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ABSTRACT 

The Advanced Micro Devices' Ara9511 Arithmetic 

Processing Unit (APU) and its implementation into a typical 

microprocessor system, in this case, the Motorola M6800 

System, are described. A description of the Am9511, 

covering its internal configuration, the commands it can 

execute, the data formats required by these commands, and 

how to address the APU within the system are presented. 

The M6800 Central Processing Unit (CPU) is covered, along 

with a description of the 32K RAM memory board and the 

logic which connects the Am9511 to the system. ..The 

routines written for program interface with the Am9511 are 

described. These include utility routines to perform all 

stack load and unload, stack manipulation, and command 

execution operations individually, and the complete-

operation routines to stack the necessary operand(s), 

execute the desired command, retrieve the result, and per 

form limited error analysis and recovery, all in one 

routine. A problem was encountered when a log of zero was 

attempted. The required fix-up procedure is described. 

Detailed information on the APU commands and the access 

routines are also included, with listings of each command, 

its hexadecimal code, its function, input requirements, 

possible errors, and effect on the APU stack; flow charts 
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of each routine written to access the APU are included; 

and a listing of each routine, written in the M6800 

instruction set, is presented. 
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CHAPTER I 

INTRODUCTION 

Over the incredibly brief era of the microprocessor, 

an advance in the reduction of the size and cost of micro 

processor chips and associated memory has made the use of a 

single computer dedicated to one function or one problem 

economical. However, a programming bottleneck has 

developed in the use of any type of calculation. The need 

for multi-byte words to express very large and very small 

numerical values complicates simple arithmetic, requiring 

complex routines to carry out the operations. Derived 

functions have always been a problem, requiring lengthy and 

complicated software approximations for solutions. 

The Advanced Micro Devices' Am9Sll Arithmetic 

Processing Unit (APU) is a great advance in this area. The 

arithmetic functions and Tchebyshev approximations of the 

derived functions are programmed into the chip itself, so 

that they are now part of the hardware instead of the soft 

ware, thereby speeding up each operation's execution time. 

A microprocessor system which includes the Am9511 

APU needs a set of routines for using the APU available to 

its users. A typical system, based upon the Motorola M6800 

Central Processing Unit (CPU) will be described. 

Chapter II describes the APU internal architecture, 

the addressing of the APU, and the kind of data handled by 
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the APU. Chapter III presents the microprocessor system in 

which the APU is incorporated. Chaprer IV describes the 

two sets o£ routines written for the system and the basic 

ASCII conversion routines. Chapter V will summarize the 

investigation. 



CHAPTER II 

AmPSll ARITHMETIC PROCESSING UNIT DESCRIPTION 

The Ara9511 Arithmetic Processing Unit (APU) pro 

vides high performance fixed and floating point basic 

arithmetic operations and transcendental derived functions 

(trigonometric and inverse trigonometric, square root, 

logarithm, and exponentiation), as well as floating point-

to-fixed and fixed-to-floating point conversions and stack 

control operations. 

A, Internal Configuration 

The internal configuration of the Am9511 is illus 

trated in Fig. 1. The chip is in a standard 24-pin 

package. 

Data Stack and Command and Status Registers 

Three parts of the APU internal structure are 

accessible to the programmer. These are the Data Stack, 

the Command Register, and the Status Register. These three 

entities are accessed by the microprocessor as locations in 

system memory. 

In the microcomputer, the Data Stack is located at 

system address DOIC^^. The stack may be considered to be 

an 8 by 16-bit stack for single-precision operands, or a 

4 by 32-bit stack for double-precision and floating point 
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operands, as shown in Fig. 2. A memory read operation at 

DOlC^g will read the top byte o£ the Data Stack, causing 

those eight bits to be physically removed from the stack. 

A memory write operation to DOlCj^^ will write a byte onto 

the top of the stack. For convenience, the top operand on 

the stack is referred to as TOS (Top of Stack) and the 

operand below it is NOS (Next on Stack). 

The Command Register is an 8-bit register accessed 

by the system at memory address DOIE^^. When a command 

word is written into DOIE^^, execution of that particular 

operation begins. The command byte format is shown in 

Fig. 3. A listing of the various command codes and 

descriptions is presented in Table 1. A full description 

of each command is contained in Appendix A. 

The Status Register is also an 8-bit register 

accessed by the system at memory address DOlEj^g. A memory 

read at this address will access the status byte. The 

Status Register may be read when the APU is active or idle, 

without affecting any operation in progress, the contents 

of the Data Stack, or changing the value of the Status 

Register. When the busy bit (bit 7) is set, the values of 

the other bits are meaningless. When the busy bit is 

clear, the result of the operation may be decoded, 

according to which bits are set or cleared, as shown in 

Fig. 4. 
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Table 1. AmQSll Command Description 

Command Hex Code 

Mnemonic (sr = 0) (sr = i) Summary Description 

16-bit Fixed Point Operations 

SADD 6C EC Add TOS to NOS 

SSUB 6D ED Subtract TOS from NOS 

SMUL 6E EE Multiply NOS by TOS; lower result 

SMUU 76 F6 Multiply NOS by TOS; upper result 

SDIV 6F EF Divide NOS by TOS 

32--bit Fixed Point Operations 

DADD 2C AC Add TOS to NOS 

DSUB 20 AD Subtract TOS from NOS 

DMUL 2E AE Multiply NOS by TOS; lower result 

DMUU 36 B6 Multiply NOS by TOS; upper result 

DDIV 2F AF Divide NOS by TOS 

32-bit Floating Point Primairy Operations 

FADD 10 90 Add TOS to NOS 

FSUB 11 91 Subtract TOS from NOS 

FMUL 12 92 Multiply NOS by TOS 

FDIV 13 93 Divide NOS by TOS 



Table 1 (continued) 

Command Hex Code 

Mnemonic (sr = 0) (sr = 1) Summary Description 

32-bit Floating Point Derived Operations 

SQRT 01 81 Square root of TOS 

SIN 02 82 Sine of TOS 

COS 03 83 Cosine of TOS 

TAN 04 84 Tangent of TOS 

ASIN 05 85 Inverse sine of TOS 

ACOS 06 86 Inverse cosine of TOS 

ATAN 07 87 Inverse tangent of TOS 

LOG 08 88 Common logarithm of TOS 

LN 09 89 Natural logarithm of TOS 

EXP OA 8A e raised to power in TOS 

PWR OB 8B NOS raised to power in TOS 

Data and Stack Manipulation Operations 

NOP 00 80 No operation 

FIXS IF 9F Convert TOS from floating point to fixed 
FIXD IE 9E point format 

FITS ID 9D Convert TOS from fixed point to floating 
FLTD IC 9C point format 

CHSS 

CHSD 

74 

34 

F4 

B4 
Change sign of fixed point TOS 

CHSF 15 95 Change sign of floating point TOS 

PTOS 77 F7 

PTOD 37 B7 Push stack 

PTOF 17 97 

POPS 78 F8 

POPD 38 B8 Pop stack 
POPF 18 98 

XCHS 79 F9 

XCHD 39 B9 Exchange TOS and NOS 
XCHF 19 99 

PUPI lA 9A Push floating point constant it onto TOS 
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Arithmetic Processing Unit Lines 

All operand, result, status, and command infor 

mation is transferred over the 8-bit bidirectional data bus 

(DB0-DB7), The Chip Select line (CS) enables the chip. 

The Command/Data line (C/D) in conjunction with the Read 

(RD) and Write (WR) lines signal whether the data bus is 

connected to the Data Stack, the Command Register, or the 

Status Register. Table 2 describes the relationship of 

these three lines. 

Table 2. Am9511 Register/Stack Addressing 

C/D RD WR Function 

0 1 0 Enter data byte onto stack 

0 0 1 Read data byte from stack 

1 1 0 Enter command 

1 0 1 Read status 

The Pause (PAUSE) signal is an output which indicates the 

APU is busy executing an operation, transferring data to or 

from the Data Stack, or having the status read. 

Five interface control signals allow the CPU to 

initialize the APU and check and control its status. RESET 

is an active high input signal that initializes the APU. 

On this signal, all operations in progress are terminated 

and the status register is cleared, leaving the Data Stack 

contents unchanged. The APU then goes into the idle state. 
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Since there is no internal power-on reset, this line must 

be initially brought high by the system during the initiali 

zation process, END, the End of Execution signal, is an 

active low output indicating that the previously entered 

command has finished execution. END may be used as an 

interrupt request and is cleared by the End Acknowledge 

signal (EACK), by RESET, or by any read or write to the APU. 

The Service Request signal, SVREQ, indicates that command 

execution is complete and that the previous command byte 

requested post-execution service by having a bit 7 value 

of 1. This signal may be cleared by the Service Acknowledge 

signal (SVACK), by RESET, or by the completion of a subse 

quent command not requesting service (bit 7 clear). SVREQ 

may be used as an interrupt to the CPU. The Clock signal, 

CLK, must be supplied by an external timing source. 

B. Data Format Specification 

The Am9511 executes operations using 16-bit (single-

precision) and 32-bit (double-precision) fixed point and 

32-bit floating point binary data formats. 

Fixed Point Formats 

The single-precision fixed point format has a 16-bit 

operand in the range of -32,768 to +32,767 (Fig. 5). The 

sign is located in the Most Significant Bit (MSB). Negative 

values are in two's complement format and have a one in the 
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Value 

^1 1 I I I' I I I ' I I I I 
15 0 
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1 1 I 1 I I N M 1 1 1 I I I 1 1 1 I 1 1 I 1 I I [ M M 

31 0 

(MSB) 

b. 32-bit Fixed Point Format 

Figure 5. Am9511 single- and double-precision 
fixed point formats. 
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sign bit; positive values and zero have a zero in the sign 

bit. 

As an example, 

72^q = 0000 0000 0100 IOOO2 = 00 48^^ , 

and 

-72^q = 1111 1111 1011 IOOO2 = FF . 

Data are presented in the double-precision fixed 

point format as 32-bit values representing binary two's 

complement integers and having a range of -2,147,483,648 to 

+2,147,483,647 (Fig. 5). The format for double-precision 

is generally the same as for single-precision, as described 

above. 

Floating Point Formats 

The floating point format shown in Fig. 6 is repre 

sented by a 32-bit binary operand, composed of a 24-bit 

mantissa, a 6-bit exponent, an exponent sign, and a 

mantissa sign. Decimal numbers in the range of 

+(2.7 X 10~^^ to 9.2 X 10^^) can be expressed in the form 

of a mantissa, multiplied by two raised to a power. The 

mantissa is a 24-bit fractional binary number occupying the 

least significant three bytes of the operand. It is always 

normalized to a value between 0.5 and 1 (by shifting left 

or right while adjusting the exponent value until the left 

most bit of the mantissa is a one). The exception to this 
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is the number zero, which is represented by all zeros in 

the operand. The exponent is a 7-bit binary two's comple 

ment number, ranging in value from -64 to +63, with the 

most significant bit holding the value for the sign 

(0 = positive/1 = negative). The sign bit for the mantissa 

is the most significant bit of the operand, with 0 indi 

cating a positive value, and 1, a negative value. 

A decimal number is converted to the floating point 

representation in the following manner, using the decimal 

number 11.6875 as an example. The number is first con 

verted to binary: 

11.6875^q = IOII.IOII2 , 

working on the principal that any decimal number can be con 

verted to a binary number of the format 

... + a • 2^ + b • 2^ + c • 2° + d • 2"^ + e • 2"^ + ... . 

The binary number is then converted to the base 2 exponent 

notation: 

IOII.IOII2 = 0.10111011 X 2^^ . 

Remembering that the mantissa is 24 bits long, this gives a 

mantissa value of 

1011 1011 0000 0000 0000 OOOO2 (BB 00 00^^) . 
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The exponent value, +4, is converted to its binary equiva 

lent in two's complement integer form: 

+4^q = 0000100, 

Since the value is positive, the mantissa sign bit has a 

value of zero. Therefore, the 32-bit floating point 

equivalent of 11.6875^g is 

0 000 0100 1011 1011 0000 0000 0000 OOOO2 , 

which, in hexadecimal notation, is 

04 BB 00 OO^g . 

For a negative number, the same procedure is used, 

with the exception that the mantissa sign bit is set to one, 

For example. 

-11.6875^q = 1 000 0100 1011 1011 0000 0000 0000 OOOO2 

= 84 BB 00 OO^g . 

To convert a fractional number such as 0.359375^^ 

to the floating point format, the number is converted to 

fractional binary: 

0.35975^q = O.OIOIII2 . 
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The result is normalized, as before: 

O.OIOIII2 = O.IOIII2 X 2"^ . 

The exponent, -1, is converted to two's complement form: 

-l^Q = -COOOOOOI2) = IIIIIII2 . 

Since the mantissa is positive, the sign bit is a zero, so 

the 32-bit floating point format is: 

0.3593752^q = 0 111 1111 1011 1000 0000 0000 0000 OOOO2 

= 7F B8 00 OO^g . 



CHAPTER III 

CENTRAL PROCESSING UNIT DESCRIPTION 

The Am9511 was incorporated into a microcomputer 

system based upon the Motorola 6800 Microprocessing Unit 

(MPU) (Fig- 7). The Central Processing Unit (CPU) board 

has five functional subsystems: 

1. MPU, clock circuitry, and related operational 

control logic. 

2. Tri-state address and data line buffer/drivers 

with timing decode logic. 

3. Read Only Memory (ROM), masked with operating 

system and external decode logic. 

4. Random Access Memory (RAM) and associated 

control circuitry. 

5. Peripheral Interface Adapter (PIA), for onboard 

serial input/output (I/O) with timing control 

and baud rate select logic. 

The microprocessor system also includes 32K of 

memory on a RAM board, located at addresses 0000^^ - 7FFF^g, 

The Am9511 is on a third board, with the Data Stack located 

at address DOIC^^, and the Command and Status Registers 

located at DOIE^^. All three boards are hooked up to an 

SlOO bus. 
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A. Central Processing Unit 

The five functional subsystems are depicted 

in block form in Fig. 7. The system has a clock rate of 

1.84 MHz. The output of the clock is also initially 

divided by an MC14411 baud rate generator, which generates 

baud rates for the serial I/O. Various control/decode 

logic, power-on auto restart, the clock signals for the 

MPU, the system buses, dynamic and slow memory interfacing, 

the board clock outputs, and memory refresh are provided 

on the SlOO compatible CPU board. 

The 6800 MPU, shown in Fig. 8, is an 8-bit parallel 

processor. It has six registers, which include two 8-bit 

accumulators (A and B), an Index Register, a Program 

Counter, a Stack Pointer, and a Condition Code Register. 

The instruction set includes 72 variable-length 

instructions and 7 addressing modes. The 16 address lines 

allow direct addressing of 65,536 words of memory. The MPU 

also has eight bidirectional data lines, over which all 

data and instruction bytes are transferred. The MPU 

requires two input clock signals and (P2), but only one 

power supply C+5V). The eight data lines are connected to 

bidirectional data bus transceivers, which break up the 

bidirectional data bus attached to the MPU into the 16 

separate input and output lines required by the S-100 bus. 

The control signals used in conjunction with the data bus 

are Read/Write (R/W), which determines the direction of 



 

21 

^15 ̂ 14 ̂ ^13 ^12 ̂ 11 ^9 ̂ 8 
A— 
7 

A,
6 

Ap.
5 

A^ 
4 

A„ 
o 

A-
2 

A,
1 

A-
0 

Output Buffers Output Buffers 

"^1 

Program 
Counter HI 

Program 
Counter LO 

RESET->-

NMI-i 

HALT-> 

IRQ-
TSC-+ 

DBE-*-

BA-<-

Instruction 

Decode 

and 

Control 

Stack 

Pointer HI 

Index 

Register 
HI 

Stack 

Pointer LO 

Index 

Register 
LO 

Accumulator 

A 

Instruction 

Register 

Accumulator 

Condition 

Codes 

Data Buffer 

t t t t J t 
°7 °6 °S >^4 "3 ''2 

t 
"^I 

J 
°0 

Arithmetic 

Logic Unit 

Figure 8. M6800 internal configuration, 



22 

data transfer; Bus Available (BA), which determines whether 

the MPU or an external device is in control of the data 

bus; and Valid Memory Address (VMA), which signals when a 

valid memory address is present on the address lines. 

