Chapter 9 — EmbeddedSystems

9.1. Connectcharacteinput to the serialport andthe 7-segmentdisplayunit to par
allel port A. Connectbits PAOUTgs to PAOUT, to the display segmentsa to
g, respectrely. Usethe segmentencodingshavn in Figure A.37. For example,
thedecimaldigit O setsthe sgmentsa, b, ..., g to the hex pattern7E.

A suitableprogrammay useatableto corvertthe ASCII charactersnto the hex
patternsfor the display The ASCII-encodeddigits (seeTable E.2) arerepre-
sentedby the patternl11in bit positionsbs_4 andthecorrespondind3CD value
(seeTableE.1)in bit positionsbs_o. Hence,extractingthe bits b3_o from the
ASCII codeprovidesanindex, j, which canbe usedto accessherequiredentry
in thecorversiontable(list). A possibleprogramis is obtainedoy modifying the
programin Figure9.11asfollows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEO
#defineSSTAT (volatile char*) OxFFFFFFE2
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OXFFFFFFF2

void main()

{

/* Definethecorversiontable*/
charseg7[10]= {Ox7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj;
/* Initialize the parallelport*/
*PADIR = OXFF; /* ConfigurePortA asoutput*/
/* Transferthe characters/
while (1) { /* Infinite loop */
while (*SSTAT & 0x1)==0); /* Waitfor anew character/
j =*RBUF & OxF; /* Extractthe BCD value*/
*PAOUT =sg7[j]; /* Sendthe 7-segmentcodeto PortA */
}

}



9.2. Thearrangemengxplainedin the solutionfor Problem9.1 canbe used.Theen-
triesin the corversiontablecanbeaccessedsingtheindexedaddressingnode.
Let the table occupy ten bytesstartingat addressSSEG7. Then, using register
RO asthe index register, the tableis accessedisingthe modeSEG7(R0). The
desiredprogrammay be obtainedby modifying the programin Figure9.10as

follows:

RBUF EQU $FFFFFFEOQ Receve buffer.

SSTAT EQU $FFFFFFE2 Statusregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.

PADIR EQU $FFFFFFF2 PortA directionregistet

* Definethecorversiontable
ORIGIN $200
SEG7 DataByte $7E,$30,$6C,$79,$33,$5B, $5F, $30,%$3F, $3B

* |nitialization
ORIGIN $1000

MoveByte #$FEPADIR ConfigurePortA asoutput.
* Transferthe characters
LOOP  Testbit #0,SSAT Checkif new characteis ready
Branch=0 LOOP
MoveByte RBUF,RO Transferacharacteto RO.
And #$ERO Extractthe BCD value.

MoveByte SEG7(R0),ROUT Sendthe 7-sggmentcodeto PortA.
Branch LOOP



9.3. The arrangemenéxplainedin the solutionfor Problem9.1 canbe used. The
desiredprogrammay be obtainedby modifying the programin Figure9.16as
follows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEOQ
#defineSCONT (char*) OXFFFFFFE3
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OXFFFFFFF2
#defineint_addr(int *) (0x24)

void intserv();

void main()

{

* Definethe corversiontable*/
charseg7[10]= {Ox7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj;

/* Initialize the parallelport*/

*PADIR = OXFF; [* ConfigurePortA asoutput*/

/* Initialize theinterruptmechanist/

int_addr= &intserv; [* Setinterruptvector*/

__asm_("Move #0x40,%PSR"); /* Processorespondgo IRQ interrupts*/
*SCONT = 0x10; [* Enablerecever interrupts*/

/* Transferthecharacterg/
while (2); * Infinite loop */

}

[* Interruptserviceroutine*/
void intserv()

{
j =*RBUF & OxF; [* Extractthe BCD value*/
*PAOUT = sg7[j]; [* Sendthe 7-s@gmentcodeto PortA */
__asm_("Returnl”); [* Returnfrom interrupt*/

}



9.4. Thearrangemeraxplainedin thesolutionsfor Problems®.1and9.2canbeused.
Thedesiredprogrammay be obtainedby modifying the programin Figure9.14

asfollows:

RBUF EQU
SCONT EQU
PAOUT  EQU
PADIR EQU

$FFFFFFEQ
$FFFFFFE3
$FFFFFFF1
$FFFFFFF2

* Definethe cornversiontable

ORIGIN
SEG7 DataByte

* |nitialization
ORIGIN
MoveByte
Move
Move
MoveByte

* Transferloop
LOOP Branch

* Interruptserviceroutine
INTSERY MoveByte
And

MoveByte SEG7(R0),ROUT

Returnl

$200

Receve huffer.

Controlregisterfor serialinterface.
PortA outputdata.

