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The theory, operation, and computer programming of the JPL-Haystack auto-
crosscorrelator system is described. This system provides 512 channels with a basic
bandwidth of 10 MHz and has provisions for multilevel sampling, oversampling,
and bandwidth multiplication by factors of 2 and 4. The system controller features
automatic word extension to 40 bits, precise control of the zero lag counter, and

computer-enabled run or start commands.

I. Theory and Operation of JPL-HAC
Correlator System

A. General Description of the Autocorrelator and
Controller

The JPL-HAC 512 channel correlator is a high-speed
digital signal processor designed to measure auto- and
crosscorrelation functions. The discrete Fourier transforms
of these functions are power spectra and cross power
spectra, respectively, when certain corrections for the
digital quantizing of the signals have been made. In par-
ticular, the correlation function R,(r,} may be formed
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from sample functions of the signals x(t) and y(t), where
x and y are real or complex as shown below:

N

Roy(m) = Z (7)Y *(7nik)

n=1

The samples of x(t) and y(t) are usually assumed to be
zero mean, gaussian random variables generated from two
ergodic processes. In this case, the values of y(rn.x) are
assumed to exist for all values of n + k for which there
is interest. For digital processing, * and y are quan-
tized variables. The most crude approximation results
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when only two levels are preserved, i.e., only the sign of
the variable is measured and is represented by binary
levels 0 and 1. Other quantizing systems are possible,
however. Measurements of power spectra obtained from
the two-level processing (one-bit correlations) are de-
graded in signal-to-noise ratio by only a factor of »/2
relative to the signal-to-noise ratio obtained from con-
tinuous variables. This mode is particularly easy to imple-
ment since the product can be formed by simple correla-
tion matching using an exclusive OR gate. Specifically,
the quantized signals x, and x,.; are the present and de-
layed samples of two real processes x(t,) and y(t,.1),

En @ Ynik

where ¥, is the logically inverted signal and & indicates
the exclusive OR operation. A logic 1 state from this gate
represents a correlation match and is counted for each n
in the sequence.

The JPL-HAC 512 channel autocorrelator is an imple-
mentation of one half of the 1024 channel autecorrelator
designed by Jim Levine for use at the Haystack Observa-
tory. The JPL autocorrelator system has been modified
slightly to provide a precisely measured run time that is
programmable by the control computer.

The autocorrelator system consists of the 512-channel
autocorrelator (8 subsystem units with one spare unit), a
control unit and computer interface module, a data
sampler and signal drive unit, a PDP-11/20 control com-
puter, and a direct memory access (DMA) link to the
SDS-930. A block diagram of the system configuration is
shown in Fig. 1.

Special features of the system presently include a com-
puter controlled run or start, 16-bit word extension by
automatic DMA from the controller permitting integration
times as long as 10 hours at the maximum clock rate, pro-
gram controlled bypassing of defective autocorrelator
units, and data unloading and restarting in less than 30 ms
for 512 channels.

B. Autocorrelator Operation Modes

The sensitivity of the usual 1-bit (2 X 2 level) auto-
correlator can be improved by sampling faster than the
Nyquist rate or by extending the number of quantizing
levels of the signal (multilevel correlation). Table 1 shows
some degradation factors relative to a continuous system
(no quantizing) for various possible systems.
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The table indicates that not much is gained beyond
double sampling or 3 X 3 levels. The JPL-HAC auto-
correlator ultimately may be operated in the modes indi-
cated by Table 2.

The unmodified autocorrelator cards also permit 3 X 5
level processing in some modes. However, this facility has
been eliminated temporarily in order to provide an ex-
tended run gate which permits the autocorrelator to
properly complete the overflow scanning sequence.

The simplest mode of operation is the (2 X 2) level
mode with sampling at the Nyquist rate. Figure 2 shows
diagram of the autocorrelator in this mode where the FF
indicates a delay flipflop and X designates exclusive OR
gates.

A significant improvement in the degradation factor
can be made by using the oversample mode when full
bandwidth capability is not required. In this case the
sample clock runs at 4 X B Hz. The autocorrelator con-
tains an extra delay flipflop between each lag processor to
permit one-half delay interval averaging. Figure 3 shows
a block diagram of this configuration.

The 3 X 2 level autocorrelator requires a sampler that
distinguishes three levels with properly selected thresh-
olds and a two-level sampler identical to the previous
system, The three-level signal can be thought of as con-
taining levels —1, 0, and 1 and the two-level signal as
containing — 1 and 1. The autocorrelator counts the coinci-
dence of delayed two-level samples with the —1 and 1’s
of the three-level present sample and inhibits the count
when the present sample is zero.

Figure 4 shows an implementation of this scheme in-
cluding the oversampling flipflops.

The combination of the (3 X 2) level sampling and
oversampling yields an improvement in signal-to-noise
ratio over the (2 X 2) level sampler operating at the
Nyquist rate of 1.27. If this improvement were to be made
up in observing time, a 60 percent increase would be
required.

