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OBJECTIVE
Develop a software-controlled experimental test-bed designed primarily to implement

a receiver for underwater acoustic communications. Include in the design the necessary gen-
eralizations to make the system usefu l in evaluating the feasibility of incorporating adaptive
filtering in various other signal processing systems and as an experimental laboratory for var-
ious adaptive techni ques.

RESULTS
Special-purpose hardware was developed. It is controlled by a minicomputer that

runs under a concurrent operating system. All filter parameters as well as the actual filter
configurations are determined by control data from the minicomputer. Work is currently
underway both to determine the receiver operational characteristic curves of the system and
to process actual sea data.
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I INTRODUCTION
Although the test—bed describe d wi th in  this  do cu inen t was desi gn ed as a means of

evaluat i n g signal enhanc em ent  throug h the incorpor ation ui a d a p t i ~ e f ’ilter s in unde rwa te r
acoustic comn iu ni ca t ion  system r eceiv er s , it can be used in i I f l p l e I i i e n t I I i g  and eva lua t i ng  a
va r ieR of sy st ems . The desi gn includes  I lie necessary g ei le r a l i t at  ions to make the  s~ ste i n
useRil  as an ex p er imen ta l  l abora tor y  lot V ar i ous  a d a p t i v e  t e L h i i i ( l t i e s . Fi gure  is  a v ie W of
the  test-l ied,

Special—purpo se hardware is contro lled li~ a m i n i c o m p u t e r  tha t  Ful ls l lnder a concur-
rent operating syst em .  All f i l te r  p ar ameters as well as the  ac tua l  f i l ter  confi gurat ions are
dete rmined by control data from (li e min i compute r .  All the s~ ste m har dware is described .
wi th  spec ial emp hasis on the NOS C-designed and -buil t  h ardware.  T h e  NOSC—desi gn cd oper-
a t ing  svsten i is also brie fly ine ii t ion ed . A n  at  t empt  is m ade to show bot h  t he capabi l i t ies
and l imi t a t i ons  ot thi s sy stem.

sr.. ~~~~~~~~
_ _ _ _ _  p 1

I 
_ _ _

II1~~

ii
_ -- _

LAO 7303 12776
I Ii.!IIIC . Te st -be d h i t i  d%~are .

2 SYSTE~ I I )ES CRI PT I ON
I h i s  s~ stem . equ i pp e d  ~ I t  h th e f l ex i b l e  o p e r a t i n g  s\ stem described in Sect m u  ~~ . ma Y

he used t t i  p er f orm ma~i~ diver se fune t i I) I l~~. t h i s  sec t ion r e lat e s  t h e  m a t u r  ha rdware
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components and their interconnecting data paths. Fi gure 2 shows the major test-bed
interconnections.
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Figure 2. Test-bed component interconnections.

The specifi c type of hardware used for each funct ional  cdmponent is shown in the
table below. The procured hardware is described in greater detail in section 3. and the NOSC-
built components are separately described in sections 4 - 7. The concurrent operating system
device drivers, which are already wri t ten  (section 8), automaticall y take care of many of the
details required to operate the equipment.

SPECIFIED TEST-BED HARDWARE

____ 

FUNCT ION SPECIFIC TYPE 
______

Procured hardware
Minicomputer lnt erd at a 7 / 1  (i
Terminal  Tektronix 4023
Mag tape Wanco Mod I I
Disc Diablo Series 40
Conversion equi pmen t  Computer  Prod uct s Inc RIP interface

NOSC-hu ilt hardwar e
Adaptive f i l ter  (See section 4 t
Direct memory access ( See section 5

*Receivcr t’ron t  end (See section 6)
(‘ore buffer display (See section 7)

* Re sident il l  the conversion eq u ipmen t  chassis.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . :~~::: ~~~~~~ -~
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The following examples constitute systems and functions that can be emulated by
this adaptive filter test-bed. There are of course many other more general ways the hardware
may be configured.

ALTERNATIVE FUNCTIONS

Data from tile minicomputer can set the processor to implement any of four filter
functional configurations:

Correlator
Single-input adaptive filter
Multiple-input filter
Slaved filter

Multip le filters using any combination of these configurations are also possible. The adaptive
filter hardware can be configured by software into multiple filters with the following
constraints:

Total of 2048 complex or 4096 real weights
Total of 8192 complex or 16384 real samples in the input vectors
Total of 1 6 independent filters
Total of 32 input  channels

All real or all comp lex filters
For combinations exceeding these limits , the hardware may be time-shared from the mini-
computer. In this way, for examp le , a filter with more than 32 input channels may be
programmed.

Analog operation without the minicomputer is available with a maximum of’ one real
desire d response channel with seven input channels.

SYSTEM APPLICATIONS
The following are typ ical system applicati ons made possible by the adaptive filter:
Sin gle-reference noise canceller

I input
500 complex weights
Complete update cycle , 64 ~zs
Maximum input frequency . 7.8 kHz

Multiple-reference noise canceller
8 inputs
500 real wei ghts each input channel
Comp lete update cycle , 5 12 ~is
Maximum inpu t  frequency, 975 Hz

Adaptive beam former
32 input channels
1 25 real weig hts eacil input  channel
Complete update cycle . 5 I 2 ~s
Maximum input frequency, 975 Hz

5
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Adapt ive channel modeling
I input
2000 complex wei ght s
Complete update cycle , 250 ps
For a maximum input frequency of 100 Hz,

( I  25-Hz sample frequency for complex opera tion ) .
the filter will run 32 times faster than real time .

Line enhancer
I input
250 complex weights
Complete update cycle , 32 ~s
For a maximum input  f’requency of 500 Hz with a

sample rate onl y slig htly higher , this filter will
run about 60 times real time.

Fixed rep lica correlator
Filter length . 500 real samples
Complete up date cycle . 64 j~s
Maximum input  t’requency.  7.8 kHz
For a 250-Hz bandwidt h (500-Hz samp le rate ),

the 500 samples will hold a I -second period
of input data. This correlator could run more
than 30 times real tinie.

Toggled re ference correlator
Filter length , 500 real samples
Comp lete update cycle . 64 ~s
Full correlation cycle, 32 nis
This correlator could run about 3 1 times real

ti me , or equiv a lent ly,  could run 30 input
channels in real time. The present driver
coniputer configurat ion does not have the
data buffer capacity to handle this many
channels.

Other possible adaptive systems include channel equalizers and adaptive predictors.

3 PROCURED HARD WARE

The procured hardware consists of the minicomputer and four peri pheral devices.
The important  parameters (those which indicate major capabilities) of each item are listed.
F o r  addit ional informat ion on hardware items , consult the manufa c turers  user manuals
listed under REFERENCE S.

