIGHTBLUE)

clse DisplayChar(60,y,232,BLUE);
Yl Rbedb

1,30,y,POPUPBKG,BLUE);
strepy(nputString, Reserve Member.StudentId);
Blockfill(40,y,47,y,LIGHTGREEN);

DisplayString(40,y InputString,active _att,active_att);

while(l(c.i=bioskey(1)));
ific.ch{1]==DELETE)
{
c.i=bioskey(0);
iffcurrecnum=="*netstudent)
{ sound(2000);delay(200);nosound();}
elise
{
ReserveMember.StudentId[0]=DELCODE;
*netstudent-=1;delfactor++;

fseei(memberftemp,(long)(-1)*sizeof(ReserreMember),

SEEK_CUR);
fwrie(&ReseryeMember,sizeof(ReserveMember),1,
memberfemp);
i=currecnum-de lfactor;
feek({memberfemp,0L,SEEK_CUR);
while(ReserveMember.StudentId[0]==DELCODE && i<*
totalstudent)
{
B
fread(&ReserveMember,sizeof(Reserve Member),1,
memberftemp);
}
if(i>=*totalstudent)
{
ReserveMember StudentId[0]=\x0';break;
)
}
)
else
{
Blockfill(40,y,47,y,POPUPBKG);

DisplayStrmg(40,y InputString,active _att,active _att);
breal;
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if{currecaum)  DisplayChar(60,y,231, LIGHTBLUE);
else DisplayChar(60,y,231,BLUE);
if(currecnum< *netstudeat) DisplayChar(60,y,232,LIGHTBLUE);

elre DisplayChar(60,y,232,BLUE);

DisplayR b 30,y,POPUPBKG,BLUE);
Blockfill(40,y,50,y,POPUPEKG);
DisplayString(40,y,InputStrng,active _att,active _att);

}

Language=ENG;

switch( GetThaiString(490,y,9,12,active _att,POPUPBKG) )

{
case ESC: return ESC;

case ENTER:

if(strien(InputString)<8)
{
ErrorDialogue(message[4]);breaic

else

strepy(Reserve Member.Studentld, InputString);
if{currecnum==*netstudent)
{
fseek(memberftemp,0L,SEEK_CUR);
fwrite(&ReserveMember,sizeof(Reserve Member), 1,
memberftemp);
ReserveMember.Studentld[0]="x0";

*natstudent+=1;*totalstud

te=1;
else

feeek(memberftemp, (long)(-1) *sizeof{Reserve Member),
SEEK_CUR);
fwrite(&Reserve Member,sizeof(Reserve Member),1,
memberftemp);
fseek(memberftemp,0L,SEEK_CUR);
i=currecaum-+1;
{
i)
fread(&Reserve Member, sizeof(ReserveMember),1,
memberftemp);
) while(ReserveMember.StudentId[0]==DELCODE && i
<*totalstudent);

if{i>="*totalstudent) Reserve Member.StudentId[0]="20"

if{currecnum)
{
if(strien(InputString) ==



strepy (Reserve Member. Studentld, InputString);
if(currecnum==*netstudeat)
{

fseek(memberftemp,0L,SEEK_CUR);

}
else fseek{memberftemp,(long)(-1)*sizeof
(RererveMember),SEEK_CUR);
fwrite(&ReseryeMember, sizeof{ReserveMember),1,
memberftemp);
freek(memberftemp, (long)(-1) *sizeof(Reserve Member),
SEEK_CUR);
}
currecnum--;

do

fseek{memberfiemp, (long)(-1) *sizeof(Reserve Member),
SEEK_CUR);

{fread(&Reserve Member, sizeof{Reserve Member),1,
memberftemp);

if{ ReserveMember.Studentld(0] == DELCODE )

fseek{memberftemp, (long)(-1) *size of(Re serve Member),
SEEK_CUR);
} while(ReserveMember.Studentld[0}==DELCODE);

else

sound(2000);d=lay(200);nosound(;breaks
}
}breaig
case DOWN:

iffcurrecnum+1 =="*netstudent)
{
currecnums=*netstudent;
Reserve Member.Studentld[0]=\x0';breaks;
}
else if{currecnum+1 < *netstudent)
{
if{strlen(InputString)==8)
{
strepy (ReservyeMember Studentld, InputString);
fseek(memberfiemp,(long)(-1) *sizeof(Reserve Member),
SEEK_CURY;
fwrite (&Reserve Member, sizeof(Reserve Member),1,

memberftemp);

fseek(memberftemp,0L,SEEK_CUR);
do
{

H+;  if(i>=*totalstudent) break;
fread(&Reserve Member, sizeof(Reserve Member),1,
memberfiemp);
} while(ReserveMember.Studentld[0]==DELCODE);
if{i>=*totalstudent) ReserveMember.StudentId(0]=x0";

else

sound(2000);delay(200);nosound(;
breaic
}
Joreais
case TABKEY:

DisplayRecordnumber(0,30,y,POPUPBKG,BLUE);
if(*netstudent)
{
freek({memberftemp,0L,SEEK_SET);
do
{
fread(&Reserve Member, sizeof(Reserye Member),1,
memberfiemp);
} while( ReserveMember.Studentld[0]==DELCODE );
strepy (InputString, Reserve Member.StudentId);
Blociill(40,y,50,y,POPUPBKG);
DisplayString(40,5,InputString,deactive _att,deactive _att);
}
return TABKEY;

case SHFTAB:

DisplayRecordnumber(0,30,y,POPUPBKG,BLUE);
if(*netstudent)
{
freek(memberftemp,0L,SEEK_SET);
do
{
fread(&Reserve Member,sizeof{Reserve M hle
memberfiemp);
} while( ReserveMember.StudentId[0]==DELCODE );

strepy (InputString, Reserve Member . StudentId);
Blockfill(40,y,50,y,POPUPBKG);
DisplayString(40,y,InputString,deactive _stt,deactive _att);
1
return SHFTAB;

}

voud getcurpath(void)

{
strepy(CurrentPath, X\);
CurrentPath(0] = ‘A’ + getdisk0;
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getcurdir(0, CurrentPath+3); {
} closegraph(); exit(0);
void OpenDatafile(void) }
{ }
char header{9};
int option=0; stepy(header,“reseryel™);
getcurpath(); strepy(rsv _stdfile, CurrentPath);
strepy(std _datfile, CurrentPath); streat(rsy _stdfile, \\eserve.std*);
streat(std_datfile, \student.5td"); while( Openfile(3,&TotalReserveStudent)==FAIL)
strepy(header,“studfile"); {
while( Openfile(1,&TotalRecord)==FAIL) option=2;
{ . GetPathandFile(&option);
option=0; strepy (rsv_std file,InputString);
GetPathandFile(&option); i{option==0);
strepy(std_datfile,InputString); clse if{option==1)
if{option==0); : {
else if{option==1) : strepy(rsv_stdfile, CurrentPath);
{ streat(rsv_stdfile, \\reserve.std");
strepy(std _datfile,CurrentPath); if{ Creatfile(&ReserveldFik,rsv_stdfilke,header)==PASS ) break;
streat(std _ datfile, \student.std"); else
if( Creatfile(&StudentidPile,std _ datfile,header)==PASS ) breai; {
else closegraph(); exit(0);
{ }
closegraph(; exit(0); v ¥
} . else
} {
else closegraph(); ezit(0);
{ }
closegraph(); exit(0); }
} }
} int Creatfile(FILE **fptr,char *flname,char *Textheader)
{
strepy(header, “reserveH™); unsigned long int number=0L;
strepy(rsv_headfile, CurreatPath); cher *ermmess="Timnz oo M ddoya’ld:
streat(rsy_headfile, \veserve.dat"); if{ (*fptr=fopen(finame,"wb+"))==NULL )
while( Opeafile(2,&TotalReserve)==FATL) {
{ ErrorDialogue(errmess);
option=1; retumn FAIL;
GetPathandFike(&option); 1
strepy(rsv_headfile InputString); fwr ar "Textheader,sizeof(char),9, *fptr);
1f{option==0); fwrte((char *)&number,sizeof(aumber),1,*fptr);
else if{option==1) return PASS;
{ }
strepy(rsv_headfile, CurrentPath); jeessessnaenaatcsanannnenersennenrnensansnasatsennaseananngg
streat(rsy_headfile, \reserve dat”): [ese This procedure is ey
if{ Creatfile(&ReserveHeaderPile rsv_headfile header)==PASS ) /***  Open fike and Check whether there is a database file. **¢/
break; [sessesesnsastnsacennattratTeratratstatnenrinastiasatEnaaes)
else mt Cpeafile(int mode,unsigned long int *Nrecord)
{ {
closegraph(); exst(0); char Textheader{9];
} char header{9};
) char *ermsg="Trdfanm1 1u 14 In Aoy

else switch(mode)



strepy(header, “studfile’);
iff (StudentIdFile=fopen(std_datfile,"rb+"))==NULL )return FAIL;

fread((char *)Texthead

ficher),9,StudentIdPile);
if{ stremp(Textheader,header)!=0 )
{
ErrorDialogue(errmsg);
felose(StudentIdFile);
return FAIL;
}
fread((char *)Nrecerd,sizeof(unsigned long int),1,StudentIdPile);
Joreak
case 2:
{
strepy(header, “reserveH");
i (RmmHead&Fihfcpm(m_headﬁh,"m'))nNULL )
return PATL;
fread({char *)Textheader,sizeof{char),9,ReserveHeadesFile);
if{ stremp(Textheader,header)!=0 )
{
ErrorDialogue(errmsg);
felose(ReserreHeaderFile);
rsturmn FAIL.
}
fread((char *)Nrecord,sizeof(unsigned long
int),1,ReserveHeaderFile);

Joreak;

strepy(neader, "reseryel™);
if( (ReserveldFile=fopen(rsv_stdfile,"rb+"))==NULL ) return
PATL;
fread((char #)Textheader,sizeof{char),0,R: veldFile);
if{stremp(Textheader,header)l=0 )
{
ErrorDialogue(errmsg);

felose(ReserveldFik);
return FATL;
l
fread((char *)Nrecord,sizcof(unsigned long int),1,ReserveldFile);

/*** mode use for determme below this sse)
/*** mode=0 filename="student.std" se8/
/*** mode=1 filename="reserve.dat” ss3/
/*** mode=2 filename="reserve.std” *<%/

/*** on return value mode use for determine ¢/
/*** mode=0 creat new file Ll ')

[*** mode=1 get new path success 288y

/*** mode=2 cencel eusy
void GetPathandFil=(int *mode)
{
char *iconmsg(3]={ “floudelndlmiv
“afalva,
“unign”,
bk
cher smesage(3l=( nianfoudelndRiiudeyminAnn-,
“nyanfloudediifudeyamrosanme,
nywflondeIndfiturudoindnn luamees,
B
char errmsg(50%;
char *pname;
int choice=0;
mnt z{]={18,34,50};
int attf)={LIGHTGREEN, GREEN,BLUE, YELLOW,RED,BLUE};
char far *gpf_buf;
8pf_buf=(char far ©)farcalloc(36288L,sizeof(char));
if('gpf_buf)
{
closegraph();

printf("Alloc error in GetPathandFile function");
exit(0);
}
Getvideo(14,6,67,12,gpf_buf);
Blocifill(15,7,65,11,POPUPBKG);
Dimension(15,7,65,11,3,RIMUPPER,RIMLOWER);
Shadow(15,7,65,11,3,8,POPUPSHA);
switch(*mode)
{
case O:mcpy(mg,“‘lﬁﬁu‘ulﬁ'\u‘ﬁoun student file");brealg
case lrrtmpy(mug,"'lu'ﬂu‘ﬂn'mN{Mﬂ reserve header');breaks
case 2:mupy(mug."‘1ﬁlﬂ1ﬂh’§‘l“‘ﬁ01‘ﬁ reserve member*);brealg
}
PutCenterString(15,65,8,errmsg,RED);

for(eh aion=0h n sl 2rah aicmt 1)

Blockfill(z[choice),10,x[choice +12,10,att{0];

Shadow(x(choice],10,x[choice +12,10,1,5,ICONSHA);

Border(x[choice),10,x[choice 4+12,10,1,att{1]);

PutCenterString(x{choice],x[choice +12,10,iconmsg(choice },att{2 ]);
}
choice=0;
Blockfill(x[choice ],10,x(choice H12,10,att{3]);
Shadow(z[chorce],10,x[choice +12,10,1,5 ICONSHA);
Border(z[choxce],10,x{choice H12,10,1,att{4]);
PutCenterString(x(choice],x[choxe H12,10,iconmsg[choice], att{ 5 ]);
forG?)
{

while(licbh();

switch(getch()

(

case TABKEY:



Blockfill(z{choice],10,x{choice H12,10,at{ O]);

Shadow(z[choice],10,x{choice +12,10,1,5 ICONSHA);

Border(x[choice],10,x[choiea }+12,10,1,att{1 ]);

PutCenterString(x{choice],x(choice 412,10, iconmsg{choice ], att
e

choice++;

if{choice>2) choice=0;

Blockfill(z[choice],10,x[choice H12,10,att{3]);

Shadow(x[choice],10,x[choice }+12,10,1,5, ICONSHA);

Border(x[choice],10,x[choice 112,10,1,att{4]);

PutCenterString(x[choice],x[choice H12,10,iconmsg[choice ] aft
(5Ds

Joreaky

case 0x00:

if{(getch(Q==SHFTAB)
{
Blockfill(x[choice],10,x[choice }+12,10,at{0];
Shadow(x[choice],10,x[choice}+12,10,1,5,ICONSHA);
Border{x[choice],10,x[choice H12,10,1,att{1];
PutCenterString(x[choics ], z{choice +12,10,iconmsg[choice ],
at{2D;
choice--;
if{choice<0) choice=2;
Blockfill(z{choice),10,x[choica+12,10,at[3]);
Shadow(x([choice],10,x[choice H12,10,1,5 ICONSHA);
Border(x[choice],10,x[choice }+12,10,1,att{4]);
PutCenterString(x[choice ], x(choice H12,10,iconmsg{choice ],
at{5];

*mode=2;Putvideo(14,6,67,12,gpf_buf);
farfree(gpf_buf);

return;

case ENTER:

swich(choice)

case 0:

Blockfill(15,7,65,11,POPUPBKG);
Blockfill(27,10,53,10,CYAN);
Shadow(27,10,53,10,2,5, ICONSHA);
Dimension(27,10,53,10,2,LIGHTCYAN,LIGHTBLUE);
PutCenterString(27,53,10,"Enter ANBS-Esc unidin®,

YELLOW):

PutCenterStrmg(15,65,7,message( *mode],RED);
Blockfill(18,8,62,8, WHITE);
DisplayStrmg(18,8,"Path: “,GREEN,GREEN);

n-45

GetEngString(24,8,127,38, MAGENTA,WHITE);
if{ InputString[0] 1= \x0)
{
*mode=0;Putvidec(14,6,67,12,gpf_buf);
farfree(gpf_buf);

return;
else

Blockfill(15,7,65,11,POPUPBKG);
Dimension(15,7,65,11,3, RIMUPPER, RIMLOWERY);
Shadow(15,7,65,11,3,8,POPUPSHA);
PutCenterString(15,65,8,errmsg,RED);
for(choice=0;choice<3;choice++)
{
Blockfill(z[choice],10,x[choice}+12,10,att{0D;
Shadow(x[choice],10,x[choice H12,10,1,5,JCONSHA)

Border(z[choice],10,x[choxce +12,10,1,att{1]);
PutCenterString(x[choice],x[choice +12,10,iconmsg
[choice]. att{2];
}
choice=0;
Blockfill(x[choice],10,x[choice }+12,10,att{ 3D;
Shadcyv(x(chokz].'l 0,z[choice }-12,10,1,5 ICONSHA);
Border(x[choice],10,x[choice H12,10,1,a1{4]);
' PutCenterString(x[choice], x{choice 12,10, iconmsg

(choice),att 5D

*mode=1;Putvideo(14,6,67,12,gpf_buf);
farfree(gpf_buf);

return;
case 2:

*mode=2;Putvideo(14,6,67,12,gpf_buf);
farfree(gpf_buf);

retum;

void interrupt coml()
{
CommBuf{ CommDataPos++ ] = inportb( CommAddr );
if ( CommDataPos == CommBufSize )
CommDataPos = 0;

outportb( 0220 , EOI );



1
void interrupt com2()
{
CommBuf] CommDataPos++ ] = mportb( CommAddr );
if ( CommDataPos == CommBufSize )
CemmbDataPos = 0;
outportb( 0x20 , EOIL );
}
int InitSerialComm(int comno,int baudrate,int databit,int stopbit,int parity)
{
char low_divisor,high_divisor,comm_spec;
if ( installed )
return( E_INSTALLED );
if ( cormo |= COMI && comno |= COM2 )
return{ E_COMN );
if ( baudrate < B1200 il baudrate > B19200)
return( B_BAUD )%
if ( databit I= D7 &é& databit I= D8)
return( E_DATARIT );
if ( stopbit I= S1 && stopbit = S2)
return( E_STOPBIT );
if ( parity < PNONE ll parity > PEVEN )
retum( E_PARITY );
switch( comno )
{
case COMI : CommAcddr = COMIPORT; break;
case COM2 : CommAddr = COM2PORT; breaig
}
CommBuf = (char *) malloc(CommBufSize);
if ( CommBuf == NULL )
return( E_MEMORY );
low_divisor = baud[baudrate};
high_diviscr = 0;
comm_spec = Data{databit] | stop[stopbit] | parifparity];
outportb( CommAddr + LCR , comm_spec | 0x80 );
outportb( CommAddr + DLL , low_divisor Y
outportb( CommAddr + DLH , high_divisor  );
outportb( CommAddr + LCR , comm_spec & 0x7F );
outportb( CommAddr + IER , 1 )i {* cnabke int : Rx Ready */
cutportb( CommAddr + MCR , 020B % /* OUT2(3),RTS(1) *
mportb( CommAddr + LSR );
mportb( CommAddr + MSR );
nportb( CommAddr + IR );
swich( comno )
{
case COMI : oldl = getvect{ COMIINT );
setvect( COMIINT , coml );
outportb( IMR , inportb(IMR) & (~IRQ4FLAG) );
breai
case COM2 :  old2 = getvect{ COMRINT );
setrect{ COM2INT , com2 );
outportb( IMR , mportb(IMR) & (~IRQ3FLAG) );
breals
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}
installed = comno;
return( PASS );
}
void QuitSerialComm(void)
{
if (! installed )
retum;
switch( installed )
{
case COMI1 : setvect( COMIINT, old1 );
outportb( IMR , inportb(IMR) | TRQ4FLAG );
breaic
case COM2 :  setvect{ COMIINT, old2 );
outportb( IMR , inportb(IMR) | IRQ3FLAG );
break;
}
free(CommBuf);
i
void ResetBuffer(void)
{
CommDataPos=0;
memset((char *)CommBuf,0,CommBufSize);
}

mt xmit{ch) {* transmit a character via serial port %/
unsigned char ch;
: y

int i

for ( i=0; iKTKCOUNT; i++)
if ( inportb( CommAddr + LSR ) & 0x20 ) /* THR empty? ¥/
{
outportb( CommAddr , ch );
return( PASS );
}
retum(PAIL);
}
void mam(void)
{
Initialize();
MenuManage();
ExstProgram();