PortA directionregistet

$7E,$30,$6C,$79,$33,$5B, $5F, $30, $3F, $3B

$1000
#$FEPADIR
#INTSER/,$24
#%$40,PSR
#$10,SCONT

LOOP

RBUF,RO
#$ERO

ConfigurePortA asoutput.
Settheinterruptvector
Processoresponddo IRQ interrupts.
Enablereceverinterrupts.

Infinite wait loop.

Transferacharacteto RO.
Extractthe BCD value.

Sendthe 7-sggmentcodeto PortA.
Returnfrom interrupt.



9.5. Thearrangemenéxplainedin the solutionfor Problem9.1 canbe used,having
the7-sggmentdisplaysconnectedo PortsA andB. Upondetectinghecharacter
H, thefirst digit hasto besavedanddisplayednly whenthesecondligit arrives.
Thedesiredprogrammay be obtainedby modifying the programin Figure9.11
asfollows:

I* Defineregisteraddressey

#defineRBUF (volatile char*) OxFFFFFFEO
#defineSSTAT (volatile char*) OxFFFFFFE2
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OxFFFFFFF2
#definePBOUT (char*) OxFFFFFFF4
#definePBDIR (char*) OxFFFFFFF5

void main()

{

/* Definethecorversiontable*/
charseg7[10]= {Ox7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj, temp;

/* Initialize the parallelports*/

*PADIR = OxFF; [* ConfigurePortA asoutput*/
*PBDIR = OxFF; [* ConfigurePortB asoutput*/

[* Transferthe characterg/
while (1) { I* Infinite loop */
while (*SSTAT & 0x1)==0);  /* Wait for anew character/
if *RBUF=="H") {
while (*SSTAT & 0x1)==0); /* Wait for thefirst digit */

j =*RBUF & OxF; [* Extractthe BCD value*/

temp=sg7[j]; [* Preparer-sggmentcodefor PortA */

while (*SSTAT & 0x1)==0); /* Wait for the secondligit */

j =*RBUF & OxF; [* Extractthe BCD value*/

*PBOUT =sg7[j]; [* Sendthe 7-segmentcodeto PortB */

*PAOUT =temp; [* Sendthe 7-sggmentcodeto PortA */
}



9.6. Thearrangemergxplainedin thesolutionsfor Problems.1and9.2canbeused,
having the 7-sggmentdisplaysconnectedo PortsA andB. Upon detectingthe
characteH, the first digit hasto be savzed anddisplayedonly whenthe second
digit arrives. The desiredprogrammay be obtainedby modifying the program
in Figure9.10asfollows:

RBUF EQU
SSAT EQU
PAOUT EQU
PADIR EQU
PBOUT EQU
PBDIR EQU

$FFFFFFEQ
$FFFFFFE2
$FFFFFFF1
$FFFFFFF2
$FFFFFFF4
$FFFFFFF5

* Definethe cornversiontable

ORIGIN
SEG7 DataByte

* |nitialization
ORIGIN
MoveByte
MoveByte

$200

Receve buffer.

Statugregisterfor serialinterface.
PortA outputdata.

PortA directionregister

PortB outputdata.

PortB directionregister

$7E,$30,$6C,$79,$33,$5B, $5F $30,$3F, $3B

$1000
#$FEPADIR
#$FEPBDIR

* Transferthecharacters

LOOP  Testbit
Branch=0
MoveByte
Compare
Branch£0

LOOP2 Testbit
Branch=0
MoveByte
And

LOOP3 Testbit
Branch=0
MoveByte
And
MoveByte
MoveByte
Branch

#0,SSAT
LOOP
RBUF,RO
#%$48,R0
LOOP
#0,SSRAT
LOOP2
RBUF,RO
#$FERO
#0,SSAT
LOOP3
RBUF,R1
#$ER1

ConfigurePortA asoutput.
ConfigurePortB asoutput.
Checkif new characters ready

Readthecharacter
Checkif H.

Checkif first digit is ready
Readthefirst digit.
Extractthe BCD value.
Checkif secondigit is ready

Readthe secondigit.
Extractthe BCD value.

SEG7(R1),PBOUT Sendthe 7-segmentcodeto PortB.
SEG7(R0),ROUT Sendthe 7-sggmentcodeto PortA.

