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Introduction

Microcomputers are now widely applied in laboratory and process control
instrumentation, in which they are usually required to carry out control and

supervision tasks, as well as to perform data aquisition and reduction,

General purpose microprocessors are well suited to the control and
supervision requirements because their instruction sets contain many logical
and control cperations, but they are restricted in their performance of data
acquisition and reduction by their poor range of arithmetic instructions;
the Motorola M6800 microprocessor for example, offers only eight bit add and

subtract arithmetic instructions,

The provision of further arithmetic operations, and their extension to
16 and 32 bit fixed point and 32 bit floating point representation may be
achieved either by using software arithmetic packages, known as 'maths packs',
or by adding a dedicated arithmetic processing unit to the microcomputer, The
software arithmetic packages enable microcomputers to carry out many useful
data acquisition and reduction operations, but are too slow for use where
significant amounts of real time data processing are required, for example
in the preparation of information for graphics displays., The performance of
arithmetic devices of the type used in hand calculators is also insufficient
for such applications, and in addition they are usually restricted to
decimal representation of variables, with serial input and output characteristics

which complicate their interfacing to microprocessors,

A dedicated arithmetic device has recently been introduced however,
which both has high performance and is easy to interface to many microprocessors,
The Am9511 Arithmetic Processing Unit (APU) from Advanced Micro Devices (1)
carries out 16 and 32 bit fixed point arithmetic operations, and 32 bhit
floating point arithmetic and trigonometric functions together with
appropriate format interconversions; it offers up to x100 improvements in
cxecution times over software arithmetic routines for comparable operations,
It is designed to be compatible with the Intel 8080 and AMD 9080 microprocessor
data and control bus standards, but can be interfaced to other microprocessors

by appropriate circuits and software techniques,

This report describes a circuit for interfacing the Am9511 APU to a Motorola
M6800 Microprocessor(section2) together with a set of M6800 assembler language
software drivers which permit the APU to be used by applications prbgrams for
arithmetic operations, without requiring of users a knowledge of its detailed
operations(section 3). Examples of the use of the programs are ziven, together

with typical timings for operations executed through the software drivers,
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This placing of software drivers between the application program and the
APU makes the use of the device straightforward, but adds an execution time
penalty to all operations, and also prevents advantage being taken of the
detailed properties of the APU to achieve the highest possible éalculation
speeds in chained operations. Therefore a description is also given(section 4)
of the direct use of the APU by an application program, and examples are given of
the techniques which may be employed to achieve high calculation throughputs

in chained operations where required by applications,

Test software is also described in section 5, which permits a user to exercise
each function of the APU from the control console of a microcomputer development
system, in order tc establish the correct functioning of the software drivers

with the APU,

Interface Circuit

2,1 Interfacing Requirements of the Am9511

The Am9511 APU is a MOS LSI device which provides high performance
fixed and floating point arithmetic and floating point trigonometric
operations, It consists of a 16 bit processor with a stored control
program, and a user accessible data stack, command register and status

register,

An external processor uses the APU for calculations by loading data
into the data stack and loading a command into the command register of
the APU, which then operates on the data as directed by the command
(section 3,3). The status of the APU during its operations is indicated
by appropriate bit settings in its status register, as well as by signals
on its interface control lines, Results are retrieved from the stack

after the completion of a calculation,

The APU interface circuit must therefore provide for reading and
writing to the data stack, reading the status register and writing into
the command register, as well as servicing the APU interface control lines,
The hardware interfacing model of the APU is shown in Fig, 1, All transfers,
including data, results, status and command information take place over
the 8 bit bhidirectional data hus, and are managed by the bus control
signals, Table 1 gives the transfers which can be carried out as a

function of the bus control signals,



Table 1

APU Transfer Operations

SELECT | COMMAND/DATA | READ | WRITE Operation
1 X X X No operation
0 0 1 0 Enter Data into Stack
0 0 0 1 Read Data from Stack
0 1 1 0 Load Command Register
0 1 0 1 Read Status Register

