
Chapter 9 – EmbeddedSystems

9.1. Connectcharacterinput to theserialport andthe7-segmentdisplayunit to par-
allel port A. Connectbits

���������	�
to

���������	

to thedisplaysegments� to� , respectively. Usethesegmentencodingshown in FigureA.37. For example,

thedecimaldigit 0 setsthesegments� , 
 , ..., � to thehex pattern7E.

A suitableprogrammayusea tableto convert theASCII charactersinto thehex
patternsfor the display. The ASCII-encodeddigits (seeTableE.2) are repre-
sentedby thepattern111in bit positions
 ����� andthecorrespondingBCD value
(seeTableE.1) in bit positions 
�� ��
 . Hence,extractingthe bits 
�� ��
 from the
ASCII codeprovidesanindex, � , whichcanbeusedto accesstherequiredentry
in theconversiontable(list). A possibleprogramis is obtainedby modifying the
programin Figure9.11asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSSTAT (volatilechar*) 0xFFFFFFE2
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj;
/* Initialize theparallelport */
*PADIR = 0xFF; /* ConfigurePortA asoutput*/

/* Transferthecharacters*/
while (1)

�
/* Infinite loop */

while ((*SSTAT & 0x1)== 0); /* Wait for a new character*/
j = *RBUF & 0xF; /* ExtracttheBCD value*/
*PAOUT = seg7[j]; /* Sendthe7-segmentcodeto PortA */

�
�
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9.2. Thearrangementexplainedin thesolutionfor Problem9.1canbeused.Theen-
triesin theconversiontablecanbeaccessedusingtheindexedaddressingmode.
Let the tableoccupy ten bytesstartingat addressSEG7. Then,using register
R0 asthe index register, the tableis accessedusingthe modeSEG7(R0).The
desiredprogrammay be obtainedby modifying the programin Figure9.10as
follows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SSTAT EQU $FFFFFFE2 Statusregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.

* Definetheconversiontable
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30,$3F, $3B

* Initialization
ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.

* Transferthecharacters
LOOP Testbit #0,SSTAT Checkif new characteris ready.

Branch=0 LOOP
MoveByte RBUF,R0 Transferacharacterto R0.
And #$F,R0 ExtracttheBCD value.
MoveByte SEG7(R0),PAOUT Sendthe7-segmentcodeto PortA.
Branch LOOP
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9.3. The arrangementexplainedin the solution for Problem9.1 canbe used. The
desiredprogrammay be obtainedby modifying the programin Figure9.16as
follows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSCONT(char*) 0xFFFFFFE3
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#defineint addr(int *) (0x24)

void intserv();

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj;
/* Initialize theparallelport */
*PADIR = 0xFF; /* ConfigurePortA asoutput*/

/* Initialize theinterruptmechanism*/
int addr= &intserv; /* Setinterruptvector*/

asm (”Move #0x40,%PSR”); /* Processorrespondsto IRQ interrupts*/
*SCONT = 0x10; /* Enablereceiver interrupts*/

/* Transferthecharacters*/
while (1); /* Infinite loop */

�
/* Interruptserviceroutine*/
void intserv()�

j = *RBUF & 0xF; /* ExtracttheBCD value*/
*PAOUT = seg7[j]; /* Sendthe7-segmentcodeto PortA */

asm (”ReturnI”); /* Returnfrom interrupt*/
�
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9.4. Thearrangementexplainedin thesolutionsfor Problems9.1and9.2canbeused.
Thedesiredprogrammaybeobtainedby modifying theprogramin Figure9.14
asfollows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SCONT EQU $FFFFFFE3 Controlregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.

* Definetheconversiontable
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30, $3F, $3B

* Initialization
ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
Move #INTSERV,$24 Settheinterruptvector.
Move #$40,PSR Processorrespondsto IRQ interrupts.
MoveByte #$10,SCONT Enablereceiver interrupts.

* Transferloop
LOOP Branch LOOP Infinite wait loop.

* Interruptserviceroutine
INTSERV MoveByte RBUF,R0 Transfera characterto R0.