Further improvement of the signal-to-noise ratio can be
achieved by using (3 X 3) level multiplication. However,
the implementation of this feature results in one-half the
number of channels. The oversample mode may still be
used and results in a reduction in observing time by about
a factor of 1.9 for equivalent signal-to-noise ratios relative
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to the (2 X 2) level system sampled at the Nyquist rate.
In this case the multiplication matrix is as shown below.

~_ ! o 1 ~ ! o 1

-1 1 0 -1 -1 2 1 0
or

0 0 0 0 0 1 1 1

1| -1 0 1 1 0 1 2

In the first case an up-down counter could be used, but
the borrow or negative counts create a large problem with
respect to the word extension of the counter in memory.
The second matrix requires different gating levels.

The implementation of the first matrix in this auto-
correlator is accomplished by dividing each module in
half and tallying separate parts of the matrix in each half
such that the results can be assembled by the computer
after the data are read out. In any case it is necessary to
provide a delayed sample “zero” source. This source is
used to inhibit the accumulators so that the zeros in the
matrix are taken care of. The present sample line drives
the first half of the unit while the complement of this
sequence drives the second half and accumulates the —1’s
in the matrix. The proper autocorrelation function may be
computed by subtracting the second set of accumulators
from the first. Figure 5 shows a block diagram of the im-
plementation of the logic including the gates for over-
sampling.

C. Bandwidth Doubling Modes

One of the features of the JPL-HAC autocorrelator is its
ability to process signals having bandwidths greater than
the maximum logic frequency. The machine is structured
such that this can be done in two ways. The most obvious
way is to operate the autocorrelator as a number of paral-
lel units each accepting data from differing IF amplifiers
and samplers. The system could be configured to drive
each of the 8 units having 64 lags from separate IF
amplifiers giving a total bandwidth of 80 MHz with a
frequency resolution of 156.25 kHz. In this way resolution
may be traded directly against bandwidth, permitting the
following possible configurations (Table 3):

The second procedure that may be used, suggested by
Art Shalloway, requires a single sampler operating at 2 or
4 times the 20-MHz sampling clock. The sequence of
samples is separated into series containing every other or
every fourth sample. For example, consider the simple
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bandwidth doubling mode. Let S be a series of samples
numbered 1, 2, 3, 4, . . . which is broken into two new
series containing the even and odd numbered samples.
A contains 1, 3,5, . .. and B contains 2, 4, 6, 8, .. .. The
desired autocorrelation function R,,(n) is formed from the
original sequence as shown in Eq. (1).

N

Ru(n) = Z (kn + k) (1)

k=1

where (k,n + k) indicates the sample pairs used in the
product and N is the total number of counts or clock
pulses. Four correlation functions may be formed from
the sequences A and B; these are Ru4, Rps, Rus, and Rz,
It is easy to show that R,, can be formed by properly
combining the four correlation functions by first separat-
ing Eq. (1) into even and odd summations as shown in
Eq. (2).

Ru,(n) = Z (kn + k) + Z kn+k (@)

Here, N has been assumed to be odd but results in no loss
of generality as the upper limits of the sums can be
interchanged if N is even. Now let £ be an even index 0,
2.4,6,...and m be an odd index 1, 3, 5, .. . and evaluate
R,(n) for each case.

N N-1
Ru)= ) (t+K)+ D, (ki +F
k=1,3,5 =2,4,6
)3 L
= RAA. T + RBB _2" (3)

The odd lags may be evaluated in the same way resulting
in Eq. (4).

N N-1

(km + k) +

k=1,3,5 =2,4,6

=Ro(Z50) +ru(T5E) W

If 512 channels are available, 256 lags may be evaluated.

Ry(m) = (k,m + k)

A similar analysis holds for sampling at 4 times the
correlator rate and requires 16 correlation functions. This
mode is more difficult to accomplish when only 8 units
are available since each unit must be partitioned into half
units. This may be accomplished by operating each unit
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in the “complex” mode. The complex mode permits each
unit to use a second source for the delayed data stream to
the second bank of 32 correlation channels. Thus each
unit can form an autocorrelation function in the first bank
if the data and multiplier lines contain identical data and a
cross correlation against the data on the multiplier lines if
the data line contains a different source in the second
bank. If the data and multiplier lines on the first bank
contain different data sources, two crosscorrelation func-
tions may be formed in a single unit.

If the original sequence S is separated into four sequen-
ces A, B, C, and D, the following correlation functions can
be set up in the units indicated. The second subscript is
always a permutation beginning with the first which is
always an autocorrelation function. This allows a simple
scheme to be used to determine which part of memory
contains the particular function desired to reconstruct Ri,.
Note that 3 X 3 level processing is not possible since the
correlator units are divided into the smallest banks that
have been provided (Table 4).

D. Complex Autocorrelation Functions

The previous discussion indicates that crosscorrelation
functions are easily accomplished since the delayed data
lines and multiply lines are separate. The autocorrelation
function of a complex function requires the formation of
crosscorrelation functions between the real and imaginary
parts of the complex signal.