X = don't care § O = 1logic O ; 1 = 1logic 1

The data sheets (2) of the Am9511 give the timing of each of
fhese operations, The PAUSE signal is generated by the APU to control
the timing of bus transfers by delaying the operation of the external
processor during each transfer until the APU is ready. Its use is

discussed in more detail in section 2,2,

The interface control signals govern the operation of the APU and
enable it to be used in processor interrupt and direct memory access
(DMA) structures, The clock input is a continuous signal which drives
the APU in all of its operations. The Reset input sets the APU to a
known state, and is usually activated during the power up sequence of a
system, The completion of an operation by the APU is accompanied by
the Eﬁﬁ'signal, which can be used to interrupt the external processor,
and also if required by the Service Request signal (SVREQ) which is

intended for initiating the transfer of results under the control of a

DMA controller to ac:ieve the highest possible data transfer rate, The

LNDACK and SVACK inputs acknowledge and clear the END and SVREQ outputs
respectively,
These bus control, data bus, and interface control signals are.

designed to be compatible with the Intel 8080 and AMD 9080 microprocessors,

and suitable connections are given by AMD(2), They are however, not all



compatible with other microprocessors, and interface circuits are
usually required to match the APU to them, Appropriate circuits for

the M6800 microprocessor are given in sections 2,2 and 2,3.

M6800 Microprocessor Interfacing Considerations

The control and data bus lines of the M6800 microprocessor are either
directly compatible with those of the Am9511, or else require only
simple interfacing to become compatible, with the exception of the
PAUSE output of the Am9511, There is no input on the M6800 which
corresponds to the ‘RDY input of the Intel 8080 or AMD 9080, which is
the usual connection for the PAUSE line, There is however, an input

to the MC6875 microprocessor clock driver which enables slow devices to
lengthen a M6800 processor bus cycle, and hence permit data transfers
to take place with slow memory or peripherals, The use of this input
of the MC6875 (Memory Ready) is shown in Fig, 2; the essential
requirement is that the Memory Ready line is brought low by the accessed
slow device before the rising edge of the processor phase two clock,
The clock line states are then extended in increments of nominal bus
cycles for as long as the Memory Ready line is low: this input is
sampled at each increment boundary, The processor completes the data
transfer one nominal bus cycle after the Memory Ready line has been
sampled in the high state again, This input is therefore a suitable

connection for the PAUSE output of the Am9511 APU,

There is a restriction however, on the maximum time for which the
M6800 clock line states may be prolonged, because of the dynamic nature
of the M6800 circuits: this time is 4,5 usec, The Am9511 bus transfer
timings (2) show that most transfers are completed within 2,5 usec, thus
satisfying this restriction; however attempts to access the command
register or data stack of the Am9511 during a calculation will bring the
PAUSE output low for the rest of the calculation (tens or hundreds of
usec), thus destroying all information within the M6800, It is important
therefore, to access only the status register of the Am9511 from a M6800
whilst a calculation is in progress; this state of the APU is detectable
by bit settings in its status register, thus enabling data and command

transfers to be restricted to the not busy state,

Circuit Description

The circuit developed for interfacing the Am9511 to the M6800

processor, and meeting the criteria of sections 2,1 and 2,2 is shown in
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.Fig. 3. It is intended to be compatible with the MotprolaiEXORcisor(S)
microcomputer deveiopment system, énd thefefére has control and data
lines.bufferéd by IC5,6,7 from the éonnections to the EXORcisor bus, SK1,
The gEEEET line.is activated by an adéféss mép decoder elsewhere in the

Esyétem for addresses E7@@ to E7@7 hexadecimal.

