































































































































































































































































































Decimal Address

PAGE 0
0
- 200 Pl  IDM 0
254 . JCN 12 Pl
PAGE 1
256 XCH 3
456 . -
511

Since the JCN is now located in the last two locations of a page, it functions
differently. Now if the accumulator is non-zero when the JCN is executed, program
control will be erroneously transferred to location 456, causing invalid results.

Since both the JUN and JMS instructions use 12-bit addresses to directly address
locations on any page of memory, only these instructions should be used to cross
page boundaries.



4.2 SUBROUTINES

Frequently, a group of instructions must be repeated many times in a program.
The group may be written "n" times if it is needed at "n" different points in a
program, but better economy can be obtained by using subroutines.

A subroutine is coded like any other group of assembly language statements, and

is referred to by its name, which is the label of the first instruction. The program-
mer references a subroutine by writing its name in the operand field of a JMS
instruction. When the JMS is executed, the address of the next sequential instruc-
tion after the JMS is written to the address stack (see Section 2.4), and
program execution proceeds with the first instruction of the subroutine. When

the subroutine has completed its work, a BBL instruction is executed, which loads
a value into the accumulator and causes an address to be read from the stack into
the program counter, causing program execution to continue with the instruction
following the TMS. Thus, one copy of a subroutine may be called from many
different points in memory, preventing duplication of code. Note also that since
the address stack and the JMS instruction use 12-bit addresses, calling programs
and subroutines may be located anywhere in ROM or control program RAM (they
need not be on the same page in memory).

Example: " Subroutine IN increments an 8 bit number passed in index register 0
and 1 and then returns to the instruction following the last JMS instruction executed.

LABEL CODE OPERAND
IN, XCH 1 / Reg 1 to Accum.
IAC / Increment value and produce carry
XCH 1 / Restore reg 1.
JCN 10 NC / Jump if Carry = 0.
INC 0 / Increment high order 4 bits
NC, BBL 0 / Return

Assume IN appears as follows:
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Arbitrary Memory
Address
(Hex) ——

—— / IN
-

3C0 JMS IN
3C2 -——

401 JMS IN
403 —-—=

When the first TMS is executed, address 3C2H is written to the address stack, and
control is transferred to IN. Execution of the BBL statement will cause the address
3C2H to be read from the stack and placed in the program counter, causing execu-
tion to continue at 3C2H (since the JMS occupies two bytes).

Address Stack Stack While IN ~_ Stack After BBL
Before JTMS . Is Executing : Is Perfromed.

ADR 1 —~—— 3C2H 3C2H ~———
ADR 2 - ADR 2 S N ADR 2

ADR 3 ADR 3 ADR 3

When the second JMS is executed, address 403H is written to the stack, and control

is again transferred to IN. This time, the BBL will cause execution to resume at
403H, )

Note that IN could have called another subroutine du'r.ing its execution, causing
another address to be written to the stack. This can occur only up to three levels,
however, since the stack can hold only three addresses. Beyond this point,

some addresses will be overwritten and BBL's will transfer program control to
incorrect addresses. ‘



4.3 BRANCH TABLE PSEUDOSUBROUTINE

Suppose a program consists of several separate routines, any of which may

be executed depending upon some initial condition (such as a bit set in the
accumulator). One way to code this would be to check each condition sequen-
tially and branch to the routines accordingly as follows:

CONDITION = CONDITION 1 ?
IF YES BRANCH TO ROUTINE 1
CONDITION = CONDITION 2 ?
IF YES BRANCH TO ROUTINE 2

.
.

BRANCH TO CONDITION N

A sequence as above is inefficient, and can be improved by using a branch table,

The logic at the beginning of the branch table program computes an index into
the branch table. The branch table itself consists of a list of starting addresses
for the routines to be selected. Using the table index, the branch table program
loads the selected routine's starting address into a register pair and executes a
"jump indirect” to that address. For example, consider a program that executes
one of five routines depending upon which bit (possibly none) of the accumulator
is set: : ' :

Jump to routine 0 if accumulator = 0000 B
Jump to routine 1 if accumulator = 0001 B
Jump to routine 2 if accumulator = 0010B
Jump to routine 3 if accumulator = 0100B
Jump to routine 4 if accumulator = 1000 B

A program that provides the above logic is given at the end of this section. The
program is termed a "pseudosubroutine" because it is treated as a subroutine by
the programmer, (i.e., it appears just once in memory), but it is entered via a
regular "jump" instruction rather than via a JMS instruction. This is possible
because the branch routines control subsequent execution, and will never return
to the instruction following JMS;



MAIN PROGRAM

BRANCH TABLE

PROGRAM JUMP ROUTINES

- !
NORMAL SUBROUTINE
RETURN SEQUENCE NOT
FOLLOWED BY BRANCH
TABLE PROGRAM.
LABEL CODE OPERAND
ST, KBP / Convert Accum to branch table
‘ / index.
IAC , ./ If = 1111B, ERROR
JCN 4 ERR / Jump if IAC produced zero.
DAC / O.K., restore accumulator.
FIM 0P BTL / Regs 0 and 1 = address of
/ branch table.
CLC / Carry = 0 .
ADD 1 / Add index to branch table address
XGH 1 / Store back in reg 1
JCN 10 NC / Jump if no carry
INR 0 / If carry, increment reg 0.
NC, FIN 0P / Regs 0 and 1 = address of
/ routine.
JIN oP / Jump to correct routine.
BTL, 0+ RTO / Branch table. FEach entry
0+ RT1 / is an 8-bit address
0+ RTZ
0+ RT3
0+ RT4
ERR, -—- / Error handling routine.
RS
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NOTE: Since FIM, FIN, and JIN operate with 8-bit addresses, routines ST,
BTL, and RTO through RT4 must all reside in the same page of memory.

If the accumulator held 0100B when location ST was reached, the KBP would
convert it to 0011B. The 8 bit address at BTL + 3 would therefore be loaded into
registers 0 and 1, and the JIN would cause program control to be transferred to
routine RT3.
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4.4 LOGICAL OPERATIONS

This section gives three subroutines which produce the logical operations
"AND", "OR", and "XOR" (exclusive -OR).

4.4.1 LOGICAL "AND"

The AND function of two bits is given by the following truth table:

0 1
0 0 0
1 0 1

Since any bit ANDed with a zero produces a zero, and any bit ANDed with a one
remains unchanged, the AND function is often used to zero groups of bits.

The folllowing subroutine produces the AND, bit by bit, of the two 4-bit quantities
held in index registers 0 and 1. The result is placed in register 0, while reglster
lis set to 0. Index registers 2 and 3 are also used.

. For example, if register 0 = 1110B and register 1 = 0011B,register 0 will. be
“_replaced with 0010B. '

1110 B
AND 0011 B

0010 B

The subroutine produces the AND of two bits by placing the bits in the leftmost
position of the accumulator and register 2, respectively, and zeroing the right-
most three bits of the accumulator and register 2. Register 2 is then added to the
accumulator, and the resulting carry is equal to the AND of the two bits.
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LABEL CODE OPERAND

AND, ' FIM 1P 11 /REG2=0, REG3=11
L1, LDM 0 / GET BIT OF REG 0; SET ACC =0
XCH 0 / REG 0 DATA TO ACC; REG 0 =0
RAL / 1st "AND' BIT TO CARRY
XCH 0 / SAVE SHIFTED DATA IN REG 0; ACC=0
INC 3 / DONE'IF REG 3 = 0
XCH 3 / REG 3 TO ACC
JCN 4 L2 / RETURN IF ACC = 0
XCH 3 / OTHERWISE RESTORE ACC AND REG3
RAR / BIT OF REG 0 IS ALONE IN ACC
XCH 2 / SAVE 1st 'AND' BIT IN REG 2
XCH 1 / GET BIT OF REG 1
RAL / LEFT BIT TO CARRY
XCH 1 / SAVE SHIFTED DATA IN REG 1
RAR ./ 2ND 'AND' BIT TO ACC
ADD 2 / 'ADD' GIVES 'AND' OF THE 2 BITS
JUN Ll / IN CARRY
12, BBL 0 / RETURN TO MAIN PROGRAM.