And #$F,R0 ExtracttheBCD value.
MoveByte SEG7(R0),PAOUT Sendthe7-segmentcodeto PortA.
ReturnI Returnfrom interrupt.
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9.5. Thearrangementexplainedin thesolutionfor Problem9.1 canbeused,having
the7-segmentdisplaysconnectedto PortsA andB. Upondetectingthecharacter
H, thefirst digit hasto besavedanddisplayedonly whentheseconddigit arrives.
Thedesiredprogrammaybeobtainedby modifying theprogramin Figure9.11
asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSSTAT (volatilechar*) 0xFFFFFFE2
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj, temp;

/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Transferthecharacters*/
while (1)

�
/* Infinite loop*/

while ((*SSTAT & 0x1)== 0); /* Wait for a new character*/
if (*RBUF == ’H’)

�
while ((*SSTAT & 0x1)== 0); /* Wait for thefirst digit */
j = *RBUF & 0xF; /* ExtracttheBCD value*/
temp= seg7[j]; /* Prepare7-segmentcodefor PortA */
while ((*SSTAT & 0x1)== 0); /* Wait for theseconddigit */
j = *RBUF & 0xF; /* ExtracttheBCD value*/
*PBOUT = seg7[j]; /* Sendthe7-segmentcodeto PortB */
*PAOUT = temp; /* Sendthe7-segmentcodeto PortA */
��

�
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9.6. Thearrangementexplainedin thesolutionsfor Problems9.1and9.2canbeused,
having the7-segmentdisplaysconnectedto PortsA andB. Upondetectingthe
characterH, the first digit hasto be savedanddisplayedonly whenthesecond
digit arrives. The desiredprogrammay beobtainedby modifying the program
in Figure9.10asfollows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SSTAT EQU $FFFFFFE2 Statusregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.

* Definetheconversiontable
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30,$3F, $3B

* Initialization
ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.

* Transferthecharacters
LOOP Testbit #0,SSTAT Checkif new characteris ready.

Branch=0 LOOP
MoveByte RBUF,R0 Readthecharacter.
Compare #$48,R0 Checkif H.
Branch�� 0 LOOP

LOOP2 Testbit #0,SSTAT Checkif first digit is ready.
Branch=0 LOOP2
MoveByte RBUF,R0 Readthefirst digit.
And #$F,R0 ExtracttheBCD value.

LOOP3 Testbit #0,SSTAT Checkif seconddigit is ready.
Branch=0 LOOP3
MoveByte RBUF,R1 Readtheseconddigit.
And #$F,R1 ExtracttheBCD value.
MoveByte SEG7(R1),PBOUT Sendthe7-segmentcodeto PortB.
MoveByte SEG7(R0),PAOUT Sendthe7-segmentcodeto PortA.
Branch LOOP
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9.7. Thearrangementexplainedin thesolutionfor Problem9.1 canbeused,having
the7-segmentdisplaysconnectedto PortsA andB. Upondetectingthecharacter
H, thefirstdigit hasto bestoredanddisplayedonly whentheseconddigit arrives.
Interruptsare usedto detectthe arrival of both H and the subsequentpair of
digits. Therefore,the interruptserviceroutinehasto keeptrackof thereceived
characters.Variable � is setto 2 whenanH is detected,andit is decrementedas
thesubsequentdigitsarrive. Thedesiredprogrammaybeobtainedby modifying
theprogramin Figure9.16asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSCONT(char*) 0xFFFFFFE3
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5
#defineint addr(int *) (0x24)

void intserv();

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj;
chardigits[2]; /* Buffer for receivedBCD digits */
int k = 0; /* Setup to detectthefirst H */
/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanism*/
int addr= &intserv; /* Setinterruptvector*/

asm (”Move #0x40,%PSR”); /* Processorrespondsto IRQ interrupts*/
*SCONT = 0x10; /* Enablereceiver interrupts*/

/* Transferthecharacters*/
while (1); /* Infinite loop */

�
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/* Interruptserviceroutine*/
void intserv()�

*SCONT = 0; /* Disableinterrupts*/
if (k � 0)

�
j = *RBUF & 0xF; /* ExtracttheBCD value*/
k = k � 1;
digits[k] = seg7[j]; /* Save7-segmentcodefor new digit */
if (k == 0)

�
*PAOUT = digits[1]; /* Sendfirst digit to PortA */
*PBOUT = digits[0]; /* Sendseconddigit to PortB */
�

elseif (*RBUF == ’H’) k = 2;
�
*SCONT = 0x10; /* Enablereceiver interrupts*/

asm (”ReturnI”); /* Returnfrom interrupt*/
�

9.8. The arrangementexplainedin the solutionsfor Problems9.1 and 9.2 can be
used,having the7-segmentdisplaysconnectedto PortsA andB. Upondetecting
the characterH, the first digit has to be storedand displayedonly when the
seconddigit arrives. Interruptsareusedto detectthe arrival of both H andthe
subsequentpair of digits. Therefore,the interruptserviceroutinehasto keep
track of the receivedcharacters.Variable � is setto 2 whenan H is detected,
andit is decrementedasthesubsequentdigits arrive. Thedesiredprogrammay
beobtainedby modifying theprogramin Figure9.14asfollows:
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RBUF EQU $FFFFFFE0 Receivebuffer.
SCONT EQU $FFFFFFE3 Controlreg for serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.

* Definetheconversiontableandbuffer for first digit
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30,$3F, $3B
DIG ReserveByte 1 Buffer for first digit.
K Data 0 Setup to detectfirst H.
* Initialization

ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.
Move #INTSERV,$24 Settheinterruptvector.
Move #$40,PSR Processorrespondsto IRQ.
MoveByte #$10,SCONT Enablereceiver interrupts.

* Transferloop
LOOP Branch LOOP Infinite wait loop.

* Interruptserviceroutine
INTSERV MoveByte #0,SCONT Disableinterrupts.

MoveByte RBUF,R0 Readthecharacter.
Move K,R1 Seeif anew digit
Branch� 0 NEWDIG is expected.
Compare #$48,R0 Checkif H.
Branch�� 0 DONE
Move #2,K DetectedanH.
Branch DONE

NEWDIG And #$F,R0 ExtracttheBCD value.
Subtract #1,R1 DecrementK.
Move R1,K
Branch=0 DISP Seconddigit received.
MoveByte SEG7(R0),DIG Save thefirst digit.
Branch DONE

DISP MoveByte DIG,PAOUT Send7-segmentcodeto PortA.
MoveByte SEG7(R0),PBOUT Send7-segmentcodeto PortB.

DONE MoveByte #$10,SCONT Enablereceiver interrupts.
ReturnI Returnfrom interrupt.
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9.9. Connectthe parallel ports A and B to the four BCD to 7-segmentdecoders.
Choosethat

������� �
,
��� � � 
 , ��!"����� and

��! � ��
 displaythefirst, second,third
and fourth received digits, respectively. Assumethat all four digits arrive im-
mediatelyafter thecharacterH hasbeenreceived. Thetaskcanbeachievedby
modifying theprogramin Figure9.11asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSSTAT (volatilechar*) 0xFFFFFFE2
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5

void main()�
chartemp;
chardigits[4]; /* Buffer for receiveddigits */
int i;
/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Transferthecharacters*/
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 thenext digit */
digits[i] = *RBUF; /* Save thenew digit (ASCII) */
�
temp= digits[3] #�# 4; /* Shift left first digit by 4 bits, */
*PAOUT = temp $ (digits[2] & 0xF); /* appendsecondandsendto A */
temp= digits[1] #�# 4; /* Shift left third digit by 4 bits,*/
*PBOUT = temp $ (digits[0] & 0xF); /* appendfourthandsendto B */
�

��
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9.10. Connectthe parallel ports A and B to the four BCD to 7-segmentdecoders.
Choosethat

������� �
,
��� � � 
 , ��!"����� and

��! � ��
 displaythefirst, second,third
andfourth receiveddigits, respectively. Assumethatall four digitsarrive imme-
diatelyafter thecharacterH hasbeenreceived. Then,thedesiredprogrammay
beobtainedby modifying theprogramin Figure9.10asfollows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SSTAT EQU $FFFFFFE2 Statusregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.

