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ADDRESSING MODES 89

page 76  TAX (Transfer Accumulator to X register)
Op Code AA
Status flags effected: N and Z

The Op Code totally defines the operation of Implied Addressing Instructions.
Therefore, only one byte is needed to describe the operation. Instructions used
in this mode are not used in any other mode.

The Immediate Addressing Mode

Instructions using the Immediate Addressing mode employ two bytes to
describe the operation. The first byte contains the Op Code specifying the opera-
tion and the addressing mode. The second byte contains a constant value known
at the time a program is being written. Putting these values directly in the pro-
gram saves the programmer from loading them into memory and retrieving them
when needed.

You have used the following Immediate Addressing mode instructions in
Chapters 3, 4, and 5.

page 42 CPX (Compare to X register)
Op Code EO (If Immediate Addressing)
Second byte OA (Value X is compared to)
Status flags affected: N,Z and C

page 42 LDX (Load the X register)
Op Code A2 (If Immediate Addressing)
Second byte 00 (Value loaded in X)
Status flags affected: Z and C

page 57 LDA (Load the Accumulator)
Op Code A9 (If Immediate Addressing)
Second byte 00 (Value loaded)
Status flags affected: N and Z

page 57 ADC (Add to Accumulator with carry)
Op Code 69 (If Immediate Addressing)
Second byte 01 (Value added)
Status flags affected: N,Z,C and V

page 57 CMP  (Compare to Accumulator)
Op Code C9 (If immediate Addressing)
Second byte 03 (Value accumulator is compared to)
Status flags affected: N,Z and C

Immediate addressing is the simplest way to manipulate constants. All of
the instructions used in this mode may also be used in other modes. The Op
Code of the instruction will be different for each mode that it is used in so that
the computer will know which mode is desired.
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The Relative Addressing Mode

All of the branch instructions use this, and only this, mode. They are two-
byte instructions. The Op Code occupies the first byte. The second byte con-
tains a signed number that specifies the length of the branch (if the branch is
taken). The second byte is ignored if the conditions existing do not require the
branch to be taken. At the time the decision (to branch or not) is taken, the pro-
gram counter is pointing at the next instruction. You have used one instruction
in the Relative Addressing Mode, BNE.

page 60 BNE (Branch on result not equal to zero)
Op Code DO
Second byte FA (equivalent to -6: back 6 locations)
Status flags affected: none

Branches are made, or not made, depending on the status of certain flags
of the Processor Status Register (N,V,Z or C). Only branch instructions use this
mode.

The Absolute Addressing Mode

Absolute Addressing Instructions contain three bytes: one for the Op
Code and two for the address operand. The low-order address byte occupies the
second byte, and the high-order address byte occupies the third byte. The pro-
grammer can therefore specify a full 16-bit address to access any memory loca-
tion. It is considered to be the normal mode for addressing. You have used this
mode in Chapter 2 with a STORE instruction (page 21). This mode will be used
again in the next chapter.

Example:
LDA (Load Accumulator)
Op Code AD (If Absolute Addressing)
Second byte F3 (low-order address)
Third byte 10 (high-order address)
Status flags affected: N and Z

This example would load the value that is contained in memory location
10F3 into the accumulator. The value held in T0F3 remains the same.

Memory 10F3
Accumulator

The Zero Page Addressing Mode

Zero Page instructions are two bytes long. The first byte contains the Op
Code, and the second byte contains the low-order byte of the address operand.
The high-order address byte is assumed by the microprocessor to be zero (there-
fore, its name). The zero page of memory runs from 0000 through OOFF. Each
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consecutive block of 256 locations is called a page of memory. The advantage of
zero page instructions is the saving of one byte in the instruction. The time neces-
sary to execute the instruction is therefore shorter than that of Absolute Ad-
dressing. The user should organize his use of memory so that the most frequent-
ly accessed memory is in the zero page. This cannot always be done because
manufacturers of computers quite often use this memory in their operating
system. We have not used any instructions in this mode yet.

Example:
LDA (Load the Accumulator)
Op Code AS (If Zero Page Addressing)
Second byte 80 (low-order address byte)
Status flags affected: N and Z

This example would load the accumulator with the contents of memory
location 0080.

We will hold off a discussion of Indexed Addressing modes until Chapter
8, where they are first used.