A 6830 Read Only Memory (ROM), organized into 1,024 

bytes, contains the operating system for the MPU. The ROM 

is located at addresses EOOO,. to E3FF-,.. A 6810 Random 
16 16 

Access Memory (RAM), organized as 128 bytes, provides stack 

area and scratchpad facilities for the operating system 

located on the 6830. It is located at addresses AOOO,^ to 
16 

A07Fi6. The four chip selects on the 6830 provide suffi 

cient partial address decoding to distinguish the ROM. The 

six chip selects on the 6810 provide similar decoding for 

the RAM (Fig. 9). 

A 6820 Peripheral Interface Adapter (PIA) provides 

serial I/O with the peripheral device, which in this system 

is a video terminal. The PIA is enabled by VMA, RESET, and 

$2^ it is addressed by system addresses 8xx4 to 8xx7. The 

R/W line directs the direction of data transfer. The PIA 

is organized into two ports (A and B). Each port handles 

eight separately programmable I/O lines and two control 

lines, and each is addressable in the system memory 

(Fig. 10). 
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Source: Branko Soucek, Microprocessors and Micro 
computers (New York: John Wiley and Sons, Inc., 1976), 
pp. 323-324. 
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B. Arithmetic Processing Unit and Memory 

The Am9511 is located on an SlOO board (Fig. 11) 

connected to the CPU at addresses DOIE^^ (Command/Status 

Registers) and DOIC^^ (Data Stack). Address lines AO and 

A2 to A15 determine the Chip Select (CS") line. The 

Command/Data (C/D) line is tied to A1. The read (RD) line 

is activated by the MPU R/W line and the Chip Select; the 

Write (WR) line is also activated by the MPU R/W and the 

Chip Select. The 8-bit Data Bus (DB0-DB7) is tied to the 

Data In (DI0-DI7) and Data Out (DO0-DO7) lines. When ̂  

is active, the DI lines are enabled, and when WR is active, 

the DO lines are enabled. The RESET line is connected to 

the Power-on-Clear (POC) and the Clock (CLK) line is con 

nected to the CPU signal ^2' 

The system also has 32K of dynamic RAM, contained 

on a single board connected to the SlOO bus. This RAM is 

located at memory locations 0000^^ - 7FFF^g. The RAM is 

cleared when power is shut off. At this time, the system 

has no permanent memory storage. 
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CHAPTER IV 

PROGRAM DESCRIPTION 

Two distinct sets of programs were written for the 

AmQSll. The programmer may choose from either or both sets 

in his program, according to his needs. The first is a set 

of utility routines with which the programmer performs all 

of the various operations individually. These include all 

chip Data Stack load and unload operations and all Data 

Stack manipulations, as well as all arithmetic and derived 

function calls. The other set of routines combines into 

each command the loading of the Data Stack, command execu 

tion, retrieval of the result from the Data Stack, error 

analysis, and a limited degree of error recovery. 

In addition to the two sets of Arithmetic 

Processing Unit (APU) command routines, routines are also 

provided for ASCII-to-floating point and floating point-to-

ASCII conversion. 

A. Utility Routines 

Stack and Unstack Routines 

The routines which load data onto the APU stack are 

called STK2 and STK4. These routines respectively load two 

and four bytes of data from a memory location specified by 

the Index Register. The routines UNSTK2 and UNSTK4 
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respectively unload two and four bytes of data from the APU 

Data Stack, storing them in the memory locations specified 

by the Index Register of the MRU. 

Command Routines 

The command routines are named in such a manner as 

to reflect the function to be executed. In essence, the 

APU function name is preceded by the letter U (for example, 

for the inverse sine command ASIN, the routine UASIN would 

be called). After loading the necessary operand(s) into 

the APU Data Stack with the stack routines described above, 

the programmer calls the desired command routine. Each 

command routine loads the proper command byte into the MPU 

accumulator A, and then branches to the UXEQ routine, which 

sends the command stored in accumulator A to the APU Command 

Register (located at system address DOIE^^). The status 

routine, USTAT, is then executed. USTAT reads the status 

byte now available at DOIE^^ and checks the value of the 

busy bit (see Chapter II). If the busy bit contains a one, 

the routine branches back to read the status word again. 

When the busy bit is clear (0), the remainder of the status 

word is valid and is stored by USTAT in the program-defined 

memory location named ERRSTAT, which makes it available for 

further use. 
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B. Complete-Operation Routines 

The complete-operation routines require the pro 

grammer to establish the addresses o£ his operands in 

predefined memory locations. The programmer then calls the 

specific command routine, which stacks the operand(s), 

executes the operation, unstacks the result, checks for 

error conditions, and provides error recovery where 

necessary. 

Stack and Unstack Routines 

Before calling an operation routine, the operator 

should store the address of operand A in the program-

defined memory location OPA. If the command is a two-

operand function, the address of operand B should be stored 

in the program-defined memory location OPB. The address of 

the location in which the result should be placed must be 

stored in the program-defined memory location OPR. This 

method of data reference provides easy access to the data 

for the complete-operation routines. 

Command Routines 

The complete-operation routines execute the various 

chip commands using the APU command names (for example, to 

call the inverse sine function ASIN, call ASIN). Not all 

of the APU commands can be performed through this set of 

routines. Table 3 lists the complete-operation routines. 

All Data Stack manipulation commands and the no-operation 
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Table 3. Complete-Operation Routines 

Number 

Hex of 

Conrniand Description Code Operands Error Codes 

ACOS Arc cosine 06 1 1100 

ASIN Arc sine 05 1 1100 

ATAN Arc tangent 07 1 None 

CHSD Change sign double 34 1 xxOl 

CHSF Change sign floating 15 1 None 

CHSS Change sign single 74 1 xxOl 

COS Cosine 03 1 None 

DADD Double add 2C 2 xxOl 

DDIV Double divide 2F 2 xxOl,1000 

DMUL Double multiply lower 2E 2 xxOl 

DMUU Double multiply upper 36 2 xxOl 

DSUB Double subtract 2D 2 xxOl 

EXP Exponentiation (e^) OA 1 1100 

FADD Floating add 10 2 xxOljXxlO 

FDIV Floating divide 13 2 xx01,-xxl0.1000 

FIXD Fix double IE 1 xxOl 

FIXS Fix single IF 1 xxOl 

FLTD Float double IC 1 None 

FLTS Float single ID 1 None 

FMUL Floating multiply 12 2 xxOl,xxlO 

FSUB Floating subtract 11 2 xxOljXxlO 

LOG Common logarithm 08 1 0100 

LN Natural logarithm 09 1 0100 

PUPI Push IT „ lA 0 None 

PWR Power ) OB 2 xxOl,xxlO,1100,0100 

SADD Single add 6C 2 xxOl 

SDIV Single divide 6F 2 xxOl,1000 

SIN Sine 02 1 None 

SMUL Single multiply lower 6E 2 xxOl 

SMUU Single multiply upper 76 2 xxOl 

SQRT Square root 01 1 0100 

SSUB Single subtract 6D 2 xxOl 

TAN Tangent 04 1 xxOl,1000 
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command have been omitted, as their primary purpose is to 

manipulate data on the stack. Between routine executions 

in this set of routines, no data operands are left on the 

stack. 

For each of the 14 arithmetic commands that are 

associated with addition, subtraction, multiplication, and 

division, two operands are required. The value referenced 

by the address in OPB is put onto the Next On Stack (NOS) 

location and the value referenced by the address in CPA is 

put in the Top of Stack (TOS) location. For the derived 

functions and the format conversion routines, only one 

operand is required. It is referenced by the address in 

CPA and loaded into the TOS position. After command 

execution has been completed, the result is in the TOS 

position. It is retrieved and placed into the system 

location referenced by the address in OPR. Each command 

routine then checks the error condition (Table 4). If no 

error is reported, the routine returns to the calling 

program. For the cosine (COS), sine (SIN), inverse tangent 

(ATAN), floating 32-bit fixed point (FLTD), floating 16-bit 

fixed point (FLTS), floating point sign change (CHSF), and 

push TT (PUPI) commands, no error code is generated by the 

APU, and the routine returns automatically to the calling 

program. 
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Table 4. Am9511 Error Code Definitions 

Error 

Code Description 

0000 No error 

1100 Input argument out of range 

1000 Divide by zero 

0100 Argument of logarithm or 
square root negative 

xxlO Underflow 

xxOl Overflow 

Error Detection and Recovery 

The Am9511 has a total of five error conditions 

which are listed in Table 4. In some cases the APU itself 

takes corrective action; for others, the actions are 

included in the complete-operation routines. 

When a divide by zero has been attempted, error 

code 1000 is generated by the APU. This occurs for the 

operations of division in single-precision (SDIV), double-

precision (DDIV), and floating point (FDIV) formats, as 

well as for the tangent (TAN) operation. In the division 

operations, when operand A is zero, the APU sets the result 

to the value of operand B. The written routines, however, 

change the result to the maximum value possible in the 

particular data format with the sign of the value of 

operand B. This is in acknowledgment of the fundamental 
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relationships of 

lim +y
—L. = +00 

x->0 X 

and 

lini IZ = -00 
x->-0 X 

The tangent operation gets the error code as a result of 

the internal APU operation of sine/cosine (SIN/COS) when 

operand A is an odd multiple of ±7t/2 and the cosine is 

therefore zero. In this case, the result is set to the 

maximum floating point value with the sign of the sine of A: 

lim , sinX 
= +00 

X^O - cosX 

When the square root (SQRT) or the logarithm of a 

nonpositive number has been attempted, the error code 0100 

is generated by the APU and the APU returns a meaningless 

result. To prevent this from tying up the program that 

would use this operation, the complete-operation routine 

changes the sign of the operand and re-executes the 

operation. For the common logarithm (LOG) and the natural 

logarithm (LN) commands, when the input is negative the 

same action is taken as for SQRT. When the input value for 

either logarithm is a zero, however, it was discovered that 

when the APU attempts to compute the result, it goes into 

an unending, internal microprogram loop. For the logarithm 

commands, the value of operand A must be checked first, 
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before command execution. If the input is a zero, the 

error is flagged and the result is set to zero, without 

using the APU at all. 

When the input values of the inverse sine (ASIN), 

inverse cosine (ACOS), and e^ (EX?) operations are outside 

a defined range of values, the error code 1100 is generated, 

When this occurs for the inverse sine and inverse cosine 

operations, which have an input range of -1.0 to +1.0, a 

new operand of 1.0 with the sign of the original operand is 

entered and the command is executed again. If this occurs 

X 25for e , which has a range of input values between -1.0 x 

to +1.0 X 2 , when the input value exceeds the negative 

bound, the result is set to zero. 

lim X ^ 
e = 0 ,

X+--00 ' 

and when the input value exceeds the positive bound, the 

result is set to the positive maximum floating point value. 

lim X 
A = +00 

X+-+00 

When an underflow has occurred during an operation, 

the error code xxlO is generated. This happens for the 

floating point arithmetic operations of addition (FADD), 

subtraction (FSUB), multiplication (FMUL), and division 

(FDIV). As the minimum value of the floating point format 
-2n 

is on the order of 10 , the result on an underflow con 

dition is set to zero by the written routines. 
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When an overflow has occurred during an operation, 

the error code xxOl is generated. Table 5 lists the 

operations which can achieve this condition. 

For each of the following operations on overflow, 

the written routines flag the error and allow the action 

taken by the APU to stand. For the single-precision change 

sign CCHSS) and double-precision change sign (CHSD) 

operations, overflow occurs when the input value is the 

most negative value possible in the format (80 GO,, and 
io 

80 00 00 OO^g, respectively). The input value is returned 

unchanged by the APU. For the fix floating point to 

single-precision (FIXS) and fix floating point to double-

precision (FIXD) operations, overflow occurs when the 

integer portion of the floating point operand A is greater 

than 15 bits and 31 bits, respectively. On that condition, 

the APU returns the input value unchanged as the result. 

For the fixed point add and subtract (DADD, DSUB, SADD, and 

SSUB) operations, when overflow occurs, the least signifi 

cant 32 bits and 16 bits, respectively, are returned by the 

APU. For the multiplication commands (DMUL and SMUL), which 

return the lower half of the product of operands A and B 

(32 bits and 16 bits, respectively), overflow occurs (1) 

when the discarded upper half is non-zero (the least 

significant 32 bits or 16 bits are returned by the APU and 

the upper half of the product can be found by the pro 

grammer executing DMUU or SMUU), or (2) when either of the 
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Table 5. AmQSll Commands Which iMay Overflow 

Command Description 

CHSD Double-precision change sign 

CHSS Single-precision change sign 

DADD Double-precision addition 

DSUB Double-precision subtraction 

DMUL Double-precision multiplication, lower 

DMUU Double-precision multiplication, upper 

DDIV Double-precision division 

FADD Floating point addition 

FSUB Floating point subtraction 

FMUL Floating point multiplication 

FDIV Floating point division 

FIXD Fix floating point to double-precision 

FIXS Fix floating point to single-precision 

SADD Single-precision addition 

SSUB Single-precision subtraction 

SMUL Single-precision multiplication, lower 

SMUU Single-precision multiplication, upper 

TAN Tangent 
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operands has the maximum allowable negative value 

(80 00 00 OO^g and 80 00^^, respectively). (The result 

is set to that value by the written routines.) Overflow 

occurs for the multiplication operations DMUU and SMUU only 

when either of the operands is the most negative value. 

The APU returns that value as the result. 

For the following operations, the results from an 

overflow condition returned by the APU are replaced by 

corrections from the written routines. For a tangent (TAN) 

operation, overflow occurs when the value of operand A is 

very near ±7r/2 radians. The corrective action taken in the 

written program is to set the result to the floating point 

maximum value with the sign of sin A (using the same 

reasoning as for a zero divide correction for TAN). For 

the floating point addition (FADD), subtraction (FSUB), 

multiplication (FMUL), and division (FDIV) operations on 

overflow, the APU returns an accurate mantissa value with 

the exponent offset by -128. The error recovery by the 

written routines for this condition in these cases is to 

set the result to the maximum floating point value with the 

same sign as the result generated by the APU logic. For 

the fixed point division commands (DDIV and SDIV), overflow 

occurs if either operand is the most negative value 

(80 00 00 00^^ and 80 00^^, respectively). The result is 

set to that negative value by the complete-operation 

routine. 
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The power (PWR) command, Y , is set aside for 

separate discussion because this command is capable of 

generating four of the five error conditions. The value is 

calculated by the APU using the following formula; 

tjA Ax In B 
£> = e 

The error conditions possible are: logarithm of a non-

positive number (0100); argument of e^ out of range (1100); 

floating point underflow (xxlO); and floating point over 

flow (xxOl). For the error condition 0100 (natural 

logarithm of a nonpositive number), operand B must be 

tested before command execution. If B is zero, the result 

is set to zero and the complete-operation routine returns 

to the calling program without the chip being called to 

execute. If B is negative, the sign is changed and then 

the command is executed. For the error condition 1100 

(argument of e^ out of range), which occurs when the value 

of A X B is outside the range of -1.0 x 2^ to 

+1.0 X 2^, the corrective action taken is similar to the 

action for e^ (EXP) operation. For the error condition 

xxlO (floating point underflow), where the underflow is the 

result of A X in B, the complete-operation routine sets the 

result of the multiplication to zero and sets the result of 

the command to e^ = 1. For the condition xxOl (floating 

point overflow), the corrective action taken is the same as 
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for an argument exceeding the positive bound of e^: the 

result is set to the positive floating point maximum. 

C. ASCII Conversion Routines 

In order to prepare data for use for the Am9511, 

routines for conversion from ASCII to floating point and 

floating point to ASCII were written. The routine for 

ASCII to floating point conversion, INASCII, takes a string 

of ASCII characters and decodes the string into the equiva 

lent floating point value. If the user wishes the value to 

be in either of the single-precision or double-precision 

formats, use of the FIXS and FIXD routines will accomplish 

the conversion. A floating point value is converted to an 

equivalent ASCII string in scientific notation by the 

routine OUTASCII. For output of single-precision and 

double-precision values, the user must first use the FLTS 

and FLTD routines. 

The routine for ASCII to floating point conversion, 

INASCII, takes a string of ASCII characters in integer, 

decimal, or scientific notation and decodes the string into 

the equivalent floating point value. The routine requires 

the address for the result to be stored in the two bytes 

located at the program-defined memory location, MANTADDR, 

and the address of the leading character in the string to 

be in the Index Register. The routine first checks for a 

sign character and records it for later use (where there is 

no sign, the value is assumed to be positive). The routine 
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then checks for integer digits. Each digit is stripped of 

its ASCII code and added to 10 times the previously accumu 

lated mantissa. If a decimal point is encountered, the 

routine continues to add all digits to the mantissa but 

counts the number of decimal digits. The result is a value 

equivalent to the input digits: an integer mantissa times 

10 raised to the negative value of the counter of decimal 

digits. If the input string is in scientific notation, the 

"E" is deciphered, the exponent sign is flagged, and the 

one- or two-digit exponent value is computed (the exponent 

will have the count of decimal digits subtracted from it). 

