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ABSTRACT

The purpose of this project was to develop a strategy for
testing the 32-bit operation of three types of single-chip floating-
point processors (adder/subtracter, multiplier and divider) and
subsequently to implement a procedure successfully.

The primary design goal was to build a testing circuit with
minimum external hardware so as to minimize the sources of errors
and to enable the user to pinpoint the faulty chip immediately. The
second goal was to keep the test hook-up small and handy, so that
the user can carry out the testing easily.

The test hook-up developed employs the TM 990/U89 microcomputer
from Texas Instruments, an interfacing circuit with SN74S373 latches,
and a floating-point chip. Uniformly distributed random test data

are applied to the input of a chip and the output obtained is com-

pared with the desired values to verify the operation of the chip.
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CHAPTER I
INTRODUCTION

Advances in integrated circuit technology have led to the
development of devices containing tens and even hundreds of thousands
of transistors on a single chip. Along with this increase in com-
plexity there has been an increase in the testing requirements of
these circuits. The functional density and complexity of most digital
equipment is at a point where testing at a logic gate level is not
permissible. Various instruments like Signature Analyzers, Waveform
Digitizers, and Logic Analyzers are in use for testing such circuits.

Sometimes when enough data are not available for testing the
circuits with these instruments, an individualized approach is pre-
ferred, as was the case for this project. Hewlett-Packard had sent
some 64-bit floating-point processors to the Electrical Engineering
Department for which much performance data were not available. It
was known that they had some masking error and that 64-bit operation
was not guaranteed. However, 32-bit operation still might be satis-
factory. The interest was to check the 32-bit operation of these
chips, since the department is planning to build a 32-bit floating-
point array processor using these chips. This project was undertaken
mainly for this reason.

Chapter II briefly describes the operation of HP floating-

point processors and their floating-point format. The discussion




also inciudes the function sequences and the timing diagrams for the
Adder, Multiplier, and Divider. |

Chapter III deals with the hardware part of the project and
discusses the design goals. It also states what othér schemes were
considered and why this particular one was selected.

Chapter IV is a very important chapter dealing with the
software part of the project. Step by step development of the soft-
ware is presented in this chapter which also covers the criterfon of
testing, reasons for not choosing exhaustive testing, selecting
uniform distributed random data and their histograms, flow diagrams
of different software and the user's instructions.

Chapter V, the concluding chapter, presents a summary and
conclusions. Further research suggestions are also given in this

chapter.




CHAPTER II
HEWLETT-PACKARD FLOATING-POINT PROCESSORS

Hewlett-Packard has recegtTy developed a set of three
 monolithic floating-point processor chips (an adder/subtracter, a
multiplier, and a divider) that can be used by a variety of computer
and instrument systems [1,2].

One major application of the chip set consists of a floating-
point processor for a general purpose minicomputer system. The chip
set is placed in parallel to the primary data path of the CPU and
controlled by a microprogram. The add and multiply chip can perform
32-bit scalar operations in about 750 ns.

It is also possible to operate multiple chip sets in an
interleaved manner, and thereby create a pipelined processor capable
of executing vector (multiple operation) instructions in the mini-
computer system. The add and multiply chips are able to overlap
operations, and each provides a 32-bit processing bandwidth of two
MFLOPs (millions of floating-point operations per second).

The chip set provides the system designer with simple building
blocks which may be used to construct complex processing systems.
Pipelined processors can be customized for the data flow of specific
algorithms, maximizing the hardware efficiency for specialized appli-
cations. Such applications include signal and image processing,

graphics processing, and linear system decomposition. Virtually any




structured algorithm can benefit from.the chip set in the
'implementation of high performance floating-point systems.

‘The primary design goal for the chip set was maximum scaler
performance, which was achieved by using combinational data path
Togic. It was also necessary to perform three-chip partitioning so
that each of the fundamentally different floating-point operations
could be optimized with its own data path. The chip set has about
V20 to 30 times the performance of commercially-available 64-bit
floating-point processors.

The second design goal was to maximize the ease-of-use of the
chip set. The chip set has the following features: identical pin
assignments for input output, power and ground connections (64 pins/
chip), simple control requirements, static, single-clock edge require-
ment, TTL compatible inputs and outputs, power consumption of about
400 mW per chip, three 16-bit, 12-MHZ data buses, and tristate output
pins. The chip set handles the 32-bit and 64-bit floating point and
32-bit fixed point data types. Operations provided include add,
subtract, data type conversion, multiply, divide, and N-bit shifting.

The 32- and 64-bit operands and results must be time
multiplexed for loading and unloading. Operands and the function
opcode are loaded into a chip on two or four clock edges. The data
propagate through combinational data path logic, and they may be
directly unloaded in another two or four clock cycles. Results may

alternatively be passed through a pipeline register allowing two

operations to be overlapped. Unloading this register requires two




or four cycles as before. Figure 2.1 shows a common block diagram

for each of the three chips.
Data Format

Single precision (32-bit) has a 24-bit mantissa and an 8-bit
exponent. Both quantities are twg's complement, except that the sign
bit of the exponent has been moved from the most significant end to
the least significant (it sits to the right of the exponent binary
point). The sign bit of the mantissa is in the normal position at
the most significant end (sitting to the left of the mantissa binary
point). The absolute range of the fraction of the mantissa is thus
one-half to one. This format is shown below.

31 30 8 7 1 0

S. FRACTION EXPONENT
23 BITS 7 BITS

Socket Diagram and Pin Assignment

Figure 2.2 shows the socket diagram and the chip and Table 2.1

shows the pin assignment.
Floating-Point Add/Subtract Chip

The microphotograph and block diagram of this chip are shown
in Figures 2.3 and 2.4 [3]. There are about 30,000 devices on a die
that is 230 X 255 mils in size. Most of the chip area is devoted to

the mantissa data path in the center and right. The major hardware
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Table 2.1
Pin Assignments of HP Chip
Pin # Type Name Pin # Type Name Pin # Type Name
1 Power  GND 23 Input FO 45 Input B2
2 Qutput DO 24  Input FI 46  Input BI
3 Qutput DI 25 Input F2 47  Input BO
4 Qutput D2 26 Input F3 48  Power GND
5 Qutput D3 27 Input CLK 49  Input Al15
5 Output D4 _ 28 Input F4 50 Input Al4
7 Qutput D5 29  Qutput ERO 51 Input A13
8 Qutput D6 30 Power Vdd 52 Input A12
9 Output D7 31 Power GND 53  Input A1l
10 Output D8 32 Input BI15 54  Input AI10
11 Qutput D9 33 Input Bl14 55 Input A9
12 Output D10 34 Input BI3 56 Input A8
13 Qutput D11 35 Input Bl12 57 Input A7
14 Qutput D12 36 Input BI1 58 Input A6
15 Qutput D13 37 Input BI1O 59  Input A5
16 Qutput D14 38 Input B9 A 60 Input A4
17 Qutput D15 39 Input B8 61 Input A3
18 Power Vcc 40 Input B7 62 Input A2
19 Power Vcc 41 Input B6 63  Input Al
20 Power  GND 42  Input B5 64 Input AO
21 Input  DEN 43  Input B4
22 Not Used 44  Input B3

Power requirements:

Vee : 5.0 Volt
vdd : 12.0 Volt
Icc : 40 mA
Power: 400 mW
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Figure 2.3. Microphotograph of add/subtract chip.
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structures in this path are operand registers, right shifters, adder
and priority encoder, left shifter and incrementer, and output
register. The exponent data path is in the upper left and the.control
Togic in the lower left. Operand input pads are along the top and
right side, and the result pads are along the left side.

When two operands are first loaded, their exponents are
compared and the larger one is passed on. The fraction with the
smaller exponent is right shifted by N bits, where N is the difference
of the two exponents. The right shift logic consists of six two-to-
one multiplexers/bit, and the wiring to perform power-of-two shifts.

Next, the addition or subtraction of fractions is performed
exactly as with fixed-point operands, except that at least three
extra bits of precision must be included to provide accuracy of the
least significant bit. When the two fractions have the same sign,

a fraction overflow may occur. If this happens, the fraction is
right shifted once to put it back into the range, and the exponent
is incremented.

If the operand fractions have different signs, there may be
cancellation of leading significant bits, yielding an unnorma]i%ed
result. Normalization is performed with a priority encoder and an
N-bit left shifter. The priority encode logic uses a look-ahead
circuit to detect the position of the first significant bit from the
left. This is encoded into a 6-bit value that is subtracted from
the exponent, and is also used as the shift amount by the Teft

shifter.
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The extra bits of precision that were carried are now used to
perform rounding of the normalized result fraction. An incrementer
conditionally adds one LSB to the fraction. If the fraction over-
flows, the exponent is incremented and the fraction right shifted
one place.

The final step is to check the exponent for overflow or
underflow. If either occurs, the constants are generated for the

exponent and fraction of the result and the status bits are set.

Functional Sequence

A typical function sequence for 32-bit Add operation is shown
in Figure 2.5 [4]. The first two clock edges of the scaler operation
load the function and operand registers. (MSW of the operands are
lToaded first.) At clock edge two, the operands begin propagating
through the data path logic, the MSW of the result becomes valid
during cycle six. Time for the asynchronous propagation is con-
sidered about three clock cycle times. However, the cycle time may
be varied over a wide range without affecting the propagation time,
and thus the number of cycles for propagation time will vary depending
upon the cycle time. The result which is valid at cycle six must
propagate through logic external to the chip and set an external
register or RAM which will be clocked on edge six. Simultaneously,
the NEXT.OUT function is loaded into the function inputs of the chip
on edge six, causing the next word of the result to be driven out.