6
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MINICOMPUTER
A thorough study of available minicomputers was made before purchasing the Inter-

data 7/ 16. This study and the reasons for choosing this particular minicomputer are docu-
mented in NOSC technical note NUC TN 1408. 1

The Interdata 7/ 16 is a general-purpose 16-bit minicomputer. It has 64k bytes of
directly addressable memory , 16 general registers , 104 instructions , hardware interrupt vec-

• toring for up to 255 devices , and four DMA channels that run up to 2M bytes per second.
The memory has a 750-ns cycle time with memory parity for data and instruction

• protection. Another feature is programmable meI~ oi-y protect , which permits or disables
writing into 1k-byte blocks of memory under software control. All 16 general registers are
available to d’e user for any purpose , allowing a convenient storage place for partial results ,
constants , base addresses , or anything else.

Some of the included options are power fail detection/auto restart , hexadecimal dis-
play front panel , high-speed arithmetic logic unit (ALU), universal clock , and hardware float-
ing point multip ly and divide. 2 ’3 The Interdata 7/ 16 parameters are as follows:

16-bit general-purpose minicomputer
64k-byte memory with parity, 750-ns cycle time
1 6 general registers
104 instructions
Interrupt vectoring for 255 devices
Four DMA channels , 2M bytes per second
Memory protect (programmable)
Power fail detection/auto restart
Hexadecimal front panel display
High-speed ALU
Universal clock
Hardware floating point /multi p ly and divide

COMPUTER DISPLAY TERMINAL

The chosen computer terminal is the Tektronix 4023. It provides an operator
control / interface for the system and returns require d system info rmation to the operator.
The Tektronix 4023 parameters 4 are as l’ollows:

Half or full dup lex
Scrollin g disp lay, 24 lines by 80 characte rs
Selective baud rate , 8 positions 110—9600 baud
Local /on-line and direct /buffe r modes
Display editing and special formatting
94 ASCII characters printed using 5 by 7 dot matrix

‘NOSC Technical Note NUC TN 1408, A Minicomputer Study, by CC Ross , August 1974. NOSC TNs are
informal documents intended chiefl y for internal use

2 lnterdata Inc User ’s Manual , Pub 29-26lR03, Jul y 1974
3lnt er d ata Inc 16 Bit Series Re ference Manual . Pub 29-398R0 l , August 1974
4lektronix Inc 4023 Computer Display Terminal Users Instruction Manual , September 1974

7 
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D/A converter
Input 1 2 bits binary
Output accuracy ± 0.05%
Settling time 50 p5
Slew rate 0.4 V/ps
Output ±5 V

Conversion equipment chassis r 
-

Accepts up to 16 input/ output modules
Module address determined by slot location

Controller
Two 16-bit by 64-word fifos (first-in , first-out memories), with

one for input and one for output
Programmed interrupt-driven control
Reduced interrupt-service overhead

4 ADAPTIVE FILTER
The adaptive filter (see fig 3) is a least-mean-square (LMS) hardware processor de-

signed to a ll ow very fast imp lementation of adaptive filters by using the LMS algorithm for
u pdat in g the wei ghts (see fi g 4). Familiarity with this algorithm is assumed in the following
discussions. (For additional information on this algorithm consult references 1 1—16.) The
hardware is controlled from a minicomputer , with data available directly from the computer
niemory throug h t’our direct memory access (DMA) channels (fig 5).  This section contains
the data ne -“ssa y to understand the capabilities , the operating characteristics, and the mini-
computer m l .  - ‘dcing for the filter. For information on controlling the DMA channels , see
section 5.

I ‘Stan ford University Stanford Electronics Laboratory Report SU-SEL-66- l 26 , Adaptive Filters 1:
Fundamentals , by B Widrow . December 1 966

12Widrow . B. Adaptive Filters , Aspects of Network and System Theory , R Kalman and N DeClaris , ed ,
p 563 —587. Hoht , Rinehart , and Wilson. New York , 1971

‘3Adaptive Noise Cancelling: Princi ples and App lications , Proceedings of the IEEE , vol 63 , no 12 .
December 1975

14N0sc Technical Note NUC TN 837, The Basic Princi ples of Adaptive Systems with Various App lications .
by J M McCool . September 1972.

15NOSC Technical Note NUC TN 1476 , An Analysis of the LMS Adaptive Filter Used as a Spectral Line
Enhancer , JR Zeidler and DM Chabries , February 1975.

16NOSC Technical Note NUC TN 1437, The Complex LMS Al gorithm , B Widrow , JM McCool , and MS
Ball , October 1974.

9

L:J - -- - - - - ---- —- - . -

~~~~~~~~~

‘- -

_ _ _ _ _ _ _ _ _  _ _



e ~ ‘-i-

• 1  a

e m  H- .
‘C. ~~~~~~~~~~ ~~~~~~~~~ - - •j

—

:

I r
e .  

~~~~~~~~~~ Q 
a 

~~~~~~~~~~~~~~
C ~~~~~~~~~~~ I

a

~~~ ~~
- 

~~~ 
•. 

~

-‘ 

a a a •
, 

LRO 730 7-12 - 77B

Fi gul C 3. Adaptive f i l ter  f ront  panel - 

~~~~~ - -  - - ~~~~~---- -~~~~~~~~~-~~~~----~~~~~- -

. 

~~~~-



INPUT DELA Y LINE DESIRED

INPUT . X—*1 X1 X~~~~ 3 . . .
~~~~ 

E R R OR 

RESPONSE . Y

WEIGHTS - - .  

T 
~ (E) 

L~ 

SIM

FILTER OUT
FILTER ACCUMULATOR (F)

EQUATI ONS:
W I1 ,i +1) W I i .j ) + 2 M U E  Ii ) X( i ,i(
E(j I  Y (j )  - SUM FOR ALL i OF W ( i .iI X ) i ,;)

where

i is the weight index (1 ., - N)
is the time index (0 - .  - tI

MU is t h e  j ilter gain

Fi gure 4. Adaptive transversal filter.

DATA

DATA
LMS

F I L T E R  DATA DMA

COMMANDSI ISTATU: 

DAT A 

IDATA

MINICOMPUTER DATA 
M E M O RY

Fi gure 5. LMS fil ter connections to minicomputer.
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FUNCTIONAL DESCRIPTION

rhe following paragrap hs describe the capabilities of the LMS filter and its more de-
tailed parameters in ter m s of maximum sizes and ranges.

CAPABILITI ES

The LMS fi l ter  can be programmed to have many fil ter confi gurat ions or to do simp le
cross correlation. In addition to the simple LMS filter , the main configurations are multiple
input  filters , slave filters , multip le independent filters , amid combinations of these . It is de-
signed to use complex arithmetic , so real arithmetic is available as a subset. Every filter in
any confi guration may have a uni que mu (gain ) and number of weights , a nd in each case
these weights may be spaced at differeii t intervals along the X , or input , vector t ie . weig hts
are app lied only to every nth  X samp le). The weights for each filter can also be f’rozen inde-
pendentl y of the other filters.

It is possible to prese t or copy the complete state of ’ the LMS filter from the mini-
computer (see fi g 6). This will be done onl y when all filters in the current configuration
have completed a full update cycle. The state of all filters is determined by the configuration
control words (which cannot be cop ied back into the min i compu te r )  and by the contents of
the X . W , and ERROR memories. All or any subset of the X and W memories ma he loaded
from , or copied into , the m i n i c o m p u t e r :  all of the E R R O R  n icmorv is a lways loaded or
cop ied. This allows the user to ini t ial ize fi l ter confi gurat ions to a n y  desired state.  Further-
more , one configurat ion can be time—shared with  others by saving the  state of the  machine
and later restoring it.