Then the value of 10 raised to the power expressed by the 

exponent minus the counter is computed and multiplied by 

the integer mantissa. The sign of the input string is 

recalled and the value is adjusted accordingly; the value 

is then stored in the address defined in MANTADDR. If the 

user wishes the value to be in single- or double-precision 

format, the FIXS and FIXD routines will accomplish the 

conversion. 

The routine for floating point to ASCII conversion, 

OUTASCll, takes a floating point value and decodes the bits 

for assembling an equivalent ASCII string. The routine 

requires the address of the value to be converted to be in 

the Index Register. The routine first checks for a value 

of zero. If it is zero, the output string is set to 
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If the value is not zero, the mantissa bits are decoded, 

one byte at a time, by the subroutine ASCACC. This routine 

makes use of a table, 24 x 9 bytes, which contains a 

decimal value for each bit of the mantissa (the most 

significant bit, bit 23, which represents 2"^, has a table 

value of 05 GO 00 00 00 00 00 00 00^^; bit 22, 2"^, has a 
table value of 02 05 00 00 00 00 00 00 00^^; and so forth). 

The table value corresponding to each set bit of the 

mantissa is added to an accumulator. When the mantissa has 

been converted, the sign is then decoded from the most 

significant bit of the value (bit 31) and set in the string. 

If the value has a positive exponent, the accumulator is 

doubled and the exponent decremented until it is zero (due 

to the exponent being a power of two). If the exponent 

value is negative, the accumulator is halved and the 

exponent is incremented until it is zero. When the 

exponent is zero, the accumulator is rounded to seven 

digits. The digits are then encoded to ASCII characters, 

and a decimal point is added into the string. The power of 

10 is computed by incrementing during the doubling process 

whenever the accumulator has to be shifted to the right, 

and by decrementing during the halving process when the 

accumulator is shifted to the left. It is decoded, its 

sign is determined, and it is added onto the end of the 

ASCII string. If the power of 10 is a zero, the exponent 
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field is set to four spaces. The final form of the ASCII 

string is: 

sn.nnnnnnEsnn . 

If a single- or double-precision value needs to be output, 

it should first be converted to floating point by the 

routines FITS and FLTD. 



CHAPTER V 

Sm#IARY 

The Am9511 was easily adapted into the M6800 

Central Processing Unit (CPU) operating system. Imple 

mentation into any other microprocessor operating system 

should be straightforward. All that is required from a 

programming standpoint is a method to access the Arithmetic 

Processing Unit (APU) Command and Status Registers and the 

Data Stack, The flow diagrams in Appendix B can be applied 

to any microprocessor system, with suitable adaptations for 

that microprocessor's instruction set. 

The use of the data formats peculiar to the Am9511 

APU should pose no problem to any user wishing to include 

the APU in his system. Previously, the data format has been 

affected by the programmed arithmetic and derived function 

routines and the capabilities of the microprocessor in use; 

for the Am9511, the data formats are independent of the 

microprocessor. 

Two sets of routines were developed. The first set, 

the utility routines, is intended for a user working 

primarily in an assembler language. Knowledge of the 

effect of each operation on the APU Data Stack permits the 

user to stack operands, execute operations, perform manipu 

lations on the Data Stack, and unstack operands in the 

order most convenient to his programming. The second set, 
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the complete-operation routines, is intended for adaptation 

into a language interpreter or compiler, providing error 

analysis and recovery. These routines can be adapted into 

a compiler for breakdown of equations to simple operations 

of the form 

R = B op A 

and 

R = op A , 

where op represents any operation. For example, instead of 

having a compiler call a software routine for R = log A, 

the compiler would store the address of A in OPA, the 

address of R in OPR, and call LOG. The error handling can 

also be used during a run of the compiled program. 

Few problems were encountered in developing the 

routines. The most noteworthy was the discovery that an 

attempted logarithm of the value of zero causes the APU to 

go into an infinite microprogram loop. This was not 

covered in the manufacturer's specification sheets. A test 

code was required for the ULOG, ULN, UPWR, LOG, LN, and PWR 

routines. For the logarithm routines, operand A had to be 

tested for zero; for the power routines, operand B was 

tested. If a zero was detected, the result, R, was set to 

zero, and the routines returned to the calling program. 
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APPENDIX A 

Aiil9511 COMMANDS 

This appendix contains the manufacturer's algorithm 

details for each of the Am9511 commands (see Fig. A-1). 
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32-BIT FLOATING-POINT INVERSE COSINE 

sr 0 00 0 1 0 

Hex Coding: 86 with sr = 1 
06 with sr"0 

Execution Time: 6304 to 6284 ciock cycles 
Description; 
Thg 32-bitfloating-pointopsrand A atthe TOSis repiaced by the 
32-bit floating-point inverse cosine of A.The result R isa value In 
radians tretween0and ir. initial operands A.3,Cand D are lost. 
ACOS Will accept ail inputdata values within the range of -1.0to 
+1.0. Valuesoutside this range wiil return an errorcode of 1100 
in the status register. 
Accuracy; ACOS exhibits a maximum relative error of 2.0 x 

10~'over the valid input data range. 
Status AHected: Sign,Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

-32-

wl 

32-BIT FLOATING-POINT INVERSE SINE 

7 6 5 4 3 2 0 

Binary Coding: sr 0 0 0 0 1 0 1 

Hex Coding: 65 with sr =• 1 
OS with sr 30 

Execution Time: 6230 to 7938 clock cycles 
Description: 
The32-bitfloating-pointoperand A atthe TOSis replaced by the 
32-bit floating-point inverse sine of A. The result R is a value in 
radians between -rr/2and -f:r/2. initial operands A,B.Cand D 
are lost. 

ASIN wiil accept all input data values within the range of -1.0to 
-i-1.0. Vafues outside this range will return an error code of 1100 
in the status register. 
Accuracy: ASIN exhibits a maximum relative error of 4.0 x 

10 ^ over the valid input data range. 
Status Affected: Sign, Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

— TOS — ' 
8 

-32 

32-BIT FLOATING-POINT 

INVERSE TANGENT 

Binary Coding: sr 0 0 1 10 0 1 

Hex Coding: 87 with sr = 1 

07 with sr =0 
Execution Time: 4992 to 6536 ciock cycles 
Description: 
The 32-bit floating-point operand A at the TOS is repiaced by the 
32-bitfloating-pointinversetangentofA.The result R isa value in 
radians between —7r/2 and -fir/2, initial operands A,Cand0arc 
lost. Operand 8is unchanged. 
ATAN will accept all inputdata values that can be represented in 
the floating point format. 
Accuracy: ATAN exhibits a maximum relative error of 3.0 x 

10"'over tho input data range. 
Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS 

-32-

32-bit FIXED-POINT SIGN CHANGE 

Binary Coding: sr 0 1 1 0 i t 0 0 

Hex Coding: B4 witfi sr = 1 

34 with sr =0 

Execution Time: 26 to 28 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A at 
the TOS is subtracted from zero. The result R replaces A at 
the TOS.Otiier entries in the stack are not disturbed. 
Overflow status will be set and the TOG will bo returned un 
changed when A is input as tho most negative value possible 
in the format since no positive eguivalent exists. 

Status Affected; Sign,Zero, Error Field (overflow) 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

0 

O 

-32- •32-

Figure A-1. Command descriptions for the Am9511. 

Source: Richard 0. Parker and Joseph H. Kroeger, 
Algorithm Details for the Am9511 Arithmetic Processing Unit 
(.Sunnyvale, California: Advanced Micro Devices, 1978), 
pp. 9-23. 
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32-BIT FLOATING-POINT SIGN CHANGE 

7 6 5 4 3 2 1 0 

Binary Coding: 1 1 

Hex Coding: 95 with r.r « 1 
15 wilh sr = 0 

Execution Time: 16 to 20 clock cycles 
Description: 
Thesign of the mantissa ofthe 32-t5it floating-point operand A at 
the TOS is inverted. The result R replaces A at the TOS.Other 
stack entries are unchanged. 
if A is input as zero(mantissa MSB = 0), no change is made. 
Status Aflected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS- R 

-32- -32-

16-BIT FIXED-POINT SIGN CHANGE 

7 6 5 4 3 2 1 0 

Binary Coding:[ sr 1 1 1 0 1 0 0 

Hex Coding: F4 with sr = 1 
74 with sr » 0 

Execution Time: 22 to 24 clock cycles 
Description: 
16-bitfixed-pointtwo'scomplementintegeroperandAattheTOS 
is subtracted from zero. The result R replaces A at the TOS.All 
other operands are unchanged. 
Overflow status will be set and the TOS will bo retumed un 
changed when A is input as the most negative value possible in 
the format since no positive equivalent exists. 
Status Affected: Sign. Zero. Overflow 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

1—16—-I -16-

32-BIT FLOATING-POINT COSINE 

Binary Coding: sr T 
1 

_L 
Hex Coding: 83 with sr = 1 

03 With sr =0 
Execution Time: 3840 to 4078 clock cydes 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by 
R, the 32-bit floating-point cosine of A. A is assumed to be in 
radians. Operands A,0and D are lost. B is unchanged. 
The COS function can accept any input data value that can 
bo represented in the data fonnat. All input values are range 
reduced to fall within an interval of -ir/2 to -rrr/2 radians. 
Accuracy: COS exhibits a maximum lelative error of 5.0 x 

10"'for all input data values in the range of -2n-
to -t-2ir radians. 

Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE ARER 

-TOS-

-32-

32-BIT FIXED-POINT ADD 

Binary Coding; sr 1 0 1 1sr 0 1 0 0 

Hex Coding: AC with sr = 1 

2C with sr =0 
Execution Time: 20 to 22clock cycles 
Description: 
The32-bit fixed-pointtwo'scomplementinteger operand A atthe 
TOS is added to the 32-bit fixed-point two's complementinteger 
operand B at the NOS.The result R replaces operand B and the 
Stack is moved upso Ihat R occupiestheTOS.OperandBis lost. 
OperandsA,Cand D are unchanged.If the addition generatesa 
carry it is reported in the status register. 
If the result Is too large to be represented by the data formal,the 
least significant 32 bits of the result are returned and overflow 
status is reported. 
Status Aftected: Sign,Zero, Carry, Error Field 

STACK CONTENTS 

BEFORE ARER 

-TOS-

-32- -32-

Figure A-1 (continued) 
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32-BlT FIXED-POINT DIVIDE 

Binary Coding; ! 0 ! 1 ! 1 1 1 

Hex Coding; AF with sr = 1 
2F with sr *0 

Execution Time: 196 to 210dock cycles when A A 0 
18 clock cycles when A *0. 

Oescrlptton: 

The 32-bit fixed-point two's complement integer operand 8 at 
NOS Is divided by the 32-bil fixed-point two's complement in 
teger operand A at the TOS.The 32-brt integer quotient R re 
places 8 and the stack is moved up so that R occupies the 
TOS. No remainder is generated. Operands A and B ere lost 
Operartds C and 0are urKhangcd. 
If A is zero. R is set equal to S and the d»vjde-by-zero error 
status will be reported, if either A or 8 is the most negative 
value possible in the format. R will be meaningless and the 
overflow error status will be reported. 

Status Affected: Sign,Zero. Error Field 

STACK CONTENTS 
BEFORE AFTER 

-TOS-

-32-

32-BIT FIXED-POINT MULTIPLY,LOWER 

7 6 5 4 3 2 1 0 

Binary Coding; sr 0 1 0 1 1 1 i 0 
Hcx Coding: AE with sr » 1 

2E with sr *0 

Execution Time: 194 to 210 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 32-b<t fixed-point two's ccmpfement In-
leger operand B at the NOS.The 32-b:t teas!signiGcant half of the 
product R replaces 8 and the stack is moved up so that R oc 
cupies the TOS. The most sign.ficant half of the product is lost. 
Operands A and8are k>sL OperandsC and0are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can 
be represented In the format, that value is returned as R and 
the overflow status is set. 

Status Affected: Sign,Zero,Overflow 

STACK CONTENTS 
BEFORE AFTER 

-TOS-

-32- -32-

32-BIT FIXED-POINT MULTIPLY, UPPER 

Binary Coding: 1 1 1 1 

Hex Coding: 86 with sr » 1 

36 with sr =0 

Execution Time: 102to 218 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer operand A ai 
the TOS is multiplied by the 32-bit fixed-point two's comple 
ment integer operand B at the NOS. The 32-bit most signifi 
cant half of the product R replaces B and the stack is moved 
up so that R occupies the TOS. The least significant half of 
the product is lost. Operands A and 8 are lost. Operands C 
and D are unchanged. 
If A or B was the most negative value possible in the format, 
overflow status is set end R is meaningless. 

Status Affected: Sign.Zero. Overflow 

STACK CONTENTS 
BEFORE AFTER 

-TOS-

-32-

DSOB 
32-BIT FIXED-POiNT SUBTRACT 

sr 0 1 0 1 1 0 1 

Hex Coding: AD with sr = 1 
20 with sr a 0 

Execution Time: 38 to 40 clock cycles 
Oescrlptlon: 
The 32-bit fixed-point two's complement operand A at the 
TOS is subtracted from the 32-bit fixed-point two's comple 
ment operand 8 at the NOS. The difference R replaces 
operand B and the stack is moved up so that R occupies the 
TOS. Operand 8 is lost. Operands A, C and 0 are un 
changed. 
If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep 
resented in the formal the overflow sfatus is set. if the result 

cannot be represented in the data formal range, the overflow 
bit is set and the 32 least sigmficnnt hits of the result are re 
turned as R. 

Status Affected: Sign, Zero, Carry. Overflow 

STACK CONTENTS 
BEFORE AFTER 

-TOS-

C 

0 

0 A 

-32- -32-

Figure A-1 (continued) 
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32-BIT FLOATING-POINT e* 

Binaiy Coding: sr 0 0 0 1 1 0 1 0 

Hex Coding: 8A with sr » 1 

OA with sr « 0 

Execution Time: 3794 to 4878 clock cycles for lAI « t.O x 2* 
34 clock cycles for lAl > 1.0 x 2^ 

Description: 
The base of naturallogarithms,c.is raised to an exponent value 
specified t?y the 32-bit float.ng-point operand A at the TOS.The 
result R of replacesA.OperandsA.Cand0are lost.Operand 
B is unchanged. 
EXP accepts al!inputdata values within the range of -1.0 x 2'''^ 
to +1.0X 2"*" Inputvaluesoutside thisrange vnll return acodeof 
1100 in the error field of the status register. 
Accuracy: EXP exhibits a maximum relative error of 5.0 x 

10'^ over the valid input data range. 
Status Affected: Sign,Zero. Error Field 

STACK CONTENTS 
BEFORE AFTER 

—TOS— 

32-BlT FLOATING-POINT DIVIDE 

6 

Binary Coding:|sr 1 

Hex Coding: 93 with sr « 1 

13 with sr = 0 

Execution Time: 154 to 184 clock cycles for A A 0 
22 clock cycles for A » 0 

Description: 
32-bit floating-point operand B al NOS is divided by 32-bit 
floating-pointoperand A atthe TOS.The result R replaces Q and 
the stack is moved up so that R occupies the TOS.Operands A 
and B are lost. Operands C and0are unchanged. 
If operand A is zero, R is set equal to 8 and the dIvide-by-zero 
error is reported in the status register. Exponent overflow or 
underflow is reported in the status register, in which case the 
mantissa portion of the result is correct and the exponent portion 
is offset by 128. 
Status Affected: Sign,Zero, Error Field 

STACK CONTENTS 
BEFORE AFTER 

—TOS— 

-32-

32-BIT FLOATING-POINT ADD 

7 6 5 4 3 2 1 0 

Binary Coding: sr 0 0 1 1 0 0 0 0 

Hex Coding: 90 with sr » 1 
10 with sr « 0 

Execution Time: 54 to 368 dock cycles for A A 0 
24dock cydes for A » 0 

Description: 
32-bit floating-point operand A at the TOS is added to 32-bit 
floating-pointoperand8atthe NOS.The result R replacesBand 
the stack is moved up so that R occupies the TOS.Operands A 
and8 are lost. Operands C and D are unchanged. 
Exponent alignment before the addition arni normalization of the 
result accounts for the variation in execution time. Exponent 
overflow and underflow are reported in the status register, in 
which case the mantissa is correct and the exponent is offset by 
128. 