* Initialization
ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.

* Transferthecharacters
LOOP Testbit #0,SSTAT Checkif new characteris ready.

Branch=0 LOOP
MoveByte RBUF,R0 Readthecharacter.
Compare #$48,R0 Checkif H.
Branch�� 0 LOOP

LOOP2 Testbit #0,SSTAT Checkif first digit is ready.
Branch=0 LOOP2
MoveByte RBUF,R0 Readthefirst digit.
LShiftL #4,R0 Shift left 4 bit positions.

LOOP3 Testbit #0,SSTAT Checkif seconddigit is ready.
Branch=0 LOOP3
MoveByte RBUF,R1 Readtheseconddigit.
And #$F,R1 ExtracttheBCD value.
Or R1,R0 Concatenatedigits for PortA.

LOOP4 Testbit #0,SSTAT Checkif third digit is ready.
Branch=0 LOOP4
MoveByte RBUF,R1 Readthethird digit.
LShiftL #4,R1 Shift left 4 bit positions.

LOOP5 Testbit #0,SSTAT Checkif fourthdigit is ready.
Branch=0 LOOP5
MoveByte RBUF,R2 Readthefourth digit.
And #$F,R2 ExtracttheBCD value.
Or R2,R1 Concatenatedigits for PortB.
MoveByte R0,PAOUT Senddigits to PortA.
MoveByte R1,PBOUT Senddigits to PortB.
Branch LOOP
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9.11. Connectthe parallel ports A and B to the four BCD to 7-segmentdecoders.
Choosethat

������� �
,
��� � � 
 , ��!"����� and

��! � ��
 displaythefirst, second,third
andfourth receiveddigits,respectively. UpondetectingthecharacterH, thesub-
sequentfour digits have to be saved anddisplayedonly when the fourth digit
arrives. Interruptsareusedto detectthe arrival of both H andthe four digits.
Therefore,theinterruptserviceroutinehasto keeptrackof thereceivedcharac-
ters. Variable � is setto 4 whenan H is detected,andit is decrementedasthe
subsequentdigitsarrive. Thedesiredprogrammaybeobtainedby modifyingthe
programin Figure9.16asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSCONT(char*) 0xFFFFFFE3
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5
#defineint addr(int *) (0x24)

void intserv();

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

chartemp;
chardigits[4]; /* Buffer for receivedBCD digits */
int k = 0; /* Setup to detectthefirst H */
/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanism*/
int addr= &intserv; /* Setinterruptvector*/

asm (”Move #0x40,%PSR”); /* Processorrespondsto IRQ interrupts*/
*SCONT = 0x10; /* Enablereceiver interrupts*/

/* Transferthecharacters*/
while (1); /* Infinite loop */

�
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/* Interruptserviceroutine*/
void intserv()�

*SCONT = 0; /* Disableinterrupts*/
if (k � 0)

�
k = k � 1;
digits[k] = *RBUF; /* Save thenew digit (ASCII) */
if (k == 0)

�
temp= digits[3] #�# 4; /* Shift left first digit by 4 bits,*/
*PAOUT = temp $ (digits[2] & 0xF); /* appendsecondandsendto A */
temp= digits[1] #�# 4; /* Shift left third digit by 4 bits */
*PBOUT = temp $ (digits[0] & 0xF); /* appendfourth andsendto B */�

elseif (*RBUF == ’H’) k = 4;
�
*SCONT = 0x10; /* Enablereceiver interrupts*/

asm (”ReturnI”); /* Returnfrom interrupt*/
�

9.12. Connectthe parallel ports A and B to the four BCD to 7-segmentdecoders.
Choosethat

������� �
,
��� � � 
 , ��!"����� and

��! � ��
 displaythefirst, second,third
andfourth receiveddigits,respectively. UpondetectingthecharacterH, thesub-
sequentfour digits have to be saved anddisplayedonly when the fourth digit
arrives. Interruptsareusedto detectthe arrival of both H andthe four digits.
Therefore,theinterruptserviceroutinehasto keeptrackof thereceivedcharac-
ters. Variable � is setto 4 whenanH is detected,andit is decrementedasthe
subsequentdigitsarrive. Thedesiredprogrammaybeobtainedby modifyingthe
programin Figure9.14asfollows:
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RBUF EQU $FFFFFFE0 Receivebuffer.
SCONT EQU $FFFFFFE3 Controlreg for serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.

ORIGIN $200
DIG ReserveByte 4 Buffer for receiveddigits.
K Data 0 Setup to detectfirst H.
* Initialization

ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.
Move #INTSERV,$24 Settheinterruptvector.
Move #$40,PSR Processorrespondsto IRQ.
MoveByte #$10,SCONT Enablereceiver interrupts.

* Transferloop
LOOP Branch LOOP Infinite wait loop.

* Interruptserviceroutine
INTSERV MoveByte #0,SCONT Disableinterrupts.

MoveByte RBUF,R0 Readthecharacter.
Move K,R1 Seeif a new digit
Branch� 0 NEWDIG is expected.
Compare #$48,R0 Checkif H.
Branch�� 0 DONE
Move #4,K DetectedanH.
Branch DONE

NEWDIG And #$F,R0 ExtracttheBCD value.
Subtract #1,R1 DecrementK.
MoveByte R0,DIG(R1) Save thedigit.
Move R1,K
Branch� 0 DONE Expectmoredigits.
Move #DIG,R0 Pointerto buffer for digits.

DISP MoveByte (R0)+,R1 Getfourthdigit.
MoveByte (R0)+,R2 Getthird digit and
LShiftL #4,R2 shift it left.
Or R1,R2 Concatenatedigits for PortB.
MoveByte R2,PBOUT Senddigits to PortB.
MoveByte (R0)+,R1 Getseconddigit.
MoveByte (R0)+,R2 Getfirst digit and
LShiftL #4,R2 shift it left.
Or R1,R2 Concatenatedigits for PortA.
MoveByte R2,PAOUT Senddigits to PortA.

DONE MoveByte #$10,SCONT Enablereceiver interrupts.
ReturnI Returnfrom interrupt.
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9.13. Usea tableto converta receivedASCII digit into a7-segmentcodeasexplained
in the solutionfor Problem9.1. Connectthe bits %'& to %)( of all four registers
to bits

������� 

of Port A. Usebits

��! � to
��!�


of Port B asLoad signalsfor
theregistersdisplayingthefirst, second,third andfourth receiveddigits, recpec-
tively. Then, the requiredtask can be achieved by modifying the programin
Figure9.11asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSSTAT (volatilechar*) 0xFFFFFFE2
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj;
chardigits[4]; /* Buffer for receivedBCD digits */
int k = 0; /* Setup to detectthefirst H */
int i;
/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Transferthecharacters*/
while (1)

�
/* Infinite loop */

while ((*SSTAT & 0x1)== 0); /* Wait for a new character*/
if (*RBUF == ’H’)

�
for (i = 3; i � = 0; i ��� )

�
while ((*SSTAT & 0x1)== 0); /* Wait for thenext digit */
j = *RBUF & 0xF; /* ExtracttheBCD value*/
digits[i] = seg7[j]; /* Save7-segmentcodefor thedigit */
�
for (i = 0; i # = 3; i++)

�
*PAOUT = digits[i]; /* Sendadigit to PortA */
*PBOUT = 1 #�# i; /* Loadthedigit into its register*/
*PBOUT = 0; /* CleartheLoadsignal*/
�
��

�
15



9.14. Usea tableto converta receivedASCII digit into a7-segmentcodeasexplained
in the solutionfor Problem9.1. Connectthe bits %'& to %)( of all four registers
to bits

��� ��� 

of Port A. Usebits

��! � to
��! 


of Port B asLoad signalsfor
theregistersdisplayingthefirst, second,third andfourth receiveddigits, recpec-
tively. Then, the requiredtask can be achieved by modifying the programin
Figure9.10asfollows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SSTAT EQU $FFFFFFE2 Statusregisterfor serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.