4.4,2 LOGICAL "OR"

The OR function of two bits is given by the following truth table:

0 1
o {o |1
1 | |

Since any bit ORed with a'vone produces a one, and any bit ORed with a zero
remains unchanged, the OR function is often used to set groups of bits to one.

The following subroutine produ;:és the OR, bit by bit, of the two 4-bit quantities

held in index registers 0 and 1. The result is placed in register 0, while register
lis setto 0. Index registers 2 and 3 are also used.
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Por example, if register 0 = 0100B and register 1 = 0011B, register 0 will be

replaced with 0111B.

OR

0100 B
0011 B

0111 B

The subroutine produces the OR of two bits by placing the bits in the leftmost
position of the accumulator and register 2, respectively, and zeroing the rightmost

three bits of the accumulator and register 2.

Register 2 is then added to the

accumulator. If the resulting carry = 1, the OR of the two bits = 1. If the resulting
carry = 0, the OR of the two bits is equal to the leftmost bit of the accumulator.

OR, FIM
L1, LDM
XCH
RAL
XCH
INC
XCH
JCN
XCH
RAR
XCH
LDM
- XCH
RAL
XCH
RAR
ADD
JCN

JUN
12, BBL

OPERAND

oo

wbh wwo

o N

11

L2

L1

/ REG 2 =0, REG 3=11

/ GET BIT OF REG 0; SET ACC =0

/ REG 0 DATA TO ACC; REG 0 = 0

/ 1lst 'OR' BIT TO CARRY

/ SAVE SHIFTED DATA IN REG 0; ACC=0
/ DONE IF REG 3 =0

/ REG 3 TO ACC

/ RETURN IF ACC =0

/ OTHERWISE RESTORE ACC AND REG3
/ BIT OF REG 0 IS ALONE IN ACC

/ SAVE lst 'OR' BIT IN REG 2

/ GET BIT IN REG 1; SET ACC =0

/ LEFT BIT TO GARRY
/ SAVE SHIFTED DATA IN REG 1

./ 2ND 'OR' BIT TO ACC

/ PRODUCE THE OR OF THE BITS =
/ JUMP IF CARRY = 1 BECAUSE 'OR'=1
/ OTHERWISE 'OR' = LEFT BIT OF

/ ACCUMULATOR

/ TRANSMIT TO CARRY BY RAL
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4.4,3 LOGICAL "XOR" EXCLUSIVE-OR

The XOR (exclusive ~OR) function of two bits is given by the following truth
table:

0 1
0 0 1
1 1 0

Since the exclusive OR of two equal bits produces a zero and the exclusive OR
of two unequal bits produces a one, the exclusive OR function can be used to
test two quantities for equality. If the gquantities differ in any bit position, a
one will be produced in the result,

The following subroutine produces the exclusive ~ OR of the two 4-bit quantities
held in index registers 0 and 1. The result is placed in register 0, while register
1l is setto 0, Index registers 2 and 3 are also used.

For example if register 0 = 0011B and register 1 = 0010B, register 0 will be
replaced with 0001B.

0011 B
XOR 0010 B

0001 B ' .

: The.'s.ubroutine produces the XOR of two bits by placing the bits in the leftmost
pOSlthl:l of the accumulator and register 2, respectively, and zeroing the rightmost
three bits of the accumulator and register 2, Register 2 is then added to the
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1P
0
G

OPERAND
11
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/ REG2=0, REG3=11

/ GET BIT OF REG 0; SET ACC =0

/ REG 0 DATA TO ACC; REG 0=0

/ 1ST XOR BIT TO CARRY

/ SAVE SHIFTED DATA IN REG 0; ACC = 0
/ DONE IF REG 3 =0

/ REG 3 TO ACC

/ RETURN IF ACC = 0. :

/ OTHERWISE RESTORE ACC & REG 3
/ BIT OF REG 0 IS ALONE IN ACC
/ SAVE 1ST XOR BIT IN REG 2

/ GET BIT IN REG 1: SET ACC =0

/ LEFT BIT TO CARRY

/ SAVE SHIFTED DATA IN REG 1

/ 2ND 'XOR' BIT TO ACC

/ PRODUCE THE XOR OF THE BITS '
/ XOR = LEFT BIT OF ACCUM; TRANSMIT
/ TO CARRY BY RAL.




4.5 MULTI-DIGIT ADDITION

The carry bit may be used to add unsigned data quantities of arbitrary length.
Consider the following addition of two 4-digit hexadecimal numbers;

381C
+ 69F2

A20E

This addition may be performed by setting the carry bit = 0, adding the two
- low-order digits of the numbers, then adding the resulting carry to the two next
higher order digits, and so on:

'

8
9
2

>lmc»<p]
c;|~.j.~<1

4131.(\)()

| i |
Carry =1 Carry =1 Carry =0

The following subroutine will perform a sixteen digit addition, making these assump-
tions: o

The two numbers to be added are stored in DATA RAM chip 0, registers 0 and 1.
The numbers are stored with the least significant digit first (in character 0).

The result will be stored least significant digit first in register 1, replacing the
contents of register 1. '

Index register 8 will count the number of digits (up to 16) which have been added.
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DATA RAM CHIP 0 BEFORE ADDITION

Status Chars.

N
Register 0 clilslafololololololo]o]o]o]o
1 2 {rlolelololofolofolololo]o]o
2
3
DATA RAM CHIP 0 AFTER ADDITION
Register 0 clils|3lololololojololololofo
1 elojz2(alololofojolofolololofo
2
3
AD, FIM 2P 0 / REG PAIR 2P = RAM CHIP 0 OF
« / REG 0
FIM 3P 16 / REG PAIR 3P = RAM CHIP 0 OF
, -/ REG 1
CLB / SET CARRY = 0
XCH 8 / SET DIGIT COUNTER = 0
AD1, SRC 2P / SELECT RAM REG 0
RDM / READ DIGIT TO ACCUMULATOR
SRC 3P ~ / SELECT RAM REG 1
ADM / ADD DIGIT + CARRY TO ACCUMU-
/ LATOR
WRM B / WRITE RESULT TO REG 1
INC 5 / ADDRESS NEXT CHAR. OF RAM
/ REG 0
INC 7 / ADDRESS NEXT CHAR OF RAM
/ REG 1
1SZ 8 AD1l / BRANCH IF DIGIT COUNTER
_ < 16 (NON ZERO)
OVR, BBL 0
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~When location OVR is reached, RAM register 1 will contain the sum of the two 16
digit numbers arranged from low order digit to high order digit. (The reason
multi-digit numbers are arranged this way is that it is easier to add numbers
from low order to high order digit, and it is easier to increment addresses than
to decrement them,

The first time through the program loop, index register pair 2 (index register 4
and 5) contains 0 and index register pair 3 (index registers 6 and 7) contains 16,
referencing the first data characters of DATA RAM registers 0 and 1, respectively.
On succeeding repitions of the loop, index registers 5 and 7 are incremented,

referencingsequential data characters, until all 16 digits have been added.

4,6 MULTI-DIGIT SUBTRACTION

The carry bit may be used to subtract unsigned data quantities of arbitrary length.
Consider the following subtraction of two 4-digit hexadecimal numbers:

54BA
- 14F6

3FC4
This subtraction may be performed by first setting the carry bit = 1., Then for each
pair of digits, the program must complement the carry bit and perform the subtrac-
tion. By this process, the carry bit will adjust the differences, taking into account
any borrows which may have occurred.

This process applied to the above subtraction proceeds as follows:

(1) Set carry bit = 1.
(2) Complement carry bit. Carry now = 0.
(3) Subtract low-order digits:

= 10108B

A
6 = 10018
. cany = 1

~1]o100B= 4
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(4) Complement resulting carry. Carry now = 0.

(5) Subtract next digits:

B =1011 B
F = 0000 B
carry = 1

l

_0__| 1100 B = CH
(6) Complement resulting carry. Carry now = 1.