INSTRUCTION SET WITH ADDRESSING MODES

Mnemonic |Op

Code Codes 5 o

g 3

IS % > X > S 3

SE§ 3 g8 8¢ R
3333538888
S g2 3858888
R E§ 3§ I I§EERE
ADC — 169 |65 (75| — |6D|7D |79 | — 61 |71 | —
AND —129(25|35| —[2D|3D (39| — | — |21 |31 | —
ASL OA|— |06 (16 | — |OE|1E|— |—|—=|—=|—= | —
BCC — === 1==/{—=|—-1=-190|= |- | =
BCS - === =/=-|=-|=-1|=(BO|=|= |-
BEQ —|=1=|=-1=-1=-1=|-|—-|FO|=|—=|-
BIT — | =24 |—-|—-(2C|=|=|=|=|=|-|-
Bl | f=]=]=|=]=]|=f<c]|=830]=]=]=
BNE —|=1=1=-1=-1=-|=1]=1=[DO| = |= |-
BPL —|=]=|=-1=-|=-1=-1|=|=110|= |-~
BRK — === |=|—=]=|—100|=]|=]=1]-
BYE | oo ] o [ = | |58 ] = | =]
BVS — | =1=|=1=1=]|=1=1|=170| = | = | =
CLC — === 1=-1=-1=-1=-|18|=|=|=1|-
Bl |=|=|=|=]l=|=]=|=|DBl= == |=
CLI o Jm e [ o e | o e = 5B ] = o [ s
CLV —|=]=]=1=1=-1=-1=-B8|=|= |- |-




Mnemonic |Op

Code |Codes 8 o

g 3

S X< > e S T 3
S 8§ $ g8 g ¥ = 8
ET S S 33 S3 2888
S § £ 8828 8 2833 $s5 s
< ER RN < < §E& & 8 &
CMP — |C9|C5|D5| - |CD|DD|D9 | — | — |C1 |D1|—
CPX —|EO|E4 | — |- |EC| = |— | = |=|—=|— |-
CPY — 04| —-—|—-1CCl—=|—=|—=|=|=|-|-
DEC —|—|C6|D6|—|CEIDE|— |- |—|—=|—|—
DEX —-|l=-|=-1—-|—-|—-|—-|—-|CA|=|—- |- |-
DEY - == 1—-1—-1—-1—-|—-18|—-|—-|- |-
EOR — |49 |45 |55 | — |4D 5D |59 | — | — |41 (51 | —
INC |-|-|E6|F6| —|EE|FE| —|—-|—-|-|-]=
INX -1 =-1=]-|—-[=-|—-|E8|=|—=|—-]|—
INY = —=1=|—-|—-|—-1|—-|C8| =] =]—=|=
MR [ == =]|=] =48] =|=| === | == |66
JSR | =1=1=1-120|=|=|=|=|=]—-|-
LDA | —|A9|A5|B5| — |AD|BD[B9| — | — [A1|B1]| —
LDX | —|A2|A6| —|B6|AE|— |BE|—|—|—|—-|-
LDY |- |A0|A4|B4| —|AC|BC|—|—-|-|~=|=]|=
LSR |4A| — |46 |56 | — |[4E|SE| - |- |- | = | = | =
NOP | —|—|—=|=|-|=|=|=|EA|=|=|=]-
ORA [ —109|05|15|—|0D|1D|19 | — | — |01 |11 | —
PHA [—|—=|—=|=|=(=|=]=[48|=]=|=]=
PHP o el el e e e e e [ e e e
PLA |—|=|=|=|-|=-|=|=-1|68|=|=|~]|=
PLP - === |=-=-|—-1=-[28|=-]=|-|-
ROL |2A| —|26(36 | — |2E[3E|— |- ||| = |=
ROR |6A| — |66 |76 | — |6E|7TE|— |- |- |~ |=|=
RTL | —|—[—=|=]=]~|=|=[40]=]= |=]=
RTS === ]-|=|=|—-160|=|=|-1-
SBC |- |E9|E5|F5|— |ED|FD|F9 |~ | — |E1|F1|—
SEC |= |=|=|=|=|=|=|=|38|«~|=|-]~
SED | —|—|=|=|=|=|-|=|[F8|=|=|=]|-
SEI SN[ DN I (D) PN [Roy DY 3 R W (N
STA — | —|85|95|—|8D|9D |99 | — | — |81 |91 | —
STX |—|—|86|—~|96|8E |=|=|= |=]= =]~
STY |—|—|[84|94]|-|8Cc|-|=|=|=|-|=]|=
TAX |=l=|m=|s|s|= || [#8]—1—= |~ |~
TAY |—|-|-|-|=|=|=|-|A8|=|=|=]|=
BE |—l—=]=|=|=|=|— ]~ [B& == |= |=
TXA |—|=|=|=|=|=|=|=[BA]|=]|=|= |-
TXS —|l=|=1=|=|=|-|=19A|=|= |- |-
TYA |—|—|=|=|=-|=|=[=(98|-|-|=]|=
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SUMMARY

The flexibility of the 6502 microprocessor used in the Atari 400/800 com-
puters is achieved through a variety of addressing modes and special-purpose

registers.