Status Affected: Sign,Zero, Error Field 

STACK CONTENTS 
BEFORE ARER 

—TOS— 

-32-

32-BIT FLOATING-POINT TO 

32-BIT FIXED-POINT CONVERSION 

Binary Coding; sr 0 1 1 1 1 0 

Hax Coding: 9E with sr => 1 

IE with sr"0 

Execution Tima: 90 to 336 dock cycles 
Description: 
32-bil floating-point operand A at the TOS is converted to a 
32-bit fixed-point two's complement integer. The result R re 
places A, Operands A and 0 are lost. Operands B and C are 
unchanged. 

If the integer ponion of A is larger than 31 bits when con 
verted. the overflow status will be sol and A will not be 

changed. Operand 0. however, will slill be lost. 

Status Affected: Sign,Zero Overflow 

STACK CONTENTS 
BEFORE AFTER 

—TOS— 

-32- -32- -32-

Figure A-1 (continued) 
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HXS 
32-BIT FLOATING-POINT TO 

16-BIT FIXED-POINT CONVERSION 

Binary Coding: sr 0| 1 I 1 1 1 1 

Hex Coding: 9F witft sr - 1 
1F with sr = 0 

Execution Time: SO Ic 214 ciocx cycles 
Description: 
32-bil lloat.ng-point operand A at the TOS is converted to a 
16-bil lixed-point tv,-o s complement integer. The result R re 
places the lower halt of A and the stack is moved up by two 
bytes so that R occupies the TOS. Operands A and D are 
lost. Oi>jrands B and0are unchanged, but appear as upper 
(u) and lower (!) halves on the 16-bit wide stack if they are 
32-bil operands. 
If Ihe integer portion of A is larger than 15 bits when con 
verted, the overflow status will be set and A will not be 
changed.Operand D. however, will still be lost. 

Status Affected: Sign,Zero,Overflow 

Dccnoc STACK CONTENTS _BEFORE AFTER 

A -TOS-

B Bu 

C Ci 

0 Cu 

-32-

16 

FLTD 
32-BIT FIXED-POINT TO 

32-BIT FLOATING-POINT CONVERSION 

6 1 

Binary Coding: sr 0 0 t t 1 0 0 

Hex Coding: 90 with sr » 1 

1C wilh sr « 0 

Execution Time: 56 to 342 cfock cycles 
Oescrlption; 
32-bitfixed-pointtwo'scomplementintegeroperand A atihoTOS 
is converted to a 32-bit floating-point nu»T>ber. The result R re 
placesAattheTOS.OperandsA and D are lost.Operands8and 
C are unchanged. 
Status Attected: Sign,Zero 

BEFORE CONTENTS ARER 

-TOS-

-32-

FLTS 
16-BIT FIXED-POINT TO 

32-BIT FLOATING-POINT CONVERSION 

Binary Coding: I sr 1 1 1 1 

Hex Coding: 90 with sr = 1 

ID wifh sr =0 

Execution Time: 62 to 156 dock cycles 
Description: 
16-bil fixed-point two's complement integer A at the TOS is 
converted to a 32-bit floating-point number.The lower half oftho 
result R (Rl)replaces A. the upper half(Ru)replaces H and the 
stack Is moved downso that Ru occupies the TOS.Operands A. 
F,G and H are lost. Operands B,0.D and E are unchanged. 
Status Attected: Sign.Zero 

STACK CONTENTS 
BEFORE AFTER 

-TOS- Ru 

Rf 

•16-

32-BlT FLOATING-POINT 

MULTIPLY 

7 6 5 4 3 2 t 0 

Binary Coding: sr 0 0 t 0 0 t 1 0 

Hex Coding: 92 with sr ̂  1 
12 with sr 0 

Execution Time: 146 to 168 dock cycles 
Description: 
32-bit floating-point operand A at the TOS is multiplied by the 
32>b<tfloating-pointoperand8atthe NOS.The normalized result 
R replaces8and the slack is moved up so that R occupies the 
TOS. Operands A and 8 are lost. Operands C and D are un 
changed. 
Exponentoverflow or underflow is reported in the status register, 
in which case the mantissa portion ofthe result is correctand tho 
exponent portion is offset by 128. 

Status Affected: Sign,Zero. Error Field 

STACK CONTENTS 
BEFORE AFTER 

-TOS-

-32-

Figure A-1 (continued) 
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32-BIT FLOATING-POINT SUBTRACTION 

Binary Coding: T 1 0 i 1 
Km Coding; 91 with sr = t 

11 with sr « 0 

Execution Time: 70 to 370 clock cycles tor A 0 
26 dock cycles for A = O 

Description: 
32-bit lioaling-point operand A a! the TOS is subtracted from 
32-bit lloating-point operand B at the NOS. The normalized 
difference R replaces 8 and the stack is moved up so that R 
occupies the TOS. Operands A and B are lost. Operands C 
and0are unchanged. 
Exponent alignment before the subtraction and normalization 
of the result account for the variation in execution time. 
Exponent overfiow or underflow is reported in the status regis 
ter in which case the mantissa portion of the result is correct 
and the exponent portion is offset by 123. 
Status Affected: Sign,Zero, Error Field (overflow) 

STACK CONTENTSBEFORE AFTER 

-TOS-

-32-

32-BIT FLOATING-POINT 

COMMON LOGARITHM 
7 6 5 4 3 2 

Binary Coding: sr 0 0 0 1 0 0 0 1 
Hex Coding: 88 with sr = l 

08 with sr 30 
Execution Time: 4474 to 7132 clock cycles for A > 0 

20clock cycles for A « 0 
Description: 
The 32-bit floating-pointoperand A at the TOS is replaced by R, 
the 32-bit floating-point common logarithm (base 10) of A. 
Operands A,C and D are lost. Operand B is unchanged. 
The t.OG function accepts any positive input data value thatcan 
berepresented by the data format. If LOG ofa non-positive value 
is attempted an error status of 0100 is returned. 
Accuracy: LOG exhibitsa maximum absolute errorof2.0x 10"' 

for the input range from 0.1 to 10, and a maximum 
relative error of 2.0 x 10'for positive values less 
than 0.1 or greater than 10. 

Status Affected: Sign, Zero, Error Field 

BEFORE STACK CONTENTS AFTER 

-TOS 

D_ 
-32-

o 

32-BIT FLOATING-POINT 
NATURAL LOGARITHM

o 

Binary Coding: sr 0 0 0 

Hex Coding; 89 with sr = 1 

09 with sr = 0 

Execution Time: 4238 to 6956 clock cycles for A >0 
20clock cycles lor As 0 

Description: 
The 32-bit floating-point operand A at the TOS is replaced by
R, the 32-bit floating-point natural logarithm (base e) of A. 
Operands A, C and D are lost. Operand B is unchanged.
The LN function accepts all positive input data values that can 
be represented by the data format. If LM of a non-positive 
number is attempted an error status of 0100 is returned. 
Accuracy: LN exhibits a maximum absolute error of 2 x 10"' 

for the input range from e~' to e. and a maximum 
relative error of 2.0 x 10"'for positive values less 
than e'or greater than e. 

Status Affected: Sign, Zero, Error Field 

STACK CONTENTSBEFORE AFTER 

—TOS— 

-32-

NO 

OPERATION 

Binary Coding: sr 0 0 0 0 0 0 0 

Hex Coding: 80 with sr » 1 

00 with sr a 0 
Execution Time: 4 clock cycles 
Description: 
The NOP command performs no inlernal data manipulations. It 
may be used to set or clear the service request interlace line 
without changing the contents of the stack. 
Status Affected: The status byte is cleared to all zeroes. 

Figure A-1 (continued) 
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32-BIT 

STACK POP 

Binary Coding: sr 0 1 1 0 0 0 

Hex Coding: 88 with sr « 1 

38 with sr « 0 

Execution Time: 12 clock cycles 
Description: 
The 32-bit slack is moved up so that the old NOS becomes the 
newTOS.The previousTOSrotates tothe botlon-.ofthe slack.All 
operand values are unchanged.POPD and POPF execute thie 
same operation. 

Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

-32- -32-

32-BIT 

STACK POP 

sr 0 0 1 0 0 0 

Hex Coding: 98 with sr = 1 
18 with sr -0 

Execution Time: 12 clock cycles 
Description: 
The 32 bit stack is moved up so that the old NOS becomes the 
new TOS. The old TOS rotates to the bottom of the stack. All 

operand values are unchanged.POPF and POPD execute the 
same operation. 

Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

32- -32-

POPS 
16-BIT 

STACK POP 

sr 1 1 1 0 0 0 

Hex Coding: F8 with sr = 1 
78 with sr =0 

Execution Time: 10 clock cycles 
Description: 
The 15-bit stack is moved up so that the old NOS becomes the 

newTOS.The previousTOSrotatestothe bottom otthe stack.All 
operand values are unchanged. 
Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

16-i-l •16 

PUSH 32-BIT 

TOS ONTO STACK 

sr 0 1 1 0 1 1 1 

Hex Coding: 67 with sr » 1 
37 with sr =0 

Execulion Time: 20 clock cycles 
Description: 
The 32-bit slack is moved down and the previous TOS is 
copied into the new TOS location. Operand 0is tost. All other 
operand values are uncharged.PTOO and PTOF execute the 
same operation. 
Status Affected: Sign.Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS 

-32-

Figure A-1 (continued) 
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PTOF 
PUSH 32-BIT 

TOS ONTO STACK 

Binary Coding: sr 1 0 0 1 0 1 '! ^ 
Hex Coding: 37 with sr = 1 

17 with Sf » 0 

Execution Time: 20 clock cycles 
Description: 

The 32-bitstack is moved down and the previousTOS iscopied 
into the new TOS location. Operand D is lost. All other operand 
values are unchanged.PTOF and PTOO execute the sameop 
eration. 

Status Adected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

32- -32-

FUSH 16-BIT 

TOS ONTO STACK 

Binary Coding: sr 1 1 1 0 1 1 

Hex Coding: F7 with sr"1 

77 with sr » 0 

Execution Time: 16 clock cycles 
Description; 
The 16-bit stack is moved down and the previousTOS Iscopied 
into the new TOS location. Operand H is lost and all other 
operand values are urxrhanged. 
Status Aliected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

H 

-16- -16-

PUSH 32-BIT 

FLOATING-POINT 77 

Binary Coding: sr 1 0 j 0 1 0 1 0 

Hex Coding: 9A with sr = 1 

1A with sr =0 

Execution Time: 16 clock cycles 
Description: 

The 32-bit stack is moved down so that the previous TOS oc 
cupies the new NOS location. 32-bit floating-point constant rr is 
entered into the new TOS location.Operand D is lost. Operands 
A,B and C are unchanged. 
Status Adecied: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

A v 

B A 

C B 

0 C 

-32- -32-

Figure A-1 (continued) 
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32-BIT 

FLOATING-POINT 

6 

Binary Coding;|sr 

Hex Coding: 88 with sr = 1 
08 with sr = 0 

Execution Time: 8290 to 12032 clock cycles 
Description: 

32-blt ftoating-poirt operand8atthe NOSIs raised to the power 
specliied by the 32-bit lloating-point operand A at the TOS.The 
result R of 8* replaces8and the stack is moved up so that R 
occupies the TOS.Operands A,8,and0are lost. Operand0is 
unchanged. 

The PWR function accepts all input data values that can be 
represented in the data format for operand A and ail positive 
valuesforoperand 8.If operand8is non-positive an error status 
of0100 will be returned.The EXP and LN functions ate used to 
implemeni PV/R using the relationship 8* » EXP [A(LN B)]. 
Thus if the term[A(LN 8)]is outside the range of -1.0 x 2'^ to 
-hi.0x2'*'^an errorstatusof 1 KXIwillbe refurrted.Underflow and 

• overflow conditions can occur. 

Accuracy: Tt>e error performance for PWR is a function of 
the LN and EXP performance as expressed by: 
{(Relative Error)pvvrtl*l(Pe'et've ErTorigxpr-tAfAbsofute 
Error)LKi 

The maximum relative error for PWR occurs when 
A is at its maximum value while [A(LN 8)] is near 
1.0 X 2' and the EXP error is also at its maxi 
mum. For most practical applications the relative 
enor for PWR will be less than 7.0 x 10~'. 

Status Affected: Sign,Zero. Error Field 

STACK CONTENTS 

AFTERBEFORE 

-TOS-

-32-

16-BIT 

FIXED-POINT ADD 

Binary Coding: sr 1 1 0 1 0 0 

Hex Coding: EC with sr = 1 

60 with sr =• 0 

Execution Time: 16 to 18 clock cycles 

Description: 

16-bit fixed-point two's complement integer operand A at the 
TOS is added to 16-bit tixed-point two's complement integer 
operand 8 at the NOS. The lesult R replaces B and the stack 
is moved up so that R occupies the TOS. Operand 8 is lost. 
All other otierands are unchanged. 
If the addition generates a carry bit it is reported in the status 
register. If an overilow occurs it is reported in the status regis 
ter and the 16 least significant bits of the result are returned. 
Status Affected: Sign,Zero, Carry, Error Field 

STACK CONTENTS 

AFTERBEFORE 

-TOS-

1—16—11—16—1 

figure A-1 (continued) 
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16-BIT 

FIXED-POINT DIVIDE 

7 6 5 4 3 2 0 

Binary Coding: Sf 1 1 0 1 1 1 1 1 

Hex Coding: EF with sr = 1 
6F with sr = 0 

Execution Time: 64 to 94 clock cycles for A 0 
14 clock cycles for A » 0 

Description: 
16-bit fixed-point two's complement integer operand B at the 
NOS is divided by 16-bit fixed-point two's complement integer 
operand A at the TOS.The 16-bit integer quotient R replaces B 
and the stack is moved up so that R occupies the TOS. No 
remainder is generated. Operands A and 6 are lost. All other 
operands are unchanged. 
If A is zero,fl will be set equal to8and the divide-by-zero error 
status will be repoded. 
Status Affected: Sign. Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

—16—t -16-

32-BIT 

FLOATING-POINT SINE 

Binary Coding: sr 0 0 0 0 0 0 

Hex Coding: 82 wiln sr = 1 

02 wtlh sr = 0 

Execution Time: 3796 to 4808 clock cycles forlAI >2"" 
radians 

30 clock cycles lor lAI « Z~"radians 
Description: 
The 32-bil lloating-poini operand A at the TOS is replaced by 
R, the 32-bit floating-point sine of A. A is assumed to bo in 
radians. Operands A, C and D are lost. Operand B is un 
changed. 

The SIN function wili accept any input data value that can be 
represented by the data formal. All input values are range re 
duced to fall within the interval -ir/2 to +tt/2 radians. 

Accuracy: SIN exhibits a maximum roiative error ol 5.0 x 
10"'lor input values in the range ol -2ir to -r2ir 
radians. 

Status Affected: Sign, Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

-32-

Figure A-1 (continued) 
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16-BIT FIXED-POINT 

MULTIPLY,LOWER 

sr 1 1 0 1 1 1 0 

Hex Coding: EE wilh sr = 1 
6E with sr =0 

Execution Time: 84 to 94 clock cycles 
Description: 
16-bitfixed-pointtwo'scomplementiniegeroperand A attheTOS 
is multiplied by the 16-bit fixed-point two's complement integer 
operand 8 at the NOS. The 16-bit least significant half of the 
product H replaces 8 and the stack is moved up so that R 
occupiestheTOS.TIte mostsignificant half of the product is lost. 
Operands A and B are lost. All other operands are unchanged. 
The overflow status bit is set if lha discarded upper half was 
non-zero. If cither A or8is the most negative value that can t)e 
represented in the fomiat. that value is returned as R and the 
overflow status is set. 

Status Aflected: Sign,Zero. Error Field 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

16-BIT FIXED-POINT 

MULTIPLY, UPPER 

7 6 5 4 3 

Binary Coding: 1 1 1 0 1 1 0 

Hex Coding: F6 with sr = 1 

76 with sr -0 
Execution Time: 80 to 98 clock cycles 
Description: 
16-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 16-bit fixed-pc-int two's complement 
inieger operand B at the NOS.The 16-bit most significant half 
of the product R replaces8and the slack is moved up so that 
R occupies the TOS.'The least significant half of the product 
is lost. Operands A and B are lost. All other operands.are un 
changed. 

If either A or 8 is the most negative value that can be rep 
resented in the format, that value is returned as R and the 
overflow status is sot. 

