EMCH 367 
Fundamentals of Microcontrollers
Example 9


Example 9

Objective

This exercise has the following objectives:

· Introduce hex subtraction

· Introduce hex subtraction with negative results using the free borrow concept.

· Show the decimal equivalent of hex subtraction with negative results using free borrow.

Note: To facilitate understanding, the same numbers are used in both decimal and the hex cases.

program

The program ex9.asm performs the following arithmetic operations:

I. $0d - $06 = $07 (hex) using the opcode mnemonics LDAA, LDAB, SBA

II. $00 - $05 = $fb (hex) using the opcode mnemonics LDAA, LDAB, SBA

III. 0 - 5 = 251 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

IV. $0e - $3a = $d4 (hex) using the opcode mnemonics LDAA, LDAB, SBA

V. 14 - 58 = 212 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

coding and execution

Open THRSim11. Maximize THRSim11 window. Close the Commands window. Open ex9.asm. Assemble, tile the windows, set the breakpoint, and reset the registers. Your screen looks like this:
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$c883 c6 86 LDAB. #$06 ORG PROGRAM P $0000
$coes 18 SBA START  NOP PC $coon
* viii) ' Begin typing your code cC %11610001
$ce86 86 860 LbAR #$00
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$cosa 18 SBA LDAR #$od
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Section: $0d - $06 = $07 (hex) using the opcode mnemonics LDAA, LDAB, SBA

Load and assemble ex9.asm. Set accA display to hex. Step through section vii) of the code. At the end of this section, your screen looks like this:
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$co0e 81 START  NOP al|[* e1ure1uTIv, Victor
* Begin typing your code [#INCLUDE *AZ\UAR_DEF .ASH" ]
x Define program variables D
* vii) ORG  DATA X
$co01 86 00 Loan  w$od * Start of main program v
$c003 c6 06 LDAB #5306 ORG. PROGRAM SP $0000
START  NOP
x Begin typing your code cc %11010000
$c006 86 08 Loaa  #$00
$c008 co 05 LDAB  #$85 * vii)
$cosa 18 SBA Loaa  #$ed
* ix) LDAB 4506
$coop 86 08 LDAR  #O sBA
$co0d co6 05 LDAB 5 * viii)
$coof 18 SBA Loaa  #$00
* %) Loae  #§05
$co10 86 Be Lbaa  #$Ge sBA
$c012 c6 3a LDAB  #$3a * ix)
$co1u 18 sBA LDAR  #0
* xi) LbAB  #5
$co15 86 Be LDAA My sBA
$c017 c6 3a LDAB  #58 * x)
$co19 18 SBA Lbaa  #$Ge
LDAB #$3a
* End of nain progran sBA
$cota 3F su1 * xi)
ORG $FFFE 5 1o LDAA #u
$FFfe co 00 FDB START 5 st LDAB  #58
sBA =
x End of main progran
sul
ORG $FFFE 5 reset vector
FDB  START ; set to start
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During the execution of this section, hex number $0d was loaded into accA, hex number $06 was loaded into accB, and then accB was subtracted from accA. The result of the arithmetic operation remained in accA. The result was $07. A hex borrow did not happen, since the number in accB was less than the number in accA, and the LSD of the number in accB was also less than the LSD of the number in accA.