If the autocorrelation function of a complex signal s(t)
is R,,, then R,, can be formed from the real and complex
parts of s in the following manner:

R,,(n) = RSRSR(n) + Rss(n) + i [Rglsk(n) - Rsxsl(n)]

The autocorrelation must be partitioned into four sections
each containing 2 units. Any modes of operation that can
be implemented with 2 units can be used. Bandwidth
doubling could be implemented by using half units.

E. Crosscorrelation Functions

Crosscorrelation functions of real data can be measured
with any of the modes of Table 2 by providing separate
data and multiplier samplers. Complex crosscorrelation
functions may be measured in the same manner as com-
plex autocorrelation functions by partitioning the correla-
tor into 4 banks.
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F. Autocorrelator Controller

The control unit for the autocorrelator system acts as a
two-way interface between the autocorrelator and the
PDP-11 control computer. It also greatly reduces the soft-
ware support required to operate the system by keeping
track of the overflows from the 24-bit counters internal
to the autocorrelator. This is accomplished by supplying
an overflow array address to the controller as well as a
good-unit’s control word that programs the sequence of
unit addresses called by the controller to supply a display
of the 24th bit of all lags. The PDP-11 memory is incre-
mented by direct memory access when respective over-
flows occur. This procedure also frees the PDP-11 for
other data reduction chores during the “run” cycle.

The end of the “run” cycle is indicated by a controller-
generated interrupt that may be used to inform the
PDP-11 to unload the data or to continue to some other
task. A fairly complete description of the operation of the
controller is given in Section II on commands and pro-
gramming. The controller is capable of establishing all
possible operation modes of the autocorrelator.

G. Interim Sampler Module

The present sampling unit consists of a two-level
sampler having a digital direct current (dc) removal sys-
tem that feeds back a reference signal to a comparator in
order to maintain the average number of 1's and 0’s equal
(Ref. 2). With the present configuration, only the first two
autocorrelator units may be driven from the sampler. The
sampler is also wired to permit only autocorrelation; that
is, the data and multiplier lines are supplied with the
same signal. The sampler unit also distributes the master
clock, the run, and extended run signals to the first two
units. This configuration permits bypassing unit 1 should
it fail to operate properly. All other units presently may be
driven from unit N — 1 or N — 2. No provisions are avail-
able for bandwidth doubling or multilevel sampling at
the present time.

Il. Control, Operation, and Test Software for
the JPL-HAC Autocorrelator

This section describes the procedure for controlling the
JPL-HAC autocorrelator via the PDP-11/20 computer.
Descriptions of the controller registers and required func-
tion codes are given with examples shown in PAL-11 code.
The appendix section shows an example of a subroutine
written in the Sigma 5 metasymbol code for the PDP-11
cross assembler (Ref. 3). Examples of the register loading,
data readout sequence, and run cycle commands are given.
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A. Autocorrelator Controller Registers

Operation of the autocorrelator requires that the con-
troller be properly initialized. This consists of loading the
first six internal registers of the controller from a list
called the control register vector (CRV). Figure 6 shows
the configuration for the CRV. The first 5 registers (0
through 4) contain 16-bit words while the 6th register
contains the most significant byte (8 bits) of the 40-bit
zero lag counter. The zero lag counter must be loaded
with the I's complement of the true number of counts
desired following the commencement of the run command
and must be reset prior to each run command if a precise
run length is desired. Registers 0, 1, and 2 need not be
reset. Control register 1 contains the good-units word.
This register may have a maximum of 9 bits set in the
locations 0 through 8. Each bit set corresponds to an
operating unit. Thus, if the first four units are to be oper-
ated, 17; would be transferred to this register. Unit 2
could be bypassed by sending 25; to this register. In this
case, more advanced software could establish that unit 1
is to be driven from the data sampler, unit 3 from unit
N — 2, and units 4 and 5 from units N — 1.

Control register 2 contains the starting address of the
array in which overflow incrementing is to begin for
each channel of all operating units. The overflow array
provides a 16-bit extension to the 24-bit counters internal
to the autocorrelator. Normally no more than 8 units will
be operated so that the array need contain only 1000,
words. Control register 5, which contains the most signifi-
cant 8 bits of the zero lag counter, will return zeroes in the
upper byte of the word when read back irrespective of
what is written there. Since the controller does not re-
spond to byte transfers from the PDP-11, a MOVB instruc-
tion may not be used to transfer data to this register. A
MOVB used to read CDR-6 will always return the lower
byte and will respond only to the even address boundary
164002;.