A time TOUT (100 ns) after edge six the LSW of the result becomes
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valid and sets up an external register RAM to be clocked on edge
seven. The chip itself needs no function specification on edge seven
as long as the DEN-input remains asserted to the end of the cycle.

It should be noted that the operand loading and result unload-
ing is performed synchronously with respect to the external system.
Propagation through the combinational data path logic is asynchronous,
and the necessary time delay is provided by an integral number of
system clocks. The propagation delay is in the range of 400 to

600 ns, depending upon the operation.

Floating-Point Multiply Chip

Floating-point multiplication is relatively simple compared to
the floating-point add/subtract chip. Figures 2.6 and 2.7 are the
microphotograph and block diagram of this chip. Most of the chip
area is used to perform multiplication of the mantissa parts (center
and right). The circuitry at the lower left of the chip contains
the exponent data path. The multiplier is roughly 245 X 280 mils,
and contains about 60,000 devices.

When the operands are first loaded, the two exponents are
added and the fractions are masked to the proper precision. One
operand is encoded as previously described, and conventional integer
multiplication is performed. The integer product (in carry propagate
form) is normalized with a zero or one bit left shift, and then
rounded to the final position. The result exponent is incremented

if there were a zero bit shift or if the fraction overflowed after
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rounding. The exponent is checked for exponent overflow or underflow
and if either occurs, the appropriate constants are forced and the

status outputs set.

Functional Sequence

A typical function sequence for 32-bit Multiply operation is
shown in Figure 2.8 [5]. The first two clock egges of the scalar
operation load the function and operand registers (MSW of the
operands are loaded first). At clock edge two, the operands begin
propagating through the data path logic, the MSW of the result
becomes valid during cycle six. Time for the asynchronous propagation
is considered about three clock cycles times. However, the cycle time
may be varied over a wide range without affecting the propagation
time, and thus the number of cycles for propagation time will vary
depending upon the cycle time. The result which is valid at cycle six
must propagate through logic external to the chip and set up an
external register or RAM which will be clocked on edge six. Simul-
taneously, the NEXT.OUT function is loaded into the function inputs
of the chip on edge six, causing the next word of the resu]t'to be
driven out. A time TOUT (100 ns) after edge six, the LSW of the
result becomes valid and sets up an external register or RAM to be
clocked on edge seven. The chip itself needs no function specifica-
tion on edge seven as long as the DEN-input remains asserted to the

end of the cycle. The propagation delay is in the range of 400 to

600 ns, depending upon the operation.
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Floating-Point Divide Chip

Floating-point division, 1ike multiplication, is not much
more complicated than its fixed point counterpart. The microphoto-
graph and block diagram of the divide chip are shown in Figures 2.9
and 2.10. The divide chip has a small exponent path in the upper and
Tower left. Most of the chip area is devoted to the mantissa data
path in the center and right of the chip. The chip is about
210 X 290 mils in size, and contains about 35,000 devices.

When the operands are first loaded, the two exbonents are
subtracted and the fractions masked to the proper precision. Con-
ditional two's complement negation is performed so the dividend
fraction is positive and the divisor fraction negative. The first
seven integral multiples of the divisor are generated combinationally
with three carry propagate adders and four left shifters. An extra
load cycle is required at this point to transfer the dividend
fraction into the remainder register.

The following sequence of events is repeated anywhere from
nine to twenty times depending upon the fraction precision. The
remainder fraction is passed to an array of seven carry propagate
adders which add it to the seven negative divisor multiples to pro-
duce seven new remainders. The smallest positive remainder is passed
back to the remainder register, and encoded three bit position is
shifted into the quotient register.

This technique is inherently faster than the method of using

a full combinational array of 64-bit carry propagate adders [6]-[8]
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The first technique generates three bits in the time to perform one
carry propagation, to drive horizontal enable 1ines, and to drive
the remainder into and out of the array. The combinational technique
generates one bit in time to perform one carry propagation and drive
horizontal 1ines. The first technique is thus about two to three
times faster. When the quotient is completely loaded, it is
normalized with a zero or one left shift and then rounded to its final
precision. The result exponent is incremented if there were a zero
bit shift or if the fraction overflowed after rounding. The exponent
is checked for overflow or underflow and if either occurs the»
appropriate constants are forced and the status outputs set. The
divider chip, unlike the add and multiply chips, must use-a portion
of its data path repeatedly (the subtract array is cycled anywhere
from nine to twenty times). The overall internal delay ranges from

1200 to 2400 ns.

Functional Sequence

Figure 2.11 shows a divide function sequence [6]. The first
two edges load the functions and the operands. On the third edge the
function LREMAIN loads the dividend into the remainder register. On
edges four through twelve, QBIT3 function subtracts a multiple of the
divisor from the remainder and three additional quotient bits, which
are shifted into the quotient register. At clock edge twelve, a time

TPROP (max 300 ns) must elapse to allow the normalization, rounding,




23

‘uoLjesado apLAaLp 404 aduanbas uoLioung " |[°¢ 9unb L4

a

T N D)

3

I Jes




24
and exponent handling to take place. Edges fourteen and fifteen load
the two result words into an external register or RAM.

The next chapter discusses the hardware part of the project.



CHAPTER III
HARDWARE

Although the production of very large scale integration
circuits (VLSI) is precise, it is not perfect. Thorough testing is
required to weed out defective components. Electrical testing is
performed at various stages in semiconductor manufacturing and is
often repeated by equipment manufacturers.

Electrical testing particularly focuses on two areas. The
first is functionality. A functional test verifies that all transis-
tors and interconnecting circuits are intact and operating properly.
This is done by providing series of stimuli on input pins while
simultaneously monitoring the output pins to verify that it is giving
the appropriate response. Each input stimulus and output response is
called a "Test Vector."

Verifying all data sheet electrical specifications is the
other focus in electrical testing. This includes bogh DC voltages
and currents, as well as AC timing specifications. This is done by
forcing a current or vé]tage on a pin or set of pins. Then the
tester measures the current or voltage at another pin or set of pins.

In this project, only the functional testing was done since
the electrical specifications were certified as valid by the manu-
facturer. The primary design goal of this project was to build a
testing circuit with minimum external hardware so as to minimize the

sources of errors and to enable the user to pinpoint the faulty

25
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chip imhediate]y. The second goal was to keep the test hook-up small
and handy so that the user can sit on a small bench in his rqdm and
carry out the testing without requiring big instruments [7,8].

As discussed earlier, in functional testing 6ne needs to give
a known input stimulus and check whether the output response is
appropriate or not. This can be done in various ways using PROMs,
EPROMs, counters, registers, latches, and comparators. For instance,
one PROM can be programmed with the known input data and the bther one
with desired output data. Driven by counters, the first PROM can
feed input to the test circuit. The output from the circuit can be
fed to a comparator whose second input is from the output PROM. The
comparator will compare the test result with the standard_resu]t and
will indicate the error through some display device 1ike an LED.
Different sets of PROMs can be used for different input data and
respective output data. In another approach, a microprocessor or a
microcomputer can be used to fill an EPROM with the required input
data. On the other hand, the test output can be stored in another
EPROM and fed to the microcomputer again where it can be compared
with the desired one. Whenever there is a difference between the
test data and the desired data, an appropriate audio or video display
can be made.

In the first approach, one will require several hardware
components and in case of an error he has to first make sure that
everything else other than the circuit under test is 0.K. This may

be tedious and annoying. Also, one might have to maintain sets of
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input and output PROMs, and in case of a very large number of input
and output data, the total numbers and cost of these PROMs may be
prohibitive.

In the second approach (which is better than the first one)
one still needs EPROMs and counters. Also, the scheme will not be
easy and fast because first the EPROM will have to be filled by a
microprocessor or a microcomputer and then fed to a test circuit;
similarly, the case on the output side. So the scheme is neither
easy nor fast.

The third idea came to the author: "How about eliminating a
EPROM all together from the second scheme?" The question was, then,
"What can take the place of the EPROM?" The answer was registers
or latches.

Among the computer facilities available within the Department
of Electrical Engineering, TI 990 was chosen because of its 16-bit
I/0 port. The VAX computer which has a 32-bit I/0 port was not yet

commissioned.
Description of Hardware

Figure 3.1 shows the basic wiring diagram of the circuit.
Since A and B input data and D output data are 16-bit wide, the
8-bit latches are used for each of'them. Only one 8-bit Tatch is
needed for the 5-bit wide F function input. The 16 bits of the com-

munication register unit (CRU) of the TI 990 [9] are as shown in

Table 3.1.
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Table 3.1
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Assignment
Bit Assignment Bit F Bl BO Al A0 D1 DO
0 Clock to the chip 8 DO DO DO DO DO QO QO
1 Enable to F Latch 9 DI D1 DI DI DI Q1 QI
2 Enable to B1 Latch 10 D2 D2 D2 D2 D2 Q2 Q2
3 Enable to BO Latch 11 D3 D3 D3 D3 D3 Q3 Q3
4 Enable to Al Latch 12 D4 D4 D4 D4 D4 Q4 Q4
5 Enable to A0 Latch 13 D5 D5 D5 D5 D5 Q5 Q5
6 Output to D1 Latch 14 D6 D6 D6 D6 D6 Q6 Q6
7 OQutput to DO Latch 15 D7 D7 D7 D7 D7 Q7 Q7
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It should be noted from the above table that Bits 0 to 7 are
used as the clock bits for the chip and latches, and Bits 8 to 15 are
used as a "Bidirectional Data Bus." In one direction they feed to
the input latches Al, AO, B1, BO, and F, and in the other direction
they are fed from the output latches D1 and DO.

Outputs of the input latches Al, AO, B1, BO and F are
connected to the respective A, B and F pins of the HP chip. Output
of the output latches D1 and DO are connected to the D pins of the HP ;
chip. It may also be noted that latches AO, BO, and DO are connected }
to pins 0 to 7, and latches Al, Bl, and D1 are connected to pins 8 to
15 of the A, B, and D pads of the HP chip.