: L MAIN PROGRAM .
s * DEVELOP BY SUNG N
o * START 30/7/94 a
i - END 3177794 ®

5 R2 :LOCAL COUNTER
3 R3 : GOBAL VAR
CPU  "80438.TBL"

HOF “BINg"

ORG OCH
DBUF: EQU 36 .DISPLAY BUFFER
DADDR: EQU 32 /ADDRESS OF

BUFFER OUTPUT DISPLAY
IDADDR:EQU 56
BUFFER STUDENT ID
PDPP: EQU OFBH PORT DIPSWITCH

/ADDRESS OF FRST

PBAR: BQU OFDH JPORT BARCOAD
PISDN: EQU OFEH
SSL - RBO
ORL P2#0FBH
CALL INMLCD®  NITIALLCD
MP  MANN
ORG O0TH
™MP TIME
MAIN: MOV .RO,GZZ
MOV @RO#00H
CALL DISPAGE
; CALL BARC
CALL CHKON
JBO TEST!
MOV  ROSDADDR
MOV @ROJOCSH
CALL DISPLY
MP  MAN
TESTI: CALL OPEN
MP  MAN

oeanes PAGE ISDN sesene

ORG  200H

CHKON: MOV  RO#DADDR
MOV  @RO#64H
CALL DISPAGE
MGV  RIi#PDP
MOVX A@RI
RET

CHKEND: MOV  RO#PDIP
MOVX A,@RO

RET
PAGE TABLE 1 sesees.
ORG  200H
DFB * * 00
DFB . W14
DFB  * . 28
DFB * * aC

DFB " LOGOUTCOMPLETE = .3
DFB  “Compuier Service 1.0° 64
DFB " YoucantumPCen* 18

-1

DFB  "in 3 minutes left " 8C
DFB  *Tum onPC agsin * A0
DFB  "You st wait 15 sec” B4
DFB  * Youcantiwesat * .C8
DFB  ‘“this tims. GETOUT 1" .DC
sewsas PAGE TABLE 2 sessse
ORG 400H .
DFB  ‘Fimst, Insert your * 00
DFB  “card to read barcode® 14
DFB * CHECK ERROR FINDI * 28
DFB  ° Iert card agsin * ac
DFB  “Student ldentity No." 30

DFB  “"YOURREQUESTISIN* 64
DFB "ACTIVEPLEASE WAIT® ;18

DFB " Timeis nmng out” 8C
DFB  ‘in 10 mimites left. * A0
DFB  "Waming!| plezss save" B4
DFB  “data in your diskste" .Cc8
DFB ' FINAL COUNTDOWN ° DC
LINEP: MOV R3#20 SET COUNTER

FOR 20 CHARACTER DISPLAY

MOV RO#DADDR
LINEP1: MOV A @RO

MOVP A.@A

CALL WRBYTE

MOV A#30H

CALL DELAY

INC  @RO

DINZ R3LINEP1

RET

PAGE TIME ssennse

ORG 500H
i****TIMER INTERRUPT SERVICE ROUTINE
TME: SEL RBI

MOV R6A

MOV  A#06H

MOV TA

MOV RO#3S
117100 SECOND ADDRESS

MOV  R1#34 :SECOND ADDRESS

MOV A @RO

DEC A
:DECREASE 1/100 SECOND

MOV  Q@ROA

INZ TIME2

MOV  @RO#64H
SET | SECOND ACGAIN

MOV  A@Rl

DEC A
.DECRESE 1 SECOND

MOV R7TA

ORL A#OFOH

XRL  A#OFFH

JNZ TIMEL

MOV  AR7

ADD  A#OFAH

MOV R7TA



TIMEL: MOV AR7

MOV @R1A

XRL A#OFSH

INZ TIME2

MOV @RI #59H

MOV  RO#33
MINUTE ADDRESS

MOV AGRO

DEC A
;DECRESE | MINUTE

MOV  @ROA

XRL AWFFH

INZ TIME2

MOV @RO#OFFH
TIME2: MOV ARG

SEL RBO

RETR
*****PROGRAM INITIAL SET TIMER
\****INTERRUPT WAIT | SEC
WAITS: MOV RO#1S \SET FOR 1
SECOND

MOV  @RO#64H

MOV  aA$07

MOV TA

EN TCNTI

STRT T

RET
(#4026 DELAY SUBROUTINE ***** .
DELAY: MOV R2#00H
A=3 EQU 2MS
DE2: - DINZ R2DE2

DEC A

INZ DELAY

RET
; “***MAKE TME TO DISFLAY BUFFER
OUTD: MOV RO#38
/ADDRESS OF FIRST CHARACTER

MOV Ri#33
/ADDRESS OF MIN

MOV R2#0ZH
OUTD1: MOV A,@RI

MOY R7A

SWAP A

ANL A #OFH

ADD A#0H

MOV  @ROA

INC RO

MOV AR7

ANL AMFH

ADD A#30H

MOY @ROA

INC RO

MOV @RO#3AH
FOR ASCIl " - *

INC RO

INC RI

DINZ R20UTD!

DEC RO

MOV @RO#20H

RET
WAITIOM MOV RO#33

JNTTIAL TIMER FCR WAIT 10 MIN
MOY @RO#09H
INC RO
MOV @RO#S9H
CALL WAITS
MOY RO#44
:CHECK POWER OFF BEFORE TIME OUT
MOV @RO#00
IMP  WAIT
WAIT3M: MOV RO#33
JNITIAL TIMER FOR WAIT 3 MIN
MOV @RO#03H
INC RO :SBT FOR 60 SECOND
MOV @RO#O00H
CALL WAITS
MOV RO#M4
{CHECK POWER ON BEFORE TIMME OUT
MOV  @RO#01
WAIT: MOY RO#DADDR

E4

CLRLCD
BANK
OUTD
BUFDIS
WAITI: MOV  A#0CH
EPULSE
OV A#06H
EPULSE
OUTD

i EE

-1

ERE

BUFDI
MOV  R14
{FOR CHECK FEEDBACK POWER
MOV  A.@R!
B0 WAIT2
MOV  AJ#07BH
.CHECK POWER OFF
OUTL P24
N AP
ANL  A#40H
NZ WA
MP  WAT4
WAIT2: MOV A#O7BH
{CHECK POWER ON
OUTL P2A
N AR
JB6  WAIT4
WAIT3: MOV  RO#33
MOV  A@RO
XRL A#OFFH
NZ WA
STOP TCNT
MOV  A#O0OH
TIME RUNNING OUT
RET
WAITS: 5TOP TCNT
MOV  AJOFFH
/TURN OFF BEFORE END
RET

;**** PROORAM FOR WAIT |5 SECOND BEFORE

\****OPEN PC AGAIN
WATISS: MOV RO#33

OV @RO00 WORD FROM TABLE



SETMINUTE =« 0 MIN
MOV  @RO#00
INC RO
MOV  QRO#ISH
:SET SECOND = 15 SEC
WAITS
BANK
OouUTD
OV  RO#DACDR

CEEEE

OV @RO#30H
CLRLCD

£

BUFDIS
W1SS1: MOV A#OCH
EPULSE

38

OV A#06H
EPULSE
OUTD
BUFD1
OV RO#34
OV A@RO
A $OCH

TEEE

R

Wwisst
P TCNT

g3

jovee PAGE DISPLAY. oo

ORG  600H
; ®ee*s INITTIAL LCD DISPLAY *s*%ese
. P1.0-P1.3 : PIN D4-D7 (DATA READ/WRITE LCD)
;P14 :PINRS (REGISTER SELECTION) ¢
P15 :PINR/W (READ/WRITE)
P16 PNE (ENABLE SIGNAL PULSE)

- EVENT
INITLCD:MOY A #OFBH
OUTL P2A
MOV A#02H
SETS TO 4 BIT OPERATION
CALL EPULSE
ENABLE SIGNAL PLUSE (WRITE)
MOV A#06H
{WAIT MORE THAN 4.1 MS
MOV  A#02H [FUNCTION SET 28
CALL EPULSB :DL= 04 BIT,N=1 2
LINE F=0 5°7 DOT
MOV A#08H
CALL EPULSB
MOV A#00H
;DISPLAY ON-OFF CONTROL
CALL EPULSE D=1 ON,C=0
CURSOR OFF,B=0 BLINK OFF
MOV A#OCH
CALL EPULSE
MOV A #0OH ENTRY MODE SET
CAlL EPULSB D=1
INCREMENT,3=0 RIGHT
MOV A#06H
CALL EPULSE
CALL CRLCD .CLEAR DISFLAY
RET
, essee CLEAR DISPLAY *****

CLRLCD: MOV A #COH

MOV  A4OlH
CALL EPULSE
MOV  A#03H
CALL DELAY
RET
, s*+%s WRITE DATA BYTE TOLCD ***=*
WRBYTE:MOV R7A
SWAP A
ANL  AgOFH
ORL A#50H
CALL EPULSE
MOV  AR7
ANL A #OFH
ORL A#SOH
CALL EPULSE
RET
; s+ GENERRATE ENABLE PLUSE & SENT
; ##*+* DATA OR INSTRUSTION
EPULSE: ORL  A40H
OUTL PlA
MOV  R240FFH
EP1: DINZ R2EP1
ANL A #0BFH
OUTL PIA
RET
;#++*FOR BANK DISPLAY RAM | LINE
BANK: MOV R2408H
MOV  RO#DBUF
BANKI: MOV ~ @RO420H
NC RO
DINZ R2.BANK1
RET
DISPLY: CALL  CLRLCD
CALL LINE
MOV A#oCH
CALL EPULSE
MOV  A#0OH
CALL EPULSE
CALL LNE
DIS1: MOV R3#12
DIS2: MOV A#00H
CALL DELAY
DINZ R3DIS2
RET
LINB: MOY R3¢420  SET COUNTER
FOR 20 CHARACTER DISPLAY
MOV  ROJDADDR
LINEI: MOY  A.@RO
MOVP3 AQA
CALL WRBYTE
MOV  A#30H
CALL DEAY
NC @RO
DINZ R3LINEI
RET
BUFDIS:MOY  RO#DADDR
MOV @RO#ODCH
CALL LINEP
BUFD1: MOV A #0CH



CALL EPULSE
MOV A#06H
CALL EPULSE
BUFD2: MOV  R3#08H
MCV  RO#CBUF
BUFD3: MOV A @RO
CALL WRBYTE
INC RO
DINZ R3BUFD3
RET
DISPAGE:CALL CLRLCD
CALL LINEP
MOV A#OCH
CALL EPULSE
MOV  A#00H
CALL EPULSE

JMP  DIs1

oesvanse PAGE USER sessse

ORG  700H

;#***% PROGRAM FOR USER INTERFACE *+***

OPEN: MOV RO#DADDR
MOV  @RO#TSH
CALL DISPLY
CALL WAITZM
% CLOSE
CALL CLRLCD
MOV A#TBH
OUTL P2A
MOV RO#DADDR
MOV GRO#64H

CALL LNB
OPEN1: CALL CHKEND {CHECK TIME
ouT

Z  EXIT ASKFOR TIME OUT

MOY A#7BH .CHECK YOU HAVE
TURN PC OFF
OUTL P2A
N AR
\JF CLOSE WILL WAIT 15 SEC BEFORE OPEN
JB6 OPEN1 \BIT FEEDBACK
JMP  OPEN2
OPEN2: MOV A #0FBH
OUTL P2A
MOV  RO#DADDR
MOV  @RO#OAOH
CALL DISPLY
CALL WATI1SS
MP OPEN
EXIT: MOV RO#DADDR
MOV @RO,#08CH
CALL DISPAGE
CALL DISPAGE
CALL WAITIOM
CLOSE: MOV  ROSDADDR
MOY  @RO,$030H
CALL CLRLCD
CALL LINE
MOV A#OFBH

Y4

OUTL P2A

MP DISt
;*¢*** PROCGRAM FOR BARCODE INTERFACE
BARC: MOV A #0FBH

OUTL P2A
MOV R2#08H [FOR CLEAR
STUDENT ID BUFFER = FFH

MOV  RO#IDADDR
BARCI: MOV  @ROJOFFH
NC RO
DINZ R2BARC!
BARC2: OBL P2#06H  SETRDY &
STOREB
N AP2 :CHECK STORBE = LOW
JBI  BARC2
ANL P240FBH SETRDY=0
ORL P2#02H  SET STORBEa!
MOV R1#PBAR
MOVX A @RI
\CHECK START BY'TE = FFH
XRL  AJOFFH
INZ BARC2
MOV  ROMIDADDR
BARC3: ORL P2#06H  SETRDY &
STORBE
N AR2 IS STORBE = LOW
JBI  BARC3
ANL P2#OFBH  SETRDY=0
ORL P2#02H  SETSTORBE=1
MOV  RI#PBAR
MOVX A.@R1
MOV @ROA
NC RO
XRL A JOFOH
{CHECK STOP BY'TE = FOH
INZ BARC3
;** CHECK STUDENT ID NUMBER IS OVER 9
MOV  RO#IDADDR
MOV  R2#08H
BARCA: MOV  A,@RO
ADD A #OF6H
INC  BARCS
; *** FOR DISPLAY ERROR MASSAGE ***
MOY  RO#DADDR

MOY @RO#28H

CALL DISPAGE

IMP BARC
****MAKE STUDENT ID TO ACSI NUMBER
BARCS: MOV A #30H
MAKB ACSIINUMBER

ADD A@RO

MOV  @ROA

INC RO

DINZ R2BARC4
;****SHOW STUDENT ID NUMBER ®e***°*

CALL CLRLCD
MOV  ROSDADDR
MOV QRO ¢S0H
CALL LINEP
MOY A#OCH
CALL EPULSE



MOV A#06H CLRF CHECKBIT
CALL EPULSE RETLW 0
MOV R3#08H CHKEN1 BTFSS PORTBEN1
MOV  ROSIDADDR GOTO CHKEN1
MOV  R1#DBUF BTFSS PORTB,YD
BARCT: MOV A@RO GOTO CHKEN1
MOV @R1A RETLW 0
INC RO CHKENS BTFSS PORTBEN1
INC R! GOTO CHKENS
DINZ R3,BARCT BTFSS PORTB,BCLK
CALL BUFD! GOTO CHKENS
MOV  R3#08H RETLW 0
BARCS: (LR A \CHECKID IF CCRRECT SET CHECKBIT,0
CALL DELAY CHKID BCF CHECKBIT0
DINZ R2,BARCY MOVF 22w
RET XORWF W
BTFSC STATUSZ
PROGRAM FOR LINK MC145425>PIC16C55<8749 RETLW 0
ON SLAVE BOARD BSF CHECKBIT,0
DEVELOPE BY SAKSIT SUKAPIBAN RETLW ]

ELECTRONICS ENGINEER 4TH KMITL s CHECK COMMAND=OCH IF YES DO NOTHING & SET CHECKBIT3

¥ 10 COPYRIGHT 1995 COMOo BCF CHECKBIT.3
MOVLW O00H
RvS EQU o XORWF COMBYTW
CARRY EQU 0 BTFSS STATUSZ
INT EQU o RETLW ]
W EQU 0 BSF CHECKBIT,3
SAME EQU 1 RETLW 0

BCLK EQU 1!
ENDR EQU 1

; BECIEVE DATA FROM 8749 11 BY'TB
TENRCV CLRW

VD EQU 2 BSF PORTA ENDS
Z EQU 2 BTFSS PORTA ENDR
ENI EQU 3 GOTO TENRCV
STATUS EQU 3 MOVF PORTCW
ENDS EQU 3 MOVWF 0
PORTA EQU S INCF 4SAME
CRCY EQU S DECFsSZ CBYT,SAME
PORTB EQU 6 GOTO TENRCV
RELAY BQU 6 MOVLW 8  SETPORTA3 I/P A012 OF
PORTC EQU 7 TRIS PORTA
X EQU 7 RETLW o
D EQU 8 + SEND DATA TO SLAVE 13 BY'TE FR-ID-IDST-COMMAND-CHKS-R0 F11-F23
COUNT EQU 8 SNDSLAYE BSF PORTBRELAY
CBIT EQU 9 MOVLW 255
CBYT EQU .10 MOVWF 21
CSND EQU .13 ONTIME DECFSZ 27SAME
COMBYT EQU .13 GOTO ONTIME
CKSUM EQU .16 MOVLW CSND
FBDATAR EBQU .11 MOVYWF CBYT
FBDATAS EQU 24 MOVLW COUNT
CHECKBIT EQU 31 MOVWF CBIT
* SETUP * MOVLW FBDATAR

SETUP CLRW MOVWF 4
MOVLW 2 ;. SET A1 TO P PORT MOVLW OFFH
TRIS PORTA : MOVWF RY ; FFH START
MOVLW OFH . SET BO123 /P B67 OF MOVF EA 4
TRIS PORTB MOVWF A2 : ID MACHINE
CLRF D CALL CHKENS
MOVLW 1 ; SET ID NUMBER OF TERMINAL TBCLX BTFSS PORTB,BCLK
MOVWF jul .SAYEINF8 GOTO TBCLK
CLRF CBIT BTFSS 00 .CHK ISTBYTE =0 CR 1