The registers discussed in this chapter include:

Accumulator (A register)—Most operations performed on data take
place in this register.

X Index Register—Used as a scratch pad or as an index in some address-
ing modes.

Y Index Register—same function as X Index Register.

Processor Status Register (P register)—Contains the microprocessor’s
status as each instruction is executed.

Stack Pointer Register (S register)—Contains the memory location of
the top of the stack.

The addressing modes discussed include:

1. How many bits of information can be contained in the accumulator?
bits

Implied—One-byte instructions that need no operand.

Immediate—The first byte specifies the operation; the operand (second
byte) is a one-byte data item.

Relative—Used for branch instructions; first byte specifies the kind of
branch; the one byte operand tells how far and in what direction to
branch.

Absolute—A three-byte instruction; first byte specifies the operation;
the other two bytes give the operand that consists of a memory address
to be used.

Zero Page—Similar to Absolute Addressing, but only a single-byte oper-
and is necessary for the memory address to be used.

EXERCISES

2. Name the two index registers.

and

3. The status flags are contained in which register?

register

4. The register into which data is loaded, stored from, and in which arithmetic

operations are performed is called:
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Question 5 through 8 refer to the following program:

10.

11.

2.
13.
14.

. Which index register is used in the program?

“n B W N =

10 *=$1050
20 LDX #0
30 LOOP INX
40 CPX #2

50 BNE LOOP
60 END

. Which status flag is used to determine if a branch is taken?

. What values will appear in the index register as the program is executed?

. What will be the starting address of the machine language program when it is

assembled?

. The assembler cartridge’s Writer/Editor command to display the assembly

language program on the video screen is:
(NEW,.LIST, RUN)

The bits of the Processor Status Register are labeled as shown:

[N[v] [Bfo[ifz][c]
(a) BitB; containsthe ___ flag.
(b) BitB, containsthe ____ flag.

(c) The Carry flag is contained in bit

When using the stack, the Stack Pointer Register contains the memory ad-
dress of the top of the stack. The last item placed on the stack will be the
item removed from the stack.

(first, last)

How many bytes are used by an Implied Address instruction?

What addressing mode is used by Branch instructions?

Which instruction is shorter (fewer bytes):

Absolute or Zero Page?

ANSWERS

. 8 bits
. XandY
. Processor Status Register

. The accumulator (or A register)

X



11.
12.
13.
14.

(SIS e

Zero (or Zero flag)
0,1,2 (or 00000000,00000001,00000010 binary)
1050 (hex)

LIST

(a) Z (or Zero flag)

(b) N (or Negative flag)
(c) Bo

First

1 (one)

Relative

Zero Page

ANSWERS

95



Chapter 6

Branching Out

In Chapters 3, 4, and 5 we have used a branch instruction (BNE) to per-
form a program loop. Branch instructions are two-byte instructions which use
the Relative Addressing mode. That is, the address to which the branch is to be
taken is calculated relative to the current position of the program counter. The
program counter (see page 000) is used as a pointer to designate where the micro-
processor will obtain the instruction that is to be executed following the instruc-
tion that is currently being executed. It is always one instruction ahead of the
computer execution.

Example:
Memory Op Code Instruction
As this instruction — 1008 DO BNE
is being executed,
1009 F9
Program
Counter points ——— 100A 00 BRK

here

Therefore, the branch is taken relative to the program counter (or one memory
location beyond the second byte of the branch instruction). The operand (sec-
ond byte—F9 in this example) used with the branch instruction tells how far and
in what direction the branch should be taken. '
When used as the operand in a branch instruction such as BNE, all hex
values from 01 through 7F cause a branch forward from the current position of
the program counter. The following instruction would cause a branch forward
from memory location 100A (where the program counter points as the BNE in-
struction is executed) to hexadecimal memory location 1012 (100A+8).