LOOP



9.7. Thearrangemenéxplainedin the solutionfor Problem9.1 canbe used,having
the7-sggmentdisplaysconnectedo PortsA andB. Upondetectinghecharacter
H, thefirst digit hasto bestoredanddisplayednly whenthesecondligit arrives.
Interruptsare usedto detectthe arrival of both H and the subsequenpair of
digits. Therefore theinterruptserviceroutinehasto keeptrack of the received
charactersVariablek is setto 2 whenanH is detectedandit is decrementeds
thesubsequerndigitsarrive. Thedesiredorogrammaybeobtainedoy modifying
theprogramin Figure9.16asfollows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEQ
#defineSCONT (char*) OXFFFFFFE3
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OXFFFFFFF2
#definePBOUT (char*) OxFFFFFFF4
#definePBDIR (char*) OXFFFFFFF5
#defineint_addr(int *) (0x24)

void intserv();

void main()

{

/* Definethecorversiontable*/
charseg7[10]= {0x7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj;

chardigits[2]; [* Buffer for recevedBCD digits */
intk=0; [* Setupto detectthefirst H */

/* Initialize the parallelports*/

*PADIR = OXFF; [* ConfigurePortA asoutput*/

*PBDIR = OxFF; [* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanisnt/

int_addr= &intserv; [* Setinterruptvector*/

__asm_("Move #0x40,%PSR"); /* Processorespondgo IRQ interrupts*/
*SCONT = 0x10; [* Enablerecever interrupts*/

/* Transferthecharacterg/
while (2); * Infinite loop */



/* Interruptserviceroutine*/
void intserv()

{
*SCONT=0; /* Disableinterrupts*/
if (k>0){
j =*RBUF & OxF; [* Extractthe BCD value*/
k=k—1;
digits[K] = seg7[j]; [* Save 7-sgmentcodefor new digit */
if (k==0){
*PAOUT =digits[1]; /* Sendfirst digit to PortA */
*PBOUT =digits[0]; /* Sendsecondligit to PortB */
elseif *RBUF =="H’) k=2;
*SCONT = 0x10; /* Enablereceverinterrupts*/
__asm_("Returnl”); /* Returnfrom interrupt*/
}

9.8. The arrangementxplainedin the solutionsfor Problems9.1 and 9.2 can be
used having the7-sggmentdisplaysconnectedo PortsA andB. Upondetecting
the characteH, the first digit hasto be storedand displayedonly whenthe
seconddigit arrives. Interruptsare usedto detectthe arrival of both H andthe
subsequenpair of digits. Therefore,the interruptserviceroutine hasto keep
track of the receved charactersVariable K is setto 2 whenanH is detected,
andit is decrementedsthe subsequentigits arrive. The desiredprogrammay
be obtainedby modifying the programin Figure9.14asfollows:



RBUF EQU $FFFFFFEOQ Receve buffer.

SCONT EQU $FFFFFFE3 Controlreg for serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.

PADIR EQU $FFFFFFF2 PortA directionregistet
PBOUT EQU $FFFFFFF4 PortB outputdata.

PBDIR EQU $FFFFFFF5 PortB directionregister

* Definethe corversiontableandbuffer for first digit
ORIGIN $200
SEG7 DataByte $7E,$30,%$6C,$79,$33,$5B, $5F $30,$3F, $3B
DIG ResereByte 1 Buffer for first digit.
K Data 0 Setupto detectfirst H.
* |nitialization
ORIGIN $1000

MoveByte #$FEPADIR ConfigurePortA asoutput.
MoveByte #$FEPBDIR ConfigurePortB asoutput.
Move #INTSER/,$24 Settheinterruptvector
Move #$40,PSR Processoresponddo IRQ.
MoveByte #$10,SCONT Enablereceverinterrupts.
* Transferloop
LOOP Branch LOOP Infinite wait loop.
* Interruptserviceroutine
INTSERV/ MoveByte #0,SCONT Disableinterrupts.
MoveByte RBUF,RO Readthecharacter
Move K,R1 Seeif anew digit
Branch>0 NEWDIG is expected.
Compare #$48,R0 Checkif H.
Branch£0 DONE
Move #2,K DetectecanH.
Branch DONE
NEWDIG And #$FERO ExtracttheBCD value.
Subtract #1,R1 DecremenkK.
Move R1,K
Branch=0 DISP Secondligit receved.
MoveByte SEG7(R0),DIG Save thefirst digit.
Branch DONE
DISP MoveByte DIG,PAOUT Send7-seggmentcodeto PortA.
MoveByte SEG7(R0),PBOUT Send7-seggmentcodeto PortB.
DONE MoveByte #$10,SCONT Enablereceverinterrupts.
Returnl Returnfrom interrupt.