GOTO BITLOW MOVLW OFOH ; SET STOP BYTE F23
BSF PORTBRX MOVYWF 23
LATER RRF 0,3AME CLRF 2
DECFSZ CBIT,SAME MOVLW .10 . COUNTBYTE = 10
CALL CHKENS MOVWF 29
GOTO TBCLK MOVLW 13
INCR 4SAME MOVWF 4
CALL CHKEN1 MOVF W
DECFSZ CBYT.SAME ADDWF RER 4
GOTO TBCLK MOVWF 22
BCF PORTBRELAY ; OFFRELAY * DECF 29,SAMB
RETLW 0 SUM
BITLOW BCF PORTBRX INCF 4 SAME
GOTO LATER ADDWF oW
RECIEVE DATA 5 BY'TE FROM SLAVE F24-F28 MOVWF 2
RECIEVE MOVLW COUNT DECFsZ 29,SAME
MOVWF CBIT ., GoTO SUM
MOVLW CRCY 5 BYTE RETLW ]
MOVWF CBYT : CHECK SUM FOR DATA FROM MASTER & COMPARE OLD CHKSUM
MOVLW FBDATAS JF24 i NEW CHKSUM COMPARE OLD CHECKSUM IN F14
MOVWF 4 CPCHKSUM
EN1 CALL CHKEN1 CLRW
TBCLK2 BTFSS PORTB,BCLK BCF CHECKBIT 4
GOTO TBCLX2 MOVF 12w
BTFSS PORTB,TX ADDWF s, W
GOTO BITLO XORWF A3 W
BSF 00 BTFSC STATUSZ
LATER2 RLF 0,SAME . RETLW 0
. DECFsZ * CBIT,SAME BSF CHECKBIT4
GOTO TBCLK2 RETLW ]
INCF 4SAME + DECODE INSTRUCTION TO ORDER RELAY
DECFSZ CBYT,SAME COMMAND
GOTO ENt BCF CHECKBIT,1
RETLW 0 MOYLW OFAH
BITLO BCF 00 XORWF 12w ; ID MACHINE
GOTO LATER2 BTFSS STATUSZ
:SEND DATA TO 3749 3 BYTE FF-COMMAND-FO RETLW 0
TENRS MOVLW 032H
BSF PORTA ENDR XORWF COMBYT,W
BTFSS PORTA ENDS BTFSS STATUSZ
GOTO TENRS RETLW ]
RETLW [} BSF CHECKBIT,!  ;SET BIT1 P26
SEND RETLW 0
CLRW . DETECT ERROR SIGNAL FROM MASTER
TRIS PORTC ERSUM
MOVLW OFFH BCF CHECKBIT2
CALL TENRS MOVLW OEEH
MOVF 24 W +FR XORWF COMBYT,W
MOVWF PORTC BTFSS STATUSZ
CALL TENRS RETLW o
MOVF 26W : COMMAND BYTE BSF CHECKBIT2
MOVWF PORTC RETLW o
CALL TENRS : SUBROUTINE DELAY TIMB
MOYLW OFOH R DELAY
MOVWF PORTC MOVLW 258
MOYLW 2 MOVWF 27
TRIS PCRTA i SETPORT Al P 023 O LooP
RETLW 0 DECFsZ 212
. CHECK SUM BEFORE SEND TO MASTER GoTO Loor2
CHKSUM RETLW o +RETURN TO PC

CLRW Loor2



MOVLW
MOVWF
D2 DECFsSZ
GOTO
GOTO
LOCP3 MOVLW
MOVWF
D3  DECFsZ
GoTO

GOTO

; CHECKX COMMAND BYTE = 020H ,031H IF YES CALL DELAY

DCOM MOVLW
XORWF
BTFSS
GOTO
CALL
RETLW
MOVLW
XORWF -
BTFSS
RETLW

NEXT

BTFSC
GOTO
ACCEPT CALL

BTFSC
GoTo
CHKIDM3 CALL
BTFSS
GOTO

8TFSC

GOTO

BTFSS
JoTo

030H
COMBYTW
STATUSZ
NEXT
DELAY

031H
COMBYTW
STATUSZ
0
DELAY

CHECKBIT,0
WAIT
CHKENS

SNDSLAVE
RECEVE

CHECKBIT,0
WAIT2

CHECKBIT2
AGANN

COMMAND
CHECKBIT,!

CHKID
CHECKBITO
ACCEPT

CPCHKSUM
CHECKBIT4

SET PORTC TO I/P PORT

;COUNTBYTE= 11 -

JFI2ZFRST BYTE

RECIEVE FROM 8749

. RECIEVE POOL SIGNAL

.CHECK ENABLE DATA TO SEND
:SEND DATA TO SLAVE
RCY FOR CHECK SUM

.CHECK IF CHKSUM ERROR

; RECIEVE DATA FROM MASTER

. CHK 3UM ERROR(SET) OR NOT
, PREPARE SEND BACK TO MASTER

; CHK EN DATA

CALL SEND
GOTO MAIN
SENDER  MOVLW OEEH
MOVWF 21
CALL CHKSUM
WAIT3 CALL RECEVE
CHKIDM4 CALL CHKID
BTFSS CHECKBIT0
GOTO WAIT3
CALL CHKENS
CALL SNDSLAVE
GOTO ACCEPT
ORG O1FFH
GOTO MAN
END

; SEND DATA TO 8749

* This subroutins for set initial of systam
* setpot AlA2toifp Adtoolp

3 set port B to o/p port

' et rice prescaler = 64

¢t prescaler = 128
moviw 6
s S5

mttw 0

.| SUBROUTINE FOR CHECK FIRST BYTE (*) OF DATA
- AND SEARCH FOR WIDTH AND NARROW PULSE

begissc
clf 1
bifss 5.1
goto  begimsc
scl0
bte 5.1
goto  overl
goto  savel
overl
moviw OFA
subwf 1w
bths 30
goto  sclO
cd 29
f 290
atlw 0
movf 1w
movwf 9
movlw 9
zorwf 30w
bthe 312
goto St _hiby
goto  sevenb

o= lst bat
o b st bit

call compae
ntlw O
sevenb

s set port A1 A2 o ifp port A3'to o/p



moviw 3 H subwf Ow -8
xoowf 30w + [ chk = Tth bit or not) morwf 7 ; store at £7
btiss 32 s bef 30 . clear canry bit
goto  comp o T1f 12
movlw 234 ; EA=224=f10 moyf Tw
xowf 4w subwf 9w L £9-£7
bifs 32 i chic = £10 (At byts) or not movwf 8 Store at £3
goto  consp 1 ot me> compare daf of
goto  nawmf bf 00
fist_biby mtlw 0
moviw 234 compzre
xoewf 4w clew
bty 32 a or
nilw 0 movf 9w
movf 9w zorwf Sw i excusive or f8 with 9
movwf 8 bifss 32
moywf 20 goto  differ + 18 b= 19 goto £3-f9
wotiw 0 4 e 00
mtw 0
newref diffes
movf 20w ; process new refacrencs save at f8 movf Sw
subwf 9w 1 9-£20 = new width - old namow subwf 3w . 18-f9
moywf 7 ; store sesuit at 7 bibc 30
bef 30 . clezr carry pit goto  setn ; f>f9
o Tf /73 goto  setw : P8«
movf 7w setn b 00
subwf Sw 09 - F12) retlw O
movwi 8 ; stors new result xt f8{new ref v) setw bef OO
af  of y mtlw 0
bsf 00 ; subroutine for delay strobe ;
wotlw O . delay be? 53
check01 bt 53
cf 1 moviw 3
agsin ) movwi 20
bifis 5,1 lp dechz 20f ; delay for bit 1
goto  ove goto Ip
goto  xxre2 bt 53
over2 delay0
moviw OFA oovlw 5
subwf 1w movwf 21
bthe 30 1p2 dechr 217 ; dalxy for bit 0
goto  again gote  Ip2
cd 29 retlw O
bt 290 H SUBROUTINE DELAY TIME
otlw O dlzy moviw 255
save2 movwf 26
movf 1w loop dechrz 26f
movwf 9 goto  loop2
moviw 234 b | mtlw O ; retum to pc.
xoowlf 4w JHchk = fisst byts or not] loop2 moviw 255
bt 32 R movw! 27
goto  comp2 ; if not compam bit d2  dechz 272
movlw 8 i yes chk = 2nd bit of not goto  loop3
xowf 30w goto  locp
bt 32 loop3 moviw S
goto  second_biby movwl 28
conmp2 d3  dechz 282
call compare goto d3
mtlw 0 goto A2
second _biby \* SUBROUTINE FOR DECODE DATA BETWEEN F10 TO F19

movf 3w e AND SAVENEW DATA ATF10 TOF19



Y-9

. F7 = 8 (count byts to decods) & bt 32
decods gota  equal?
clrw moviw 25
dff 4 subwf Ow f-25
cdd 7 bts 30
moviw 9 goto  much2S f1<2s
movwl 7 .COMPARE PATTERN OF 5 (30h)
moviw .10 moviw 30
morwl 4 zorwf Ow
i 'CHECKS'TAR’I'COI“)B(‘) AND STOP CODE(*) * bbc 32
movlw 94 goto  equalS
xorwf 10w moviw 4 fl=4
bifs 32 movwf O
goto  emror ) goto  pattem
moviw 255 ; STORE FF AT F10 equal0
movwf .10 clow PATIERN 1 =0
movlw 94 movwf O =0
xorwf 19w ’ \ goto  pattsm
bifss 32 . nnxch6l
goto  emer moviw 3 =3
moviw 240 ; STOREFO ATF19 moywf 0
morw? .19 goto  pattsm
% * DECODE DATA FROM PATTERN AND SAVE CODE(DECIMAL) * equal2
3 * ATFI0TOFI9 F7FOR COUNT BYTE(S BYTE) * moviw 2 =2
pattem movwf O
dechz 78 goto  pattemnt
goto  bgdscods equals
goto  bgout moviw 3 f1=3
bgdecods merwf O
incf 4F L process nsxt byts goto pattsm
;COMPARE PATTERN OF 0 (34h)
movlw 34 I equald
zorwf Ow movlw 9 =9
btc 32 owywf 0
goto  equald goto  pattem
moviw 34 nch2§
subwf Ow R-34 bie 32
bifss 30 goto  equal?
goto nmch34 > movlw 24
.COMPARE PATTERN OF 2 (61h) subwf Ow n-24
movlw 61 bths 32
xorwf Ow goto  equall -1
btfhe 32 morlw 8 ;f2=8
goto  equai2 oovwf O
movlw 61 goto  pattem
subwf Ow -6l equal?
bt 30 moviw 7 =7
goto  nnxchél (61> movwf O
{COMPARE PATTERN OF 9 (64b) goto  pattern
ooviw 64 equall
zoewf Ow f-04 movlw 1 RNa=l
btfse 32 morwf O
goto  equald Ne9 3oto  pattemn
movlw 6 N=6 equals
moywf 0 morlw 5 . =3
incf 4% . process maxt byts M’T)
goto  pattem goto  pattem
.COMPARE PATTERN OF 7 (25h) 3
mmuchs4 H OUTPUT DATA TO 8749 THROUGH PORT B
moviw 25 B
zorwf Ow output



s 6
cdd 6
bsf 53
moviw 6
tis S
movlw .10
movwf 4
movrwf 9

i mein

loop! bifss 52
goto  loopl
goto  lddata

lddata mov? Oav
morwf 6
call  delxy
incf 47
declsz 9F
goto  locpl
goto  finish

se¢ SUBROUTINE SENDERROR ***=ss*

Y-10

dschz 308
goto  scan0l
goto  nbdata

scan01
call  checkOl
bific 290
goto  stri2
; (F10) Ist byts o/p data dechx 30F
i 9 stors count byts(10 byts) goto  begscan
- goto  obdsta
chk rdy nbdats
inc? 4%
dechz 31f
goto

&

: begin send data goto
bgout

; naxt byta gota

i

53

E £
&

wait

#++% WILL SEND FF AAAA AAAA FO TO PORT B **** bite 52

egor moviw  §
movwf 28
movlw OA
movwf 29
nmovlw OFF
lerl bte 352
goto  lerl
nmovwf 6
call  deiny
movf 29w
repest btfis 52
goto  sepesat
movwf 6
call  delsy
dechz 235
goto  repext
zovlw  OR)
le2 bts 52
goto  le2
movwf 6
call  delay
call  dley
goto  start
MAIN PROGRAM
start  clow
call dlay
strt2  clow
movlw .10
movwf .31
cd 29
movlw .10
oovwf 4
call imtial
cbit moviw 9
moyw? .30
bogscan
call begimsc
bthe 290
goto  strt2.

i count byte= § goto  wait

goto  start
: P29 contain emor valus(A) org  OIFF

goto  stact

isend FF

icount byts = 10

; fisst byts of data (%)

i count bit



,Pmpmfwm-wbamddlvdvpby sung
FRODUCE IN 7/3/38
CPU  “Z30.TBL®

HOF "INT8"

ORG  00OOH
SYSSTK: EQU  3FFFH
APDATA:EQU 20H .CHANNEL A PIO DATA
BPDATA:EQU 21H :CHANNEL B PIO DATA
APCONT:EQU 22H .CHANNEL A PIO CONTROL
BPCONT:EQU  23H .CHANNEL B PIO CONTROL
ASDATA:EQU 24H :CHANNEL A SIO DATA
BSDATA:EQU 25H :CHANNEL B SIO DATA
ASCONT:EQU  26H ;CHANNEL A SIO CONTROL
BSCONT:EQU 27H .CHANNEL B SIO CONTROL
; sswswswss VARIABLE SET **** e

POWER: XOR A POWER UP DELAY
POWERI:DEC A

NoOP

R NZPOWER!

P RESET
. anwasesss SYSTEM RESET #eeesesss
RESET: LD  HL400OH
RESETO: DEC  HL

:DELAY

LD AH
OR L
JR  NZRESETO

LD SPSYSSTK ~ SYSTEM STACK
. sasuesss FOR INITIAL §IO *=+*4~
SIOINI: DI

LD HL.TABLE1
SINIT1: LD A (HL)

CP OFFH

R Z.SINIT2

OUT (BSCONDA
INC HL
JR SINITI
{TABLE FOR INITIAL SIO INTERRUPT

TABLEL: DFB  18H WRO CHANNEL RESET
DFB O02H POINT TO WR2
DFB OOH WR2 INT VECT = 00H
DFB O3H POINT TO WR3
DFB OCIH :8 BITREC RX ENABLE
DFB 04H POINT TO WR4
DFB 4FH WR4X16 CLK 2 STOPEVEN PARITY
DFB OSH POINT TO WRS
DFB  68H 8 BIT TRAN.TX ENABLE
DFB OlH POINT TO WRI
DFB  14H ENABLE TX INTERRUPT
DFB  OFFH
SINTT2: NOP
INITIAL PIO
:SETPORT A (P10) TO BB OUT PUT PORT (MODE 0) WITH INTERRUPT
LD AOFH PORT A IS OUTPUT

ouT (APCONDA OUTPUT CONTROLWORD

LD ASTH SISABLE INTERRUPT ON PORT A OF

PIO

(APCONT)A ;CUTPUT CONTROLWORD

{INTERRUPT YECTOR

ouT
LD AO2H
ouT (APCONT)A

.SETPORT B (PI0) TO BE N PUT PORT (MODE 1 ) WITH INTERRUPT

LD AA4FH

PORT B I3 INPUT

ouT (BPCONT)A OUTPUT CONTROLWORD

ENABLE INTERRUPT ON PORT B OF PIO
(BPCONTA ;OUTPUT CONTROLWORD
;INTERRUPT VECTOR

(APDATA)A FOR FIRST RESET PIO DATA

LD  ASH
ouT
LD ACOH
OUT  (BPCONDA
M 2
L Al
LD 1A
51
XOR A
ouT
LD AS4
LD (TXCH.A
MAIN PROGRAM
MAN: N A(BSCONT
BIT 2A
R ZMAN
LD  A(TXCH

OUT (BSDATA)A

R MAN
{TABLE FOR mnurrvscroa'

ORG  1100H n
DWL  RXPINT RECEIVED DATA FROM CHANNEL B PIO
DWL  TXPINT TRANSMITED DATA TO CHANNEL A PIO
DWL RXSINT  RECEIVED CHARACTER CHANNEL B SI0
DWL RXSINT!  SPECTIAL RECEIVE CONDITION CHANNEL B 510
ORG  1200H
RXPINT: PUSH AF
N A(BPDATA)
LD (TXCH)A
POP  AF
RETI
TXPINT: PUSH AF
LD ARXCH)
ouT (APDATA)A
POP ~ AF
RETI
RECEIVED DATA FROM RS232

RXSINT:PUSH AF
IN  A[(BSDATA)
LD @RXCH)A
POP AF
El
RET1
PARITY ERROR FOUND
RXSINTI1:PUSH AF
LD AJH
OUT (BSCCNTA
poOP Q‘F
- 3
RET1

‘WRO, ERROR RESET COMMAND



Y-12

ORG 2400H
TXCH DFB 00H
RXCH DF3 00H
END
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PRodUCT SPECIFICATION

18440/1/2/4,
284C40/1/2/3/4

SERIAL INPUT/OUTPUT CONTROLLER

FEATURES
m Two independent full-duplex channels, wilh separale

conlrol and stalus lines for modems or other devices.’

m Dalarale in the x1 clock mode ol 0 lo 2.0M bils/

second wilh a 10 MI'l7 clock.

m NMOS version for cosl sensilive performance solulions,

CMOS version lor the designs requiring low power
consumplion

m NMOSZ0844x04 - 4 MI1z20844x06 - 6.17 MHz (Where
x is lhe designalor for the bonding option; 0, 1, 2 or 4)

B CMOS Z84C4x06 - DC lo 6.7 Milz, Z84C4x08 - DC lo
8 Mllz, Z84C4x10 - DC to 10 Milz (Where 'x Is the
designator for the bonding option; 0, 1, 2, 3or 4)

m G MHz version supporls 6.144 MHz CPU clock opera-
tion.

m Asynchronous prolocols: everylhing necessaty lor
complele messages in 5, 6, 7, or 8 bils/characler.
Includes variable slop bils and several clock-rale
mullipliers; break generalion and deleclion; parily;
overiun and framing error deleclion.

m Synchionous  prolocols: everything necessary  [or
complele bil- or byle-oriented messages in 5, G, 7, or 8
bits/characler, including I1BM Bisyne, SDLC, HDLC,
CCITTX.25 and others. Aulomalic CRC genoralion/
checking, sync characler and zero inseition/deletion,
aborl generalion/deleclion, and flag insertion.

m Receiver data regislers quadruply buffered, transmitler
regislers doubly bullered.

m Highly sophisticated and llexible daisy-chain inlerrupi
vecloring lor interrupts wilhout external logic.

GENERAL DESCRIPTION

The Z80 SIO (hare in aller relerred lo as the Z80 SIO or,
SI0). Serial Inpul/Oulput Conlroller is a dual-channel data
communicalion interface with extraordinary versalility and
capability. lts baslc funclions as a serial-lo-parallel, paral-
lel-lo serial converler/controller can be programmed by a
CPU for a broad range of serial communicalion applica-
tions. .

The device supportls all common asynchronous and
synchronous protocols, byle- or bil-oriented. and perlorms
all of the lunctions traditionally done by UARTs, USARTs,
and synchronous communication conlrollers combined,
plus additional funclions lraditionally perlormed by lhe
CPU. Moreover, il does this on two lully-independent

channels, wilh an exceplionally sophislicated interrupt
structure hat allows very lasl translers.

" Ful interlacing is provided lor CPU or DMA control. In

addition 1o dala communicalion, the circuil can bandle
virlually all types of serial I/O wilh lasl, or slow, peripheral
devices: While designed primarily as a member of the Z80

" lamily, its versalilily makes il well suited to many olher CPUs.