* Definetheconversiontableandbuffer for receiveddigi ts
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30,$3F, $3B
DIG ReserveByte 4 Buffer for receiveddigits.
* Initialization

ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.

* Transferthecharacters
LOOP Testbit #0,SSTAT Checkif new characteris ready.

Branch=0 LOOP
MoveByte RBUF,R0 Readthecharacter.
Compare #$48,R0 Checkif H.
Branch�� 0 LOOP
Move #3,R1 Setup a counter.

LOOP2 Testbit #0,SSTAT Checkif next digit is available.
Branch=0 LOOP2
MoveByte RBUF,R0 Readthedigit.
And #4,R0 ExtracttheBCD value.
MoveByte SEG7(R0),DIG(R1) Save 7-seg codefor thedigit.
Subtract #1,R1 Checkif moredigits
Branch� � 0 LOOP2 areexpected.
Move #DIG,R0 Pointerto buffer for digits.
Move #8,R1 Setup Loadsignalfor *+� .

DISP MoveByte (R0)+,PAOUT Send7-segmentcodeto PortA.
MoveByte R1,PBOUT Loadthedigit into its register.
MoveByte #0,PBOUT CleartheLoadsignal.
LShiftR #1,R1 SetLoadfor thenext digit.
Branch� 0 DISP Therearemoredigits to send.
Branch LOOP
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9.15. Usea tableto converta receivedASCII digit into a7-segmentcodeasexplained
in the solutionsfor Problems9.1. and 9.2. Connectthe bits %)& to %)( of all
four registersto bits

������� 

of PortA. Usebits

��! � to
��!"


of PortB asLoad
signalsfor the registersdisplayingthe first, second,third and fourth received
digits, recpectively. Upondetectingthe characterH, thesubsequentfour digits
have to besavedanddisplayedonly whenthefourth digit arrives.Interruptsare
usedto detectthearrival of bothH andthe four digits. Therefore,the interrupt
serviceroutinehasto keeptrackof thereceivedcharacters.Variable � is setto
4 whenan H is detected,andit is decrementedasthe subsequentdigits arrive.
Thedesiredprogrammaybeobtainedby modifying theprogramin Figure9.16
asfollows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSCONT(char*) 0xFFFFFFE3
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePBOUT(char*) 0xFFFFFFF4
#definePBDIR (char*) 0xFFFFFFF5
#defineint addr(int *) (0x24)

void intserv();

void main()�
/* Definetheconversiontable*/
charseg7[10]=

�
0x7E,0x30,0x6C,0x79,0x33,0x5B,0x5F, 0x30,0x3F, 0x3B� ;

charj;
chardigits[4]; /* Buffer for receivedBCD digits */
int k = 0; /* Setup to detectthefirst H */
int i;
/* Initialize theparallelports*/
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
*PBDIR = 0xFF; /* ConfigurePortB asoutput*/

/* Initialize theinterruptmechanism*/
int addr= &intserv; /* Setinterruptvector*/

asm (”Move #0x40,%PSR”); /* Processorrespondsto IRQ interrupts*/
*SCONT = 0x10; /* Enablereceiver interrupts*/

/* Transferthecharacters*/
while (1); /* Infinite loop */

�
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/* Interruptserviceroutine*/
void intserv()�

*SCONT = 0; /* Disableinterrupts*/
if (k � 0)

�
j = *RBUF & 0xF; /* ExtracttheBCD value*/
k = k � 1;
digits[k] = seg7[j]; /* Save 7-segmentcodefor new digit */
if (k == 0)

�
for (i = 0; i # = 3; i++)