~ . All transfers to the Am9511 are intended to take place by programmed
I1/0 for simplicity, hence no use is made. of the SVREQ and SVACK DMA
connections; furthermore, the standard form of the circuit does not use
the END signal to interrupt the M6800 for the same reason, Ilowever,
provision is made (link LK1) for this feature to be implemented if

required by an application,

The 2-4 line decoder IC2 controls bus transfers in conjunction with
address line A2 of the M6800, to implement the truth table in table 1.
The gEEEETvand M6800 READ/WETTE lines are used as the address inputs of
IC2, which is enabled by the inverted phase two clock; this achieves the
required READ and WRITE delays from'EEiEET (2) The READ signal is also
used to control the direction of data flow through the bidirectional

buffers IC6, IC7,

The PAUSE output of the Am9511 goes low after the start of a read
or write access (2), hence will not be low at the rising edge of phaéé
two and therefore cannot serve as a direct connection to the Memory Ready
line in order to stretch the M6800 clock inputs (Fig. 2). The SELECT
line and phase two are therefore used to bring Memory Ready low
before the rising edge of phase two (IC4-1, IC3-4 and IC5 pin 15) and
start the M6800 clock states stretching (Fig 4 point A);'EXﬁEE then
appears in time (2) to hold Memory Ready low at each subsequent nominal
bus cycle boundary (Fig 4, points B-i) and thus control the bus transfer
timing, Fig. 4 gives the timing diagram of this operation. Deselection
of the Am9511 after a bLé tféhgfer caﬁééé the Memory Ready outﬁut
(1C5 pin 11) to gd to a high impedancé state, thus permitting other slow
peripherals'or memory to use the Memofy‘ReadyLline.of the MC8675 clock

driver,

3. Software Interface

3.1 Introduction

The software interface routines are designed to handle all the data
transfers with the Am9511 APU which are required for initiating

calculations and retrieving results, whilst observing the restrictions



3.2

3.3

laid down in section 2.2 on transfers during a calculation; this enables
applications programmes to make use of the performance improvement

offered by the Am9511 whilst retaining the simple software interface

which is characteristic of software arithmetic packages, The formats

of the numbers handled by the APU are described in section 3.2, and the functions
provided by the interface software program AM952k(Appendices A&B)are detailed in
section 3,3 together with their use, Error handling is dealt with in

section 3.4 and execution timing in section 3,5, The detailed

description of the software interface is given in section 3,6,

Format of Data

(a) Fixed Point Data

Fixed point numbers may be of 16 or 32 bits length, In each case
the most significant bit is a sign bit; O = +ve, 1 = -ve, The ranges of
values which can be accommodated are:-

16-bit numbers -32 768 to 32 767

32-bit numbers  -(2°1) to 251-1

(b) [Floating Point Data

Floating point numbers are of 32-bits length, consisting of a
24-bit mantissiz, and an 3-bit exponent, The binary point is always to
the left of the most significant bit of the mantissa, and numbers are
normalised so that the mantissa always has a decimal value in the
range 0,5 to 1, The exponent consists of six bits plus a sign-bit and
the mantissa sign bit, The number structure is shown in Fig 5, together
with an example of the representation of iT . Numbers in the ranges

+ (0,5 x 204 to (1-5,96 x 10-8) X 2+63), and zero, may be represented .

Functions Available

The interface program AM952E is structured as a subroutine of an
applications program. It provides a number of arithmetic, trigonometric
and utility operations; each of these is accessible as a subroutine entry
point in AM952E. The arithmetic operations consist of the 32 bit fixed
point entries of table 2, and the 32 bit floating point entries of table 3.



Table 2

32 Bit Fixed Point Arithmetic Operations

) . . o Numﬁer of
5 Operation AM9I52E Entry Point Name Arguments
- Addition DXADD 3
Subtraction DXSUB 3
Division DXDIV 3
Multiplication (least significant DXMULL 3
32 bits returned)
Multiplication (most significant DXMULH 3
32 bits returned)
|
‘ Table 3
32 bit Floating Point Arithmetic Operations
. I . { Number of
Operation AM952E Entry Point Name Arguments
Addition FPADD 3
Subtraction FPSUB 3
Division FPDIV 3
Multiplication FPMUL 3
Square Root FSQRT 2
A y PWRX 3
Log10 LOG10 2
Loge LOGE | 2
e EXPX 2