Status Affected: Sign. Zero, Error Field 

STACK CONTENTS 

BEFORE AFTER 

-TOS-

H 
H 

U-16——I 1—16—1 L*—16 I -16—1 

Figure A-1 (continued) 
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60 

32-BlT FLOATING-POINT SQUARE ROOT 

7 6 5 4 3 2 0 

Binary Coding: sr 0 0 0 0 0 0 1 

He* Coding: 81 with sr = 1 
01 with sr = 0 

Execution Time; 782 to 870 dock cycles 

Description: 
32-bit floating-point operand A at the TOS is replaced by R.the 
32-bit floating-point square root of A.Operands A and0arc lost. 
Operands6and C are not changed. 
SORT will accept any non-negative input data value that can be 
represented by the data(crmai. If A is negative an error codeof 
0100 will be returned in the status register. 

Status Affected: Sign, Zero. Error Field 

BEFORE STACK CONTCfJTS AFTER 

-TOS-

• D 

-32-

1 

SIrt1 
16-BIT FIXED-POINT SUBTRACT 

7 6 5 4 3 2 0 

Binary Coding: sr 1 1 0 1 1 0 1 

Hex Coding: ED with sr » 1 

60 with sr a 0 

Execution Time: 30 to 32 clock cycles 

Description: 
16-bit fixed-point two's complement integer operand A at the 

TOS is subtraaed from 16-bit fixed-point two's complement In 
teger operand B at the NOS.The result R replaces B and the 
stack is moved up so that R occupies the TOS.Operand B is 
lost. All other operands are unchanged, 

if the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value (hat can be rep 
resented in the format the overflow status Is set. If the result 

cannot be represented in the format range, the overflow 

status is set and the 16 least significdnt bits of the result are 
returned as R. 

Status Affected: Sign. Zero. Carry. Error Field 

BEFORE STACK CONTENTS AFTER 

A TOS-

B 

C 

D 

E 

F 

G 

H 

-16— 16- i 

32-BIT FLOATING-POINT TANGENT 

Binary Coding: { sr 0 0 0 1 0 01- 0 

Hex Coding: 64 with sr = 1 

04 witn sr a 0 

Execution Time: 4894 to 5886 clock cycles for lAI > 
radians 

30 clock cyclas for lAI • ,-12 radians 

Description: 
The 32-bit floating-point operaod A at the TOS is replaced by 
the 32-bit floating-point tangent of A. Operand A is assumed 
to be in radians. A.C and D a-e lost. D is unchanged. 

The TAN function will accept any input data value that can be 
represented in the data format. All input data values are 
range-reduced to fall within -r/4 to radians. TAN is un 
bounded for Input values near odd multiples of ttI2 and i.n 
such cases the overflow bit is set in the status register. For 
angles smaller than 2"'^ radians, TAN returns A as the tan 
gent of A. 

Accuracy: TAN exhibits a maximum relative error of 5.0 x 
10"^ for input data values in the range of -Zn to 
-f27r radians except for data values near odd mul 

tiples of ir/2. 

Status Affected: Sign. Zero. Error Field (overflow) 

STACK CONTENTSBEFORE 

—TOS— 

-32-

XCS-iD 
EXCHANGE 32-BIT STACK 

Binary Coding: Sf 0 1 1 

Hex Coding: 89 with sr - 1 

39 with sr = 0 

Execution Time: 26 dock cycles 

Description: 

AFTER 

OPERANDS 

1 0 0 1 

32-bil operand A at the TOS and 32 bit operand B at the NOS 
are exchanged. After executon,6 is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute ttre same operation. 

Status Affected: Sign,Zero 

STACK CONTENTSBEFORE AFTER 

— TOS— 

-32- •32-

Figure A-1 (continued) 
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XCKF 
EXCHANGE 32-BIT 

STACK OPERANDS 

Binary Coding: sr 1 
T 

1 

Hex Coding: 93 wrtn sr = 1 
19 with SI =0 

Execution Time; 25 clock cycles 
Description: 

32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the HOS. All operands are unchanged, XCHD and XCHF 
execute the same operation. 

Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS- B 

-32- -32-

EXCHANGE 16-BiT 

STACK OPERANDS 

binary Coding: { sr 1 1 1 1 

Hex Coding: F9 wiih sr = 1 
79 wjlh sr =0 

Exec'Jlion Time: 13clock cycles 

Description: 
16-bit operand A at the TOS and 16-fcit operand B at the NOS 
are exchanged. After execution, B la at li^a TOS and A is at 
the NOS. All operand values are unchanged. 

Status Affected: Sign,Zero 

STACK CONTENTS 

BEFORE AFTER 

-TOS- B 

h*-16-*^ 16—J 

Figure A-1 (continued) 



 

 

 

 

IX 

APPENDIX B 

CODE LISTINGS AND FLOW CHARTS 

In this appendix, the M6800 assembly code listings 

of the routines described in this investigation are pro 

vided. In addition, flow charts are provided in a 

generalized form so that a user may adapt these routines 

to other microcomputer systems. 

List of Symbols 

AccA M6800 accumulator A 

AccB M6800 accumulator B 

h Indicates hexadecimal number 

Index register 

[nnnn] Refers to contents of address nnnn 

Boolean and 

+ Add 

© Boolean exclusive or 

Subtract 

^ Assign 

addr Address 

cmmc Command code 

dec Decrement 

inc Increment 

62 
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DOIC 
16 

DOIE,^ 

APU NOS 

APU TOS 

MSB 

LSB 

FLTl 

FLTIO 

OPA 

OPB 

OPR 

ERRSTAT 

ERRTOT 

ERRxxOl 

ERRxxlO 

ERROlOO 

ERRIOOO 

ERRllOO 

MANT 

EXPNT 

EXPCNT 

FLAG 

STNGAD 

MANTAD 

SIGN 

ACC 

ACCFl 

Address of Ani9511 data stack 

Address of Am9511 command and status registers 

APU next on stack 

APU top of stack 

Most significant byte 

Least significant byte 

A floating point 1 

A floating point 10 

Contains address of APU operand A 

Contains address of APU operand B 

Contains address of APU result R 

Status byte 

Total errors 

Overflow 

Underflow 

Negative argument of log or square root 

Zero divisor 

Argument out of input range 

Mantissa for INASCII 

Exponent for INASCII 

Decimal counter for INASCII 

Sign flag for INASCII 

Address save location for INASCII 

Address save location for INASCII 

Sign for OUTASCII 

Digit string for OUTASCII 

Digit string for OUTASCII 
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ACCLST E character for OUTASCII 

ACCTRL E sign for OUTASCII 

PWRIO Power of 10 for OUTASCII 

EDGT Digit for E for OUTASCII 

TAG Delimiter 

SAVACC Address save location, for OUTASCII 

SAVF Address save location for OUTASCII 

SAVX Address save location for OUTASCII 

FRCLST Addresses for FRCTBL 

FRCTBL Values for OUTASCII conversion 

Not 



65 

Code Listings and Flow Charts 

CPA 

OPB 

OPR 

STKB4 

STKA4 

STK4 

STKIT4 

STKIT2 

STKITl 

STKB2 

STKA2 

STK2 

UNSTKR2 

UNSTKR4 

UNSTK4 

UNSTK2 

UNSTKl 

DB 

DB 

DB 

LDX 

BRA 

LDX 

INX 

INX 

INX 

BSR 

BSR 

LDA 

STA 

DEX 

RTS 

LDX 

BRA 

LDX 

INX 

BRA 

LDX 

BRA 

LDX 

BSR 

BSR 

LDA 

STA 

INX 

RTS 

2 

2 

2 

OPB 

STK4 

OPA 

STKIT2 

STKITl 

B,X 
B,D01Ch 

OPB 

STK2 

OPA 

STKrT2 

OPR 

UNSTK2 

OPR 

UNSTK2 

UNSTKl 

A,D01Ch 
A,X 

Location of addr of operand A 
Location of addr of operand B 
Location of addr for result R 

Load IX with addr of operand B 
Go to stacking routine 
Load IX with addr of operand A 
Adjust IX to addr LSB of operand 

Stack two bytes 
Stack one byte 
Transfer byte at [IXJ to APU TOS 
via AccB 

Address preceding byte of operand 
Return 

Load IX with addr of operand B 
Go to stacking routine 
Load IX with addr of operand A 
Adjust IX to addr LSB of operand 
Stack 

(see Fig. B-1) 

Load IX with addr of result R 

Go to 2-byte unstack 
Load IX with addr of result R 
Unstack two bytes 
Unstack one byte 
Transfer byte at APU TOS to [IX] 
via AccA 

Address next byte of result 
Return 

(see Fig. B-2) 
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STKB4 STK4 STKA4 

Inc IX
IX-f-[OPB] IX-«-[OPA]-> 3 times 

Execute 

Routine 
RETURN 

STKIT2 

2 times 

STKB2 STK2 STKA2 

\/ \/ 

IX-^[OPB] 
Inc IX 

3 times 
IX^[OPA] 

STKIT2 

Execute 

Routine 

STKl 

2 times' 

RETURN 

/V 

STKl 

AccB^[IX] -> DOlC-s-AccB -> Dec IX 

Figure B-1. Stack routines 
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UNSTKR4 

N/ 

IX-i-[OPR] 

UNSTKR2 

IX-i-[OPR] 

UNSTK4 

Execute 

Routine 

UNSTK2 

2 times 

\/ 

RETURN 

LINSTK2 

Execute 

Routine 

UNSTKl 

2 times 

RETURN 

Figure B-2. Unstack routines. 

UNSTKl 

\/ 

AccA-<-D01C 

N 

[IXj^AccA 

\ 

Inc IX 

N/ 

RETURN 
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ERRSTAT 

UXEQ 
USTAT 

UNOP 

USQRT 

USIN 

UCOS 

UTAN 

UASIN 

UACOS 

UATAN 

UEXP 

UFADD 

UFSUB 

UFMUL 

UFDIV 

UCHSF 

UPTOF 

UPOPF 

UXCHF 

UPUPI 

DB 1 

STA A,D01Eh 
LDA B,D01Eh 

BMI USTAT 

STA B,ERRSTAT 
RTS 

CLR A 

BRA UXEQ 
LDA A,01h 
BRA UXEQ 
LDA A,02h 
BRA UXEQ 
LDA A,03fi 
BRA UXEQ 
LDA A,04h 
BRA UXEQ 
LDA A,05h 
BRA UXEQ 
LDA A,06h 
BRA UXEQ 
LDA A,07h 
BRA UXEQ 
LDA A,OAh 
BRA UXEQ 
LDA A,10h 
BRA UXEQ 
LDA A,llh 
BRA UXEQ 
LDA A,12h 
BRA UXEQ 
LDA A,13h 
BRA UXEQ 
LDA A,15h 
BRA UXEQ 
LDA A,17h 
BRA UXEQ 
LDA A,18h 
BRA UXEQ 
LDA A,19h 

BRA UXEQ 
LDA A,lAh 
BRA UXEQ 

Location for APU status word 

Send crane to APU command register 
Read status from APU status 

register 
If busy (bit 7), read status again 
Save status byte 
Return 

Load cmmc for no-operation 
Go to execution code 

Load cmmc for square root 
Go to execution code 

Load cmmc for sine 

Go to execution code 

Load cmmc for cosine 

Go to execution code 

Load cmmc for tangent 
Go to execution code 

Load cmmc for arcsine 

Go to execution code 

Load cmmc for arccosine 

Go to execution code 

Load cmmc for arctangent 
Go to execution code ^ 
Load cmmc for exponentiation (e ) 
Go to execution code 
Load cmmc for floating add 
Go to execution code 
Load cmmc for floating subtract 
Go to execution code 
Load cmmc for floating multiply 
Go to execution code 
Load cmmc for floating divide 
Go to execution code 
Load cmmc for change sign floating 
Go to execution code 
Load cmmc for push stack floating 
Go to execution code 
Load cmmc for pop stack floating 
Go to execution code 
Load cmmc for exchange operands 
floating 

Go to execution code 
Load cmmc for push it 
Go to execution code 
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UFLTD IDA A,lCh Load cmmc for float double 

BRA UXEQ Go to execution code 

UFLTS LDA A,lDh Load cmmc for float single 
BRA UXEQ Go to execution code 

UFIXD LDA A,lEh Load cmmc for fix double 

BRA UXEQ Go to execution code 

UFIXS LDA A,lFh Load cmmc for fix single 
BRA UXEQ Go to execution code 

UDADD LDA A,2Ch Load cmmc for double add 

BRA UXEQ Go to execution code 

UDSUB LDA A,2Dh Load cmmc for double subtract 

BRA UXEQ Go to execution code 

UDMUL LDA A,2Eh Load cmmc for double multiply 
lower 

BRA UXEQ Go to execution code 

UDDIV LDA A,2Fh Load cmmc for double divide 

BRA UXEQ Go to execution code 
UCHSD LDA A,34h Load cmmc for change sign double 

BRA UXEQ Go to execution code 

UDMUU LDA A,36h Load cmmc for double multiply 
upper 

BRA UXEQ Go to execution code 

UPTOD LDA A,37h Load cmmc for push stack double 
BRA UXEQ Go to execution code 

UPOPD LDA A,38h Load cmmc for pop stack double 
BRA UXEQ Go to execution code 

UXCHD LDA A,39h Load cmmc for exchange operands 
double 

BRA UXEQ Go to execution code 

USADD LDA A,6Ch Load cmmc for single add 
BRA UXEQ Go to execution code 

USSUB LDA A,6Dh Load cmmc for single subtract 
BRA UXEQ Go to execution code 

USMUL LDA A,6Eh Load cmmc for single multiply 
lower 

BRA UXEQ Go to execution code 

USDIV LDA A,6Fh Load cmmc for single divide 
BRA UXEQ Go to execution code 

UCHSS LDA A,74h Load cmmc for change sign single 
BRA UXEQ Go to execution code 

USMUU LDA A,76h Load cmmc for single multiply 
upper 

BRA UXEQ Go to execution code 

UPTOS LDA A,77h Load cmmc for push stack single 
BRA UXEQ Go to execution code 

UPOPS LDA A,78h Load cmmc for pop stack single 
BRA UXEQ Go to execution code 

UXCHS LDA A,79h Load cmmc for exchange operands 
single 

BRA UXEQ Go to execution code 
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ULOG IDA A,08h Load cmmc for conunon logarithm 
BRA ULJMP Go to log test 

ULN LDA A,G9h Load cmmc for natural logarithm 
ULJMP BSR UTSTZ Test for APU TOS = 0 

UPL STA B,ERRSTAT Save status 

BEQ UXEQ If APU TOS f 0, go to execution 
code 

RTS Return 

UPWR BSR UXCHF Exchange APU TOS and NOS 
BSR UTSTZ Test for APU TOS = 0 

PSH B Save APU TOS status 

BSR UXCHF Restore APU TOS and NOS operands 
PUL B Recall APU status ^ 
LDA A,OBh Load cmmc for power (y ) 
BRA UPL Go to status check 

UTSTZ LDA B,D01Eh Read APU TOS status 

AND B,20h Check for APU TOS = 0 

BEQ UTZl If APU TOS f 0, return 
LDA B,28h Set error status 

UTZl RTS Return 

(see Fig. B-3) 
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C UXEQ 

DOlE-^AccA 

AccB-«-rD01E] 

Yes 
Busy 
Bit 

Set 

No 

ERRSTAT-^AccB 

RETURN 

Figure B-3. Utility routines 



72 

US S UBUSADD 

\/ \/ 

AccA-«-6C AccA-<-6D 
16 16 

C USMUL USMUU 

\/ 

AccA-<-6E: kcck*-76 
16 16 

USDIV UNOPC C 

AccA-»-6F,£ AccA-KJO 16 

■> 

UXEQC 3 
Figure B-3 (continued) 
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C UDADD 

AccA-^ZC16 

UDMUL 

AccA-«-2E 
16 

UDDIV 

AccA-f-ZF 
16 

UDSUB 

\/ 

AccA-«-ZD 
16 

UDMUU 

\/ 

AccA-<-36 
16 

-> <■ 

C UPUPI 

AccA-«-lA
16 

<-

C UXEQ 

Figure B-3 (continued) 
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UFADD UFSUB 

AccA-^10 AccA-<-lL,
16 

UFMUL UFDIV 

\/ 

AccA-«-12 AccA-<-13 
16 16 

<-

C UEXP USQRT 

\/ 

AccA-<-OA AccA-K)l 
16 16 

c UXEQ 

Figure B-3 (continued) 
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UASIN USINC 
N/ 

AccA-«-05 AccA-K)2
16 16 

UACOS UCOS 

AccA-K)6 AccA-K)3
16 16 

UATAN UTANC 
\/ 

AccA-K)7 AccA-Hj4
16 16 

UXEQ 

Figure B-3 [continued) 
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UCHSD UXCHDc 
\/ 

AccA-^34 AccA-^39 
16 16 

UCHSF UXCHFC C 

AccA-<-15 AccA-«-19 
16 16 

UCHSS UXCHS 

AccA-«-79AccA-«-74 
1616 

C UXEQ 

Figure B-3 (continued) 
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C UPOPD C UPTOD 

AccA-<-38 AccA-^37 
16 16 

C UPOPF UPTOF 

\/ N/ 

AccA-^18 AccA-«-17 
16 16 

C UPOPS C UPTOS 

S/ 

kcck*-78 AccA-^77 
16 16 

C UXEQ 

Figure B-3 (continued) 
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UFLTD UFLTS 

AccA-<-lC AccA-«-lD 
16 16 

C UFIXD UFIXS 

AccA"<-lE AccA-«-lF 
16 16 

■> <-
N/ 

UXEQ 

Figure B-3 (continued) 
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ULOG ULN 

Acc^OS AccA-«-09 
16 16 

\/ 

\/ Execute 

Routine 

UTSTZ 

UPL ERRSTAT^AccB 

Yes 

UXEQ AccB clear 

isO 

RETURN 

UTSTZ 

AccB-<- DOIE 
16 

AccB-«-

AccB'20 
16 

to 

TOS 

Yes 

AccB-<-28,, 
io 

Error Code 

\/ 

RETURN 

Figure B-3 (continued) 
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^ UPWR ^ Q 
\/ \/ 

Execute Execute 

Routine Routine 

UXCHF UXCHF 

\ \ 

Execute 
Unstack 

Routine 
AccB 

UTSTZ 

\/ \/ 

Stack 

AccB 
AccA-K)B- -

io 

(Status) 

N( . 