_ _  
V

E R R O R  I E R R O R
p ~ E MEM ORY 4

FILTER OUTPUT

LMS
MINICOMPUTER i F ILTER

I ~ X MEMORV 4 
X 

~~ ARITHME TIC
J U N I T

p ~ ~
J

WMEM ORY~~ 4 
w

COM M A N D S  F I L T E R  I CO N T R O L

CONTROL ] 
___________

LMS F ILTER HARDWARE

Fi gure b . Data path s for generalized LM S f i l l er  hardware .
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Local operation on real-time analog inputs is a further capability. Any real filter re-
quiring only one Y (desired response ) input and up to seven X (input vector) channels may
be run from the front panel of the filter.

PARAMETERS
The important parameters and their values for the LMS filter hardware are as

follows:

Arithmetic is l’s complement with maximum magnitude 1.0 minus I / 1 28
X, Y , error , and filter data are 8 bits
Filter accumulator has 28 bits so that sequential summation values are not lost
The weights are 32 bits
One XW product and one weight update are done every 1 25 nanoseconds
Weigh t memory is 2k (2048) words by 32 bits for comp lex filters , increasing to 4k
(4096) words for real filters
X memory is 8k (8192) words by 8 bits for complex filters , increasing to 16k (16384)
words for real filters
Mu is adjustable from to 2-24 in powers-of-two steps
Maximum number of independent filters in any configuration is 1 6
Up to 32 references are available that can be arranged with (lie filter in any way
Wei ghts may be spaced at intervals of from 1 to 63 along the X input vector
If overflow of the filter output . error , or weights occurs , the magnitude is limite d to
±( 1.0 minus 1/ 128)

PROGRAMMING

The LMS filter is controlled and configured entirel y by minicompu ter software.
Commands to execute the various hardware functions are given by direct I ‘0 instructions
from the computer. The paramet ers which determine the filter confi guration are contained
in a table of control data words transferred to the filter hardware by the minicomputer.

When the filter is running,  it requires data for the input  signal and for the desired
response : output  data are available froni the filter output  ami d from the error signal. All data
except direct I/O instructions are transferred throu gh four indepen dent direct memory
access (DMA ) channels dedicated to the filt er operation: oiie for X and the weights . one for
Y , one for the filter output and control data , and one for the error signal. The following
paragraphs describe how the LMS filter is programmed. The data aiid control paths are
illustrated in figure 7.

The f ’ollowing conventions are used in all subsequent discussions:
X = filter input
Y = desire d response input
F = filter output
I = err )r output
W = weights
Bit 0 = least significant bit of ’ all data words 