9.9. Connectthe parallel ports A and B to the four BCD to 7-segmentdecoders.
ChoosehatPA; 4, PAs o, PB;_4 andPBs_ displaythefirst, secondthird
and fourth received digits, respectrely. Assumethat all four digits arrive im-
mediatelyafterthe characteH hasbeenreceved. Thetaskcanbe achieved by
modifying the programin Figure9.11asfollows:

I* Defineregisteraddressey

#defineRBUF (volatile char*) OxFFFFFFEO
#defineSSTAT (volatile char*) OxFFFFFFE2
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OxFFFFFFF2
#definePBOUT (char*) OxFFFFFFF4
#definePBDIR (char*) OxFFFFFFF5

void main()
{
chartemp;
chardigits[4]; [* Buffer for receveddigits */
inti;
/* Initialize the parallelports*/
*PADIR = OXFF; /* ConfigurePortA asoutput*/
*PBDIR = OxFF; /* ConfigurePortB asoutput*/
[* Transferthe characters/
while (1) { /* Infinite loop */
while ((*SSTAT & 0x1)==0); /* Wait for anew character/

if *RBUF=="H") {
for(i=3;i>=0;i—){

while (*SSTAT & 0x1)==0); /* Wait for the next digit */

digits[i] = *RBUF; /* Save thenew digit (ASCII) */
temp= digits[3] << 4; [* Shift left first digit by 4 bits, */
*PAOUT =temp]| (digits[2] & OxF); /* appendsecondandsendto A */
temp=digits[1] << 4; [* Shift left third digit by 4 bits, */
*PBOUT =temp| (digits[0] & OxF); /* appendourthandsendto B */

10



9.10. Connectthe parallel ports A and B to the four BCD to 7-sggmentdecoders.
ChoosehatPA; 4, PAs o, PB;_ 4 andPBs_( displaythefirst, secondthird
andfourth receiveddigits, respectrely. Assumethatall four digits arrive imme-
diately afterthe characteH hasbeenrecevved. Then,the desiredprogrammay
be obtainedby modifying the programin Figure9.10asfollows:

RBUF
SSTAT
PAOUT
PADIR
PBOUT
PBDIR

EQU
EQU
EQU
EQU
EQU
EQU

* |nitialization

ORIGIN
MoveByte
MoveByte

$FFFFFFEQ
$FFFFFFE2
$FFFFFFF1
$FFFFFFF2
$FFFFFFF4
$FFFFFFF5

$1000
#$FEPADIR
#$FFEPBDIR

* Transferthecharacters

LOOP

LOOP2

LOOP3

LOOP4

LOOPS

Testbit
Branch=0
MoveByte
Compare
Branch#0
Testbit
Branch=0
MoveByte
LShiftL
Testbit
Branch=0
MoveByte
And

Or

Testbit
Branch=0
MoveByte
LShiftL
Testbit
Branch=0
MoveByte
And

Or
MoveByte
MoveByte
Branch

#0,SSAT
LOOP
RBUF,RO
#%$48,R0
LOOP
#0,SSAT
LOOP2
RBUF,RO
#4,R0
#0,SSRAT
LOOP3
RBUF,R1
#3FER1
R1,RO
#0,SSAT
LOOP4
RBUF,R1
#4,R1
#0,SSAT
LOOPS
RBUFR2
#IFER2
R2,R1
RO,FAOUT
R1,PBOUT
LOOP
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Receve buffer.

Statusregisterfor serialinterface.
PortA outputdata.

PortA directionregistet

PortB outputdata.

PortB directionregister

ConfigurePortA asoutput.
ConfigurePortB asoutput.

Checkif new characteis ready

Readthecharacter
Checkif H.

Checkif first digit is ready

Readthefirst digit.
Shift left 4 bit positions.
Checkif secondigit is ready

Readthe secondigit.
Extractthe BCD value.
Concatenateigits for PortA.
Checkif third digit is ready

Readthethird digit.
Shift left 4 bit positions.
Checkif fourth digit is ready

Readthefourth digit.
Extractthe BCD value.
Concatenatdigits for PortB.
Senddigitsto PortA.
Senddigitsto PortB.



9.11. Connectthe parallel ports A and B to the four BCD to 7-sggmentdecoders.
ChoosehatPA; 4, PAs o, PB;_4 andPDB3_( displaythefirst, secondthird
andfourth receveddigits, respectiely. Upondetectinghe characteH, thesub-
sequenfour digits have to be saved and displayedonly whenthe fourth digit
arrives. Interruptsare usedto detectthe arrival of both H andthe four digits.
Thereforetheinterruptserviceroutinehasto keeptrack of therecevedcharac-
ters. Variablek is setto 4 whenanH is detectedandit is decremente@dsthe
subsequerdigits arrive. Thedesiredorogrammaybe obtainedby modifyingthe
programin Figure9.16asfollows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEOQ
#defineSCONT (char*) OXFFFFFFE3
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OxFFFFFFF2
#definePBOUT (char*) OxFFFFFFF4
#definePBDIR (char*) OXFFFFFFF5
#defineint_addr(int *) (0x24)

void intserv();

void main()