The trigonometric operations are all 32 bit floating point format routines, and

are given in table 4.
Table 4

Trigonometric Operations

Operation AM9S2E Entry Point Name ﬂigg;gnzi
Sine - FPSIN 2
Cosine FPCOS 2
) Tangent FPTAN 2
sin~1 FPASIN 2
. Cos~1 FPACOS 2
Tan~ 1 FPATAN 2




The utility operations consist of format conversions given in table 5,

and a number of basic manipulations of the Am9511 APU data stack. These are
given in table 6.

Table 5

Format Conversions

Conversion AM952E Entry Point| Number of
nversio Name Arguments
16 bit fixed point to 32 bit floating point CXTFS 2
32 bit floating point to 16 bit fixed point CFTXS 2
32 bit fixed point to 32 bit floating point CXTFD 2
32 bit floating point to 32 bit fixed point CFTXD 2
Table 6

Am9511 Data Stack Operations

0 . AM952E Entry Point| Number of
peration

Name Arguments
Obtain N (= 3.1415925) PUPI 1
Clear Data Stack CLEAN 0
Change Sign of Operand Loaded CSGNF 2
Retrieve Top of Stack FETCH 1
Retrieve Next on Stack EXCHF 1

Each function is accessed by a subroutine call from the applications program;
this call must be followed by the appropriate number of 16 bit addresses for the
function. The program AM952E returns the result (if any) to the locations
starting with the last of these 16 bit addresses, and uses the other 16 bit
addresses as pointers to any operands required by the function. Tables 2
through 6 give the number of arguments required for each function. The program
AMIS52E returns to the first location after the addresses on completion of the
required operation. An example of the use of the program for the calculation of
a square root is provided by the following sequence of M6800 assembler code:

JSR FSQRT ; Invoke square root function
FDB #ARG1 ; Address of operand
FDB #ARG2 ; Address for result

s return here on completion
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In this example, ARG1 and ARG2 are labels for two 4-byte storage areas. In a

similar manner, a floating point division may be carried out by the sequence

JSR FPDIV ; invoke divide function
FDB #ARG1 ; address of operand 1

FDB #ARG2
FDB #ARG3 ; address for result

-e

address of operand 2

: 3 return here on completion

The order of the operands is important for some functions. In particular,

for all subtractions,

Result = operand 1 - operand 2
and for all divisions
Result = operand 1/operand 2
whilst for the power function
Result = yx $ ¥ = operand 1, x = operand 2.

In addition, the square root and log operands and operand 1 of the power
function must always be positive (see table 7), and all trigonometric functions
require angles to be expressed in radians. There are also some restrictions

on the magnitude of certain arguments; thesg are
a) EXPX: Operand must lie in range -2" to 2
b) FPASIN, FPACOS: Operand must lie in range [-1, 1]
S

c) PWRX: The value | operand 2 x 1n (operand 1) | must be < 2°.
3.4 Error llandling

The APU checks for the occurence of errors during its operations,
and sets bits in its status register at the completion of a calculation
according to the error detected, The software interface checks for the
presence of an error code in the APUafter every calculation, and returns
to the calling program with the overflow bit (V bit) of the M680O processor
set if one has béen detected, The error code is also returned in bits

0-3 of the B accumulator of the M6800 according to table 7.