The 280 SIO uses a single +5V power supply and the
slandard Z80 family single-phase clock. The SIO/0, SI0/1,
and S10/2 are packaged in a 40-pin DIP, the SIO/M is
packaged in a 44-pin PCC and the S10/3 Is packaged ina
44-pin QFP. Nole thal S10/3 is only available in CMOS and
in QFP package. N

PIN DESCRIPTION *

Figures 1 througih G illustrate the three 40-pin cdnligumlions
(bonding options) available in the Z80C SIO (herealler
relerred lo as S'O or Z80 S10). The conslraints of a 40-pin
package make il impossible to bring oul the Receive
Clock (RXC), Transmit Clock (xC), Data Ternminal Ready
(DTR) and Sync (SYNC) signals for bolth channels. There-
fore, either Channel B lacks a signal or two signals are
bonded logether:

m 780 Sl0/2 lacks SYNCB
® Z80SI0/1 lacks DTRB

m 780 SIO/0 has all four signals, bul kCB and FixCB are
bonded logether

The 44-pin package, the Z80 S10/4 for PLCC package; and

Z80 S10/3 for QFP, has all oplions (Figure 7a and 7b).

The first bonding oplion above (SI0/2) is the prelerred

version lor mos! applications. The pin descriptions are as

follows:

B/A. Channel A or B Select (inpul, High selects Channel B)
This input delines which channel is accessed duiing a data
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Noto: Powor connadions lollow

conventional descriptions below:
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Figure 4. 40-pin Dual-In-Line Package (DIP),

Pin Assignments
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CTSA, CTSB.. Clear To Send (inputs, aclive Low). When
‘programmed as Aulo Enables, a Low on these inpuls
enables lhe respeclive transmiller. If nol programmed as
Aulo Enables, Ihese inpuls may be programmed as
general-purpose” inputs. Bolh inpuls are Schmill-trigger
bullered o accommodale slow-riselime signals. The SIO
delects pulses on these inputs and interrupls the CPU on
both logic level transitions. The Schmill-trigger bullering
does nol guaranlee a specilied noise-level margin.

Dg-Dy. System Data Bus (bidirectional, 3-slale). The syslem
data bus translers data and commands belween the CPU
and the 780 SIO. Dy is the least significant bil.

DCDA, DCDB. Data Carrier Detect (inpuls, aclive Low).
These ‘pins lunclion as receiver enables il the SIO is
programmed lor Aulo Enables; olherwise hey may be used
as general-purpose inpul pins. Bolh pins aré Schmill-lrigger
bullered to accommodale slow-riselimn signals. The SIO
delects pulses on these pins and inlerrupts the GPU on both
logic level transitions. Schmill-trigger bullering does not
guaranlee a specilic noise-level margin.

DTRA, DTRB. Data Terminal Ready (oulpuls, aclive Low).
These oulputs follow the state programmed inlo the Z80

SIO. They can also be programmed as general-purpose

oulpuls.
Inthe Z80 SIO/1 bonding option, DTNB is omilled.

IEL. Interrupt Enable In (input, aclive High). This signal is
used wilh IEO lo orm a priorily daisy chain when there is
more than one inlerrupl-driven device. A High on Ihis line
indicales thal no olher device of higher priorily is being
serviced by a CPU inlerrupt service rouline.

IEO. Interrupt Enable Out (oulput, aclive High). IEO is High
only il IEl is High and the CPU is nol servicing an inlerrupl
from this SIO. Thus, this signal blocks lower priority devices
from inlerrupling while a higher priority device 1s being

© serviced by ils CPU inlerrupl service rouline.

INT. Interrupt Request (oulput. open drain, aclive Low).
When the SIO is requesling an inlerrupl, it pulls INT Low.

10RQ. Input/Output Request (inpul from CPU, aclive Low),
I0RQ s used in conjunclion wilh B/A, C/D, CE. and RD to
transfer commands and dala between the CPU and the SIO.
When CE, RDJ, and IORQ are all aclive, the channel selecled
by B/A translers dala lo the CPU (a read operation). When
CE and IORO are active, bul ID is inaclive, the channcl
selecled by B/A is wrillen lo by the CPU wilh either dala or
conlrol informalion as specifiecd by C/D. As menlioned
previously, il IORQ and M1 are aclive simultaneously, lhe
CPU is acknowledging an interrupt and the SIO
automalically placesils interrupt vector on the CPU data bus
ilitis the highes! priority device requesling an interrupt,

MT. Machine Cycle ‘Ong(inpul Irom 780 CPU, aclive Low).

. When MT is aclive and T30 is also aclive, the Z80 CPU is

fetching an instruction rom memory; when M1 is  aclive

while IORQis aclive, the SIO accepls MT and IORG as an
inlerrupl acknowledge il the SIO is the highesl priority
device thal has interrupled the Z80 CPU.

RxCA, RXCB. Receiver Clocks (inputs). Receive data is
sampled on the rising eclge of AxC. The Receive Clocks
may be 1, 16, 32, or 64 limes Ihe dala rale in asynchronous
modes. These clocks may be driven by the 280 C1C

Counler Timer Circuil lor programmable baud rale .
generation. Both inpuls are Schmilt-trigger bullered; no

noise level margin is specified.

In the Z80 S10/0 bonding option, RxCB is bonded logelher
with TxCB.

+ BD. Read Cycle Status (inpul from CPU, aclive Low). IIRD is

aclive, amemory or 1/0 read operalion is in progress. RD is

used wilh B/A, CE, and TORQ to transfer dala from the SIO
lo the CPU.

RxDA, RxDB. Receive Dala (inputs, aclive High). Serial
dalaal TTL levels.

RESET. Resel (inpul, aclive Low). A Low FESET disables.
both receivers and lransmillers, forces TxDA and TxDB
rnarking, forces the modem controls High, and disables all
interrupts. The conlrol regislers musl be rewritlen alter the
SlOis resel and belore data is transmilled or received.

RTSA, RTSB. Reques! To Send (oulpuls, aclive Low).
When the RTS bil in Wrile Regisler 5 (Figure 14) is set, the
RTS output goes Low. When the RTS bil is resel in the
Asynchronous mode. the oulput goes High aller lhe
lransmilter is emply. In Synchronous modes, the RT1S pin
strictly follows the slate of the RTS bit. Both pins can be used
as general-purpose oulpults.

SYNCA, SYNCB. Synchronization (bidireclional, aclive
Low). These pins can aclt either as inpuls or outpuls. In the
asynchronous receive mode, they are inpuls similar to C15
and DCD. In this mode, the Iransitions on these lines allect
the slale of the Sync/Hunt slatus bils in Read Register 0
(Figure 13), but have no other lunction. In the Exlernal Sync
mode, these lines also acl as inpuls. When external
synchronization is achieved, SYNC must be driven Low on

. he second rising edge of RxC aller (hat rising edge of AxC

on which the lasl bit of the sync characler was received. In
other words, aller the sync pallern is delecled, the external
logic must wait for two full Receive Clock cycles to aclivate
the SYNC input. Once SYNC is forced Low, it should be kept
Low unlil the CPU informs the external synchronizalion
detect logic thal synchronizalion has been los! or a new
message is aboul lo start. Characler assembly begins on
the rising edge of RxC that immediately precedes the falling
edge of SYNC in the External Sync mode.

In the internal synchronizalion mode (Monosync and
Bisync), these pins acl as oulpuls thal are active during the

pait ol the receive clock (RxC) cycle in which sync

characlers are recognized. The sync condition is not
lalched, so these outpuls are aclive each lime a sync pallern
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is recognized, regardless of characler boundaries.
In tha Z80 SIC/2 bonding option, SVNCTB is omilled.

TXCA, TxCB. Transmitter Clocks (inpuls). In asynchrm.'lous
modes, the Transmiller Clocks may be 1, 16, 32, or 64 limes
\he data rale; however, the clock multiplier must be the same
for the transtnilter and the receiver. The Transmil Clock
inputs are Schmilt-trigger bulfered for telgx({d vise-lgnd
fall-time requirements; no noise level margin is specilied.
Tiansmilter Clogks may be driven by the Z80 CTC Counter
Timer Circuit ‘or programmable baud rate generalion.

.
'\7‘]. E R AUE EAFRD Y
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In the Z80 SIO/0 bonding oplion.J'xCB is bonded together
with IxCB.

TXDA, TxDB. Transmit Data (oulpuls, aclive High). Serial
dala at TTL levels. TxD changes from he lalling edge of xC.

W/TDYA, W/RDVB. Wait/Ready (outpuls. open drain when
programmed for Wail funclion; driven High and Low when
programmed for Ready function). 'Ihesg dual-purpose
obuipuls may be programmed as Ready fines lor 3 DMA
cont:oller or as Wail lines thal synchronize the CPU lto the
SIO dala rate. The resel stale is open drain.
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FUNCTIONAL DESCRIPTION

The tunctional capabilities of the Z80 SIO can be described
from two dillerent points of view: as a dala communicalions
dovico, it lransmils and receives serial dala in a wide variety

" ol dala-communication protocols; as a Z80 family

peripheral, It inleracls with the Z80 CPU and other
peripheral circuils, sharing the data, address and control
buses, as well a3 being a part of the Z80 interrupt structure.
As a peripheral 1o olher microprocessors, the SIO ollers
valuable leatures such as non-vectored interrupts, polling,
and simple handshake capability. Figure 8 is a block
diagram. .

Figure 9 illustiales the convenlional devices that the SIO
replaces.

The lirst part ol the following discussion covers SIO
dala-communication capabilities; the second part
describes interaclions between the CPU and the SIO.
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H CHANNEL
A
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CONTROL
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Figure 8. Block Dlagram
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Figure 9. Conventional Devices Replaced by the 280 SIO
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DATA COMMUNICATION CAPABILITIES

The SI0 provides two independent full-duplex cl)annels that
can be programmed for use in any commaon asyrichronous,
or synchronous dala-communication ptotocol. Figure 10a
ilistrates some of these prolocols. The lollowing is a short
description ol therm. A more delailed explanation of these
modes can be lound in the Z80 SIQ Technical Manual
(03-3033-01).

Asynchronous Modes. Transmission and receplion can
be done independently on each channel wilh five lo eight
bils per characler, plus optional even or odd parily. The
\ransmilters can eupply one, one-and-a-hall, or lwo slop bils
per characler and tan provide a break oulpul al any time.
The teceiver break-delection logic interrupts the CPU both
al the starl and end of a received break. Receplion is
protected from spikes by a transienl spike-rejection
mechanism that checks the signal one-hall a bil time alter a
. Low level is detecled on the receive data input (RxDA or
RxDB in Figure 51. I the Low does nat persist. as in the case
ol alransiént, the characler assembly process is nol slarted.

Framing errors and overrun errors are delecled and
bulfered together wilh the partial characler on which they
occuried. Veclored interrupls allow last servicing ol error
condilions using dedicated roulines, Furthermore, a built-in
checking process avoids inlerpreling a framing error as a
new slarl bit: a Iraming error resulls in the addilion of
one-hall a bil lime to Ihe point at which the search for the
next slart bit is begun. ]

The SIO does nol require symmelric ransmil and receive
clock signals, a featlure that allows it to be used with a 280
C1C or many other clock sources The transmiller and
receiver canWandle data atarate of 1, 1/16, 1132 or 1/64 of
the clock rale sGpplied 1o the recelve and transmit clock
inputs.

In asynchronous morles, the SYNC pn may be
programmed as aninput that can be used for flunchions such
as moniloring a ring indicator

Synchronous Modes. The SIO supporls both byte-
orienled and bil-onented synchionous commumcahon

Synchronous byte oriented protocols can be handi=d in
several modes thal allow character synchromization with an
8-bil sync character (Monosync), any 16 bit sync pattern
(Bisync)., or with an exiemal sync signal. Leading sync
characlers can he removed without interrapting the CPLJ

Five-, six-. or seven bit synachataclers are delected with 8
or 16:bit patterns in the SO by overlapping the larger
pallern across muliple mcoming sync chiaclers. as shown
in Figure 10b

CRC checking lor synchronous byle-onented modes is
delayed by one character line so the CPU may disable CRC
checking on specilic characters This permiis implemen-
tation of protocols such as IBM Bisync

Figure 10a. Some Z80 SIO Protocols

PARITY
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Figure 10b. Six-Bit Sync Characler Recognition
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Figure 10. Data Communication
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intorlacing lo peripherals such as hard-seclored floppy
thaks, but it cannol gencrale or check CRC lor
16M compatiblo solt-sectored disks. The SIO also provides
a foature that automatically transmits CRC dala when no
other dala is avalabla lor lransmission. This allows very
high gpeed lransmissions under DMA control wilh no need
lor CPU inlervention at the end of a mes: age. When there is
no dala or CRC lo send in synchronous modes, the
transmiller inserls B- or 16-bil sync characlers regardless ol
the programmed characler length.

The SIO supporls synchronous bit oriented prolocols such
as SDLC and HDLC by perlorming automalic flag sending.
zero inserlion. and CRC generation. A special command
canbe used lo abort a lrame in transmission. Al the end of a
message the SIO automatically transmits the CRC and
trailing flag when the transmil buller becomes emply. If a
transmit underrun occurs in the middle of a message. an
external/slatusinlerrupt warns the CPU ol this slalus change
so that an ahorl may be issued. One 1o eighl bils per
chatdcler can be senl, which allows teceplon ol a message
with no prior nfosmation about the characler struclure in lhe
mlormation held of a lrame.

Al ¥ X8 4 1) error chacking polynomials are supportedin all
“noa SHLC modes. tha CRC generalor is initialized to 0: in -
SOULC makdes, it is iniliahzed 1o 1s. The SIO can be used lor

The receiver automalically synchronizes on the leading flag
ol a frame in SDLC or HDLC, and provides a
synchronization signal on the SYNC pin; an inlerrupt can
._%‘ealgzh lor frames addressed by a single byle lo only a
specilied user-selecled address or lo a global broadcast
address. In this mode, frames thal do not malch eithet the
user-selecled or broadcas!t addrags are ignored. The
number of address byles can be extended under sollware
conlrol. For lransmitling dala, an interrupl on the first
received characler or on every characler can be selected.
The receiver aulomalically deletes all zeroes inserled by the
transmitler during characler assembly. It also calculates and
aulomalically checks the CRC lo  validale [rame
transmission. Al he end of transmission, the slalus of a
received Irame is available in the status regislers.

*..also be programmed. The receiver can be programmed to

The SIO can be conveniently used under DMA control lo

provide high-speed receplion or transmission. In reteption,

lor example. the SIO can interrupt the CPU when the first |
characler of a message is received. The CPU then enables

the DMA to transler the message lo memory. The SIO then

issues an end-of-frame interrupt and the CPU can check the

slalus ol the received message. Thus, the CPU is lieed for.

olher service while the message is being received.

I/0 INTERFACE CAPABILITIES

The SIO ollers the choice ol polling. vecloted or
non-veclored inlentupls and  block-ansler modes 1o
transler dala. slalus, and conltrol information o, and from,
the CPU. The block-transler mode can also be implemented
under DMA control.

Polling. Two stalus regislers are updaled al appropnale
times for each lunction being perlormed (lor example, CRC
error-stalus valid at he end of a message) When the CPU is
operaled in a polling fashion, one of the SIO's two stalus
registersis used to indicale whether the SIO has some dala
or needs some dala. Depending on the contents of this
register. the CPU will eilher write dala. read dala, or just go
on. Two bils in the register indicale thal a dala transler is
needed In addilion, error and other condilions are
indicated. The second slalus reqgister (special receive
condilions) does nol have 10 be read in a polling sequence.
unlil a characler has been received. All inlertupl modes are’
disabled when operaling the device in a polled
environmenl. ! :

dnterrupts. The SIO has an elaborate interrupt scheme lo
provide fast interrupl service in real-lime applications. A
control register and a stalus regisler i Channel B contain
the interrupl vector. When programtiidd 1o do so. the SIO
can modily three bils of the inlerrupt veclor in the slatus
register so that it poinls direclly o one of eight inlerrupt
service roulines in memory, thereby servicing conditions in
both channels and eliminaling most ol the needs lor a
slatus-analysis routine. i

Transmil interrupls, receive inlerrupts, and external/stalus
inferrupts are the main sources of mierrupts. Each interrupl

source is enabled under program conlral, with Channel A
having a higher priority than Channel B, and with recewe,
transmil. and exlernal/slatus inlerrupls prioritized in that
order within each channel. When Ihe transmil inlerrupl is
enabled, the CPU is inlerrupled Ly (he transmil bufler
becoming emply. (This implies that the transmiller mus|
have had a dala characler wrillen inlo it so il can become
emply.) The receiver can interrupt the CPU in one of two
ways:

®m Inlerrupl on first received characler
® Inlerrupl on all received characlers

Interrupt-on-lirst-received-characler is lypically used with
the  block-transfer  mode. Interrupt-on-all-received-
characters has the option of modilying the inlerrupt veclor in
the evenl ol a parily error. Both of these interrupt modes will
also jinlerrupl under special receive condilions on a
characler or message basis (end-of-Irame interrupt in
SDLC. for example). This means Ihal the special-receive
condilion can cause an “inlerrupl only il the
interrupt-on-first-received-characler or interrupl-on-all-
received-characlers moda is selecled. In interrupt-on-first-
received-characler. an inlerrupl  can  occur  Irom
special-receive condilions (except parily error) aller lhe
lirst-received-character interrupl (example: receive-overrun
inlerrupt). :

The main lunction of the exlernalislalus inlerrupt is to
monilor the signal lransilions of the Clear To Send (CTS).
Dala Carrier Delect (DCD), and Synchronization (SYNC)
pins (Figures 1 through 7). In addilion, an exlernal/stalus
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i 3 SRC-sending condition. or by
interrupt is also aused by a CR
ihe delection of a break sequence (asynchronous mode1) :r
abort sequence (SDLC mode) in the data stream. le
interrup! caused by the break/aborl sequence'allows : 13
SIO to intertupt when the break/aborl sequence is dellec.e
or lerminaled. This lealure Iacililates the proper lerminalion
of the current message. correct Initialization ol the next
message. and lhe accurale liming ol lhe brenklaborll
condilion in exlernal logic.