(7) Subtract next digits:

4 = 0100 B
4 =1011 B
carry = 0

0J1111 B = FH
(8) Complement resulting carfy. Carry nhow = 1,
(9) Subtract next digits:

5 =10101B
T=11108
cary = 0

1}0011 B = 3

I

Thus the correct result, 3FC4H, is obtained. The following subroutine will
perform a sixteen digit subtraction, making these assumptions:

As in the example of Section 4.2, the two numbers are stored in DATA RAM chip

0, registers 0 and 1 (register 1 containing the subtrahend). The numbers are
stored with the least significant digit in character 0, and the result is stored back
into register 1. Index register 8 will count the number of digits (up to 16) which
have been subtracted.
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SB, FIM 2P 0 / REG PAIR 2P = RAM CHIP 0
, / REG 0
FIM 3P 16 / REG PAIR 3P = RAM CHIP 0
/ REG 1
CLB
XCH 8 / SET DIGIT COUNTER = 0
STC / SET CARRY = 1
SBI, CMC / COMPLEMENT CARRY BIT
SRC 2P / SELECT RAM REG 0
RDM / READ DIGIT TO ACCUMULATOR
SRC 3P / SELECT RAM REG 1
SBM / SUBTRACT DIGIT AND CARRY
/ FROM ACCUMULATOR
WRM / WRITE RESULT TO REG 1
INC 5 / ADDRESS NEXT CHAR. OF RAM
/ REG 0
INC 7 / ADDRESS NEXT CHAR. OF RAM
/ REG 1
1SZ 8 SB1 / BRANCH IF DIGIT COUNTER
/ < 16 (NON-ZERO).
ov, BBL 0 |

When location OV is reached, RAM register 1 will contan the difference of the two
16 digit numbers. Note that the carry bit from the previous subtraction is com-~
plemented by the CMC instruction each time through the program loop.
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4.7 DECIMAL ADDITION

Each 4 bit data quantity may be treated as a decimal number as long as it repre~
sents one of the decimal digits from 0 through 9, and does not contain any of the
bit patterns representing the hexadecimal digits A through F. In order to preserve
this decimal interpretation when performing addition, the value 6 must be added
to the accumulator whenever an addition produces a result between 10 and 15.
This is because each 4 bit data quantity can hold 6 more combinations of bits
than there are decimal digits.

The DAA (decimal adjust accumulator) instruction is provided for this purpose.
Also, to permit addition of multi-digit decimal numbers, the DAA adds 6 to the
accumulator whenever the carry bit is set indicating a decimal carry from pre-
vious additions. The carry bit is unaffected unless the addition of 6 produces
a carry, in which case the carry bit is set.

To perform the decimal addition:

469
+ 329
798

the process works as follows.

(1) Cilear the carry and add the lowest-order digits

9 = 1001 B
9 1001 B
carry = 0

(2) Perform a DAA operation, which will add 6 to the accumulator. Since no
carry is produced by this operation, the carry bit is left unaffected,
remaining =1,
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Accum., = 0010 B
6 0110 B
Carry = 0

0J1000 B = 8

(3) Add the next two digits.

6 = 0110 B
2 = 0010 B
Carry = 1

0| 1001 B =9

AN

Carry = 0

(4) Perform a DAA operation. Since the accumulator is not greater than 9 and
the carry is not set, no action occurs.

(5) Add the next two digits:

4 = 0100 B
3 = 0011 B
Carry = 0

0jo111 B =7
Carry = 0

(6) Perform a DAA operation. Again, no action occurs. Thus the correct
decimal result 798 is generated in three 4 bit data characters.

A subroutine which adds two 16 digit decimal numbers, then, is exactly analagous
to the 16 digit hexadecimal addition subroutine of Section 4.2, and may be pro-
duced by inserting the instruction DAA after the ADM instruction of that example.
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4.8 DECIMAL SUBTRACTION

Each 4 bit data quantity may be treated as a decimal number as long as it repre-
sents one of the decimal digits 0 through 9. The TCS (transfer carry subtract)

and DAA (decimal adjust accumulator) may be used to subtract two decimal numbers
and produce a decimal number. In fact, the TCS instruction permits subtraction

of multi-digit decimal numbers.

The process consists of generating the ten's complement of the subtrahend digit
(the difference between the subtrahend digit and 10 decimal), and adding the
result to the minuend digit. For instance, to subtract 2 from 7, the ten's com-
plement of 2 (10-2=8) is added to 7, producing 15 decimal which, when truncated
to a 4 bit quantity gives 5 (the required result). If a borrow was generated by
the previous subtraction, the 9's complement of the subtrahend digit is produced
to compensate for the borrow.

In detail, the procedure for subtracting one multi-digit decimal number from
another is as follows: A

(1) Set the carry bit = 1 indicating no borrow.

(2) Use the TCS instruction to set the accumulator to either 9 or 10 decimal.

(3) Subtract the subtrahend digit from the accumulator, producing either
the 9's or 10's complement.

(4) Set the carry bit = 0,
(5) Add the minuend digit to the accumulator.
(6) Use the DAA instruction to make sure the result in the acéumulator is

in decimal format, and to indicate a borrow in the carry bit if one
occurred.

Save this result.

(7)  If there are more digits to subtract, go to step 2.

Otherwise stop,
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Example: Perform the decimal subtraction

(1)
(2)
(3)

(4)
(5)

(6)

(7)
(8)

- 51
- 38
13
Set carry = 1.

TCS sets accumulator = 1010B and carry = 0.

Subtract the subtrahend digit 8 from the accumulator.

Accumulator = 1010 B

8 = 0111 B
Carry = 1
0010 8B

Set carry = 0.

Add minue_nd digit 1 to accumulator.

Accumulator = 0010 B
1 = 0001 8B
Carry = 0

0] o0011B =3
| — Carry =0
DAA leaves accumulator = 3 = first digit of result, and'carry = 0,
indicating that a borrow occurred.
TCS sets accumulator =1001B and carry = 0.
Subtract the subtrahend digit 3 from the accumulator.

Accumulator 1001 B

3 1100 8B
Carry 1
0110 B
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(9) Setcarry = 0.

(10) Add minuend digit 5 to accumulator.

Accumulator = 0110 B
' 5 =0101 B
Carry = 0
0j1011 B
Carry = 0
(11) DAA adds 6 to accumulator and sets carry = 1, indicating that no borrow
occurred.
Accumulator = 1011 B
6 = 0110 B

_] 0001 B=1 = Second digit of result.

Carry = 1

Therefore the result of subtracting 38 from 51 is 13.

The following subroutine will subtract one 16 digit decimal number from another,
using the following assumptions.

The minuend is stored least significant digit first in DATA RAM chip 0, register
0. - ,

The subtrahend is stored least significant digit first in DATA RAM chip 0, register
1.

The result will be stored least significant digit flrst in DATA RAM ch1p 0, register
0, replacing the minuend,

Index register 8 will count the number of digits (up to 16) which have been sub-
tracted.



SD, FIM 2P 0 / REG PAIR 2P= RAM CHIP 0, REG 0

FIM 3P 16 / REG PAIR 3P = RAM CHIP 0
/ REG 1

CLB

XCH 8 / SET DIGIT COUNTER= 0

STC / SET CARRY = 1

SD1, TCS / ACCUMULATOR =9 OR10

SRC 3P ) / SELECT RAM REG 1

SBM / PRODUCE 9's OR 10's
/ COMPLEMENT

CLC / SET CARRY = 0

SRC 2P / SELECT RAM REG 0

ADM / ADD MINUEND TO ACCUMU-~-
/ LATOR

DAA / ADJUST ACCUMULATOR

WRM , / WRITE RESULT TO REG 0

INC 5 / ADDRESS NEXT CHAR. OF RAM

. / REG 0 :

INC 7 / ADDRESS NEXT CHAR. OF RAM
/ REG 1

ISZ -8 SD1 / BRANCH IF DIGIT COUNTER £ 16

/ (NON-ZERO).
DN, BBL 0 :

4-23




4.9 FLOATING POINT NUMBERS

The structure of DATA RAM chips is fully described in Section 2.3.3.
One use to which a 16-character DATA RAM register and its 4 status characters
can be put is to store a 16 digit decimal floating point number.