�
*PAOUT = digits[i]; /* Senda digit to PortA */
*PBOUT = 1 #�# i; /* Loadthedigit into its register*/
*PBOUT = 0; /* CleartheLoadsignal*/
�
�

elseif (*RBUF == ’H’) k = 4;
�
*SCONT = 0x10; /* Enablereceiver interrupts*/

asm (”ReturnI”); /* Returnfrom interrupt*/
�

9.16. Usea tableto converta receivedASCII digit into a7-segmentcodeasexplained
in the solutionsfor Problems9.1. and 9.2. Connectthe bits %)& to %)( of all
four registersto bits

������� 

of PortA. Usebits

��! � to
��!"


of PortB asLoad
signalsfor the registersdisplayingthe first, second,third and fourth received
digits, recpectively. Upondetectingthe characterH, thesubsequentfour digits
have to besavedanddisplayedonly whenthefourth digit arrives.Interruptsare
usedto detectthearrival of bothH andthe four digits. Therefore,the interrupt
serviceroutinehasto keeptrackof thereceivedcharacters.Variable � is setto
4 whenan H is detected,andit is decrementedasthe subsequentdigits arrive.
Thedesiredprogrammaybeobtainedby modifying theprogramin Figure9.14
asfollows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SCONT EQU $FFFFFFE3 Controlreg for serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PBOUT EQU $FFFFFFF4 PortB outputdata.
PBDIR EQU $FFFFFFF5 PortB directionregister.
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* Definetheconversiontableandbuffer for receiveddigits
ORIGIN $200

SEG7 DataByte $7E,$30,$6C,$79,$33,$5B,$5F, $30,$3F, $3B
DIG ReserveByte 4 Buffer for receiveddigits.
K Data 0 Setup to detectfirst H.
* Initialization

ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
MoveByte #$FF,PBDIR ConfigurePortB asoutput.
Move #INTSERV,$24 Settheinterruptvector.
Move #$40,PSR Processorrespondsto IRQ.
MoveByte #$10,SCONT Enablereceiver interrupts.

* Transferloop
LOOP Branch LOOP Infinite wait loop.

* Interruptserviceroutine
INTSERV MoveByte #0,SCONT Disableinterrupts.

MoveByte RBUF,R0 Readthecharacter.
Move K,R1 Seeif a new digit
Branch� 0 NEWDIG is expected.
Compare #$48,R0 Checkif H.
Branch�� 0 DONE
Move #4,K DetectedanH.
Branch DONE

NEWDIG And #$F,R0 ExtracttheBCD value.
Subtract #1,R1 DecrementK.
MoveByte SEG7(R0),DIG(R1) Save7-seg codefor thedigit.
Move R1,K
Branch� 0 DONE Expectmoredigits.
Move #DIG,R0 Pointerto buffer for digits.
Move #8,R1 Setup Loadsignalfor * � .

DISP MoveByte (R0)+,PAOUT Send7-segmentcodeto PortA.
MoveByte R1,PBOUT Loadthedigit into its register.
MoveByte #0,PBOUT CleartheLoadsignal.
LShiftR #1,R1 SetLoadfor thenext digit.
Branch� 0 DISP Therearemoredigits to send.

DONE MoveByte #$10,SCONT Enablereceiver interrupts.
ReturnI Returnfrom interrupt.

9.17. Programsin Figures9.17and9.18wouldnotwork properlyif thecircularbuffer
was filled with 80 characters.After the headpointer wrapsaround,it would
trail the tail pointer and would catchup with it if the buffer is full. At this
point it would be impossibleto usethe simplecomparisonof the two pointers
to determinewhetherthebuffer is emptyor full. Thesimplestmodificationis to
increasethebuffer sizeto 81 characters.
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9.18. Using a countervariable, , , the programin Figure 9.17 can be modified as
follows:

/* Defineregisteraddresses*/
#defineRBUF (volatilechar*) 0xFFFFFFE0
#defineSSTAT (volatilechar*) 0xFFFFFFE2
#definePAOUT (char*) 0xFFFFFFF1
#definePADIR (char*) 0xFFFFFFF2
#definePSTAT (volatilechar*) 0xFFFFFFF6
#defineBSIZE 80

void main()�
unsignedcharmbuffer[BSIZE];
unsignedcharfin, fout;
unsignedchartemp;
int M = 0;