----~~~- ~~~~~~~ ~~~- -~~~-- -- - - - - - -— --
~~~
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C O M M A N D  DATA

DATA I N T E R R U P T , STATUS LMSp 
F I L T E R

_________ CONTROL
CPU CO NTR O L

CONTROL DATA’

DATA X , W
M E M OR Y

I N T E R RUPT 4 E R R OR

_______ DMA
C H A N

CONTROL DATA “ LMS
F I L T E R

ADDRES S F’

DATA

THE CONTROL DATA USE THE F IF ILTERI  DMA CHANNEL .

Fi gure 7. Data and control paths for LMS filter.

COMMANDS
Direct commands to the LMS f’ilter hardware are used to start and stop the filter and

to load or save the data in (lie I’i lt er memories. Commands must be issued one at a t ime by
t he mii i ic omputer  CPU. When the f’ilter has completed a command , it sends an interrupt  to
the minicomputer .  If a command is issued before the previous oiie has been completed. it
will  be i gnored and a command error in ter rupt  will  occur.

A SINGLE CYCLE command will  run one update cycle of each filter in the current
configuration as determiiied by the control data words. This is called one conf’iguration
cycle. A START command starts running  consecutive conf ’iguration cy cles un t i l  data are
exh austed or u n t i l  a STOP command is received. A STOP command always allows the cur-
rentl y executing configurat ion cycle to finish.

The LOAI) aiid SAVE com m ands f ’or the X or W memory require special consideration.
I:i r s t .  because 01 addressing and buffering considerations , the mode word must already h ave
hecii loaded in to  the fil ter.  Second. these comniands require the user to consider l imits on
th e amount  of ’ data to be transferred.

In mast eases only a small subset of the total memory t iceds to he loaded or saved -

Therefore, a command to load or save either the X or W niemory will first read from the
filter DMA channel  an in i t i a l  address for the X or W memor y ’ , then will tr ansf ’er the data
th roug h th e appropriate DMA ehan i ie l an t i l  the channel  indicat e s a re fusal to transf e r more
data (cycle re fused term ) .  This terminates  the t .OAI) .lr SAV E command.

lii c lioosiiig the X memory l imi t s . the user must  know that  all X values arc packed
sequ ential ly in the X memory star t i m ig at location 0. The addresses in the \ m emory arc
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relative to a hardware base register which is incremented upon completion of each configura-
tion cycle. The numbe r of X locations used is dependent upon the weigh t spacing.

An 8-bit data word is used to command the filter. The bit assignments are listed in
the following table. Note that the command bits 5 , 6, and 7 are unused. Also , the commands
for ZERO CONTROL and SAVE CONTROL are ignored except that an interrupt is given to
acknowledge that the command was received.

COMMAND DATA BIT DESCRIPTION

COMMAND BITS
2 1 0 

— 
COMMAND FUNCTION

0 0 0 RESET
0 0 1 STOP
0 1 0 SINGLE CYCLE
0 1 1 START
1 0 0 LOAD
1 0 1 SAVE
1 1 0 ZERO
1 1 1 INIT

COMMAND BiTS
4 3 MEMORY CODE
0 0 CONTROL
0 1 x
1 0 WEIGHT
1 1 ERROR

COMMAND BITS
7 6 5 UNUSED

Here is a brief description of each command :

RESET Clear the entire LMS hardware (except the memories) regardless of the
current state.

STOP Stop after finishing the current update cycle on all filters in the current
configuration.

SINGLE Execute or finish one up date cycle on all filters in the current
CYCLE configuration.

START Begin execution of a new filter cycle or resume the current operation.
LOAD Load data into the X , W , F , or CONTROL memories from the DMA

channels.

SAVE Save the current values in the X , W, or F memory by tvritimig into the DMA
channels.

ZERO Set all values in the X , W, or E memory to zero.
INIT Clear the hardware as in RESET , except no interrupt is returned to the

minicomputer. ( Used by the operating system. )

The results of giving each of these commands while the fil ter is in various states is summari ied
under interrupt  and status which follows.

15
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If one of the DMA channels gives a cycle refused indicat ion (runs out of ’ da ta )  while
the filter is running , the filter hardware will stop. If this occurs on the X or Y channel when
a full configuration cycle is complete , the result is the sanie as if a STOP comm an d were
given. An interrupt is returned , but the status bit for “unexpected cycle refused ” is not set.
li the hardware is in midcycle or the cycle refused is on the F or F channel , a WAIT condi-
tion results and the status is set to indicate that the filter is BUSY with an umi expect e d cycle
refused. To continue in either case , refresh t h e  empty DMA ch annel and g i\ e  a START or
SINGLE CYCLE command. The SINGLE CYCLE command will clear the WAIT state and
finish the current filter cycle , then stop.

INTERRUPT AND STATUS
The LMS filter is designed to keep the minicomputer as informed as possible concern-

ing the current state of the hardware. To this end , an interrupt line and eight s tatus bits are
provided. The importami t status bits are also displayed on the front panel. It is intende d that
whenever an interrupt  occurs , the computer should read the status to see if an error has oc-
curred or if the interrupt is the normal response to a command.

The stat u s bit assignment amid defini t ions are summari , .ed in the table that follows. —

Status bits 0 through 3 were chosen to have the same meaning as t h e  least significant bits imi
the minicomputer status word convention. Bits 4 and 5 are not necessarily error imidicator s.
but  a re sim pl y informative. Bit 6 is normi iall y an error, but t h e  filter enters the WAIT state if
t h e  l’ilter was running amid in miiidcyele at the tinie this cycle re fused occurred, A START
command after t h e  appropriate DMA buf ’l’er i~ ref ’reshed will caumse the filter to resume opera-
tion . Status bit 7 indicates an error , but this error did not inter fere with the operation going
on in the filter at the tim ii e. When the mninicon iputer reads the filter status , bits 4 through 7
are set t o ze ro .

STATUS BIT ASS IGNM I -NT AND DES CRIPTION
BIT MEANING CONDITI ONS
0 Device unavailable 

-- 

Front pamie l is enabled so the comi iputer
interf ’ace is disabled

I End-of ’-medium Always 0 (no t  used )

2 Cheek status At least one of ’ t he status bits 3— 7 is set
3 Device busy Filter is runmiing.  iii the wait  state , or in

th e m iddle of ’ a LOAD. SAVE, or
ZERO

4 Weight overflow The ni agm i itudes of e i ther  the real or
im aginary weights have been l imited
since the status was last checked

5 Error overflow Same as hit  4 for the error term ii s
6 Unexpected cycle ref u sed Unexpecte d cycle refused occurred

since the s tatus was last ch ecked
7 Command error A eonimand error occurred since the

status was last checke d
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Except for INIT , an interrupt is always given when a command has been received and
completed. in some cases, such as START, the interrupt is given immediately. At other
times , such as LOAD , the interrupt is not returned until the specified operation is complete.
In all cases where an error has occurred , an immediate interrupt will be sent to the minicom-
puter. A summary of the commands and the interrupt response is contained in the following
table.

INTERRUPT RESPONSE TO THE COMMANDS
RESPONSE* RESPONSE*

COMMAND WHEN VALID WHEN BUSY WHEN NOT BUSY
RESET Always RESET . II RESET , !!
STOP Running or not (NOTE 5), IC NOP , II

busy
SINGLE CYCLE Not busy (NOTE 2) , IC (NOTE 6), IC
START Not busy (NOTE 2) , NONE (NOTE 6), NONE
LOAD Not busy ERROR , 11 LOAD MEMORY , IC
SAVE Not busy ERROR , II SAVE MEMORY, IC
ZERO Not busy ERROR , II ZERO MEMORY, IC
INIT Always RESET , NONE RESET, NONE

*TYPES OF RESPONSE:

II = Immediate interrupt
IC = Interrupt when completed
NOP = No operation performed
NONE = No interrupt is given

NOTES:
( I )  An invalid command interrupts immediately and sets status bit 7 to a l ogical I .  The

bad command is ignored.
(2) When the filter has paused in the WAIT state, START or SINGLE CYCLE will cause the

filter to resume operation. START and SINGLE CYCLE are errors when the filter is
BUSY but not in the WAIT state.

(3) For LOAD , SAVE , and ZERO , the appropriate memory is determined by command bits
3 and 4.

(4) BUSY filter running or doing a LOAD , SAVE , or ZERO.
( 5)  STOP is an error during a LOAD , SAVE , or ZERO.
(6) SINGLE CYCLE and START do not cause interrupts directly, but the filter does inter-

rupt when it stops running.  This is roughly equiva lent to a case of “interrupt when
completed. ”

17

________________ - - - .~~~-- .-—--‘--~~~ -- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 
4



--—- - -. - —. ‘ -— 
-.-- ‘— — 

- -
~~~ 
--—

~~~

CONTROL DATA

The LMS filter configuiration and its variable f’ilter parameters are set by using one or