1008 DO BNE 08
1009 08

96
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An example of the above as used in a section of a program follows:

1006 EO CPX 03 Compare the value of the
1007 03 X register with 03 hex.

1008 DO BNE 08 Branch, if Y is not equal to

Program 1009 08 03, forward 8 steps.
counter — 100A e :
starts 100B ’ !
here 100C ' ’
100D ' .
100E 2 !
Branch 100F ’ ’
forward 1010 ! '
8 steps 1011 ’ :
if X T~ 1012 ’ '
not=03 1013 ’ ’
1014 ’ ’

All hex values from 80 through FF are used by branch instructions as
backward (or negative) branches. In the “Program to Count in Accumulator”
(Chapter 5) the instruction used is:

1008 DO BNE LOOP The assembler looked for the label LOOP
and counted back to see where to find it.

1009 F9 Branch, if X is not equal to 03, backward
7 steps.

The branch is made backward (or in the negative direction) since F9 is between
80 and FF. Counting back 7 steps from location 100A puts the branch destina-
tion at 1003, the start of the loop.

PROGRAM TO COUNT IN ACCUMULATOR
1000 A9 LDA #0

1001 00

1002  AA TAX

Branch p—> 1003 69 ADC #1
back 7 1004 01
1005 E8 INX
1006 EO CPX #3
1007 03
1008 DO BNE
1009 F9
Program —— 100A 00 BRK
Counter

here when BNE is executed
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We will not go into the method used by the computer to determine the values of
negative numbers. Instead, we will provide tables to determine the operand used
with the branch. The assembler takes care of these details if you provide it with
appropriate labels.

Remember that forward branches will use an operand in the range of 1
through 7F, and backward branches will use an operand in the range of 80
through FF.

EXAMPLES USING FORWARD BRANCHES

Program counter starts at 1010
1.  100E DO BNE 07 Branch desired to 1017(7 steps)

100F 07
1010 Look up in table:
i Steps Branch
! ; Forward Operand
1017 (Decimal) (Hex)
7 07 < Operand

If condition tested is not equal to zero,
branch forward to 1017 (1010+7 steps).

2. 1010 DO BNE 1F Program counter starts at 1010

1009 1F Branch desired to 102F (31 decimal steps)
1010
! 2 Look up in table:
i ; ; Steps Branch
L»1 02F : Forward Operand
(Decimal) (Hex)
31 1F < Operand

If condition tested is not equal to zero,
branch forward to 102F (1010+1F hex steps).

3. 100E DO BNE 77 Program counter starts at 1010

100F 77 Branch desired to 1087 (119 decimal steps)
1010
. ; Look up in table:
1 . . Steps Branch
L 1087 ; Forward Operand
(Decimal) (Hex)
119 77 < Operand

If condition tested is not equal to zero,
branch forward to 1087 (1010+77 hex steps).
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4.  100E DO BNE 5B Program counter starts at 1010

100F 5B Branch desired to 106B (91 decimal steps)
— 1010 ; .
: : ; Look up in table:
: ) : Steps Branch
L 106B . Forward Operand
(Decimal) (Hex)
91 5B < Operand

If condition tested is not equal to zero,
branch forward to 106B (1010+5B hex steps).

EXAMPLES USING BACKWARD BRANCHES

15 : Program counter starts at 1012
+—>1 00B Branch desired to 100B (-7 steps)
1
H 5 Look up in table:
1 1010 DO BNE F9 Steps Branch
11011 F9 Backward  Operand
L1012 . (Decimal) (Hex)
7 F9 < Operand

If condition tested is not equal to zero,
branch backward to 100B (1012-7 steps).

2. . Program counter starts at 1012
rOF F3 Branch desired to FF3 (=31 decimal steps)
1
: ’ Look up in table:
1 1010 DO BNE E1 Steps Branch
11011 E1 Backward ~ Operand
L1012 . (Decimal) (Hex)

31 : E] < Operand

If condition tested is not equal to zero,
branch backward to FF3 (1012-1F hex steps).