The output controls of the input latches are tied to ground
and those of the output latches are microprogrammed controlled. The
enables of the input latches are microprogrammed controlled and those
of the output latches are tied to Vcc.

Tables 3.2 and 3.3 show the wiring of the latches and the
40-pin socket connector, respectively.

One will appreciate that the hardware scheme presented in this
chapter is very simple and yet very efficient. The total number of
components is very small which enables the user to trouble-shoot the
hardware problems easily.

The software part of the project is discussed in the next

chapter.
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Table 3.2

Wiring Scheme of Latches

Pin I/0 Do D1 AQ Al BO B1 F

1 ouT $33 S37 GND GND GND GND GND

2 Qo S29 S29 H64 H56 H47 H39 H23

3 DO H2 H10 S29 S29 S29 S29 S29

4 D1 H3 HT1 S28 S28 528 $28 S28

5 Q1 S28 S28 H63 H55 H46 H38 H24

6 Q2 S27 S27 H62 H54 H45 H37 H25

7 D2 H4 H12 S27 S27 S27 S27 S27

8 D3 H5 H13 S26 S26 S26 S26 S26

9 Q3 S26 . S26 H61 H53 H44 H36 H26

10 GND GND GND GND GND GND GND GND

1 EN Vcce Vee S39 S38 S35 S31 S11

12 Q4 S25 S25 H60 H52 H43 H35 H28

13 D4 H6 H14 S25 S25 S25 S$25 S25

14 D5 H7 H15 S19 S19 S19 S19 ---

15 Q5 S19 S19 H59 H51 H42 H34 A21*
16 Q6 S17 S17 H58 H50 Ha1 H33 M21*
17 D6 H8 H16 S17 S17 S17 S17 -

18 D7 HI H17 S15 S15 S15 S15 -

19 Q7 S15 S15 H57 H49 H40 H32 D21*
20 Vcc Vce Vecce Vce Vecce Vcc Vece Vece

* .
Indicates future modification connections for adder,
multiplier, and divider.

H#. Pin numbers on HP chip.

S#. Pin numbers on 40-pin socket.
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Table 3.3

Wiring Scheme of 40-Pin Socket Connector

Pin Bit Connector . Pin Bit Connector
1 2

3 . 4

5 6

7 8

9 0 H27 10

11 1 F11 12

13 14

15 15 L18 16

17 14 L17 18

19 13 L14 20

21 | 22

23 24

25 12 L13 26 11 L8
27 10 L7 28 9 L4
29 8 L3 30

31 2 B1.11 32

33 7 DO.1 34

35 3 BO.11 36

37 6 D1.1 38 4 A1.11
39 5 A0.11 40 GND GND

L#. Pin number for any latch in general.




CHAPTER IV
SOFTWARE -

Today's very large scale integration (VLSI) testers use a
single-user software development environment in which test engineers
must write programs that often exceed 25,000 lines of code. Without
adequate software tools, they must do object-level patching and
debugging, as well as manually analyzing test results.

The complexity of testing VLSI devices has made test program
development the number one testing cost. It has forced the test
engineer to write programs in terms of the specific, register level
characteristics of the hardware.

Structured programming encourages the sharing of debugged
files and test patterns, and thus compile time for individual modules
is shorter. Hence, the debugging, fine tuning, and maintenance of
large test programs become easier and faster when employing
structured techniques.

In development of software for this project, these criteria
were kept in mind. A general purpose master program was first
developed and individual downstream programs forAthe Adder, Multiplier,
and Divider were subsequently derived from it. Several self-debugging
programs were also deveToped to check the correctness of the program
itself. Various display formats like "Add..Good," "Mul..Bad.5,"
"F1t..Done" are used on the kit to notify the user of the end of the
test opefation and the result.
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Development of Software

As discussed in the previous chapter, only the functional test
was pérformed in this project since electrical specifications were
certified by the manufacturer.

In functional testing, a set of known input stimuli is
applied to the test circuit, and the output response is checked [10].
For HP floating-point processors there are two input operands A and B,
each 32-bit wide. There is a control input, F, which is 5-bit wide,
and output, D, which is 32-bit wide.

For an exhaustive functional test, it will be necessary to
input all possible combinations of operands A and B, and to verify
the respective outputs. There are 232 combinations for each of A and
B operands, and so the total combinations of both the operands is
254,

Taking the simplest case of an Adder or Multiplier: one add

or multiply operation takes at least 750 ns. This means for 264

64

operations the total time required will be 750 X 2~ ns which is

22 ns, or 1.38 X 1013 sec, or 3.84 X 109 hours, or

1.38 X 10
1.6 X 108 days, or 438,706.81 years. In other words, exhaustive
testing is impossible.

Now that exhaustive testing is not possible, what is the best
alternate and how much testing time can be allowed? Let us take a
relatively small number, say five minutes. It was calculated that

in this much time, 4 X 108 operations could be carried out (assuming

750 ns for one operation). Let us now examine the memory requirement
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for this: it was calculated to be 105K bytes. No system available
within the Department has such a large memory. Extra memory, of
course, can be added, but not without sacrificing the size of the
test hook-up.

Finally, it was decided that random sampling is the ONLY
choice. The size of sampling can be determined using the actual
testing time per operation or the available memory space of the
system. An actual testing experiment revealed that only 2500
operations per test of Addition, Multipliication, or Division could
be performed using 100% of the TI 990 emulator memory (>0146 to
>2FFF) and running the CPU at 97.5% capacity [11]. The total time
taken for each test set is about 10 seconds.

Regarding the nature of random sampling, the criterion was the
best possible distribution over the range, >0000 to >FFFF. A program
was developed to check the distribution of these random numbers in
eight equal segments, 0000-1FFF, 2000-2FFF, 3000-3FFF, 4000-5FFF,
6000-7FFF, 8000-9FFF, A0O0-BFFF, CO00-DFFF, and EQO0-FFFF (all
numbers are in hexadecimal). After trying several seeds for the
random number generations, the best possible set was selected which
has even distribution over the entire range.

In Tables 4.1 and 4.2, such a distribution is shown for both
the Adder and Multiplier chips. Input operands A and B are the same
for both of the chips. D1, D2, D3, and D4 are the outputs obtained

during four different versions of the test. TOT D is sum of D1 to

D4.




Table 4.1

Histogram for Adder

Range A B D1 D2 D3 D4 T0T D
0000-1FFF 9 75 344 302 336 341 1323
2000-3FFF 75 52 259 323 282 288 1152
4000-5FFF 190 170 939 - 1130 948 1025 4042
6000-7FFF 170 169 893 854 782 880 3409
8000-9FFF 173 182 761 759 809 742 3071
AOOO-BFFF 183 218 942 861 1028 956 3787
C000-DFFF 60 50 255 309 308 295 1167
EQ00-FFFF 58 84 407 262 307 273 1249
Table 4.2

Histogram for Multiplier

Range A B D1 D2 D3 D4 TOT D
0000-1FFF 91 75 308 320 296 347 1271
2000-3FFF 75 52 292 287 299 304 1182
4000-5FFF 190 170 1044 1002 994 964 4004
6000-7FFF 170 169 790 782 729 768 3069
8000-9FFF 173 182 755 771 822 807 3155
AOOO-BFFF 183 218 1005 1023 1066 981 4075
CO00-DFFF 60 50 277 295 276 328 1176

EO0O-FFFF 58 84 329 320 318 301 1268
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In coming paragraphs, the master program is discussed at length
from which all other programs for the Adder, Mu1t1p11ér, and Divider
were derived. The individual programs with user's instructions are

briefly discussed thereafter.
Development of Master Program

Initially the task was looking so simple that all that was to
be done was to send 16 bits of A input, 16 bits of B input, and
5 bits of F input to the test circuit, and clock them together into
the chip, and once the operation is performed in 750 ns, read back
the 16-bit D output. Furthermore, use of 16-bit CRU port permits
straightforward programming. But that wasn't the case.

Take for instance, the 32-bit Add function sequence shown in
Table 4.3. Note that A, B, and F inputs have to be present simul-
taneously on their respective pads before clock #1 can occur on the
chip. Now if the system CRU port has only 16 bits, one will have to
store these data one by one in a pair of latches or registers |
'connected to the chip pads so that they all will be present when the
clock occurs on the chip. This means at least four additional bits
are required to clock the A, B, F, and D latches. Where to get these
bits? This is not possible with TI 990. Thus, the apparently simple
scheme was not feasible.

It was, then, decided to divide a 16-bit word into two 8-bit
words. Two latches are used for each of A, B, and D operands, and one

latch is used for F. OQut of 16 bits from the CRU, seven bits are
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Table 4.3

Function Sequence for 32-Bit Add Operation

F Input A Input B Input D Output
Clock # 5 Bits 16 Bits 16 Bits 16 Bits
1 CLEAR -- -- --
2 ADD.F2 Al B1 --
3 ADD.F2 AO BO --
4 - - - --
5 - - - -
6 - - - -
7 NEXT.OUT -- -- D1
8 - -- - DO

A0, BO, DO correspond to bits 0-15.