{

/* Definethe corversiontable*/
charseg7[10]= {0x7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

chartemp;

chardigits[4]; [* Buffer for receved BCD digits */

intk =0; [* Setupto detectthefirst H */

/* Initialize the parallelports*/

*PADIR = OXFF; [* ConfigurePortA asoutput*/

*PBDIR = OxFF; [* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanisnt/

int_addr= &intserv; [* Setinterruptvector*/

__asm_("Move #0x40,%PSR"); /* Processorespondgo IRQ interrupts*/
*SCONT = 0x10; [* Enablerecever interrupts*/

/* Transferthecharacterg/
while (2); * Infinite loop */

12



/* Interruptserviceroutine*/
void intserv()

{
*SCONT=0; /* Disableinterrupts*/
if (k>0){
k=k—1;
digits[k] = *RBUF; /* Sarethenew digit (ASCII) */
if (k==0){
temp= digits[3] << 4; [* Shift left first digit by 4 bits, */
*PAOUT =temp| (digits[2] & OxF); /* appendsecondcandsendto A */
temp= digits[1] << 4; [* Shift left third digit by 4 bits*/
*PBOUT =temp| (digits[0] & OxF); /* appendourthandsendto B */
}
elseif *RBUF =="H’) k=4;
*SCONT = 0x10; /* Enablerecever interrupts*/
__asm_("Returnl”); /* Returnfrom interrupt*/
}

9.12. Connectthe parallel ports A and B to the four BCD to 7-sggmentdecoders.
ChoosehatPA;_4, PAs_o, PB7_4 andPB3_ displaythefirst, secondthird
andfourth receveddigits, respectiely. Upondetectinghe characteH, thesub-
sequenfour digits have to be saved and displayedonly whenthe fourth digit
arrives. Interruptsare usedto detectthe arrival of both H andthe four digits.
Thereforetheinterruptserviceroutinehasto keeptrack of therecevedcharac-
ters. Variable K is setto 4 whenanH is detectedandit is decrementedsthe
subsequerdigits arrive. Thedesiredorogrammaybe obtainedby modifyingthe
programin Figure9.14asfollows:

13



RBUF EQU
SCONT EQU
PAOUT EQU
PADIR EQU
PBOUT EQU
PBDIR EQU
ORIGIN
DIG ResereByte
K Data
* |nitialization
ORIGIN
MoveByte
MoveByte
Move
Move
MoveByte
* Transferloop
LOOP Branch

* Interruptserviceroutine
INTSERY MoveByte
MoveByte
Move
Branch>0
Compare
Branch#0
Move
Branch
And
Subtract
MoveByte
Move
Branch>0
Move
MoveByte
MoveByte
LShiftL

Or
MoveByte
MoveByte
MoveByte
LShiftL

Or
MoveByte
MoveByte
Returnl

NEWDIG

DISP

DONE

$FFFFFFEO
$FFFFFFE3
$FFFFFFF1
$FFFFFFF2
$FFFFFFF4
$FFFFFFF5
$200

4

0

$1000
#$FEPADIR
#$FEPBDIR

#INTSER/,$24

#%$40,PSR

#$10,SCONT

LOOP

#0,SCONT
RBUF,RO
K,R1
NEWDIG
#$48,R0
DONE
#4,K
DONE
#$FRO
#1,R1
RO,DIG(R1)
R1,K
DONE
#DIG,RO
(RO)+R1
(RO)+,R2
#4,R2
R1,R2
R2,PBOUT
(RO)+ R1
(RO)+,R2
#4,R2
R1,R2
R2,RAOUT

#$10,SCONT
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Receve buffer.

Controlreg for serialinterface.

PortA outputdata.
PortA directionregister
PortB outputdata.
PortB directionregister

Buffer for receveddigits.
Setupto detecffirst H.

ConfigurePortA asoutput.
ConfigurePortB asoutput.
Settheinterruptvector
Processorespondgo IRQ.
Enablereceverinterrupts.

Infinite wait loop.

Disableinterrupts.
Readthe character
Seeif anew digit

is expected.
Checkif H.

DetectedanH.

Extractthe BCD value.
DecremenkK.
Save thedigit.

Expectmoredigits.
Pointerto buffer for digits.
Getfourth digit.
Getthird digit and

shiftit left.
Concatenatdigits for PortB.
Senddigitsto PortB.
Getsecondligit.
Getfirst digit and

shiftit left.
Concatenatdigits for PortA.
Senddigitsto PortA.
Enablereceverinterrupts.
Returnfrom interrupt.