more control words. Each control word consists of three parts: ( 1 )  control bits with con-
figuration and sequencing d a t a , (2 )  the initial address to use in the weight memory , and
(3) the final weight memory address. Each change in oiie or more of thie variable filter param-
eters is set by a new control word . There may be imp to 32 of these control words , each of
which is a total of 48 bits in length and is stored in the control memi lory . These control data
are transf ’erred throug h the filter DMA channel from t h e  mi iinicomputer :  control words are
read until a cycle bit is encountered (word 0, bit 3 = 1). Each control word is sp lit into three
1 6-bit data words as follows:

WORD 0 = control bits
WORD I = first W address
WORD 2 = last W address
In addition to the control words , a MODE word is sent at the beginning of th is bu ffer

to set the f i l ter f’or real or complex operation and to set the format for the transfe r of wei ght
data. The f’ollowing tables give the meaning of the various control hits.

MOI)E WORD BIT DE SCRII~TION
BIT M E A N I N G
0 Operating mode:

- 0 = eomiipkx
= real

Wei ght data transfe r mode :
0 = all 32 bits are tramisferred

= only the 8 most signif ’icam it bits are transferred
2 —1 5 Unused

CONTROL WORD BIT DE SCRIPTI ON
WORD 0. BIT M E A N I N G

0 Get a new X v .j lue
Get a n~w Y value:  store the new error value

2 Update t h e  weights
3 Cycle control

0 = proceed to the next contro l word
re t u rn  to the first control word

4 Reset the filter reg ister bef ’ore running : get a new
error value

5 Output  the t’ilter value
6— I I X memory imicre m ent (0 is un d e f ’in ed)

1 2 — 1 5  Mu (gain ) control
000 =

0 17 = 2 24

18
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WORD 1, BIT MEANiNG

0— 11 First address in the weight memory
12— 14 Unused
15 Output the error value

WORD 2, BIT MEANING

0 — I l  Last address in the weight memory
12— 1 5 Unuised

DATA FORMATS

The input and output data transferred between the minicomputer and the LMS filter
are packed into 16-bit data words. When the filter is operating in the complex mode , 8-bit
data are always packed with the real part in the most significant bits and with the imaginary
part in the least significant bits. This applies to X , Y , error , and filter output,  as well as when
the output transfer mode indicates that only 8-bit data should be transferred. When in the
real operating mode , the filter will transfe r two 8-bit data samples packed into a 16-bit word ,
with the fi rst sample in the most significant bits and the second sample in the least significant
bits. The weights are a special case when the filter is in the 32-bit transfe r mode. It will take
four 16-bit words to transfer each complex weight because each real weight and each imagi-
nary weight contains 32 bits.

WORD 0 = most significant real part (bits 1 6-3 I)
WORD 1 = least significant real part (bits 0-15)
WORD 2 = most significant imaginary part (bits 16-3 1)
WORD 3 = least significant imaginary part (bits 0-15)

In the real operating mode , it will take only the firs t two of these words to transfer each
real weight. The error memory is an exception to these rules: all sixteen complex words
are always transferred regardless of the mode or configuration of the filter.

If the contro l data words are set to run more than one filter , the input data must be
interleaved in the data buffers. The output data (from F or E) will also be interleaved.

ERRORS

As mentioned in the section on status and interrupts , the LMS filter will notify the
minicomputer when a few simple errors are encountered. These include command errors ,
unexpected DMA cycle refused , and warnings of error or weight overflow. There are many
other ways for the user to make an error in using the filter , and many of them can ’t be diag-
nosed by the hardware. Here are some illustrations of the kinds of errors which might occur:

Loading of the control memory from the filter DMA channel is normally terminated
when a cycle bit is found in a control bit word. If the contro l buffe r is out of
sequence and the cycle bit is not found, the entire buffe r could be emptied before an
unexpected cycle refused occurs. Also, a data bit could be read as the cycle bit. and
normal termination would leave incorrect data in the memory . If au at tempt is made
to load more than 32 contro l words , the filter will simply rewrite the first control
words without informing the user of the error.

Loading or saving the X or W memories is normally terminated by a cycle refu sed on
the X channel , If the DMA data buffers for this channel are circularly linked
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(A linked to B. B l inked to A ) .  the ope r at i on  ‘.~ I I  i ie~ er t e r i f l i f l : i t e .  ( See section 5 on
DMA channels . )

It’ either the configurat ion control ~ ords or a LOAI) or ~A Vl -  i mi s t ruc t iom i  specif ’ies
locations beyond t h e  m n a x i n i u i n  N or W address , the a c t u a l  addresses used will start
ove r at l ocat ion zero . In ca lcula t ing  t h e  m a x i m u m  addmes~, t a k e  in to  account the
operat ing modes and the  weigh t spacing ott  the  \ ‘.cc t  r.

G E N E R A L  1 - \.- \MPI F

This paragraph describes the programing sequence r e q u i t e d  to in ip leni ent  a typical
filter conf igurat ion in the  L M S f ’i lt er hardware .  i h e  two gen era l  ope r at ions necessary are —

data bu iffe r in i t ia l iza t ion amid direct commands  to the f i l ter .  B u f f e r i n i t i a l i za t i on  requires
both data assembly and the Io ad iui g of bu ff ’er addresses into the correct DMA channel con-
trol words. The fol lowing opera t ions  are nec essar to load and start  the f i l ter:

STE P (OM\l -\\l) l ) .-\T -\ R I [FI R INITIALIZATION

Coui t i g u r a t  ion con t ro l  ( n i t  f i  I t e m c h a n n e l )
2 Load (o r i t r o l  -

3 Ini tial \V
4 W in i t i a l  address (on t i t t e r  c h a n n e l )
S Load \\
6 I n i t i a l  N
7 

- 
N i n i t i a l  addr ess ( on  f i l t e ,  c h a n n e l )

8 Load \
9 N e s t  \. i u i t i a l  ‘t
10 Zero F
II I- rr or a nd f i l t e r  o u t p u t
I 2 Start

*Thiese steps may h a t e  a l r ead y  heen p e r f o r m ed ~ I th \ t e I )  I
To stop the f ’i l ter . e i t h e r  scud t i l L ’ c o m m a n d  S l OP  or alt o ” ,  a I )\1 -\ h i t  t i e r  to e m p ty  - The data
in the machine a~e saved h ’ us ing th e  same sequence .t ~ tb ,~s c - ~s t i c  rc t h e commands  are now
SA VI -  W . N. and I - R R O R .

DISPLAYS

The I \t ~ f i l t e r  inc ludes  t ou r  out  pu t  displa y channe ls  in tended  f ’or u se  wi th  au oscil-
l oscope. An s—bit digi t , i I ’to- , ii  dug con\  cr i er provides th e  ana l og  d isp la ~ for each o u t p u t .
I wo of these d i sp la ~ c li im nne l s  t i e  f u s e d :  b uI l t  the real f i l t e r  and t i m e real error f ’or the fi rst
f i l te r  in th e control memor ~ t i c  .iI ~s a~ s a~ a i l ah l c .  These o u t p u t s  ,i ft n it the  t rou t t p anel
wi th  t h e  inpu t s  f ’or local ru n n i ng .  h u t  :hev a t e  also val id  v. l ien ru nn ing  f rom the computer.

The other  t w o  displa ~ are se lected I t n i n  the  t r o u t  p an el  A n ’. of parameters  N . F.
Y. F. or W may he dmspIa ~ ed - In a d d i t i o n ,  a test  i n p u t  is a’ a i i ahk ’  is described la te r  in th is
sect ion . under TI- .S I l \(  1 i i h c m  ft - _ 

r c d  or t h e  i m a g i n a r y  pa r t  of each i n p u t  ma\  be di s —
play ed.  For handl ing  u t u t i t i p l e  f i l t e r s ,  th e  addre ss  of the  ~- i i t i 1 menio r \  ~ also i n p u t  from
the t’ron t panel t h t u u u b w l t e e l s  to d e ’ ,nL -  ~ li ~’ mm t o  samp le the  ei~~ ’ i m  t t a r a f lK ’ t ’r .  l’lte W display is
an escept ion : all weig h t s  .im c a te .  .i~ s t t i ’~p I.i\ e ’,l 
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LOCAL OPERATION
The LMS filter can be run as a stand-alone adaptive filter without the minicomputer ,

with the following restrictions: (1) only real filters can be run , (2) only one Y input is
available, and (3) up to seven X input values can be used.

The contro l memory is loaded from the front panel and can be displayed for check-
ing. The ZERO commands for the X , W, and E memories are also available. After the con-
figuration control words have been set , the input sample period is chosen from the range of
8—1 024 ~zs and the filter is started . A timing error indication is given if the sample period is
set so shor t that the filter cannot finish a full cycle in that period. Additional inputs are
available to zero the weights while running and to “freeze ” (inhibit updating) the weigh ts.
The normal displays are available as just described. Note that the sample period can be set