A1, B1, D1 correspond to bits 16-31

required for clocking these seven latches and the eighth bit is
required for the chip clock. The remaining 8 bits are used as a
Bidirectional Data Bus. Now the question was which byte can be used
for "clocking" and which one for "data"? The fact that a "clock
word" is 8 bits wide and a "data word" is 16-bit long, and all byte
instructions handle only the most significant byte, leaves only one
choice that the least significant byte can be used for the "clock
word," and the most significant byte for the "data word." This
results in some operation time saving as symbolically illustrated

in Table 4.4. As mentioned before, the most significant byte of the
CRU is used as a Bidirectional Data Bus which implies that bits

8-15 have to be software reset before programming them for input
from the output. During this process, bits 0-7 also are reset

and go high. This unwanted action creates lots of problems,
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Table 4.4

Alternate Schemes for CRU Byte Assignment

Sequence of Operation

MSB- Data Word (DW) MSB- Clock Word (CW)
MOV CW+,R1 ] MSB OF DW " MOV DW,R1 ] LSB OF DW
MOVB DW+,R1 ] IS SENT MOVB CW+,R1 ] IS SENT
LDCR R1,0 ] LDCR R1,0 ]
MOV CW+,R1 [ LSB OF DW SWPB DW -
MOVB DW+,R1 [ IS SENT MOV DW,R1 [ MSB OF DW
LDCR R1,0 [ : MOVB CW+,R1 [ IS SENT
LDCR R1,0 [
INCT DW - For next DW

particularly for the "clock word" because the latches start latching
all 1's. Although this does not offer many problems for A, B, or F
latches, since that data is not clocked into the chip (it can be
clocked only at negative edge); but for the D latches this does
create serious problems because they will latch output data from the
chip at wrong times. To avoid this problem, instead of enable lines,
the output control lines of the D latches were connected to the "clock
word" which puts the tristate bus in a high impedance state during
software reset. Further, the DEN line of the chip was also tied to
ground (Logic 0) so that the tristate output bus is always enabled,
and one does not have to bother programming it. Bit assignment of the
“clock word" and "data word" is shown in Table 4.5.

Table 4.6 shows typical microprogramming of "clock word"” and
"data word" for the Adder. Once the microprogramming was figured out,

the rest of the job was not difficult. Each data from the A input

is combined with every data from the B input and fed to the chip.
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Table 4.5
CRU Byte Assignment
LSB MSB
Clock Word Data Word

0 Chip Clock 8 Bit 0
1 F Clock 9 Bit 1
2 Bl  Clock 10 Bit 2
3 BO Clock 11 Bit 3
4 A1l Clock 12 Bit 4
5 A0  Clock 13 Bit 5
6 D1 Output 14 Bit 6
7 DO Output 15 Bit 7




Table 4.6

Microprogramming for Adder

<-A,B,F OR D-> HEX DO D1 A0 Al BO Bl F CHP HEX
<-15 T0 8----> NO. 7 6 5 4 3 2 10 NO.
F CLEAR 00 11 0 0 0 0 1 1 C3
F CLEAR 00 1 1.0 0 0-0 1 Q0+ €2
Al MSB -- 11 0 1 0 0 01 D1
Al LSB -- 1 1 1 0 0 0 01 E1
B1 MSB -- 1 10 0 0 1 01 C5
B1 LSB -- 1 1 0 0 1 0 01 €9
F ADD.F2 18 1 1 0 0 0 0 11 C3
F ADD.F2 18 1 1. 0 0 0 0 1 0°F* €2
A0 MSB -- 1 1 0 1 0 0 01 D1
AQ LSB -- T 1 1 0 0 0 01 E1
BO MSB -- 1 1.0 0 0 1 01 €5
BO LSB -- 1 1 0 0 1 0 01 C9
F ADD.F2 18 1 1.0 0 0 0 11 C3
F ADD.F2 18 1 1 0 0 0 0 1 0°* €2
SOFTWARE RESET
D1 MSB -- 1 0 0 0 0 0 01 81
D1 LSB -- 0 1 0 0 0 0 01 41
F NEXT.OUT 1F 1 0 0 0 0 11 c3
F NEXT.OUT 1F r 1.0 0 O O 1 0°* €2
SOFTWARE RESET
DO MSB -- 1 0 0 0 0 0 01 81
DO LSB -- o 1.0 0 0 0 01 41

*Clock occurrence to chip.
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This process goes on until all data from the A input is combined with
all data from the B input. As mentioned earlier in this chapter, a
maximum 2500 operations can be performed in one test. This sets a
1imit on the size of the A and B input data. At first glance
50 X 50 looks 1ike very convenient figures; however, after a little
thought it is realized 50 X 50 is not the best choice because it
will test each of the A and B input pads for only 50 different inputs.
In two tests, the pads can be tested for only 100 inputs. On the
other hand, if the size is selected as 240 X 10 and 10 X 240, the pads
can be tested for 250 inputs and the total number of input combinations
is still 4800. One might be tempted, then, to select 500 X 5 and
5 X 500. In fact this scheme will not work because of the need for
more memory space to be occupied by the input (memory occupied by the
output does not change). Four different sets of A and B 1np0ts were
applied to each chip for testing, so that the total number of A and B

inputs was 500 each, and the total test combinations were 10,000.
Using known "good" chips, a set of "correct" or "desired"
outputs was obtained for each set of A and B inputs. Output of the
chip under test was compared with the desired output obtained from
the "good" chip. In case of a bad chip, an error subroutine in the
program aliows the user to inspect the Error Table starting from the
specified memory location to find out an error output vs.desired
output. An error counter was also introduced in the program to

count the number of errors. In the program, the error counter was

set to 8 since this number is sufficiently large to reject a chip.
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However, the user can select another number and allot sufficient

memory space in the Error Table. A display like "Add..Good" or

"Add.Bad.#" is used on the kit to notify the user of the end of the

test and its result where # is the number of errors.

The various display formats and user's instructions are

discussed in the next paragraphs. Table 4.7 summarizes all these

programs.

The discussion of individual programs will better be done in

two groups, one for general purpose programs and one for floating-

point processor programs.

Table 4.7

Summary of Programs

No. Name Purpose_ For

1 RAND To generate random # in regular format Gen. Pur,
2 RFC To generate random # in HP format Gen. Pur.
3 DIS To check the distribution of random # Gen. Pur.
4 FLT1 To generate sequential # in HP format Adder.F1t
5 FLT2 To test the program itself Adder.F1t
6 FLT To generate desired output Adder.F1t
7 FT1 To test the Adder for floating conv. Adder.F1t
8 ADD1 to test the program itself Adder.Add
9 ADDT To generate desired output Adder .Add
10 AT To test the Adder for add operation Adder .Add
IR MTO To test the program itself Multiplier
12 MULT To generate desired output Multiplier
13 MT To test the Multiplier _ Multiplier
14 DIV To test the program and the Divider Divider
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General Purpose Programs

Three general purpose programs were developed in this project:
(i) to generate the random numbers in regular format, (ii) to generate
the random numbers in HP 1000 floating-point format, and (iii) to
check the distribution of the random numbers generated in previous
programs .

(i) The program name is "HP.RAND." This program generates

a set of random numbers up to 2500. N, the total number of "random
numbers" and S1 and SO, the seeds are to be selected by the user. The
numbers generated are in the OUT table and the end of it is indicated
by zeroes. The display, "Rand..Done," is used to indicate the end of
the operation. The program is shown in Appendix A.1.

(i1) The program name is "HP.RFC" (Random to Floating
Conversion). This program generates the random numbers in HP 1000
floating-point format. The maximum numbers that can be generated are
2500. HP 1000 format is already discussed elsewhere in this report.

N is the total number, and S1 and SO are the seeds to be determined
by the user. Like the previous program, the output is stored in the
OUT table and zeros indicate the end of it. The display format used
is "RND.FLT.CON.“ Appendix A.2 shows this program,

(iii) The program name is "HP.DIS." This program counts the
distribution of DATA in eight equal ranges from >0000 to >FFFF. The

DATA can be AIN, BIN, or OUT. Counter N can be set to any number

(max. 2500). The end of the operation is indicated by the "DONE"
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display. The user can inspect registers R4 through R11 for the

distribution result. The program is shown in Appendix A.3.
Floating-Point Processor Programs

The discussion of these programs is divided under three
individual sections, one for each chip: Adder, Multiplier, and

Divider.

" Adder
For Adder, two basic types of tests were developed, one for

Fixed to Floating-Point Conversion, and one for Add Operation.

Fixed to floating conversion. Table 4.8 shows the function

sequence for this operation. In this category four different types
of programs were developed: (i) for generating the sequential
numbers in floating-point format, (ii) for testing the program
itself and also the chip with known inputs and "calculated" output,
(iii) for generating "desired" output for known input using GOOD
chip, and (iv) for testing ANY chip with known random input and
generated "desired" output from previous program. .

(i) The program is "HP.FLT1." Here starting from any number,
sequential numbers up to 2500 can be generated in floating-point
format. Counter N is set for this number, and the starting number
is entered in Al and A0 (e.g., if the starting number is 5, then Al
has 0000 and A0 has 0005; if the number is 50,000, Al has 0005 and AQ

has 0000). The display format used for this program is "F1t..Done"
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Table 4.8

Function Sequence for Fixed to Floating Conversion

F Input A Input B Input D Qutput
Clock # 5 Bits 16 Bits 16 Bits 16 Bits
1 CLEAR -- -- --
2 FT.I2.F2 I -- --
3 FT.I2.F2 I0 -- --
4 -- - - -
5 - - - -
6 - - - -
7 NEXT.OUT -- -- D1
8 -- -- -- DO

to indicate the end of the operation. The program is shown in
Appendix A.4. Numbers 1 to 1000 in floating point format are shown
in Appendix A.5. | -

(ii) The program name is "HP.FLT2." Here the known input is
entered in AIN and the hand calculated output is entered in OUT.
Result of the test is displayed by "F1t..Good" or "F1t..Bad." The
user can also test the program itself by inspecting SENDT (send
table) which should have the sequence 00C3, 00C2, --D1, --E1, 12C3,
12¢z, --D1, --E1, 12C3, 12C2, 8100, 4100, 1FC3, 1FC2, 8100, 4100.
The program is shown in Appendix A.6.