Table 7

Error Codes

Code Error

1000 Divide by zero

0100 Negative argument (SQ, Root, log, 1ln, yx)
1100 Argument too large (sin-l, cos-l, e”, yx)
XX10 Underflow on result

XX01 Overflow on result
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Table 8

Typical Execution Timings for Functions

Function Execution time (us)
FPADD 350-400
FPSUB 350-400
FPMUL 370
FPDIV 370
FSQRT 600
PWRX 5000
LOG1¢g ' 2700
LOGE 2600
EXPX 2500
I'PSIN 2500
FPCOS 2500
IFFPTAN 2800
FPASIN - 3800
IFPACOS 3900
FPATAN 3100
PUPI 200
CSGNF 250
CXTFS 280
CXTFD 300
CI'TXS 280
CFTXD 300
EXCHF 200
CLEAN 90
DXADD 350
DXSUB 350
DXMULL 390
DXMULI 390
DXDIV 390
FETCH 200
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3.6

The development version program, AM953X (Appendices A&B), also prints
an error message on the system console which identifies the type and
location of an error in addition to returning the error code to the

main program as above,

Execution Timing

The function execution times given in table 8 represent the
total time from the initial call to the software interface by the
main program,to the return, The times are typical, because execution
times are data dependent, particularly with the trigonometric and log-
based functions.. In general, large operands lead to slightly longer
execution times; also certain values of operand cause shorter execution

times with the trigonometric functions,

Software Description

The software interface program AM952E has to carry out the following

operations when it is entered from a calling program, e.g. an applications

program.

a) Identify function required and generate appropriate command for Am9511
APU,

b) Fetch any operands required by the function and load tﬁem into the
APU.

c¢) Load the command into the APU,

d) Wait for the APU to complete its operation.
e) Test for errors.

f) If no error, retrieve result from APU.

g) Indicate error if detected.

h) Return to calling program.

Flowchart 1 (figure 6) gives the overall structure of the program which
carries out the above tasks; appendices A and B give the detailed flow-
chart and listing of the program, which requires a total of 329 bytes

of memory space.

The function required is designated by the entry point used by the
calling program; at each entry point the appropriate command for the

Am9511 APU is generated and saved in the M6800 B register.

The program then fetches as many operands as required by the function;
this is achieved by branching from the entry point to either the 2 operand
fetch and load sequence (LOAD42) or the 1 operand sequence (LOAD41). In

the cases where no operands are required (table 6), control is transferred
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to the appropriate routine. An operand is fetched and loaded, least
significant byte first by appropriate stack and index register operations;
in program AM952E, the data stack of the APU is designated by the label
INOUT, which points to the address E700 as required by the circuit of
section 2., The order of loading the bytes of an operand is important,
because the Am9511 is designed to be compatible with the Am9080 micro-
processor which handles addresses in the order low byte, high byte,

whereas the M6800 handles addresses in the reverse order.

The command stored in the B register of the M6800 is then loaded
into locationCOMND, which is a label in program AM952E for address E704,

the command and status register address of the circuit of section 2.

The program waits in an idle loop, testing bit 7 of the APU status
register, until the calculation is complete. The status register is then
examined for error messages, and any error is treated as described in
section 3.4. If no error is found, the result is retrieved from the APU

and placed at the address indicated in the address sequence of the calling

program.

The return to the calling program at the address after the argument
list is achieved by discarding the return address on the stack and return-

ing relative to the argument list address.

A listing of a version of the program which is suitable for develop-
ment use is also given in appendix B as AM953X., This is similar to
AM952E, but has an added section of code which prints error messages on
the EXORcisor console; these messages identify the type of error and the
place in the calling program where the error occurred. This feature aids
the development of programs which use the APU and its software interface

for arithmetic operations.

4. Direct Use of the Am9511

The software interface program provides a simple and straightforward
way for applications programs to use the Am9511 APU. However it adds an
execution time penalty of about 200usec per calculation, and cannot speed
up chained calculations by using the data stack of the APU for storage
of intermediate results. Details are therefore given in this section of
the direct use of the APU from an applications program, and an example is
given of performing a chained calculation using the APU data stack for

intermediate storage: it is assumed that the hardware interface to the APU

- 14 -



is as given in section 2 i.e. the data stack is at location E700, and
the command and status registers are at E704. References 2 and 4 should

be consulted when using the APU directly from an applications program.
The sequence of operations for using the APU for one calculation is:-
a) Load operands into the data stack in the desired order (see section 3.3)

b) Load command
c) Wait for completion of calculation
d) Test for errors

e) Retrieve result if needed.

