Analysis of the Use
of the 6502’s Opcodes

Despite its remarkably sparce (151)

set of opcodes, the 6502 CPU is con-
sidered to be more powerful than its
cousin, the 6800. This is generally as-
cribed to its ‘“post-indexed” addressing
mode, p d ically by
“LDA (zpg),Y”. This instruction com-

occurs only 72 times. Its complement,
LDA adrlé, is interestingly used only
38 times. Compare this with the zero
page STA and LDA instructions that
are used 511 and 437 times respective-
ly. If we assume there are about 13
subroutines (136 RTS’s), the “aver-
age” subroutine is called five times
(684 JSR’s).

3) The most popular instructions (#3-
20) are described fairly well by:
Frequency=28+1325/X
where X is the ranking, with a cor-
relation coefficient of 0.978. This is
similar to Zipf's law, which states that
the nth most frequent word is encoun-
tered 1/n as frequently as the most
common.

putes the effective address of its op d

by an unsigned addition of the Y register

(8 bits) to a 2-byte zero page pointer (at

zpg & zpg+1).

1 have written a simple program that
analyzes the Commodore PETs usage of
the 6502 opcodes. I was particularly in-
terested in the frequency of usage of the
above type of indirection in this reason-
ably big piece of software. I had noticed
in my own work that the other type of
indirection on the 6502, *“‘pre-indexed”
indirection, was almost never of use and
wondered whether this was just peculiar
to my programming habits, The program
written merely steps through the BASIC
system, from its start at $C000 to its end
at $FFFF, avoiding data tables, messages
and other non-instructional areas, and
counts the number of times each opcode
is used. Here is what [ find:

The PET BASIC interpreter occupies
a little less than 14K of instruction mem-
ory. It consists of 6355 instructions, give
or take a few. The “average” instruction
is thus about two bytes long. The 6502
CPU possesses 151 discrete one-byte op-
codes; the remaining 105 are not imple-
mented. Their frequency of use in the
PET ranges from very heavy (the JSR in-
struction itself accounts for more than
10% of the total) to not at all. Table 1
summarizes the situation for those twen-
ty percent of the instructions that are
most frequently used. We see that
1) The 80/20 rule is followed closely.

Thirty opcodes (20% of the total) ac-
count for 5131 (81%) of the total
6355 used.

2) There are only three instructions in
Table 1 that employ 16-bit operands.
Two of these, JSR and JMP, have no
substitute on the 6502. The third is
store accumulator, STA adrl6, but it
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Table 1

The thirty most-used instructions in PET BASIC and their frequency of use.

FREQUENCY INSTRUCTION

648 JSR adrl6
511 STA zpg
437 LDA zpg
388 BNE loc
320 LDA #data
267 BEQ loc
221 IMP adrl6
197 LDY #data
153 CMP #data
144 ADC #data
136 TRS

135 STY zpg
127 BCC loc
127 PHA

121 INY

FREQUENCY INSTRUCTION

116 STX zpg
110 LDX #data
109 LDA (zpg),Y
96 LDY zpg

92 LDX zpg

75 BPL loc

73 STA adrlé
72 STA (zpg),Y
72 INC zpg

67 BCS loc

60 TAX

56 CLC

55 ADC zpg

55 ADC #data
54 BMI loc

Table 2
The forty-one least-used (i.e., never) instructions, in numerical order.

BRK AND adrl6,X ADC adr16,X
ORA (zpg,X) AND adr16,X ROR adr16,X
ASL adrlé ROL adrl6,X STX zpg,Y
ORA (zpg),Y EOR (zpg,X) LDA (zpg,X)
ORA zpg X EOR adrl6 LDX zpg,Y
ORA adrl6,Y LSR adrl6 CLV
ORA adr16,X EOR (zpg),Y LDY adrl6,X
ASL adr16,X EOR zpg,X CPY adrlé
AND (zpg,X) EOR adrl6,Y CMP zpg,X
AND adrl6 EOR adrl6,X DEC adrl6,X
ROL adrlé6 LSR adrl6,X SBC (zpg,X)
AND (zpg),Y ADC (zpg,X) SED
AND zpg X ROR adrl6 INC adr16,X
ROL zpg X ADC zpg,X
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