(iii) The program name is "HP.FLT." Here the known input is
entered in AIN and the desired output using GOOD chip is obtained at
OUT. Counter A can be set up to 2500. The display format used is

"F1t..Done." The program is shown in Appendix A.7.

(iv) The program name is "HP.FT1." Here the random data

generated by "HP.RAND" is entered in AIN and the desired output
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generated by "HP.FLT" is entered in OUT. The result is displayed by
"F1t..Good' or "F1t.Bad.#" the number of errors. The counter A can

be set up to 2500. The program is illustrated in Appendix A.8.

Add operation. Table 4.3 (p. 38) shows the function sequence

for this operation. Three types of programs were developed for this
purpose: (i) for testing the‘program itself and also the chip with
the help of known inputs and "calculated" outputs, (ii) for generating
the "desired" output for known random inputs using a GOOD chip, and
(iii) for testing ANY chip with random inputs and generated "desired"
outputs from the previous program.

(i) The program name is "HP.ADD1." Here two known inputs for
A and B are entered in AIN and BIN, and corresponding hand calculated
outputs are entered in OUT. The result of the test is indicated by
diép]aying "Add..Good" or "Add..Bad" on the kit. The user can test
the program itself by inspecting SENDT—send table—which should have
the following sequence of data: 00C3, 00C2, --Di, --Ei, --C5, --C9,
18¢3, --p1, --E1, --C5, --C9, 18C3, 13C2, 8100, 4100, 1FC3, 1FC2,
8100, 4100. The program is shown in Appendix A.9.

(ii) The program name is "HP.ADDT." Here random data generated
by "HP.RFC" is entered in AIN and BIN, and the desired output is
obtained at OUT. A and B counters are set at 240 X 10 and 10 X 240
in two different versions of the test. However, they can be set to
any value as desired by the user. The display format used here is

"Add..Done." Appendix A-10 shows the program.
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(iii) The program name is "HP.AT." Here, the random data
generated by "HP.RFC" is entered in AIN and BIN, and the desired
output generated by "HP.ADDT" is entered in OUT. There are four
versions of this test: ATl through AT4. A and B counters are set at
240 X 10 in AT1 and AT3, and at 10 X 240 in ATZ and AT4. However,
they can be set to any number according to user's convenience. The
display format used is "Add..Good" or "Add.Bad.#" where # is the
number of errors. The user can inspect ERROR for the desired output

versus error output. Appendix A.11 refers to this program,

Multiplier

Table 4.9 shows the function sequence for this operation.
bn]ike an Adder here only one "multiply" operation is checked. Three
types of programs were developed for this purpose: (i) for testing
the program itself and also the chip with the known input and
"calculated" output, (ii) for generating tHe "desired" output for
known random input using a GOOD chip, and (iii) for testing ANY chip
with random input and generated "desired" outputs from previous
programs.

(i) The program name is "HP.MTO." Here two known inputs for
A and B are entered in AIN and BIN, and corresponding hand calculated
outputs are entered in OUT. The result of the test is indicated by
displaying "Mul..Good" or "Mul..Bad" on the kit. The user can test

the program itself by inspecting SENDT (send table) which should have

the sequence, 00C3, o0OC2, --D1, --E1, --C5, --C9, 16C3, 16C2, --D1,
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--E1, --C5, --C9, 16C3, 16C2, 8100, 4100, 1FC3, 1FC2, 8100, 4100.

The program is shown in Appendix A.12.

Table 4.9

Function Sequence for Multiply Operation

F Input A Input B Input D Output

Clock # 5 Bits 16 Bits 16 Bits 16 Bits
1 CLEAR -- -- --
2 MUL .F2 AT B --
3 MUL . F2 AQ BO --
4 .- - - -
5 - - - -
6 - - — -
7 NEXT.OUT -- -- D1
8 -- -- -- DO

(ii) The program name is "HP.MULT." Here random data
generated by "HP.RFC" is entered in AIN and BIN, and desired output
is obtained at OUT. A and B counters are set at 240 X 10 and
10 X 240 in two different versions of the test; however, they can be
set to any value as desired by the user. The display format used
here is "Mul..Done." -The program is shown in Appendix A.13.

(ii1) The program name is "HP.MT." Here random data
generated by "HP.RFC" is entered in AIN and BIN, and the desired data
generated by "HP.MULT" is entered in OUT. There are four versions
of this test: MT1, MT2, MT3 and MT4. A and B counters are set at
240 X 10 in ATT and AT3, and at 10 X 240 in AT2 and AT4. They can be
set to any numbers according to the user's convenience. The display

format used is "Mul..Good" or "Mul.Bad.#" where # is the number of
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errors. The user can inspect ERROR for the desired output versus

error output. The prbgram is shown in Appendix A.14.

Divider

Table 4.10 shows the function sequence for this operation.
In case of the divider, on]y'two chips were available within the
Department, and one of them was definitely bad, so there was no point
in developing the detailed programs for the Divider. Only one program
was developed. The program name is "HP.DIV." Here two known inputs
for A and B are entered in AIN and BIN; and hand calculated corres-
ponding outputs are entered in OUT. The result of the test is
indicated by displaying "Div..Good" or "Div..Bad" on the kit. The
user can test the pfogram itself by inspecting SENDT (send table)
which should have the sequence of data: 00C3, 00C2, --D1, --E1,
--C5, --C9, 16C3, 16C2, --D1, --E1, --C5, --C9, 16C3, 16C2, 18C3,
18C2, 12C3, 12C2, 12C3, 12C2, 12C3, 12c2, 12Cc3, 12C2, 12C2, 12C3, 12C2,
12€3, 12€2, 12C3, 12C2, 13C3, 12C2, 8100, 4100, 1FC3, 1FC2, 8100,
4100. The program is illustrated in Appendix A.15.

After discussing various programs for the Adder, Multiplier,
and Divider, at the end the user's instructions for Emulator and the

results of the experiments are discussed.
User's Instructions for Emulator of TI 990

Two special display formats have been developed for emulator

usage: (i) "HP.ET"- This is used to set the sequential numbers in
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Table 4.10

Function Sequence for Divide Operation

F Input A Input B Input D Qutput
Clock # 5 Bits 16 Bits 16 Bits 16 Bits

1 CLEAR -- - --

2 DIV.F2 Al Bl --

3 DIV.F2 A0 BO --

4 LREMAIN -- -- --

5 QBIT3 -- - --
12 QBIT3 -- -- --
13 -- - -- --
14 NEXT.OUT -- -- DO
15 -- -- - D1

floating point format (HP.FLT1) with corresponding decimal numbers
attached to them, like

1- >4000 >0002 2- >4000 >0004
3- >6000 >0004 4- >4000 >0006

To obtain the output in this form, the user will have to first
enter into the emulator mode with "AMPLDX" and then respond to the
prompt as follows.

? RSTR('HP.ET') (Ret)
? ET (Ret)

Then the user should load the object file in the normal way.
Whenever the user wants to read the contents of a particular memory
space, e.g., from >01A3 to >01B3, he will have to type,

? DISP

The screen will return with,


https://RSTR('HP.ET
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SPECIAL DISPLAY FORMAT

START ADDRESS
END ADDRESS

Here the user will type the corresponding addresses, and the
disp]ay'wil1 be in the above form. This display is very useful for
HP.FLT1.

(ii) "HP.ET1"- This display format is extremely useful while
working with HP.RAND, HP.RFC, HP.FLT, HP.ADDT, and HP.MULT. The user
can obtain the output from these programs in a form that can be
directly used to attach as the input table or output table to other
programs like HP.FLT, HP.ADDT, HP.AT, HP.MULT, and HP.MT.

Here the user, after entering into the emulator mode (AMPLDX),
will respond to the prompt as follows. |

? RSTR ('HP.ET1') (Ret)
? ET (Ret)

Then he loads the object file in a normal way. Like the
previous case, he will enter the START ADDRESS and END ADDRESS to
inspect the output, and the display format will be, |

DATA >01E4,>8DE3,>3BCD,>1473
DATA >236C,>14EE,>A3C2,>767F

Results of Experiments

The previously discussed tests were carried out on 18 Adder
chips, 18 Multiplier chips, and 2 Divider chips. Nine Adder chips,
16 Multiplier chips, and 1 Divider chip were found to be fully

capable of 32-bit operation. The remaining chips failed one or more




53
tests. Sometimes the particular chip passed the particular test
several times and failed the same tests several times. Cases were
also noted where the particular chip passed a few of the tests con-
sistently and failed the others consistently. Most of the time the
bad chips failed all the-tests.' A separate record has been prepared
for these test results.

The last chapter summarizes this work and presents the

conclusions.




CHAPTER V
SUMMARY

In this project, a strategy was developed for testing the
32-bit operation of three types of VLSI floating-point processors
(adder/subtracter, multiplier and divider). A testing circuit with
minimum external hardware was implemented. Major consideration was
given to the size and complexity of the test hook-up to facilitate
trouble shooting by the operator.

Exhaustive testing was not possible because of the enormous
time required for it. Random sampling was the only alternative. The
best possible set of random data, the one with the most nearly
uniform distribution over the entire range, was selected for inputting
the data. Self-testing programs were developed to verify the
correctness of the test programs. Initial testing of the chips was
done with known input and hand calculated output. For the actual
testing, a set of known random input data was first applied to
several known "good" chips and the "desired" output was obtained.
Subsequently, this input and output data were used to test any
unknown chips.