Such a number can be represented in the form:

+ .DDDDDDDDDDDDDDDD * 103 EE

The 16 data characters of a RAM register could then be used to store the digits
of the number, two status characters could be used to hold the digits of the
exponent, while the remaining two status characters would hold the signs of the
number and its exponent,

If a value of one is chosen to represent minus and a value of zero is chosen to
represent plus, status characters 0 and 1 hold the exponent digits, status char-
acter 2 holds the exponent sign and status character 3 holds the number's sign,
then the number :

+.1234567890812489 x 10723

would appear in a RAM register as follows:

RAM CHIP

RAM REGISTERO |1]2]|3}4(5(6|7|8|9]0i8{1{2]418)9}2}{3]1]0
RAM REGISTER 1
RAM REGISTER 2
RAM REGISTER 3

< — T 72 3
~ N L A2y

DATA CHARACTERS Status
Characters
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APPENDIX "A"

-- INSTRUCTION SUMMARY --

This appendix provides a summary of 4004 instructions. Abbreviations used are as
follows:

| ABBREVIATION DESCRIPTION

The accumulator.

Bit n in the accumulator, where n may have
any value from 0 to 3.

A read-only memory Or program random-access
memory address.,

The carry bit.
The 12 bit Program Counter.

The high-order 4 bits of the Program Counter.

The low-order 4 bits of the Program Counter.
The middle 4 bits of the Program Counter.
Random-access memory. '

Any index register from 0 to 15.

Index register 0.

Index register 1.

Read-only memory.

Any indéx register pair from 0P to 7P,

The address stack.

The number obtained by complementing each bit

of value.

Sy




( Continued):

| ABBREVIATION

DESCRIPTION

The value ' obtained by concatenating the values
X andy.

An optional field enclosed by brackets.

Contents of register or memory enclosed by
parentheses. ‘ '

Replace value on left hand side of arrow with value

. on right hand side of arrow.




A.l INDEX REGISTER INSTRUCTIONS
Format: |
[LABEL, ] FIN
pr— or ——
[LABEL,] INC

RP

REG

3T AL NS e e ot

(RP) —=— ((PCH:RO:R1))

FIN

INC (REG) =—(REG) + 1

Description

ST

Load RP with 8 bits of ROM data
addressed by register pair 0.

Increment register REG.

A.2 INDEX REGISTER TO ACCUMULATOR INSTRUCTIONS
Format:
[LABEL, ] CODE REG
Code § Description
fADD “§ (A)==—(A) + (REG) +{carry) Add REG plus carry bit to accumu-
lator,
j SUB (A)==—(A) + (REG) +{carry) Subtract REG from accumulator
' with borrow.
§ LD (A) ~-—— (REG) Load accumulator from REG.
! XCH (A7) (REG) Exchange contents of accumulator
' and REG.




A.3 ACCUMULATOR INSTRUCTIONS

Format:
[LABEL] CODE
Sf Description
(A)==— 0, (carry)=—=—20 ' Clear both accumulator and carry.
(carry)‘-—-O Clear carry. l
(A)==— (A) + 1 ‘ . Increment accumulator.
(carry) —=— (carry) Complement carry.
(A)~=— (A) ‘ Complement each bit of the accumu-
lator.

A —— An , (carry) =—A_, A ~=— (carry) Rotate accumulator left

+

n+l 370 through carry.

A ——-— A (carry) ==—A , A ~=— (carry) Rotate accumulator right

n n+1, 0 3 . ) v

through carry.

(A)~— 0 Ad"—— (carry), (carry)~<—m 0 Transmit the value of the
carry to the accumulator,
then clear carry.

(A)==—(A) -1 - Decrement accumulator

If (carry) = 0, (A) ~=— 9 Adjust accumulator for decimal

10

If (carry) = 1, (A)«%—lo10 | subtract.
(Carry)<———— 0

(carry) -—— 1, L Set carry.

If (A)> 910 or (carry) . Adjust accu‘m‘ulétér‘ for decimal

=1, (A)-==—{(A) + 6 add.

Convert A, Aé Al AO Convert accumulator from 1 of n code
to binary value.
S T T A g O Ty YOS v AT 2, A g MR RN - ey L e o z



A.4 IMMEDIATE INSTRUCTIONS

Format:
[LABEL, ] FIM RP DATA
[LABEL, ] LDM DATA
Code Description
FIM ( RP) —=— DATA Load 8 bit immediate DATA into register
' pair RP, :
ILDM § (A)—=-=— DATA Load 4-bit immediate DATA into the
accumulator.

A.S TRANSFER OF CONTROL INSTRUCTIONS

Format:

[LABEL,] JCN CN ADDR
——Or—-

{1LABEL,] JIN RP
—Or—-

[LABEL,] 157 REG
——Op—-

{LABEL,] JUN ADDR

A-5




Code Description

JUN (PCH: PCM: PCL) -=—ADDR Jump to location ADDR.

JIN (PCM: PCL) -=—(RP) Jump to the address in register
4 pair RP.

JCN If CN true, (PCM :PCL)-=— ADDR Jump to ADDR if condition true.
If CN false, (PL) -=— (PL) + 2

1587 (REG)==— (REG) + 1 Increment REG. If zero, skip.
If result = 0, (PL)—=—(PL) + 2 If non zero, jump to ADDR
If result = 1, (PCM: PCL)-=—ADDR

A.6 SUBROUTINE LINKAGE INSTRUCTIONS

Format:
[LABEL,] TMS ADDR
—— or ——
" {LABEL,] BBL DATA
Code : ' Description

TMS (STK) -=— (PC), (PC)==—ADDR Call subroutine and push return
address onto stack.

BBL (PC)~=— (STK) , (A)—~=— DATA Return from subroutine and load
accumulator with immediate DATA.




NOP INSTRUCTION

A07
Format:
[LABEL,] NOP
Code Description
NOP §  ———mmmmmmmmmmmemmee No operation
A.8 MEMORY SELECTION INSTRUCTIONS
Format:
[LABEL,] SRC RP
==oOr--
[LABEL,] DCL
Lo
l Code Description
H .SRC DATA BUS ~=—(RP) Contents of RP select a RAM or
, ROM address to be used by I/O
and RAM instructions,
DCL CPU —~=— Az : A1 : AO : Select a particular RAM bank.
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A.9 I/0 AND RAM INSTRUCTIONS

Format:
[LABEL,] CODE
Code Description
WRM (RAM )==— A Write accumulator to RAM.
WMP RAM output port —e— (A) Write accumulator to RAM output port.
WRR ROM output port —=—(2) Write accumulator to ROM output port.
WPM (PRAM) —=—(A) , Write accumulator to Program RAM.
WRn RAM status Write accumulator to RAM statué character
character n —«—(A) n m=0, 1, 2o0r3).
RDM {A) ~=— RAM i.oad accumulator from RAM.
RDR (A)—=— ROM input port - Load accumulator from ROM input port.
RDn (A)—-=— RAM status Load accumulator from RAM status
character n charactern (n=0, 1, 2, or 3).
‘ADM (A)==—(A) + (RAM) . Add RAM data plus carry fo accumulator,
+ (carry)
SBM . | - (-,A)"‘_""‘(A)+ (RAM) + (carry) Subtract RAM data from accumulator with
’ SRR borrow. ‘

A-8




APPENDIX "B"

-~ INSTRUCTION MACHINE CODES -~

In order to help the programmer examine memory when debugging programs, this
appendix provides the assembly language instruction represented by each of the

256 possible instruction code bytes.

Where an instruction occupies two bytes, only the first (code) byte is given.