3. . Program counter starts at 1012
O0F9B Branch desired to FOB (-119 decimal steps)

. Look up in table:
1010 DO BNE 89 Steps Branch

T

1011 89 Backward  Operand
L>-1012 (Decimal) (Hex)
119 89 < Operand

If condition tested is not equal to zero,
branch backward to FOB (1012-77 hex steps).
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TABLE TO DETERMINE FORWARD BRANCHES

Steps Branch Steps Branch Steps Branch
Forward | Operand Forward Operand || Forward Operand
(Decimal) | (Hex) (Decimal) (Hex) ||(Decimal) (Hex)
1 01 49 31 97 61
2 02 50 32 98 62
B 03 51 33 99 63
4 04 52 34 100 64
5 05 53 35 101 65
6 06 54 36 102 66
7 07 55 37 103 67
8 08 56 38 104 68
9 09 57 39 105 69
10 0A 58 3A 106 6A
11 0B 59 3B 107 6B
12 0C 60 3C 108 6C
13 oD 61 3D 109 6D
14 OE 62 3E 110 6E
15 OF 63 3F 111 6F
16 10 64 40 112 70
17 11 65 41 113 71
18 12 66 42 114 72
19 13 67 43 115 73
20 14 68 44 116 74
21 15 69 45 117 75
22 16 70 46 118 76
23 17 71 47 119 77
24 18 72 48 120 78
25 19 73 49 121 79
26 1A 74 4A 122 7A
27 1B 75 4B 123 7B
28 1C 76 4C 124 1€
29 1D 77 4D 125 7D
30 1E 78 4E 126 7E
31 1F 79 4F 127 7F
32 20 80 50
33 21 81 51
34 22 82 52
35 23 83 53
36 24 84 54
37 25 85 55
38 26 86 56
39 27 87 57
40 28 88 58
41 29 89 59
42 2A 90 5A
43 2B 91 5B
44 2C 92 5C
45 2D 93 5D
46 2E 94 SE
47 2F 95 5F
48 30 96 60
Figure 6-1. Forward Branches




TABLE TO DETERMINE BACKWARD BRANCHES

Steps Branch Steps Branch Steps Branch
Backward | Operand Backward Operand | |Backward Operand
(Decimal) (Hex) (Decimal) (Hex) || (Decimal) (Hex)

1 FF 49 CF 97 9F
2 FE 50 CE 98 9E
3 FD 51 CD 99 9D
4 FC 52 cc 100 9C
5 FB 53 CB 101 9B
6 FA 54 CA 102 9A
7 F9 55 c9 103 99
8 F8 56 Cc8 104 98
9 F7 7 Cc7 105 97

10 F6 58 Cé 106 96

11 F5 59 C5 107 95

12 F4 60 C4 108 94

13 F3 61 c3 109 93

14 F2 62 Cc2 110 92

15 F1 63 C1 111 91

16 FO 64 Cco 112 90

17 EF 65 BF 113 8F

18 EE 66 BE 114 8E

19 ED 67 BD 115 8D

20 EC 68 BC 116 8C

21 EB 69 BB 117 8B

22 EA 70 BA 118 8A

23 E9 74 B9 119 89

24 E8 72 B8 120 88

25 E7 73 B7 121 87

26 E6 74 B6 122 86

27 E5 75 B5 123 85

28 E4 76 B4 124 84

29 E3 77 B3 125 83

30 E2 78 B2 126 82

31 E1 79 B1 127 81

32 EO 80 BO 128 80

33 DF 81 AF

34 DE 82 AE

35 DD 83 AD

36 DC 84 AC

37 DB 85 AB

38 DA 86 AA

39 D9 87 A9

40 D8 88 A8

41 D7 89 A7

42 D6 90 A6

43 D5 91 AS

44 D4 92 A4

45 D3 93 A3

46 D2 94 A2

47 D1 95 Al

48 DO 96 A0

Figure 6-2. Backward Branches

707
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4. ; Program counter starts at 1012
r OFB Branch desired to FB7 (-91 decimal steps)
1 .
: . Look up in table:
i 1010 DO BNE A5 Steps Branch
11011 A5 Backward  Operand
L-1012 ) (Decimal) (Hex)
91 A5

If condition tested is not equal to zero, _
branch backward to FB7 (1012-5B hex steps).

NOTE—AII of the above calculations were performed with hex numbers. Hexa-
decimal subtraction will be discussed in Chapter 9. The table in Figure
6-2 will give you the necessary operand for backward branches.

All branch instructions, listed in the following table, use the Relative
Addressing mode. The status flags that determine the condition on which the
branch is taken, or not taken, are given in the table.