These tests were executed on 38 different chips, and 12 faulty
chips were ascertained. Some of the bad chips passed several tests

and failed the others, and some of them passed the specific tests

sometimes and failed the same tests at other times,.
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The fact that the tests developed in this project detected

some bad chips proves the effectiveness of the tests.
Future Modifications

Since the F input is 5 bits wide, only five input/output pins
of the F latch are used in the system. The remaining three, however,
can be connected to the DEN Tines of the HP chips in case the user
wants to mount all the three types of chips (the adder, muitiplier,
and divider) on the board simultaneously. Space is already provided
on the board for this purpose. A wiring scheme was suggested in
Table 3.2 (p. 31). Except for the DEN lines, all other pins of
the additional chips will have to be connected in parallel with the
existing socket.

The software developed in this project is very flexible. The
user can generate his own set of random inputs selecting the proper
seeds in the programs. He can also increase the size of the test
table above 2500 just by arranging for additional memory and selecting

the proper N.
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APPENDIX A.7

FLT_ g3

- C ¥

O, AIN # @ OF A TNFUTE

1o fhdtdt # A COUNTER

4, 0UT #* B OF OUTPUT TABLE

7 CLE ¥ @ OF CLOCE IMPLUTZ
SL.FIN ¥ @ 0OF F INPUT=

e, 15 #)SEND “FL.CLEART

EZEND #*)

%gEUD %;

14,2 # SET COUNTER TO 2
0,15 %)SEND I1- 10

GSEND %)

eSEND %)

15,0 #)

P ] F)SEND FT.IZ.FZ —"FT.I1IZ.F2
BSEND #)

&oEND *)

15,3 #)

14 # 11 AND IO TARENT
MEXT # IF YES, GET QUTRUT D
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R=END #*)
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# SUB-ROUTINE FOR SENDIMG
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10 * DATA DURING - hLT d

12,20 # SUR-ROUTINE
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9 ¥ RESET AND GETTING DATA

1% # FROM TEST CIRCUIT
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APPENDIX A.8

OF A INFUTEZ
COLUNTER

CF DESIRED CLITRUT=
REOR COOUNTER

OF ERROR TARLE

OF QUTRUT TARLE

OF xLJﬁF} IMNFIATS

F ]
SEND ’FHCLEﬁRf

i i@@@@m@b@

e e

SET COUNTER TO 2
SEND I1- IO
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P e SN
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CGET CQUTPUT O
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CNEXT. 0T
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DECREAMENT A COHINMTER
NOT ZERD, &0 Al
ZERG . CHECE ERRORD
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—
CIVER

i
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APPENDIX A.9

@ OF A INFUTS

A COUNTER i

@ OF DESIRED CUTPUT:
ERROR _CIOUNMTER

@ OF SEND TABLE

@ OF B _INPUTS

B COUNTER

@ OF CLDCE INFUTS
@ OF F_INFUTZ
SEND “F.CLEART

ER R R R R R R I

SET COUNTER TO 2
#)ZEND Al- AO

#)

%)

%E ZEND B1- BO
#(

*
#)SEND
#*)

SAOD. F2 = ALDLFZ-

3

O (ABRYO ADDED 7
, GET OUTRUT D
s ADD (AEHD

NEXT T

V'

RHHMT 7

DISFLAY BAD
DEIHEHMENT B OCIOUNTER
=S ZERDL CHECE A

NHT ZERO, RETAIN FIRST
LUE OF A AND AFPLY
IDTHER VALUE OF B
SCREAMENT A COUNTER

NOT ZERD, GO ALl OVER
BROTH ZERO, CHECE ERRORSE
ERRHRﬂvﬂi_FLHY BAD
NOT, DISPLAY GOOn

S
L -—{ Iy

~

m7<m1

S Srt®
ot it e b T T € b et bt et et 1)

#**#ﬂﬁ*#*#iﬁﬁ##**#ﬂ#*#kﬁﬁt*#*
WTTHWFUZDTTUWTEGN

e St 3 R %*%%%%%***%%%%*%%*%%%%%%%%%%-&%%%Q%%v-&% Fotk

InT AR AN
ARG 1 ED
RS }'U
LWPI 150
LI D,AIN
L1 134
LI =, OUT
LI S,
I 13, SENDT
START LI S BIN
I & B
CLEAR LI 72 CLE
LI SLFIN
YINAY) I
BL @SEND
BL E=END
My 15.3
LI 14,2
ALD MOV 0, 15
BL. @EEND
BL. @SEND
MY 15,0
MOV 5,15
BL &SEND
BL @SEND
MoV 15,5
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BL. @=END
BL @ZEND
Moy 15,3
LEC 14
JE MEXT
E @Ak
MEXT EBL @GET
Moy =, 15
Bl GZEND
BL EoEND
MOV 15,8
BL @GET
oI T, 0
B DSPB
GEC &
JET CHECE
OECT O
DECT ©
MR CLEAR
CHECK DED 1
H?E —TART
JNE D FH
=RG LI AT
B B @DSPR
SRR LI s OS2
5] @D R
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ML) 10, #1323+
LI 1.-...1-::.;_‘1
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& *11

R EEEREER

SUB-ROUTIME FOR SENDING
DATA To TEST CIRCOIT
ANDC ALSD TO STORE IN ZEND
TARLE FOR FROGRAM TEZTING
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35 % B S R T B SRS SR S A IR N R WA R R R R
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SENDL MOY #*7+, 10 #* SUE-~-ROUTINE FOR

SRHFR LG 3 NQTH T E

LY iﬂ: # GET

i1 15 *

LOCR 10,3 #*

B #1311 %
%%%%%%*wﬁ*ﬁ%q¥%%?V%%%ﬁwhww%h%%%ﬂ%%44%%k*?r%ah“% EESLE
GET LI 12.0 # SUBE-~-ROUTINE FOR SO0FTHARE

RO 0 # RESET AND GETTING TATA

=RZ 15 * FROM TEST CIRCUIT

Moy 11.@STORE

B ESENDH #*

LI 152,250 *

STCR oy *

SWFR 9 #*

BL &5 #*

MoV & #*

) 1z #

“TCR "y 3

. iy # I TEST O/F EQUAL DESIRED O/F

ANE ER # NI, DECREMENT ERROR COUNTER

B ], # YES, GET NEXT O/F
ERR LDEC = #

] %11 #

URBEEREFEFA IR R TR FEEH B R E R IV H RS R BT RSB HEE RS E TS

ad”

HsFER # SR ROUTINE FOR
* DISPLQYING

KU # “Add.  Good” TR OTAdd. OB
3*

AGETM *
*
*

JLOOF #*

LUDP ¥

*

QHQIN ¥*

TN 3*
*%qhhﬁ*%%%%*%%%%%%%h%%%ﬁ%#x%%4§+*%§%v%*%%wpvk>%y” B
AT '####

BINM R

ouaT v iR

[ DHTQ "ﬂﬂL_,,HUl“,; =OO0E ]
DATA 0005, 0009 =000
DATHE 2016 )D1 ’ n..-i:)CJEl - =000
DATA 0003, =000 =00 G 1
D&ETE }_uua OOTE Q04

FIN DATA FO000, 11 1F1F
LATA »1FI1F

DEFl DATA H1e80,1A81 =1 7F3
DATA »17F4, 102 1037
DATA »1A1E,1FF

L=Fz OATA »1820,>141 »17F3
DATA »17F4, r1am ~1A17
LATA 71FF87}1FF%

STORE RSS -

SENDT  BSS
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ATt R A

FHFEHE RPN B ENE TS HE RS

HEHGESE AR
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APPENDIX A.10

k3
Y b3
Be= *
LWF * _
LI ¥ 2 OF A INFUTZ
I # A COUNTER
11 1L # @ OF OUTPUT TARLE
START LI =, BIN ¥ @ OF B INPUTS
LI Loy fiH #= R COUNTER
CLEAR LI 7L ZLE # @ 0OF QLOCE INPUTS
LT HaFIM % @ 0OF F IHFUTS
MoV H, 15 #)SEND CF.CLEART
BL E=END )
Ri_ @=EMD #)
MV 15,2 #)
1 14,2 # SET COUNTER TO 2
YN M 0,15 #)SEND ALl- A0
BL @SEND #)
BL @nEND ¥)
MoV 15,0 )
IRV S, 13 # (ZENMD BLl, RO
BL @SEND 3#(
B RSEND #(
MoV 15,5 *(
MOV =, 15 FYSEND CADD.FZ -"ADDLFZ
BL @=END #*)
BL GSEND ¥*)
MY 15,3 *)
LGEC i4 # (AB)Y1 AND (ARYQ ALDED 7
JER MEXT # IF YES, GET OUTRUT D
E GIATE) ] # IF NOT, ADD (ARG
MEXT EL GEET #* GET [1
MoV =, 15 #)SEND CNEXT. OUT”
BL EEEND *)
BL ESEND ¥#)
MOy 15,3 #)
B @GET #* GET DO
LDEC & # DECREAMENT B EOHNTER_
EG CHECH # IF IT I3 ZERO.CHECE A
DECT O #)IF NOT ZERD, RETAIN FIRST
LECT #IVALUE OF A AMD AFFLY
AP tLEAR #IYANOTHER VALLDE OF R
CHECHE DE! ¥ DNECREAMENT A COUNTER
JME -TﬁRT % IF NOT ZERD, 30 ALL OVER
B CLSFR # DISPLAY “ALOD..DONE”

HHRRBEEEFEFEB LR FHRHE A AR AX R R AR B I A LR LTS HHEHERS G T

SEND MOy %7+ 10 * ~HE ~ROUTINE FOR
‘C?VE :;-1_ i+, 10 ¥ SENMDING DATA TO TEST CIRCUIT
i Sl *
LDlR 10,0 #
#11 *

WF PR -ti-*i-%%**%*%*%**%%**#%***%%%%%-ﬂ-%%%%%-“ B R R X R L

SENMDLT O MOV #7+,10 # SUB-ROUTINE FOR
SWFR 10 # SENDING DATA DURING
L1 121}ED # TGETC SUB-ROUTINE
LIOCK 10,5 #*
i #11 #*

