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Chapter 1
Hardware Description



Hardware Descrlption -

The purpose of this hardware descrlptlon is to mtroduce the features of e

. ;the equlpment in the One Dimensional Signal Processmg Lab and. to lllustrate

" Tab, and ECN are described. Detalled descriptions of thé use of the ter

: ;_the use of some of the standard lab setups. An overview of the lab equlpment is
':presented Interconnections between the lab terminals, the PDP 11- 40 m the

im controlllng signal processing and file transfer software with the 11 40 sre
'Aglven The basic equipment conﬁguratlons for common signal processmg tasks o
are shown This introduction covers only a small part of the capabllltles of the
lab.” The lab users are encouraged to extend these ideas and make use of the
’full ﬁex1b1hty of the lab for s1gnal processing appllcatlons S '

v l. Equlpment

11 PDP 11-40 Computer

» "The PDP 11- 40 is the heart of the SIgnal processmg lab Real time
. samples enter the computer by direct Memory access (DMA) from the Kluge
(FIFO queumg) Samples entering the 11-40 are typically routed unmedlatelyv

- to. dlsk store by DMA action. The DMA is more fully descrlbed in Appendix -
A The software operating system (see “Switch II and DMC User's Manual”).

, prov1des file ‘maintenance, signal processing operatlons and file transfer; ’
between ECN and the 11-40 Vla, a dedicated one megabaud communlcatlons

line. -
12 DcskDrwes ‘ o v o v
The lab has two- dlsk drlves The CDC 9766 Drive ‘has 239 ‘Mbytes
available and is organlzed into 12 logical devices.. The Aries Drive has 10

‘Mbytes’ orgamzed into 5 Mbytes of disk cartridge and 5 Mbytes of system L

software For. further information on the organization of the dnves see.
: ‘Appendlx B

1.8 Lear Stegler Adm3a Termtnal _ _
L The Adm3a termmal is avallable for use w1th ECN or in controlllng the’-‘_

v PDP 11-40. ~ »
1.4 Tektroniz 4025 Graphics Terminal



‘ The 4025 programmable graphlcs termlnal also can be used w1th ECN It ’
is the preferred terminal for controlling the 11-40 since many of the srgnal»
* processing commands in the 11- 40 software make use of lts graphlcs and smart ’

termlnal capabilities.
1 5 Stereo Eqmpment

A Sony STR-V55 FM Stereo/FM-AM Recelver, an Akal Reel to Reel". :
' Tape Deck, a Technics SL-7 Direct Drlve Automatic Turntable, and a Harman’

Kardon CD301 Cassette Deck are avallable in the lab Users manuals are
f found in the. top drawer of the file cabmet in the lab. ' '

1.6 Test Equipment

- Tektronlx 2213 and RM503 Oscrlloscopes Hewlett-Packar'd | 3580A
Spectrum Analyzers -and Wavetek 185 Signal Generators are avallable in the
lab User s manuals are found i in, the top drawer of the file cabinet in the lab -

1 7. Rockland 852 Filter

The Rockland filter has two 8%h order hlgh or low pass filters. These can o
-. be cascaded for bandpass or bandreject ﬁlters or hlgher order hlgh or low pass_’
ﬁlters _ ,

1. 8 Bell ngztal Filter Unzt

The Bell Unit, constructed for Purdue by Bell Laboratories, is a: serlal
» t1me~shared ‘digital filter used as a teaching tool. It provides real-tlme
programmable signal processing. The 11-40 is used in conjunction with elght'
terminals, - each with an- A/D and a D/A converter and a keypad for
- programmmg the filter.

19 Kluge Digital Filter |

Much of the following lnformatlon descrlblng the Kluge is a dlrect copy or
paraphrase of sections in the ‘“Maintenance Manual for the Purdue Digital
Filter”, wntten by Dean Gibson, and available in the top drawer . of the file
~ cabinét in the lab. The information is included to illustrate the capablhtles of -

h'the Kluge The manual should be used during actual operation of the Kluge :

" The Kluge is a digital filter designed and built at Purdue It contains a number -
of multlpher adder, reglster and memory modules, along with A/D and D/A .
converters. and a complete nonrecursive filter. All connections to each. module" ,
‘are brought out to. sockets on the front panel. A dlgltal filter is set up by,' '
’ patchmg the different modules together "

e A/ D Converter




‘ The A/D- converter- samples the 1 1ncom1ng analog SIgnal to generate a
. lsequence of 12-bit two’s complement numbers at 1ts output sockets Two
' a’analog 1nputs are provided. The A/D converter can ‘be tlme multlplexed
:fbetween two dlﬁ‘erent analog SIgnals or ‘two signals can be. summed ‘and
f‘sampled ‘The A/D converter has an -analog range of /- 10 V. The"
-output bits represent short integers in the range of -2048 to: 2047 The 12
bits of output information are sign extended on ‘the connector 50 the- rA/D .

is compatlble with 12 bit or 15 bit cords ' BN ‘

D/A Converters

“ The Kluge has two D/A converters Each converter expects a 12—b1t B
two's’ complement input, representing an integer between -2048 and 2047‘

o Each drives a 4“‘ order lowpass filter whose cutoff frequency is adJustable "
: ‘,from the front panel. Pins 1 through 12 on the input connector -are used

" for the 12 blt lnformatlon pins 13 through 15 are not .connected. When" :

A,the output- of the nonrecursive filter or a 15 bit adder or- multlpher is to be |

reconstructed a 15 bit to 12 bit conversion cord is necessary if the number‘ r
‘ of actlve bits exceeds 12. These cords are ldentlﬁed by their black strlpes

Ampllﬁer and Attenuator

 An amphﬁer and attenuator are prov1ded on the Kluge for controlhng :
‘ analog signal amplltudes They are not short circuit protected. - If .an

, output is shorted to ground the output op amp- w1ll burn out and w111 have A
_ 'to be ‘replaced. : o

Nonrecurswe Filter .

_ ~The nonrecursive filter is used to lmplement in real time those dlgltal
= ﬁlters whlch can be descnbed by the discrete convolutlon R

Y — Eh Xk—l
: =0

. 'w’here.‘xk 'Tan_d’yk"are the input and output sequences respect_i‘\"'fely,;' ~ .The
_ impulse response of the filter is hy. The filter can be up to 256 taps in
length A 15 bit to 12 bit conversion cord is necessary if the number of
active b1ts to be sent to the D/A exceeds 12. ‘ -

Adders Multipliers, Reglsters v , .
. The bottom row of Kluge multipliers, adders and delays are 12 b1t :

processors The ‘top row ‘consists of 15 bit processors, and a convers10n
- cord or the bit access port. must be used to 1nterface these processors w1th B
~the cconverters. '



Clock and Control Shift Reglster

The clock and the control shift reglster provide the control pulses for

-:_}lf‘the other modules on the Kluge. The main reset sw1tch must . be- pressed- '
S tor sta,rt ‘the clock when the Kluge is first powered up. The clock ‘is a

fyarlable frequency oscillator which will provide an output in the. range of
. .5 Hz to 5 MHz. The output of the clock is made available to the other
- modules through the control shift reglster The register has two parts a
- counter and the shift register proper. ‘The counter generates a reset pulse - :

“ - _every N clock pulses (as set by the thumbwheel switch marked SHIFT
“REGISTER LENGTH). At that tlme, the reglster is cleared and pulses'

‘are introduced at steps 1 N+1, 2N+1, and so on. A pulse moves down’

 the shift register- one step for each clock pulse until a reset pulse is.

:l_generated The cycle then repeats. Each of the 96 steps in the shift
. register is accessible at the front panel. For example, if the thumbwheel is -

et to 10, a logical one: appears at outputs 1, 11, 21, and so on. After the

next clock pulse the one appears at outputs 2, 12, 22, and so on’ (outputs
1,11, 21, ... return to zero). If the frequency of the clock is 160 KHz, ‘each -
of the outputs can be used as 16 KHz clocks with dlﬁerent phases

o ’,dependlng on the relatwe posmon each has in the shift register. .




2. The Line Select Boi

~_The Line Select Box, located next to the terminals in the lab, is used to
k’control‘ the ‘interconnections between ECN, the terminals, and the 1i-40. ‘The
‘interconnections are shown in Figure 1. Figure 2 shows the connection layout
and the schematic of the Line Select Box. The following options are available.

s Line Select Box .
| Switeh . F unction 1. - Function 2
Position |
1| 4025 to ECN ECN to 11-40
| 9600 baud (tty45) 2400 baud (ea ttylb)
2 4025 to 11-40 ECN to 11-40
| 2400 baud 9600 baud (ea ttylb)
3 4025 to ECN - ECN to 11-40
| 9600 baud (tty45) | 9600 baud (ea ttylb)
4 4025 to 11-40 ECN to 11-40 o
o 2400 baud 9600 baud (ea tty45)

In posi_tion 1 the 4025 is a terminal on ECN (tty45). In position 2 the 4025 is
used to control the 11-40. In position 3 the 4025 is a terminal on ECN (tty45).
In position 4 the 4025 is used to control the 11-40 during a download -of
software from ECN to the 11-40. The Adm3a is connected to ECN ttylb for -
all switch positions. :



;  Lije.vSE;1ek:t1_BC”< Jv

e ‘Hi v =   ; } _.b -ﬁ   B m,};tcN iig%s'{  E
' 11‘_40 — ECNttgL}s -1 o o - 9600. baud (EA)

9600 baud | [Tektromix | —
— yoes ' 1023

11-40 | .“:Lear Sieg1er : ) '
- extension

2400 baud | - Adm3a
o ,».Extension

Qdm3a

3 modem.

e4qo0 | PDP 11-40 | 110  [L5 ECN ttylb
baud | | | pbaud T 19200 bBaud(EA)

RS 232 Lines

9600

,‘poC : ECN (EC)  '

| ’_1‘ 1LMbaud coax -

Figure 1. Connections between Line Select Box, ECN, 11-40, and Lab
Terminals '



@ to1140 ®  toLear | ® to Tektronix
| 9600 baud port | | Adm3a extension | 4025 |

® to11-40 D tECN(Es) |
- | 2400 baud port o 9600 baud tty45 |

Functions: ,
' Switch pos. Function 1 Function 2

e @06

3 OB O

4 ORSH6)

Notation for wiring: 1-2 — connector 1, pin2
connectors () and () are male; (2) ,@) and (@ are female

L. 43 4 o :

(pih 7 of all connectors wired together)
switch is 6 pole - 4 pos. rotary switch -

- Figure 2. Internal Connections and Layout‘,of the Line Select Box



3. The Tektromx 4025 Graphlcs Termmal

- The 4025 programmable termlnal is the preferred controller for the 11-40
when the graphics and other “smart” features of the terminal are needed.
Many of the software commands in the Switch II program depend on these
featuvr'es ‘The manual for the 4025 is kept in the top rlght drawer of the desk o
on whlch the 4025 is located. ' .

8.1 The Command Character
~ Once the 4025 is on (the switch, brightness, and focus are -on_th-e lower
right side of the terminal), the current command character needs to be
checked. The command character is typically the “@” or ‘1" character and
precedes any terminal commands, such as changing the baud rate of the
terminal. The current command character is found by pressing SHIFT -
STATUS (this key is in the upper right corner of the terminal). Something like g
U @1983 will appear. The second character (“@” here) is the command
character. The command character may be changed with the “com” COmmqhd; .
For example, A
“@com ! o

changes the command character from “@” to “1”. Note that Switch I and
DMC use the “@” command character. If the current command character is
“1”7  SwitchII or DMC will automatically change it to “@”. Other command
characters are not changed by Switch II and DMC. R
| '32 ‘Baud Rate ' ‘ S

For communication with ECN, the baud rate must be 9600, and for
commumcatlon with the 11-40, the baud rate must be 2400 To change the
baud rate type : ,

- @baud XXXX , , SR
where xxxx is the desired baud rate (2400 or 8600) and “@” is'the""cﬁrrent
command character. The Line Select Box is set to 1 for use with ECN a.nd 2
for use w1th the 11- 40

33 Timeout

When using the 4025 thh the 11-40 the user does not need to be logged in )
on an ECN computer. However, it is often convenient to be logged in for one
reason or.another. The default time for automatic logoff when no commands
_are issued to the ECN machine i is usually 10 minutes. To. change the timeout
. mterval type ‘ L "



$TIMEOU T= =XXXX

- where $ is the ECN prompt and XXXX is the tlme in seconds (3600 is,‘a-one |
_:hour tlmeout) : . v L

34 Qplottmg _ . -
- The graphics capablhtles of the termlnal are used by ‘many - of the 11 40
_s1gnal processmg programs. In addition, the 4025 can be used for- qplottlng on
‘ ‘ECN To set the terminal up for a gplot type - ‘ - -

@wor 33

@gra 1,35

@shr | o o
and then 1ssue the qplot command _using the ¢ .t” optlon Toretumﬂle
termlnal to. normal type S i e

@wor 0

These commands can be executed automatlcally using the programmable keys»
as d1scussed in the 4025 manual. L
o 35 Edatmg with Vi

The 4025 can be set up . for editing using vi. The command character must o
' -ﬁrst be set to “1”.. Then use the “tset” command as follows. : W

$ TERM="tset -Q - 4025‘
§ export TERM

‘As. always the lmes must be typed as shown w1thout spaces next to the
sign. The two. llnes carry out the initialization of the 4025 for vi. No- messages

- should appear if these steps are followed. The command character is

o automatlcally changed from “!” to “"_” (control-underscore, which appears as_
- Ug when SHIFT STATUS is pressed) Vl may now be used for editing.. After
‘the edltmg session with vi is complete, the command character may be changed
: back to “”. or “@”. Vi does not work well for the 4025 on the ea machine, :
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4 The Lear Slegler Adm3a

o The Adm3a is normally connected dlrectly to ECN (ttylb) v1a the
' MODEM port and to the Line Select Box via the EXTENSION port. - The .

.T-’_'Adm3a can be used to control the 11-40 in the following way. The plug

normally connected to the EXTENSION port of the terminal is moved to the -
MODEM port, replacing the ECN connection which is already there The
other end of the extension cable should already be plugged into the Adm3a
port on the Line Select Box. The Line Select Box is set to posmon 1. The
: 'DIP sw1tches on the left side of the termmal are set as follows R

: 'ECN . 11-40

"Red |  Red
E IR N
| o= *
- ‘Blue | ° Blue
o s
Lk o
. .|
o )
% *
Cx *
k. %

The ’*_v,,_represents_the side of the switch that is pressed down." The terminal is



11

then set up for use with the 11-40. Note that the graphics capabilities of the
signal processing commands in the 11-40 software cannot be used with the
Adm3a. ‘
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5. Running the 11-40 Software - SW2, DMC, and BELLDF

The software written for the PDP 11-40 in the lab includes many signal
‘processing and file manipulation routines. The following instructions detail the .
procedure for bringing up the 11-40 for use with the programs. Appendix C
contains information on complhng and downloading the programs (ho_t .
necessary in normal use). ~

1

5.1 11-40 Power Up Procedure

" Before any power is applied, the Aries DlSk Drive (above the 11 40)' |

should already have its switches set as follows:

Disk Power ~ Prot Fixed Prot Rmvl  Disk Drive
~on on  on - off

‘The disk power is turned on with the same switch that turns on the

0 11-40. A disk cartridge should already be in the disk drive.

| ’The 11-40 is turned on by rotating clockw1se the power switch' key to L
“the first point at which the power lights come on. Rotatlng the
switch to the first stop or the lock position puts unnecessary pressure
~on the circuit board behind the front panel and should be avoided.

‘Wait for the SAFE light on the disk drive to come on. This takes

approximately 10 seconds. When it is on, the disk cartridge may be
changed if desired. ' R
After the desired disk cartridge is in the drive, turn the Disk Drive
switch on and wait for the READY light. This takes approximately
90 seconds. The Prot Rmvl switch is the write protect switch and
should be left on unless your needs require writing to your disk. The

= 11 40 is then ready to be accessed by the Tektronix 4025 or Adm3a

termlnal

The 4025 or Adm3a should be set up as described in the approprlate

“section of this handout ("The Tektronix 4025 Graphics Terml_nal’_,o_r_._"

'The Lear Siegler Adm3a) for use with the 11-40. Logging on is not

‘ necessary

For the 4025, type @baud 2400 (be sure to use the correct command"
character) This sets the baud rate of the 4025 to match that of the

- 11-40. Set the switch on the Line Select Box next to the 4025 to
position 2. This changes the 4025 connection from ECN to the 11-40.



a3

E A you are logged onto ECN you w111 not be logged oﬂ' for 10 rmnutes v

ik :(unless you have changed )our TIMEOUT)

: = }f:F or: the Adm3a ‘the baud rate needs ‘to be set with: the D[P Sw1tches. -
and the: ECN cable needs to be- replaced ‘with “the - 11-40 Lme Select‘
~"Box cable. - o ' |

€ _v._Press HALT (down) and then START (down) to clear the - 40 Set’ '
““the front panel switches of the 11-40 to octal 773110 (left to’ rlght)’ |
~ One is up and zero is down. Press'LOAD ADDRESS (down), ‘then

S ENABLE (up), and then START (down). An introductory - message -

should appear on the termlnal screen Type control—C to stop the*
message if desired. : : ‘
52 SW2and DMC . e
' ",_-':':;Y;The SW2 and DMC programs act as shells on the 11 40 to execute _
‘many signal processing and file manipulation commands. A listing of ‘the

"commands and instructions for their use are found in the documentatron»"
g -jentltled “Switch Tl and DMC User’s Manual ” Most commands available in
. one program can be found in ‘the other. Here are the commands that
" ,appear in only one of the two programs T ’

af |

T SW2 T omc |
in |oget |
tkey | put

» 1. cpu -
‘out:. | con
{md |

The followmg mstructlons explain how to brlng up the: programs

K3

After the prompt (a lone perlod) type

” :'o'r-' R DMC

to start the approprlate program SW2 returns a # prompt and



o

. 'DMC returns a % prompt. If an ’error in starting the program is
~ made, an error message such as NEXFIL appears and another try can
~ be made. | ' . '
~To exit SW2 or DMC type log.. To begln another program return to
- step 7. To power down the 11-40, sklp to step 15. :

';5 3 The Bell Unit and BELLDF

" The followmg section 1ncludes information on bringing up the Bell-_
o Unlt and setting up the passwords for instructional use. Informatlon on

. ,actual use of the Bell Unit is contained in the “Users Manual for the
. ‘_.Serlal Time-Shared Digital Fllter Experlmental Unlt ¢ L ’

9

At the .completion ‘of step 6, the BELLDF program may “be Tun
~instead of SW2 or DMC. The first step is to turn on the Bell Unit.
‘The toggle 'switch is located under the 11-40 behind;_the.‘-‘white '

bordered black. faceplate in the left - corner. There is ,ﬂuno:;"*power

B indication lamp. The displays of the blue terminals should light up

o ,.i_b) ,»_f_

when the - terminals are turned on. The teletype w1th the yellow,

- paper should be set to “line”. .
'At the ““.” prompt of the RKDP monltor type

L BELLDF

o a,nd wait for the next prompt Then type

'S 100

* ;"and the cursor should move to the next line (no new prompt- is

§ teletype)

A lssued) At this point the terminal used to control the 11-40 may be

switched back to ECN if des1red ,
The teletype should now respond to the command (typedf on’ 'Vthe‘

LP

B »w1th an “@” ‘This is the command to list passwords at th1s p01nt
there aren’t any. To enter a password type . . '

| EP MASTER xxxx

e _: -where XXXX - is any number between 1 and 9999. A passwordis
o Jideleted by typing (typed on the teletype) e

o DP MASTER xxxx

T Passwords can be toggled between read only and read/wrlte access by-
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typing

15 -

RO,MASTER, XXXX , ‘
After each of the commands EP, DP, and RO the ‘‘@” is 1ssued to
indicate that the command has been processed. The response to LP‘

is a listing of the passwords and how many lines of memory each- -

password is currently using. The remaining commands that can “be
issued from the teletype are discussed in the “User’s Manual for the _
Serial, Time-Shared Digital Filter Experimental Unit*“ under the

heading “TTY Operatlons

Note that if power is turned- off all passwords and files are lost. The
TTY sometimes locks up when the room becomes too warm. “The
system then has to be rebooted beginning with loading address

773110. Agaln passwords and files are lost. To prevent losing

~information, files should be dumped on paper tape at frequent

- intervals.
13)

Connecting the D/A converter to the output of a second or'de‘r ‘section .

is discussed in the user’s manual but some clarification may be .

helpful. After the lines describing the second order sections or digital .
~ filter configuration, the D/A is connected to second- order sectlon_

14)

number n by entering

-no

“and then pressing the COEF # key on the blue terminal.