In a 280 CPU environment (Figure 11), 'SIO. interrupt
vecloring is “automalic™: the SIO passes ns_ mte(;gauyr-‘
modiliable 8-bit interrupt vector to the CPU. W‘\!C'l a ’s a

additional 8 bils from ils inlenupbveclor} (U} veg-slgr l'o olr)rln
the memory address ol the inlcnupl-voullne‘lable‘ This lal' 1e
contains Ihe address of the beginning of the interrupt roul :v e(
itsell. The process entails an indirect haf\sler ol'CPU conlr%
lo the interrupt routine, so that the next mslruchor.\ exlecure ;
alter an interrupt acknow!edge.by the CPU is lhe firs!
instruction of the interrupt routine itsell. )

MA Block Transfer. The SIO's block-lransler mode
g:cl(])’r‘n)modales bolh CPU b|oc_k translers and DN'!Ar
conlrollers (Z80 DMA or other des!gns). The_blos:k-hfmsl e’
mode uses the Wail/Ready oulput sugr?al. which |s' se noc e'(
wilh three bils in aninternal control tegﬂ;ﬂ_ve V.Vaul/ %n;lj
oulput signal can be programmed as a WA.l T hrfe m‘ lheD,MA
block-transfer mode br as a READY line in the
block-transler rnode.

To a DMA controlier, the SIO READY output indicme]s_ ll;nt
the SIO Is ready ta transler dala to. or from, memory. Zl :e
CPU. the WAIT bulput indicates that the SIO is not re? y|/8
\ransler dala, thereby requesting the CPU to extend the

cycle.
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Figure 11. Typical 280 Environment

INTERNAL STRUCTURE

The internal structure of the dev‘ice includes a 280 1C|PU
.interlace, internal control and mlerrupl.log‘-c. and wo'
lull-duplex channels. Each channel c_onlalns ils own s|el oJ
control and stalus (write and read) regislers, and conltrol ::\(’
slalus logic thal provides the inlerfage lo modems or olhe
* external devices. ' 3
The registers for each channel are designaled as follows:

WRO.WR7 -- Write Registers 0 through 7 _
RR0-RA2 — Read Registers 0 through 2

The register group includes live 8-bit control reglslers‘ ;\::c;
sync-characler registers and wo slz_i{us reg-[s)!ersj. s
interrupl veclor is wrillen into an additional 8- :’l‘;argu !
(Write Register 2) in Channel B that may be rea g 1“0 %il
anolher 8-bit regisler(ﬂeadﬂegislq 2)inChannel . lm’ o
assignment and funclional grouping ol each regis eﬂh

coniigured to simplily and organize the progr:mnd og:
process. Table 1 lists the functions assigned to each rea

wrile register. !

i Is provides lormals,
The ‘logic for both channe
synchrorg\;izalion. and validalion lor dala lvanslgned to ?nd
tromthe channelinterlace. The modem conlrol inpuls. Clear
To Send (CTS) and Dala Carrier Delect (DCD). are

Table 1. Reglister Functions

Nend Reglster Functions

ARO  Transmil/Receive buller status. interrupt status and
external stalus

RR1  Special Receive Condilion stalus

nné Morinl;cd interrupl veclor (Channel B only)

Wrile Reglster Functions

wRo F;egisler pointers. CRC initialize, and initiahzation
commands lor the various modes
WR1 Transmil/Receive interrupt and  dala transler mode
delimtion.
WR2  Inlerrupt vector (Channel B only)
WR3 Receive parameters and control
WRA  Transmil/Receive miscellaneous paramelers and modes
WRS  Transmul parameters and controls
WH6E  Sync characler or SDLC address field
WR7  Sync character or SDLC llag
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monitored by the exlernal control and status logic under
program conlrol. All external conlrol-and-slatus-logic

; signals are general-purpose in nature and can be used for
funclions other than modem conlrol.

+ Data Path. The transmit and receive data palh illustraled for
. Channel A in Figure 12 is identical for both channels. The
jreceiver has (hree 8:-bil “buller registers in a FIFO
1 arrangemenl, in addition lo lhe 8-bit receive shill register.
This scheme creales additional lime for the CPU lo service
an interrupt al the beginning of a block of high-speed data.

Incorning dala is routed through one of several palhs (dala
or CRC) depending on the selected mode and—in
asynchronous modes—the characler length. .

.The transmitler has an 8-bit transmit data bulfer register that
is loaded from the inlernal dala bus; and a 20-bil transmit
shilt register that can be loaded from lhe sync-characler
bullers or from the transmil data register. Depending on the
operalional mode, oulgoing data is routed through one of

four main paths belore il is transmilled from the Trarsmil
Data oulpul (TxD). 3 g v

10 CHANNEL B,

crivo b

EXTEANAL STATUS LOOIC,
CONTAOL LOGKC

. INTEANAL DATA Bus

I

ﬁ .

RECEIVE ReCEVE bl
—— emtemtor 32 sYwC noIsTER
DATA eanon g
17 T S T
"
o nro nro
| 20817 TRANSMIT SHIFT REQISTER 1 e ] 4
H
'
AsYNC
DATA
{
. ALCEVE 1 |
= - TRANSMIT
L cLock cene MULTIFLEXEA | —o 1208
] __UNT MODE (AISYNC) toarc ANLBIN
| { sywe
ChC .
vox —| 10T SYHC REQISTER RECTIVE
J; | mpA oewav [T a7ero ortere surt mtoiren :
i
l " CRC TRANSMIT ek
. aENERATOR clocx toare | 1€
g 1 I ' sruc. I~
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!
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\
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Flgure 12. Transmit and Recelve Data Path (Channel A)
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PROGRAMMING -

The system prograrnt firs{ issues a series of commands thal
inilialize the basic maode of operalion and then issues other
commands that qualily condilions within the selecled mode.
For example, the asynchronous mode, characler length,
clock rate, number of stop) bils, even or odd parity might be
sel lirst; then the inlerrupt mode; and linally. receiver of
transmiller enable.

Both channels contain registers that must be programmed
via the syslem program prior lo operalion. The channel-
select input (B/A) and the control/data (C/D) are the
command-structure addressing controls, and are hormally
controlled by the CPU address bus. Figures 15 and 16
illustrate the liming relationships for programming the wrile
registers and translorring data and status. =

Read Reglsters. The SIO contains three read regislers for
Channel B and Iwo iead registers for Channel A (RR0-RR2
in Figure 13) thal can be read lo oblain the slalus
information: RR2 contains the internally-modiliable interrupt
vector and is only in the Channel B register set The stalus
information includes error conditions. inlerrupl veclor, and
standard communicalions-inlerface signals.

To tead the conlerts ol a selecléd read register olher than
RRO. the system program musl lirst wrile the pointer byte lo
WRO in exaclly the same way as a wrile regisler operation.
Then, by execuling a read inslruction. the conlents of the
addressed read regisler can bé read by the CPU

The stalus bils ol RRO and RR1 are carelully grouped lo
simplily status moniloring. For example. when the interrupt
veclor indicates that a Special Receive Condition interrupl
has occurred., all lhe appropriale error bits can be read lrom
a single register (RR1). -

Write Registers. The SIO conlains eight wrile registers for
Channel B and seven wrile regislers for Channel A
(WRO-WRY7 in Figure 14) thal are programmed separately lo
configute the functional personalily of the channels; WR2
conlains the intertupt vector lor both channels and is only in
the Channel B register set. With the exception ol WRO.
programming the wrile regislers requires two byles. The first
byle is to WRO and conlains three, bils (Dg-D3) thal point lo
Ihe selecled registei; the second byle is the aclual control
word thal is wrillen into the regisler to configure the S1O.

e
WRO+is a special case in thal all of the basic commands can
be wrillen lo it with a single byla. Resel (inlernal or exlernal)
initializes lhep'oinlor bits Dp-D3 to point to WRO. This implies
thal a channel resel must not be combined with the pointing
lo any regisler.

READACOISTERO

oo Jo Jo o oo ou] - ‘
I L— Ry CHARACTFR AVAILABLE
INT PENDING [CH. A OMLY),
Te BUFFER EMPTY
L oco
SYNCIMUNT N
———— TS .

T

*Used With “Externst/Status Interrupt “ Modes

READREGISTER 1}

DI LA
L awsenr

) FIELD BITS 1 FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

necesceeX
ccevawau

PARITY ERROR

Rx OYERAUN ERRON
CRC/FRAMING ERROR
L———————— END OF FRAME (SOLC)

*Residue data for elght R bits/characier programmed
1Used with specisi recelve condition mode

EAD REGISTER 2 (Channe! B only)

I —
vip
vay
3\ INTERRUPT
« ( VECTOR
v
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v
1Variable It “Ststus Affects Veclor I8 programmed

Figure 13. Read Reglster Bit Functions
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WRITE REGISTER &

[Ere oo e o]

WRITENEOISTEN O

oo [ oo [ o ]

L l L amry ENABLE
0 0 0 RIGISTENO PARITY EVENIGDBD  +
0 0 1 REGISIERT ; . .
o s 0 0 SYNC MODES ENABLE
AL "ms"“: 0 1 1STOP BITICHARAGTER
1 4010 | REOISIER 1 0 ' STOP BITSICHARAGIER
: ? ; ﬂ:g:;:f:: i I 1 2510P BISICHARACTER
1t 1 REGISTENT :
0 0 80ITSYNC CItARACTER
0 1 1§ DIT SYNC CHARACIER
20 ) ;‘;’:Ligginsm:) 1 0 SDLC MODE (01111110 FLAG)
0§ 0 NESET EXT/SIATUS INTERRUPTS 1 1 EXTENNAL SYNC MODE
6 1 1 CHANMNEL AESET
10 0 ENABLE INT ON NEXT R CHANACTER [ llClOCKM:Dt
10 1 RESET TxINT PENDING 0 1 X186 CLOCK MODE
1 1 0 ERRORRISET 1 0 X2 CLOCK MODE
1 1 1 RETURN FROM INT (CIT A ONLY) 11 X84CLOCK MODE
0 0 NULL CODE . \
0 1t RESET Rx CAC CHECKER E
| 0 RESET Ix CRC GENERATOR
11 ACSET Tx UNDERNUNIEOM LATCH

wNTE NCGISTEN 1 WRITE REGISTER'S

. To o ]o:[o:Jou o [o0] : [o. [oJouJouTou o, Jou oo
I L exv it enance ’ '
Tx INT [NABLE
STATUS AFFECTS VECTOR

(CH. 8 ONLY)

Tx CRC ENABLE

Als
$6Leicne.1e
Tu ENABLE
SEND DNEAK

“?%

0 b RxINTDISABLE
© 1 RxINTON FINST CHARACTER i - 0 0 TxS$BIIS(ON LESSUCHARACTER
10 INTON ALL Ra' CHARACTERS (PARITY AFTECTS VECTOR) } o 0 1 Tx7DITSICHARACIER
11 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 10 Tx6BITSICIARACTER
VECTOR) 11 Ix8 BITSICHARACTER

WATHREADY ON RIT oTR
WAIT/READY FUNCTION
WAIfinEADY ENABLE
*0Or on specisl condition \
WNITE REGISTEN ¢
B o]
L L————SVNC 8Iro

WRITE NEGISTER 2 (Channe! B only)

= SYNC BIT 1

i =
. Y -

:: ll"['c‘"g‘ﬂ“"' SYNC 81T &

v SYNC BIT §

v ! SYNC BIT 6

SYNC BIT 7

*Also SDLC addrens fleld

VIRITE REGISTER 7

Se oo o

L swcmre
v SYNC BIT ¢
BYNC BIT 10

sync it 1\

SYNC BT 12

SYNC 81T 13

iy SYNC BIT 14

. SYNC BIT 18

WRITE NEGISTERN 3

Sl ]

€
o=~ ENTER HUNT PIASE
———————AUTO ENADLES

RA R
g ‘I’ :: ; g‘l::;g:::mg::ﬁ *For SOLC it must be programmedto 01111110 “lor llag recognition
1 0 Ax6BITSICHARACIER : ’
1 1 Ax 8 BITSICHANACTER -
Flgure 14. Write Reglster Bit Functions
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TIMING

The SIO must have the saime clock as the CPU (same phase
and frequency relationship, nol necessarily the same

driver)”

Read Cycle. The liming signals generated by a 280 CPU
input instruction to read a dala or stalus byte Irom the SIO
are illustrated in Figure 15.

Writle Cycle. Figure 16 illustrates the timing and dala
signals generaled by a Z80 CPU oulput inslruclion to wrile a
data or conlrol byte into the SIO.

Interrupt-Acknowledge Cycle. Alter -receiving an
interrupt-request signal from an SIO (INT pulled Low), the
2680 CPU sends an inlerrupt-acknowledge sequence, M1
Low and TORA Low, a few cycles laler {Figure 1 7).

The SIO contains an internal daisy-chained interrupt
slruclure lor priorilizing nesled interrupls for the various
functlions of its two channels, and lhis structure can be used
wilhin an extarnal user-defined daisy chain that priorilizes
several peripheral circuils.

The IEI ol the highest-priorily device is terminated High. A
device thal has aninterrupt pending or under service lorces
its IEO Low. For devices with no inlerrupt pending or under
service, IEO = IEL g

To insure stable conditions in the daisy chain, all interrupt
stalus signals are pievented liom changing while MT is Low.
When IORQ is Low, the highest priorily interrupl requeslor

U R L£] Tw T Al

e i =y =y | E

&E, clé, BIA (X / C

oa @ 41—

A6 B ___/_—

wi \
DATA /_—_\,ouv,
Figure 15. Read Cycle
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Figure 16. Write Cycle

(the ona wilh IEI High) places ils interruplt veclor on the dala
bus and sels ils inlernal interrupl-under-servica lalch.

Return From Interrupt Cycle. Figure 18 illustiales Ihe
relurn from interrupt cycle. Normally, the Z80 CPU issues a
Relurn From Interrupt (RETI) instruction at the end of an
interrupt service routine. RETI is a 2-byte opcode (ED-4D)
that resels the interrupt-under-service latch in the SIO (o
terminate he interrupt that has just been processed. This is
accomplished by manipulaling the daisy chain in the
lollowing way.

The normal daisy-chain operalion can be used to delect a
pending inlerrupt; however. it cannol distinguish belween
an interrupl under service and a pending unacknowledged
interrupt of a higher priorily. Whenever ED is decoded, the
daisy chain is modilied by lorcing High the IEO of any
interrupt that has not ye! been acknowledged. Thus the
daisy chain identilics the device presently under service as
the only one with an 1E1 High and an 1EO Low. Il the next
opcode byleis 4D, the inlerruw-underservice lalchisreset.

The ripple lime of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transilions) limils the
number of devices (hal can be placed in the daisy chain.
Ripple lime can be improved with carry-look-ahead, or by
extending the interrupt-acknowledge cycle. For further
informalion about techniques for increasing the number of
daisy-chained devices. refer to the 28400 Z80 CPU Product
Specification (00-2001-04). B
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Figure 16. Return from Interrupt Cycle




AC CHARACTERISTICS (Z84C10/CMOS Z80 DMA)
(Inaclive Stale)

.

B Number Symbol Parameter Mi:mmml:nx M:\nduorﬁix Unlt

1 TcC Clock Cycle Time 162 DC 125 8]} =

2 TwCh Clock Widith (High) G5 DC 55 DC

3 TwCl Clock Widih (Low) 65 DC 55 DC

4 nc Clock Rise Time 20 10

5 TIC Clock Fall Time 20 10
6 ] Hold Time lor Any Specified Selup Time 0" 0 ns
7 TsC(Cr) TORQ, WR. TE 4 1o Clock t Setup 60 i 45 ns
13 TdDORDN RD ¥ 1o Data Outpul Delay 300 220 ns
9 TsDI(Cr) DataInto Clock t Setup (Wi or MT) 30 20 . ns
10 TdDO(ION) fORQ | 1o Nata Out Delay (INTA Cycle) 110 05 ns
i TdRDr(Dz) RD ! 10 Data Floal Delay (oulput buller disable) 70 50 ns
12 TSIEIIONQN) IE1 10 TORO 4 Setup (INTA Cycle) 100 80 ns
13 TdIEOr(IEIr) ICH 1o IEO t Delay 100 70 ns
14 TJIEOIEN) IE1 410 IEO |} Delay 100 70 ns
15 TAMII(IEQN) MT 410 IEO | Delay (interrupt just prior to M1 1) 100 80 ns
16 TsM1((Cr) M7 410 Clock t Setup 70 45 i
17 TsMIr(Cl) M1 110 Clock Setup '. -15 -15 ns
18 TsRDICr) D ¢ to Clock t Setup (MT Cycle) 60 45 ns

19 TAWINTI) Interrupt Cause to INT I Delay (INT gencraled

only when DMA is inaclive) 450 400 ns
20 TdBAI(BAOY) BAI 110 BAD t Delay 100 70 ns
21 TJBAI(BAON) BAI 410 BAO | Delay 100 70 ns
22 TsRDY(Cr) RDY Aclive lo C!rx‘.k 1 Setup 50 50 ns

NOTE: Negalive minimum setup values mean that the first mentioned event can come aller the second mentioned event

LY

M1 must ba activo for a minlknum of two clock cyclos to
rasal tho DMA (This loatuea Is only wih C-MOS 280

DMA).

Pro

b

|

juct Specitication

78420/284C20 NMOS/CMOS
Z80"™PIO
Parallel Input/Output

FEATURES

m Provides a direct interface between Z80 microcornpuler

syslerns and peripheral devices.

m Two porls with interrupl-driven handshake for last

response.

m Four programmable operaling modes: Output, Input,

Bidireclional (Port A only), and Bil Control

m Programmable inlerrupls  on peripheral  stalus
conditions. (1.5 mV @ 1.5V)
m NMOS version for cos! sensilive performance solulions.

B CMOS version for the designs requiring high speed and

low power consumplion *

= NMOS 70842004 - 4 MHz, Z0842006 - 6.17 MHz.

m CMOS 784C2006 - DC o 6 17 MIiz,
784C2008 - DC 1o 8 MI 1z

m Standard 280 Family bus-request and prioritized
interrupt-request daisy ,chains implemented  without

external logic. 5

m The eight Port B outpuls cz\ir1 drive Darlington transislors
(1.5mAat 1.5V).

m 6 Miiz version supporls 6.144 MHz CPU clock opera-
tion.

GENERAL DESCRIPTION

The Z80 P10 Parallel /O Circuil (hereinaller referred lo as
the Z80 PIO or PIO) is a programmaijle, dual-port device
thal provides a TTL-compalible interface bélween periph-
eral devices and the Z80 CPU (Figures 1 and 2). Note the
QFP packaga Is ohly available in CMOS version. The CcPU
configures lhe Z80 P10 lo interface with a wide range of
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Flgure 1. Pin Functions

PORT A

PORT 8

peripheral devices that are compatible with the Z80 P10
include most keyboards, paper lape readetrs and punches,
printers, and PROM progiamimers

One characleristic of the Z80 peripheral controllers that
separates them from olher inlerface contiollers is that all
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Flgure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Figure 2b. 44-pin Chip Carrler,
Pin Assignments

22

Z1pra0
gu s os P7Y)
TITTIrA2
= o ww [V}
CMOS o

e

200 PIO Tieae
ITTIrAs
Z1ITIrAs
—ITIPAT
el L8

Figure 2c. 44-pIn Quad Flal Pack Pin
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Figure 3. P10 in a Typleal Z80 Family Environment

data lransler belween the peripheral device and the CPU is
accomplished under interrupl control. Thus, the inlerrupt
logic of the PIO permits full use of the elficient interrupt

capabilities of the Z80 CPU during 170 translers. All logic

necessary to impleinent a fully nesled interrupt structure is
included in the PIO (Figure 3).