Registers 6 and 7 are used for data communication be-
tween the autocorrelator and the control computer (PDP-
11/20). The selection of a particular register is made by
sending the register number to the status and control
register (SCR) located at address 164000;. This establishes
the multiplexing of the 6 CRV words into the proper con-
troller data register (CDR) located at 164002;. As an
example, loading the interrupt vector address is accom-
plished by the following instructions:

SCR = 164000
CDR = 164002
168

MOV #0,SCR select register 0

MOV. #270,CDR  write interrupt
vector address
in register 0

CMP CDR,#270  check register 0

BNE ERROR go to error
routine

Each autocorrelator unit contains a bus function register
(BFR) consisting of 12 bits that establish the signal source
configuration and operation mode. These data are passed
through CDR #86 by selecting register 6 along with a
unit address to which the data are to be transmitted. Unit
addresses 1 through 11, are legal and address 17; ad-
dresses all units. The “all units” address may be used to
set identical data in the BFRs of all units but obviously
cannot be used to read data from all units.

B. Controller Status and Control Register Configuration

In order to load the BFRs, the status and control regis-
ter must be properly programmed. The bit configuration
of this register is shown in Fig. 7.

Bits 0-2 point to the controller data register.

Bits 3-4 normally contain zeroes, but are used in the
data readout sequence.

A one placed in bit 3 will lock out or protect the data
register from further write commands to location
164002;.

Bits 5-6 specify the interrupt priority level of the cor-
relator when the interrupt is generated at the end of the
run.

Bits 7-10 specify the unit address as discussed earlier.

Bits 11-12 correspond to the bus control function codes
of the autocorrelator.

00 = connect
01 = load bus function register
10 = data reset
11 = initialize
Bit 13 is a computer operated run control.
1 =run
0 =stop
Bit 14 is a run status flag.

Bit 15 indicates a time out if a correlator unit does not
respond within 10 gs.
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C. Bus Function Register Configuration

Figure 8 shows the Bus Function Register configuration
internal to each autocorrelator unit.

The bit assignments for the Bus Function Register are
as follows:

Bits0-1  Signal source 0 —from stageN — 1

1—fromstage N — 2

2 — from data sampler

3 —from auxiliary unit
Bits 2-3  Data type 0 — real two level

1 —real three level

2 — complex two level

3 — complex three level
Bits4-5  Multiplier type 0 —2level

1—3level

2 —4 level

3—5level
Bit 6 Oversample 0 — Nyquist rate

1 —2x Nyquist rate
Bit7 Overflow read 0 — data read mode

1 — overflow read mode
Bit 8 Low-speed clock 0 — high-speed clock

1 — low-speed clock
Bit9-11  Test mode 0 — operate

1 — disable data bus
2 — bus transmit 1’s
3 — bus transmit 0’s
4 — memory load I's
5 — memory load 0’s
6 — spare

7 — fault indicator on

Suppose 8 units are to be operated in the simplest mode
(real-two level data, two level multiply). #13606; sent to
the SCR selects the data transfer register, CDR-6, selects
write mode on all units, and prepares for the loading of
the bus function register. #200; may be sent to the CDR
to specify that all units are to be driven from unit N — 1,
and the overflow read mode is set by bit 8. Since unit 1
has no source unit, the data and run command signals
must be sent from the controller and data sampler. This
is accomplished by sending #10206, to the SCR followed
by #2025 to the CDR.

D. Initialize and Data Reset

The initialize command resets the entire correlator and
generates a data reset which clears the low order 8-bit
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counters and prepares the 16-bit memory for clearing
when the run command is sent. Approximately 4 us is
required to clear the memory. The initialize also clears the
Bus Function Register, which must be reprogrammed
prior to the run command. The data reset command clears
the low order 8-bit counters and prepares the 16-bit
counters for clearing upon sending the run command. The
data reset signal also resets the memory address sequencer
to zero. Since the data in the memory are not destroyed
until the run is enabled, the memory can be reread re-
peatedly. However, the low order 8 bits will read zero for
one cycle and a checkerboard test pattern for all succes-
sive read cycles. The initialize signal is also generated
during the power-up cycle and insures that all counters
and control memory devices are in the initialized state.
These commands may be sent to all units simultaneously
by using the all-units address code. The codes follow:

MOV #3606,SCR Initialize all units
CLR CDR

MOV #7606,SCR Data reset all units
CLR CDR

E. Run Control

Presently, the autocorrelator may be set in the run mode
by sending a #34000, to the SCR. This enables the run
bit and sets the connect code so that subsequent overflow
read requests generated by the controller are recognized
by any unit that is addressed. The run command may be
removed before the zero lag counter has finished and the
interrupt is fired. This feature permits the aborting of a
long run that is discovered to be defective for any reason,
but because the zero lag counter is halted, the overflow
scan cycle is prematurely terminated. Therefore, some
overflows may not have been tallied, and reading the data
from the autocorrelator may not be useful.

Because the run control is computer-actuated, the exact
starting time is not exactly known. Future modifications
will permit the computer to generate a run enable signal,
which will permit an external clock to generate the run
command at a precise time.