At the completion of a session with the Bell Un1t the TTY is turned

~off and the 11-40 is powered down as follows.

, 54 Powermg Down the 11-40

The followmg is the procedure for powerlng down the 11-40.
B
D comes on, the 11-40 may be powered off.

Turn oﬁ the disk drive and wait for the SAFE light. When the hght |
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8. Using the 11-40 with ECN - File Transfers

B The DMC program has commands which are used to transfer files to and
from a computer on ECN. All electrical englneerlng machlnes “currently
support this file transfer capability. : :

Begln the file transfer by bringing up the DMC program as dlscussed
earher The link, ul, get and put commands are used to connect to the ECN
machine and get a file from or send a file to that machine. '

6.1 Getting a file

" First link to the ECN machine by using the link command If you
are not sure whether a link to the ECN machme exists, perform an unlmk _
operatlon by typing ' '

% ul |
To tink'to the “ed” machine type
% link ed R
The termmal should respond with

MIDMCO UP
connect to host 12

| and prornpt you for your login and password:
~ Login: | |
Password:
Once you have given the login and password information you can ‘sénﬂ:'-and _
receive files only (you are not on the network). The get command is now
used to get a file from the machine:

% get filethere filehere

where “filethere” is the path to the file on the ECN machine and
““filehere” is any filename you wish. Any number of “gets” ca'n be
“executed since the link is not broken after a ‘“‘get”. When you are
through ‘use the “ul” command (unlink). This happens automatlcally at'. -
-~ 11-40° power down. - S

6.2 Puttmg a File

Agam start by linking to the ECN machine if a hnk does not exist.
] Then use the put command as follows:
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% put ﬁlehere ﬁlethere

Y where “filehere” is the file on the ODSP lab dlSk and “Hleth ere” ls,' the‘
'pathname to where the file will be placed on the ECN machlne N 3

~ - -You may need to modify your filesize limit if the ﬁle to be sent is over
vyour hmlt The default llmlt is. typlcally 600 blocks This is accomphshed '

| \ by typmg

$hm1t ﬁleswe XXXX-

‘ where $ is the ECN prompt and xxxx is the ﬁle51ze in blocks The current | B

A_ ﬁlesnze limit is found by typlng
| $11m1t

- t(all hmlts are dlsplayed) The limit modlﬁcatlon returns to the default
- upon logging off and after each put. For more information on the SW2
L »and DMC commands see the “Switch II and DMC User s Manual L

6. 3 Bugs | ‘ ‘
If any problems are experienced durlng a data transfer (such as the -
" inability to create a link, or a hangup occurs durmg transfer) lt may,‘
".:become necessary to power down the 11-40 (see section 5.1). The llnk can
~ then be re-established. . This is a last resort; the unlink command “ul”
3 should be tried first. :
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7 The Patch Panel

The whlte Patch Panel under the Rockland Fllter has termlnatlons for the
Sony receiver and the PDP 11-40. Figure 3 illustrates the termlnatlons
Follow1ng are explanations of each of the termlnatlons S

7 1 Speaker B
| The power/speakers sw1tch connects the output of the Sony recelver
“to these jacks when set to. the “B” position. ‘
12 Preamp Output/Power Amp Input

 These connectlons are normally jumped together They allow for :
split operation of the receiver, i.e., a power amplifier other than that of
the Sony can be used between the preamphﬁer and the speakers

1.3 Rec 2 Outputf Tape 2 Input v

_ * The Sony Receiver has a pair of 1nputs and a pair of outputs for use -
o w1th two tape recorders. One tape recorder can be used to record from or
_play to a second tape recorder while being monitored by the. Sony w1thv

S ;;these inputs and outputs. The Akai Tape Deck is connected to the Tape 1 - |

t; Input and Rec ! Output. The Tape 2 Input and Rec 2 Output is brought
~out 'to ‘the Patch Panel. The Tape Copy selector switch on the Sony»
' recelver controls the use of these inputs and outputs. S E sl

1) "When set on Source, ‘the Phono, Tuner, or Aux program 81gnal‘
selected by the Functlon switches is applied to both Rec Out 1
- and 2. The Volume control does not affect the amphtude at Rec

oo Out1and 2. . ST
- 2) When set on Tape 2—-»1 the signal applied to Tape 2 Input is
. sent to Rec'1 Output for recording by the Akai. (Note that Rec
L F; 1 Output is connected to the Akai input.) The Monltor should be
set to Tape 2 and all Function switches should be off.. The
- Volume control affects only the amphtude at the headphone or
- speaker outputs of the Sony. ‘ AN
L 3) When set on Tape 1—2, the output of the Akal is made avallable:' |
-~ at Rec 2 Output. The Monitor should be set to Tape 1 and the
. :,; Function switches should be off. Again, the Volume control does,

8 not affect the Rec 1 and 2 outputs. :

7. 4 Auz Input/ Phone Input

_ These inputs_ are used with the Functlon switches for auxrhary: |
’ programs and disk programs w1th MM/MC cartrldge operatlon '
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75 Mm:er | , _

“Two signals can be re51st1ve1y summed by usmg these connectlons |
7.6 Bit Access - E

R ;The Input and Output connectlons are brought out for access to the

o -blts ' s

‘ 7 7 Input

The 51gnals connected to the Input ports can be sent to the PDP 11-
40 by using the “in” command in the SW2 program. There are two Input

L reglsters for stereo data transfer. - The tlmlng is controlled by inputs Load
.. A and Load B. These timing inputs are ORed, which allows for samphng

’ iat a set rate ‘twice the set rate or half the set rate.

To collect ‘mono (one channel) data the STEREO swntch is set to the NO
: posmon This disables Input B. The ‘sample at Input A is loaded into

- register A whenever a pulse appears at Load A or Load B.. Samphng’ -

‘ occurs at the set rate determined by the Kluge clock when elther Load A
or Load B only is pulsed. If both Load A and Load B are pulsed ‘then

- channel A s sampled at twice the set rate. The samples are made

‘ a,vallable to the ll 40 v1a the “4n” command

: To collect stereo data, the STEREO sw1tch is set to.the YES posnt1on A ,

* sample from each input is loaded into its proper register. Using: the *
» icommand alternate samples from Input A and Input B are stored on d1sk

If Load A and Load B are pulsed then sampling occurs at the set rate
-~ determined by the Kluge clock. If Load A or Load B only is pulsed then.-
stereo samphng oceurs at half the set rate.
78 Output L S
The PDP 11-40 is accessed at the Output ports by usmg the out”il
command in the SW2 program. Samples are loaded into Reglsters A and

B when the appropriate Load inputs are pulsed. Both registers are used in '

o stereo apphcatwns only one is needed for mono.
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| ’8. Usmg the 11-40 with the Kluge, Sony, and Akal

In thls sectlon we describe the standard setup for d1g1t1z1ng and g
reconstructlng audio signals in stereo or mono. The lnterconnectlons for the.f
’ ’complete stereo setup are shown in Figure 4. Mono processing is accompllshed -
by usmg" ‘the left- or right channel only. Stereo- processmg reqmres both

The Patch Panel prov1des access to the 1nputs and outputs of the PDP

1140 andthe Sony and Akai. The PDP 11-40 controls the flow of the dlgxtal'-f' e

~’data between the lab disk and the In and Out ports onthe right of the Patchf,
~ Pan .'The Sony and Akai are the analog source, playback, ‘and storage ‘.
| " The Rockland filter is used to prevent aliasing. The Kluge controls' "
.‘the A/D and D/A conversions,. and the analog s1gnal amplltudes before and ‘
after the conversrons ‘ : Lt

, Ground loops should be avoided when making - the analog srgnal g
connectxons The main ground is on the Kluge. By convention, the: A/D and
-~ D/A converters have the analog signal grounds, while the ampllﬁer ‘and’
~ attenuator ground connectors (marked with an * in the diagram) ‘are lefti
. d1sconnected This prevents a ground loop through the Rockland filter. Inputs
~ to the Akal or Sony on the Patch Panel should be termlnated to prevent noise -
’plckup on the high 1mpedance inputs. ' R SO

A speclal note of caution must be made. The amphﬁer on the Kluge 1s not v
' short clrcult protected. If the signal (red) is connected to ground (poss1bly by

: reversmg the leads in a connecting cable), the output op amp will burn out and ‘
| will have to be replaced. Eeon

8 1 Dtg:tmng Data .

The 51gnal to be digitized should appear at the. Rec 2 Output
o termlnals If the: signal is from the Sony, then the Tape Copy sw1tch is set
L fv'fto source If the signal is from the Akai Recorder, the Tape Copy switch

is set: to Tape 1—2. The Sony can be used to monitor the srgnal by,‘.__— -
'vsettlng the Monitor. sw1tch to Tape 1 The Rec 2 Output is connected to.

. the Kluge Amphﬁer for amplitude control The signal is then passed. X
Z_through the left half of the Rockland filter for lowpassing. to prevent .
o ?-‘allasmg The cutoff of the lowpass filter should be half the samphng rate

U set by the clock on the Kluge Once the signal is lowpassed it is sampled
T by the A/D converter. The sampling consists of a convert and a load As

dlscussed earller in the Equipment section concerning the Kluge a clockv _ :

R 'perlod is spht into N phases (N = 10 here) A sample from one channel 1s '
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o -converted on the ﬁrst phase It i is loaded on the second phase At least 7
psec must elapse between. the rising edges of the convert and load pulses-
8 ;1n order for the A/D to perform a conversion. At the same time. the A/D"-
- s toggled to look at the second -channel. Us1ng phases srx and seven, the'
~other channel 1is sampled and loaded, and the A/D is agam toggled In :
- thrs way both channels "are sampled and loaded during one -clock’ cycle
'The samples are made available for disk storage by loading them into
, ‘Reglsters A and B on the Patch Panel Input section. This also occursfb
- .durlng the current clock cycle; phases three and erght are used to load the
samples from the respective channels. The * command of the SW2 '

o program is used to put this data on the dlsk

8 2 Reconstructmy the Szgnal

| D1g1t1zed data stored on the dlsk wrth the 11-40 is reconstructed usrng"v
the “out” command of the SW2 program. This command ‘moves dataf

o from the disk to Reglsters A and B of the Output section of the Patch o
e Panel ‘For stereo reconstruction, -phases four and nine of a cloek cycle are -

- used to alternately load samples. into their respective reg1sters For mono
- reconstruction, only one of the phases is needed. The next phase (ﬁve or -
' ten) loads the sample into the approprlate D/A converter for

o reconstruction. - Again, by using the different phases of the clock cycle,

both stereo samples can be reconstructed in one sampling period. The

Do lowpass filters on the D/A converters should be set to half the samphng o
rate to Temove spectrum rephcatron from the D/A conversion process.

* The analog output of each D/A converter is connected to half of the-
Attenuator section of the Kluge. - The attenuator controls the amplltude of

L the reconstructed srgnal The signal is placed at the Tape 2 Input, where‘ ;
" it can be monitored by the Sony and recorded by the Akai. Monitoring is .-

_ : :'f;'.accomphshed by setting the Monitor switch to Tape 2, and recording 1s:'; _
o made poss1ble by settlng the Tape Copy switch to Tape 2—1. RN :
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INTRODUCTION

ThlS document provides the user with all the mformatlon necessary for the produc-
tive use of the digital signal processing software available in the ODSP lab. The ODSP
software consists of utilities, which allow editing of audio files, as well as the. standard
‘(and some not so standard) mathematical operations which are often needed to be per-
formed on audio files, such as filtering (linear and non-linear), the FFT, FM, correla-
tions convolutions etc. The software was written by Chuck -Binzel.;._Modiﬁcations
were later made by Mark Yoder and Jon Dattorro. L o

The document is broken into two parts: a description of the command syntax ‘and
a description of each command’s operation. The syntax description contains examples
to help explaln the notation. The syntax itself is presented on the first page of the syn-
tax description, and the conventions established there are used throughout the com-
mand synopses which head the description of each command. A first-time user should
thoroughly understand the syntax description before attempting to use any of the com- -
mands. ‘

There are numerous references to the Switch II (SW2) software. It should be
known at the outset that there are two digital signal processing programs commonly
run in the ODSP lab; they are called “SW2” and “DMC.” Originally, the DMC pro-
gram was intended to contain only commands which facilitated file transfers to and
from UNIX, but, for various reasons, DMC eventually acquired some of the same com-
mands as there are in SW2 as well as some commands that are not. Each command
description usually informs the user of the program in which that command resides.
The programs themselves, however, will give appropriate messages if the user ‘attempts
to invoke a command which exists in the other program.

Some of the command descriptions also give some insight, where appropriate, lnto
the workings of some of the lab hardware. So, it would be useful to the first-time user
to read all the command descriptions to gain a general knowledge of the ODSP lab.

The ODSP lab can be a very powerful tool in the hands of an experienced user. - '
Good luck in your endeavors! '
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Table 1
Switch I Syntax .

< pathname> [<window>]
<dev> /] <filename>
a,h,b,c,de,f,gi,j,k,1,mn]

—<start>]. [+ <end>]

<NULL >,b,s,a,ab,as,e,eb es]<NNNN>

<sre> '

<pathname>-

o <Zdev>

<window >
<start>
- where; {

é

prlor to mark in time
b = prior to mark in blocks
s = prior to mark in samples

[<NULL > ,b,s,a,ab,as,e,eb,es] <NNNN>

<end>
- “where; ’
: NULL subsequent to mark in time
subsequent to mark in blocks

subsequent to mark in samples

i

-and where; :
relative to beginning in time

relative to beginning in blocks

relative to beginning in samples

relative to ending in time

relative to ending in blocks

relative to ending in samples ;
number of time units, blocks, or samples

P T e o

(4]

eb
es
NNNN

<pathname> [<attr1bute>]
<dev> /|<filename> -
ahb,c,defg,,_]klmn(] S
—r<NNN>| [-m,=s,~d,—q,~p,~c]

<dest>
© <pathname>
- <dev>
<attribute> - -
where;  {
NNN

sampling rate

monophonic file

stereophonic file

complex file (result of fit command) -
= break-point file (see nlo command)
= queue file (see sos command)

= data file '

I

Tanmw o nyg

s<NNNN>- ; o = NNNN tenths of seconds of silence (see out, tape, r, cat,
. ‘ and rev commands)
append to current stack (see r and out commands)

3

<dir> , : = pseudo-directory (see cd command)

<UNIX> = unix pathname ' ’

<host> = [ea, pa, pb, ka, fu, eeg, arpa ec, ma, ga, ca, ed ef eg, ee
: ' (network host)
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~Table 1 is the syhtax of the Switch II (and DMC) command structure. Indented
entries are related to entries immediately above. When character strings are flanked by
< >, this means that the enclosed strings are not to be typed literally. Rather, the
‘enclosure is to be interpreted as an Engllsh description of the data type that the user
should enter. For example, =

' out <sre>

~ (where we- c:ill"<src> the “non-literal”) means the following: we suppose the user to
have a file called “junk” which the user wishes to hear via the ‘‘out” command Then,
on the command termmal the user would type

outjunk

(followed by a carriage_return) where “junk” is the name of the source (sre) file whose
samples are to be D/A—converted and passed to the speakers. Similarly, strings or
‘ non-literals flanked by [ | are considered optional to the command. For example if
one looks at the synopsxs of the “af” command, one finds ‘

af <sr¢> [<src> . > <dest>

" Here, the square brackets im’ply that the user may request the command to operate on
more than one source file. (Notice that some UNIX conventions are émployed;
specifically, the ‘“greater than” sign indicates that the output should be placed in
< dest>, the destination file which will be created as a result of using this command )
‘When no < > delimiters are specified in the syntax, this indicates that the
ASCIHI character strings are to be typed literally. ASCII character strings which are
preceded by‘ a plus or minus sign are themselves parameters which are to be passed to
the commands. These are usually optional. Keep in mind that not all parameters may
have meaning to every command; e.g., not all commands can operate on windows which -
are specified in samples. Also, some commands ignore the <window> option alto-
gether.” The window optlon allows the user to have only a specified portion of the
source file operated on by the given command The following Table 2 shows the only
commands which can operate on file windows specified, by the user, in samples:

‘All commands must be terminated by using a carriage return, <cr>.
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Table 2

Tt
plot
| bh3w
‘bhdw
- hw
cre

<NNNN> denotes a- declmal (or sometlmes octal) number whlch ass1gns to a parame— ‘
ter a specific numeric value. e o