As an example of direct use, consider adding two 32 bit fixed point
numbers called ARG1 and ARG2, and returning the result to ARG3, another
32 bit number.

ARG1 is loaded by the sequence

LDA A ARG1+3

STA A BE70Q ; ® indicates hexadecimal notation

LDA A ARG1+2

STA A BE700

- LDA A ARG1+1

STA A BE70Q

LDA A ARG1 ; note the order of loading bytes

STA A BE70Q ‘
A similar series of statements with ARG2 substituted for ARG1 will load
ARG2 on to the APU data stack. The command for 32 bit fixed point

addition is 2C (4), hence the operation is initiated by the sequence

LDA A#32C
STA A BE704

The wait loop for testing for completion of the addition can be:-

Read status register and set

condition codes of M6800

LOOP  TST ZE704
~ BMI LOOP

-e

-e

exit from loop when not busy

-e

Error testing can be combined with the loop, or else can be performed

separately thus:- .

LDA AZE7#4 ; obtain APU status register
- AND A¥#%g@f11118 ; mask off unwanted bits
BNE ERROR 3+ branch to error if now zero
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The result may be retrieved by unloading four bytes from SE7@@ and

storing at ARG3. )
In expressions involving more than one operation, time may be saved

by leaving intermediate results on the data stack of the APU, where

they may be used in subsequent operations (4). This technique is

illustrated in the calculation
y=»>
For brevity, the loading of an operand x (see example above) can be

denoted by LDO x, and similarly a command by LDC z, waiting for not

busy by BSY, and result retrieval by RTR y. The sequence for calculating

y = b3 then becomes

LDO b ; load operand b into stack

LDC PTOF $ copy operand

BSY ; wait

LDC PTOF ; copy operand

BSY s wait

LDC FMUL ; initiate multiplication to form b2

BSY i
LDC FMUL ;s multiply b2 xb

BSY

RTR y 3y = b3 )

The result can be obtained in 320 to 340usec by this method, against

some 700usec when using the software interface program Am952E. Appendix E
gives a further example of a chained operation, the calculation of both
roots of a quadratic equation in less than 2.5msec, as against some 8 to

9msec when using the software interface program.

5. Test Software

It is important to provide test software for all hardware and software
modules used in computer systems. A test program has therefore been
developed which permits a user to verify the operation of the APU and the
software interface program from the control console of a microcomputer
development system, the Motorola EXORcisor. This check is carried out .
by permitting the user to select an APU function for execution, and to
input data; the test program (AMPRM3, Appendices C, D) passes these data

to the software interface, and then returns the result of the calculation

- 16 -
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back to the console for verification. The test program is also useful
because it illustrates the calling sequence for each function and

provides a user with familiarity with the data formats.

The user chooses an APU function for testing by specifying a
reference code from a table output by the test program; prompts are
then issued for the data required for the function. These data are
checked to ensure that only hexadecimal characters or N are input.

N causes the function test to be abandoned, and any illegal character

causes the data entry to be abandoned, when fresh data may be input.

Operands are entered and results presented in one of the following

formats:
a) 16 bit fixed point NN NN
b) 32 bit fixed point NN NN NN NN

c) 32 bit floating point EE MM MM MM

where NN is a data byte, EE is an exponent byte and MM is a mantissa

byte; all bytes are in hexadecimal notation. For example, the decimal

number 8191 is entered as either iF FF (format a)
or g8 98 1F FF (format b)
or gD FF F8 @@ (format c)

and -8191 is entered as either
E4 @1 (format a)
or FF FF EF @1 (format b)
or 8D FF F8 ¢g¢ (format c)

References

1.  Advanced Micro Devices (IK) Ltd.,
16 Grosvenor Place, London SW1 X7HH

2. AMD Am9511 Data Sheet
Obtainable from address in (1)

3. 'EXORcisor' is a trade mark of Motorola Ltd.