F. Data Read Mode

The interrupt service routine, which is initiated once
the countdown of the zero lag counter is completed, gen-
erally initiates a data unloading sequence. The low-order
bytes and medium-order words are generally loaded into
separate arrays, as this can be accomplished more quickly
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than the packing of the data into 40-bit words. The pack-
ing could be done once the next run is initiated if time
permits. The read request sequence requires that the auto-
correlator be in the connect mode and that a read request
be generated by the controller. The order of reading CDR
6 and 7 is unimportant; however, bit 5 of the SCR must
be set during the first read and reset to zero during the
second read. The toggling of bit 5 actually establishes the
read request to the autocorrelator and increments the
memory address. The autocorrelator is first set in the data
read mode as follows:

MOV
CLR

#13606,SCR
CDR

Set data read mode

On all units

It is convenient to take advantage of the autoincrement
addressing modes of the PDP-11 while unloading the
data. If MOWA and LOBA are the first address locations
of the medium-order word array and the low-order byte
array, then a simple program to unload unit 1 might be
written as:

MOWA = 3000,
LOBA = 3200,
MOV LOBA,R1 Put array addresses
MOV MOWAR2  inregisters 1 and 2
MOV #101,RO Initialize loop
counter
LOOP DEC RO Decrement loop
index
BEQ EXIT Go to exit if index
is zero send
connect, lockout
write mode
MOV #14236 SCR  Send read request
and select CDR 6
MOVB  CDR,(Rl)+ Read CDR6
MOV #14217SCR  Lock out write
mode send connect
toggle bit 5
select CDR 7
MOV CDR,(R2)+ Read CDR7T
BR LOOP Continue loop
EXIT - - - - -
170

The medium-order words now fill 100; words and the
low-order bytes fill 40, words, beginning at these respec-
tive addresses. The overflow array also fills 100, words.
These three arrays comprise the entire data output. If it is
known that the zero lag counter contains less than a 16-bit
count, the MOV CDR,(R2)+ instruction may be replaced
with a MOVB to cut the MOWA in half. In the case of
very long runs, the least significant bits do not have to be
read, but the toggle of bit 5 must be sent to the SCR.

The appendix shows an example of a subprogram to un-
load N good units as specified by the good units word
(GUW).

G. Test Modes

The autocorrelator may be operated in five test modes.
These permit the computer to execute a number of diag-
nostic tests to determine if a particular unit is operating
properly. These tests are not exhaustive, and complete
testing requires the operation of the autocorrelator with
certain test signals for which the exact autocorrelation
function is known. These test signals are exact square
waves counted down digitally from the master clock and
are available behind the data sampler module.

1. Test made 1 (disable data bus). Test mode 1 may be
established by loading the BFR with 1000;. This mode
disables the tristate bus driver, and subsequently reads
from the data bus should return 177777, through the
CDR.

2. Test mode 2 (bus transmit 1’s). Test mode 2 is estab-
lished by loading the BFR with 2000;. This mode disables
the tristate drivers of the memory multiplexer bus that
feeds the output bus. A series of 64 read requests will cycle
through the entire multiplex sequence, insuring that the
multiplex bus is free in all address modes if 177777 is
returned through the CDR. The lower 8 bits also transmit
I's through the data bus in this mode.

3. Test mode 3 (bus transmit 0’s). Test mode 3 transmits
zeroes to the output bus by disabling the memory output
lines. These lines are inverted and passed through the
multiplex bus, Therefore, the inverters as well as the
memory-disable may be tested. The low-order 8 bits also
will indicate zeroes when read, since test modes 1 and 3
generate a data reset signal that clears the 8-bit counters.
This test mode assures that the 8-bit counters clear if all
64 reads indicate zeroes,

4. Test mode 4,5 (memory transmit 1’s, memory trans-
mit 0’s). Test modes 4 and 5 are somewhat more difficult
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to set up and require that a large amount of the auto-
correlator be operating properly. In particular, the mem-
ory scan circuits must be operating properly. Since the
memory scanning does not operate unless the autocorrela-
tor is in the “run” mode, a short run cycle must be exe-
cuted to cause the memories to clear all addresses. This
requires about 4 us. In test mode 4, the memories are
cleared and decremented so that all 1’s are presented to
the multiplex bus. Test mode 5 is identical except that
the decrement signal is not generated. The low-order 8-bit
data bus will read the contents of the 8-bit counters. A
data reset command will clear these counters and insure
that zeroes will be read in either test mode 4 or 5. The
ability of these counters to load I's and 0’s may be tested
by repeating the read sequence. During the first read
sequence the data latches of these counters are filled with
an alternating 1-0 pattern so that an 8 X 64 checkerboard
pattern exists. During the second read cycle, the 16-bit
memory will repeat the original data, as these data are
not destroyed during the readout. The 8 low-order bits
will alternately read 125, and 252,.

In order not to have to set up the interrupt instructions,
it is convenient to use the manual run mode to provide the
run signal. Clearing the zero lag counter will insure that
no interrupt can happen for roughly 8 hours. An example
of a program to check test mode 4 is shown below.