- When <sre> appears in a command synopsrs ‘we see from the syntax table that
it . may be composed of two types of information, a pathname possibly- appended by a
window. - The “pathname” is defined such that by prepending a device reference letter
(<dev>) to a filename, any file on any storage device (in any directory) may be
accessed' even though the user’s current directory may reside on some other device. So,
for- example, the user’s current directory may be on a device which is part of the CDC
disk drive (the CDC is broken down into 12 separate devices: <dev> =b, ¢, d, e, f g,
i, J, ky ], m, n), but he or she may wish to play a file named *junk” whlch is stored on
another device. (The Aries disk drive contributes two additional devices: <Ldev> = a,
h; dev1ce “h” is not available for general use since it is used for the ODSP operating
system ) Wlthout specifying the pseudo-dlrectory, the user simply i issues the command

out g/junk

whlch will play the ﬁle “junk” on storage device ‘‘g” regardless of the current dlrectory
or device. If the current device were ‘‘g,” the ‘‘g/” prefix would not be necessary. It is
‘possible, therefore, to have simultaneously on all devices a ﬁle named ° ]unk ” and each
one will be uniquely specified. : o
There are two types of directories for each device, the main dlrectory and the _
pseudo-directory. ‘A pseudo-directory is a means by which a user groups together a
number of filenames so that when a user lists his or her files (via the “Is” command), ‘
only the ones in the current pseudo-directory will be listed. One way to create a

pseudo-directory is by using the “cd” command (see this ‘command for more on -

pseudo-directories). The term ‘pseudo-directory” is used because the single‘AS'CII
character which identifies the pseudo-directory is _neber used in a pathname. In con-
trast to UNIX subdirectories, pseudo-directories afford the user no segregation of files.
There may” not coexist, therefore, two files having the same name on the same device.
~ Listing (using “Is”) from the main directory allows the user to list all files in all
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pseudo-directories. Any files which have not been assigned to a pseudo—du‘ectory are
considered to be residing in the main directory and will also be listed. .
The pathname in the previous command example may optionally be followed by a
~ window so that the user will hear only a specified portion of “junk.” 'The window
specification may contain a starting point reference, an ending point reference, or both,
with respect to the ‘“src” file in question. The starting point specification carries a
minus” sign prefix. This starting point may be relative to the beginning or end_of the
“gre” file, or relative to a user-defined “MARK” in a file. These same referenc'eoptions |
apply to the end point specification of the window, which is prefixed by a plus sign.
The starting and ending point specifications may be made in terms of time (in tenths of
- seconds; see the “cti” command to change this), blocks (256 samples per block), or sam-
ples (2 bytes per sample), with respect to the indicated reference points. The default
~ starting point specification is simply the first sample in the “sr¢” file. The window end-
point specification defaults to an imaginary sample placed immediately after the last
file sample. ‘Any window specification is assumed to be inclusive of the starting point,
but exclusive of the specified (or defaulted) endpoint. These same defaults and inclu-
sions apply when the window is specified in terms of blocks, samples, time, or any miz-
,ture of the three possible reference types Some examples of “src” file w1ndows follow
For o . ‘ e '
out junk =3 +57
the portlon of “Junk” heard will be six seconds in length. It will begln 03 seconds'
- prior to‘the ¢ ‘MARK?” location, and end 5.7 seconds after the “MARK?” location. The
“MARK?” defaults to the first file sample. Once the user specifies a new MARK via the
“cm” command (see that command for further explanation of the MARK), that MARK
~is retained by the file as long as the file exists. If the “MARK” were default, the user
would hear 0.3 seconds of the physically previous file (see the “Is” command) on the
~ disk, and 5.7 seconds of “junk” from the beginning. No ASCI character is present in
the startmg or ending points of the window specification above. This means that for
each part of the specification we have invoked the NULL parameter which connotes. the
“MARK?” as well as time. So, —<start> is —3 in our example, and + <end> is +57.
Note that the commas in the <start> and <end> definitions (and ‘the other-
deﬁn1t1ons) mean “or”; i.e., only one parameter can be chosen from the given set.
. The following examples assume that the ‘“out” command recognizes w1ndows
speclﬁed in units of samples. This is just for illustration and the reader is referred back
to Table 2. (As may have been inferred from the previous example <NNNN> is
always an 1nteger in the syntax)

out junk b3 +s57

w1ll play 3 blocks prev1ous to the “MARK” in Junk” and up to but not 1nclud1ng the
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57th sample subsequent to the MARK Blocks and samples startlng from the begmmng/ ’
- ofa ﬁle are numbered 0,1,2, S ‘ .

out junk —s57. +b3

will play 57 samples previous to the “MARK” in * Junk” and Just 3 blocks subsequent
to 1t Observe that it is not possible to specify a w1ndow using the MARK excluswely,
,Whlch does not ﬂank the MARK (unless <NNNN> is a negatlve 1nteger) S ' '

out jllllk —a2 +a3 -

plays from 0 2 seconds after the beginning of “junk” to 0.3 seconds after the beglnnlng, ’
ll e., 0. 1 seconds of sound. R »

‘ ‘ ‘out junk —a2 |
plays from02 seconds after the beginning of “junk” to the end of the ﬁle».'r;:'-" S
‘ l : " out junk ~22 +e3 o o
plays from 0. 2 seconds after the begmnlng to 0.3 seconds before the end: of Junk ?
| out junk —e3 +e2 | T

plays from 03 seconds before the end to 0.2 seconds before the end of “Junk” (0 1 |
’ ‘seconds of sound) ' . S

out junk as40 +es40

'plays from 40 samples after the beglnnlng to 40 samples before the end of Jnnk.” ‘
Flnally, the most common type of window: L

out junk —abl +ebl

plays Junk” except for the first and last blocks. Most of the time the user Wlll prefer‘

vw1ndows using block specifications. -
‘When <dest> is indicated in a command synopsis, it refers to a user named ﬁle

(new or exrstent) into which the output of that command will go. In the syntax of
<dest> the: <pathname> and the <dev> are the same as they were for <sre>.
- This allows a user to invoke a command, for example on 3 file from a g1ven dev1ce and
to send the output to another device. . ' T

It is not possible to specify a window in the destination file. The destmatlon file
, may be. aSSIgned certain attributes, however. These attributes can be examlned in the
long llstlng of the user’s files (see ““ls” and “cfa” commands). For example,

cat junk > g/junk —r20000 —s

“ ”

will copy the contents of junk on the current device into the main dlrectory on the
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device. Note that it is not possible to specify a pseudo-directory for <dest>. If the
_long listing on device ‘‘g” is observed after the execution of this command, it will be
found that “junk” has a sample “RATE” of 20000(Hz) and has been assigned. the
b“TYPE”-“S” for “stereo.” The file types (a subset of <attribute>) can be assigned -
1ndlscr1m1nately, and change nothing physically about the assigned file. Some attri-
butes are used as parameters to some commands and must be set properly for the suc-
cessful execution of those commands (see “fit,” for example). The primary functlon of
the <attr1bute> is to remind the user as to the nature and contents of his or her files.
The default file “TYPE” is “D” for “data.” Some commands will automatically set the
proper attributes. For example, making a copy of a file (via the “cat” command) will
carry the attributes over to the <dest> file. Some mathematical commands must
- have a “RATE” specified since it is used in the calculations. The default “RATE” is 0
and usually causes floating point errors in such commands. Any attribute can be set by
using an <attr1bute> 1n the <dest> ﬁle of some command, or by us1ng the “; cfa”
command. ' : L
“When <dir> is indicated in a command, the pseudo-directory name "n_iay’ be
required. Pseudo-directories have names which are one alphabetic character in length
See the “cd” and “copy” commands for examples of commands which use <dir>."
- <UNIX> is the complete pathname needed to descrlbe the whereabouts of a
UNIX ﬁle For example : o

/b / dattorro/[<sub- d1rectory>] / <filename>

’ mlght be a complete UNIX pathname where *‘b” is the device name, “dattorro” is the
user, followed by the hierarchy of sub- d1rector1es separated by slashes, if any, and
ﬁnally the filename itself. When called for, it is wise to use complete pathnames “See
get” and “‘put” for examples of commands which use <UNIX>. :
 <host> is any one of the network machine names which are denoted by the indi-
cated mnemonics. See “link” for an example of a command which uses <host>.
o s<NNNN>' means silence for <NNNN> tenths of a second. So, for example,

' out ﬁlel s40 file2

- will play' “ﬁlel” followed by 4 seconds of silence and then “file2.” The default time
1ncrement of 0.1 seconds can be changed using the “‘cti” command. The syntax of this
»s1lence specification precludes the nammg of files using the character *‘s” followed by a
numeral So, for example : : ‘

~-out s2df

wou-ldpr‘fodkuce 0.2 seconds of silence, not the file named ‘‘s2df”.
- The character ‘“*” has been given special meaning and is a directive to the “r “pr and
“‘out” commands to append the specified source file-names and associated <window>'s
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to the current output stack (or queue see pos”) The output stack is a hst whlch
facilitates the output of - an intricate ordermg of files (or file portions) possibly. inter-
~ spersed with silence. The output stack order is top-down and it determines the order
of output to the D/A "The output stack itself can be saved for future use; see “SOS,”

.7 Using the “x” directive, the “r” and “‘out” commands will output those <src>
ﬁles reSIdlng on the stack and those specified on the command line. If the *+” is not
used, the output stack will be replaced with the <src> ‘names and wmdows on the

command hne
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 SYNTAX CONCLUSION

’<esc> . , _ »
The escape key halts prmtout to the termlnal durlng any output untll i
pressed agaln (or until any other key is pressed). :

<break> - : R
The ‘break key uncondltlonally 1nterrupts any command no matter where :
. 1t is. This means that a file may be only partially altered. (The ‘break’ key ‘
* must be hit twice in succession on the Tektronix termlnal )

<cr>: k t k
‘ All the commands which prlnt any quantity of 1nformat10n can be halted by
“the use of the ‘return’ key. Hlttlng ‘return’ after the. completlon of the prevrous

command will repeat that command

' Floatlng pomt errors: .
' At this time, some condltlons can cause traps in the ﬂoatlng pomt proces- ,,
-When an error occurs, a message is printed and the command 1s ter-
_ mlnated ' - :
Auto-help , Do
" Thereis a prov1s1on in the system for auto—help files which work smularly to
the UN]X -profile’. . When the user changes directories (with cd) the system :
'looks for a file with the name ‘.start’ and if found prints out its ASCII contents. o
" This ﬁle can be used to identify disk packs using some sort.of message or can be
use to ~program function keys, or both. If thls file is not found no actlon 1s
" : taken The user can type ‘ ' R

help <comma‘nd _name>”
vfor a bnef description of each command. |
help start

: _l-zw1ll prlnt the ASCII contents of the start file, if it ex1sts See: t’hé-"'-“téx’t’; vc}om- |
: ‘vmand for more 1nformat10n ' :
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NAME
ab —'vad’d;a fixed bias to file(s)
SYNOPSIS

ab [~ <NNNNN> <src> (<src> ]
DESCRIPTION

ab adds a prescrlbed constant expressed by NNNNN as a (p0551bly signed)
decimal integer, to each and every sample of the named files. The sum file
replaces the named file, so the original file of data is lost. The file samples them:-
selves are treated as 16-bit integers so that a NNNNN spec1ﬁcat10n of 1 would add
a“value equal to one least significant bit to each file sample. <sr¢> may employ
window delimiter information thus biasing only a selected portion of that file.

Without the —s option, any sums exceeding the limits (deﬁned to be —32767
to 32767) will “wrap around” as in normal two’s complement. additidn_ rules.
Specifying the —s option will cause sums exceeding these bounds to be saturated at :
32767 or —32767, whlchever is appropriate. ' ‘

Approximate execution time for this command is 53 ms. /block

In the following example, we have requested the subtraction of 2'° from each
word in the file “music”.

ab —s —1024 music

The saturation option has been invoked. If the last few samples of “music” are
zeros (possibly due to a previously applied padding operatioq), these will be
affected by the bias also.

BUGS

A NNNNN speciﬁcation of 0, +0, or —0 will produce horrible results.
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NAME
af — form a linear combination of files (add weighted files)
SYNOPSIS
“af <sre> [<sre> ] > <dest>
DESCRIPTION |

A werghted sum of all named source files is placed in the named destlnatlon

file. <dest> will always vbe placed after the last physical file on the device. If
- < dest> existed prior to the af-command execution, it will be destroyed only if it

was the last physical file. Otherwise, only the name of <dest> is destroyed at its
former location in the index (see “‘rm”). The user is prompted for a multiplicative -
weight for each of the named source files. These weights need not be integers. If
only one source file name is given, “af” simply scales that file by the user-
prescrlbed multiplier. In any case, the block length of <dest> will be the length
of the largest source file. The multiple-source file time-alignment is left justiﬁed,'

-as . would be intuitively expected. Entering a weight of —1 inverts a file; i.e., flips

it over the time axis. - After each weight is entered from the terminal, there will be
a. pause while that weight is applied to the corresponding source file and the

~weighted samples totalled in <dest> Samples of the named source files ‘are

unchanged

: Multlphcatlve factors of one are checked for by the program It found no
multiplication is actually performed with the result that unity scales are performed
at roughly twice the speed of other scahngs

Some observed command executlon times when operatmg on a smgle source
file are: ' ‘

272 ms/block (Factor = 0.5).
- 230 ms/block  (Factor = 0.0)
132 ms/block  (Factor = 1.0)

When;‘tkwo source files of identical length were specified, the times observed were:
432 ’rns/block' (Each factor = 0.5)

383 ms/block  (Each factor = 0.0).
183 ms/block  (Each factor = 1.0)

: ‘When-_lproces_sing one file, three operations are required by the af command:
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1) Reada buffer of <sre¢> data,
2) Scale the samples within this buffer, and
3)  Write the scaled buffer to <dest>.

However, successive passes to accommodate a second, third, or‘j‘latver source file -
must read not only the next consecutive source file, they must also read the
<dest> file as it was written during the last pass. (By successively writing and
re-reading the <dest> file, source files of indefinite length may be handled
without requiring the disk drive heads to alternate rapidly back and forth between
corresponding sections of several <src> files.) Thus, the “two-file” time quotes
glven above are somewhat more than those experlenced in the single file case.

Rounding s performed on scaled <src> file samples before they contribute
‘to the developing sums in <dest>. Also, the user should be advised that pro-
ducts exceeding the maximum dynamic range of —32767 to +32767 will “wrap
around” these limits causing a gross error. ‘ '

Note: SWITCH I is constructed to handle integers in the range of —32767 to 32767. ThlS'lS so that
—32768 would not have to be treated as a special case in some algorithms such as that found in the “sc”

command.
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NAME

all - amplitude histogram of file samples

SYNOPSIS

ah [<# of b1ns>] <sre> [<src> ]

DESCRIPTION ‘

An amphtude hlstogram of each of the named source ﬁles is calculated a,nd,

| -llSted on the terminal screen. The user is prompted for the upper and lower limits

of the amphtude range that is to be partitioned into bins. (The default limits are

" both zero.) This range will be broken into the number of bins specified in the com-
mand line, with a maximum of 256 bins" belng allowed. If the number of bins is

greater than the specified range, the number of bins is set equal to the range

~ regardless of the user’s wishes. A default of 32 bins is used in the absence of this

speciﬁcat‘ion. If several source files appear on the command line, a separate histo-

- gram will be calculated and listed for each file. When specifying amplitude range

“limits, the user should bear in mind that file sample values are considered to be

integers in-the deﬁned range of —32767 to 32767. After the hlstogram is listed, the
user will be asked if he/she wishes to see a plot of the histogram just listed. If the

~‘user responds with “no” (or <ecr>), the program will begin calculating the histo-

gram for the next narned source file (if any). If the user responds with “‘y” a plot

‘will appear whose vertical axis is the percentage of data points within a glven bin

with respect to the entire source file, while the x-axis represents the user-speclﬁed
amphtude range. The user escapes after the plot with a <cr>. . s

' Command execution time (exclusive of  histogram hstlng tlme) has been

’_o.bserved to be apprOXImately 329 ms/block
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NAME

bve'—"— calc‘ulate block or logical numbers
' SYNOP-SIS”’

bc [<NNN>]
DESCRIPTION

ThlS command is for “system” purposes and is rarely used in signal processing
work. To describe its operation, the reader must be aware that Sw2 refers to a
given dlSk block (512 bytes) in either of two different ways. First by SImple block.

‘ number where 0 refers to the first block of the first disk cylinder, 1 refers to the
second block of the first cylinder, etc. The second type of reference to a dlsk block
is by “logical” number (disk address). The formats of the disk address references
for the Aries and CDC 9766 drives are shown in the next two figures. (For the
Arles the “drive select” number refers to one of eight RK-05 equlva.lents) For the
users’ purposes, logical device “a” resides on the removable Aries platter (car-
trldge) ‘while logical device “h” (the “help” file) and. the system software library
(maintained by DEC’s RKDP program) occupy the lower (fixed) Aries platter.
Logical devices b-g and i-n exist on the CDC drive.

Ny If the user types
' be <NNN>

where NNN is a declmal block number, four quantities (five for the CDC drlve)
will be prlnted out, but only the first such quantity will have meaning. - This will
be an octal value that expresses the block reference in ‘‘logical number” disk
address format as per the figures. NNN can be expressed by the user in octal form
if he/she types <NNN> with a leading zero. Also, if NNN is zero, the current

- disk address (contalned in the drive controller) will be returned in the first prlnted
number.

I the user again types
| | be <ONNN>

‘, where NNN is now an octal representation (note the leading zero) of a valid “logi-
cal number” block reference, all but the first of the printed numbers will have

meanlng (The first number appearing on the screen will now be garbage.) The

- second listed number will state the block number (in octal) of the block referred to
by the NNN logical number. The third listed number will state this same block
_ number but now in decimal. The fourth listed number will reconvert the previ-

.ously stated block number back to a “logical number” format (in octal). Thus,
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: thlS fourth quantlty should be identical to NNN.  In the case of the CDC drlve a.

fifth ‘quantity, listing the contents of the “Jesired cylmder register, will be

_ prmted ‘In all these cases, the block and logical numbers will refer to- blocks on
- -the current physical drive in use. If no NNN quantlty is given by the user, the
four (or ﬁve) quantities listed will all be in reference to the last-addressed block on

vthe current physwal drlve
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( SURFACE
—t—
3 8 o 4
: “dq7,_’,; | ((Cnn Sn )
L~ SECTOR NUMBER
(0-11)
CYLINDER NUMBER |
| | (0-202)
L DRIVE SELECT NUMBER

(07)

Format of a “logical number” (disk address).
reference to a dlSk block on the Arles drlve

 Figure 1
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 DISK ADDRESS REGISTER (RMDA)

NOT ’ o NOT SECTOR NUMBER
B _U,SED - - USED (0-31)

L+ trRAGK NUMBER
- (018)

~ DESIRED CYLINDER
(0-822)

, Format of a “loglcal number (dlsk address)
o ~reference to a disk block on the
' CDC-9766 drlve o

 Figure 2
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- NAMEF‘ i

bh3w - 3-term Blackman—Harrls wmdow

o SYNOPSIS

: bh3w <src> [<src> ]

o ,'DESCRIPTION

The 3-term Blackman-Harris (B-H) w1ndow is shown -in the top ﬁgure The l
' purpose of this command is to weight the specified <window> ‘of ‘each separate
'source ﬁle by the B-H window. If the reader will imagine that the B-H wrndow

_w1ll first be adjusted to span a user-specified portion (<w1ndow>) of a named o

| source file, and then superimposed upon that same file portion, then: each sample
in. that portion of the file will be weighted by an amount equal to the precise value.
of the: point on the B-H window immediately above. Keep in mind- that- all files in
Sw2 are multiples of 1 block in length. If a <window> is not speclﬁed for a
‘source file and if that file has padded zeroes, then the B-H window will be adjusted

to end in the last sample in the last block, not the last nonzero sample. This is |

not a problem because if deslred ~any. portion of the source file can be
" '_“<w1ndow>ed out using the options listed in the SW2 syntax descrlptlon In fact,

‘any portion of a file may be specified down to the sample. For longer ﬁles cutting
' out the last block . will make little difference since the B-H window approaches zero :

: Ty
towards the ‘end of the file. Looklng at the ﬁgure, —2—- w1ll correspond to the end

. of the speclﬁed portlon of the named file and to the begrnnrng Note that | ,

~ the B-H w1ndow peak is equal to 1 which indicates that only the samples near the

* middle of the <window>> in the source file will retain their orlgmal values ‘The

output is placed back into the original source file so that only the spec1ﬁed portion

of the original source file is destroyed. Each calculated point lS rounded up (or
‘down) to the nearest integer value. '

_Approximate run-time for this command is

‘1.2 sec/block.