UPL 

Figure B-3 (continued) 
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DXEQ2 JSR STKB4 Stack 4-byte APU NOS 
DXEQl JSR STKA4 Stack 4-byte APU TOS 
DXEQO PSH A Save cmmc in stack 

JSR UXEQ Execute operation ordered by AccA 
JSR UNSTKR4 Unstack 4-byte result at APU TOS 

DSX POL A Recall cimnc from stack 

AND B,lEh Isolate error field 

RETURN RTS Return 

SXEQ2 JSR STKB2 Stack 2-byte APU NOS 
SXEQl JSR STKA2 Stack 2-byte APU TOS 
SXEQO PSH A Save cmmc in stack 

JSR UXEQ Execute operation ordered by AccA 
JSR UNSTKR2 Unstack 2-byte result at APU TOS 
BRA DSX Branch to same ending as DXEQ group 

(see Fig, B-4) 

CHSF LDA A,15h Load cmmc for change sign floating 
BRA DXEQl Go to execution code 

FLTD LDA A,lCh Load cmmc for float double 

BRA DXEQl Go to execution code 

COS LDA A,03h Load cmmc for cosine 

BRA DXEQl Go to execution code 

SIN LDA A,02h Load cmmc for sine 

BRA DXEQl Go to execution code 

ATAN LDA A,07h Load cmmc for arctangent 
BRA DXEQl Go to execution code 

PUPI LDA A,lAh Load cmmc for push it 
BRA DXEQO Go to execution code 

FITS JSR STKA2 Stack 2-byte APU TOS 
LDA A,lDh Load cmmc for float single 
BRA DXEQO Go to execution code 

(see Fig. B-5) 

FIXS JSR STKA4 Stack 4-byte APU TOS 
LDA A,lFh Load cmmc for fix single 
JSR SXEQO Execute 

BEQ RETURN If no error, return 
JSR UNSTK2 Retrieve lower two bytes of 

unchanged operand 
JMP INCxxOl Flag overflow 

CHSD LDA A,34h Load cmmc for change sign double 
BRA DPA Go to execution code 

FIXD LDA A,lEh Load cmmc for fix double 

DPA JSR DXEQl Execute 

BEQ RETURN If no error, return 
JMP INCxxOl Flag overflow 

(see Fig. B-6) 
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^ DXEQl 

DXEQ2 

Exe(:ute 

Rouitine 

ST]<B4 

\/ 

Execute 

Routine 

STKA4 

\ 

Stack 

AccA 

\/ 

Execute 

Routine 

UXEQ 

\/ 

Execute 

Routine 

UNSTKR4 

\f 

Unstack 

AccA 

\f 

AccB-«-

AccB'lEh 

Error Field 

<-

SXEQ2 

Execute 

Routine 

STKB2 

31 
Execute 

Routine 

STKA2 

Stack 

AccA 

Execute 

Routine 

UXEQ 

\|/ 

Execute 

Routine 

UNSTKR2 

<RETURN 

SXEQl 

SXEQO 

Figure B-4. Complete-operation execution routines. 
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CHFS FLTD 

N/ 

AccA-«-15 
16 

AccA-«-lC 
16 

C COS C SIN 

\/ 

AccA-«-03 
16 

AccA-«-02 
16 

ATANC 
\/ 

AccA-«-07,, 
lb A 

DXEQl 

FLTS ) 
\/ 

Execute 

Routine 

STKA2 

^ PUPI ^ 
\/ 

AccA-«-lD^^ 

\ 

AccA-^lA^^ 
\/ 

DXEQO) 

Figure B-5. Complete-operation routines; floating point 
change sign, cosine, sine, inverse tangent, 
push TT, float single, and double fi:x;ed 
point. 
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FIXS CHSD FIXD 

Execute 

Routine AccA-^34 AccA-«-lE 
STKA4 16 16 

Execute 

AccA-<-lF Routine 
16 DXEQl 

N/ 

Execute Yes 
Error 

Routine 

SXEQO 
Field 

Clear?. 

No 

VYes 
Error 

Field RETURN INCxxOl 

Clea^ 
^v^o 

Execute 

Routine 

UNSTK2 

V 

INCxxOl 

Figure B-6, Complete-operation routines; change sign 
double and fix floating point to single 
and double. 
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FLTl DC 4 '01 80 00 00' floating 1 
EXP LDA A,OAh Load cmmc for exponentiation (e^) 

JSR DXEQl Execute 

BEQ ERTS If no error, return 
LDX OPA Load IX with addr of APU TOS 
JSR INCllOO Flag error (argument out of range) 
TST X Find sign of operand A 
BPL FLTMAX+ If positive, set R to 3F FF FF FFi6 
BRA RO If negative, set R to 0 

ERTS RTS 

(See Fig, B-7) 

TAN LDA A,04h Load cmmc for tangent 
JSR DXEQl Execute 

BEQ ERTS If no error, return 
JSR INCIOOO Flag error zero-divide 
JMP FLTMAXR Set R to floating maximum 

(See Fig, B-8) 

ASIN LDA A,05h Load cmmc for arcsine 

BRA ARC Go to execution code 

ACOS LDA A,06h Load cmmc for arccosine 

ARC JSR DXEQl Execute 

BEQ ERTS If no error, return 
JSR INCllOO Flag error (argument out of range) 
LDX #FLT1 Set APU TOS to 1 X sign of (A) 
JSR STK4 

LDX OPA 

TST X 

BPL ARCGO 

PSH A 

JSR UCHSF 

PUL A 

ARCGO JMP DXEQO Execute command again 

(see Fig. B-9) 

SQRT LDA A,01h Load cmmc for square root 
BRA LSQ Go to execution code 

LOG LDA A,08h Load cmmc for common logarithm 
BRA LJMP Go to execution code 

LN LDA A,09h Load cmmc for natural logarithm 
LJMP JSR FTSTA Test for operand A = 0 
LSQ JSR DXEQl Execute 

BEQ ERTS If no error, return 
PSH A Save cmmc in stack 

JSR STKA4 Stack 4-byte operand A 
JSR UCHSF Change sign of APU TOS 
PUL A Recall cmmc 

JSR INCOlOO Flag error (negative input) 
JMP DXEQO Go to execution code 

(see Fig, B-IO) 
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EXP 

AccA-HjA
16 

Execute 

Routine 

DXEQl 

Error Yes 

Field RETURN 

Clear? 

No 

ix-i-roPA] 

Execute 

Routine 

INCllOO 

RO [IX] FLTMAX+ 

Figure B-7 Complete-operation routines; 
exponentiation (e^). 
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TAN 

AccA"*-04 
16 

Execute 

Routine 

DXEQl 

Yes 
error 

Field RETURN 

Clear? 

Execute 

Routine 

INCIOOO 

FLTMAXR 

Figure B-8. Complete-operation routines; tangent 
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ASIN 

\/ 

AccA-K)5
16 

\r 

Execute 

Routine 

DXEQl 

Error 

Field 

Clear? 

No 

Execute 

Routine 

INCH00 

IX-^FLTI 

\ 

EX€'Cute 

Rolitine 

sTK4 

\/ 

ACOS 

AccA-«-06 
16 

Yes 

RETURN 

lX-«-[OPAJ 

[IX] 

Stack AccA 

Execute 

Routine 

UCHSF 

\/ 

Unstack AccA 

DXEQO 

Figure B-9. Complete-operation routines; 
inverse sine and inverse cosine 
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C SQRT LOG LN 

AccA-K)l
16 

Execute 

Routine 

DXEQl 

Error^ 

Field 

Clear^ 

Stack AccA 

Execute 

Routine 

STKA4 

\/ 

\ 

AccA AccA-«-09 
16 

\ 

Execute 

Routine 

FTSTA 

Yes 

RETURN 

Execute 

Routine 

UCHSF 

I 

Unstack AccA 

\|/ 

Execute 

Routine 

INCOlOO 

M-
DXEQO 

Figure B-10. Complete-operation routines; square root, 
common logarithm, and natural logarithm. 
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FTSTB LDX OPB Load IX with addr of APU NOS 
BRA FTST Go to test code 

FTSTA LDX OPA Load IX with addr of APU TOS 
FTST TST X+1 Is value 0? 

BNE FTSTR If not 0, return 
IDA B,28h Load status of zero bit set, 

error = 0100 

STA B.ERRSTAT Save status 

JSR RO Set result to 0 

INS Adjust stack to return up two 
INS levels, instead of one 
JMP INCOIOO Flag error (zero argument) 

FTSTR RTS 

Csee Fig, B-11) 

P¥R JSR FTSTB Test for APU NOS value = 0 

LDA A,OBh Load cmmc for power (y^) 
JSR DXEQ2 Execute 

PWRO BEQ FTSTR If no error, return 
PWRl CMP B,02h If not overflow, check another 

BNE PWR2 

JSR INCxxOl Flag overflow 
BRA PWR41 Go to same fixup as for error 1100 

PWR2 CMP B,08h If not negative argument, check 
another 

BNE PWR3 

JSR INCOIOO Flag error (negative argument) 
JSR STKB4 Stack APU NOS 

JSR UCHSF Change sign of APU NOS 
LDA A,OBh Load cmmc for power 
JSR DXEQl Execute 

BRA PWRO Go to error test 

PWR3 CMP B,04h If not underflow, check another 
BNE PWR4 

JSR INCxxlO Flag underflow 
PWR31 LDX #FLT1 Set result R to 1 

JSR STK4 

JMP UNSTKR4 

PWR4 JSR INCllOO Flag error (argument out of range) 
PWR41 JSR STKB4 Stack APU NOS 

JSR ULN Take natural logarithm of APU NOS 
AND B,40h Find sign of In(NOS) 
ASL B Set AccB to sign of In(NOS) 
LDX OPA Load IX with addr of operand A 
EOR B,X Find sign of A x InB 
BMI PWR31 If negative, set R to 1 
JMP FLTMAX+ If positive, set R to 3F FF FF FF]^5 

(see Fig. B-12) 
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C FTSTB C FTSTA 

IX^rOPB] IX^[OPA] 

IX 1 RETURN 

AccB-«-28 
16 

ERRSTAT-s-AccB 

Execute 

Routine 

RO 

Pop Stack 
Twice for 

Return Up 
Two Levels 

Q INC^OO ^ 
Figure B-11. Complete-operation routines; test operand 

of logarithm. 
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PWR 

\/ 

Execute 

Routine 

FTSTB 

Execute 

Routine 

INCOlOO 

W W 

AccA-K)B
16 

Execute 

Routine 

STKB4 

\/ 

Execute 

Routine 

DXEQ2 

Execute 

Routine 

UCHSF 

W 

Error 

Field 
AccA"K)B

16 

0000 xxOl 

\/ 

XX 10 0100 

V 

1100 \/ 

Execute 

Routine 

DXEQl 

\/ 

RETURN 

Figure B-12. Complete-operation routines; power (y ). 
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Execute 

Routine 

INCxxlO 

3Z 

IX^FLTl-> 

\/ 

Execute 

Routine 

STK4 

Execute 

Routine 

UNSTKR4 

RETURN 

\/ 

Execute 

Routine 

INCH00 

\/ 

Execute 

Routine 

INCxxOl 

T 

Execute 

Routine 

STKB4 

Z 
Execute 

Routine 

ULN 

In AccB-K)0,
16

AccB-<-80 
16 ■> IX-«-[OPR] 

AccB 

\/ 

AccB-<-

AccB ® [IX] 

FLTMAX+ 

Figure B-12 (continued) 
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FADD LDA A,10h Load cmmc for floating add 
BRA FLTATH Go to execution code 

FSUB LDA A,llh Load cmmc for floating subtract 
BRA FLTATH Go to execution code 

FMUL LDA A,12h Load cmmc for floating multiply 
FLTATH JSR DXEQ2 Execute 

BEQ FLIRTS If no error, return 
CMP B,02h If not overflow, try underflow 
BNE FLTUND 

JSR FLTMAXR On overflow set R to floating 
maximum 

JMP INCxxOl Flag overflow 
FLTUND JSR RO Set R to 0 

JMP INCxjclO Flag underflow 
FLIRTS RTS 

(see Fig. B-13) 

DADD LDA A,2Ch Load cmmc for double add 

BRA DPATH Go to execution code 

DSUB LDA A,2Dh Load cmmc for double subtract 

BRA DPATH Go to execution code 

DMUL LDA A,2Eh Load cmmc for double multiply 
lower 

BRA DPATH Go to execution code 

DMUU LDA A,36h Load cmmc for double multiply 
upper 

DPATH JSR DXEQ2 Execute 

BEQ FLIRTS If no error, return 
JSR INCxxOl Flag overflow 
CMP A,36h If not DMUU, return; else fixup 
BNE FLIRTS 

JMP DPMAXN Set R to 80 00 00 OOjs 

(see Fig. B-14) 

DDIV LDA A,2Fh Load cmmc for double divide 

BRA DIVIDE Go to execution code 

FDIV LDA A,13h Load cmmc for floating divide 
DIVIDE JSR DXEQ2 Execute 

BEQ FLIRTS If no error, return 
CMP B,04h If not underflow, check another 
BNE DIVl 

JSR INCxxlO Flag underflow 
JMP RO Set R to 0 

DIVl CMP B,10h If not zero divide, check another 
BNE DIV2 

JSR INCIOOO Flag zero divide 
BRA DIV3 Same fixup as for overflow 

DIV2 JSR INCxxOl Flag overflow 
DIV3 CMP A,2Fh 

BEQ DPMAXR If DDIV, set R to double maximum 
BRA FLTMAXR If FDIV, set R to floating maximum 

(see Fig. B-15) 
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FADD FSUB FMUL 

AccA-«-10 AccA-«-ll AccA-«-12 
16 16 16 

Execute 

Routine 

DXEQ2 

Error 

Field 

xxlO 0000 

Execute Execute 

Routine Routine RETURN 

RO FLTMAXR 

\/ 

INCxxlO INCxxOl 

Figure B-13. Complete-operation routines; floating add, 
subtract, and multiply. 
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c DADD DSUB 

AccA-«-2C AccA-«-2D 
16 16 

DMUL DMUUC C 

AccA-^2E 
16 

AccA-«-36 
16 

Execute 

Routine 

DXEQ2 

No 
Error Execute 

Field Routine 

Clear? INCxxOl 

Yes 

V No 

RETURN DMUU? 

Yes 

DPMAXN 

Figure B-14. Complete-operation routines; double add, 
subtract, and multiply. 