9.13. Useatableto corvertareceved ASCII digit into a 7-sgmentcodeasexplained
in the solutionfor Problem9.1. Connectthe bits S, to .S, of all four registers
to bits PAg_o of PortA. Usebits PB; to PB, of PortB asLoad signalsfor
theregistersdisplayingthefirst, secondthird andfourth receveddigits, recpec-
tively. Then, the requiredtask can be achieved by modifying the programin
Figure9.11lasfollows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEQ
#defineSSTAT (volatile char*) OxFFFFFFE2
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OXFFFFFFF2
#definePBOUT (char*) OXFFFFFFF4
#definePBDIR (char*) OXFFFFFFF5

void main()

/* Definethe corversiontable*/
charseg7[10]= {0x7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj;

chardigits[4]; /* Buffer for receved BCD digits */
intk=0; [* Setupto detectthefirst H */

int i

/* Initialize the parallelports*/

*PADIR = OXFF; [* ConfigurePortA asoutput*/
*PBDIR = OxFF; [* ConfigurePortB asoutput*/

/* Transferthecharacters/
while (1) { I* Infinite loop */
while (*SSTAT & 0x1)==0); [* Wait for anew character/
if *RBUF=="H") {
for(i=3;i>=0;i——) {
while (*SSTAT & 0x1)==0); /* Wait for thenext digit */

j =*RBUF & OxF; [* Extractthe BCD value*/
digits[i] = seg7[j]; [* Save 7-segmentcodefor thedigit */

}

for (i =0;i <=3;i++) {
*PAOUT = digits][i]; [* Sendadigit to PortA */
*PBOUT=1<<i; [* Loadthedigit into its register*/
*PBOUT =0; [* Clearthe Loadsignal*/

}

}

}
}
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9.14. Useatableto corvertareceved ASCII digit into a 7-sgmentcodeasexplained
in the solutionfor Problem9.1. Connectthe bits S, to S, of all four registers
to bits PAg_o of PortA. Usebits PB; to PB, of PortB asLoad signalsfor
theregistersdisplayingthefirst, secondthird andfourth receveddigits, recpec-
tively. Then, the requiredtask can be achieved by modifying the programin

Figure9.10asfollows:

Statusregisterfor serialinterface.

RBUF EQU $FFFFFFEO Receve buffer.

SSTAT EQU $FFFFFFE2

PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregistet
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister

* Definethe corversiontableandbuffer for receveddigi ts

ORIGIN
SEG7 DataByte
DIG ResereByte
* |nitialization
ORIGIN
MoveByte
MoveByte

* Transferthecharacters
LOOP  Testbit
Branch=0
MoveByte
Compare
Branch£0
Move
Testbit
Branch=0
MoveByte
And
MoveByte
Subtract
Branch>=0
Move
Move
MoveByte
MoveByte
MoveByte
LShiftR
Branch>0
Branch

LOOP2

DISP

$200

$7E,$30,$6C,$79,$33,$5B, $5F $30,$3F, $3B

4

$1000
#$FEPADIR
#$FEPBDIR

#0,SSAT
LOOP
RBUF,RO
#$48,R0
LOOP
#3,R1
#0,SSAT
LOOP2
RBUF,RO
#4,R0
SEG7(R0),DIG(R1)
#1,R1
LOOP2
#DIG,RO
#8,R1
(RO)+,FAOUT
R1,PBOUT
#0,PBOUT
#1,R1

DISP

LOOP
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Buffer for receveddigits.

ConfigurePortA asoutput.
ConfigurePortB asoutput.

Checkif new characteis ready

Readthecharacter
Checkif H.

Setup acounter
Checkif next digit is available.

Readthedigit.

Extractthe BCD value.

Save 7-sg codefor thedigit.

Checkif moredigits
areexpected.

Pointerto buffer for digits.

Setup Loadsignalfor ds.

Send7-segmentcodeto PortA.

Loadthedigit into its registet

CleartheLoadsignal.

SetLoadfor thenext digit.

Therearemoredigits to send.



9.15. Useatableto corvertareceved ASCII digit into a 7-sgmentcodeasexplained
in the solutionsfor Problems9.1. and9.2. Connectthe bits S, to .S, of all
four registersto bits P Ag_( of PortA. Usebits P B3 to P B, of PortB asLoad
signalsfor the registersdisplayingthe first, second,third and fourth received
digits, recpectvely. Upondetectingthe characteH, the subsequenfour digits
have to be savedanddisplayedonly whenthe fourth digit arrives. Interruptsare
usedto detectthe arrival of both H andthe four digits. Therefore theinterrupt
serviceroutine hasto keeptrack of the receved charactersVariablek is setto
4 whenanH is detectedandit is decrementeésthe subsequendigits arrive.
Thedesiredprogrammay be obtainedby modifying the programin Figure9.16
asfollows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEO
#defineSCONT (char*) OXFFFFFFE3
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OxFFFFFFF2
#definePBOUT (char*) OXFFFFFFF4
#definePBDIR (char*) OxFFFFFFF5
#defineint_addr(int *) (0x24)

void intserv();

void main()

{

* Definethe corversiontable*/
charseg7[10]= {Ox7E,0x30,0x6C,0x79,0x33,0x5B, 0x5F, 0x30,0x3F, 0x3B};

charj;

chardigits[4]; [* Buffer for recevedBCD digits */
intk=0; [* Setupto detectthefirst H */
inti;