MOV #3,SCR
CLR CDR
MOV #4, SCR
CLR CDR
MOV #5, SCR
CLR CDR

MOV #206, SCR

CLR CDR
MOV #10206, SCR
MOV #4002, CDR

Clear zero lag counter

Initialize unit 1

Select load bus function
Select test mode 4

and drive unit from
data sampler
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MOV #34000, SCR Run

NOP Wait 4 microseconds
NOP

NOP

CLR SCR Stop run

MOV #1, GUW Set good units word

JSR R5, UNLDAC
WORD GUW, MOWA, LOBA

Unload unit 1

Arrays located at MOWA and LOBA now contain the
results of the test. The 16-bit MOWA should contain
177777, in all 64 words, and the 8-bit LOBA should con-
tain 1’s in all 64 locations. A second call to the unload

routine will cause the checkerboard pattern to be loaded
into the LOBA.

Test mode 6 is unimplemented, and test mode 7 causes
the fault lamp to operate.

H. Reading the BFR

The first 8 bits of the Bus Function Register may be
read on the 8-bit data bus when the autocorrelator is in
the overflow read mode. In order to accomplish this, the
autocorrelator must be placed in the run mode long enough
for the controller to issue an overflow read request. A
countdown from 224 in the zero lag counter is adequate
for this purpose. It is not possible to know which unit was
read last at the finish of the run cycle. Therefore, this test
requires that the good-units word, GUW, contain only
one set bit; i.e., only one unit is operated at a time. As a
result, the reading of the BFR is generally useful only for
test purposes and not for verifying the operational con-
figuration.
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Table 1. Degradation factors (Ref. 1)
Table 3. Bandwidth vs resolution using multiple IF amplifiers

Levels Nyquist 2 X Nyquist 3 X Nyquist
Number of
2% 2 1.57 1.85 1.29 Total BW, MHz Number of IFA ll:gs /eirFo Resolution, kHz
X 1.39 1.24 1.19

238 80 8 64 156.25
3x%3 1.23 1.13 1.11 40 4 128 78.125
3x5 115 1.09 1.07 30 3 192 59.08332
4% 4 1.13 1.07 1.06 20 2 256 39.0625

10 1 512 19.53125

aUsing spare unit to yield 3 banks of 8 units.

Table 2. Operation modes

Signal Signal Sampling Channels . . . .
bandwidth, MHz levels rate available Table 4. Signal drive sources for bandwidth quadrupling mode
40 2X%X2,8x%x2 Nyquist 128 Unit R, R, Mul D, D,
20 2X2,3x%2 Nyquist 256 1 R,, R,p A A B ‘
20 3x3 Nyquist 128 2 R,o R,p A C D
10 2x23x%x2 Nyquist 512 3 Rgpy Rge B B C
10 3x%3 Nyquist 256 4 Rgp Rpa B D A
5 2%28Xx2 Nyquist 512 5 Roo Rep ¢ c D
6 Rga Rgp o A B
5 2X2,83%X2 2 X Nyquist 512
7 Rpp Ry, D D A
5 3x38 Nyquist 256 8 Ryp Rpo D B C
5 3X38 2 X Nyquist 256
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SAMPLE
SIGNAL SAMPLER + CLOCK
B —————— e
DC REMOVAL
1
1 SAMPLE
<DATA FNABLE
512~ RUN
CHANNEL COMMUNI-

AUTOCOR-
CATION | auTOocOR- | UNIBUS $DS-930/
RELATOR > PDP-11
BUSSES RELATOR PDP-11 P77] 5DS-930
CONTROLLER /\\:::> MEMORY C::) INTERFACE

Fig. 1. Block diagram of the autocorrelator system

DELAYED DELAYED
SAMPLE SAMPLE
Mol FF FF FF - NOT | *F, FF, Fry | gl FF) L] FFy | o u
SAMPLE 4 SAMPLE ) [ [ 4
CLOCK - CLOCK -
PRESENT PRESENT
SAMPLE - SAMPLE
X X X X X X
LAG nl LAG n+ll LAG n+2l LAG nl LAG n+l LAG n+zl
TO ACCUMULATORS TO ACCUMULATOR
Fig. 2. Two-level autocorrelator at Nyquist rate Fig. 3. Oversample mode in 2 X 2 levels

DELAYED

SAMPLE

NOT -

FF, FF, FF, FF, -

SAMPLE |

CLOCK

PRESENT

SAMPLE

(] ’ '])

X X
| FF FF

PRESENT ~ CLOCK

SAMPLE [

ZERO (RESET)

J

TO ACCUMULATOR

Fig. 4. Autocorrelator with oversampling, (3 X 2) level
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151413121110 9 8 7 6 5 43 2 1 0
REGISTER [l } = 1L 1l |- .l