Mnemonic Instruction Status Conditions
Code Flag for Branch
BCC Branch on Carry Clear G 0
BCS Branch on Carry Set C 1
BEQ Branch on result zero Z 1
BMI Branch on result minus N 1
BNE Branch on result not zero Z 0
BPL Branch on result positive N 0o |
BVC Branch on overflow clear \Y 0
BVS Branch on overflow set \Y 1

Figure 6-3. Status Flags for Branches

In order to demonstrate some of the branch instructions, we will write
some short demonstration programs that perform arithmetic operations.

USING THE CARRY FLAG LLTTTTTId Process Status Register

Carry Bit
Suppose you were using the machine language subroutine on page 39,
and you input the decimal numbers 123 and 133. The result of their sum would
be displayed as zero because the result is too large to be contained in one byte.
An extra bit is needed to express the true result.



The sum of that problem:

Decimal Binary
123 = 01111011
133 = 10000101
Sum= 1 00000000
N
extra 8 bits displayed

USING THE CARRY FLAG 103

When an extra bit (as in this example) occurs from the addition of two 8-
bit numbers, the computer automatically sets the carry flag (C=1). You can ver-
ify this by using the Atari Assembler Cartridge to enter the following program.

(EDIT
10 *=$1000
20 CLC
30 LDA #78B
40  ADC #585
50 END
|

< Clear the carry flag
< Load hex 7B (decimal 123)
< Add hex 85 (decimal 133)

Then assemble the program by typing: ASM

(EDIT
10 *=$1000
20 CLC
30 LDA #$78B
40  ADC #$85
50 END
ASM
0000
1000 18
1001 A97B
1003 6985
EDIT
[ ]

S

10 *=$1000
20 CLC

30 LDA #$7B
40 ADC #$85
50 END

Notice the symbols (# and $) used with the operands in lines 30 and 40 of
the Source Program (the Assembly Language program). The # symbol tells the
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computer that the LDA and ADC instructions are to be used in the Immediate
mode. The $ symbol tells the computer that the numbers in the operand are to
be treated as hexadecimal values. The symbols are a necessary part of the assem-
bly language instruction.

Enter the Debugger Program and trace the program. In this way, you can
watch the changes in the Processor Status Register (P) where the status flags are
stored. You will want to keep your eye on the Carry bit (flag) in the Processor
Status Register before and after the add instruction is used.

(
EDIT
BUG < Type BUG to enter the DEBUGGER
DEBUG
T1000m < Type T1000 to trace the program
beginning at memory location 1000
(1000 18 cLC
A=00 X=00 Y=00 P=B0 S=00
1001 A9 7B LDA #$7B
A=7B X=00 Y=00 P=30 S=00
1003 69 85 ADC #$85
A=00 X=00 Y=00 P=33 S=00
1005 00 BRK
A=00 X=00 Y=00 P=33 S=00
DEBUG
| |

Notice that at step 1003 the accumulator changed to zero, and the Processor
Status Register changed from 30 to 33. The accumulator tells us that the sum is
zero, but consider what the P register shows.

NV BDIZC
/|0|0|1|1|0|0|0|(ﬂ <« Before step 1003

PROCESSOR S~
STATUS 3 0 CARRY FLAG
REGISTER

JoJo[i [1]ofo]i[1] < Afterstep 1003
NN T NN
3 3
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We can consider the result to be a combination of the carry bit and the
value in the accumulator.

In Hexadecimal 1T+0 0 = 100
/
R
carry bit in accumulator

In decimal this would be 256 + 0 = 256

By expanding our program, we can store the results in memory by making
use of the the Branch on Carry Clear (BCC) instruction. Use the NEW command
to clear the EDIT Buffer.

Using the Writer/Editor Program of the Assembly Cartridge:

(EDIT
10 *=$1000
20 CLC
30 LDA #$00 Load and store 0 in 1050
40 STA $1050
50 LDA #$7D (7x16)+13 = 125 decimal
60 ADC #$A4 (10x16)+4 _= 164 decimal
70 STA $1051 Sum = 289 decimal
80 BCCEND
90 INC $1050 = 256+32+1
100 END
] = 1 2 1 hex
/ “'v:\/
stored in 1050 stored in 1051

The program adds two hex numbers and stores the low 8 bits from the
accumulator into memory location 1051. If there was a carry, memory location
1050 will be incremented at line 90. If no carry is made, the instruction (BCC)
at line 80 will cause the computer to skip over the INC instruction at line 90 and
go to the end of the program. Thus, memory location 1050 will contain the
extra bit when a carry has been made but will be zero if no carry was made. The
combination of memory locations 1050 and 1051 will provide the complete re-
sult. Assemble the program and execute it. Then look at the results:

Assembly
Type: ASM
0000 10 *=$1000
1000 18 20 CLC

1001 A900 30 LDA #3500



106 BRANCHING OUT

1003

1006

1008

100A

100D

100F

EDIT

Notice that the STA operand and the INC operand take two bytes for the
address involved. The $ sign once again indicates a hexadecimal value. The
Branch on Carry Clear operand shows a forward branch of 3 steps from 100F to

8D5010

A97D

69A4

8D5110

9003

EE5010

40

50

60

70

80

90

0100 END

1012 where the program stops.

This is the first time you have used the INC instruction. It is used to incre-
ment by one the value in the specified memory location. It is similar to the INX

STA $1050

LDA #$7D

ADC #$A4

STA $1051

BCC END

INC $1050

instruction (increment the X register) that you used earlier.

Example:

INC (Increment memory)
Op code EE (If Absolute mode addressing)
Second byte 50 (Least significant address byte)
Third byte 10 (Most significant address byte)

Status flags affected: Z and C

DEBUG and Execute

Type: BUG

BUG

DEBUG

Type: T1000 (to trace the program)
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(DEBUG
T1000
1000 18 el
A=D7 X=00 Y=00 P=B0 =00
1001 00 LDA #500
A=00 X=00 Y=00 P=32 5=00
1003 8D 5010 STA  $1050
A=00 X=00 Y=00 P=32 =00
1006 A9 7D LDA #$7D
A=7D X=00 Y=00 P=30 $=00
1008 69 A4 ADC #5A4
A=21 X=00 Y=00 P=31 5=00
100A 8D 5110 STA $1051
A=21 X=00 Y=00 P=31 S=00 Carry is set,
100D 9003 BCC $1012 ~——nobranch 7
A=21 X=00 Y=00 P=31 5=00 C flag
100F  EE 5010 INC  $1050 P[00110001]
A=21 X=00 Y=00 P=31 =00 P o
1012 00 BRK 301
A=21 X=00 Y=00 P=31 $=00
DEBUG
|

Notice that a branch was not made at 100D (the Carry flag was not clear,
it was set). Therefore the memory location 1050 was incremented at line 100F.

Check Results

To check the results, you will want to display t.he'memory locations 1050
and 1051 to verify that the answer is correct.

Type: D1050,1051

D for Display
. (Display memory
, locations 1050 through
DEBUG 1051)
D1050,1051
1050 01 21
DEBUG

the hex result = (0X163)+(1X162)+(2X16)+1
= 0 + 256 + 32 +1
289 decimal



7108 BRANCHING OUT

We could use the Branch on Carry Set (BCS) instruction in the previous
program instead of the Branch on Carry Clear.

Using BCC Using BCS
010 *=$1000 010 *=$1000
020 CLC 020 CLC
030 LDA #3$0 030 LDA #3$0
040 STA $1050 040 STA $1050
050 LDA #$7D 050 LDA #$7D
060 ADC #$A4 060 ADC #$A4
070 STA $1051 070 STA $1051
080 BCC END 080 BCS SET
090 INC $1050 } change 090 JMP END
100 END 100  SET INC $1050

110  END

The result of these two programs would be the same. The program using
BCS would jump to the END at line 90 if the Carry flag had not been set. It
would branch from line 80 to line 100 if a carry had been set.

The JMP instruction at line 90 in the second program is similar to a branch
instruction. However the jump is made regardless of any condition. Therefore it
is called an unconditional instruction. It is used here in the Absolute Addressing
mode.

All BRANCH instructions are dependent on some condition expressed
by the status flags in the Processor Status Register.

All JUMP instructions are unconditional.

USING THE ZERO FLAG [_[ | [ | | IZ] | Processor Status Register
= Zero bit

In Chapter 4, you used a program which counted from 1 through FF. The

counting loop was accomplished by comparing the value in the accumulator with

FF and using the Branch on result Not Equal zero (BNE). This was the assembler

program: ;;
10 *=$1000

20 CLC Loadw/i\l;c;g::htor
30 LDA #0

40 LOOP ADC #1
50 CMP #$FF
60 BNE LOOP
70 END
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The companion instruction to BNE is BEQ (Branch on result EQual to
zero). The counting program could be written to use the BEQ instruction in the

following way:

10
20
30
40
50
60
70
80

)

*$1000 Load accumulator
el
LDA #0

LOOP ADC #1
CMP #$FF e
BEQ END
JMP LOOP

END

Use the assembler to enter and frace each program. You can see from the
flowcharts that the first program (using BNE) is more straightforward. However,
you do have the option of using either instruction (BNE or BEQ). In some pro-
grams the BEQ instruction would be the best choice.