B-1



DEC OCTAL HEX MNEMONIC COMMENT

0 000 00 NOP
1 001 01 -

2 002 02 -

3 003 03 -—

4 004 04 -—

5 005 05 -—

6 006 - 06 -

7 007 07 -

8 010 08 -

9 011 09 -

10 012 0A ——

11 013 0B ——

12 014 0C -

13 015 0D -

14 016 OE -

15 017 OF -

16 020 10 JCN CN=0
17 021 11 JCN : CN=1
18 022 12 JCN CN =2
19 023 13 JCN CN=3
20 024 14 JCN CN=14
21 025 15 " JCN CN=5
22 026 16 JCN CN =6
23 027 17 JCN CN=7
24 030 18 JCN CN =8
25 031 19 JCN CN=9
26 032 1A JCN " CN =10
27 033 1B JCN CN =11
28 034 1C JCN CN = 12
29 035 1D JCN CN =13
30 036 1E JCN CN = 14
31 037 1F JCN CN = 15
32 040 20 FIM 0P

33 041 21 SRC 0P

34 042 22 FIM 1P

35 043 23 SRC 1P

36 044 24 FIM 2P

37 045 25 SRC 2P

38 ' 046 26 FIM 3P

39 047 27 SRC 3P

40 050 28 FIM 4P




MNEMONIC COMMENT

OIS

SRC
FIM
SRC
FIM
SRC
FIM
SRC
FIN
JIN
FIN
JIN
FIN
JIN
FIN
JIN
FIN
JIN
FIN
JIN
FIN
JIN
FIN
JIN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
JUN
TMS
TMS

4P
5P
5P
6P
6P
7P
7P
oP
oP
1P
1P
2P
2P
3P
3P
4P
4P
5P
5P
6P
6P
7P
7P

Second hex digit is
\ part of jump address.




MNEMONIC COMMENT
I

JMS \
JMS
JMS
TMS
TMS
:;I\I\:Ilg > Second hex digit
TMS is part of jump
TMS address.
IMS
TMS
93 135 5D TMS
94 136 S5E TMS
. 95 137 5F s/
96 140 , 60 INC 0
97 141 61 INC 1
98 142 62 INC 2
99 143 63 INC 3
100 144 64 INC 4
101 145 65 INC 5
102 146 66 INC 6
103 147 67 INC 7
104 150 68 INC 8
105 151 69 INC 9
106 152 6A INC 10
107 153 6B INC 11
108 154 6C INC 12
109 155 6D INC 13
110 156 "~ BE INC 14
111 157 - 6F INC 15
112 160 70 I1ISZ 0
113 161 71 1Sz 1
114 162 72 1Sz 2
115 © 163 73 1sZz 3
116 164 74 1SZ 4
117 165 75 ' I1ISZ 5
118 166 76 : ISZ 6
119 167 77 182 7
120 170 78 ISZ 8
121 171 .79 ' 1Sz 9
122 172 74 1SZ 10




173
174
175
176
177
200
201
202
203
204
205
206
207
210
211

220
221
222
223
224
225
226
227
230
231
232
233
234

7B
7C
7D
7E
7F
80
81
82
83
84
85
86
87
88
89

90
91
92
93
94
95
96
97
98
99
9A
9B
9C

R 3 g,

MNEMONIC

1SZ
I1SZ
ISZ
1SZ
1582
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD

SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB
SUB

COMMENT

ot
[y

ot
N

—t
w

et
(=N

et
(92

o

OO U W N

WOONOH U WO

ot
o

ot
-y

p—t
N

ot
w




MNEMONIC COMMENT

[ R S A
w N = O

O
SIS

1
2
3
4
5
6
7
8
9

O b bt et et e
b w N -O

O 00N O U W N
o

ot ot
[N




S N

DEC OCTAL HEX MNEMONIC COMMENT  §

205 315 CD BBL 13
206 316 CE BBL 14
207 317 CF BBL 15
208 320 DO LDM 0
209 321 D1 LDM 1
210 322 D2 LDM 2
211 323 D3 LDM 3
212 324 D4 LDM 4
213 325 D5 LDM 5
214 326 D6 LDM 6
215 327 D7 LDM 7
216 330 D8 LDM 8
217 331 D9 LDM 9
218 332 DA LDM 10
219 333 DB LDM 11
220 334 DC LDM 12
221 335 DD 1.DM 13
222 336 DE LDM 14
223 337 DF LDM 15
224 340 EO WRM
225 341 El WMP
226 342 E2 WRR
227 343 E3 WPM
228 344 E4 WRO
229 345 ES WRI1
230 346 E6 WR2
231 347 E7 WR3
232 350 E8 SBM
233 351 E9 RDM
234 352 EA RDR
235 353 EB ADM
236 354 EC RDO
237 355 ED RD1
238 356 EE RD2
239 357 EF RD3
240 360 FO CLB
241 361 Fl1 CLC
242 362 F2 IAC
243 363 F3 CMC
244 364 F4 CMA

245 365 F5 RAL



DEC OCTAL HEX MNEMONIC COMMENT
246 366 F6 RAR
247 367 F7 TCC
248 370 F8 DAC
249 371 F9 TCS
250 372 FA STC
251 373 FB DAA
252 374 FC KBP
253 375 FD DCL
254 376 FE -—-
255 377 FF -
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APPENDIX "C"
-~ ASCII TABLE -~

The 4004 uses a seven-bit ASCII code, which is the normal 8 bit ASCII code
with the parity (high order) bit always reset.

Graphic or Control ASCII (Hexadecimal)

v

NULL 00

SOM 01
EOA ’ 02
EOM ' ' 03
EOT ' 04
WRU - 05
RU 06
BELL ) 07
FE 08
H.Tab ' 09
Line Feed 0A
V. Tab ' 0B
Form 0C
Retum ~ 0D
SO OE
SI ‘ OF
DCO , 10
X-On 11
' Tape Aux., On 12
{ X-Off 13
Tape Aux, Off 14
Error 15
Sync ‘ 16
LEM oo 17
S0 - - o 18
S1 : ' ‘19
S2 : 1A
S3 ' 1B
s4 1C
S5 1D
S6 ' 1E

S7




ey

+ *—~ " R©H

‘-

N

—
[+

oo NGB WO ROT E AN VIS

Graphic or Control
ACK
Alt. Mode

Rubout

ASCII Hexadecimal

nk .

7C
7D
7F
21
22
23
24
25
26

28
29
2A
2B.
2C
2D
2E
2F
3A
3B

. 3C

3D
3E
3F

‘5B
5C
5D
5E
S5F

40

20




Graphic or Control * ASCII Hexadecimal !

R R R S R e

- 41

NKXEg<QHOIOUOZE AN~ mOmMEy QW §



APPENDIX "D"
-- BINARY-DECIMAL-HEXADECIMAL CONVERSION TABLES ~-




HEXADECIMAL ARITHMETIC
ADDITION TABLE

0 1 2 3 4 5 6 7 8 9 A B C D E F
1 02 03 04 05 06 07 08 09 0A 08 ocC 0D OF OF 10
2 03 04 05 06 07 08 09 0A 03 ocC oD O OF 10 M
04 05 06 07 08 09 0A 0B Vel 0D  Of OF 10 n 12
05, 06 07 08 09 0A 08 ocC 0D 0 OF 10 11 12 13
06 07 08 o0 0A 0B ocC OD OE OF 10 11 12 13 14
07 08 0% 0A 0B oC oD O OF 10 N 12 13 14 15
7 08 0A 08 oCc 0D 0  OF 10 1 12 13 14 15 16
8 09 0A 0B ocC 0D O OF 10 1" 12 13 14 15 16 17
0A 0B 0c oD O OF 10 n 12 13 14 15 16 17 18
A 08 0C 00 OF OF 10 n 12 13 14 15 16 17 18 19
B 0C 00 OE | OF 10 n 12 13 14 15 16 17 18 19 1A
C 00 Of OF 10 N 12 13 14 15 16 17 18 19 1A 1B
D OF OF 10 1 12 13 14 15 16 17 18 19 1A 18 1C
3 OF 10 ol 13 14 15 16 17 18 19 1A i8 1€ D
F 10 n 12 13 14 15 16 77 18 19 1A 1B 1C 1D I
MULTIPLICATION TABLE
1 2 3 4 5 6 7 8 9 A 8 C D E F
2 04 06 06 O0A OC OF 10 12 14 16 18 1A 1IC 1E
3 06 09 0c  OF 12 15 18 18 13 21 24 27 2A 2D
08 oC 10 14 18 IC 20 24 28 2 30 34 38 3C
0A OF 14 19 1E 23 28 2D 32 37 3C 4) 46 48
oc 12 18 1€ 24 2A 30 3 C 42 48 4 54  5A
7 CE 15 IcC 23 2A 31 38 3F 44 4D 54 58 62 69
8 10 18 20 28 30 38 40 48 50 58 60 68 70 78
9 128 24 2D 3% 3F 48 51 5A 63 6C 75 7E 87
A 14 I 28 . 32 3C 45 50 5A 64 6 78 82 8 9
B 16 21 2 37 42 4 = 58 63 6F 79 84 8F 9A A5
C 18 24 30 3C 48 54 60 6C 78 84 90 9C AB B4
D 1A 27 34 4) 4 58 68 75 82 8F 9C A9  B6 C3
E IC  2A 38 45 54 62 70 7E BC %A AB B6 C4 D2
F IE 20| 3¢ 48 5A 69 78 87 96 A5 B84 c3 D2 El