NO. 1Tt T 1 1T 1 %
0 INTERRUPT VECTOR
| 1 1 1 1 1 1 1 1 i | i |217 0 ADDRESS
1 GOOD UNITS WORD
L 1 1 J | i i 1 1 1 i 1 1 1 i
9 OVERFLOW ARRAY
ADDRESS
1 11 11 P | 1 L1 1 | 1t
DELAYED 3 ZERO LAG (LSW)
SAMPLE OR PR VOO NN TR SRS SN N (NN SO O NN ES SOV S |
DELAYED
4 ZERO LAG (MSW)
SAMPLE NOT FF2 FF] FF2 FF] b FYES VO SRS OO SN N AN TN N NS VU N B N
5 ZERO LAG (MSB)
SAMPLE t 3 1 WO T W R S I
CLOCK — 6 MULTIPURPOSE -
COMMUNICATION
1 1 i L 1 i i 1 1 1 1 1 | i L.
PRESENT 7 MULTIPURPOSE -
SAMPLE . COMMUNICATION
1.1 1 J—1 L1 1 1 L1 i 1 1
Fig. 6. Control register vector
X X
PRESENT (DATA) |
SAMPLE -
76RO (RESET) e I - .
INHIBIT INHIBIT TIME COMPUTER
OuUT OPERATED READ
ERROR RUN UNIT WRITE
* ADDRESS CONTROL
[Tl e[ [e P Te s [e e [z o]
RUN INTERRUPT CONTROLLER
. . FLAG PRIORITY DATA
ol o AUTOCORRELATOR REGISTER
COUNTER COUNTER B80S FUNCTION POINTER
CONTROL
DELAYED Fig. 7. Status and control register configuration
SAMPLE
ZERO
FF, FF)| FF, FF, -
SAMPLE 1
CLOCK L
]
NEXT ST N
TO NEXT STAGE COUNTERS LOW~SPEED CLOCK
Fig. 5. Autocorrelator with oversampling, (3 X 3) level OVERSAMPLE DATA
l TYPE
[11]10‘9's|7lél5‘4lalzlllo
TEST MULTIPLY SIGNAL
MODE TYPE SOURCE
OVERFLOW
READ

Fig. 8. Bus function register configuration
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Appendix