Equatlon (1) (1n the figure) is  the continuous. form of the B-H equatlon but -
since’ our data is discrete, we are using the discrete form, (2). Equatron (2) is
~ shifted to the rlght by half the file length since we are deallng with causal signals.

Because the equation index is “n” (not “nT”), it is not necessary for the file to
have an assoc1ated sample rate (see “Is” command) in order for this command to -



bh3W » o o SwW2 ’User‘é’ Manual : o SR 45

| work properly

Example
| bh3w <src> +abl

' w1ll apply the B—H window to only the first block of <src> and w1ll place the
' result back into the first block of <src> leaving the orlgmal ﬁlelength ‘and the
rema,mder of the ﬁle unchanged | o
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@

Ty /2

w(t) = 0.42323 + 0.49755 cos(2mt/T,)

+ 0.07922 cos (4nt/T,)

27r

n— . N} Total Number

of Samples

w(n ) = 0.42323 + O 49755 cos

471'

n= nth sample

_O-—>N—1 ,
n— .

+ -0.07922 cos

Figure

- can be

f ractlon al.
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NAME

bh4w — 4-term Blackman-Harris window.
SYNOPSIS

bhdw <sre> [<sre> ]
DESCRIPTION

The 4-term Blackman-Harris window is shown in the figure. The description -

of this command is identical to that for “bh3w.” The only difference is the weight-

 ing equation (see Fig.). Note that the sidelobes of the Fourier Transform of this

window are 90dB below the main lobe, but the main-lobe width is twice the Ham-
ming lobe width and four times the rectangular lobe width. '

Run time is 1.61 sec/block
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v (1) 0.35875 + 0.48829 cos (21t/T,) -
+ 0.14128 cos (47t/T,,)

) _+ 10.01168 cos (67t/T,) = w(t)

Aw()

—t

_Tw/2

(2) 0.35875 + 0.48829 cos |-

+ 0.14128 cos.

+ 0.01168 cos _ —=| = w(n) :

A W(’n), : o N = sample total =
o o ' v n:0—>Nf1:. L

N-1 o

Figure: 4-term Blackman-Harris window
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bwo
NAME
o bwo _ bit window operator '
| SYNOPSISF
| bwo [<b1t order>] < <sre> [<sre> ..
DESCRIPTION

This command allows the user to directly manipulate the bits of each word of

‘the named source files with the results placed back into the same respective files.

This command operates differently than the “BIT ACCESS” module (located next

" to the PDP I/O ports) in so far as the manipulations are performed on the sign +

magnitude representation of each source file word, whereas the module manipulates
the two’s complement representation (because that is what is available at the PDP

- -output port). The following flowchart describes the overall command operations.

Essentially, the user has the ability to move selected bits to specified loca-

:tlons duplicate selected bits into specified locations, set bits, and clear bits of the
'sign +- magnitude representation of each word in his/her file. This ability is indi-

cated in the synopsis by “[<b1t order>] > In this part of the syntax may appear

_ the letters “s” and ‘“c” for set and clear respectlvely, and/or the ordinal decimal

numbers of the bit locations in a 16-bit word (15 = MSB, 0 = LSB). A maximum
of 16 of these symbols may be typed consecutively having the leftmost symbol
correspond to the MSB (or leftmost bit) of the result and vice versa. If we think
of the <bit order> part of the syntax as 16 bins, we can place any approprlate
symbol 1nto each bin. For example, Figure 2

'bit15‘,'-1'4 ‘13’ 12 11 0 9 8 7T 6. 5 4 3 210
8316 |2 |15|10]c|s|cis|o|l1]s]|s]|ctiec|i5

‘“‘separator”

: Figure 2

vmlght be a <b1t order> specification. The separators are: spaces between the

decimal numbers and spaces or NULLs between the non-numeric characters ThlS
partlcular specification commands the following to be done to each sample of the

’S +M representatlon of the two’s complement binary 1nput
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bit
15— place bit 3 (of S+ M) into bit 15 (of the result)
- 14 — place bit 6 into bit 14 ' :
13 = place bit 2 into bit 13
12 — ete.
11 — ete.
10 — clear bit 10 (of result)
9 — set bit 9 (of result)

8 — etc.

7 — ete.

6 — place bit 0 into bit 6
5 — etc. ‘ '
4 — set bit 4

3 — etc. .

2 — etc.

1 — etc.

, .0 — place bit 15 into bit 0
" Notice that b1t 15 of the S +M is placed into the result twice at two dlfferent
locatlons : '
B ( b1t 15 of the result (or blt 3 of the S+M) is a one, then from the flowchart
~ we see that the two’s complement will be taken for the final result. Note that the
S+M version of the input is preserved throughout so there are no recursive opera-
tions- going on. An unfilled bin defaults to ‘“‘c”. ' '

Let's look at some examples:

| bwo <si‘c>

has no effect whatsoé&ef. |
| | - bwo <‘ <sre>

sets _the‘en’ti‘re ﬁl'e to zero since “c” is default and so is eqﬁivalént to -

- bwo cccc‘cccccccc‘c'céc < <sre> |
. which iéreqﬁivalént té
| | ~bwo cece < <sre>

‘~.i.e;; any number of c’s.
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Example 1: B :
= 1111 1111 1111 0000 = -16 (2's comp. 1nput)

X! = 1000 0000 0001 0000 =-16 (S + M)

| vbwol )= 0000 1000 0000 0001 = (result) (final result)

when ‘
bwo01234567891011 12131415 < <sre>

is issued.

“So, this command reversed all the bits of x'.

- However,

©x = 1111 1111 1111 0001 = 15 (2's comp.)

~x! = 1000 0000 0000 1111 = =15 (S +M)

~ bwo(x') = 1111 0000 0000 0001 = (result)

but MSB = 1 so MSB«+~0

msb+0

2's comp. (bwo(x’ )| = 1000 1111 1111 1111 = (ﬁnal Iesult)

‘ when the same command is issued.
Notice the big difference in the result when only the LSB of the input is changed!
This particular command is useful for making white noise out of any non-trivial
audio file. R ’

Ex ample 2

Another useful operation using thls command is to yleld the: absolute values of

all file data. This is accomplished using tvhevfollowmg command:

bwo ¢ 14 ~ 0 < <src>

Firstly, notice the 1ntroductlon of the shorthand notatlon “14 - 0” which is

equlvalent to having typed
A | 14131211109876543210-

This shorthand is not allowed except for descending order; i.e., “0 — 14” is
illegal. This command says: convert the word to S+M, then clear the MSB and
put the 14th to the Oth bits of the S+M into the 14th to the Oth bit positions of
t}he.,fresultk (i.e., copy them as they were). Since the MSB is always cleared to zero,
the two's complement at this step is equivalent to the present S+M



representatlon The- ﬁnal result is that we have the absolute value 0 two s com- -

} plement of whatever word this “bwo” command works on. Spemﬁcally,

Cx =111 1111 1111 0000 = —16 (2's comp.) - -
x_' = 1000 0000 0001 0000 = —16 (S + M)

 The “¢” in the command. clears the leftmost bit of x' (because it wé»s;typéd in
the leftmost b1n in “<bit order>"). | B

= +16 (S+ M)
(final result)

S
_.
S
=3

3

il

bwo( ') = 0000 0000 0

Now let s try +16 using the same command. 7

~x = 0000 0000 0001 OOOO {2's comp. input)‘
X=x | (S+M)
bwo(x") =x (MSB already clear) |
P 2's eomp (bvyo(x’ ) =x =16 (2's = S+M) |
Voila ‘ ’ ‘ ‘ ' ‘

- This command may also be used. to perform other useful operatlons, The user
g must be creatlve in his/her lmplementatlon of it.

e Runtime ~ 204 ms/block
© Note: . - ' '

‘Certain operations using the “b{o” have inverses; i.e., you can recover the

orlglnal file as it was before the “bwo” command was invoked. Example 1 given
_”prev1ously has an inverse: simply re-issue the command again exactly as given in
the example to recover the original file. The types of operations which have
| mverses are those which do not originally destroy 1nformat10n this class of opera-
tions consists of bit permutations. As an example of this, consider e
_ bwol35791113150246810121_4<ﬁlev~
. -and its 'inverse
. . bw08091102113124135146157<ﬁle S
;After the second “bwo”, file' «— file; where file' is the output of the first. “bwo
It becomes clear that to recover the orlgmal file, every bit must be present in the
" modified file; therefore no bit duplications, sets, or clears would be allowed m the
’ﬁrst of: the two “bwo” commands. ‘ S

Thls techmque could be used as a quick way to encrypt ﬁles of any sort
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'NAME | |
' cat - concatenate ﬁles -- copy file

SYNOPSIS T
 cat <src>[<src> .] > <dest>

‘ DESCRIPTION

The named source files are concatenated and the result is stored in the destl- R

nat1on 1t no <dest> file is specified, a null file is “created”. If no destlnatlon
} .'and no “>7” are specified, an error message is generated If only one source ﬁle is
k. »spemﬁed it will be copied into the named destlnatlon If a file havmg the same
. name: as. <dest> exists pl'lOl' to the cat” command one of two thmgs will hap-
~ _'Pen»_:, - | R
' A) If the file of the same name as <dest>'is not physwally the last ﬁle on
. disk, its name will be moved so as to make it last in. the- llstlng and the
. <dest> file will be created after the last physwal file ‘on the dlSk Slnce
. only the name was moved that pre-ex1st1ng file will not be destroyed and
... canbe recovered if necessary (see “‘rm” command) [N ETE
- “B) If the file of the same name as <dest>> is the last physrcal ﬁle then 1t w1ll .
- be destroyed in the process of creating the <dest> file in its place B
B In any case, the <dest> file is always placed after the last physwal file and
Cits name, therefore, is always last in the listing. :
If the <dest> file is greater than the avallable dlsk space then a ﬁle of
length equal to the available disk space will be created hav1ng the name of the des-
_tination file. Thus;, <dest> will be truncated. '
. This command differs from the UNIX command of the same name in so far as
_ it can not be used to list ASCII file contents onto the term1nal screen (see the
‘“help command, however). o
' This ‘command is also useful to create many periods of a perlodlc waveform_
_(one period of which “is stored in some source file) by successive duplication.
Specifically, suppose that you have used the pwl-command to create one period of -
a waveform and then stored the result in ‘‘file”. Then by i lssulng the command
n : _cat file file> file e
-~ n times, you will have succeeded in duplicating the original source file 2" times.
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| RUN TIME FOR THIS
'COMMAND IS

~9.8ms / b,lobk |

The cat” command will carry over rate and type attnbute mformatwn into

S ,‘?the destination file.

- This command will élso honor the. concatenatlon of sﬂence (s<NNN>) w1th :

the <src> files. Any number of silences may be used, but at least one source file
- having a nonzero rate attribute must be given in the command line because each
 s<NNN> will need to be replaced with a file of zeroes of appropriate length. All

| files in the command line are assumed to be of the same sample rate although this

B not necessary, in general for the successful execution of this command
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NAME | | |
cd -- change device and directory (create a pseudo-directory) -

~ SYNOPSIS
ed [ <dev>[/<dir> ]|

DESCRIPTION : ‘
This command changes the current device, or the current device and d1rectory '
and prlnts the new device and directory on the command terminal. The default
device is “a” and the default directory is the main directory which has the NULL
character identifier. When <dir> is not the NULL character it .can.be any alpha-
betic character in which case <dir> is called a pseudo-directory.  In this manner,
pseudo-directories can be brought into existence. (A pseudo-directory can also be
created using the “copy” command.) A pseudo-dlrectory will remain in ex1stence_ '
~ only if files are stored in it. Once files are stored in a pseudo—drrectory, using thls
command will simply have the effect stated at the outset of -this description.
Hence, the user may ‘‘change” to an existent or non-existent pseudo—dlrectory at
~any time. s
The primary purpose of pseudo-directories is to make it convement for the
user to see only those files stored in some pseudo-directory when he/she issues the
‘_‘,ls”» command from that pseudo-dlrectory Pseudo-directories afford the user no
segregation of files, as in UNIX, and the pseudo-directory alpha-identifier 18 never
used in a pathname, hence the term ‘“‘pseudo”. (The “copy” command will transfer :
the files in a given pseudo-directory from the device in which the pseudo-directory
resides to any other directory and device the user wishes.) When the ‘Is” com-
mand is issued, the filenames will be prefixed by “<dir>/” if they reside in a
pseudo-directory, or NULL if they reside in the main directory. All the existing
pseudo-directories can be seen by issuing the “ls” command from the main direc-
tory. Note that one never references a file, in a command, using a pseudo-directory
(<dir>) prefiz. In contrast, one may always reference a file ilsing a device
(<dev>) prefix although it is redundant if the file exists in the current device.
All files are always stored physically on the disk in the order in which they were
created. Pseudo-directories have no effect whatsoever on the physical location of
files. Therefore, the physical order of storage can only be determined from the
' main directory. | '
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- EXAMPLES
ed
e ‘ty‘ped by itself aldes changes to the main directory on the curre‘nt‘ device.
cd g/akh
changes to <dir> = “a” in the “g” device. “kh” is ignored.
ed /
~or
ed /<dir>

yields an error message, but

cdg/
‘1s equivalent to
edg
which changes to the main directory in the “g” device Creating a pseudo-
directory or changing to an existent pseudo-dlrectory are done usmg the same
. command; eg. ‘ ’

ed a/x -

H » (13 ”

brlngs pseudo—dlrectory into ex1stence on the device if “x” did not previ-
' ously exist. Otherwise, the user simply changed the current directory to _
~“"When the “cd” command is invoked having <dev> on the command line,
“the ASCII contents of the “.start” file, if existent on <dev>, are printed on the
| ‘command terminal. The “.start” ﬁle is used to convey a particular message con-
~ cerning that particular device; e.g., ownership or warnmg messages (See the
~ “text” and “help” commands.)
The “a” device corresponds to the top platter on the ARIES disk drive, while -

the “h” device corresponds to the top surface of the lower platter.and is reserved

- for help texts; the “h” device is not for general use. The CDC disk drive adds
twelve more devices which are all available for general use. The “a” device on the
ARIES is capable of holding 4.989 Mbytes while each CDC device can hold 19.92
Mbytes. The ARIES “h” device can hold 2.494 Mbytes. The lower surface of the

- lower platter on the ARIES is where all the system programs are stored, and it has

e ”_
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~ the same capacity as the “‘h” device. It is accessible through the RKDP_mohitor'_

PDP-program. The files stored on the devices comprising the CDC disk drive are
considered permanent and should only be removed or altered by the owners. (The
CDC is always powered except for maintenance or repair.) The top- platter of the
ARIES disk drive is removeable so that each user having their own “disk pack”
may have a portable “a”-device storage medium for safe-keeplng A system
“scratch” disk is usually in place on the ARIES top platter and is for general use.
All files on the scratch disk are considered temporary and'subject to removal at
any time. i : ,

- 'None of the devices are protected against unauthorized usage. In addltlon all
users have complete read-write access to all files stored on all devices. The ARIES

- disk drive does have two front-panel switches which protect the upper and lower
platters respectlvely, from file removal. '
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cfa - change file attnbutes (rate and/or type)

_HtSYNOPSIS

o cfa <attribute> <filename> [<ﬁlename> -]
[<attr1bute> <filename> [<filename> ...]}...

- DESCRIPTION | :

' <attribute> and <ﬁlename> corr&pond dlrectly to the forma,l synt&x ie.,
no “<dev>/” prefix may ever be used with <filename>. This means that the'
" file attributes may be changed from only the device on which a pa,rtlcular file

i res1des

Two attributes can be changed using this command:

, -—»RATE The actual sample rate of the file data, in Hz; 1nd1cated on the long

listing (Is -1) under the “RATE” headlng From the syntax ‘the
proper specification is -r<NNNN>. _ :

~“STYPE; The proper specification is -m or -s or ... or -d.

m = monophonic file (see ms-command) -
s = stereophonic file (see sm-command) -
- ¢ = complex file (see fit-command) |
~ p = breakpoint file (see “‘nlo”)
i = the index (see “init”)
q = queue file (see “s08”)
d = data file.

‘Any file can have its attribute changed to any TYPE but thls does not

affect the file in any way, physically. These TYPE de51gnators serve to

~ remind the user as to the nature of his/her files and have some use to
~ the software as parameters. Certain commands which generate data

output will automatically set the proper (RATE or) TYPE. “d” is the
default TYPE. Note that some mathematical commands, such as the
fft-command require that a RATE be specified (in the command line or
the long listing) so that parameter can be used in the calculations. If
not specified, floating point errors will develop, and the user will get an

_error message. In general, when floating point errors occur, the RATE

is the first thing that the user should check. The “fit” also checks the
file TYPE. '

" The TYPE and RATE of all files can be found in the long hstmg (ls -l) in the
second two columns. The type designators are capitalized there. =

The most common use of the RATE designator is to remlnd the user of the

proper sample rate at which a file should be played (using the’ out-command) _

’ - This is especially useful for files whl_ch have not been played erhsqme time. Since
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- the rate at which the binary output port (from the PDP 11/40) produce.s_'data,'is-
directly controlled by a -continuously variable user-controlled external clock
(located on the KLUGE), there is no simple way to predict the rate that any one
user may have chosen. So, this information should be entered at some point by
-the creator of the file. Most all file manipulations thereafter, will “carry over {(or
modify; e.g., in the case of the int-command) RATE (and TYPE) lnformatlon and’
the user need not worry about resetting. For example .

“cat préxist > newﬁle

w1ll copy the RATE and TYPE information into the attrlbutes of “newﬁle” as w1ll_
most other commands whlch make new output ﬁles from old ones. :

EXAMPLES
cfa -rlOOOO g/junk'

will yield an error message because the dev1ce deSIgnator (g/ ) is not allowed even 1f '

[P

"the current dev1ce were ‘‘g”.
in t’emp -r1000
»‘ . takéé in data from the A/D converter on ‘thé KLUGE and assigns aTYPE “M”,
for Monophonie (even if the stereo switch is set on the input port) and a RATE of =
1000 (Hz) . | |
cfa -s‘-rIOOOO témp ,
cliajrilgesk the file TYPE of :“temp” to Stereo ’and the ‘sampleirate to 10000 (Hz)
cfa -r10000 -s temp |
hasthe same effect.
cfa -s -m temp
| ‘,cha.:ng‘e_s’ the ﬁ’le TYPE to Moﬁo (i.e., ignores -s).