POWERS OF TWG

2'ﬂ

.0

wn =0 |3

5
25
12

ol OO O =

.042 8
0.031 28
0.015 425
0.007 812 3

N> W

0.003 906 25
0.001 953 125
0.000 926 582 S
0.000 488 28' 25

52
1 024
2 048

0.000 244 140 625
0,000 122 €70 312 8
0.000 06t €35 156 25
0.000 030 St7 578 123

4 096
8 192
16 384
32 768

0.000 015 258 789
0.000 057 429 394
0.000 00) 814 497
0.000 00t 907 348

082 8

531 28
265 623
632 812 3

65 53¢
131 072
262 144
524 268

0.000 000 953 674
0.000 000 475 837
*0.000 000 238 418
0.000 000 119 209

e
158
57¢
289

404 25

203 125 .
101 562 §
550 781 25

1 048 376
2 097 152
4194 304
8- 389 608

775 390 625
387 495 A2 S
193 847 656 .28
596 923 826 125

644
322
161
580

0.000 000 059 604
0.000 000 029 802
0.000 000 014 90V
0.000 00Q 007 450

16 777 16
33 554 432
67 108 664
134 217 728

298 481 914.062 §
149 230 957 031 25
574 615 478 515 628
287 307 739 257 812 §

0.000 000 003 725
0:000 000 CO1 842
0.000 000 000 N
0.000 000 000 465

290
645
322
681

248 435 456
536 870 912
073 74\ 824
147 483 648

L

0.000 000 000 232
0.000 000 000 118
0.000 000 000 058
0.000:000 030 029

294 967 296
589 934 592
\79 869 g4
359 738 348

\H
W

0.000 000 000 014
0.000 000 000\ 007
0.000 00G 009 003
0.000 000 000 00!

68
137
274
549

719 476 238
438 951 472
877 906 944
755 813 888

5 388k

0.000 000 000 000
C.000 00% 000 000

1099
2199

SV 827 776

023 235 552 41

830 643 63) 849 628 $06 25 |
4¥5 321 B26 934 814 453 128

207 8&°) P13 467 407 226 562 §
103 83, 456 733 703 613 281 2§

551 915 220 346 831 BOS 640 625
275957 614 183 425 903 320 312 §
637 978 807 091 712 951 660 158 25
B8 989 403 543 856 475 830 078 125

909 494 701 772 928 217 915 039 062 5
454 747 250 6B6 444-118 957 519 531 25

0.000 000 000 000 227 373 675 443 232 059 478 759 765 625
0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 §

045 511 104
093 022 208

42
43

4 398
8796

0.000 D00 000 000 056 843 418 040 808 014 869 689 941 406 25
0.000 000 000 000 028 421 709 430 404 007 434 844 970 703 125
0.000 000 00G 000 014 210 854 715 202 003 717 422 485 15t 562 §
0.000 000 00Q 000 007 105 427 357 601 001 858 711 242 675 781 25

17 592
35 184
70 348
140 737

188 044 416
372 088 832
744 177 664
480 355 228

43
47

0.000 000 000 00C 003 552 711 478 800 500 929 355 621 337 B9O 623
0.000 000 000 000 DO 774 356 B39 400 250 464 677 810 668 945 312 §
0.000 000 DJ0 000 000 888 178 419 700 125 232 338 05 14 472 656 25
0.000 000 000 000 000 444 089 209 850 062 616 169 452 667 235 118 128

281 474 976 710 656
562 949 9351 421 312
1125 699 906 842 624
2 251 799 813 485 248

48
49

st

0.000 000 000 000 000 222 044 404 923 031 308 084 726 333 618 164 062 S
0.000 000 000 000 000 111 022 302 462 513 654 042 36) 164 809 082 031 25
0.000 000 000 000 000 058 SI1 151 231 257 827 021 181 583 404 541 015 625
0.000 000 000 000 000 027 755 575 615 628 913 510 590 791 702 270 507 812 §

52
53
54
55

4 503 599 427 370 4%
9 007 199 254 240 992
18 014 398 509 481 984
5 028 797 018 963 968

0.000 000 000 000 000 013 877 787 807 814 456 755 295 395 851 135 253 906 25
0.000 000 000 000 000 006 938 893 903 907 228 I77 647 897 925 567 626 953 125
0.000 000 000 000 000 003 469 445 951 953 614 188 82] 848 $62 78] 813 476 562 5
0.000 000 000 000 000 0Q1 734 723 475 976 807 094 411 924 481 391 906 738 28} 25

72 057 594 037 927 938
144 115 188 075 855 872
268 230 376 151 711 744
576 480 752 203 423 488,

5?7

59

0.000 000 000 000 000 000 B47 34t 737 988 403 547 205 962 240 695 953 W9 140 625
0.000 000 000 000 000 000 433 480 868 994 201 773 602 981 120 347 976 684 570 312 §
0.000 000 000 000 000 000 214 840 434 497 100 884 80! 490 560 173 988 d42 283 156 25
0,000 000 000 000 Q00 000 108 420 217 248 550 443 400 743 200 086 994 171 142 578 123

152 921 504 606 846 976
305 843 009 213 693 952
611 686 018 427 387 904
223 372 038 854 775 808

1
2 6t
4
1]

D-3



23
163
DEO

8AC7

281
4 503
72 057

152 921

17
E8
918
5AF3
8D7E
8652
4578
8683
2304

68
099"
592
474
599
594
504

98
5F5

3B9A

5408
4876
D4AS
4€72
107A
A4Cé
6FCi
5D8A
A764
89ESB

. TABLE OF POWERS OF SIXTEEN

10
16" 167"
1 0 0.10000 00000 00000 00000
16 ] 0.62500 00000 00000 00000
256 2 0.39062 50000 00000 00000
4 096 3 0.24414 06250 00000 00000
65 536 4 0.15258 78906 25000 00000
1 048 576 5 0.95367 43164 06250 00000
16 777 216 6 0.59604 64477 53906 25000
268 435 456 7 0.37252 90298 46191 40625
294 967 296 8 0.23283 06436 53869 62891
719 476 736 9 0.14551 91522 83668 51807
511 627 776 10 0.90949 47017 72928 23792
186 044 416 11 0.56843 41886 08080 14870
976 710 656 12 0.35527 13678 80050 09294
627 370 496 13 0.22204 46049 25031 30808
037 927 936 14 0.13877 78780 78144 56755
606 846 976 15 0.86736 - 17379 88403 54721
TAB'I' OF POWERS OF 10,
10" n 107"
v 0 10000 0000 0000 0000
A 1 0.1999 9999 9999 9997
64 2 0.28F5 C28F 5C28 F5C3
3E8 3 04189 3748 C6A7 EF9E
2710 4  068DB B8BAC 710C B296
86 A0 5 0.A7C5 AC47 1B47 8423
4240 6 9.10C6 F7A0 BSED 8D37
9680 7 0.1AD7 F29A BCAF 4858
E100 8 0.2AF3 1DC4 6118 73BF
CA00 9 0.44B8 2FA0 9B5A 52CC
E400 10 06DF3 7F67 5EF6 EADF
E800 H 0.AFEB FFOB CB24 AAFF
1000 12 0.1197 9981 2DEA 1119
A000 13 0.1C25 C268 4976 8i1C2
4000 14 0.2D09 370D 4257 3604
8000 15 0.480E BE7B 9D58 566D
0000 16 0734A CASF 6226 FOAE
0000 17 08877 AA32 36A4 B449
0000 18 0.1272 5DD1 D243 ABAI
0000 19 0.1083 C94F B6D2 ACI5