97 

( DDIV C FDIV 

AccA-^2F AccA-<-13 
16 16 

Execute 

Routine 

DXEQ2 

0000 
Error 

Field RETURN 

xxOl xlO 1000 

Zki 
Execute Execute Execute 

Routine Routine Routine 

INCxxOl INCxxlO INCIOOO 

RO 

DPMAXR <^Conun. Typej> FLTMAXR 

Figure B-15. Complete-operation routines; 
double and floating divide. 
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CHSS LDA A,74h Load cmmc for change sign single 
JSR SXEQl Execute 

BNE INCxxOl If overflow, flag 
SPRTS RTS Return 

SADD LDA A,6Ch Load cmmc for single add 
BRA SPATH Go to execution code 

SSUB LDA A,6Dh Load cmmc for single subtract 
BRA SPATH Go to execution code 

SMUL LDA A,6Eh Load cmmc for single multiply 
lower 

BRA SPATH Go to execution code 

SMUU LDA A,76h Load cmmc for single multiply 
upper 

SPATH JSR SXEQ2 Execute 

BEQ SPRTS If no error, return 
JMP INCxxOl Flag overflow 

(see Fig. B-16) 

SDIV LDA A,6Fh Load cmmc for single divide 
JSR SXEQ2 Execute 

BEQ SPRTS If no error, return 
LDX OPR Load IX with addr of result R 

CMP B,10h If not zero divide, check another 
BNE SDl 

JSR INCIOOO Flag zero divide 
TST X Find sign of R 
BMI SD2 If R negative, set to 80 OO16 
LDA B,7Fh If R positive, set to 7F FF16 
LDA A,FFh 
BRA SD3 

SDl JSR INCxxOl Flag overflow 
SD2 LDA B,80h 

CLR A 

SD3 STA B,X 
STA A,X+1 
RTS 

(see Fig. B-17) 
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SADD SSUB 

AccA-<-6C AccA-«-6D 
16 16 

C SMUL SMUU 

A.cck*-6E AccA-*-76 
16 16 

Execute 

Routine
CHSS 

SXEQ2 

\/ 

Errof\. Yes 

AccA-<-74 Field ^ 
16 

Clear? 

No 

V 

Execute ^k: 
Routine INCxxOl 
SXEQ2 

RETURN 

Figure B-16. Complete-operation routines; single add, 
subtract, multiply, and sign change. 
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SDIV 

Execute Execute 

AccA-<-6F 
16 

Routine Routine 

INCIOOO INCxxOl 

V 

Execute 

Routine [IXl AccB-«-80 

SXEQ2 16 

IXf-[OPR] AccB-«-7F AccA-KjO
16 16 

Error 
AccA-«-FF 

Field 16 

1000 OOvOO xxOl 

AccB-«-[IXJ Vo 

C

N/ 

RETURN> AccA-(-[IX+l] 

Figure B-17. Complete-operation routines; single divide 
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ERRTOT DB 1 Flag for all error 
ERRllOO DB 1 Flag for argument out of range 
ERRIOOQ DB 1 Flag for zero divide 
ERROlOO DB 1 Flag for negative argument 
ERRxxlO DB 1 Flag for underflow 
ERRxxOl DB 1 Flag for overflow 
FLTMAXR LDX OPR Load IX with addr of result R 

TST X Find sign of R 
BPL FLT+ If positive, set R to 3F FF FF 
LDA A,BFh Set R to BF FF FF FF]^5 
BRA STAFF 

FLTMAX+ LDX OPR Load IX with addr of result R 
FLT+ LDA A,3Fh Set R to 3F FF FF FFi6 
STAFF STA A,X 

LDA A,FFh 
STALST3 STA A,X+1 

STA A,X+2 
STA A,X+3 
RTS 

RO LDX OPR Load IX with addr of result R 

CLR A Set R to 0 

STA A,X 
BRA STALST3 

DPMAXR LDX OPR Load IX with addr of result R 

TST X Find sign of R 
BMI DPNl If R negative, set R to 

80 00 00 00i6 
LDA A,7Fh If R positive, set R to 

7F FF FF FFi6 
BRA STAFF 

DPMAXN LDX OPR Load IX with addr of result R 

DPNl LDA A,80h Set R to 80 00 00 00i6 
STA A,X 
CLR A 

BRA STALST3 

(see Fig. B-18) 

INCllOO INC ERRllOO Flag argument out of range 
(EXP, ACOS, ASIN) 

BRA INCTOT 

INCIOOO INC ERRIOOO Flag zero divide 
BRA INCTOT 

INCOlOO INC ERROlOO Flag negative argument 
(LOG, LN, SQRT) 

BRA INCTOT 

INCxxlO INC ERRxxlO Flag underflow 
BRA INCTOT 

INCxxGl INC ERRxxOl Flag overflow 
INCTOT INC ERRTOT Flag error total 

RTS Return 

(see Fig. B-19) 
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RO FLTMAXR FLTMAX+ 

\/ \/ 

IX^[OPR] IX-(-[OPR] IX-h[OPR] 

\/ \/ 

AccA-K)0,, IX AccA-«-3F,, 
ID 10 

\ 

\/ 

[IX]-^AccA AccA-^BF STAFF16 

/ 

STALST3 

a. Set Result to Zero and Floating Maximum 

Figure B-18. Complete-operation routines; set result to 
zero, floating maximum, double maximum, and 
store values via index register. 
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DPMAXR STAFF 

\/ 

IX-t-[OPR] ■> [IXj^AccA 

IX] AccA^7F AccA-^FF 
16 16 

\/ 

DPMAXN STALST3 .[lX+l]-f-AccA 

\/ 

IX^[OPR] [lX+2]^AccA 

\/ \/ 

AccA-«-80 [lX+3]^AccA
16 

\/ 

[,I:X]-«-AcclA RETURN 

AccA-K)0 
16 

b. Set Result to Double Maximum and 
Store Values via Index Register 

Figure B-18 (continued) 
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^ INCllOO ^ 

Inc ERRllOO 

C INCOlOO 

Inc ERROlOO 

INCxxOl 

Inc ERRxxol 

(INCIOOO 

\/ 

Inc ERRIOOO 

INCxxlO 

Inc ERRxxlO 

INCTOT 

Inc ERRTOT 

V 

RETURN 

Figure B-19. Complete-operation routines; flag errors 
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FLTIQ DB 4 '04 AO 00 00' floating 10 
STNGADDR DB 2 Scratch addr 

MANTAD DB 2 Address of final result 
MANT DB 4 Scratch mantissa 

EXPNT DB I Scratch exponent 
EXPCNT DB I Scratch decimal count 

PEG DB I Scratch sign flag 
INASCII SIX STNGADDR Save addr of ascii string to be 

converted 

LDX #MANT Initialize mantissa, expnt, expcnt, 
and flag 

LDA B,07h Set counter for initialization 

N1 CLR X 

INX 

DEC B 

BNE NI 

DEX 

INC X Set up flag for mantissa and 
exponent signs 

LDX STNGADDR Recall addr of ascii string 
LDA A,X Access first byte of string 
INX 

CMP A,2Dh > 

BNE N2 If not, check for + 
INC FLC Flag a negative mantissa 
BRA N3 

N2 CMP A,2Bh t +'? 

BNE N4 If not, assume positive mantissa 
N3 LDA A,X Access next byte 

INX 

N4 CMP A,30h Digit? If not, try decimal point 
BLT NS 

CMP A,39h 
BCT NS 

JSR ADDMANT Update mantissa value 
BRA N3 Test next byte 

NS CMP A,2Eh Decimal point: If not, try 'E' 
BNE N7 

N6 LDA A,X Access next byte 
INX 

CMP A,30h Digit? If not, try 'E' 
BLT N7 

CMP A,39h 
BCT N7 

JSR ADDMANT Update mantissa 
INC EXPCNT Count digit 
BRA N6 



N7 CMP 

BNE 

IDA 

INX 

CMP 

BNE 

COM 

BRA 
N8 CMP 

BNE 

N9 LDA 

INX 

NIO CMP 

BLT 

CMP 

BGT 

AND 

STA 
LDA 

INX 

CMP 
BLT 

CMP 
BGT 

PSH 

LDA 

ASL 
TAB 

ASL 
ASL 

ABA 

PUL 
ABA 

STA 

LDA 
INX 

Nil TST 

BNE 

LDA 

STA 

CLR 

STA 

TST 

BPL 

COM 

JSR 

A,45h 
Nil 

A,X 

A,2Dh 
N8 

FLG 

N9 

A,2Bh 
NIO 

A,X 

A,30h 
ERR 

A,39h 
ERR 

A,OFh 
A,EXPNT 
A,X 

A,30h 
Nil 

A,39h 
Nil 

A 

A,EXPNT 
A 

A 

A 

B 

A,EXPNT 
A,X 

A 
ERR 

A,EXPNT 

A,D01Ch 
A 

A,D01Ch 
FLG 

N12 

FLG 

UCHSS 
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'E'? 

If not, try carriage return 
Access next byte 

If not, try + 
Flag a negative power of 10 

'+ f ? 

If not, assume positive 
Access next byte 

Digit? If not, error 

Strip ascii digit 
Store exponent 

Digit? If not, try carriage return 

Multiply exponent by 10 and add 
second digit 

(Double) 

(Double) 
(Double) 
COriginal exponent now multiplied 
by 10) 

Recall one's digit 
Add to exponent 

Access next byte 

Carriage return? 
If not, invalid character 
Adjust exponent for any decimal 

digits 
Send to APU TOS 

If flag negative, exponent is 
negative 

Set flag up for mantissa sign test 
Change sign of exponent 
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N12 LDA 

STA 

CLR 

STA 

JSR 

JSR 

LDX 

JSR 

JSR 

JSR 

BSR 

DEC 

BEQ 
JSR 

N13 JSR 

LDX 

JMP 

ERR LDX 

CLR 

STA 

JMP 

ADDMANT PSH 

BSR 

LDX 

JSR 

JSR 

PUL 

AND 

STA 

CLR 

STA 

JSR 

JSR 

LDX 

JMP 

STKMANT LDX 

JMP 

A,EXPCNT 

A,D01Ch 
A 

A,D01Ch 
USSUB 

UFLTS 

#FLT10 

STK4 

UXCHF 

UPWR 

STKMANT 

FLG 

N13 

UCHSF 

UFMUL 

MANTADDR 

UNSTK4 

MANTADDR 

A 

A,X 
STALST3 

A 

STKMANT 

#FLT10 

STK4 

UFMUL 

A 

A,GFh 
A,D01Ch 
A 

A,D01Ch 
UFLTS 

UFADD 

#MANT 

UNSTK4 

#MANT 

STK4 

Subtract decimal count from 
exponent 

Raise 10 to the power expressed 
exponent 

Stack mantissa 

Find mantissa sign 
If positive, skip 

Multiply mantissa by 10 to the 
power 

Unload converted value into 

address contained in mantaddr 

Set value to 0 

Save digit to be converted 
Stack accumulated mantissa 

Multiply mantissa by 10 

Recall digit 
Strip ascii value 
Add digit to mantissa 

Load mantissa address 

Stack mantissa in APU 

(see Fig. B-20) 
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INASCII 

\/ 

IX-«-[SNTGAD] 

\/ 

IX-«^1ANT 

\/ 

AccB"*t)7
16 

2L 
[IX]^0i6 
Inc IX 

Dec AccB 

No 

AccB 

Yes 

Dec IX 

Inc [IXJ 

IX-«-[STNGAD] 

AccA-'-LIX] 

Yes 

AccA =2D^^? Inc FLG 

\/ 

AccA=2B,,? 
io 

Yes AccA-^[IX] 
Inc IX 

No 
< 

No 

AccA > 30 

Yes 

No 

AccA <39,^? N1 

Yes 

Execute 

ROUTINE 

ADDMANT 

Figure B-20. Conversion of ASCII to floating point 
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A1 

No No 

AccA 2E AccA = 45.,? ^ N3 
16 

Yes Yes 

AccA-«-[IXJ AccA-f-[IX] 
> Inc IX Inc IX 

No 
Yes 

Complement
AccA 30 AccA = 

16 FLG 

Yes No 

No 

AccA 39 AI AccA = 2B,.? >—> 
16 16 

Yes Yes 

Execute 
AccA^LIXJ 

Routine 
Inc IX 

ADDMANT 

\/ 

No 

Inc EXPCNT AccA > 30,.? 

Yes 

Yes 
No 

N5 <^ccA 39 N2 
16 

Figure B-2G (continued) 



110 

N2 

Y 

AccA 

■^AccA -OF 
16 

EXPNT-s-AccA 

AccA-«-[IX] 
Inc IX 

No 
AccA > 30,,?

16 

Yes 

Yes 

N3 AccA 39 
16 

No 

AccA 
■<-AccA 

Stack AccA 

O
\/ 

AccA-t-[EXPNT] 
Double AccA 

\/ 

AccB-<-AccA 

Double AccA 
2 Times More 

\/ 

Add AccB 
to AccA 

Unstack AccB 

Add AccB 
to AccA 

AccA-«-EXPCNT 

AccA*- [IX] 
N3Inc IX ■>] 

Figure B-20 (continued) 
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N3 

N/ 

No 
Complement

N5 AccA = 0? 
FLG 

Yes 

Execute 

AccA-«-[EXPNT] Routine 

UCHSS 

DOIC,.-^-AccA Acc-^[EXPCNT] 
io 

\/ 

AccA-^OO DOIC,,-«-AccA 
16 io 

\/ 

DOIC,,-<-AccA AccA-K)0 
io 16 

\/ 

[FLG] DOlC^^-f-AccA 

\/ \/ 

N4 

Figure B-20 (continued) 
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N4 

Execute 

Routine 

USSUB 

Execute 

Routine 

UFLTS 

w 

IX-i-FLTlO 

:k. 
Execute 

Routine 

STK4 

Execute 

Routine 

UXCHF 

Execute 

Routine 

UPWR 

\/ 

Execute 

Routine 

STKMANT 

Dec FLG 

Yes 

FLG 

No 

Execute 

Routine 

UCHSF 

Execute 

Routine 

UFMUL 

\/ 

IX-^[MANTAD] 

UNSTK4 

N5 

\/ 

IX^IANT 

[IX]^O^g 

N/ 

[IX+l]^O^g 

N/ 

[IX+2]^0^g 

\/ 

[IX+3]-K)0
16 

RETURN 

Figure B-20 (continued) 
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ADDMANT 

Stack AccA 

Execute 

Routine 

STKMANT 

w 

IX-^FLTIO 

v 

Execute 

Routine 

STK4 

-4^ 
Execute 

Routine 

UFMUL 

Unstack AccA 

AccA 

■«-AccA • OF,
16 

DOIC,,-^AccA 
io 

AccA-^00 
16 

N/ 

DOIC^ ,-«-AccA 
Id 

Execute 
Routine 

UFLTS 

I 
Execute 
Routine 

UFADD 

IX-<-MANT 

\/ 

UNSTK4 

STKMANT 

\/ 

IX-«-MANT 

\/ 

STK4 

Figure B-20 (continued) 
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SIGN DB 1 Sign of output value 
ACC 

ACCFl 

DB 

DB 
g) Output mantissa 

ACCLST DB Rounding digits and output for 'E' 
ACCTRL DB and exponent sign 
EDGT DB Output for exponent 
TAG DB 1 End of string 
PWRIO DB 1 Counter for exponent 
SAVX DB 2 Scratch memory for output value 

addr 

SAVACC DB 2 Scratch memory for accumulator 
addr 

SAVF DB 2 Scratch memory for FRCTBL addr 

FRCLST DC 48 Table to address 24 parts of 
FRCTBL 
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FRCTBL DC 216 '05 00 00 00 00 00 00 00 00 ;2-l 
'02 05 00 00 00 00 00 00 00 

•01 02 05 00 00 00 00 00 00 ;2"^ 
•00 06 02 05 00 00 00 00 00 ;2'^ 
•00 03 01 02 05 00 00 00 00 ;2"^ 
•00 01 05 06 02 05 00 00 00 ;2"^ 
•00 00 07 08 01 02 05 00 00 ;2'^ 

00 03 09 00 06 02 05 00 ;2"^ 
00 01 09 05 03 01 02 05 ;2'^ 
00 00 09 07 06 05 06 03 ;2-10 
00 00 04 08 08 02 08 01 ;2-^^ 

'00 00 00 02 04 04 01 04 01 ;2-^'o 
o 
'00 00 00 01 02 02 00 07 00 ;2-^^ 

00 00 00 06 01 00 03 05 ;2-^^ 
00 00 00 03 00 05 01 08 ;2-^^ 
00 00 00 01 05 02 05 09 ;2-^^ 
00 00 00 00 07 06 02 09 ;2-^^ 
00 00 00 00 03 08 01 05 ;2-is 
00 00 00 00 01 09 00 07 ;2-^^ 