~ BUGS Using -r<NNNN>, NNNN # §.
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NAME
~ ‘em - chang'e the file mark

SYNOPSIS '
cm <filename> <newmark > [<ﬁlename> <newmark> ]

where;
‘<newmark> = [ <start>] OR [+ <end>]

' DESCRIPTION

~ The MARK always refers to some specific sample whose locatlon is w1th
respect to the beginning of the corresponding file. The default MARK is the file

*- beginning; i.e., sample number ¢. Changing the MARK, using “c allows one to

mark a file in a desired location so as to conveniently command SW2 (or DMC) to

- perform operations on files with respect to their MARKs; e. g assummg “junk” is
' '\_much greater than 100 blocks in length o :

out Junk +b100 :

plays Junk” starting 100 blocks after the MARK The current MARK for each

file is shown in the long listing (see “ls ).

cm junk -ab 1000

’places the MARK at the sample whlch is located prec1sely 1000 blocks after the
~ beginning of the file ‘ Junk”

The choice of the “-” or *“+” is only of concern when changmg the MARK
relative to the old one; the “-” means pnor to the MARK wh1le o +” means subse-

quent to the MARK, in that case.

“<start> and <end> were deﬁned in the syntax <NNNN> must be an
integer. I
To rehably change the MARK back to the beglnnlng of a file, type

cm <filename> +ab¢

Omlttmg <newmark> from the “cm” command has NULL effect. .
There is one other way to mark a file; that is by using the “out” command.
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+s<NNN> <newmark> does not work properly, ‘s” meamng sample
. 4b<NNN> = <newmark> moves the MARK in the approprlate direction -

‘ by NNN blocks as it is supposed to, but will addltlonally move the MARK to the

first sample of the nezt block if the old MARK was not located. at the first sample

,‘,of some - block with respect to the beginning of the correspondmg ﬁle i.e.,, the

’MARK always arrives at the ﬁrst sample of a block.
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‘ NAME »
con - connect to a network machlne

SYNOPSIS
~con <host>

DESCRIPTION

~ “con” is similar to the UNIX command of the same name.

~The link-command must first be used.
) ‘f(“hnk” is a command in the DMC program.) :
. This command allows the user to login to UNIX. network machlnes w1thout havmg
' bf‘___“to kill SW2 (or DMC), or to change the baud-rate on the Tektronix Terminal!
* The user is then talking to UNIX in the regular fashlon as if one were using a ter-
~ minal which was not associated with the ODSP lab. To logoﬁ' type “log A
5'"“-{-'brea,k may need to be glven from the terminal to get back to DMC ‘

BUGS =
The password is not 1nv151ble' -

*To “break” on the Tek terminal, hit the break key twice fast.



3 NAME -
copy -- copy dlrectory(s) from dev1ce to devxce

| 'SYNOPSIS ,
- copy <devl>[/<d1r>] <dev2>[/<d1r>]

'_ DESCRIPTION v : . T
All files on device 1 (only those in the pseudo-dlrectory if speclﬁed) are copled to
- device 2 (and put in the specified pseudo-directory). This command also erases the .
.'speclﬁed files’ names in the source directory index if the source and destination
devices are the same. This command can be useful for shufﬂlng the physical loca- =
_tlons of files on a partlcular disk. The <dir> on dev1ce 2 does not necessanly
need to be pre—eXIStent ’ ' '

BUGS : v
Puts ‘you back mto main dlrectory 1f your workmg dlrectory (wd) was a pseudo-

dlrectory This command may result in file loss if there is madequate available

storage (see rm” command for ﬁle recovery) on dev1ce 2.
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| NAME

cpu -~ Pnnt CPU (Central Processrng Unlt) of Network Lmk

;SYNOPSIS R
- cpu [<UNIX command>] o

' .DESCRIPTION

The command, ‘cpu”, prints (on the command termlnal) the current network‘

:hnk (see “link” command) and the working directory being used on that network

. machine.. The <UNIX command> has limited capabilities. Essentially, it allows

- " the ‘user to issue UNIX commands from SWITCH o eg., run a UNIX program

‘which’ ‘might work perhaps on data sent from ODSP. For the * cpu' command to
“ be successful, it must return some printed message to the user or it. w111 hang The
_ '_safest use of the command is therefore: ‘ ' '

“cpu [<UND( command> wd]

_E*because the UNIX command “wd” returns the name of the current network direc-
. tory “The “cpu” command is only available in the DMC program.

It is wise to include the entire UND( pathname in the: UND( command if

'A“':’.*"apphcable, for best results. The ‘cpu” command is also used to increase the
: ﬁlesrze limit of a UNIX file since the link does not respect UNIX proﬁle directives.
" This is-useful when using the “put” command for > 600 blocks. Another common

‘ “use' of ‘the “cpu” command is after a put” to see if the files sent were created
properly,re cpu Is -1 ‘ : R R .
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‘NAME
cre -- cross correlation function

SYNOPSIS
. cre [-b] [<#pts>] <sre> [<sre>][> <dest>]

DESCRIPTION

This command implements the equation: -

' ' 1 Lk ‘ B

RO =178 xapett) @
n=0 o ‘ '

- if “-b” flag: k = _<#2pts> — <#I2)ts>\. -1
:B=L-/k/ ;NOT invoked -L is the length, in samples, of

=L. ;invoked the smallest of the two source files - ’

' ;x(n) is the smallest source file
:y(n) is the largest of the two'

" The user is prdmpted for a plot of R(k). The plot shows R(k) as a function of

k.
"~ <#pts> defaults to 256. The maximum is 512. S
Run - time in seconds ~ L- (<#pts>2) - Iosee. .-
/ (roughly) - (256)
- The RATE attribute is not necessary for the successful operation of this com-
mand. :

"The cross correlation becomes ah autocorrelation if the second <sre> is not‘
specified; ie., y(n+k) — x(n+k) in R(k). R(k) is stored in < dest> if specified,
otherwise it is discarded.

" To perform a more complete correlation for the range k = — < 2ts> — 00,

cre must be called multiple times varying the <window>. on the ‘‘y” source each
time and then concatenating the <dest> files.

BUGS et
" The <dest> files are not being created! The algorithm uses straight multi-
- plication and does not incorporate the FFT, even though it resides in the same

program file!
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: NAME
cti -- change the time 1ncrement
SYNOPSIS
cti [<1/At>]
DESCRIPTION

This command is rarely used except in conjunction w1th pwlf’_. Its argument

"‘('inverse), At the time increment, is set by default to 0.1 seconds. Although At is

not changed much, its value impacts many commands and parameters, and the

- descriptions of many commands make reference to ‘“cti”. For example, in the long
listing of the index (see “ls”), lengths and marks may be shown in units of time.

It is the “‘cti” command. which determines those time units. In fact, in most all .

i

cti” has direct control of the time

- units.

If no argument is given on the command line, the current At is printed on the
command terminal. If the argument is specified by the user as zero, the default

time increment is used instead.

Note: 1/At ‘is constrained to be an integer. The time __increment is, of
course, changed to be the specified argument inverse. Once specified, it remains

"‘ﬁxe‘d until changed or until DMC or SWITCH II is again booted. -
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NAME
eplot -- envelope plot (graphlcs)

SYNOPSIS
eplot  [<# of bins>] [z] [I<N>] <sre> [<src> ] ,
' ' : -z flag plots a zero reference line, : ey .
; -1 parameter sets the number of y and x-axis tlck marks to N+1

’

(default is N=4).

}DESCRIPTION | e
Each <src¢> is assumed to be the same length. Each source ﬁle is d1v1ded (at the
,sample level) into the specified number of bins. Each bin is searched for both its

maximum and its minimum, and that point pair is plotted. AdJacent max. pomts :

and -adjacent min points are respectively connected by a stralght line. Each point
is placed at the beginning sample of its bin on the graph. The x- ax1s coordinates
are sample numbers, not bin numbers. The number of plot point palrs for each
- <sre> is equal to the number of bins. The default number of bins is 256 so that
if, for example, an envelope plot of a 1 block file were drawn using the bin default,
the envelope plot would be the same as the plot of the original file itself. There-
fore, smaller files tend to require fewer bins to characterize their envelopes. The.
entirety of each file is represented in only one plot, and the maximum number of
bins is 2048, while the practical minimum is 2. The plot of each <sr¢> is super-
imposed upon the other's.‘ The plots can be terminated prematurely by a <cr>.
- The time taken to plot'is p’roportvional to the number of bins specified.

BUGS
Floating point error on a constant value file. The ordinate max and min are taken -

from the first <src> and must be > those of the other <src> files. If random
v1deo ‘patterns appear, press the master reset on the RHS of the Tek Termlnal
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] fit .--‘Fast Fourier Transform

SYNOPSIS

- fit |[<# of transform pornts>] <sre> [<src> J > <dest>] |

DESCRIPTION B
~ The DFT is defined as

27rk

=0

Nl ‘
X(k) = ¥ xze N ;N = #transform points.

This command can accommodate a maximum of N = 1024. N defaults to 256.
Each source file is segmented into Q bins, each bin of length N. The resultant

‘ | DFT is the phase adjusted sum of the DFT of each bin. If X (k) is the DFT of bin
: bnumber q, then it can be shown that o -

' _ Nt e

= -"Se ke zxn+qu N

- where the part in brackets is simply'the DFT of the qth bin. (N # O,Q # 0) Note

that the frequency resolution remains at f,,;./N regardless of Q. Of course, the

- user can implicitly set Q to 1 by specifying the ‘‘number of transform points” as

bemg equal to the windowed (see syntax) source file length, in samples. (This
command will honor windows specified in samples.) Bins of sample length less than'
N are zero-padded _

If a destination file is indicated, the complex result will be stored there in

'bﬁoatrng point  pairs; ie.,  Re[X(0)],Im[X(0)],Re[X(1)],Im[X(1)],...,R e[X(N-

1)}, Im[X(N-1)]. Otherwise, the result is- discarded. In any case, the user is

‘prompted for a request to plot the magnitude or log magnitude of the DFT.

(Phase plots are not available.) The user is also prompted for plot-frequency MAX

. and MIN; the default is the Nyquist and zero frequency which are used in the case
: of a lone carriage return. The maximum plot frequency honored is the Nyqulst
" frequency.

If a source file is TYPE “C” (complex) (see long listing), it is assumed ‘to be

~ the result of a previous “‘fit” for which only a plot is now desired. To recover the
~original plot from a TYPE “C” source file, the number of | transform 'nomts
: speclﬁed in the orlglnal command must be specified again, or else the plot w1ll not

~ be accurate with. respect to the frequency scale. The plot is escaped with- the use
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of a <cr>
This command does not employ any wmdow functlons (see “hw” “bh3w”,

BUGS
~ If the source ﬁle is longer than approximately 64 blocks, a ﬂoatmg—pomt error

‘will result. The solution is to use a <window>> as defined in the syntax (a zero

RATE attribute for <src> in the long lzstmg will also cause a ﬂoatzng point error
(see “cfa” command)); e.g., ffit 1024 junk +ab64 ’ :
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‘NAME

* fm -- frequency modulation
~ SYNOPSIS E |
o fm <sre> [<sre> ..] > <dest>

DESCRIPTION
" The classical equation for FM is
X(t) = Agcoslwt + 2l fx(9)dy] R W

; where | x(t) | < 1,x(t) is the modulating signal, x(t) = 0 for t < 0, w, is the car- -
rier radlan-frequency, fo is the frequency deviation constant, A is the carrier
- amplitude.
The trapezmdal rule for the approximation of an 1ntegral

®

= f X(v)d'x
y(nAT) ~ AT i@l E x(kAT) + l‘ﬂ‘—?ﬂ_ @
This command 1mplements the equation:
(nT) = 32767 cos|waT + I{ T x(kT) + l‘lﬂl}
: ; k=0 »

where T is the samplevperlod. The user is prompted first for the carrier frequency,
- f.,-and then for the “modulation index,” I. (By definition, “I” is not truly the ‘
" modulation index which is only defined for (single) tone modulation of the carrier
frequency.) The modulation index (entered in floating point) must be chosen care-

. fully, for this, we must define its constituents. '
In the ODSP Lab, audio files are composed of samples whose dynamic range is
© -2048 to +2047. Any file, however, may have values ranging from -32767 to
+32767. To comply with the classical equation (1), we should normalize x(nT) by
| %(0T)| - We can always find this using the “max” command. Next, we

~ should rewrite (1) using (2). |
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H{T)=A, cos ‘”?“TJ“l’x(zn#qf:r‘m P+ xium) + ) “T} W

wheren = 1, 2, 3, ... . Comparing Eq. (4) with (3), we see that Ac has been set to
32767. We can use the “‘sc” command to bring this down to audio levels. We also

see that the x(0)/2 factor has been changed to x(0). The effect of this change will
be to produce a carrier frequency shift equal to ‘ S

g fax(0) |

- 2| x(0T)] pax

Also notice that (3) is defined for n=0 whereas (4) is not. (From (1) we see that

xc(O)' = A,.) If x(0) =0, then (3) will satisfy (1) at t =0 (n = 0) and it will be
equlvalent to (4) for n > 0 provided that : '

_ 2, T
| X(0T)| max

for which the software prompts using the nomenclature, “index of modulation”. _
- The concatenated source files are used as the modulating signal (x(t)) to. pro-

“duce a frequency modulated cosinusoid of ~constant amplitude (see Eq. (3)) whose

sampling rate is equal to that of the first <src> file, and whose length‘ is equal to

‘the sum of the time lengths of the <sre> files. The result is put into <dest>.

If a zero modulation index is specified, (I=0) the user is further prompted for

: the desired <dest> file length in seconds (not tenths of) specified in floating

point. This length must be less than or equal to the length of the concatenated
<sr¢> files. Note that a zero index of modulation provides a convement way to
produce a cosinusoid at the carrier frequency
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A ﬂoatmg error will occur under several circumstances: ,
1) the first <src> sample rate is at default (¢) in the hstlng of the index |
| (use “‘Is -1, look under RATE) (see *‘cfa”), -

'2) Case I=0; the specified destination-file tlme-length is greater than that
- of the concatenated <sre> files, S . -
- 3) lis too large, o _
4) x(nT) has a large DC component which is accumulatlng under the

integral (use “stat” and “ab”). o

The source files remain intact. All calculations are performed in ﬂoatlng pomt
w1th the results properly rounded to the nearest integer. :

Reference: Communicatibn Systems by A. B. Carlson, 2nd Edition, pgs. 220—233.



get - SW2 Users' Manual ‘ R 7

NAME |
~get - get a file from a directory on a network host

SYNOPSIS
get [<host >] <UNIX> <dest>

DESCRIPTION
The “link” command must be used before this command can be invoked.
ThlS ‘means that this command is only available when the DMC program is run-
~ ping. This command brings up one file from a UNIX network machine and places
it i in <dest>. The file size is not limited. e
" The PDP 11/40 in the ODSP lab has a dlrect 1 megabaud line to all network»
‘machines so that large files may be transferred in a relatively short time. This
command does not destroy the link (see ‘‘ul”) so that it may be used repeatedly.

EXAMPLE: | o g
get [c/dattorro/ <dir>/<sub.dir>/<filename> <new filename>

- The <host> option must be used whenever a link command was used where
the user answered the login and password prompt with only a <cr>.

BUGS v
o This command has been known to drop a block occasionally. As a precau-
tion, it is wise to specify entire UNIX pathnames although this is not strictly
‘necessary. One should also use the CPU command to compare the filesize received
with that sent; e.g.,

cpu ls -1
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'NAME
help -- prints command documentation for the user (prints ASCH ﬁles) .

'SYNOPSIS |
'help <command> (help <filename>)

DESCRIPTION
| Documentation concerning the mdlca,ted command is prlnted on the terminal
~ screen. -The device h/ (on the bottom platter on the ARIES disk drive) is searched
for the file name “command”. If not found there, the .current device is searched.
‘The ASCII contents of the ‘‘command” file are then printed out for the user.
.2 In conjunction with the ‘“‘text” command, the user is able to create a personal
- help text. An application would be that of sending mail to other users; e.g., typ-
ing ‘“‘text jon” allows the user to make an ASCII file named “jon”. When the user,
" jon, finds this file in his pseudo-directory, he can then type

help jon
| to rev‘eal, the inessa,ge contents.
BUGS

If-an ASCII file has appended zeroes (e.g., an ASCII UND( ﬁle) “»h'el_p‘”' will repeat |
. part of the orlglnal file (corresponding to the Zeroes). REEE
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NAME

hw -- Hamming window

SYNOPSIS |
' hw <sre> [<sre> ...]

DESCRIPTION :
The Hamming window is applied to each of the specified source ﬁles or any
gpecified part thereof. (See bh3w for an expanded general dlscuss1on) Of course, '
the default <window>> is the entire file but may be specified down to the sample '
The original source file is destroyed as a result of this command. Note that the
mathematics for windows is, in general, carried out in floating point and then the
proper rounding (down for negative samples) is applied to give the result to the
nearest integer. o '

| , W(n—(%ﬂ—))' n——0-—+N—1
w(n) = .54 + .46 cos N1 :N = total number of samples
( 2 ) N-1 |

; (——2—) may be fractional
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| NAME |
1n - 1nput (through DMA) to drsk

SYNQ?SIS .
in [<dest>]

DESCRIPTION : R o
‘This command enables users to A/D convert one-d1mens1onal 31gnals Szim- N
ples are taken from the DMA until another <cr> is typed. The DMA mput port
‘hes immediately below the panel labelled ‘‘receiver terminations” 1n the. ODSP _
Lab It takes in 16-bit binary numbers and stores them in the named destlnatlon ‘
ﬁle exactly as they appeared at that port. The number of blocks (1 block = 256
“samples) taken in is shown in real time on the terminal screen durlng 1nput The
rate of input is controlled by the shift register clock of the KLUGE in:the ODSP
Lab, ‘whose output is used to strobe the “A” input port channel regxster All ﬁles' '
are stored in whole units of blocks so that the smallest file creatable is one block.
This means that zeroes are appended in general, to a file having a partlally filled
block at the end. The usefulness of the <window>> specification in the synta.x is
apparent for some situations but, in general, the appended zeroes cause no prob-
lems in subsequent (different) commands. _
 The most frequent connection to the input. port is from the A/D converter
| output This is because we are most often interested in storlng dlgltrzed audio
files. (See the “get” command as an example of storing other file types.) If no des-
tination file is spec1ﬁed the destination from the previous “in” is used ‘The user
should use the “cfa” command or the <attribute> of <dest>. to ass1gn a sample
rate (and file type) since some of the mathematical commands ( e.g., ﬁt) require this
information and floating point errors will result if it is set to zero (by default)

- In general, one uses register “A” on the input port for monaural file genera-
tion. Even though the A/D is a twelve-bit device, it has sign extension so as to be
compatible with the input port. Input files have a monaural (Mono) type assigned
by default as shown in the long listing. Since each sample occupies two bytes
worth of storage, the correspondmg data type on the UNIX network is ‘‘short” for

~all network machines. .