to any desired size by setting the panel RUN switch off and applying a pulse to the SINGLE
CYCLE debugging input .

All front-panel switches ate disabled by the panel switch. When the panel is off ,
only the minicomputer can control the hardware operation and data come only from the
minicomputer. When the panel is on , all commands and data transfers from the minicom-
puter are ignored. In the local mode , it is important to check all test switches to make sure
that they are in the correct position and not disabling some local function or data or provid-
ing other extraneous inputs.

TESTING
Because of the nature of au adaptive system , failut res are much harder to identify

and isolate. The LMS filter incorporates several features to make testing and debugg ing
simpler and faster. As a result , the filter can be run without the minicomputer , as just
described.

Furthermore , a front-panel section is provided solely for testing purposes. From
here , repetitive pulse s can be inserted to initiate all command functions which are normally
provided by the minicomputer . The hardware may be switched to use external debug data
for X , Y , W or E so that the data paths may be checked on a bit level. The relative X memo-
ry addressing may be disabled by a switch or a panel input.  Fimiall y, an external pulse may
be provided for the internal logic term called RQUAL or Register Clock Qualifier. This
input term is a single-cycle operation at the register level: one weigh t update and one filter
update are done for each input pulse .

Internal connections for debugging are provided for the debug data input (described
above), the multiplier outputs , the display D/A converter inputs and outputs , and outpu u t
connections for the X and W memories. These connections are available internally on I 6-pin
IC sockets.

5 DIRECT MEMORY ACCESS (DMA)
The minicomputer interface (fig 8) provides a set of general-purpose input / output

channels for convenient interfacim i g to a minicomputer. Eight CPU instruction chanm iels and
eight direct memory access (DMA) channels are provided . The present hardware has been
tailored to the Interdata 7/ 16 machine , but the interface will work with any minicomputer
with only minor changes. The following paragraphs describe the functions th at arc provid-
ed . the way to program the channels from the computer , and the interface terms.
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GENERAL OPERATIO N
The operation of the I/O instruction channels needs little description: they are main-

ly buffe rs for the various CPU instructions dealing with input and output.  The DMA chan-
nels are more complex in that they require some attention in handling and control. A total
of 16 device addresses are used , each with an independent interrup t line. Both the 8 1/0
instruction channel device numbers ami d the 8 DMA channel device numbers must be sequen-
tial. To simplify any changes , the initial device numbers are set into the DMA by positioning
a series of switches. The DMA channels require an additio nal 8 bytes of reserved storage in
memory for buffe r pointers . These reserved locations are assumed to be sequential , with the
firs t location identified to the hardware by a set of switches.

In all subsequent discussion , bit 0 is the least significant bit and bit I 5 is the most
significant bit.

PA RAM EFERS

The following table summarizes the parameters of the direct memory access
hardware.

DIRECT MEMORY ACCESS HARDWARE PARAMETERS

Commomi Parameters
General—purpose input/outpu t chami uie l s
16 data bits in each channel
Each channel own device address and in terrumpt h u e
Chau ine l device numbers are sequential
Easily convertible to any minicomputer
Software controlled
Initial device numbers in h ardware switches

1/0 instruction channels
Eigh t channels
Deliver CPU input / output  instructions
Device commands
Read status
F.ach t ch annel may interrupt  at amiy tinie

DMA channels
Eigh t ch annels
Hi gh data rate
Data buffering on input / output
Channels run in parallel
Buffe rs may be l inked
Programmable interrupts
Address lii) to 20 hits
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1-0 INSTRUCTION CHANNELS
Th ese eight chauin els provide an im i terf ’ace to the CPU input / ouu t pu t  in structions.

Since these iu istru cti ons are generally slower th am i other instruction s , their use should be
restricted to short data tr anst ’ers of no more t h an a l’ew words. In  addit ion to read and
write instruct ions , there is am i im i stru m etion for device coinniands and one to read the status of ’
the device. The read w r i t e  instructions t rans fe r  16 bits :  the command and status instruc—
flout s transfe r onl y 8 bits . Each of these ei ght channels may in te r rup t  the CPU at ar ty time .
am i d each is identif ie d by its own device address.

DMA CHANNELS

The purpesc of’ these ch annels is to pro vi de a h igh data  rate i nput / output  capability
for the minicomput er . Response time to device req uiests is decreased by a one-word data
buf f ’er on both input  and ou u tput  operations . The ei ght channels are indepen dent  and may
be run in parallel. Data ( 16  bits ) are read to or from sequential  locations iii the computer
memory. T h e  locatton of ’ these data b uu f’t’ers is dete rmined (‘or each ch au ine l by a header
block and by a reserved memory location containing the address of ’ the header block. The
data con ta in ed in t he h eade r are def ’i n ed as l’ollows:

WORD 0 = address of ’ l’irst word in data buffe r
WORD I = address of last word in dat a buff ’er
WORD 2 = ad dress of next  h eader block
WORD 3 = l ink am i d in ter rupt  flags and most significant address hits

The link amid in te r rup t  h’Iags det ’imie the action taken by the DM A channel  ~vhem t the
data bu u fi’er has been filled or emptied.  If the  l ink hit  is set (b i t  1 S f .  data t r an s fe r s  are c o n —
tinued by uu sing a new hu t ’f ’er , This new b uuf f ’er is described b y a heade r bloc k at t h e l ocat i on
in WORD 2. This l ink ing  ma y  c o n t i n u e  ind e f in i t e I ~ . or a h u l l e r  or b u t l e r  cha in  may  he
l iu iked in a loop. If the in te r r up t  hit  is set (b i t  14 ) .  the DMA channe l  in terrupts  when the
last data t ransf ’er l’or t he current  buf f e r is conip lete.

Time DMA cha nn el s are d esigned to access data w i t h  u p  to 20 address hits. The most
sig nif ’icant bits of the addresses in WORD 0 and WORD I are stored in WORD 3 . bits  0—3
amid 4—7 respective l y. The header block locations are req uu ire d to have the f ’our m ost si gn if ’i—
ca n t ad d ress b its eq u a l to zero.

CONTROLLING THE DMA CHANNELS

The DMA channels are controlled by I/O instruct ions . Each channel  has its own
address and in te r ru ip t :  in t ac t , eac h is treated as a separate device . These channels  are coil-
tr olhe d as follows.

_____ - 
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COMMANDS

Direct control of the DMA channels is done with the command instruction , where
bits 0 and I contain the function code describing the operation. There are four commands:

COMMAND BITS
_____  

0 NAM E OPERATION 
_ _ _ _ _ _ _ _ _

0 0 RESET Reset all iu iterface hardware rega~dless of
which DMA channel was addressed.

0 1 STOP Stop the addressed channel without complet-
ing any transfers which may be in progress.

0 START Start the addressed chauine l . Command bit 2
indicates READ ( 1 )  or WRITE (=0) operation.

I I Unused No operation is perfo rmed .

Giving a START command while the channel is already operating is harmless , as the
command will be ignored.

INTERRUPTS
When a data buffer transfer is complete , the DMA will interrupt the CPU if the

interrupt bit is set (WORD 3, bit 14 of the associated h eader block) . The timing of this
iu iterrupt is determined by two factors: whether a buffe r link is to occur and whether au
input or output operation is being performed. Output is treated differently because of the
one-word output buffers: the interface h ardware always stays ouie word ahead. The inter-
rupt timing is summarized here .

( 1)  On inp umt with uio link Interrupt when the last data word has been
written into memory.

(2) On output with no link Interrupt whemi the last data word h a s  been
taken from t h e  outpumt buffer by the device.

(3) On input or output , with link Interrupt  when the linking has been
completed .

This timing defi ut it ion assures the user that when an imiterru p t is received , all operations on
the old data buffe r have been comp leted.

‘STATUS
The current statu; of each channel cami be deter m ined using the Read Status in struc-

tion. The status word bit definitions follow the Interdata conventions and are as follows:

BIT MEANING
0 Device uuu iavai lable

Unused
2 Unused
3 Device busy

25

k - —-•-— - - - 
__ _______  _ _  

- - - -
~~~~~~ 