é&¥b%%%%%i%*>9*0¥%8%%¥%%*%#%%%4bw%%%#%%4¥%%%%b&%4b%%%
GET LI 1h. # SUB-ROUTINE FOR SOFTWARE

SR % RESET AND GETTING DATA
SRz #* FROM TEST CIRCUIT
MY 11 STORE =
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DEFR LT 12,2420 ¥ SUR ROUTINE FOR

LI Oy 220 # DISFLAYIMNG
G LI S DEF CALD.  DONE -

1.1 2,10
AGAIM  LDCR w54+, 13

SRZO12

MOV 0,3
[N DEZ &

JNE LDUF

DEC
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LI 2. QUT
-1 Sy
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_ LI 13, ECD
START LI L BIM
LI Loy
CLEAR LI 7 LK
I 2.FIN
IR, HL 1S
BL @mEND
BL. @EEND
MOV 15,8
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L MO 0O, 15
BL RSEND
EL @TEND
[RINLY) 15,0
INAY B, 15
BL EoEMD
BL ESEND
MOy 15,5
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Bl RSEND
BL BSEND
Moy 15,8
DEC 14
NiSn MEXT
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MEXT BL. BLET
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B SEND
EBiL EoEND
M 15, =
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LDEC &
JER CHECE
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JMP CLEAR
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g?E START
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5 #11
e
SENDL FaY 74,10

BS WG G REREEERER RS FEEREEETRHE SRS

APPENDIX A.T

OF & INMPUTE
HDUNTER

CF DESIRED QUTRPUTS
"RROR COUNTER

OF ERROR TABLE

OF QUTRFUT TARLE

OF B OINMPUTES
COUNTER
OF CLOCE INFPUTS
2 IF F INFLITS
mENMID LCLEART

2 mzm@@mm;apna

)
£
)
)

SET COUNTER TO X

g SEND Al- RO

)

é SEND Bl BO

(

E SEND CADD, FEo-"ADDO.FZ
E

(AB)Y1 AND {(AROYO ADDED 7
IF YEZ. GET QUTPUT D
IF NOT. ADD (AEDO

GET D

SZEMID CNEXT.OUT

GET [0
IF MIT, DECREAMENT R COLINMTER
IF IT I% ZERO.CHECE A
#)IF NOT ZERO, RETAIN FIRST
#IVALLE OF A AND AFPLY
#)YANITHER VALLE OF B
¥ DFIFEQMENT A COUNTER

MOT ZERO, 30 ALL OVER
IF BOTH LFR_ CHECE FFRHh—
IF ERRORS. DISFLLAY BAD
IF NOT,DISFLAY GLOH

**##*##*##*****#*#***#k#*#*#####$#*#***$**
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HURFUSFRF RIS RS REEEFEFHF R TR FEREFEHEREEHERTE

# SUB-ROUTINE FOR
¥ SENDING DATA TO TEST CIRCUIT
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FROM TEST CIRCUIT

if
(rulnal
i

—~,

-

i
i
L @
i
/
)
&

Ty~
L 7
A G
iy

A
Eile]
A

AT T g
i
<

I
it
)

I TEST Q/F
INE M, GO T R
B %, YEZ, GET NEXT
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uT SOMTO ¥
fi‘{l:IRi:'l 1 ll) ++
BES =0 %
LWFI lsu *
LI H AIN # @ OF A& INFUTE
LI 15 i # A COUNTER
LI 2. T # @ OF DESIRED CGUTPUTS
L1 P # ERROR_COLUNTER
LI 13, SENDT ¥ @ OF SEND TABLE
START LI L RIN # @ OF B INFUTS
LI Lo HH # R COUNTER
CLEAR LI 7 CLE # @ OF ELULP INFHT~
LI Z.FIN # @ OF F lr =
Moy .15 #)EEND ”F CLE \R
Bl @ZEND %*)
Bi. @oEND *)
(MY 15,3 *)
(W 14,2 # SET COUNTER TO Z
L FoN 0,15 #)SENMD Al- AO
EL ESEND #*)
EBL GoENMT %)
Moy 15,0 )
Mo 3,15 #{SEND Bl- BO
BL @ZEND 3 {
EBL AonEND #
Moy 1%. 5 #
Moy =15 #)SEND MU, FE "ML F2T
BL. BoEND ¥*)
BL @SEND )
Moy 15,3 *)
D 14 # (AR)Y1 ANMD (ARYO MULTIFLIED 7
JER NEXT %+ IF YES, GET QUTRUT D
B &ML # IF NOT. MULTIFLY (ARE)O
NEXT BL BGET # GET Dt
MoV I #YSEND NEXT.OUTS
BL EZEND %)
RL BIEND *)
Moy 15,3 #*)
EL @GET # DET DU
=T 2.0 ¥ IS ERR COUNT o 7
R LEFR # IF YEZ., DISFLAY BAD
DEC I # IF NOT, DECREAMENMT B COUNTER
D CHECK ¥ IF B I% ZERO,CHECE A
CECT O #)IF NOT ZERD, RETAIM FIRET
DECT O i #)VALLUE OF A AND AFFLY
JME CLEAR #)YANOTHER VALUE OF B
CHECE DREC 1 # DECREAMENT & COUNTER
NE STAERT % IF NOT ZERD, G ALL OVER
() T S # IF BROTH ZERDQ, CHECE ERRORD
JNE n=-B % IF ERRORS,DISFLAY BAD
ERG 1.1 1,05R % IF NOT,DISPLAY G000
) R @h=zFR %
SRR LI 1, OEks ¥
|2 ?ﬁ H *
%%4%Q%%*#0%ﬁ5%%%4¥%¥%#5#%§%¥%4%%¢bw§&%%#%db§bw4%%wv%v
SEND MOy #74+,10 # SUBR-ROUTINE FlR SENDING
MOVE ﬁiqk,ln 3 DQTQ T TEST uIRIHTT
I"Il v 10, #8135+ # AND &LSD TO STORE IN SEND
12, 20 % TABLE FOR FROGRA&M TEZTING
LUIR 10,0 #*
R *11 #
ETETRVIR VIR RE VL YRR LR S RO T - R R R R R R L R L e R R
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SENMDT ALY ¥74, 10
SR 10
IHIY, 10, -"-?1 EEy
.1 T2, 20
LOCR 10,3
H #11
HEREEEREHEESEEEF SRS E LRSI R R FEIREES TR G B RS SYE S50
GET 13,0 SUB-ROUTINE FOR SOFTWARE
0 RESET AND GETTING DATA
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LATA 1H TEST CIRCUIT DURING
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N, DECREMENT ERROR COUNTER
YET. GET NEXT O/F
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4 AP # SR ROUTINE FOR

20 # DISPLAYING

ML . L G000 OROCFUL. L BAD
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o Fe R 3 W I A0 33

DEPR LI 12
LI 0,

50 DRV 1:;
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Moy 0,5
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NE S LOOR

nec 2

SME AGAIN

JMP GO
HEHFEHFSERHHBRHGER SR FH SR SR E SR B SR L E R B RH R EE 4R HH %S
oLk DATA 0003, }UHLh,}UUDl,JUUEl
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FIN LDATA >0 wlE14, o 1FAF
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DATA %1

T e

¢



APPENDIX A.13

[y LR *

AR =150 ¥

BES s #

LWFT 150 +

L1 0.A/IN # @ OF A IMFUTE

LI 1. 4# # A COUNTER

L.I 2L QUT ¥ @ OF QUTRUT TABLE
START LI S, BIN # @ OF B_INPUTES

LI Lo dh #* B COUNTER
CLEAR LI 72 CLE # @ OF CLOCKE INFLTES

LI SLFIM # 2 0OF r INFUTE

Moy 2, 15 #)EEND “F.CLEARS

BL @SEND #*)

Bl @LEND ¥*)

Moy 15,2 %)

LI 14,2 # SET COUMTER TO 2
ML My 0,15 ¥ )SEND Al- AOD

BL GSEND ¥*)

BL &SEND *)

MOV 15,0 ) ,

MOy S, 15 *(SEND Bl- BO

BL @SEND *(

HL @SEND *{

Moy 15,5 #*(

Moy o, 15 #ISEND TMULLFE MU F27

BL SSEND *)

BL @SEND ¥*)

MOV 15,3 #*)

LEC 14 # (AR)Y1 AND (AEHYO MULTIFLIEDLY

JEL NEXT #* IF YEZ, GET QUTRFUT D

B eMuUL # IF NOT, MULTIFLY (AE)O
MEXT EBL RGET # GET Di

MOV S, 15 #)SEND CNEXT. OUT”

BL @SEND ®*)

BL @TEND #*)

MY 1%, 3 #*)

BL @GET * GET DO

DEC & # LDECREAMENT B COUNMTER

SEL CHECE # IF IT Is ZERG, CHECKE A

DECT O #)IF MOT ZERD, RETAIN FIRST

LDECT O #IVALLE OF A AND AFPFLY

P CLEAR #)ANOTHER VALUE OF R,
CHECE  DEC 1 # LDECREAMENT A CCOUMTER

INME START # IF NOT ZERH, G ALL OVER

B @LEFR # DISFLAY “ADOD. . THONES
*4%*%%%4*%%ﬁ-%%*%****%%%*%*%**%%%%**%&%%éﬁ-*%%* T F NI E
SEND Moy #7+, 10 # SUB-ROUTINE FOR