- There are two channels on the single pdp input port To 1nput a stereo file,
oné alternatively strobes the two input port channel registers (which may each
have separately incoming digital data), and sets the stereo (MUX) switch on. the
input port to “Yes”. If one sets the stereo switch to “No,” data will not be taken
frdm the B channel. The strobe pulse to that channel, however, is not ignored and

- will cause data to be loaded from the A channel register to the input port, and
then stored. (The strobe pulses always determine the storage rate.) Thus, when
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SW2 Users' Manual ‘ : ) 79_. k

" storing mono files, be sure to disconnect the B channel strob'e ﬁuliéé’ A further
~implication is that a stereo file might be created using only one. strobe pulse while
" having the stereo switch set to “Yes”. This is not true, because each strobe. pulse'
_must also load its respective channel register with i lncommg dlgltal data Normally

each strobe is at the sample rate desired but 180 ° out of phase with each other.

Note that it is not possible to use channel B for mono file input. Stereo files are
istored such that the samples from each channel are interleaved in the <dest> file.

Prov151ons have been made for stereo to mono file conversion and v1ce versa; -

“see “sm” and “ms”. The file type is not set to stereo (S) durlng stereo input.
gComma,nds such as “‘max,” treat a stereo file as if it were a mono ﬁle

- Executing an “in” using a <dest> which already eXISts,_moves the name of

<dest> to the last position in the index. If that pre-existing <dest> file was
physically last on the disk, then the further result of destroylng that old <dest> y
: ,'_ﬁle is lncurred (see “rm” '

A peculiarity of the ODSP Lab I/O Ports is that dunng an ni ? the data, at

‘l.:he input port also appears at the output port, and vice versa for out” This can

be used to advantage to monitor the digitized input signal by connectmg the out-
put port to the D/A (for the * ‘in” case). In this manner, we can monitor the
results of the digitization in real-time. T

1If the DMA output port (located next to the input port) is not clocked, the
first 1/2 block of <dest> will be equal to the last 1/2 block of the previous “in”
destination; i.e. garbage So make sure that the output port is ‘always being
clocked during input. ' o ' IR o
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NAME

init -- clear loglcal device index, and optlonally format-Aries cartrldge platter

SYNOP'SIS
init [<dev>] [-f]

DESCRIPTION : : S ,
Use of the “-f” option will allow the Aries removable pla,tter to be formatted

Durlng execution, the user will be required to confirm that this formattlng is

“indeed to be carried out. The CDC drive (logical devices b-g and i-n ) cannot be
formatted on this system. If need be, this can be done on one of the UNIX net-
work machines. :

Upon completlon of this command, the index (dlrectory) of the aﬂected loglcal
device will be “‘zeroed”. Thus the system software will view this device as contain-
ing no files. (See the “‘rm” command for information on recovery of lost files.)
‘Obviously, this command will be used sparingly during the course of a working
disk’s lifetime; usually when a cartridge disk changes ownershlp Recall that the
current contents of an index can be viewed using the “Is” command. ’

If the <dev> option is not used, the current logical device (as per “pwd”)
will be affected. Otherwise, the logical device mentioned (a, b, ¢, -..) will undergo
initialization. Use of the ““f” option for devices other than “‘a” (Anes removable)
will result only in the zeroing of the affected directory. Bear in mind that format-
ting is mandatory before attempting to use a brand new Aries cartridge.
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- NAME

int - interpolate (change the sample rate of an audio file) :

SYNOPSIS

Cint [- l<NNN>] [-i] [-m<NNN>] [<NNN>] <src> > <dest> ‘

-DESCRIPTION

This command, residing in the DMC program shares software w1th the ‘nrf”

‘command. Consequently, the prompts have the same meaning. The purpose of
~ this command is to change the sample rate of a digitized audio file, which means

that new samples may need to be interspersed among the old 'ones,vor perhaps

~ some old samples need to be discarded altogether being ousted by new ones. One

» -should read “A DIGITAL SIGNAL PROCESSING APPROACH TO INTERPO-

LATION” by R. W. Schafer and L. R. Rabiner, in the Proceedings of the IEEE,

~Vol. 61, No. 6, June 1973, to understand how FIR filters facilitate this process.

The meanings of the elements in the synopsis are the same as those of the

- corresponding elements in the “nrf” synopsis. The two differences here are the ‘-

P _"and’"the “-m” parameters. Assuming that the <NNNN> corresponding to each

‘parameter gets assigned, respectively, to the variables “I” and “m”, th"en

SR I | v .
£ — ] = f y
Sow-[m] e

ivhere stLD, the old sample rate, is obtained from the <src> ﬁ'le‘."'ra,te' attribute.

'The result is placed in <dest> which has a sample rate = fsNEW' “I” and “m”
~ default to 1. The size of <dest> is ~(l/m) <src>. The user is not prompted

for breakpoints as in “nrf” because the software determines the filter specs from

“” and “m”. Be sure to choose a large enough absclssa when plottlng ~“-i” is not

E needed see the “nrf” command.

- The lone <NNN> specifies the number of tap welghts used in the FIR filter

4 deSIgn
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NAME
key -- piano keyboard 51mula.t10n

SYNOPSIS
'k.ey [<suffix >]

DESCRIPTION
This command facilitates the output of files (via the DMA) by single

keystroke. After the command has been invoked, the file having <filename> =
<keystroke> <suffix> is output. No carriage return is required after each
‘keystroke and the user may use as many keystrokes as desued A single ca,rrla,ge
return will exit the command.

If < filename>> is not found, nothing is output
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NAME
hnk - connectlon to a UNIX network host

SYNOPSIS
link [<host>]

| DESCRIPTION , : : : _

The default host is the ec-machme <host> is the mnemonic" foi' the network
machines; e.g., ea, ec, ed, ete.

' ‘This command is used when it is desired to have the PDP-11/40 talk to one
network machine for the purpose of, say, transferring data between the two

* machines; to or from some user’s account. This command must be used as a prel-
iminary to other DMC-Program commands such as “get” or “put”. If no “put”’s
are desired, the user can respond to the UNIX login prompts with carriage returns.

"~ In the case of an unsuccessful link, two things can be tried: ' ‘

1) Interrupt via break-break key, then unlink via “ul” command.
2) Restart the PDP via the “log” command or manually (773110).

- then try lmklng again. :
N It is wise to use the “ul” command before any link is made 11' the user is -
- unsure as to whether a previous link exists. Unsuccessful links are recogmzed by

~ the failure of the login prompt to appear. ' ‘

EXAMPLE
A typical transaction would appear like so:
% link ee<cr> _ (user)

MIDMCO up »
“.connect to host:15

e Login: dattorro (prompts)
Password: ‘

* Tue Mar 6  13:56:40 EST 1984

_%.
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NAME
- log - return to PDP-system monitor

SYN‘()P,SIS |
log _

DESCRIPTION
When this command is issued from either the SW2 or DMC program, the

' results are equ1valent to having manually started the PDP using starting-address
773110. The effect is to return to the PDP system monitor. The main reason for
the inclusion of this command into the SW2 repertoire is to facilitate changing
programs {SW2 & DMC). The SW2 program is the main signal processing pro-
gram used in the ODSP Lab, whereas the DMC program contains a subset of the
SW2 commands in addition to commands which enable the direct connection of
the ODSP lab PDP 11/40 to the UNIX network. Due to the size of the SW2 pro-
gram, it was not possible to consolidate the two programs. The user need not

" remember which commands are germane to each program. Both SW2 and DMC
w1ll generate the appropriate message when a partlcular command is only available
in the other program.
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NAME

" Is -- list index for current device and directory

' SYNOPSIS

s [, -t, -w] [[<ﬁlename> -], [<dir>/]]

DESCRIPTION

- If “Is” alone is typed, the file names in the current dlrectory (or only those in
the current pseudo-directory (see “‘cd”)) are listed. All files are alwa.ys listed in

their physical order of location on the disk which is the reason for referring to the

complete long-listing as an ‘‘index”. If filenames are spe01ﬁed only those files

appear in the listing. If <dir> is specified instead, then only those files in the

specified pseudo-dlrectory appear in the listing.
- This command is similar to the UNIX command of the same name. If any of

/’the options are invoked, the long listing will appear having the following format:

- FILENAME  TYPE RATE START LENGTH MARK

" If the current directory is the main directory, the long listing will'be complete.

~ The options only affect the units of LENGTH and MARK The -1 option yields
“units of blocks, the -t yields time, and -w yields words. LENGTH refers to the

length of the corresponding file, while MARK is a user prescrlbed sample location
W1th respect to the beginning of the corresponding file (see “cm” command)

/A block is 256 samples = 512 bytes. A word is 2 bytes = sample. The units
of TIME are set by the “cti” command. The default unit is 0.1 seconds so that. -
times usually can be read directly in tenths of seconds. A (default) sample RATE
of zero will yield zero TIME. The units of RATE are Hz. START is the starting
location of a file, in blocks, with respect to the physical beginning of storage (block -

" location 1) on the device. (The START number is useful when recovering acciden- -
_ tally erased files (see “rm”), as also is the LENGTH.)

"TYPE refers to the type <attribute> of the data stored in the corresponding

- ,ﬁle The various types were discussed under the *‘cfa”. command F ILENAME is
_ determmed by the user. '

When “<alphabetic character> /” precedes a filename in a hstmg, this means

_' -.'that ‘the file exists in a pseudo-directory which is 1dent1ﬁed by that alphabetlc
, character Le., <dir> = <alphabetlc character>

BUGS

The word “F]LENAME is sometlmes mls-spelled
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NAME

~max --find the maXImum and minimum of each spec1ﬁed file

SYNOPSIS | |
max <sre> [<sre> I

DESCRIPTION v
This ¢command prints each speaﬁed filename followed by the values of the

'. largest and smallest sample found in the respective file. Each file is considered to

be composed of 2-byte two’s complement integers so that this command is only .

meaningful for those types of files. A stereo ﬁle is treated as a monaural file..
Run time = 29 msec/block .

' Thé'sou_rce files arev unaltered by this command.
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' NAME
. mf -~ multlply ﬁles together :

: SYNOPSIS I
mf,,<src> [<sre> ....] > <dest>

. DESCRIPTION | | o
This command is much like the “af” command except that here, the specified
“source files are maultiplied. The result is stored in the named destination file, and

" the’ source files remain unchanged If N = the number of spec1ﬁed source files,
. then-

<srel> * <sre2> - '<srcN>
| (32768 )N‘

" “The length of <dest> will be the length of the smallest source ﬁle If N = 1 then
<sre> will be multlphed by 1. : '
- Execution time is = 330ms/block.

<dest>
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NAME

ms -- mono to stereo file conversion

SYNOPSIS
ms <sre> <src> > <dest>

DESCRIPTION :

o A stereo file is created from the two source files specified, by interleaving the
source file samples and then placing the result in the specified destination file. The
sourcefiles are unchanged by this command.  To play a stereo file in the ODSP lab,
one alternately strobes the two channels of the single PDP output port, and sends
each channel to a separate D/A converter. There is, therefore, a one-half sample
constant time delay between the two channels. '

The size of the destination file will be twice that of the smallest source file.
This implies that the command terminates when it reaches EOF on either file. In
this case, the smaller of the two source files should be padded with zeroes to make -
them equal in length (see “pwl”). Use “cat” to pad with a zero file.
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NAME

mv -- change the nam‘e‘of a file

SYNOPSIS

mv <ﬁlename old> <ﬁlename new>

'DESCRIPTION

_ This command changes the name of <filename - old> to <ﬁlename - new>,
but does not change the physical location of <filename - old>. If <filename -

new> is omitted, the filename will remain the same but the directory in which

<filename - old> resides will be changed to the current directory. This is con-

. venient since files may never be referenced using a pseudo-directory. . prefix.

(Prefixes always refer to disk-drive devices.)
o Alternatively, note that o
o mv <ﬁlename - old>
is equivalent to
‘ myv <filename - 0ld> < filename - old> :
" If ‘<filename - new> exists before the command is executed, its name is
deleted from the old index although its physical existence is not altered (see “‘rm”

” - command). Note from the syntax that it is not possible to “mv” filenames across -
- devices. | ‘
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NAME

naf -- nonrecursive amplitude filter (median ﬁltering)

SYNOPSIS
naf [<tap number>] <src> [<src> -

DESCRIPTION
: " This command performs a nonlinear operation on a file. The final results are
placed back into the respective source file so that the original file is lost. The user
is prompted for the weight of each tap in a tap window. The length (number of
taps) of the tap window is determined by the number of weights entered, so all
zero (tap) weights must be entered. All weights may be entered as ﬂoatlng point
numbers separated by a space or a carnage return:
89 8 ... Ay_g B, <CT> <cr>

-~ Two carriage returns terminate tap weight input.
The significance of <tap number>> can best be understood by example: Sup-

pose the user to have entered three tap weights,

(tap window) | ag | a; { ap

and to have set <tap number> = 1. Further, assume <src> consists‘ of the fol-

lowing samples:

(<sre>) |51 ]2]4]3

The algorithm begins by ordering the 1st three samples (tap-window-length
samples) from highest to lowest and then placing that ranking in a buffer,

(l)uﬂ'er) 5121

The tap weights are then applied to that buffer

(buffei)' | [ 5]2]1]
(tap window)  x ag | 4 | ay |

, (result) ' = | ah+ a2+ a|

. and the result is placed in a dummy file of the same length as <src>
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" (dummy) | a5+a;2+a, | agd+a2+a,

(dummy) 895 +a;2+ay
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On the second iteration, the tap window is shifted to the right by one sample and
the process is repeated: L

(buffer) 4 |2 |1

(tap window) x | a5 | a; | 2,

| The dummy becomes

The final result (in ‘“dummy”) gets put back into <sr¢> so that at the end we

have:

<sre> a5 +a.2+a agd+2a:2+a agd+a.3+a,2 4+2a,3 | a,3
0 1 2 0 1 2 0 1 2 &) 1 0

Now, let us repeat the example above but with <tap number> = 2. The
first iteration has the tap window shifted left with respect to the source file by 1
sample ((<tap number > -1) samples, in general). So, to the tap window, the
source file now appears like so:

(Imaginary Source File) | (0) | 5 1 {2 | 4| 3

The algorithm begins by ordering the 1st three samples (including the imaginary

sample) from highest to lowest and then placing that ranking in a buffer,

(buffer) | 5 | 1|0

The tap weights are then applied to that buffer

(buffer) 51110

(tap wihdow) X | ayg | a5 | ag

(result) = | agh + a,

and the result is placed in a dummy file of the same length as <sre> (the real
<sre>).
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,(d}immy), agh + 8

On all subsequent iterations,
the tap window is shifted by one sample to the nght
wnth respect to the source file,
and the process is repeated.
‘ lThe number of iterations is always equal to the number
of samples in the source ﬁle
For the ‘example above, ‘
the dummy file becomes the <src> file at command completlon

and, looks like

| (<sr¢>) agd +ay a05+a12+a2 . 'a04+a12+a2 a04+a13+a22‘-*a641+a13»

Thls command is nonrecursive because only the orlglnal <src> samples are
involved in the ranking and weighting processes.
~ In general, we have seen that the effect of <tap number> is to shlft the tap
window to the left, with respect to the source file by <tap number> -1 places for
the first iteration.. The effect of changing <tap number> was observed in the
preceding example, but the effects are more dramatic in the related command
“raf” (recursive amplitude filter). Also, in general, the result of the nth iteration
,always gets placed back into the source file (at command termmatlon i.e., nonre-
,curswely) at the nth location; n=0, 1, 2 ... Agam, in general each 1terat10n
encompasses only tap-wmdow-length samples and those samples are ranked from
' "h1ghest to lowest before weighting occurs. R
‘It may be obvious, at this point, that this command w111 perform (nonrecur-

swe) median filtering simply by making all taps equal to zero except for one tap,
usually one in the middle, whlch is set to unit value.

<tap number> defaults to

lw/2]+1 ; wodd
w/2 . ; weven

; where w is the tap window length.
Further,
S 1 < <tap number> < w.

Note' N. C. Gallagher (Purdue EE Prof ) is an expert on the toplc of med1an
’ﬁltermg o ,
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_NAME '
: nlf - Nonrecurswe Lmear Filter (FIR Fllterlng)

| SYNOPSIS

~nlf [<tap>] <sre> [<src> .

'» 'DESCRIPTION

ThlS command nnplements the equatlon

kT) E ay—pX( k+n—tap)T) '  , 7‘. R )

; where . v o
.y = output of FIR filter
tap = tap window shift factor
. w = tap window length (# of filter coefﬁclents)
X = <src¢> input to FIR filter
a = tap we1ghts (ﬁlter coefs)

‘The ﬁnal results are placed back into the respective source ﬁles ) that the original

| ”"-55‘~:”"contents are lost. The user is prompted for the FIR filter coefﬁcwnts which should

~ be entered in reverse order and separated by a blank (space) ora <cr> ie.,

By-1 By ~g.+-81 ag<er><er>

The coefficients may be entered in ﬂoatlng point. Note that filters havmg constant

. phase delay have symmetrical impulse responses; therefore the order of coefficient

Tentry becomes irrelevant. Two carriage returns in succession terminate input.