If you time the traces of the two programs you will find that the first pro-
gram is a little faster. You can see by the printout of the traces that one more in-
struction must be executed each time the second program passes through the
counting loop.

Trace of BNE program:

Video Display at the end of the trace:

3
instructions
in this
loop

-

1007 DOFA BNE $1003
A=FD X=00 Y=00 P=B0 $=00

1003 69 01 ADC  #$01
A=FE X=00 Y=00 P=B0 S=00

1005 C9FF CMP #$FF‘/

A=FE X=00 Y=00 P=B0 S=00 Branch is taken

A=FE P=B0O

1007 DOFA BNE $1003 back to 1003
A=FE X=00 Y=00 P=B0 S=00

1003 6901 ADC #3$01 /
A=FF X=00 Y=00 P=B0 S=00

1005 C9FF CMP #$FF A=FF P=33
A=FF X=00 Y=00 P=33 S=00

1007 DO FA BNE $1003 Branch is not taken
A=FF X=00 Y=00 P=33 S=00 Program ends

1009 00 BRK

A=FF X=00 Y=00 P=33 S=00

DEBUG
¢
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This trace took approximately 2.3 minutes.
Notice the Processor Status Register after the Compare instruction:

B 0
— e

First, when A=FE |1 0 1 1 0 0 0 0]

LZero Flag=0
Result not =0

Branch taken

3 S
S~ e .

Second, when A=FF [0 0 1 1 0 0 1 1|

T——Zero Flag=1
Result = zero
Branch not taken

Trace of BEQ Program:

Video Display at the end of the trace:

¥

1009 4C0310 JMP  $1003
A=FD X=00 Y=00 P=B0 S=00
4 1003 6901 ADC #$01
instructions A=FE X=00 Y=00 P=B0 S=00
in this 1005 C9FF CMP  #$FF
loop A=FE X=00 Y=00 P=B0 S=00 -—First A=FE

1007 FOO05 BEQ END
A=FE X=00 Y=00 P=B0 S=00 Branch not taken

1009 4C0310 JMP $1003
A=FE X=00 Y=00 P=B0 S=00
1003 69 01 ADC #$01
A=FF X=00 Y=00 P=B0 S=00
1005 C9FF CMP  #$FF
A=FF X=00 Y=00 P=33 S=00 ~—Second A=FF

1007 FO 05 BEQ END
A=FF X=00 Y=00 P=33 S=00 Y Branch /s taken

100C 00 BRK to the end
A=FF X=00 Y=00 P=33 S=00
DEBUG

\l
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This trace took approximately 3.1 minutes.

Once again, notice the Processor Status Register after the Compare in-
struction:

First, when A=FE  [1 0 1 1 0 0 0 0|

1— Zero Flag=0
Branch is taken

Second, when A=FF [0 0 1 1 0 0 1 1]

T— Zero Flag=1
Branch is not taken

The BEQ program took alonger time to trace than the BNE program. This differ-
ence in timing would not be noticed if the program is run in the normal manner.
However, in the trace mode, the time for printing the extra step is noticeable.

USING THE NEGATIVE FLAG [N [ T T T T 1 ] Processor Status
} Register
Negative bit

Once again, let’s use a variation of the counting program to see how some
branch instructions decide whether a number is positive or negative. We’'ll first
use the Branch on result Plus (BPL) instruction. The N (negative) flag is reset to
zero for positive numbers and is set to 1 for negative numbers when certain in-
structions are executed. If the Negative flag has been reset to zero, the BPL in-
struction will cause a branch to be taken (because the result is positive). If the
Negative flag has been set to 1 (result negative), the branch will not be taken.

BRANCH ON RESULT PLUS DEMONSTRATION

Using the assembler cartridge, enter the following program in the
Writer/Editor mode. Type NEW to clear the last program:

10 *=$1000

20 CLC

30 LDA #0

40 LOOP ADC #1
50 BPL LOOP
60 END

Assemble the demonstration program. Then enter the Debugger Mode and
trace the program.
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