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ————-~-— - - --- . ——~~~~- - - - -- ‘-— - . . ‘



-‘I’

A f t e r  a SI  ( )P c o i n u u a i m d .  t i m e  st a  t u i s  word  is se t  to  i m i d i c a i c  N ( ) I RI  S~ - l ime statuis
w ill also be set to N u l  B [S \  if  t h e  b u f f e r  is comple ted  a m i d  mo l i n k  Is r equu i ucd .  B i t s  I amid
3 cam ino t bot h he t m u e  at  t l ie sau t e  I t  mmmc -

CURRENT Bt~lT1 R - \ I ) I ) R l - S S

As a d a t a  buf ’t er  is proce ssed , t i m e  h a r d w a r e  keep s the  m l i c mn r\ address of the  next
word to he tra uis l erre m.l .  \~ hen t i m e  s t a t u s  Is  NO l  RI  ‘S\ . l i i  is e. ord m m m a ~ he read usin g the
REA l) ins t ruc t ion .  Wh e n an i n p u t  opera t i ou  is be in g  p e r f o r m ed, th i s  is t i m e  address i n t o
which time nex t  device word w i l l  he e. ru t en . (~mi ou t  p u t .  b c - , m mmse  of t ime  o iie— ~~ord Ou t p ut
bu f f e rs , the address read is uric m m torc  t i t a n  t u e  address  of t i m e  ~\ o r d  t m t i m e  o u t p u t  h u f t e m ’ .

6 RECEIVER FRONT [ N I )
The f r o n t  end ( sec fi g () ) c o n t a i n s  t u e  i n p u t  proce ss ing f o r  t im e  channe l  adapt ive

receive r. The in put  ch am i i ie i  (sec ti g 10) p er f ’or ms t i m e  prop e r f i l t e r i  rig am i d d o w n — m i  X i I l g  oi
the i ncoming signal to produce a ba seh a m i ul  s i g n a l  - l im e d a t a  out  of t ime t ro ut  t end are trails—
t ’erred thro t u g i i  tIme c o m i v e m  s u ) u m  e q u i p m e n t  to t he  n u i m m i c o m n p m m  Icr . wim er e  t h e~ are stored un t i l
being sent to the a d ap t u ~ c f t i t e r  for I u i r t i mer p roce ss ing .  l i e  L’S t en o r  ch a r a c t e r i s t i c s  ol t i m e
f r o n t  end c o m lsm s t  t i f  one  analog i m m p u t  ami d both a real  and an m m n j g i m t a r \  ana lo g O u t p u t  The
f ron t  end hardware  is p hy s i ca l l y  re s i d cm t t  w i t h i n  t u e  c ou l vc r s i o m t  e q u m i p i n e m i t  chass is  ( Sec see —
tio n 3) .
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Figure 10. Front end hardware interconnections.

ANALOG HARDWARE
The input channel provides for a differential analog input with a maximum ampli-

tude of ±5 V. The input signal is first low-pass filtered at 225 Hz (36 dB per octave) ami d
then down-mixed to a pair of baseband components. This is done with two down-mixers
with fixed local-oscillator frequencies of cos 12 * * 1 50] and —sin [2 * ir * 1501 to produce
both real and imaginary components. The signals are low-pass filtere d at 75 Hz (36 dB per
octave) to eliminate spurious frequency components befo re they are sent to the conversion
equipment for data sampling. The components are then quantized and transfe rred to the
mimi icomputer.

DIGITAL HARDWARE
The front end di gital hardware perfo rms two major functions: ( I )  It provides the

real and imaginary local oscillator freane ;1cies for the analog hardware . (2 )  It generates the
external sample rate for the conversion equipment . The local oscillator signals , which are
getierated by means of a 1 6-bit frequency synthesizer , produce an average frequemicy accum-
rate to withi n 0.004%. The conversion equipment external sample rate can be selected to be
200 Hz (fixed) or can be selected to come from an externally generated user signal. The
generated sample rate , along with th ie sample rate divided by 2 , 4 , amid 8, is made availab le to
the user as an output  for any syn ch ironizatiomi that may be necessary.

PARAMETER SUMMARY

The important para m eters of the receiver front end section are as follows:

Dif ’f ’er ent ial input  signal. ±5 V max
Input  si gnal bandwidth . 75 to 225 Hz
Complex down-mixer frequency. ISO Hz
Real and imaginary output  components
Roll-o ff of ’ f’ilt crs . 36 dB per octave
Output signals , ±5 V max
Output signal bandwidth . ±75 Hz
Intcrna l A/D sample rate , 200 Hz

-~~~ 

~~~~~~

- -

~~~~~

- - - -  ~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ 

-- . -



- --
~~~~~~~~~~~ -—-~~~~~~~~~~~~~~~~~~~~~~~~

--
~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
-- - -

~~~~~~~~~~~~~

‘—- --

User-selectable external  satnplc r ate
Sample rate outputs divided b~ I , 2 . 4 . and 8

7 CORE BUFFER DISPLAY
The core b u f f e r  display pro vm de s the capabi l i ty  of c o n \ c m t ! m m g  t~~o c h i a n u m e l s  of di g ital

inf ’orm atmon in to  analog in format ion to be displayed 1w au analyzer  or oscilloscope Time
d isplayed ou tp um ts are selectab l e f ’rom the f ron t  l) aui e l Nec fi g I I ) .

I
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F m g m m r e  I t  - (~ ir ~ b u u f f e r  displa y hardwar e

INPUT DATA INTERFA CE

Two c hm a um nels  of in te r l ace  are provide d f o r  i u m p u t  01 data  This in ter lac e  is direct ly
compatible wi th  time DMA hardware . An inpu t  channe l  basically consists of 1 6 data  bits , a
d a ta  req um est . req u est ackm i ow ledge . first  word in bu u f ’f ’er . ami d a data cycle refuse d. Reque sts
are :m lw - s made to time DMA ch annel  and ej t i mer  can he controlled in t e rna l l y , at a 7 0—ps rate .
or m s uts er—selec ted external ly .  By time selection of ’ an external  sample rate . real-t i n c  output s
can he simul ated or syui chr on iz ed to a ref ’en!um ce.