/* Initialize PortA andcircularbuffer */
*PADIR = 0xFF; /* ConfigurePortA asoutput*/
fin = 0;
fout = 0;

/* Transferthecharacters*/
while (1)

�
/* Infinite loop*/

while ((*SSTAT & 0x1)== 0)
�

/* Wait for a new character*/
if (M � 0)

�
/* If circularbuffer is not empty*/

if (*PSTAT & 0x2)
�

/* andoutputdevice is ready*/
*PAOUT = mbuffer[fout]; /* senda characterto PortA */
M = M � 1; /* Decrementthequeuecounter*/
if (fout # BSIZE� 1) /* Updatetheoutputindex */

fout++;
else

fout = 0;
��

�
mbuffer[fin] = *RBUF; /* Reada characterfrom receivebuffer */
M = M + 1; /* Incrementthequeuecounter*/

if (fin # BSIZE� 1) /* Updatetheinput index */
fin++;

else
fin = 0;

��
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9.19. Using a countervariable, , , the programin Figure 9.18 can be modified as
follows:

RBUF EQU $FFFFFFE0 Receivebuffer.
SSTAT EQU $FFFFFFE2 Statusreg for serialinterface.
PAOUT EQU $FFFFFFF1 PortA outputdata.
PADIR EQU $FFFFFFF2 PortA directionregister.
PSTAT EQU $FFFFFFF6 Statusreg for parallelinterface.
MBUF ReserveByte 80 Definethecircularbuffer.

* Initialization
ORIGIN $1000
MoveByte #$FF,PADIR ConfigurePortA asoutput.
Move #MBUF,R0 R0pointsto thebuffer.
Move #0,R1 Initialize headpointer.
Move #0,R2 Initialize tail pointer.
Move #0,R3 Initialize queuecounter.

* Transferthecharacters
LOOP Testbit #0,SSTAT Checkif new characteris ready.

Branch�� 0 READ
Compare #0,R3 Checkif queueis empty.
Branch=0 LOOP Queueis empty.
Testbit #1,PSTAT Checkif PortA is ready.
Branch=0 LOOP
MoveByte (R0,R2),PAOUT Sendacharacterto PortA.
Subtract #1,R3 Decrementthequeuecounter.
Add #1,R2 Incrementthetail pointer.
Compare #80,R2 Is thepointerpastqueuelimit?
Branch# 0 LOOP
Move #0,R2 Wraparound.
Branch LOOP

READ MoveByte RBUF,(R0,R1) Placenew characterinto queue.
Add #1,R3 Incrementthequeuecounter.
Add #1,R1 Incrementtheheadpointer.
Compare #80,R1 Is thepointerpastqueuelimit?
Branch# 0 LOOP
Move #0,R1 Wraparound.
Branch LOOP
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9.20. Connectthetwo 7-segmentdisplaysto PortA. Usethe3 bitsof PortB to connect
to theswitchesandLED asshown in Figure9.19. It is necessaryto modify the
conversionanddisplayportionsof programsin Figures9.20and9.21.

Theendof theprogramin Figure9.20shouldbe:

/* Computethetotal count*/
total count= (0xFFFFFFFF� countervalue);

/* Convertcountto time*/ ;
actualtime= total count/ 1000000; /* Time in hundredthsof seconds*/
tenths= actualtime / 10;
hundredths= actualtime � tenths* 10;

*PAOUT = ((tenths#�# 4) $ hundredths); /* Displaytheelapsedtime */
��

Theendof theprogramin Figure9.20shouldbe:

* Convert thecountto actualtime in hundredthsof seconds,
* andthento BCD. PuttheBCD digits in R4.

Move #1000000,R1 Determinethecountin
Divide R1,R2 hundredthsof seconds.
Move #10,R1 Divide by 10 to find thedigit that
Divide R1,R2 denotes1/10thof a second.
LShiftL #4,R3 TheBCD digits
Or R2,R3 areplacedin R3.

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