‘Anolher fealure of the PIO is the ability to interrupt the CPU
upon occurrence of specified status conditions in the
peripheral  device. For example, the PIO can be
pvogr.ammrzd lo inlerrupl if any specified peripheral alarm
conditions should occur. This interrupt capability reduces

the time the processor musl spend in polling peripheral
status.

The Z80 PIO interlaces to peripherals via two independent
general-purpose /O porls, designated Port A and Port B.
Each port has eight data bils and two handshake signals
Ready and Strobe, which control data lransfer. The ﬂea(ly;

oulpul indicales lo the peripheral that the port is ready for a
_dalf) transler. Strobe is an input from the peripheral that
indicaleswhen a dala transler has cccurred

Opemllng_ Modes. The Z80 PIO ports can be programmed
|q o.per:.ile in four modes: Oulput (Mode 0), Inpul (Mode 1),
Bidirectional (Mode 2) and Bit Conlrol (Mode 3).

Eilther Port A or Poit B can be programmed o oulput data in
Modc 0. Boih poils have oulpul regislers thal are
|r1dnvic1LnaIly addressed by the CPU: data can be wrillen 1o
cilher port al any lime. When data is wrilten to a porl, an
active Ready outpul indicates to the external device that
dala is available al the associaled port and is ready for
transfer 1o the external device. Aller the dala transler, the
external device responds with an actve Strobe inplit, thi(:h
generales aninlerrupt, if enabled. T

¥

Either Porl A or Porl B can be programmed lo inpul dala in
Mode 1. Each poit has an input register addressed by the

o

CPU. When the CPU reads data from a poit, the PIO sels the
Ready signal, shich is detecled by Ihe external device. The
external devica then places dala onthe /O lines and strobes
the 110 port. ~hich latches the dala inlo the Port Input
Regisler, resets Ready, and triggers the Interrupl Request, il
enabled. The CPU can read the input dala at any lime,
which again sols Ready.

Mode 2 is bidirectional and uses only Port A, plus the
interrupts and handshake signals from both ports. Port B
must be set to Mode 3 and masked ol from generaling
interrupts. In operalion, Port A is used for both data input
and output. Culpul operation is similar lo Mode 0 excepl
Ihat data is allowed out onto the Port A bus only when ASTB
is Low. For input, operation is similar to Morcle 1, excepl that
lhe data input uses the Poit B handshake signals and the
Port Binterrupt, if enabled.

Both porls can be used in Mode 3. In lhis mode, the
individual bits are delined as eilher input or outpul bils. This

provides up to eight separale, individually defined bils for

each port During operation, Ready and Stiobe are nol
used Instead, an interrupt is generated il the condition ol
oneinpul changes, ot il allinpuls change Therequiremenls
for generaling an interrupt are delined dunng  the
programming dperalion: the aclive level is speciied as
either High or Low, and the logic condition s specilied as
eilher one input active (ON) or all inputs active (AND). For
example, if the portis programmed for aclive Low inpuls and

the logic functionis AND. then allinputs at the specihed port
must go Low lo generale an interrupt

Data outpuls are conlrolled by the CPU) and can be writlen
or changed at any lime

B Individual bils can be masked oll

m The handshake signals are notused in Mode 3: Ready s
held Low, and Strobe is disabled

® When using the Z80 PIO interrupls, the 280 CPU
inlerrupl mode muslt be set to Mode 2.

INTERNAL STRUCTURE

The internal structure of the Z80 PIO consisls of a 280 CPU
bus intetface, internal conlrol logic. Port A 1/0 logic. Port B
110 logic. and interrupt conlrol logic (Figure'4). The CPU bus
interface logic allows the Z80 PIO lo interface direclly lo the
780 CPU wilh no other external logic. The internal conlrol
logic. synchronizes he CPU dala bus io the peripheral
device interfaces (Port A and Port B). The two /O porls (A
and B) are virtually identical and ate used lo inletlace
direclly lo peripheral devices.

Port Logic. Each port contains separale input and oulput
registers, handshake control logic, and the conlrol registers
shown in Figure 5. All dala translers belween the peripheral
unil and the CPU use the dala inpul and oulput regislers.
The handshake logic associated with each porl controls the
data transfers through the input and th:: oulpul registers.
The mode contiol register (Iwo bils) selects one of the four
programmable operating modes.

IHTERANAL
CONTAOL
LOGIC
/\

L]

<] cpy

naIA | nus INTERNAL BUS

8,04 1O

CONTHOL
INTERRUP1
coNTnOL
-3

INTERNUTT CONTROL LINES

The Bil Cantrolmode (Mode 3) uses the remaining regislers.
The inpul/output contiol register specifies which of the eight
data bitsin the port are to be oulpuls and enables these bits:
the remaining bils are inputs. The mask register and the
mask control register govern Mode 3 interrupt condilions
The mask register specilies which of Ihe bits in the port are
active and which are inasked @r inactive

The mask control register specilies two conchtions: first,
whether the active state of the input bits 15 High or Low, and
second, whether an interrupl is generaled when any one
unmasked input bitis active (OR condition) or if the interrupl
is generated when all unmasked input bits are active (AND
condition).

Interrupt Control Logic. Theinterrupt contiol logic section

handles all CPU interrupt protocol o1 nesled priority
interrupt structures Any device's physical location in a

8
. OATA
> oncontnoL
FORY
A

D
" HANDSHAKE
-

PENIPHERAL
INTERFACE
L
Lo DATA
PORT On CONTNOL
B -——
o HANDSHAKE
——

Flgure 4. Block Dlagram
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daisy-chain conliguration delermines ils priorily Two lines
(IEF and IEQ) are provided in each PIO lo lorm this daisy
chain. The device closest lo tha CPU has the highes! priorily.
Within a P10, Port A interrupls have higher priorily than
those of Port B. Inthe byl input, byte outpul, or bidirectional
modes, an interrupt can” be generaled whenever the
penpheral requests a new byle transler. In the bil control
mode, an interrupl can be generated when the peripheral
slatus matches a programmed value. The PIO provides lor
complele conltrol of nesled interrupts. Thal is, lower priority
g_cvu:ns may nol interrupt higher priority devices that have

i i :
nol had their interrupt service routines compleled by the

CPU. Fhgher priority devices may interrupl the servicing ol
lower priorily devices.

Il the CPU (in interrupt Mode 2) accepts an interrupt, the
nlerrupting device must provide an 8-bit interrupt veclor lor
the CPU. This veclor forms a pointer to a location in memory
where the address ol the interrupt service routine is localed.
The 8-bil vecior from the inlerrupling device lorms the least
signilicant eight bits ol the indirect pointer while the |
Regisier in the CPU provides the most signilicant eight bits
ol the ponler Each port (A and B) has an ndependent
mterrupt veclor The least signiicant bit of the véclor is
autornalically sel to 0 within the PIO because the pointer
musl pomnt lo lwo adjacent memory locations lor a complele
16-bil address

CONTROL
REGISTER
(2 8115)

l

[ INTERNAL BUS

ovutryr
SELECT
MODE REGISTER

DATA
ourrul
REGISTER
(8 811S)

Unlike the other Z80 peripherals, the PIO does not cnable
interrupls immediately alter pregrarmming. It wails until M1
goes Low (e g.. during an opcode felch). This condition is
unimporlant in the Z80 environment bul might not be i
another type of CPU is used.

The PIO decodes the RETI (Return From Integrupt)
inslruction directly from the CPU dala bus so that each PIO
in the system knows al all limes whelher it is being serviced
by. the CPU inlerrupl seivice routine. No other
communicalion with the CPU is required.

CPU Bus I/0 Logic. The CPU husinterlace logic interfaces
lhe Z80 PIO directly to the Z80 CPU, so no external logic is |
necessary. For large syslems. however, address decoders
and/or bulfers may be necessary. ;

Internal Control Logic. This logic receives the conlrol
words lor each porl during programming and, in lurn,
conlrols the operating functions of the Z80 P10. The control
logic synchronizes the port operalions, conliols the porl
mode, porl addressing, selects the read/wrile lunclion, and
ssues appropriale commands lo the porls and (he interrupt
logic. The Z80 P10 does nol receive a wrile inpul lrom the
CPU: inslead, the RD. CE. €/D and I0RQ signals internally
generale the wrile input.

INPUT/

{8 BITS)

ourPUT
ENABLE

) 8.01T 1O AUS

.

MASK N[ masx
CONTROL REQISTER
REQISTER ‘__.]/ 8 0018

2e118) L

DATA
1 wrur <:-°—
REGISTER
8 mrs)

INTERRUPT
——#=| CONIROL
Logic

HAND.
.| SHAKE HAHDSHAKE
cONTROL CONTROL
Loaic

*Used In the bit made only to al'ow genaration of wn Interrupt It the pecipheral 110 plos go to the

specitied siate

Flgure 5. Typical Port /0 Block Dlagram

PROGRAMMING

Mode 0, 1, or 2. (Inpul, Outpul, or Bidireclional).
Programiming a port for Mode 0, 1, or 2 requires al leasl one,
and up 1o three, control words per porl. These words are:

Mode Control Word (Figure 6). Selecls the poit operaling

mode. This word is required and may be wiillen at any lime.

Interrupt Vector Word (Figure 7). The Z80 PIQ is designed
for use with the 280 CPU in interrupt Mode 2. This word
musl be programmed if interrupls are lo be used.

Interrupt Control Word (Figure 9) or Interrupt Disable
Word (Figure 11). Controls the enable or disable of the PIO
interrupt function.

Mode 3 (Bil Conliol). Programming a port for Mode 3
requires al leas! two, and up lo four, conlrol words.

Mode Control Word (Figure 6). Selects the port operaling
mode. This word is required and may be wrillen al any time.
110 Hegisler Control Word (Figure 8). When Mode 3 is
selected, the Mode Control Word must be followed by the
110 Conlrol Word. This word conligures the 1/0 conlrol
register, which deflines which portlines are inpuls or oulpuls.
This word is required.

ﬂ ooy IIIIIIII

lDENNFIEﬂ MODE
CONTAOL WORD
—— DON'T CARE

e——————-—— MODE SELECT

0 MODE O
1 MODE 1
0 MODE2
1 MODE?3

Figure 6. Mode Control Word

' Jrfofuln]v]

L MENTIFIES INTERRUPT
~€CTOR

USER SUPPLIED INTERRUPT
VECTOR

Flgure 7. Interrupt Vector Word

RRRRRRRR
’ —“—1: 0 SETS BIT TO QUTPUT

1 SETS BIT TO INPUT

Figure 8. 1/0 Regster Control Word

Interrupt Vector Word (Figure 7). The Z80 PIO is designed
for use with the Z80 CPU in interrupt Mode 2. This word
must be programmed il inlerrupts are lo be uséd.

Interrupt Control Word. In Mode 3, handshake is nol
used. Interrupts are generated as a logic function ol the
input signal levels. The interrupt control word sels the logic
conditions and the logic levels required for generaling an
interrupl. Two logic conditions or funclions are available:
AND (if allinput bils change to the aclive level, an inlerruplis
triggered), and OR (il any one ol the mpul bitschangestothe
aclive level, an interiupl is lriggered). Bit Ds sels the logic
function, as shown in Figure 9. The aclive level of the input
bits can be sel either High or Low. The aclive level is
controlled by Bit D5

Mask Control Word. This word sets the mask conlrol
regisler, allowing any unused bits to be masked off. I any bils
are lo be masked, then D4 must be set. When Dy is set, the
next word wrillen lo the port must be a mask control word
(Figure 10). )

Interrupt Disable Word. This control word can be used 1o

enable or disable a port interrupt. It can be used without
changing the rest of the interrupt control word (Figure 1)

— MSK

L IDENTIFIES INTERNUPT CONTROL WORD

e 1 = MASK FOLLOWS (1)
1 = ACTIVEINGH

1 = AND FUNCTION
e\ = INTERNUPT FUNCTION ENABLE ()

*NOTE:

1. Regardless of the operating made,
ny pending w.m-pu 10 be

Figure 9. Interrupt Control Word

oo [ou[ou o]0 [0
MB,-MB,; MASX RITS. A
DIT 1S MONITORED FOR AN
INTERRUPY IF IT IS

DEFINED AS AN INPUT AND
THE MASX BIT 1S SET 10 0

Figure 10. Mask Control Word

[o]oo e e ] ]
—_«[:_—: 1DENTIFIES INTERRUPT

DISABLE WORD

b ——eeee—— DON'T CANE

D; = 0 INTEINRUFT DISABLE
Dy = 1 INTERNUPT FNARLE

Figure 11. Interrupt Disable Word
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PIN DESCRIPTION

PAg-PA;. Port A Bus (biditectional, J-slate). This 8-bil bus
lranslers dala, stalus, or control information belween Port A
of the PIO and a peripheral device. PAg is Ihe leas!
significant bit of the Port A dala bus.

ARDY. Register A Ready (outpul, aclive High). The
meaning of his signal depends on the mode of operalion
selecled for Porl A as lallows:

Output Mode. This signal goes aclive lo indicate that the
Port A oulpul register has been loaded and the petipheral
dala bus is stable and ready lor lransler lo the peripheral
device.

Input Mode. This signal is active when the Port A inpul
regisler is emply and ready lo accept data Irom the
peripheral device.

Bidlrectional Moda. This signal is aclive when dala is
available in the Port A oulpul register for transler lo the
peripheral device. In this mode, data is not placed on the
Port A data bus, unless ASTB is aclive.

Control Mode. This signal is disabled and forced 1o a Low
slate.

ASTB. Porl A Strobe Pulse From Peripheral Device (inpul,
active Low). The meaning of this signal depends on lhe
mode of operalion selecled for Porl A as lollows:

Output Mode. The positive edge of this strobe is issued by
the peripheral to acknowledge he receipl of dala made
available by the PIO.

Input Mode. The slrobe is issued by the peripheral to load
dalafrom the peripheralinto the Port A input regisler. Dalais
loaded into the PIO when this signal is aclive.

Bidirectional Mode. When this signal is aclive, data from
the Port A output regisler is galed onlo the Porl A
bidireclional data bus. The posilive edge ol the strobe
acknowledges the receipt of he dala.

Control Mode. The slrobe is inhibited internally.

PBgy-PB;. Port 8 Bus (bidirectional, 3-slale). This 8-bil bus
lranslers data, slatus, or control information between Port B
and a peripheral device. The Porl B dala bus can supply 1.5
mMA al 1.5V lo drive Darlington transistors. PBy is the leas!
signilicant bit of the bus.

BIA. Port B or A Sefect (inpul, High = B). This pin delines
which poitis accessed during a dala transfer between the
CPU and the PIO. A Low on this pin selects Port A: a High
selecls Port B. Often address bit Ag from the CPU is used for
this seleclion funclion.

BRDY. Register B Ready (output, aclive High). This signal is
similar to ARDY, excepl (hal in the Porl A bidirectional mode
this signal is High when the Port A inpul regisler is emply
and ready lo accep! data from the peripheral device.

BSTB. Fort B Strobe Pulse From Peripheral Device (input,
aclive Low). This signal is similar 1o ASTS, excepl thatin the
Port A bidirectional mocla this signal sirobes data from the

peripheral device into the Port A inpul register.

C/D. Control or Data Select (inpul, High = C). This pin
delines he type of dala transler 1o be performed belween
the CPU and the P10. A High on this pin during a CPU wrile
lo the PIO causes the Z80 data bus lo be Interpreted as a
command for Ihe port selecled by the B/A Select line. A Low
on this pin means that the Z80 dala bus is being used lo
transfer data belween the CPU and the PIO. Ofleri address
bit Ay from the CPU is used lor this funclion,

CE. Chip Enable (input, active Low). A Low on this pin
enables the PIO lo accept command or dala inputs from the
CPU during a wrile cycle or 1o transmit dala to the CPU
‘during a read cycle. This signal is generally decoded from
four /0 port numbers for Ports A and B. dala, and control.

CLK. System Clock (inputl). The 780 PIO uses the standard
single-phase 780 system clock.

' Dy-D7. 280 CPU Data Bus (bidirectional, 3 state). This busis

used lo lransfer all dala and commands belween (he 280
CPU and the Z80 PIO. Dy is the leas! significant bit,

IEL. Interrupt Enable In (input. aclive High). This signal is
usedloforma priority-interrupl daisy chain when more than
one interrupt driven device is being used. A High level on
this pin indlicales that no other devices of higher priority are
being serviced by a CPU inlerrupt service routine.

IEO. Interrupt Enable Out (output, active High). The IEO
signal is the other signal required o lorm a daisy chain
priority scheme. Itis High only it IE| is High and the CPU is
not servicing an interrupt from this PIO. Thus this signal
blocks lower priorily devices lrom interrupling while a higher
priorily device is being serviced by its CPU interrupt service
rouline.

INT. Inl~er‘/up[ Request (oulput, open drain, active Low).
When INT is aclive the Z80 PIO is requesting an interrupt
from the Z80 CPU.

10RQ, Input/Output Request (input from 280 C_Pg,_nclive
Low). IORQ is used in conjunction with B/A, C/D, CE, and
RO 10 transfer commands and data belween the 280 CPU
and the Z80 PIO. When CE, D, and IORQ are active, the
port addressed by B/A lransfers data lo the GPU (a read
operation). Conversely, when CE and IORQ are aclive but
RD s not, the port addressed by B/A is writlen inlo from the
CPU wilh either data or control information, as specilied by
CID. Also, if TORQ and M1 are aclive simultaneously, the
CPU is acknowledging an interrupl; the interrupling port
automatically placesiils interrupl vector on the CPU data bus

ifitis the highest priorily device requesting an interrupi.

M1. Machine Cycle (input liom CPU, active Low). This sxgngl
is used as a sync pulse lc_)__conlrol_ievleral internal Fi
operalions. When both the M1 and HQ signals are aclive,
the 280 CPU is letching an inslruction (.romlmerg(&ryq_
‘Conversely, when both M1 and IOHQ are aclive, | weC ; is
acknowledging an interrupl. In addition, M1 l_ms wo olp\l((z)r
functions within the Z80 PIO: it synchronizes the

interrupt logic: when Mi occurs without an active RD or .

ORQ signal. the PIO is resel.