4, Algorithm Details for the Am9511 APU
Obtainable from address in (1).
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Test Software Flowchart
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AEBendix E

Another example of a chained calculation is given here, in which both
roots of a quadratic equation are found, with a three to four-fold improve-
ment in processing time. The calculation can be done in as little as 1.8ms,
compared with over 6ms using the software interface, and about 60ms using a

conventional software "maths pack'.

The contents of the APU data stack are shown at each step in the
calculation in table 9 . It is important to keep track of operands in
the stack and to ensure that the function being used does not interfere with

other stack locations being used as temporary storage locations.

For brevity, the following names are used referring to the various

program steps already outlined:-

LDO a load operand a
LDC XXXX load command XXXX
BSY wait whilst busy
CKE check for errors
RTR y retrieve result y.

The following symbols are used to represent intermediate results:-

a = b2 - 4ac

ﬂ = -b +

a

&

g = b -

N

and the results are:-

Kk _ -b + ¢b2-4ac =_¢i_1_
1 B 2a 2a
k - -b - Vb” ~ 4ac ___f?_
2 2a 2a

where a,b, and c are coefficients in the quadratic equation
ax2 +bx+c=0

In table 9, the columns give the operation, operand and execution time
in microseconds for each step of the calculation, together with the contents
of the top three locations of the APU data stack at salient points. The
fourth location, bottom of stack, is not shown since it is used as scratch
working space by many of the operations of the APU. However, although not
reported by the AMD literature on the Am9511, pulling a result off the stack
causes it to reappear at the bottom of the stack. Thus the two RTR operations

will leave valid data in bottom of stack.



Table 9

Operation Operand Execution Top of Stack Next on Stack | 3rd on Stack ’
Time,usec
LDO 4 36 4
LDC CHSF 7 -4
BSY 10
LDO a 36 a -4
LDC FMUL 7 -4a
BSY 80-90
CKE 6
LDO c 36 c -4a
LDC FMUL 7 -4ac
BSY ) 80-90
CKE 6 _
LDO b 36 b -4ac
LDC PTOF 7 b b -4ac
BSY 20
LDC FMUL 7 b2 -4ac
BSY 80-90
CKE 6 i
LDC FADD 7 «
BSY : 30-190
CKE 6
LDC SQRT 7 Ja
BSY 400-440
CKE 6
LDC PTOF 7 Joo J—
BSY 20
LDC CHSF 7 -Ja Jo
BSY 10
LDO b 36 b -Ja /&‘
LDC FSUB 7 2, o
BSY 40-190
CKE 6
LDC XCHF 7 JE‘ g,
BSY 20
LDO b 36 b Jo g,
LDC FSUB * 7 g, g,




Table 9 (continued)

Operation Operand Execution Top of Stack Next on Stack |3rd on Stack
Time,usec
BSY 40-190
CKE 6
LDO 2 36 2 | g, g,
LDC FDIV 7 @ 1—/ 2 ¢2.
BSY 80-100
CKE ' 6
LDO a 36 ‘a 8,/2 g,
LDC FDIV 7 [ '1/2a g 5
BSY 80-100
CKE 6
RTR k, 36 : g,
LDO 2 36 2 ¢2
LDC FDIV 7 ] 2/ 2
BSY 80-100
CKE 6
LDbO a 36 a [ 2/ 2
LDC FDIV 7 ¢2/2a
BSY 80-100
CKE 6
RTR k2 36

Total execution time 1800us minimum; 2400us maximum.
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ENTRY POINTS

load correct op-code for )
function called & branch

to data loading sequence

e

LOAD42
load T operand into APU

lead fo LOADA41, thereby
loading 2 operands in all

LOAD4T : /

load 1 operand into APU

o

LOOP1
load op-code info APU &
await end of calculation.

7 4

look for errors

N

No errors Error found
retrieve result generate error message

RETURN TO MAIN PROGR%

_Figure 6  OVERALL VIEW FLOWCHART for AM952E program