The number of coefficients, w, is determined by the number of coefficients entered,

~ . so all zero coeﬁicrents must be entered. “w” may also be thought of as the FIR

ﬁlter length
| <tap> defaults to
{IW/2l +1 ; wodd

w/2  ; weven

SR 1<tap<w
<tap> is not a crltlcal parameter to this command and is 1ncluded only because
the “nlf” software is shared by “rlf,” “naf,” and “raf”. By observatlon of ( ) it

~ can be seen that for <tap> =w
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YKT) = ¥ 2y px(k+n-w)
: .n=1
= 203 a_x(k+n)
n=1l-w

w—1i

= Y ax((k-n)T)

n=0
which is the classical convolution. For any other value of <tap>, the a, sequence
is 'éonvoluted with the time shifted x(n) sequence. This causes a linear phase shift
of the output spectrum so that if phase is not important, one need not specify
<tap>. One should see the “rIf” command for a discussioh of . the software

_implementation. In contrast to the “rlf” command, the results of each iteration

are not placed back into the <sr¢> file until the command reaches completion. It
will always be found, however, that the results of the nth iteration were placed
back into the nth sample location; n=0,1,2 .... Also, the number of iterations is
equal to the number of source file samples. ‘ |

For (1), remember that any terms whose arguments are negative, go to zero;
e.g., y(-1) = 0. This command shares software with “rlf,” “naf,” and ‘‘raf”.
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NAME - |
B nlo - nOnlinear operator

SYN OPSIS

nlo <src> [<src> J > <p-dest>], [< <p-ste>]]

. DESCRIPTION

The user specifies a p1ece-w1se linear function. This functlon then operates on
the specified source file(s), and the result is placed back into <sre> replacing the

':orlglnal contents. Looking at figure 1 we see a piece-wise linear functlon composed

. of5 (linear) segments.. This function is arbitrary (as is the number of segments)

and does not necessarily pass through the origin. Suppose this function could be

“written in terms of x as f(x), then we could say that y = f(x) where x is a <src¢>
vﬁle sample value and y is the sample value of the result. In this manner, all the

E " Zsre> samples are transformed to new values specified by f(x). ‘The user specifies.

f(x) by entering the breakpoints (the Cartesian coordinates, in the x-y plane, of

.. the dlscontlnultles) as integers. It is understood that each segment between adja-
T cent breakpomts is linear, and that two breakpomts are always 1mp11c1tly specified
v _by ‘the software; those are, (-32767,32767) and (32767,32767). This means that the .
- last breakpoint on each side of the y-axis will be extrapolated, hnearly If the
' -"‘?{"ij‘range of the specified breakpoints (range of x in (x,y)) is > range of <src> then '

the 1mphclt breakpoints have no effect on the result.
Let’s consider some examples: Suppose the user enters the breakpomts in
ﬁgure 2, then f(x) = x and y = x; i.e., <src> is unchanged. Next conSIder Flgure '

‘3 The last graph can be represented by the equation

=],

S0 the absolute value of the <src> will be taken. Contlnulng in the ‘same

i 'manner consider Figure 4. Thus, the <sre> samples will be replaced by their

“ ,h'breakpomts to approximate y = x*

squared values as long as the |samples| are < 3. The user needs to specﬂ'y more
2 over a larger range. : S

* The user is not constrained by the number or location of the breakpomts nor

by the order of entry. The user is prompted for the breakpomts I <p-dest> is

spe01ﬁed the breakpomts will be stored there for future use. If <p-sre> s
A "‘;speclﬁed the user is not prompted for the breakpoints; rather the breakpomts are

: taken from <p-src> which was previously created by ‘“nlo” hav1ng a <p-dest>

on the command line. The <p-dest> type attribute is “P”. The breakpomts are

- 'entered as “‘x; y;” with each number separated by a space or a. <cr> Two suc-’
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cessive <cr>’s terminate breakpoint input.

BUGS
One breakpoint does not produce dependable results. If the first breakpoint

entered is (0,0), a floating error occurs.
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NAME

nrf -- Nonrecursive Fllterlng and Constant Delay FIR DeSIgn

SYNOPSIS

nrf [<NNN>] [} <sre> > <dest> [< <tapsﬁle>]

DESCRIPTION

" Residing in the DMC program, this command allows the user to give the

~ (floating point) frequency domain specifications of a constant delay (linear phase)

~ FIR filter, and to then filter <sr¢> (placing the result in <dest>) using the FIR

filter designed by the software which was given the constraint that the number of
taps be equal to <NNN>. <NNN> defaults to 101, and it must be odd having a
mazimum of 251. The “-i” OpthIl informs the software that the frequency domain
specifications, for which the user is prompted, are pure imaginary. Otherwise, the
sp_eciﬁcations are pure real. This is necessary to achieve the constant delay (linear

phase) filter characteristic [1]. Also remember that for a real impulse response, a |
real spectrum must be even and an imaginary spectrum must be odd. Only the

right hand side of the spectrum needs to be entered, however, remembering that

t‘he spectrum is periodic in the sample frequency. Before <sre> is actually
filtered, the user is prompted to see the magnitude of the transfer characteristic of

: ‘the newly designed FIR filter, or to weight the taps of the newly designed FIR

filter. If the user responds with “b”, a 3-term Blackman-Harris window will be

'applled to FIR taps. If the user responds with “h”, a Hamming window will be

| a.pplled If the user responds with “k”, a Kaiser window will be apphed after the

user responds to a second prompt for the Kaiser parameter (w(a)nt) which’ is usu-

ally between 2 and 9. If the user responds with *“o”, the original taps (unweighted)

will be recovered. If the user responds with *‘p”, the FIR transfer magmtude will

be plotted. If the user is not happy with the results of the plot because of the

weighting, he/she should type “o0” to recover the original unweighted taps, then
weight the taps in any way desired, and then re-plot the transfer characteristic. In

ﬂ this way, the user can play with the welghtlng and graphically dlsplay the results
‘before any filtering is actually performed. (To change the number of tap welghts

(Y]

~ the user must reissue the command.) For plotting (“p”), the user is further
- prompted for plot start and plot stop frequencies; these default to zero. The user

is' also prompted for the number of calculation points in the displayed transfer
function; the greater this number is, the greater the resolution of the graph will be.

This entry does not affect the FIR filter design in any way. For the plot, the user

is‘additionally prompted for a plot in decibels (‘d”), magnitude (*‘m”), ‘or a numer-

" ical listing of the plot points, in both magmtude and decibels vs. frequency, on the
‘ command terminal (‘‘t”). :
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The sample rate used in the
FIR design is obtained from the
RATE attribute of <src>.

A floating error will result if
<sre>'s rate is zero.

| If <tapsﬁle> is specified, one of two things will happen dependent ‘upon

~ whether <tapsfile> existed prior to invoking the command:

. Case 1: ~ (Nonezistent) The (weighted) FIR taps will be placed in the
o (floating-point) <tapsfile> (having type attribute “p), )
~ Case?2: (Pre-existent) The taps in <tapsfile>> will be used in the FIR
- filter (i.e., no FIR ﬁlter will be designed). The first prompt will
, be “wmdow or plot .. ‘e
Since the maximum number of taps is 251 and since each tap is a ﬁoatmg pomt (4
bytes) number, <tapsfile> is always 2 blocks long. ; '

EXAMPLE (See Figure 1)

~ The user need only specify two breakpoints:

(0,1)
(fe, 1)

‘The software assumes, in this case, a third breakpoint (f,*, 0) and interpolates tov

(fs/2, 0).

A lone <cr> escapes prompts In this command, a lone <ecr> will, addi-
tionally, move the program to the next phase of processing.

“This command should be compared with the “nlf” command. There, the
actual FIR tap weights are entered by the user. This command shares software
with the “int” command. o

(1] :D[GI TAL FILTERS: by Antoniou, pub: McGraw,pgs 218-226
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Name o
od -- octal dump of a file, or

SYNOPSIS

of a group of blocks

od [, -u, -f, -1 | [ <sre>, <block number> [ <block count> ] ]

DESCRIPTION

The octal values of the

16-bit words which comprise the__Spe:_ciﬁed soiircé file

or the speCIﬁed blocks, - are printed on the command terminal. The leftmost
numbers on the terminal screen are always prlnted in octal and they represent the
ordinal word numbers with respect to the beginning of the source, or the beginning
of the block specified by <block number>. <block number> is an integer which
specifies the physical block number with respect to the current device. The very

first physical block is numbe
all the blocks starting from

red 1 (not zero!). If <block count>> is not specified, |
<block number> will be dumped, otherwise <block

count> determines the number of blocks to be dumped. If no arguments are
specified on the command line, “od” will begin dumping one‘block ahead of where
it ended on the immediately previous ‘“od” command; in this Ca,se the ordinal word

numbers on the leftmost side
The minimum amount

of the screen will not reflect this jump.
of information which can be dumped is one block,

however a <cr> will prematurely terminate the dump.

~ If a flag is specified, the
ing table:

numerical format of the dump is glven in the follow-

flag format
-i two’s complement integer
-u unsigned integer
-f floating point
-1 two's complement long integer |
(32-bits) '
'NULL Octal

To see the contents of
~mand.

1 ASCII file in ASCII format, use the “help” com-




out SW2 Users' Manual 103
’NAME
out - output from disk (through DMA)
. SYNOPSIS
out [*] [ <sre> ... ]

' DESCRIPTION

This command enables the user to D/A convert output ﬁles from dlSk for
ODSP lab listening. The output samples appear at the PDP 11/40 output port.
The rate at which they appear is determined by the rate at whl_ch the port is

~strobed by an output of the shift register clock on the KLUGE. For Monaural

files, output port channel “A” (only) is strobed. For Stereo files, channels ““A” and

_“B” are strobed alternately, which implies that there is a,lways a constant 1/2-

_\sample delay between the two channels.

Source file output can be separated in time using s11ences In place of one
<src¢> in the synopsis, one would substitute the specification, s<NNN>, where
NNN = tenths of seconds (this default time increment can be vch_a_nged using the

- Heti” command). If s<NNN>> is used, at least one <sre> must have a nonzero

‘sample-rate attribute (see “cfa”) so that a zero-file of appropriate length can be

o _c‘reat_ed. The output stack (see “pos”) holds the filenames and (< win_dow} ed) file
" lengths of the files and silences which were last output. If “+” alone is specified in

the command line, only the (windowed) files on the output stack will bevfoutput.
G s . \ou_t :
will have tho same result. |
out [ <sre> ... ] e
’Will‘rieplace the output stack with [ <src>v ... ]; and [ <sre> ... ] will be output. |
3 'out*[<sro> ) | | :

will apend the current output stack with | <sre> . ] and thev‘currént output

_stack files, followed by [ <sre¢> ... ], will be output.

Output can be prema.turely terminated with a <er>. By depressmg the
space ‘bar on the command terminal during the output of a file, the MARK attri-

~ bute (see “cm”) will be set to the sample number (with respect to the beginning of

the file) which was being output at the time the bar was depressed Marklng a file

in thls manner also termlnates output prematurely.
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NAME
- pk- pack the files on the current device

SYNOPSIS
Copk
DESCRIPTION -
"~ Commands such as “rm” do not actually destroy files; rather, the file name
itself is removed from the index. Since files are stored in order of creation, it is
easy to understand how unused disk space sometimes appears between files. This
situation can be detected by reading the bottom line of the long listing (ls -1)
“which states how many blocks are being used, how many blocks are available for
use, and how many blocks are immediately useable. The difference between these
last two quantities equals the total number of “‘empty” blocks which are inter-
~ spersed between non-empty blocks (files). The “pk” command, then, consolidates
all the disk files so that they are physically adjacent and in their original order.
The time required for execution is dependent upon the particular disk file situa-
tion. Any information in the “empty” blocks is lost. N :
The reason we put ‘‘empty” in quotes is because an “empty” block is usually
not empty (all zeros) but still has its original contents. This can be used to advan-

tage in retrieving lost files (see “‘rm”).
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NAME

; plot_-—._plot files (2D cartesian graphics).

. SYNOPSIS

plot [<# plot points>] [-z} [- 1<N>] [[a<NNN>]| [-s<NNN>] <src> [<Src> ]

DESCRIPTION

" This command uses the graphics capablhty of the Tektronix 4025 command
terminal to enable the user to see a graphical representation of his/her files. The

" files are assumed to be comprised of two’s complement 16-bit integers, and are
- plotted having the sample number on the abscissa and the sample value on the

ordinate. The abscissa reference values are with respect to the first sample plot-

k ted not with respect to the file-beginning unless the first sample plotted was also
__the first sample of the file. -

7 The user is prompted for the vertical scale maximum and minimum. If the
user responds, he/she must be sure that the (integer) values specified are 2 those

of the file portion to be plotted, otherwise poor results will be obtained. The

“software uses those values as the maximum and minimum of the ordinate on all

the following graphs. After each graph is plotted, the user is prompted for the

_‘‘next window?”. <# plot points> determines the total number of samples (the
“window”) represented by the abscissa for each graph. It defaults to 256 and has

a maximum of 4096. This “next window” comprises the next <# plot. points >

s_'amples in the <src¢> file. The ‘‘window” always begins with the beginning of
<src> (which can be respecified using the <window> in the syntax; this com-
mand responds to a <window>> specified in samples) and shifts to the right by
<# plot points> for each new graph until the end of <src> is reached (or the
end specified by <window>). This “window” is not to be ’confilsed with the
<w1ndow> in the syntax which places artificial boundaries on <src>. If the
user responded to the very first prompt for the max with only a <cr> the

software will determine the ordinate max and min for each “window” based on

| only the samples encompassed by that “‘window”.

When the user is prompted for the ‘‘next window?”, hé/’sh'ec has- several
choices for a response. If the user responds with a <cr> or a *y”; the next ‘“‘win-

~.. dow”.will be plotted. If the user enters an integer less than or equal to 4096, then
the <# plot points>. will be changed to this new value for the next ‘window”
- only, and one “window” of this new size will be plotted. If the user responds with

“r”;.then the graph just plotted will be plotted again. If the user responds with an
“n?, the plot will be terminated. At any time during a plot, a <cr> w1ll prema-
turely terminate that graph and summon the “next wmdow?” prompt :
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‘The “-z” flag plots a zero reference line. The “-i<N>” -paraﬁiefer sets .t'he '-
number of reference points (or “tick marks”) on both the axes to.N +.1. Default
is N =8. These points are also labelled numerically. The *“-a<NNN>” parame-

‘ter causes NNN samples to be averaged for each plot point. The ‘-_s<NNN>”
‘parameter causes only one out of each NNN samples to be plotted. (This parame-

~ ter should not be confused with s< NNN>, the spec1ﬁcatlon of sﬂence whlch is

alien to this command.) : |
- The multiple <src> file specification in ‘the synopsis- is handled diﬂ'erently‘
here than in other commands. Here, the user is able to plot several <src>- files

sirﬁﬁltan’eously! The previous discussion still applies but the user must now be

careful with the max and min speciﬁcatiOn. If the user chooses to enter a max and

min, he/she must be sure that those values exceed or equal the maxes and mins of

the portions of all named <src> files to be plotted, or poor results will be -
obtained. Further, if the user chooses not to specify the max and min, the

~ software will take them, on each window, from the first named source file. If these

values do not exceed or equal the maxes and mins from the corresponding ‘‘win-
dows” on the other named source files, poor results will, again, be obtained.

BUGS If the user responds to the max prompt but not to the min prompt (i.e
with a <cr>) min is set to 0.

" Notes: If trouble arises, the TEK terminal command @wor 0<cr>, should get the screen back to nor-

“mal. (“@” is the command character; see TEK Manual.) If splotchy random noise type visual
harrassment patterns appear on the screen during a plot, press the ‘“‘master reset” on the rlght
‘side of the TEK terminal. ‘
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'NAME

' 'pm - phase modulation ,

SYNOPSIS

pm <sre> | <sre> . L] > <dest>

/DESCRIPTION

‘This command shares software w1th the “fm command. So, all the prbmpts :
are the same and many of the comments in the “fm” description apply here as

T well,

ThlS command lmplements the equation:

Xc(nT)’='v32767 cos |w.nT + IX(nT)] | o "

- 'where T is the sample period (taken from the first <sr¢> ). The command

prompts first for f, and then for I. x(nT) corr&ponds to the concatenated <src>

. files.

" The classical equation for PM is:

x,(t) = A, cos [wct + ¢Ax(t)] | b. ' .. | (2)

‘where * x(t) is the modulating signal, |x(t)] <1,

A, is the carrier amplitude,
@4 is the phase deviation constant,
" f, is the carrier frequency.

- Comparlng (2) to (1) we find that x(nT) needs to be normahzed which leads to the

conclusion that

_ oa
l X(nT)| max

fexkp‘ressed in radians. x,(nT) goes into <dest>.
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NAME
pos -- print the output stack

SYNOPSIS
| posf.

DESCRIPTION
- Prints the filenames, the starting and ending block numbers of the (win-

(135>

Vdowed) files, and the (windowed) file lengths (in samples) of the most recent r”or
“out” command These file names and lengths form what is called the * ‘output
stack” (or “queue”). This output stack can be referred to as “*” in subsequent
“r” and “out” commands. For example, if ‘‘pos” showed the followmg stack:

Filename - Starting  Ending #ofSarﬁples
junk 8560 8562 512

then
| out * s<NNN> junk?2 <w1ndow>

would output the files “junk” followed by NNN tenths of seconds of silence fol-
lowed_‘by the windowed portion of “junk2”. The output stack would also be
updated as follows: | SR

Filename Start.ing Ending  # of Samples
junk 8560 8562 512
| --NNN - tenths of seconds of silence--

junk2 3630 3634 1024

Note that since “junk2” was windowed, the entirety of junk2 is not listed on the
stack. Also note that either “‘junk” or “junk2” must have a nonzero rate attribute
(see “cfa”) in order that the silence be formulated properly as an appropriate
length zero-file. -

The starting and ending block numbers are with respect to the ﬁrst block on

the device, <dev>
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NAME
prt - Teletype on/off for hard copy

SYNOPSIS
- prt [Onf, off]

DESCRIPTION
: This command sets a ﬂag so that all ASCII output directed to the command
terminal is 51multaneously printed on the AS-33R Teletype prmter-termlnal This
" Teletype is generally not used except for this purpose. " The default. parameter is
“‘off”.. The Teletype must be switched on to the ‘“‘line” pos1t10n for thls command
- to work
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NAME ‘ .
' put --.put a file in a directory on a network host

SYNOPSIS | |
| put <sre>[ <sre> ..] <UNIX>

DESCRIPTION o o
| The specified source file(s) is sent to that network machine which has specified
_ in the previous “link” command. The [concatenated] source file(s) is placed in the
specified UNIX directory and is given the filename specified in <UN1X> - This
command is found in the DMC program. It is wise to use entire pathnamesin .
<UNIX>, and the user should check his/her directory to verify that the complete
file was sent, as a precaution. There is a 1 Mbaud link to network machines, so
transfers occur rather quickly. Each source file arrives at <UNIX> in the same
form as it was when it left the ODSP lab. So, for example, Monaural audio file
samples arrive as ‘‘short” integers. '

, If it is desired to “put” a file which is greater than 600 blocks in length the

7 user must always perform the following command before each ° put” '

cpu limit file <NNNNN>; wd

“wd” is a dummy command (see “cpu”). NNNNN is the approximate-maximum_'

desired number of blocks to send. This must be done regardless of the user’s

UNIX ‘““.profile”. If a file named <UNIX> previously existed in the user’s UNIX
directory, it is written over (hence destroyed) by the new <UNIX>> of the same
name. Before sending large files the user should be sure that there exists adequate
space on the system disks. This can be done from ODSP via '

cpu df

BUGS An unlink is performed as a result of this command. It is wise to use “ul” -

- before “link” is used again, to help get things reinitialized properly.
_‘An incomplete ‘‘put” will result in the inability to unlink via the “ul”_ com-
© mand, and hence, to link. The DMC program must be restarted in this case.
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: vNAME

pwd -- print working device and directory

SYNOPSIS -

del

" .DESCRIPTION

~This command prints the current device (<dev>) and the current worklng

directory (<dir>) (NULL for the main directory, an alphabetic character (user

s determmed e.g., see ‘‘cd”) for a pseudo-directory).