RD. Read Cycle Status (input from 280 CPU, aclive !_nw) "
fiD is aclive, or an /O operalion is in progress, RO is used

wilh BIA, /0, CE, and 101Q 1o transfer data fom the 780
PIO to the 280 CPU.

TIMING

The following timing diagrams show lypical.limi_ng ina ZB‘O
CPU environmenl. For more precise specilicalions reler to
the composile ac timing diagram.

Write Cycle. Figure 12 i!luslr:'uAes the liming 'lg;
programming the Z80 PIO or'lor wnlmg'clialn l'(lj onien(l‘. s
poris. The PIO does not receive a specilic wri o s[:q {F'}B
internally genetales ils own from the lack of an aclive
sighal. »
Read Cycle. Figure 13 illustrales the liming for readg:)g[illg
dala inpul from an external device lo one ol the Z

porls.

*%iR = AD + TF - iGR0 - Wi

Figure 12. Write Cycle Timing

ex [T

WR*

Output Mode (Mode'O). I\n’ oulput cycle (lrlgllfe.14)bls

always started by the execulion of an output umlrucholn y

the CPU The WR* pulse from the CPU .l:\lr.hnslhe (!ala ITOr:“

he CPU data businto the selected port's oulpul r»ogmlz: e'
WR"* pulse sels the Ready flag aller a Low going e gle'o

CLK, indicating datais available Ready»slnys.m:l"ve pnln “hmi
posilive edge of the slrobe line is re(‘.ewed,.mdmahng’ |ha

data was taken by the pel'{p.h_eml. 1.l\c positive edlgin ) e
strobe pulse generales an INT il the mlcl‘mn! m\al.)e: ip-flop
has been set and il this (leyice has the highest priorily
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Figure 13. Read Cycle Timing
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:npul Mode (Mode ). When STROBE goos from Low to
hgh, datais lalched into (he selecled porl inpul register

(Figure 15) While STROBE is Low, the inpul dalalalches are
transparent. The next rising edge of STROBE aclivales ﬁ\fll' i
Interrupt Enable is sol and this is the hiqhesljr.wir)u'l
requesting device. The loflowing lalling edge Eﬂ CLK N‘r.r‘l-)"
Ready 1o aninactive state, indicating that the inpul mqil;l"m‘id
[ull and cannol accept any more data until lh'é CPJ
completes a read. When a read is compleln, the postlive
edge of RD sels Ready al the next Low nain(; (m;mnli(.)n ol
CLKC Al this lime new data can be loaded into the PI‘O

'\Bﬂl((]‘](l,rce'c(l)ionai Mo_de {Mode 2). This is a combinalion of
S anld 1 using all lour handshake lines and the eight
Porl A 110 lines (Figure 16). Porl B must be set lo (h;‘bl
r.nr)dc andilsinpuls must be masked. The Port /\ irandql;akt;
lines nm_used lor outpul conltrol and the Port B Iin(:s
used lor inpul control. I inlertupls occur, Porl As vc(‘l;ml cv'v'ﬁ
be u.!:cd during port outpul and Fort B's will be l;Ged .durinl
portinpul. Datais allowed out onto the Port A b‘us‘only whe:g1

ASIB is Low. ‘Ihr: rising edge ol this strobe can be used to
lalch the dala into Ihe peripheral. h

READY

PORT &
DATA nus

z/
=i

anoy

“WR = nD - CE « iOA@ » M7

Figure 16. Mode 2 Bidirectional Timing
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Bit Control Mode (Mode 3). The bil rmode does nol utilize
he handshake signals, and a norrmal port wrile or porl read
can be execuled at any lime. When wiiling, the dala is
Jalched into the output registers with the same timing as the
output mode.

When reading (Figure 17) the PIO, the dala returned to the
CPU is composed of output register dala from those porl
dala lines assigned as oulputs and input regisler data from
lhose porl dala lires assigned as inputs. The input register
contains dala thal was present immediately prior 1o the
falling edge ol fiD.- An interrupt is generated if interrupls
from the portare enabled and the dala on the porl datalines
salisly the logical equation delined by the 8-bil mask and
2.Lit mask control tegisters. However, il Porl A s
programmed in brdirectional mode, Porl B does notissue an
interruptin bit mede and musl herelore be polled

Interrupt  Acknowledge Timing. During M1 time,
peripheral controllers are inhibited lrom changing their
interrupl enable stalus, permilling the Interrupt Enable
signal to ripple through Ihe daisy chain. The peripheral with
IEl High and I1EO Low during INTACK places a
preprograrmmed 8-bit interrupl vector on the data bus al this
lime (Figure 18). 1EO is held Low unlil a Return From

" Interrupt (RETh instructionis executed by the CPU while 1EI

is High. The 2-byle RE Tlinstruction is decoded internally by
the PO for this purpose.

Return From Interrupt Cycle. I a1 Z80 peripheral has no
interrupt pending and is nol under service, then ils IEO =
IEL, 11 it has an interrupt under service (ie it has alteady
interrupted and received an interrupl acknowledge) then its
JEO is always Low, inhibiling lower priority devices from
interrupting. Il it has an intetupt pending which has not yel
been acknowledged, IEQ is Low unless an "ED” is decoded
as the first byle of a 2-byte opcode (Figure 19) Inthis case,
IEO goes High until the next opcode byte is decoded,
whereupon it goes Low again. if the second byle of the
opcocle was a "AD. then the opcode was an RETI
instruction

Alter an "ED” opcode is decoded, only the penpheral
device which has interrupted and is curntently under service
has its IEI High and ils IEO Low. This device is the
highes!-priorily device in the daisy chain that has received
an inlerrupt acknowledge All other peripherals have IEl =
IEO. Il the next opcode byte decodedis "40.” this peripheral
device resels ils "interrupt under service” condilion

AL U U UL

cLx

ront
DATA BUS

"y DATA MAICH
OCCURS MERE

X DATA wWORD X DATA WORD 2 X

iona
4 &
0501 —( oaam -
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Figure 18. Interrupt Acknowledge Timing

s\ N
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

VIC145421

Advance Information MC145425

ISDN Universal Digital Loop
Transceivers 11
(UDLT I1)

The MC145421 and MC145425 UDLTSs are high-speed data transceivers capable of
providing 160 kbps fuil duplex data communication over 26 awg and larger twisted-
cair cacle up 10 1 km in length. These devices are primarily used in digital subscriber
voice and daa telephone systems. In addition, the gevices meet and exceed the
CCiTTs recommendations for data transfer rates of ISDNs on a single twisted pair.
The devices utiiize a 512 kilobaud MDPSK burst modulation technique 1o supply the
160 kbps full dupiex data transfer rates. The 160 kbos rate is proviced through four

PLASTIC
CASE 708

PIN ASSIGNMENTS

channels. There are two B channels, which are 64 kbps each. In addition, there are MC145421
two D channeis which are 16 kbps each.

The MC145421 and MC145425 UDLTs are designed for upward compatibility with vssl 1 e 24 vgg
the existing MC145422 and MC145426 80 kbps UDLTS, as weil as compatibility with i 22 Lot
axisting and evolving telephone switching hardware and software architectures. refy s

The MC145421 (MASTER) UDLT is designed for use at the teleohone switch line ugs- 22 Loz
card while the MC145425 (SLAVE) UDLT is designed for use at the remote digital B« < 21 1Rz
telset or data terminal. vols .- 20[Re2
® Employs CMOS Techrology, in Order 1o Take Advantage of Its Proven Capability for ouds E 18 [1RET
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Twnstgd Palr up t_o 1 km. | = ~ ‘ ‘ 0200 10 . 1507
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Signalling Schemes. sefn -4 fiTe
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® Single +5 V Power Supply
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This gocumaent contains information on a new oroduct. Soecifications and information heren are SUDIACT 10 changa without notice.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2477



MC145421, MC145425

MC148421 MASTER ISDN BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS (Voitage Referenced to Vgg)

Rating i Symbol ! Value Unit | | This device contains Circuitry 10 protecst tne
DOC Suppiy Voitage | Vpp-Vss | -0.5158.5 Y] inouts against damage due to high static voitages
Voitage Any Pin to Vg i \Z ' -05tVpp=-25 | V or electric fields; however, itis advised that nor-

- s - o : ki - i . s
OC Current, Any Pin (Exciuding Voo, | 7 7 10 g, mai recaunqns be taken to ¢‘1V0Id applications of
Vsg) ! ! i any voltage higrer *han maximum rated voitages

I = - — 0 = e to tnis hign impedance circuit. For proper coper-

| Ypsraung Temperatire ) A —401t0" =85 - £ ation it is recommended that Vin and Vg o

| Storage Temperature i Tsig ' -351w -180 | °C constrained 10 the range Vggs(Vin or

Voutl =Vpp- Reliavility of operation is enhancea
if unused inputs are tied to an aoprooriate logic
voitage level (e.g., 2ither Vg3 or Vppl.

RECOMMENDED OPERATING CONDITIONS (Ta = -20 1o -85°C)

i Parameter I Pins | Min ! Typ | Max | Unit
DC Supply Voitage " voo | 48 b.s0 | 55 | v
Frame Rate MC145421 (See Note 1) oMst | - fos80 | = kHz
MC145421/25 Frame Slio Rate (See Note 1) i - i - | - I 025 %

{ CCl Clock Fraguency —g="— | 8199 W 8.28 MHz

| TDC/RDC Data Ciccks !for Mastery j = = _ W | MHz

| 6CLK = 0018 1 = 41 | MHz
| Modulation 3aua 8ate (CCl. 16) CLOno2 el £ L 512 | = | kK2

NOTE:

1. The slave's crvstal frequency divided by 1024 must equal the master's MSI fraquency =0.25% for optimum operation. Also, the 8.192 MHz
input at the master divided. by 1024 must be within 0.048% of e master's 8 kHz MSI ciock frequency.

DIGITAL CHARACTERISTICS (Vop=5V, Ta = 40 to =85°C)

Parameter ! Min ] Max Unit
Input High Level sy | - v
Input Low Level i — | 1. v
Input Current. Vnp | % 0 ™ mA
input Current (Digital Pins) s | :
Input Capacitance A ] = 10 pF i
Cutput High Current (Except Tx on Master and Siave, and PD on the Siave) VoH=2.5 7 - mA
VoH=4.6 -0.36 -
Tx Qutput Hign Current VoH=2.3 -3.4 - mA
VoH=4.6 -0.7 -
PD (Stave Outcut High Current (See Note 2) Vox=2.5 - i -%0 uA
Output Low Current {Except Tx on Master ana Slave, and PD on Slave) VoL=0.4 0.28 & mA
VoL=0.8 0.8 -
Tx Output Low Current VoL =0.4 1.7 | - mA
VoL =0.8 346 -
PD (Slavel Outout Low Current (See Note 2) voL=0.4 I | & 2A
Tx Three-State imoedance 100 | - ]
XTL Output High Current Vo =4.6 - i -4580 2A ¥
XTL Output Low Current VoL=04 | 450 ! - 2A
NOTE: i
2. To overdrive PD from a low level to 3.5 V, or a hign level to 1.5 V requires a minimum of + 800 pA drive capability.
ANALOG CHARACTERISTICS (Vpp=5V, Ta =010 70°C)
Parameter i Min Max | Unit |
Moduiation Differenual Amopiitude RL =880 Q (LO1-L02) | 46 = ’ Vpeak
| Modulation Differential OC Offset ! - i 4 | mVv
| Vref Voltage (Typicaily 8/20«(Vpp - Vssi) 2.0 2.5 ] v ;
PCM Tone Level -2 -18 aBm I
Demodulator inout Amolitude H 30 - i mVoeax !
| Demodulator Inout Imoedance (LI t0 Vgf) { 75 ! 00 xQ | '
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MC145421 MASTER PIN DESCRIPTIONS

VDD — POSITIVE SUPPLY (PIN 24)

The most positive power supply pin, normaily + 5 volts with
respect to Vss.

Vgs—NEGATIVE SUPPLY (PIN 1)

The ™ost negative suppiy pin and logic ground, normaily
0 volts.

Vief—REFERENCE OUTPUT (ANALOG GROUND)
(PIN 2}

This pin is the output of the internal reference supply and
should be bypassed to Vpp and Vgg with 0.1 xF capacitors.
This pin usually serves as an anaiog ground reference for
transformer coupling of the device's incoming bursts from the
line. No externai dc load should be placed on this pin.

LI—LINE INPUT (PIN 3)

This pin is an input to the demodulator for the incoming
bursts. The input has an internal 240 kQ resistor tied to the
Vref pin, so an external capacitor or line transformer may be
used to coupie the input signal to the device with no dc offset.

LO1, LO2—LINE DRIVER QUTPUTS (PINS 23, 22)

These push-pull outputs drive the twisted pair transmission
line with a 512 kHz modified DPSK (MDPSK) burst each
125 us, in otner woras at an 8 kHz rate. When not modulating
the line, these pins are driven to the active high state—being
the same potential, they create an ac short. When used in
conjunction with feed resistors, proper line termination is
maintained.

SE—SIGNAL ENABLE INPUT (PIN 11)

At the time of a negative transition on th‘is pin, an internal
latch stores the states of LB and PD for as long as SE is held
low. During this time, the VO, DO1, and DO2 outputs are
ariven to the high impedance state. When SE is high, all pins
function normally.

LB—LOOP BACK CONTROL (PIN 4)

A low level on this pin ties the internal moduiator output to
the internal demodulator input which loops the entire burst
for testing purposes. During the loopback operation, the LI
input is ignored and the LO1 and LO2 drivers are driven to the
active nign level. The state of this pin is internaily iatched if
the SE pin is heid low. This feature is only active when the
PD input is high.

PD—POWER DOWN INPUT (PIN 12)

When held low the ISDN UDLT powers down, except the
circuitry that is necessary to demodulate an incoming burst
and to output VD, B channel and D channel data bits. When
PD is brought high, the ISDN UDLT powers up. Then, it begins
transmitting every MSI pericd to the slave device, shortly afer
the rising eage of MSI. The state of this pin is latched if the
SE pin is held low.

VD—VALID DATA QUTPUT (PIN 5)

A high level on this pin indicates that a vaiid line transmission
has been demodulated. A valid transmission burst is.

-4

determined by proper synchronization and the absence of de-

. tected bit errors. VD changes state on the rising edge of MSI
when PD is hign. When PD is low, VD changes state at the
end of demodulation of a transmission burst and does not
cnange again until three MSI rising edges nave occurred, at
which time it goes low, or until the next demodulation of a
burst. VD is a standard B-series CMOS output and is high-
impadance when SE is low.

MSI—-MASTER SYNC INPUT (PIN 16)

This pin is the master, 8 kHz, frame reference input. The
rising edge of MSI loads B and D channei data which had
been input during the previous frame into the modulator sec-
ticn of the device and initiates the out-bound burst onto the
twisted-pair cable. The rising edge of MSI aiso initiates the
tuitering of the B and D channel data demodulated during

the previous frame. MSI should be approximartely leading edge

aligned with the TDC/RDC data ciock inout pin.

CCI—HIGH-SPEED CLOCK INPUT (PIN 17)

An 8.192 MHz clock should be suopiied to this input. The
8.192 MHz input should be 50% duty cycie, however it may
free-run with respect to all other clocks without performance
degradation.

D11, D2I—-D CHANNEL SIGNALING BIT INPUTS
(PINS 8, 7)

These inputs are 16 kbps serial data inputs. T'wo bits should
be clocked into each of these inputs between the rising edges
of the MSI frame reference clock. The first bit of each D
channel is clocked into an intermediate buffer on the first falling
edge of the DCLK following the rising ecge of MSI. The second

bit of each D chanrel is ciocked in on tne next negative tran- -

sition of the DCLK. If further DCLK negative edges occur,
new information is serially clocked into the buffer replacing
the previous data one bit at a time, Ruffered D zhannet data
bits are burst to the siave cevice cn the next rising edge of
the MSI frame reference ciock.

D10, D20—D CHANNEL SIGNAL QUTPUTS (PINS 9, 10)

These serial outputs pravide the 16 kbps D channel signaling
information from the incoming burst. Two data bits should be
clocked out of each of these outputs between the rising edges
of the MSI frame reference ciock. The rising edge of MSI
produces the first bit of each D channel on its respective pin.
Circuitry then searches for a negative D clock ecge. This teils
the D channel data shift register to produce the second
D channel bit on the next rising edge of the DCLK. Furtner
positive edges of the DCLK recirculate the D channel output
buffer information.

DCLK—D CHANNEL CLOCK INPUT (PIN 8)

This input is the transmit and receive data clack for both
D channeis. D channel input and output operation is described
in the D10, D20 pin description.

Tx—TRANSMIT DATA OQUTPUT (PIN 13)

This pin is high impedance wnen both TE1 and TE2 are low.
This cin serves as an output for 8 channel information recsivea
from the siave cevice. The B channei data is under the control
of Tg1, TE2, and TDC/RDC. (See TE1, TE2 descrigtion.)

MOTOROLA TELECOMMUNICATIONS DEVICE DATA _L
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Rx—RECEIVE DATA INPUT (PIN 21)

8 channel data is input on this pin and is controlied by the
RE1, RE2, and TDC/RDC pins. (See RE1, RE2 description.)

TE1, TE2—TRANSMIT DATA ENABLE INPUT
(PINS 14, 15)

These two pins controi the output of data for their respective
8 channel on the Tx output pin. When both TE1 and TE2 are
low, the Tx pin is high impedance. The rising edge of the
respective enable produces the first oit of the selected B chan-
nel data on the Tx oin. Internai circuitry then scans for the
next negative transition of the TDC/RDC clock. Following this
gvent the next seven bits of the selected 8 channel data are
ouiput on the next seven rising edges of tne TDC/RDC data
clock. When TE1 and TE2 ars high simuitaneously, data on
the Tx pin is undefined. TET and TE2 should be approximately
leading-2dge aligned with the TDC/ROC data ciock signal. In
order to keep the Tx pin out of the high-impedance state,
these enable lines should be high whiie the respective B chan-
nel data is being output.

RE1, RE2—RECEIVE DATA ENABLE INPUTS
(PINS 19, 20)

These inputs controi the input of 8 channel data on the Rx
pin of tne device. The rising edge of the respective snable
signal causes tne device 10 lcad the selected receive cata bufier
with data from the Rx pin on the next eignt falling edges of
the TDC/RDC clock inout. The RE1 and RE2 enzbles should
be rougnly izading-edge ziigned with the TDC/RDC data ciock
inout. These enaoles are riéing edge sensitive and need not
be hign for the entire B-channel input period.

TDC/RDC—-TRANSMIT/RECEIVE DATA CLOCK INPUT
(PIN 18)

This input is the transmit and receive data clock for the
8 channel data. As described in the TE1/TE2 and the REqY
RE2 sections, output data changes state on the rising edge of
this signal. and input data is read on the falling edges of this
signal. TDC/RDC should be rougnly leading-edge aligned with
the TE1, TE2, RE1, and RE2 enables, as weil as the MS| frame
reference signal.