DAT,-~ OUTPUT

The data  to he displayed are selected 1w t i m e  sw i tches  pro v m d ed om m t ime  f r o n t  panel
a l i m i i g  w u  th an oscilloscope sync f o r  each c hma n um el  Time ss ti c p u il se occurs whemme ve r  t ime f irst
s~ ord m u bu i ’i’er ter u m i us rec eived. Each am ial o g disp lay c i m aum m i el  call selec t fr om one of t ime  two

_ _ _ _ _
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- I input channels. In addition , the user can choose to display the most significant byte (MSB ,
8-bits) only, the least significant byte (LSB, 8-bits), or both bytes sequentially (MSB first).
The output amplitude is a maximum of 10 volts peak-to-peak. Whenever one of the chan-
nels runs out of data (receives a data cycle refused), output from the display goes to 0 volts.

PARAMETERS

The core buffer display parameters are summarized as follows:

Two DMA inpu t channel interfaces
Each channel has 16 bits of data
Output channels and bytes selectable
Internal sample rate 70 ps
External user sample rate available
Outputs 10 volts peak-to-peak
Oscilloscope sync for each channel

8 OPERATING SYSTEM
To take best /udvantage of the capabilities of the adaptive filter system , it is nieces-

sary to program the Interdata 7/ 16. The method currently used for this system utilizes
Concurrent Pascal , which is the minicomputer ’s operating system. The major components
of it are described here along with information available to the user , such as various facts
and techniques related to running Concurrent Pascal programs on the Interdata 7/ 16. * l7
The language is described by its author , Per Brinch Hansen , ’8 among other documents.

GENERAL CODE COMPONENTS
There are t h ree compouients of the run-ti me system in time Inter data.  The fi rst is time

Kernel — a machine language program that implements a virtual computer with a set of
instructions which are tailore d to time running of concurrent processes. The Kernel also
includes an interpreter for m n p u u t ouitpuu t instru u ctio u is that reduces the machine amid device
dependency necessary in the Concurr euit code . This 10 Machine allows the device drivers to
be writ ten in Concurrent Pascal amid keeps the details of inter rupt code amid device address-
ing out of’ the hands of the user. The 10 Machine is an entry iui to the Kernel w h michm provides
a machine and device independent method of specifying a sequemice of input  or output
operations with a peripheral device. We have defined a set of instructions which cuicompass
the usual I/O functions: commands , status sensing, and readiuig or writing data. The actual
method of data tr ansfe r to the device is hm id de n from time user , as are the details of interrupt
handling .

*Addit ional information exists in an NOSC Fleet Engineer ing Department internal paper , Concurremmt
Pascal : User ’s Man ual for the Interdata 7/ 16 , by DM Cottel and JA Zaun , December 1976

‘7 NOSC ID 146 , Overview of Concurrent Pascal t’or the Inte r data 7 / 16. by DM Cottel . 15 February 1978
‘8Concurrent Pascal Report . by PB Hansen. I n fo rm i m ati on Scieum ce . Ca lif ’ornia In st i tu te  of ’ Technology , ionic

1975
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The second kernel component is the run-time library for the compiler output .  These
assembly language routines implement functions which are often used by the compiler , such
as routine entries , set operations , and the like. Thecn~ are referenced at run-time to shorten
the length of the output code.

The final ruui-time components are the utilities , device drivers , and the program you
write iii Concurrent Pascal. The utilities consist of various classes amid monitors wlmi ch are of
general use iii implementing concurrent programs. They facilitate time synchronizing of
processes and the transfe r of data and messages from ouie process to another.

Tile device drivers are a set of classes and monitors which automatically handle the
interface to the hardware devices in the system. They transfe r data from and to the various
input/output devices attached to the Interdata 7/ 16 minicomputer. These system compo-
nents h andle all the details peculiar to each device , including the usually complex interrupt
functions , and can contro l many input/output devices at the same time by overlapping their
operations. These are written and need only be gathered up by the user when the current
system requirements are known . -

CONCURRENT PASCAL
The method of creating a Concurrent Pascal operating system is now brie fl y de-

scribed. After deciding what is wanted froni a system you may make a diagra m of ’ th a t
system which reflects those requirements , showing what hardware is needed . At that  point
the device drivers required for t h at lmardware are simply broughmt together. The hand lers ami d
utilities may be thought of ami d used exactly like independent building blocks. Just gather
U~ til e ones required for the system without worrying if they will fit together , because they
do. As was pointed out earlier , all of the critical timing , interfacing, data spaces and tranis-
fers , and any other problems that can be associated with coiicurreui t operating systems are
very securely handled in the Kernel and 10 Machine. The umser need only be concerned with
which pieces his systeni requires.

After the required pieces are located , the user th len must inform the program how
th ey are to be connected. Then the only thing left is to write the user program or process
which controls the flow of data , amid any processing . The compiler is excellent for finding
errors prior to rum i-ti nne~ thus the debugging tim e of the program is greatly reduced.

COMPILER
We have mod ified tile compiler to meet tile needs of the Cham ine l Adaptive Receiver

program. As written by and obtained from Per Brinch Hansen , the compiled code rau i Otl au
interpreting kernel , whereas our compiler generates Imiterdata 7/ 16 code directly. As imple-
mented on the Interdata 7/ 16 , the corn Piler outpuu t consists of a beginnim ig section which
contains references to the library routines , time code itself , and a table of literal con stauits
(strings , constant sets, and constant real numbers) .

The lamiguuag c changes we imave made have been restricted to changing the stamidard
procedure s and fuunction s provided by ti le compiler. Some we added because they were
needed by our run-time system~ others were change d or eliminated because they didu i ’t
make sense in our system.
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EXECUTION
Here is a brief description of what happens when you initially execute a Concurrent

Pascal program with the Kernel in the Interdata. The Concurrent Program is , in effect , the
operating system. It may be a simple program doing calculations , or it may be a complex
system of concurrent processes such as a typical executive operating system for running user
jobs. The initial system load is made from magnetic tape by using the Interdata relocatable
loader.

After saving an image of the system on the disc , the Kernel initializes processes and
peripherals such as the dispatch queue , the system clock , and the memory protection. At
thi s point , the Initial Process is registered with the Kernel and execution begins norm ally. If
at any time there are no processes executing, the initialization process resumes and sets the
“wait ” bit in the Program Status Word which is visible on tile lnter data 7/ 16 fromit panel.

ERRORS
There are two sources of ’ errors at ru in-time: those generated from the compiled

code when an error state is detected and those not detectable from the compiled code but
found and diagnosed hs the Kernel. Tu e  error recovery in the Kernel is uniform for both
sources of errors.

When an error occurs , time Kernel gets control. If the error was cauused by a sequen-
tial program, the error number is saved with the calling process ami d execution of time seq uen-
tial program is aborted. If the error happens in Concumrre iit code , the error is more serious
and error recovery is probabl y not possible without booting the system. If there are no
processes wait imlg to handle the error , the Kernel will halt , sending the message K E R N E L
HALT to the CRT ami d displaying time error number on the Enterdata front panel. Core
locations may be inspected with the front panel , or time system caui simply be reinitialized
from the disc by pressing time front pam iel INIT button.
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