HEXADECIMAL-DECIMAL INTEGER CONVERSION

" The table below provides for direct conversions between hexa= |

decimal integers:In the range 0—FFF and decimal integers in
the ronge 0~4095. For conversion of larger Integers, the
toble values may be added to the following figures:

Hexadecimal ~ Decimal . Hexadecimal . Decimal
01 0v0 409 20000 131 072
02 000 8192 .30 000 196 608
03 000 12 288 40 000 ' 262 144
04 000 16 384 50 000 327 680
05 000 20 480 60 000 - 393 216
06 000 24 576 70 000 458752
07 000 28 672 80 000 524 288
08 000 32768 90 000 589 824
09 000 36 864 A0 000 655 360
0A 000 40 960 BO 000 © 720 8%
08 000 45 056 C0 000 7686 432
0C 000 49 152 D0 000 851 968
0D 000 53 248 E0 000 917 504
0E 000 57 344 FO 000 983 040
OF 000 61 440 100 000 1048 576
10 000 65536 200 000 2097 152
11 000 69632 300 000 3145728
12 000 73728° 400 000 © 4194 304
13 000 77 824 500 000 5 242 880
14 000 81 920 . 600 000 6 291 456
15 000 85 016 700 000 7.340 032
16 000 90 112 800 000 8 388 608
17 000 94 208 900 000 9437 184
18 000 98 304 A00 000 10 485 760
19 000 102 400 BOO 000 11534 3%
1A 000 106 4% €00 000 12 562 912
18 000 110 592 D00 000 13 631 488
1C 000 114 688 £00 000 14 680 064
1D 000 118 784 F00 000 15 728 640
1€ 000 122 880 1 .000 000 16777 216
IF 000 126 976 2 000 000 33 554 432
0 i 2 3 4 5 6 7 8 9 A B c 0 E F
000 | 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 = 0012 0013 0014 0015
010 | 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 ~ 0028 0029 0030 0031
020 | 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
030 | 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0040 0061 0062 0043 |-
040 | 0064 0065 0066 0067 - 0068 0059 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
050 | 0080 0081 0082 0083 0084 0085 0086 0087 0088 .0089 0090 0091 0092 0093 0094 0095
1060 | 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0N
070 | 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
080 | 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
050 | 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159
0A0 | 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
080 .| 0176 0177 0178 0179 0180 O018} 0182 0183 0184 0185 0186 0187. 0188 0189 01%0 01N
0CO | 0192 0193 0194 0195 019 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
000 | 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
OE0 | 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
OF0 | 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0250 0252 0253 0254 0255




HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont.)

o 1 2 3 4 5 6 7 8 9 A 8 C 0 E F
100 | 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 026 0267 0288 0269 0270 0271
110 | 0272 0273 0274 0275 0276 0277 0278 0279 0280 028! 0282 0283 0284 0285 0285 0287
120 | 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
130 | 0304 0305 0306 0307 . 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
140 | 0320 0321 0322 0323 0324 0325 ‘0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
150 | 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 035
160 | 0352 0353 0354 0355 035 0357 0358 0359 » 0360 036) 0362 0363 0364 0365 0366 037
170 | 0368 0369 0370 037) 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
180 | 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
190 | 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1AO | 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
180 | 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0448 0447
1CO | 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0443
1D0 | 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E0 0480 0481 0482 0483 0484 0485 0484 0487 0488 0489 0490 0491 0492 0493 0494 0495
1FO | 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511
200 | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
210 | 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
220 | 0544 0545 * 0545 0547 - 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
230 | 0560 0561 0562 0563 0564 0565 0566 0567 ° 0568 0567 0570 0571 0572 0573 0574 0575
240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 Q589 0590 0591
250 | 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0405 0607
260 | 0608 0509 0610 0611 . 0612 0613 0614 0615 (616 0617 0618 0619 0620 0621 0622 0623
270 | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0533 0634 0635 Q636 0637 0638 0639
280 | 0640 0641 0642 0643 0644 0445 0646 0647 0648 0649 0650 0651 0652 0653 0454 0655
290 | 0656 0457 0658 0659 0860 0861 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671
240 | 0672 0673 0674 0675 0676 0677 0678 0679  06B0 0681 0682 0683 0484 04B5 0486 0687
280 | 0688 0489 0450 0491 0692 0693 0694 0695  06% 0697 0698 0699 0700 0701 0702 0703
2€0 | 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 ‘0716 0717 0718 0719
200 | 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
260 | 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 - 0748 0749 0750 075
2F0 | 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
300 | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0761 0782 0783
310 | 0784 0785 0786 0787 0788 0789 0790 0791 - 0792 0793 0794 0795 - 0796 0797 0798 0799
320 | 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
330 | 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 083
340 { 0832 0833 0834 0835 0836 0837 0838 0839  0B40 0841 0842 0843 0844 0845 0845 0847
350 | 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 OB58 0859 0840 0851 0842 0863
360 | 0864 0865 084 0867 0B48 0849 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
370 | 0830 088! 0882 0883 0834 0885 0885 0887 0888 0889 0890 0891 ~ 0892 0893 0894 0895
380 | 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0509 0910 0911
39 | 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0522 0923 0924 0925 0926 0927
3A0 | 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943
380 | 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3C0 | 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
300 | 0976 0977 0978 0979 0980 0981 0982 0933 0984 0985 0986 0987 0988 0989 0990 0991
360 | 0992 0993 0994 0995 0% 0997 0998 0959 1000 1001 1002 1003 1004 1005 1006 1007
3F0 | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 10i% 1020 1021 1022 1023




HEXADECIMAL~DECIMAL INTEGER CONVERSION (Ceont.)

o 1 2 3 4 5 & 7 8 9 A B8 Cc D E F
400 | 1024 1025 1026 1027 1028 1029 1030 1031. 1032 1033 1034 1035 1036 1037 1038 1039
410 | 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
420 | 1056 1057 1058 1059 1050 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 | 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
440 | 1088 1089 1090 1091 1092 1093 1094 1095 109 1097 1098 1099 1100 110t 1102 1103
450 | 1104 1105 1106 1107 1108 1109 1110 1ti1 1112 1113 1114 115 116 M7 1118 119
40 | 1120 1121 1122 123 1124 125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
70 | 136 13 1138 1139 140 1141 1142 1143 1144 145 1146 1147 1148 1149 1150 1S)
480 | 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167
490 | 1168 1169 1170 171 1172 1173 1174 W75 1176 1177 1178 1179 1180 1181 1182 1183
4A0 | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 195 1196 1197 1198 1199
480 | 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
4co | 1216 1217 1218 4219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D0 1232 1233 1234 1235 1236 1237 1238 1239 1240 124\ 1242 1243 1244 1245 1246 1247
4E0 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F0 1264 1265 1266 1267 1248 1269 1270 1271 1272 1273 1274 1275 1276 12727 1278 1279
500 | 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295
510 | 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
520 | 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 - 1324 1325 1326 1327
530 | 1328 1329 1330 1331 1332 1333 1334 1335 133 1337 1338 1339 1340 1341 1342 1343
540 | 1344 1345 1346 1347 1248 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
550.| 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
560 | 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 139
570 | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
580 | 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
500 | 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
5A0 | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
5B | 1456 1457 1458 1459 1460 ld6) 162 1463 1464 MG5 1des 1467 1468 1469 1470 1471
5co | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
500 | 1488 1489 1450 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
560 | 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
sFo | 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535
600 | 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
610 | 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
620 | 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1563
630 | 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599
610 | 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615
650 | 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 163}
60 | 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
670 | 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663
680 | 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
690 | 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6AO | 169 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711
680 | 1712 1713 1718 1715 1716 1717 1718 1719 1720 V721 1722 1723 1724 1725 726 1727
6co | 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
600 | 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 |
6E0 | 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 \773 1774 1775
oF0 | 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791




HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont.)