MC145425 SLAVE PIN DESCRIPTIONS

Vpp—POSITIVE SUPPLY (PIN 24)

The most positive power supoly pin, normally + 5 voits with
respect 1o Vgs.

Vss—NEGATIVE SUPPLY (PIN 1)

The most negative supply pin and logic ground, normaily
0 voits.

Vref—REFERENCE OUTPUT (ANALOG GROUND)
(PIN 2)

This pin is the output of the internal reference supply and
should be bvpassed to Vpp anc Vgg with 0.1 »F capacitors.
This pin usuaily serves as an analog ground reference for
iransformer couoiing of the gevice s incoming pursts from the
line. No external dc loaa shouic e placed on this gin.

-5

LI—LINE INPUT (PIN 3)

This pin is an inout to the demodulator for the incoming
bursts. The inout nas an internal 240 k0 resistor tied 10 the
Vref Pin, so an exiernal capacitor or line transformer may be
used to couple the input signal to the device with no dc offset.

LO7, LO2—LINE DRIVER OUTPUTS (PINS 23, 22)

These pusn-pull outputs drive the twisted pair transmission
line with a 512 kHz modified DPSK (MDPSK) burst sach
125 us: in other words 2t an 8 kHz frame rate. When not
moduiating the line, thesa pins are driven to the active hign
state—being the same potential, they create an ac short. So
when used in conjunction with feed resistors, proper line ter-
mination is maintained. N

CLK OUT—CLOCK OUTPUT {PIN 19}

This pin serves as a bufiered output of the crystal frequency
divided by two. This clock is provided for systems using the
MC145428 Data Set Interface asyncnronous/synchronous ter-
minal adaptor device.

B—LOOPBACK CONTROL INPUT (PIN 4)

When this pin is low, e incoming 8 channels from the
master are burst back to the master—instead of the Rx
B8 cnannel input data. The 8 channel data from the master
continues to be outpur at the siave’s Tx pin during loopback.
If the TONE and the loopoack function are active simultane-
ously, the loopback function overrides the TONE function.
D channel data is not affected by LB,

VD —VALID DATA OUTPUT (PIN 5)

A high on this pin indicates tnat a vaiid transmission burst
has been demodulated. A valid burst is determined by proper
synchronization and the absence of detected bit errors. If no
transmissions from the master have been received in the last

2ED ..a an 4 VD will 5o low.

288,.:5, a5'getr nal oscillstor, VD will g

31 oscingtor,

Mu/A—TONE FORMAT INPUT (PIN 11)

This pin determines the PCM code for the 500 Hz square
wave tone generated wnen the TONE input is high—Mu law

(Mu/A'=1) or CCITT A law (Mu/A =0) format.

TONE—TONE ENABLE INPUT (PIN 16)

A high on tis pin causes a 500 Hz square wave PCM tone
10 be inserted in piace of the demodulated B channel data on
B cnannel 1. This feature allows the designer to provide audio
feedback for telset keyboard operations.

PD—POWER DOWN INPUT/OUTPUT (PIN 12)

This is a bidirectional pin with a weak output driver so that
itcan oe externally overdriven. When heid low, tna ISDN UDLT
is powered down, and the only active circuitry is that which
is necessary for demoduiation, generation of EN1, EN2, BCLK,
and DCLX, and outputting of the data bits and VD. When
heic hign, the ISDN UDLT is powered up and transmits nor-
mally in response to received bursts from tne master. |f the
ISCN UDLT is powerea up for 250 us—which is aerivea irom
an nternal osciilater ana no bursts from the master have oc-
curred, the ISDN siave UDLT generates a free-running set of
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EN1, EN2, BCLK, and DCLK signals and sends a burst to the
master device every other 125 ps frame. This is a wake-up
signal to the master.

When PD is floating and a burst from the master is de-
modulated, the weak output drivers wiil try to force PD high.
It will try to force PD low if 250 us have eiapsed without 3
burst from the master being successiully demodulated. This
ailows the slave device to seif power up and down in demand-
powered loop systems.

CCI—CRYSTAL INPUT (PIN 17)

Normally, an 8.192 MHz crystal is tied between this pin and
the XTL pin. A 10 MQ resistor between CCl and XTL and
28 pF capacitors from CCl and XTL to Vgg are required to
ensure stability and start-up. CCl may also be driven with an
external 8.192 MHz signal if a crystal is not desired.

XTL—CRYSTAL OUTPUT (PIN 18)

This pin is capable of driving one external CMOS input and
15 pF of additionai load capacitance.

D11, D2i—D CHANNEL INPUTS (PINS 6, 7)

These two pins are inputs for the 16 kbps O data channeis.
The D channel data bits are clocked in seriaily on the negative
edge of the 16 kbps DCLK output pin.

D10, D20—-D CHANNEL OUTPUTS (PINS 9, 10)

These two pins are outputs for the 16 kbps D data channeis.
These pins are updated on the rising edges of the stave DCLK
output pin.

Tx—TRANSMIT DATA OUTPUT {PIN 13)

This line is an output for the 8 channel data received from
the master. B channel 1 data is output on the first eight cycles
of the BCLK output when EN1 is high. B channei 2 data is
output on the next eignt cycies of the BCLK, when EN2 is
ihign. B channei data bits are clocked out cn the rising{edge
of the BCLK output pin.

DCLK—D CHANNEL CLOCK OUTPUT (PIN 8)

This output is the transmit and receive data clock for both
D channels. It starts upon demodulation of a burst from the
master device. This signai is rising edge aligned with the EN1
and BCLK signais. After the demodulation of a burst, the DCLK
line completes two cycies and then remains low until another
burst from the master is demodulated. In this manner syn-
chronization with the master is established and any clock slip
between master and siave is absorbed each frame.

Rx—RECEIVE DATA INPUT (PIN 21)

This pin is an input for the B channel data. 8 channel 1 data
is clocked in on the first eight failing edges of the BCLK output
following the rising edge of the EN1 output. 8 channel 2 data
is clocked in on the next eignt failing edges of the BCLK
following tne rising edge of the EN2 output.

EN1—8 CHANNEL 1 ENABLE OUTPUT (PIN 15)

This line is an 8 kHz enable signal for the input and output
of the B channel 1 data. While EN1 is high, 8 channel 1 zata

is clocked out on the Tx pin on the first eignt rising edges of
the BCLK. During this same time B channel 1 input data is
clocked in on the Rx pin on the first eight falling edges of the
BCLK. The VD pin is also updated on the rising edge of the
EN1 signal. EN1 serves as the slave device's 8 kHz frame
reference signai.

EN2—B CHANNEL 2 ENABLE OUTPUT (PIN 14)

This pin is the logical inverse of the EN1 output and is used
to signal the time stot for the input and output of data for the
8 channel 2 data. ‘

BCLK—B CHANNEL DATA CLOCK OUTPUT (PIN 20)

This is a stanaard 8 series output which provides the data
clock for the B cnannel data. This clock signal is 128 kHz and
begins operating upon the successful demodulation of a burst
from the master. At this time, EN1 goes high and 8CLK starts
toggling. BCLK remains active for 16 periods, at the end of
which time it remains low until another burst is received from
the master. In this manner synchronization between the master
and siave is established and any clock slippage is absorbed
each frame.

BACKGROUND

The MC145421 and the MC145425 ISDN UDLTs provide an
economical means of sending and receiving two B channels
(&4 kbps each) of voice/data and two D channels (16 kbps
sacn) of signal data in a two wire corifiguration at distances
up to one kilometer. There are two ISDN UDLTs, master and

. slave. The master UDLT is compatibie with existing and evolv-

ing PABX architectures. This device transmits 28 + 2D chan-
nels of data to the remote slave. At the remote end, the siave
device presents a reoiica of the FBX backplane to the terminal
devices. ;i

These devices permit existing digital PBX architectures to
remain unchanged and provide enhanced voice/data com-
munication services throughout the PBX service area by simply
repiacing a subscrioer’s line card and telset.

All operations cccur within the boundaries of an 8 kHz frame
(125 ps). In the master, the frame sequence begins on the
rising edge of MSI. In the slave, the frame begins after the
demodulation of a burst from the master. The siave initializes
its timing controls at this point to stay synchronized with the
master.

During one 125 us frame four main activities are performed:

1. Previously buffered 2B +2D channei darta is burst 1o the

other end.

2. New 2B +2D channel data is accepted for the next

frame’s transmission.

3. An incoming burst is demodulated and stored.

4. 2B +2D channel data from the previous demodulated

frame is output.

The bursts are 20 bits long, composed of two &-bit 8 chan-
nels and two 2-bit D channels. Bursts are encoded using a
modified DPSK method at 512 kHz. Since a single wire pair
is used, half duplex operation is used. A 512 kHz purst is sent
from end to end in & ping-pong fashion. This method provides
aoparent full duplex 160 kbps transmission of data at aistances
up to ane kilometer.
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GENERAL

The ISDN UDLT consists of a modulator, a demodulator,
intermediate data registers, receive and transmit data registers,
and sequencing and control logic. The Rx and Tx ouffers
interface digitally to the line card backplane signais, while the
modulator and demoduiater interface to the twisted pair trans-
mission media. Intermediate data registers buffer data between
these main, components. The ISDN UDLT is intended to
operate witn a 5 volt power suoply and can e driven oy CMOS

r TTL iogic.

MASTER OPERATION

In the master, tne rising eage of MSI initiates the 125 us
frame. 8 channei data is clocked into the Rx registers under
control of TDC/RDC, RE1, and RE2. This data is comoined
with the D channel data clocked in on pins D1l and D2! by
the DCLK. The resulting 20 bit packet is stored for the next
frame transmission to the siave UDLT.

The burst outout to the slave consists of the 2B = 2D data
loaded during tne previous frame. The burst recsived from the
siave is aemocuiated ana stered for outputting in the following
frame.

8 channel bits demoduiated in the previous frame are cutout
on the Tx pin uncer control of TDC/RDC, TE!, and TE2.
Demodulated D channel bits are outout on the D10 and D20
output pins. The incicaticn of a valid burst demodulation is
the VD outout. which is updated at the start of every frame.

SLAVE OPERATION

In normai siave operation, the main syncnronizing event is
comgietion of cemoduiating a burst from the master UDLT.
This action initiaiizes the 125 s frame boundary of the siave.
During the siave frame, 3 channel data is loaded and stored
under control of the BCLK, EN1, and EN2 outputs. D channei
datais loaded at 01land D2l under control of the DCLK output.

The demoduiated burst from the master is separated into
its D channel and B channet components and output on the
D1Q\ D20, and Tx gins. The return burs: to the master con-
sisting of previously loaded 28 + 2D data is transmitted eight
bauds after the completion of demodulation of the master’s
bursz. This provides a period for line transients to diminish.

The start of tne slave frame initiates two cycles of the
16 kHz DCLK, and one cycie eacn of the 8 kHz EN1T and EN2
enables. After comoieting their cycies, these outputs remain
low until another aemodulation signals the start of a new siave
frame. In this manner, clock siip between the master and slave
UDLTs is absorped each frame.

POWER-DOWN OPERATION

When PD is low in the master, the ISON UDLT is powered
down and only that circuitry necessary 1o demodulate incom-
ing bursts is active. No transmissions to the slave occur during
power down. If the master is receiving bursts from the siave,
the VD pin will change state upon completion of :he
demodulation.

When the 7T inout pin is driven high, the master ISON
UDLT is powered up. In this mode, the master bursts to the
slave every frame. B and D channel data can be loadea and
unloaded and VD is upaated on the MSI rising edge.

If no bursts are received by the master, whether powered
up or not, the B channei data is unknown and tne D channel
bits will remain at their last known values.

The PD pin on the slave UDLT is bidirectional with a weak
output driver that can be overdriven externally. When low —
either externaily or internally derived, the siave is powered
down. No bursts to the master can be transmitted. EN1, EN2,
BCLK, and DCLK outputs are inactive during power down
except wnen TONE is high or a burst has been received from
the master. 8 and D channel data can be ioaded and unioaced,
and VD is updated upon completion of demodulation of an
incoming burst from the master. Input 8 and D channel data
is not transmitted until the siave is powered up, in which case
the first burst contains the most recently foaded data.

When the PD pin is high, the slave is powered up and
transmits every frame. The data enables and clocks are output
and data can be loaded and unloaded.

TIMEOUT OPERATION

Timeout is an operating state in both the UDLT master and

slave devices. This state indicates that no incoming bursts
have been demodulated, forcing the VD pin low. An internal
counter is incremented for each frame that does not contain
an incoming ourst. The counter is reset upon demodulating a
burst from tne far end. Timeout can occur whether the device
is powered up or down,
. In the master, timeout begins on the rising edge of the third
MS!I following the last received burst. This is equivalent to two
MSI frames. The VD output is forced low auring timeout. The
B channel output data will be unknown, but the D channel
bits will remain at their last values. Successiul demodulation
of a burst from the siave wiil result in leaving the timeout state
on the next rising MSI edge.

Timeout in the slave begins during the third frame without
an incoming burst. The VD pin is forced low and the iast
D channel bits are saved. Normaily, the slave timing is syn-
chronized to the incoming master bursts, but in timeout, the
slave operates from a free-running internal frame clock
accompanied by BCLK, EN1, and EN2. These ciocks are not
generated during the two frames prior to entering timeout. I
powered up during timeout, the slave will burst to the master
on every other frame. This mode allows the terminai equioment
10 transmit its status to the master even though it is not re-
ceiving data. Demodulation of a burst from the master will
cause the slave 1o exit the timeout mode. s

When the PD pin is used as an output on the slave UDLT,
timeout controls the pin. Timeout forces the PD output low
to indicate that the device has powered itseif down. In this
case, the slave will not transmit to the master. However, when
a valid burst is received, timeout ends and the PD pin is driven
hign to indicate power up. This feature allows the siave UDLT
to seif-power-up and down in demand-powered loop systems.

NOTE
The slave usesa free running clock during timeout.
After a long period without a burst from the mas-
ter, the timing between master and slave coula
be such that more tnan one burst will be nesaed
to resync the two devices.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2483

|

T



7-3

MC145421, MC148425
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Figure 1. Typical MC1458421 Master ISDN UDLT Timing
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Figure 2. MC145425 Siave ISDN UDLT Timing

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2434



MC145421, MC145425

1-9

Top Trace: MSI
Bottom Trace: Outgoing burst measured at LI {with respect to Vref)

Figure 3. Master Burst
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Figure 4. Interface to Twisted Pair Wire
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MC145421, MC145425

SWITCHING CHARACTERISTICS (Vpp =5V, Ta=0t0 70°C)

[

PPRRSTOTY

| No.* | Parameter } Min | Max | Unit
Master Timing
"1 | TDC/ROC Puise Wicth Hign R i ns
{2 | TDC/RDC Puise Wiath Low I 1o ns
E‘ 3 | MSi Rising Edge to TDC/RDC Failing Edge 0 | | ns
{4 | MSIPulse Width 20 | ns
| 3 | MSIRising Edge to First DCLK Falling Edge | 0 | | ns
§ | MSI Rising Edge to First D10, D20 8it Valid | [ ns
7 | TE1, TE2 Rising Edge to TDC/RDC Falling Edge | 1o | | ns
8 | TDC/ROC Falling Edge to TE1, TE2 Rising Edge 20 i ns
| 9 | TE!, TE2 Rising Edge to First Tx Data 8it Valic i | 30 | ns
| 10 | TDC/RDC Rising Edge to Tx Data Bits 2 Through 8 Valid | | %0 | ns
i - 11 | TE1, TE2 Failing Edge to Tx High-imoedance | P70 I ns
i 12 ! REl, RE2 Rising Edge to TDC/RDC Failing Edge ; 110 | | ns
' 13 | TDC/RDC Failing Edge to RE1, RE2 Rising Edqe | 20 ! ns
14 | Ax Darta Setup (Dara Valid Before TDC/RDC Failing Edge! L s0 | { ns
15 | Rx Data Hold (Data Valid After TOC/RDC Falling Edge) 20 | i ns
16 | RE1, REZ Puise Width 20 ! i ns
{17 1 DCLK Rising Edge to D10, D20 Bit Valid i — | ns
|18 i D11.D2I Data Setup (Data Valid Before DCLK Falling Eages L 0 ns
¢ 18 ' D1, D2l Data Hold {Data Vaiid After DCLK Failing Scge) | 2 i ns’
{20 | DCLK Puise Width Low I 110 I ns
[ 21 | DCLK Pulse Width High | 110 | ns
{22 | MSi Rising Edge to VD Vaiig - | ns
| 23 | PD, (B Sewn (FD, L3 Vaid Sefore MSI Rising Eagel 50 | ns
i 24 | PD, L3 Hoid (PD, LB Valid After MS| Rising Edge) 20 i ns
Slave Timing
{{ 25 | BCLK Pulse Width High (CCl=8.192 MHz) 366 | 4.15 us
! 26 | 8CLK Pulse Width Low (CCI=8.192 MHz) 3.86 | 4.15 is
{27 | N1 or EN2 Rising Edge to 8CLK Rising Edge = 75 It 178 ns
| 28 | EN1or EN2 Rising Edge to DCLK Rising Edge ) ns
|29 EN1 or EN2 Rising Edge to First Tx Data Bit Valid i 850 | ns
30 8CLK Rising Edge to Tx Data 8its 2 Through 8 Valid ' =75 | =ns
31 OCLK Pulse Width High (CCl=8.192 MHz) 31,0 | 315 | us
j 32 OCLK Puise Width Low (CCI=8.192 MHz) 31.0 315 | s
[ 3 OCLK Rising Edge to D10, D20 Bits Vaiid i 50 | ns
34 Rx Setup (Rx Data Valid Before BCLK Failing Edge! <175 | { ns
35 Rx Hold (Rx Data Valid After BCLX Falling Edge} 20 i ns
36 D11, D2 Setup (D11, D2I Valid Before OCLK Failing Edge) 0 | | ns
37 | D1I, D2l Hold (D11, D2l Valid After OCLK Falling Edgei i 20 i ns
38 | ENI Rising Edge to VD Valid | 80 | ns
SE Pin Timing
39 | L8, PD Hold (LB, PD Vaiid Aker SE railing Edge) | 20 ns
0 | D10, D20. VD High-lmpedance After SE Failing Eage 7C ns
41 | D10, D20, VD Valid After SE Rising Edge) 50 s
42 ,E B, PO Setuo {LB. 7D Vaiid Before SE Rising Edge! ;%0 ns J

*See Switching Characzeristics waveforms
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MC145421, MC145425
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MC145421, MC145425
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