MOVE  ®#15+, 10 % SENDING DATA TO TEST CIRCUTT

LI 12, 20 *

LGRS 10,0 *

B #11 *

HEAUFH SRR AR I RE ST R R G R AR HE SR LB R R EREEF R R R R FRLE LR E R AR R
SENOL MOV #7+,10 # SUB-ROUTINE FOR CSEMDING
SWFE 10 # DATA DUIURING “GETS

LI 127}20 # SUE-ROUTINE

LOCR  10,& *

R ®#11 *
w%*%%w%%%ﬁ5**¢*%ﬁ*%%%%%%*%%%%#4%¥¥w%v%*%¥v4&*y%%o%**&
GET LI 12 * SUB-ROUTINE FOR SOFTWARE

SR 0 # RESET AND SETTING DATA

TRZ 1% * FROM TEST CIRCUIT

MOV 11, @ZTORE #
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APPENDIX A.14

OF A INFUTE
COLNTER

OF DESIRED CGUATRUTS
RROR COUNTER

*’#*###***#**##*##**2####****#*###*#*###*######***#*##'}?*

Fo R R R R R R R
B-ROUTINE FOR

#* SENDING
* TABLE FOR VERIFICATION

SEND M)
MOVE
()
DGR
B

R - TR R R R R R e R R
# SUE-ROUTINE FOE

SENDL O MOV

%7+, 10
#1504+, 10
12, 720
10,0
#11

#74+,10

# =

#
*
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DATA TO TEST

@

£

@

E

@ 0OF ERROR TABLE

@ OF ERR CIOUNT DEFLY

@ OF B _INPUTE

B COUNTER

@ OF CLOCKE INPUTS

@ 0OF F INPUTS

gEEND ELUCLEARS

g

SET COUNMTER T 2

YEEND Al- AO

}

)

)

EEENU Bi—- RO

E

%EEND ML FE =ML RS

;

(AEY1 AND (ARYO MIMTIFLIED 7
IF YEZ, GET QUTFUT I

IF NOT,. MULTIPLY (ARIO
GET 01

)SENDNEXT. DUTY
)

)

GET L0

IF NOT, DECREAMENT R CQUHlER
IF IT I ZERD, CHECE

¥Y1IF MNOT ZERD, RETAIM rIR'I
YVALUE COF - A QND AFFLY
% )ANMOTHER VALUE OF B
LDECREAMENT A COUNTER

IF MOT ZERD, GO ALL OVER
IF BOTH ZERD, CHEDK ERRORS
IF ERFORE, DISPLAY Bal

IF pMNOT.LDISFLAY GO0k

FR IR FREHR

BEOARD

L 2 e 3 e

_LHHIJH
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B33 3
ERR

N

T

¢ de P 1
e LI R Y]
2 bt T
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3#

S AR

u DRI NG “GET S
~PRHIT TNE

R R SRR SRR EE RS SNy AOR

FOUTINE FOR
# RETZET

Ty 2

AN

B A A S A %
= FOR SOFTWARE
GETTING DATA

# FROM TEST BOARD.

2 e e ok ok ok K bk K

###***##

-1
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j

£,

-HB
LDESIRED D

OATA IM AT

TEES

T

/F ECISL DESIRED

GO TO ERROR nUUTIWL

ROUTINE FUR.

DATA FROM
ERROR COUNT ZERDY

DI=FPLAY.

ﬁ
ATA V= E]
= DF E <
TEST BOARD.,

“BAD”

%%%ﬁ%%ﬁw%%%ﬁﬁﬁﬁhﬁ%%#%%%%%%#%%*#%*“%%%%4%“%%% & KR
-3 MHQ RUUTIUE FiR
#* DIZFRLAYING

DEFR
it

AGAIN

LR

CLE

FIN
RS o

U el

sEs
ECD

ERROR

LI
LI
MOy

LI
LOCR
SRZ
MOV

"DELC

SNE
OELC
WJME

dME

DATA
DATA
TDATA
DATA
DATA
DATA
DATA
DATA
DATH
DATA
DATA
DATA
DATA
DATA
DATA
DATA

12,420

Oy =20
1.5
2510
#5054, 13
1z

0,5

Lo
AGAIN
(RN

HESEER RS SRR SRR RN R R R AR R SRR R RS

OO0

DATA 1

f‘

o s
bk bt £t o ot et

....?. o

}Our.,g‘

%nnDl,:nnE1,:
OO0

SRR L LR L

CMUL L L G000 OR
WHERE # IZ

slell "_-'

:_Z‘-()()I:H_ 2 »OOET

O

}QQC?
=041
0041

' =17F

S 1FE
S17FE

180D
1Fg

1417

TMUL . BADL #
NUMBER COF ERRORZ.
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APPENDIX A.15

“’. A o ' ) *
i : =i E
WFT 15 # N
LI i # @ OF & INFUTE
(I 1, 4H # A COUNTER
LI 2L T # @ OF UESIRED OQUTFUTS
LI L, & # ERROR COLMTER
LI 12, 5ENDT #* @ OF CUTRUT TABLE
START LI =sRBIN ¥ @ OF B INFUTE
LI O ¥ B COUNTER
CLEAR LI 7. CLE ¥ @ OF CLOCE INFUTS
LI L, FIN % @ OF F INPUTES
Moy =, 15 #)SEND FLCLEART
EBL ZEMD *)
EBL @SEND #)
MOy 15,2 ¥*)
I 14,2 ¥*
oIy [NV, 0,15 #)EEND Al— AD
(W @=END ¥*)
RL BEEND *)
MOV 15,0 %
MO 5. 15 SENT Bl1- BO
BL BEZEND %(
BL. SEND #(
MV 15,5 #(
Moy =, 15 FYSEND CDIV.FZ =TIV, F27
BL @SEND #)
BL @SEND #)
[V 15, & #)
nEC 14 # AR AND ARD ENTERED ¥
JER NEXT ¥ IF YES, GET QUTEUT D
=] euIvV # IF N“r, ENTER (ABO
MEXT KAV S, 15 #)SEND “LREMAINMT
RBi_ ASEND *)
HL GSEND #)
MV 15,3 #)
Moy 2,15 #(SEND “OBRITZ2. 9 TIMES
1) 14,9 #(R14 IS LUHNThR FOR QRITZ
LOoP Bl ESEND #(
BRI ESEMD 3
ODECT 13 #(
DECT 7 3#
DECT 7 #(
LELC 14 #(
AME LOoP #(
MOV 15, 2 +
INCT & # (
INCT 7 #(
INCT 7 ¥*(
BL EGET # GET M1
Moy 2, 15 %)
EL BSEND )
=i E=END #*)
Moy 15, & *)
Bl BGET # GET DO 3
LEC b % IF NOT.DECREAMENT B COUNTER
JEG CHECH ¥ IF IT IS ZEROQ,CHECE A
DE!T 0 #)YIF NOT ZERG, RETAIN FIRST
DECT O #YVALUE OF & nNﬂ_AFtLV
I 1 CLEAR ®FYANOTHER VALUE OF B
CHECE DEC i # DECRESMENT A& COUMTER
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https://���DIV.F2"--'DIV.F2

R # IF NOT ZERO. GO Aatl OVER
LI ¥ IF BHFH IER, CHECE ERROMED
R ¥ IF ERRORS, OISFLAY BAD
=G LI % IF NHF HL—kLQViﬂnH
E *
D=8 i1 *
E +

W RS R %%%*%{%%%—‘ R R g - LR R R B R ok R R T ek R R e R 2

mEND MY #7+, 10 # SUR ROUTIME FOR
MOVE  #15+, 10 # SENDING UQTG To TE=ST BOARD
MOy 10, #1353+ # AND ALSO TO STORE IM A
LI 1532, 20 #* TABLE FOR VtEIFIPA;IHN
LOCR 10,0 *
B #11 #*
BHGEREE R B LRSS EFFRR SRR A LIRS ER PR FRFETEREERE LS
SENDL MOV w7+, 10 #
SWFRB 14 +
MOy 1n ¥ 1 *
LI 12, .-"..:'.(.) 3*
LOCR 10,3 -3
#11 3*

S 26 56363 A T 0 3 S 33 3 3634 30 BRI K 3030303 H AN TR BRI N R

GET i1 12,0 # SR ROUTINE FOR SOFTWARE

RO 0 # RESET AMDY GETTING DATA

=B 13 % FROM TEST RBOARD.

MOV 11, @5TORE #

BL EoEND *

) 12,330 #

SToOR 9,2 #*

SWFR Y #*

BL. & #

MoV o +#

LI 12 %

STCR 9.4 ¥

= sy # 1% TEST Q/F EQUAL DESIRED Q/F

JNE ER * N:1 EEIRFHFNT ERROR COUNTER

#1 ¥ YEZ, GET NEXT CO/F
ERRK DEC i # ERRIR COUNTER
B #11 *
HEFRHBEB VLR S E RSB S B H SR XSSP SR IHFAEREER RS RELERRE
SRR LI 12,2420 # SR ROGUTINE FOR

i1 O, 20 # DISFLAYING )
(EiN] MOV 1.5 # SOOIV, . G000 OR OCDIV...BADS

() 2. 10 #*

AGAIN  LOCR #5+,132 *

SRZ 2 *

MOy 0.3 *
LOOFL DEC & %*

JANE LHHPl #*

[LEC ey 3+

JNE AGATIN ¥*

JMP (Rnl #*
*%k%ﬁﬁ*%&%**bh%***%#*%*%%%%*6#%%#%&*%%v%%*v*%r%#%bx&»
Lk OATA Q0 nnr;,ﬁnnm1,_nuE1

LAaTH }nnl T o, OO0

DATA }nnu1,};::
DATA Z00CE,

TATA _'.'-'HHI Sy O
DATA 0005, H0C
FIN DATA 1
DATA >1212.>1F
D5F1 DATA S1ALG,S1F
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