'00 00 00 00 00 00 09 05 04 ;2"^^ 
00 00 00 00 00 04 07 07 ;2-21 
00 00 00 00 00 02 03 08 ;2"^^ 

.2-23
00 00 00 00 00 01 01 09 

00 00 00 00 00 00 06 00 



116 

OUTASCII TST 

BNE 

LDX 

LDA 

LDA 

OUTl STA 

INX 

DEC 

BNE 

STA 

LDA 

STA 

RTS 

OUT2 STX 

LDX 

LDA 

0UT3 CLR 

INX 

DEC 

BNE 

LDX 

LDA 

BSR 

LDA 

BEQ 

LDA 

BSR 

OUT4 LDA 
BEQ 
LDA 

BSR 

OUTS LDA 

BPL 

LDA 

BRA 

MPLUS LDA 

MMINUS STA 

ASL 

ASR 

BEQ 

BPL 

X+1 

OUT2 

#SICN 

B,OEh 
A,20h 
A,X 

B 

OUTl 

B,X 
A,30h 
A,AGO 

SAVX 

#ACC 

B,OFh 
X 

B 

0UT3 

SAVX 

A,X+1 
ASCACC 

A,X+2 
OUT4 

B,08h 

ASCACC 

A,X+3 
OUTS 

B,10h 

ASCACC 

A,X 
MPLUS 
B,2Dh 
MMINUS 

B,2Bh 

B,SICN 
A 

A 

ROUNDIT 

DOUBLE 

Test for output value of 0 
If not zero, go to conversion 
Prepare output string of 

Prepare counter 
Prepare ascii value of a space 

(TAG) the trailer with the ascii 
for carriage return 

Output string is ' 

Save address of output value 
Initialize accumulator, power 10, 

and string 

Load IX with addr of output value 
Access first byte of mantissa 
Translate all set bits to 

accumulated value 

Access second byte of mantissa 
If second byte all zeros, try 

third byte 
Set counter for second byte 

translation 

Convert second byte 
Access third byte 
If third byte is 0, do not convert 
Set counter for third byte 

conversion 

Convert third byte 
Find sign of mantissa 

For negative mantissa, 
set SIGN to '-' 

For positive mantissa, 
set SIGN to '+• 

Set all eight bits to the exponent 
value 

If exponent is 0, go to rounding 
code 

If exponent is +, adjust 
accumulator 
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HALVE 

HO 

HI 

H2 

H3 

DOUBLE 

DO 

D1 

D2 

PSH 

LDX 

LDA 

CLC 

LDA 

BCC 

ADD 

LSR 

STA 

INX 

DEC 

BNE 

TST 

BNE 

LDX 

DEC 

LDA 

LDA 

STA 

INX 

DEC 

BNE 

PUL 

INC 

BNE 

BRA 

PSH 
LDX 

LDA 

CLC 

LDA 

ROL 

CMP 

CLC 

BLT 

SUB 

SEC 

STA 
DEX 

DEC 

BNE 

BCC 

BSR 

PUL 

DEC 

BNE 

A 

#ACCF1 
B,OAh 

A,X 
HI 

A,OAh 
A 

A,X 

B 

HO 

ACCFl 

H3 

#ACCP1 
PWRIO 

B,OAh 

A,X+1 
A,X 

B 

H2 

A 

A 

HALVE 

ROUNDIT 

A 

#ACCTRL 

B,OAh 

A,X 
A 

A,OAh 

D1 

A,OAh 

A,X 

B 

DO 

D2 

SLPRGHT 

A 

A 

DOUBLE 

Save exponent value 
Address accumulator 

Set counter 

Clear carry bit for logical shift 
right 

Load byte of accumulator 
If no carry from previous byte, 

skip 
Add 10 before halving 
Halve accumulator byte 
Store adjusted accumulator byte 
Address next byte 
Adjust counter 
If not last byte, halve next byte 
If MSB of accumulator not zero, 

skip 
Address accumulator 
Adjust counter for powers of 10 
Set counter for shifting 

accumulator left 

Shift 

Recall exponent value 
Adjust to indicate halving 
If not zero, halve again 
Go to roundoff code 

Save exponent value 
Access LSB of accinnulator 

Set counter for doubling 
Clear carry bit for rotate left 
Load byte of accumulator 
Double accumulator 

If greater than 10, adjust carry 

Subtract 10 

Set carry 
Store adjusted byte of accumulator 
Address preceding byte 
Adjust counter 
If not end, loop back 
If carry is clear, skip 
Shift accumulator to right 
Recall exponent value 
Adjust exponent 
If not zero, double again 
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ROUNDIT LDX 

IDA 

ADD 

LDA 

DEX 

CMP 

BLT 

INC 

RNDNXT 

RNDLOOP 

LDA 

ADD 

CMP 

RNDFIN 

BLT 

SUB 

STA 

DEX 

LDA 

DEC 

BNE 

STA 

BSR 

LDX 

LDA 

ASCSP TST 

BNE 

STA 

DEX 

DEC 

BNE 

BRA 

ASCNUM 

DECPT 

LDA 

ORA 

STA 

DEX 

DEC 

BNE 

LDA 

ORA 

DEX 

STA 

LDA 

STA 

#ACCTRL 

A,05h 
A,X 
B,09h 

A,OAh 

RNDNXT 

X 

A,05h 
A,X 
A,OAh 

RNDFIN 

A,OAh 
A,X 

A,01h 
B 

RNDLOOP 

A,X 
SLPRGHT 

#ACCLST-1 

B,07h 

X 

ASCNUM 

A,X 

B 

ASCSP 

DECPT 

A,X 
A,30h 
A,X 

B 

ASCNUM 

A,X 
A,30h 

A,X 
A,2Eh 
A,X+1 

Addr LSB of accumulator for 
round off 

Add 5 to LSB 

Set counter 

Address neat byte of accumulator 
Is byte greater than or equal 

to 10? 

If not, skip 
Adjust next significant 

accumulator byte 
Add 5 to next byte 

If greater than or equal to 10, 
adjust 

If not, rounding is finished 

If all bytes are rounded, set MSB 
to 1 and' shift accumulator 

Adjust LSB of number string 
Replace all trailing O's with 
spaces 

If not a zero, go to number 
conversion 

Replace 0 with space 
Address next byte 
Adjust counter 

If all decimal digits, 0, skip 
number conversion 

Convert number to ascii character 

Convert all other numbers to ascii 

Get digit to precede decimal point 
Convert to ascii 

Adjust IX to preceding byte 

Character for '.' 

Store (sn.nnnnnnn) 
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EPLUS 
EMINUS 

EDGT 

ESTORE 

SP4 

SLPRGHT 

SRI 

LDX 

IDA 

DEC 

BEQ 

IDA 

STA 

TST 

BPL 

LDA 

NEG 

BRA 

LDA 

STA 

CLR 

CMP 

BLT 

INC 

SUB 

BRA 

ORA 

ORA 

STA 

STA 

RTS 

LDA 

STA 

JMP 

LDD 

LDA 

LDA 

STA 

DEX 

DEC 

BNE 

INC 

STA 

INC 

RTS 

#ACCLST 

B,PWR10 
B 

SP4 

A,45h 
A,X 
B 

EPLUS 

A,2Dh 
B 

EMINUS 

A,2Bh 
A,X+1 
A 

B,OAh 
ESTORE 

A 

B,OAh 
EDGT 

A,30h 
B,30h 
A,X+2 
A,X+3 

A,20h 
A,X 
STALST3 

#ACCLST 

B,09h 
A,X 
A,X+1 

B 

SRI 

B 

B,X+1 
PWRIO 

Address place for 'E' 
Find value of power of 10 
Adjust for shifting character to 
left of ',' 

If power of 10 zero, set E field 
to spaces 

Character for 'E' 

Find sign of power of 10 

Set to '-' 

Adjust power of 10 for final 
conversion 

Set to '+' 

Prepare AccA for E digit 
conversion 

Is value greater than 9? 
If not, store value 
Adjust 10's digit 
Adjust I's digit 

Ascii character for 10's digit 
Ascii character for I's digit 
Store 10's digit 
Store I's digit 

Store spaces 

Shift accumulator one byte to the 
right 

Set counter 

Shift 

Store a 1 in the MSB accumulator 

Adjust power of 10 
Return 
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BITO 

ASCACC 

FFXX 

FCRCT 

ACCUM 

LTIO 

INC B 

ASL A 

BCC BITO 

LUX #ACCLST 

SIX SAYACC 

PSH A 

LDX #FRCLST 

PSH B 

TST B 

BEQ FCRCT 

INX 

INX 

DEC B 

BNE FFIX 

LDX X 

LDA B,09h 
LDA A,X 
DEX 

SIX SAVF 
LDX SAYACC 

ADD A,X 
DEX 

CMP A,OAh 
BLT LTIO 

SUB A,OAh 
INC X 

STA A,X+1 
SIX SAYACC 

LDX SAYF 

DEC B 

BNE ACCUM 

PUL B 

PUL A 

TST A 

BNE BITO 

LDX SAYX 

RTS 

Adjust counter 
Entry point, find value of next 
bit 

If not set, adjust counter and 
try next 

Address accumulator 

Save accumulator address 

Save mantissa byte 
Find address of representation of 

this bit 

AccB determines which mantissa bit 

FRCLST is a table of address for 

the conversion of all 24 bits 

in the mantissa 

Load IX with address in location 

ref by IX 
Set counter 

Load byte from constant 
Adjust addressing for fractional 

value 

Save address of fractional value 
Load address of accumulator 

Add to accumulator 

Adjust accumulator address 
If greater than 10, adjust and 

carry 

Store sum in accumulator 

Save accumulator address 
Access fractional value address 
Adjust counter 
If not finished, repeat 
Unstack mantissa counter 

Recall mantissa byte 
If mantissa byte not zero, repeat 

Recall address of value 

Return 

(see Fig. B-21) 
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OUTASCII 

Value IS 0? 

No 

\/ 

Store AccB 

in [IX] /V 

\/ 

Set [IX] 
to 00i6 
Inc IX 

Dec AccB 

\/ 

Load IX 

with SIGN 

Load AccA 

with 30,, 
io 

No 

AccB 

es 

N/ 

Load 

with 

AccB 

°°I6 

Store AccA 

in [Acc] 
Load IX 

with [SAVX] 

\ 

Load AccA 

with 20i6 

\/ 

RETURN 

\/ 

Load AccA 

with [IX+I] 

> 
/V 

/ 
Store AccA 

in [IX] 
Inc IX 

Dec AccB 

Store IX 

in [SAVX] 

\ 

ASCACC 

\/ \/ 

No 

AccB 0? 
Load IX 

with ACC 

Load AccA 

with [IX+2] 

as 

\/ 

Load 

with 

AccB 

01 

Figure B-21. Conversion of floating point to ASCII 
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01 

Yes 

AccA = 0? 

No 

Load AccB 

with °^16 

ASCACC 

Load AccA 

with [IX +3] 

AccA = 0?^N^ C 

No 

Load AccB 

with 10,, 
16 

ASCACC 

\ 

Load AccA 

with [IX] 

AccA \ 

Load AccB 

with 2"i6 

Store AccB 

in [SIGN] 

Set AccA 

Bit 7 

to AccA 

Bit 6 

AccA 

\/ \/ 

04 03 02 

Load AccB 

with 2=16 

Figure B-21 (continued) 
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02 

Stack AccA 

IX^AccFl 
AccB 

Unstack AccA 

Inc AccA 

\/ 
Yes 

AccB-H)Ai, 
Id 

Clear Carry 

V 

[AccFl] 

Yes 

No 

AccA = 0? 

Ye^\.^0 

AccA-«-[IXl 
IX-^AccFl 

Dec PVi/RlO 

AccB-^-OA-,^ 
16 

04 

Carry 
Set /V 

AccA-^[IX+l] 
[IXl-f-AccA 

Yes 
\/ 

AccA-^-

AccA + OA 
16 

Inc IX 

Dec AccB 

\/ 

Shift AccA 

Right Into 
Carry 

No 

AccB 

Yes 

[IXJ^AccA 
Inc IX 

Dec AccB 

\/ 

Figure B-21 (continued) 
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03 

Stack AccA 

IX-^AccTRL 

\/ 

AccB-K)Ax5 

Clear Carry 

\/ 

AccA-«-IIX] 

Shift AccA 

Left, Carry 
Into Bit 0 

No 

AccA<OA^g? 

Yes 

Clear Carry 

Yes 

C1ear Carry 

No 

Execute 

Routine 

SLPRGHT 

\/Unstack AccA 

Dec AccA 

No \^Yes 
AccA =0? 04 

AccA-^ 

AccA - 0Ai6 
Set Carry 

W 

[IX]^AccA 
Dec IX 

Dec AccB 

Yes 

AccB 

Figure B-21 (continued) 
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04 

Y 
\/ 

IX-f-AccTRL 

AccA-K)525 

AccA-<-[IX] 
+AccA 

±. 

AccB-K)9]^^ 
Dec IX 

Yes 

AccA < 0Ai6? 

No 

Inc[IX] 

AccA-Kj5
16 

AccA*-

[IX] + AcrcA 

Yes 

AccA <OAj^g? 

No 

AccA*-

AccA - OA 
16 

[IXj^AccA 
Dec IX 

V 

AccA-^Oljg 
Dec AccB 

No 

AccB 

Yes 

[IX]^AccA 

Figure B-21 (continued) 

Execute 

Routine 

SLPRGKT 

5" 

IX-«-AccLST-l 

Ak-

AccB-<-0725 
AccA-»-20 

16 

~0 

[IX] 

[IX]-^-AccA 
Dec IX 

Dec AccB 

AccB 

06 05 
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05 

AccA-<-[IX] IXMccLST 

AccA-<-AccA AccB-<-PWRio 
+ 30i6 Dec AccB 

Akl 

[IX]-«-AccA 
Dec IX 

AccA-^20i5 

Dec AccB 
[IX]^AccA 

\/ 

3L 
AccB 

AccA-<-45]^g 
[IXj^AccA STALST3 

06 AccB ^)>- ^ AccA-«-2D2^g 
Negate AccB 

NX 
4. 

\/ V \/ 

AccA-s-[IX] 
AccA-«-AccA 

+ 30^^ 
AccA^2B., 

Id > 
[IX+l]^AccA 
AccA-K)0,. 

Id 

Dec IX 

[IXj-^AccA 

AccB-<-

AccB - OAjg 
No 

AccB < OA^^? 
Inc AccA 

Yes 

AccA-^2E]^^ 
[IX+l]^AccA 

07 

Figure B-21 (continued) 
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07 

AccA-<-AccA 

r ^ [IX+2]-f-AccA 

\1/ 

AccB-«-AccA 

+ 30i6 
[IX+Sj-'-AccB 

V 

RETURN 

Inc IX 

Inc IX 

Dec AccB 
< 

ASCAcc 

Shift AccA 

Left Into 

Carry 

Carry Clear 

IX-f-AccLST 

[SAVAcc]-i-IX 

Stack AccA 

IX-s-FRACLST 

Stack AccB 

AccB = 0? 

Yes 

IX^[IX] 
AccB-K)8i

16 

Yes 

/fT 

A1 

\y 

\/ 

Inc AccB 

/\ 

A2 

\y 

AccA^[IX] 
Dec IX 

[SAVF]-«-IX 
IX^[SAVAcc] 

AccA-«-[IX] 
+ AccA 

Dec IX 

A3 

Figure B-21 (continued) 
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A3 

AccA AccA 

AccA < OA- -? - 0Ai5 
J.D . 

Inc[IX] 
Yes 

[IX+2]-«-AccA 
[SAVAcc]-«-IX <-

.4^ 

IX-«-[SAVF] 
Dec^AccB 

AccB = 0?^ A2 

Yes 

Unstack AccB 

Unstack AccA 

Yes 

AccA = 0? ^ IX-^[SAVX] 

No 

V 

A1 RETURN 

\/ 

SLPRGHT 

IXMcxLST 

AccB-'-09i6 

\/ 

AccA-'-[IX] 
[IX+l]^AccA /\ 

\ 

Dec IX 

Dec AccB 

^\No 
^kccB = 0?\ 

"^Yes 

AccB-K)1i5 
[IX+l]^AccB 
Inc PWRIO 

RETURN 

Figure B-21 (continued) 
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