Section: $00 - $05 = $fb (hex) using the opcode mnemonics LDAA, LDAB, SBA

Set accA accB displays to hex. Step through section viii) of the code. At the end of this section, your screen looks like this:
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$ce08 61  START  NOP 2l|[x e1ure1vTIv, Victor
* Begin typing your code [#INCLUDE *A:\UAR_DEF .ASH" 8
x Define program variables »
* vid) oRe pATA X
$c081 86 6d Loan  u$ed x Start of main program v
$c083 c6 66 oas  #§06 ORG  PROGRAM sP $0000
Scass 10 sea START  NOP
* viid) x Begin typing your code ©C %11011001
$c006 86 08 Loaa  #$00
Sc0es co 65 toas  #§es * vid)
Scasa 10 sBA Loan  u$ed
* ix) oas  #§06
§coep 86 06 Lban  we sBA
$c08d co 65 Loas 65 x viii)
Scas 10 sBA Lban  uson
*x) toas  #§es
$c010 86 6e Lban  u$ee sea
Sco12 c6 3a oas  #§3a * ix)
Scots 10 sea Loan  wo
* xi) LoAs  u5
$co15 86 6e Loan w1y sea
$c017 c6 3a LoaB w58 0
Sceto 10 sBA Lban  u$ee
Loas  #§3a
x End of main progran sea
Scota af sur * xi)
ORG  SFFFE ;o Loan w1y
$¢ffe co 00 FDB START ;s Loas  #58
sea =
x End of main program
sur
ORG  SFFFE  ; reset vector
FDB  START ; set to start
< |
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During the execution of this section, hex number $00 was loaded into accA, hex number $05 was loaded into accB, and then accB was subtracted from accA. The result of the arithmetic operation remained in accA. The result was $fb. This is equivalent to the hex operation $000+$100-$005=$0fb, and indicates that a hex free borrow happened.

Section: 0 - 5 = 251 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

Set accA and accB displays to decimal. Step through section ix) of the code. At the end of this section, your screen looks like this:
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$c608 61  START  NOP 2l|[= e1ure1vTIv, Victor
* Begin typing your code [#INCLUDE *A:\UAR_DEF .ASH" 8
x Define program variables »
* vid) oRe pATA X
$c081 86 6d Loan  u$ed x Start of main program v
$c083 c6 66 oas  #§06 ORG  PROGRAM sP $0000
Scass 10 sea START  NOP
* viid) x Begin typing your code ©C %11011001
$c006 86 08 Loaa  #$00
Sc0es co 65 toas  #§es * vid)
Scasa 10 sBA Loan  u$ed
* ix) oas  #§06
Scamn 86 69 Loan  we sea
Sc08d co 65 Loas  #5 x viii)
Scas 10 sBA Lban  uson
« x) toas  #§es
sea
$c812 co 3a LbAB  #$3a * ix)
Scots 10 sea Loan  wo
* xi) LoAs  u5
$co15 86 6e Loan w1y sea
$c017 c6 3a LoaB w58 0
Sceto 10 sBA Lban  u$ee
Loas  #§3a
x End of main progran sea
Scota af sur * xi)
ORG  SFFFE ;o Loan w1y
$¢ffe co 00 FDB START ;s Loas  #58
sea =
x End of main program
sur
ORG  SFFFE  ; reset vector
FDB  START ; set to start
< |

Step though the curently loaded program.





During the execution of this section, decimal number 0 was loaded into accA, and decimal number 5 into accB. Then, accB was subtracted from accA. The result of the subtraction remained in accA. The result was 251. We notice that the following decimal arithmetic operation happened 0-5=251. This operation is equivalent to 0+256-1=255. This indicates that, although the operation was displayed in decimal, a hex free borrow actually happened since 256=$100.

Section: $0e - $3a = $d4 (hex) using the opcode mnemonics LDAA, LDAB, SBA

Set accA accB displays to hex. Step through section x) of the code. At the end of this section, your screen looks like this:

[image: image5.png]i1 [_[CIx]