0 2 3 4 5 .6 7 8 4 A B C D E F
700 | 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
710 | 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
720 | 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 | 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
740 | 1856 1857 1858 1859 1860 1861 1862 1843 1864 1865 1866 1867 i868 1869 1870 1871
750 | 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
760 | 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
770 | 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
780 | 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 | 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A0 | 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
7B0 | 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
17C0 | 1984 1985 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
7D0 | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20t} 2012 2013 2014 2015
7E0 | 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F0 | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
800 | 2048 2049 2050 205} 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
810 | 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 | 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 209 2092 2093 2094 2095
830 | 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 21
840 | 2112 2113 2114 2315 2116 2117 2118 2119 2120 212y 2122 2123 2124 2125 2126 0127
850 | 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
860 | 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159
870 | 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2271 2172 2173 2174 2175
880 | 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 219}
890 | 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
BAO | 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 222% 2222 2223
8B0 | 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8C0O | 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255
800 | 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
8EQ | 2272 2273 2274 2275 2276 2277 2278 2279 2280 228} 2282 2283 2284 2285 2286 2287
BFO | 2288 2289 2290 2291 2292 2293 2294 2295 2296 - 2297 2298 2299 2300 2301 2302 2303
900 | 2304 2305 2306 2307 2308 2309 2310 231} 2312 2313 2314 2315 2316 2317 2318 2319
910 | 2320 2321 2322 2323 2324 2325 2326 377 2328 2329 2330 233! 2332 - 2333 2334 2335
920 | 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
930 | 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
940 | 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 | 2384 2385 2386 12387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
960 | 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
970 | 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
980 | 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
990 | 2448 2449 2450 245 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
A0 | 2464 2465 2466 2487 2468 © 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
980 | 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495
9CO | 2496 2497 2493 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511
9D0 | 2512 2513 2514 2515 2516 2517 2518 2519 25200 2521 2522 2523 2524 2525 2526 2527
9EO0 | 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543
9F0 | 2544 2545 2546 2547 2548 2549 . 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559




HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont.)

"¢

o t 2 3 4 5 & 7 8 9 A B D E F
AOO | 2560° 2561 2562 2563 © 2564 2565 2566 2567 . 2568 2569 2570 2571 2572 2573 2574 2575
A0 | 2576 2577 2578 2579 2580 2581 2562 2583 2584 2585 2586 2587 2588 2589 2590 2591
A20 | 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A30 | 2608 2609 2610 2611 2812 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
ASO | 2624 2625 2626 2627 1 2628 2629 2630 2631 2632 2633 2634 2635 2836 2637 2638 2639
AS50 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
ASO | 2656 2657 2658 2659 2650 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
A70 | 2672 2673 2674 2675 - 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
A0 | 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
ASO | 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AAO | 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 . 2733 2734 2735
ABO | 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
ACO | 2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767
ADO | 2768 2769 2770 277i% 2772 2773 2774 2775 2776 2777 2778 2779 - 2780 2781 2782 2783
AEQ | 2784 2785 2786 2787 2788 2789 2790 279V 2792 2793 2794 2795 2796 2797 2798 2799
AF0Q | 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 - 2812 2813 2814 2815
80O 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
BIO | 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
820 | 2848 2849 2850 2851 2852 2853 2854 2855 - 2856 2857 2858 2859 2860 2861 2862 2863
BI0 | 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874' 2875 . 2076 2877 2878 2879
BAO | 2880 2881 2882 2883 2884 2885 2886 2887 2883 2889 2890 2891 2892 2893 2894 2895
BSO | 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B0 | 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 : 2924 2925 2926 2927
870 | 2028 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943
BBO | 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 .2956 2957 2958 2959
B0 | 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 297\ 2972 2973 2974 2975
BAO | 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 299
BBO | 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 . 3004 3005 3006 3007
BCO | 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023]
BDO | 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BEO | 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BFO | 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071
C00 | 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
C'0 | 3088 3089 3050 3091 3092 3093 3094 3095 309 23057 3098 3099 3100 3101 3102 3103
C20 | 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 315 3116 317 3118 319
C30 | 3120 2121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C40 | 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
Cs0 | 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167
Co0 | 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C70 | 3184 3185 31gs 3187 3188 3189 3190 3191. 3192 3193 319 3195 319 3197 3198 3199
Cs0 | 3200 3201 *3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
Co0 | 3216 23217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231
CA0 | 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247
CBO | 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263
L]
Cco | 3264 3265 3266 3267 3268 3269 3270 71 372 3273 374 325 326 3277 3278 3279
Coo | 3280 23281 3282 3283 3284 3285 3286 3267 3288 3269 3290 3291 3292 3293 3294 3295
CEO | 3296 3797 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3N
CFo | 3312 3312 3314 3315 3316 3317 3318 3319 3320 3320 3322 3323 3324 3325 332 3327




HEXADECIMAL~DECIMAL INTEGER CONVERSION (Cont.)

0 ! 2 3 4 5 é 7 8 9 A 8 C 0 3 F
Doo | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
D10 | 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D20 | 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D30 | 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D40 | 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
D50 | 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D60 | 3424 3425 3426 3427 3428 3429 3430 34N 3432 3433 3434 3435 3436 3437 3438 3439
D70 | 3440 3441 3442 3443 3444 3445 3446 3447 J448 3449 3450 3451 3452 3453 3454 3455
D8O | 3456 3457 3458 34S9A 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 347!~
D90 | 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DAQ | 3483 3487 3490 3491 3492 3493 3494 3495 3496 3497 3498 2499 3500 3501 3502 3503
DBO | 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DCO | 3520 3521 3522 3523 3524 3525 3526 3577 3528 3529 3530 3531 3532 3533 3534 3535
DDO | 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DEO { 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DFQ | 3568 356% 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583
€00 | 3584 3585 3585 3587. 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599
E10 | 3600 34601 3602 3603 3504 3605 3606 3607 3608 3609 3810 3611 3612 3613 3614 315
€20 | 3616 3517 3618 3819 3620 3621 3622 3623 3624 3625 3626 W27 3628 3629 3630 383N
E30 | 3632 3633 3634 3435 3636 3637' 3638 3639 3640 3641 3642 3643 . 3644 3645 3646 3647
E40 1 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
E50 | 3664 3645 3666 3667 3668 3669 70 3671 3672 3673 3674 - 3675 3676 3677 3678 3679
E60 | 3480 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 - 3692 3693 3694 3695
E70 | 3696 3697 3698 3699 3700 370t 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
EB0 { 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
Ev0 | 3728 3729 3730 3731 3732 3733 3734 3735 373 3737 3738 3739 3740 3741 3742 3743
EAQ | 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EBO 1} 3760 3781 3762 3763 3764 3765 768 3767 3768 3769 3770 3771 3772 3773 3774 775
ECO | 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
EDO | 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EEO0 | 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EFO | 3824 3825 3826 3827 3828 3R29 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FOO | 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F10 | 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F20 { 3872 3873 3874 3875 3876 3877 3878 23879 3880 3881 3882 3883 3884 3885 38865 3887
F30 | 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F40 | 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
F50 | 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 393! 3932 3933 3924 3935
F60 | 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 395t
F70 | 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3983 3964 3965 396 - 3967
FBO | 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
FOO | 3984 3985 3985 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999
FAO | 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FBO | 4016 4017 40'8 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 403!
FCO | 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FDO 1 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058. 4059 4060 4061 4062 4063
FEO | 4064 4085 404 4067 4068 4059 4070 4071 4072 4073 40744075 4076 4077 4078 4079
FFO | 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4093 4094 4095

40v¢




intal

West: 17291 Irvine Blvd., Suite 262/(714)838-1126, TWX: 910-595-1114/Tustin, California 92680

Mid-America: 800 Southgate Office Plaza/501 West 78th St./(612)835-6722, TWX: 910-576-2867/Bloomington Minnesota 55437
Northeast: 2 Militia Drive, Suite 4/{617)861-1136, Telex: 92-3493/Lexington, Massachusetts 02173
Mid-Atlantic: 21 Bala Avenue/(215)664-6636/Bala Cynwyd, Pennsylvania 19004

Europe: Intel Office/Vester Farimagsgade 7/45-1-11 5644, Telex: 19567/DK 1606 Copenhagen V
Orient: Intel Japan Corp./Han-Ei 2nd Building/1-1, Shinjuku, Shinjuku-Ku/03-354-8251, Telex: 781-28426/Tokyo 160
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