Subroutine for unloading N units

13331 Fpt 19,176 1r~=)oc:-r00
JOBCAUTACAR, JURGENS T T
1ETASY Y, 81,00, 59
HOU 13131 FER 19, 176 SYSTEM PDPL1 1
1 0l uocan 8RG,»1 8110001
wrme e Qe QU B T s e e
ou 13131 FEB 19, '76 gYSTEM PDF11 2
=4 SYSTEM POP11
T3 - * T SUBRBUTINE T UNLBADR HACTUPL AUTBCBRRECATIR '*'
4 « CALLING SEQUENCE: JSR 55 UNLDAC
5 * WBRD GUW,MBVA,LB3A
g e - — A
7 *  ReFeJURGENS 7 JAN 76
E »
————" 9 77"01700C27 VIF700EC A UREDAC—USR 79 SAVREG
1o 01 00081 18F71786 N MOy (428113506 )275CRA  SET DATA READ MEOE
ThFe
-t 01 00082 2~ QAZ7ESF4N CLR ZORR™™
12 01 200383 2 1777004A A MUV *(S,5 ), UNLDGY RICK 4P GBED UNITS WBRD
13 01 00084 2 1742 A Mey #(S518)02 oIcK yP M8waA
=14 0 01 00083 T 1741 TR Mav ¥(536),1 nICK "GP LEBBA
15 . * I\ITIALIZE READ REQUEST COCES
16 01 00085 2 15C3181E A (#281142361')23 JNIT o LOB READ REQUENT C9DE
— 17 77701 00086 2 18C#18CF & MEY (#501143177124 T UNIT o MUW READ REQUEST C8DE™™"
18 * UNIT LoerP
19 01 00087 2 15F7QUQA A Mey (#a10) 2 UNLDNW INITIALIZE UINT CQU\JT‘-'R
T 003%
20 01 0008y QAF70036 A UNLD1 OEC UNLONW NEC UNIT CBUNTER
21 01 0Q0&a 0316 A BEQ UNLD?2
S22 0 Q003A-R 650300804 ADD LA @20y 3 INCREMENT-UNT T -ADORESS 28028 ——
23 Q1 00083 2 g5C40UE0 A ADD (#,91200 104
24 01 00C8RC 7 0C370(26 A RUR UNLDGU RB8TATE GOBD UNIT BIT INTY CARRY
=28~ 01 0COBN-285FE A BCC UNEDT T T T T e e e
26 « LAG LBBP
27 01 0008E 13CC004L A MV (#,65)10 INITIALIZE LAG COUNTER
—— 25 ~—C1 -0005F 0ACC ATUNEDR DEC 0 FAGTCBUNT - LBBR = e e
79 01 V00&F 2 03F2 A BEQ UNLD1
30 01 00020 10F7ESRC N mMav 3, ZSCRA READ (B8
3t 01-C00y, 1001E5RA K Mav IORATTITYY
32 ¢l upo92 1137£584 N May 4%,ZSCRA READ MOW
33 01 00093 10028582 N MEy IDRAL (240
- g~ QL 0Q09s COAU- A NUP
35 01 UCUS4 2 (Q2AQ A NBP
3e 01l 00095 01F3 A BR UNLD2
H0U 13121 FER 19, '7g SYSTEM PDP11 3
37 01 00095 2 Q9F70014 A UNLD3 JSR 7sRESREG
wemee3g e 010 00096 -2+ 0085 - A RTS 5 e o e
39 0i C0097 UNLDGU RES,2 1 7880 UNITS SCANNER WBRD
40 0l 00097 2 UNLDNW RES,2 1 NUMBER BF U‘QIT: XNDEX
o4 QOONEBQY~ ~=—— ZSCRA-—EQU- —==—§ 1 164C0Q 1~ e i
42 0003E802 ZORA  EWU 81164002
43 *
a4y =" *
45 * SUBRBUTINE SAVREG
46 »  CALLING SEQUENCE JSR 7,SEVREG
S g g T T e e e g T SUBROUT INE TR SA‘/E'GEVERAI:"NEGIST:RS‘”ON”STACK”WHEN"RS"'IS“'JSED"AS -
48 * A SUBRBUTINE LINKAGF REGISTERw RO TH R& ARE SAyED.
ao * CALL T& SAVEREG MUST BEZ FIRST INSTRUCTION IN SUSRGUTNE T9 IN;\J?-
—=50- e #--THAT-NE BTHER DATA1S PLACED HIN"THE" STACKs ~ — -
51 »
52 0l 00098 1126 A SAVREG MOV 4r (2, 6) PUT REGISTERS O T8 4 8N STACK
———=53~ 0100094 2 10Ee T A = MBY B (B ) T T T e S o e
S4 01 00099 1046 A MOy 2:{2,86)
&35 01 00093 2 1086 A MUy le(d,8)
——————— — 56 01 0CUA- 1026 % MOV 0r (856} — -
57 01 U009A 2 CO7EQ0CCA A JMP #(10,6) RETURN T3 SUBRBUTINE
58 »
S -
[N » SUBRRBUTINE RESREG
[ # CALLING SEGUENCE: JSR  7/RESREAR
[ Peamman * - GUBROUINTE TS RESTORE REGISTERS AT EXIT 8F ~SUBRYUTINE —WHICH CALLED
63 # SAVREG AS FIRST INSTURZTIGONe REQREG MUST BE CALLED BEFSRE ThZ
54 * RTS 5 AT THE EXIT 6F THE SUBRUUTINE
ey e — - e e e e et e e
a6 Q1 00098 2 1536000A A RESREG MBv (620)s(10s5) MBDIFY LINKAGE RETU‘W ADDRESS
L7 0l U0C%r 2 15%C A MBY, (653),0 RESTORE QE(‘ISTERS 0 T8 4
- 68010009y 1541 L) Moy (6,875t S
LS ¢l 000e9p 2 1582 A Moy (6,8322
70 Ccl doogr 1933 A Miv (6,833
740001 CDU9E 2 13Ky A M3V Y AVE e s
72 Cl U009F CIBE A JMP *(6s2) RETURN T3 NEW LINKAGZ ADDRESS
73 *
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EiY] 15031 FEB 19, '76 SYSTEM PDP11 4
74 END

CONTHRAL SECTIBN SUMMARY? 01 000SF 72 PT O

=HoU 133131 FER 13, '76 SySTEM pOP11 5

. SYMEIPL VALUES

s ANSSICTIZLIST AT/LYST AZ/ICIST /705000001 T T T
L/Cue000c0 M/LIST RESREG/VUL 00098 SAVREG/01 00098
UNLTAC/CL 02080 UNLNDGU/OL CD097 UNLDNw/CL1 002097 UNLD1701 00033
UANL32/01 OO28F - == === ONLB3/09 700095~ KC /0OC0VOCO T T T LDRA /00008 302
Z8CRA/ZCUD0EARD #,/00000000 2/00000000 #D/0GCOL0V0

2 1/L0000CNHY
€ NB EXTFREAL DEFINITIONS - ST s e
¥ NB PRIVARY KEFERENCDS
* NO SECohARY REFERFNCES
- NGy FIRED SYMRSLS - s - oo e e s o
. 3 & OSEVERITY LIvel: 0

c
* NB ERRPK LIMES

LBAD (FIR5,0), (MAPY, {NGSYSLIBY» (NBTCBY 2 (ABS)2 (LMN/PDPLY S (GE S (SLs 1)

* % AL NCATION SUMMARY »

PRETFCTION LECATIAN  PAGES

DATA-(20) T
PRECELURE (01 200 1
CSeC o]
NATA
B R ¥4
2cu FRECEIURE
16 S1Z:%

ASSILy MIPH, (REVICE,PPAQLY, (BYT)
ASSIUN MIET, (FILEFPOPLY 7
RUN SLMN, SLAAD, $0DSN)
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