/* Initialize the parallelports*/

*PADIR = OXFF; [* ConfigurePortA asoutput*/
*PBDIR = OxFF; [* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanisnt/

int_addr= &intserv; [* Setinterruptvector*/
__asm_("Move #0x40,%PSR"); /* Processorespondgo IRQ interrupts*/
*SCONT = 0x10; [* Enablerecever interrupts*/

/* Transferthecharacterg/
while (2); * Infinite loop */
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/* Interruptserviceroutine*/

void intserv()

{

*SCONT=0
if (k > 0) {
j = *RBUF & OxF;

k=k —

1;

digits[K] = seg7[j];

if (k ==

0){

/* Disableinterrupts*/
/* Extractthe BCD value*/

[* Save 7-sgmentcodefor new digit */

for (i =0;i <=3;i++) {

*PAOUT = digits]i];

*PBOUT = 1 << i
*PBOUT = 0;

}

/* Sendadigit to PortA */
/* Loadthedigit into its register*/
/* Clearthe Loadsignal*/

elseif *RBUF =="H’) k=4;

}
*SCONT = 0x10;
_.asm_("Returnl”);

/* Enablereceverinterrupts*/
/* Returnfrom interrupt*/

9.16. Useatableto corvertareceved ASCII digit into a 7-sgmentcodeasexplained
in the solutionsfor Problems9.1. and9.2. Connectthe bits S, to S, of all
four registersto bits P Ag_( of PortA. Usebits P B3 to P B, of PortB asLoad
signalsfor the registersdisplayingthe first, second,third and fourth received
digits, recpectvely. Upondetectingthe characteH, the subsequenfour digits
have to be ssvedanddisplayedonly whenthe fourth digit arrives. Interruptsare
usedto detectthe arrival of both H andthe four digits. Therefore theinterrupt
serviceroutinehasto keeptrack of therecevedcharactersVariable K is setto
4 whenanH is detectedandit is decrementeésthe subsequendigits arrive.
Thedesiredprogrammay be obtainedby modifying the programin Figure9.14

asfollows:

RBUF EQU
SCONT EQU
PAOUT EQU
PADIR EQU
PBOUT EQU
PBDIR EQU

$FFFFFFEQ
$FFFFFFE3
$FFFFFFF1
$FFFFFFF2
$FFFFFFF4
$FFFFFFF5

Receve buffer.

Controlreg for serialinterface.
PortA outputdata.

PortA directionregister
PortB outputdata.

PortB directionregister

18



9.17.

* Definethe corversiontableandbuffer for receiveddigits

ORIGIN
SEG7 DataByte
DIG ResereByte
K Data
* |nitialization
ORIGIN
MoveByte
MoveByte
Move
Move
MoveByte
* Transferoop
LOOP Branch

* Interruptserviceroutine
INTSERY MoveByte
MoveByte
Move
Branch>0
Compare
Branch#0
Move
Branch
NEWDIG And
Subtract
MoveByte
Move
Branch>0
Move
Move
DISP MoveByte
MoveByte
MoveByte
LShiftR
Branch>0
DONE MoveByte
Returnl

$200

$7E,$30,$6C,$79,$33,$5B, $5F $30,$3F, $3B

4
0

$1000
#$FEPADIR
#$FFEPBDIR
#INTSER/,$24
#%$40,PSR
#$10,SCONT

LOOP

#0,SCONT
RBUF,RO
K,R1
NEWDIG
#$48,R0O
DONE

#4,K

DONE
#$FRO
#1,R1
SEG7(R0),DIG(R1)
R1,K

DONE
#DIG,RO
#8,R1
(RO)+RAOUT
R1,PBOUT
#0,PBOUT
#1,R1

DISP
#$10,SCONT

Buffer for receveddigits.
Setupto detecffirst H.

ConfigurePortA asoutput.
ConfigurePortB asoutput.
Settheinterruptvectot
Processoresponddo IRQ.
Enablereceverinterrupts.

Infinite wait loop.

Disableinterrupts.
Readthe character
Seeif anew digit
is expected.
Checkif H.

DetectedanH.

Extractthe BCD value.
Decremenk.
Save 7-say codefor thedigit.

Expectmoredigits.

Pointerto buffer for digits.
Setup Loadsignalfor ds.
Send7-seggmentcodeto PortA.
Loadthedigit into its registet
Clearthe Loadsignal.
SetlLoadfor the next digit.
Therearemoredigitsto send.
Enablereceverinterrupts.
Returnfrom interrupt.