Fle Edt Seach View Execue Label Breskpoint Connect Window Help

o o e e e R o e e

B [=Ic=
$c608 61  START  NOP 2l|[= e1ure1vTIv, Victor
* Begin typing your code [#INCLUDE *A:\UAR_DEF .ASH" 8
x Define program variables »
* vid) oRe pATA X
$c081 86 6d Loan  u$ed x Start of main program v
$c083 c6 66 oas  #§06 ORG  PROGRAM sP $0000
Scass 10 sea START  NOP
* viid) x Begin typing your code ©C %11011001
$c006 86 08 Loaa  #$00
Sc0es co 65 toas  #§es * vid)
Scasa 10 sBA Loan  u$ed
* ix) oas  #§06
Scamn 86 69 Loan  we sea
Sc08d co 65 Loas  #5 x viii)
Scas 10 sBA Lban  uson
*x) toas  #§es
$c010 86 6e Lban  u$ee sea
Sco12 c6 3a oas  #§3a * ix)
Scots 10 sea Loan  wo
* xi) LoAs  u5
sea
$co17 c6 3a Lo 58 0
Sceto 10 sBA Lban  u$ee
Loas  #§3a
x End of main progran sea
Scota af sur * xi)
ORG  SFFFE ;o Loan w1y
$¢ffe co 00 FDB START ;s Loas  #58
sea =
x End of main program
sur
ORG  SFFFE  ; reset vector
FDB  START ; set to start
< |
[ Simulated tive: 0,000039 sec [A%d [Bs3 |51 T [%$0000 | V50000 | SPS000D | PC$c0T6 | Clock Cycks 78





During the execution of this section, hex number $0e was loaded into accA, hex number $3a was loaded into accB, and then accB was subtracted from accA. The result of the arithmetic operation remained in accA. The result was $d4. This is equivalent to the hex operation $00e+$100-$03a=$0d4, and indicates that a hex free borrow happened.

Section: 14 - 58 = 212 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

Set accA and accB displays to decimal. Step through section xi) of the code. At the end of this section, your screen looks like this:
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$ce08 61  START  NOP 2l|[x e1ure1vTIv, Victor
* Begin typing your code [#INCLUDE *A:\UAR_DEF .ASH" 8
x Define program variables »
* vid) oRe pATA X
$c081 86 6d Loan  u$ed x Start of main program v
$c083 c6 66 oas  #§06 ORG  PROGRAM sP $0000
Scass 10 sea START  NOP
* viid) x Begin typing your code ©C %11011001
$c006 86 08 Loaa  #$00
Sc0es co 65 toas  #§es * vid)
Scasa 10 sBA Loan  u$ed
* ix) oas  #§06
Scamn 86 69 Loan  we sea
Sc08d co 65 Loas  #5 x viii)
Scas 10 sBA Lban  uson
*x) toas  #§es
$c010 86 6e Lban  u$ee sea
Sco12 c6 3a oas  #§3a * ix)
Scots 10 sea Loan  wo
* xi) LoAs  u5
sea
$co17 c6 3a Lo 58 0
Sceto 10 sBA Lban  u$ee
Loas  #§3a
x End of main progran sea
Scota af sur * xi
ORG  SFFFE ;o Loan w1y
$¢ffe co 00 FDB START ;s Loas  #58
sea =
x End of main program
sur
ORG  SFFFE  ; reset vector
FDB  START ; set to start
< |
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During the execution of this section, decimal number 14 was loaded into accA, and decimal number 58 into accB. Then, accB was subtracted from accA. The result of the subtraction remained in accA. The result was 212. We notice that the following decimal arithmetic operation happened 14-58=212. This operation is equivalent to 14+256-58=212. This indicates that, although the operation was displayed in decimal, a hex free borrow actually happened since 256=$100.

What you have learned

In this exercise, you have learned:

· Subtraction using SBA opcode mnemonic happened as expected, in both decimal and hex arithmetic, as long as the minuend is greater than the subtrahend (e.g., 13-6=7, $0d-$06=$07). 

· When the minuend is less than the subtrahend, the result of the subtraction operation is calculated using a free borrow (e.g., $0e-$3a=$00e+$100-$03a=$0d4=$d4). 

· Even if decimal display of numbers is used, the calculations and the free borrow still happen in hex (e.g., 14-58=14+256-58=212, where 256=$100).

· New words and notations: subtraction, minuend, subtrahend.
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