Programsn Figures9.17and9.18would notwork properlyif thecircularbuffer
wasfilled with 80 characters.After the headpointer wrapsaround,it would
trail the tail pointerand would catchup with it if the buffer is full. At this
point it would be impossibleto usethe simple comparisorof the two pointers
to determinewhetherthe buffer is emptyor full. The simplestmodificationis to
increasehebuffer sizeto 81 characters.
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9.18. Using a countervariable, M, the programin Figure 9.17 can be modified as
follows:

/* Defineregisteraddresse¥

#defineRBUF (volatile char*) OxFFFFFFEOQ
#defineSSTAT (volatile char*) OxFFFFFFE2
#definePAOUT (char*) OXFFFFFFF1
#definePADIR (char*) OXFFFFFFF2
#definePSTAT (volatile char*) OxFFFFFFF6
#defineBSIZE 80

void main()

{
unsigneccharmbuffer[BSIZE];
unsignedcharfin, fout;
unsignedchartemp;

int M =0;

/* Initialize PortA andcircularbuffer */

*PADIR = OxFF; [* ConfigurePortA asoutput*/
fin =0;

fout=0;

/* Transferthecharacterg/

while (1) { I* Infinite loop */
while (*SSTAT & 0x1)==0){ /* Wait for anew charactet/
if (M >0){ [* If circularbuffer is notempty*/
if *PSTAT & 0x2){ [* andoutputdeviceis ready*/
*PAOUT = mhuffer[fout]; /* sendacharacteto PortA */
M=M —1; [* Decrementhe queuecounter*/
if (fout < BSIZE—1) I* Updatethe outputindex */
fout++;
else
fout=0;
}
}
mbuffer[fin] = *RBUF; [* Reada charactefrom receie buffer */
M=M+1; [* Incrementhe queuecounter*/
if (fin < BSIZE-1) /* Updatetheinputindex */
fint++;
else
fin =0;
}
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9.19. Using a countervariable, M, the programin Figure 9.18 can be modified as

follows:
RBUF EQU
SSTAT EQU
PAOUT EQU
PADIR EQU
PSTAT EQU
MBUF  ResereByte
* |nitialization
ORIGIN
MoveByte
Move
Move
Move
Move

* Transferthecharacters
LOOP  Testhit
Branch#0
Compare
Branch=0
Testbit
Branch=0
MoveByte
Subtract
Add
Compare
Branch<0
Move
Branch
MoveByte
Add

Add
Compare
Branch<0
Move
Branch

READ

$FFFFFFEQ
$FFFFFFE2
$FFFFFFF1
$FFFFFFF2
$FFFFFFF6
80

$1000
#$FEPADIR
#MBUFRO
#0,R1
#0,R2
#0,R3

#0,SSAT
READ

#0,R3

LOOP
#1,PSRT
LOOP
(RO,R2),AOUT
#1,R3

#1,R2

#80,R2

LOOP

#0,R2

LOOP
RBUF,(RO,R1)
#1,R3

#1,R1

#80,R1

LOOP

#0,R1

LOOP
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Receve buffer.

Statugreg for serialinterface.
PortA outputdata.

PortA directionregistet
Statusreg for parallelinterface.
Definethecircularbuffer.

ConfigurePortA asoutput.
RO pointsto the buffer.
Initialize headpointer
Initialize tail pointet
Initialize queuecounter

Checkif new characteis ready

Checkif queueis empty
Queueds empty
Checkif PortA is ready

Sendacharacteto PortA.
Decrementhe queuecounter
Incrementhetail pointer

Is the pointerpastqueudimit?

Wraparound.

Placenew characteinto queue.
Incrementhe queuecounter
Incrementhe headpointer

Is the pointerpastqueudimit?

Wraparound.



9.20. Connecthetwo 7-sgmentdisplaysto PortA. Usethe 3 bits of PortB to connect
to the switchesandLED asshown in Figure9.19. It is necessaryo modify the
corversionanddisplayportionsof programsn Figures9.20and9.21.

Theendof the programin Figure9.20shouldbe:

[* Computethetotal count*/
total count= (OxFFFFFFFF- countervalue);

[* Corvertcounttotime?*/ ;

actualtime = total_count/ 1000000; /* Time in hundredth®f secondg/
tenths= actualtime/ 10;

hundredths= actualtime — tenths* 10;

*PAOUT = ((tenths<< 4) | hundredths); /* Displaytheelapsedime */

Theendof the programin Figure9.20shouldbe:

* Corvertthe countto actualtime in hundredth®f seconds,
* andthento BCD. Putthe BCD digitsin R4.

Move #1000000,R1 Determinethecountin

Divide R1,R2 hundredth®f seconds.

Move #10,R1 Divide by 10to find thedigit that
Divide R1,R2 denotesl/10thof asecond.
LShiftL #4,R3 TheBCD digits

Or R2,R3 areplacedin R3.

MoveByte R3,FAOUT Senddigits to PortA.
Branch START Readyfor next test.
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