: "‘J,” is the current pseudo—dlrectory, ‘while the current <dev> 1s'

E}(ample:‘ ~pwd  (user)
Cafi (SW2)

£ 4 )’

This com-
mand is similar to the UNIX command of the same name. In order for ‘pwd” to

' ... return “afj”, the user must have typed at some earlier time the cpmmand

cd afj
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NAME

pwl -- piece-wise llnear ﬁle creation -

SYNOPSIS | |
' pwl [ _-a. ] <dest>

DESCRIPTION ‘ ~ o
The rate attribute is mandatory for the <dest> file in thls command (see the '
'syntax) T
-The user is prompted for break points, (x; yl) Each coordinate in 'the"pairs :
-must be separated by a space or a carriage return. Two <cr> s in succession ter- '
“minate 1nput “x;” specifies the time length of the ith p1ece-w1se hnear segment
while y; is the final value of that segment; for i =1—o00. Fori=0,x, =0 and y,
_is the initial value of the file. The default (At) unit of tlme which is set- by ” eti”

s0:1. seconds. In order that the break-points be specified as 1ntegers the ‘way in

whlch X; specifies time length is via the following formula:
piece—part time—length = x; * At .

' The yl may be any integers representable in 16-bit two s complement but '
'remember that the ODSP A/D’s and D/A’s are 12-bit two’s complement. -
After breakpoint entry, the software performs linear 1nterpolatlon of the .
Cartesian coordinates implied by the breakpoints, and the piece-wise linear file is
placed in' <dest>. If the “-a” flag is specified, ‘‘piece-part” in the formula aboye
becomes “absolute”, and x;4+; > x;. In this case, the breakpoints, (x; | ¥i), become '

the Cartesian coordinates of the discontinuities of the piece-wise. hnear file. which

~ the user wishes to create. . B
" The minimum distance between breakpoints in time is At The:minim'um _
number of samples between breakpomts is f,*At; where f_ is the sample rate
“specified in. <dest>. In general, if part of a file is NAt seconds long, then it will
‘have (N an integer) f NAt samples. The maximum number of samples between
breakpoints which are separated in time by At is 215 =32768. So, for example, if
f, were 40 KHz, At could not be equal to 1 because an interpOIation error would '

- result. ' , . ‘
, The user is not constrained to enter a breakpomt at every At <dest> files
can only be created in multiples of one block length (256 samples).  After the user
 has specified all breakpoints, the fraction of a block length (in general) remaining
immediately after the last breakpoint, will be (padded) filled with zeroes. This
presents an inconvenience to the user who wishes to create one cycle of some arbi-
trary periodic waveform havmg a period, T. If the sample rate must be fixed for |

-~ some reason, then, in general, it will be difficult to create one cycle of an arbitrary
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- waveform spanning exactly an integer number of blocks. If we say';_;that »

- B x 256 samples

T= f

s

~ ‘where B is the number of blocks constituting exactly one cycle, .t_h_'en'. if we ._s,re at

rliberty' to choose f,, we can have our desired T. But, we are still faced with the

s problem of filling an integer (B) number of blocks having no trailing zerees'blithely
~ appended by the software.” We reason that this is possible only if the user can

specify the very first and very last sample values of the B blocks which constltute'

‘the waveform cycle. The simplest way to accomphsh this feat is to set

At =10

. 'whlch means that the minimum number of samples between breakpomts is 1 ie.,

‘the user has within his/her power the ability to specify every sample value in the

ﬁle if desired, but remember that the user is not constrained to enter a breakpoint
at every At. The “ctl” command comes in handy to set At before the ‘pwl” com-
mand is executed. - ' o

* Having generated one cycle of an arbitrary waveform, the user can then use

‘ the ‘cat” command n-times to rephcate the cycle by a factor of on. .

~In the above example, if the user is constrained to a partlcular f:;" then the

' user must find the number of breakpomts P, such that

P/T = 1nt(P/T)

where T is the cycle duration (in seconds). This is because —— in ‘‘cti” is con-

At

strained to be an integer. One then sets At to T/P. The user is now constrained

to particular time locations for the breakpomts although there w1ll be no ‘padded
zeroes if the user specifies the P*" breakpoint. o .
As a final example, suppose the user w1shes to create a ﬁle exactly one block

" lorlg consrstlng of all 1's. The user should then type

pwl Junk. ~12560

0 1
1 1<er>
<er>

assummg that the default At is in effect. Junk” will be created con51st1ng of one

“block’s worth of 1’s. Since the default At is 0. 1, the minimum number of samples

between breakpomts is f;At, or (2560)+(0.1) =256 samples =1 block. Since the
user indicated the second breakpoint to be only one At away,- then the software
interpolates between the Cartesian coordinates (0,1) and (1,1). (It is only coin-

‘eldental that the breakpomts are numerically equal to the cartesra,n coordlnates '
'because the a” flag was not spec1ﬁed in the command above. ) '
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NAME
r -- repeat output from disk (through DMA)

SYNOPSIS
r|*] [ <sre> .|

DESCRIPTION
This command is the same as the “out” command except that the output is

repeated indefinitely. As in the “out” command, output is terminated via a <er>
or by hitting the space bar which marks the file. Note that by the rules for using
the output stack, which were discussed in the “out” Description, the command
sequence

out junk

r

results in the repeated output of “junk”.



rafi o ' | | SW2 Users’ Manual | . o  115

NAME
- raf - recursive amphtude filter (recursive median filtering)

‘SY‘NOPSIS
raf [ <tap number> | <sre>'[ <sre> ... ]

.DESCRIPTION :
This command is the same as the * naf” (nonrecursive amplltude ﬁlter) command
with one exception. In fact, software is shared by these two commands (as well as
with “nlf” and “rlf”). The exception is that the result of each iteration is placed
directly back into the source file (essentially) immediately after each iteration. If
~ one goes through the example given in ‘“naf” and substitutes “<sre>” for
“dummy”, the recursion should become apparent. It should also become clear that
'by, the way we defined the effects of <tap number>, for <tap number> =1
“““‘naf” is equivalent, precisely, to “‘raf”. ‘
~ Let’s go through a specific example:

B

.

f—t
oo
-

) <s‘,'rc> '
~ tap window
. ) j<:tap_number> ,

3]

(w=3 (tap window length)_)‘ .

HE
. o]
‘ o
o

? START (<sre>) [5]1(2]4]3]

: (buﬂer) 5(110
-(tap window) x | 0]1]0

o (reéﬁlt) o=

A(<src> |l|l|2|4|3|

‘(buﬁfer) 2|1)1
(tap window) x | 0]1]0

(rbesult)bv =
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(<sre>)  [I]11214]3]

(buffer). 41211
~ (tap window) x [0]1]0

'i(refsult) =

(<src>) l1[1[2]4]3]

(buffer) 4|32
~(tap window) x [0[1]0

(result) = '

(<sre>) [A11121313]

(buﬁer) 3[3(0
(tap window) x [0]1]0

’ (r(;sult) =

(<sre>) | Illll2|3|3|

This is the final result. Notice that the result of each iteration was placed back
into the <src> as calculations proceeded, but the <src> samples themselves
were never permuted. The permutation occurred only in the buffer. - Also notice
~that there were only 5 iterations because this is the number of source file samples.
- <tap number> = 2 caused the tap window to be shifted left w1th respect to the
~ source file by <tap number> — 1 samples on the first lteratlon See ‘naf” for
- further insight into the algorithm.
' - Remember that the original file contents are lost.
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NAME

rev -- concatenate files, then reverse

SYNOPSIS ,
rev <src> | <sre> ..] > <dest>

DESCRIPTION | |
This command is the same as the ‘‘cat” command except that the resulting desti-
nation file is the (sample) reverse of the concatenated source files. =~
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NAME
rlf - recursive linear filter (IR filtering)

~ SYNOPSIS
| rlf[ <tap> ] <sre> [ <sre> ..

' DESCRIPTION
This command implements the equation:
ta —i, ’ -
y(k) = 3 8y y(k +ntap) R (1)

+ Y a,,x(k + n-tap)

n = tap

where, y = output of IIR filter
 tap = tap window shift factor
'w = tap window length (# of coefls.)
x = input to IR filter (<sre>)

~a = tap weights (filter coefficients).
The results are placed back into the respective source files so that the orlgmal con-
tents are lost. The user is prompted for the filter coefficients which. should be

' entered in reverse order and separated by a blank (space) or a <er>; ie.,

a

w1 dw-z 3 gp<lcr><er>

The coefficients may be floating point numbers. Two carriage returns in succession
terminate coefficient input. The number of coefficients, ‘w, is determined by the
number of coefficients entered, so all zero coefficients must be entered. <tap>,
being optional, defaults to -

int{w/2) +1 ; wodd
w/2 ; W even
and
| 1<tap<w.

- To understand the significance of <tap>, one must understand the algorithm.
Suppose the user has entered four coefficients, ’

a3 | 39 | 85 | 3
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-~ and has set <tap> = 1. Further assume that <src> consistssgof -the following

- 80:

= | agXg F 29Xy F ayXe F 89Xa Xy |Xo |
3Xg T 29X T 31Xy 31X (X2

X 0 |23]23 |33

samples: -

[ Xo [ X1 X3 |X3 Xy |

‘ The,algorithn'l begins with the multiplication of the samples ah_d ::coefﬁcientslike '

i

Xo | X3 | X9 | Xg 1 °*
X 1 as 32 ay aQ

This result shows the new contents of the‘source file after the first iteration. On
the second iteration, the coefficients are shifted to the right like so:

y(0) | Xy | Xp | X5 | x4 ]

= | y(0) | agxy + asX, + a;Xg + agX,y | Xo | X3 | **

~ The number of iterations is always equal to the number of source file samples. In

this case the final result in terms of “y” would be

y(0) | y(1) | ¥(2) | ¥(3) | -

Notice that this result is non-recursive (as indicated by (1)). This is always the
case when <tap> = 1. Each iteration consists, then, of a shift and sum of pro-
ducts, '

o ‘Now, let’s go through the algorithm again for the case of <tap'> =2,
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X [agiayia|ag
= agXg tagx; +agXe | X | Xg | Xg | e

Notice that the effect of <tap> = 2 is to shift the coefficients to the left by
<tap> — 1 places for the first 1terat10n This is always true in general On the

x| a3 [aglayjay|
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Xo [ X1 | Xo [ Xg]°

next iteration we find:

",'Y(O) Xy | Xg | Xg |

= ¥(0) 237(0) + agx; +aXy +agxs [Xp | Xg |
We notice some recursion in this example, thus far. For this example we finally
get: - ’ fe ‘

y(kT) = z 24n vk + 0 ~2) + g a . x(k +n-2)

(Any terms whose arguments are negative, go to zero; e.g., (=1} = 0.)

We can start making some generalizations: The result of the n'h iteration always
gets placed back (essentially) into the source file (immediately after that iteration)
in the location, n; n =0,1,2.... In other words, the 1° source file sample always

~ gets replaced by y(0), and y(1) for the 9n gource file sample, etc., regardless of the

values of <tap> or “w”. Also, we see from observation of (1) that when <tap>
=1, a FIR (nonrecurswe) filter results, and when <tap> = w, an all-pole IIR

(recursive) filter results.
The question now arises as to what filter structure results in between these

* two limiting cases. The answer is best given by example Suppose it is desired to

implement the second order recursive filter section shown in the Figure. This filter
is described in the frequency domain by
Y(Z) — a‘0 + a‘lz-l + 8'22-2 | | (2)
X(z)  1-agz!l-ag?

In the time domain,
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y(nT) = ay(nT-2T) +ra,3y(nT—'{I‘) "f‘.-}:f (3)
+ ax(nT-2T) + a;x(nT-T) + aox(nT)

CTtis clear from (3) that on the RHS we need 2 “y” terms and 3 “x “terms. Using
. the limits of summation in (1) we set : :

{(tap—1)—1} +1 =2 <tap> =3
fw—tap) +1=3 = w=5

- The user should enter the 5 coefficients in reverse order (a, — ag) and indicate

<tap> = 3 on the command line. Plugging into (1) we get:
YKT) = 3 ag o y(k +0-3) + 3] appx(k + 2-9)
n=1 n=3
y(kT) = a, y(k = 2) + a3 y(k — 1)
+ agx(k) + agx(k +.1) + agx(k + 2)
y(kT - 2T) = agy(k —4) + agy(k —3)
+ agx(k — 2) + ax(k — 1) + apx(k)

ag + ajz ! + agz?

2 (X(z), _
e (X(Z) ) 1-agzl—az?

The magnitude of this filter response is the same as that of the Figure although
the present equation requires future input samples. Of course, these samples can
be provxded since they are all stored on dxsk This is a beneﬁt of non-real-time
processmg .
One may ask why this particular implementation of “rlf” exists, and not one
that is more straight-forward. The answer is that this command (“ri”), ‘“alf”,
“naf,” and ‘“‘raf” all share the same software having only minor modifications to
suit each command. These commands do not need the RATE attrlbute to be
specified. ‘ ‘
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rf

- Figure
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rm
NAME

rm -- remove file(s), or an entire directory (from the index)
SYNOPSIS

rm [-p ] [ <pathname,> [ <pathname> ... ], [<dir>/]]

DESCRIPTION ‘

“rm” with no arguments has no effect.
If pathnames are specified, those files’ names are removed from the device

‘index. The physical contents of the files themselves remain intact unless the ‘“p”

(X9

flag is specified. The ‘“-p” flag invokes the *pk” command which causes the
remaining files to be physically packed together, overwrltlng the ﬁles specified by
the <pathname>'s.

This command is similar to the UNIX command of the same name. On the

o :ECN ‘at Purdue, when the “rm” command is issued, the removed file remains

intact for a few hours on a back-up disk which is invisible to the user. Should the
user have accidentally removed a file, it is therefore possible to retrieve it because

“the file was not immediately destroyed.

The same option is available in the ODSP Lab. The file called “index” which

exists in the main directory of each device, holds the names and block locations of

“all current files. This information can be viewed using the “Is -1” command.

Switch 1I (and DMC) will not allow this index file to be destroyed under any cir-
cumstances. Additionally, Switch II allows the user to give some other file the
name “index”. The device index file may disappear from its usual location, which
is"the very first file in the list, but it never actually gets destroyed. To bring it
back into the listing, one needs to remove any files (which the user created) called
“index”, and then issue the “pk” command. To erase its contents, one must use
the ‘init” command. ’
“Example: : :
b Suppose the followmg index was listed using the “Is -1 command '

.Filenamev Type Rate  Start Length Mark

index = 1 0 1 23 0 N
junk D 2560 24 16 0
dexter P 0 40 1 0.

. Then, the user removed junk (“rm junk”) and listed again:
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| F ilename Type - Rate Start _L'engthv : :.Mdrk
"index | I 0 1 23 " o 0 |

.The user now dec1des that he/she wants * junk” back. He/she issues:
cat dexter —b16 +b0 > ]unk

| Thls clever user . notlced that the MARK for “dexter” is pre01sely at the begmmng
of “dexter and by makmg the “cat” command copy 16 blocks before the MARK

up to zero blocks after the mark;, he/she has recovered the orlglnal contents of

]llllk” whlch ‘was 16 blocks in length The listing now appears like. $0:

Filename  Type Rate  Start L_e,ngth, Mark a

index 1 -0 1 23 ‘ | 0
dexter ~ P 0 40 1 0
Cjumk P 0 41 16 0

Notlce that the rate and type attributes of “dexter” were carrled over to Junk” :
These’ need to be changed back (“cfa ). AJso notice that there is a: 16 block gap
: between ‘index” and ‘‘dexter”. We actually have two coples of ]unk” on the
disk now. Invoking “pk” will consolidate the files. Notice, agaln that * jirnk”‘fol-,
" lows “dexter” whereas, before, “junk” preceded it. _ |

_The-_ previous command could have equivalently been issued as

cat dexter -b16 +0 > junk |
or, cat dexter —b16 +s0 > junk

- The “+0” means 0 tenths of seconds after the mark whereas “+s0” means 0

B samples after the mark.

Usmg this type of <window> the user can devise more ways to recover lost

"*ﬁles ‘in- some other situations. An idiosyncrasy of this window type is that

: "SWITCH I will not traverse the rlght hand boundary of the named <src> file.

o Therefore, only ‘“‘removed” files which are phys1cally previous to an existent file
| fc'an'be 'easily retrieved. (Conslder the use of negative numbers i in. <w1ndow> )

v CIf <dir>/ is specified instead of pathnames, all files” names in the 1nd1cated

- pseudo—dlrectory are removed from the index. : :



“rnd : | o Swe Users' Manual | R 125

NAME':
- nd - round file samples to prescrlbed number of bits

-'SYNOPSIS B SO
rnd <number of blts> <src> [ <src> ]

| DESCRIPTION | | S L -
e Fach file sample will be masked (ANDed) with a 16-b1t quantlty whose

<number of bits> MSB’s are 1's"and whose remaining bits are 0’s. This com-
4 mand can be used to demonstrate the eﬂ'ect of n—blt ‘quantization. R
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- NAME S
' ros -- restore the output stack from disk

SYNOPSIS
‘ ros [<sre>]

DESCRIPTION A ‘ _ : - .
* This command restores the previously saved output stack for use by ‘the next -

- “out” or “r’ command. <src> must be a “q” file TYPE (a _qﬁe’ue file) which was
previously created using the ‘‘sos” command. If no <sre> is ‘speciﬁed, the current

output stack (which can be seen via ‘‘pos”) is cleared. ' '
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YNAME

sc - scale a file to a maximum magnltude

| SYNOPSIS

s8¢ [<max1mum value>] <src> [<src> 2] |

- DESCRIPTION

‘The named source files are scaled such. that the maximum magnltude in each

g 'respectlve file is changed to equal the maximum value spe01ﬁed,1n the command,
- while all other file values are scaled accordingly. The default maximum is 32767.

Note that since the ODSP lab uses a twelve-bit two’s complement A/D and D/A,

© one must assume a maximum audio file magnitude of 2047, the largest. p031t1ve

integer, not 2048, the largest negative integer magnitude.
‘Keep in mind that by scaling an audio file downwards, truncatlon noise will -

'E'be introduced. The truncation occurs due to integer roundlng Therefore, to scale

back upward would not reproduce exactly the original file.
This command displays the maximum and minimum found in the file, and the

i'approprlate decimal scale factor. Although <maximum value> is usually posi-

tive, a 'negative <maximum value> may be used. This has the addltlonal effect

of 1nvert1ng the source file.

,v Use “af” to invert a file (1 e. multlply 1t by -1).

- The original source file is always destroyed by this command

: BUGS The maximum value may not be 0. Use the “af” command for scahng to

0. The absolute maximum magnltude is deﬁned in SWITCH II to be
- 32767, not 32768. e S
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 NAME
' sic -- sample the input port

SYNOPSIS

~sic [, -u] [ <number of samples>> |

DESCRIPTION ; _

This command is like the “in” command except that the sample values
appear on the command terminal screen instead of getting placed in a destination
file. This command is useful for checking the operation of the input channel.
Since the samples come into the PDP via its input port, it must be clocked or the
command will hang (a break from the command terminal will un-hang it).

If no parameter is specified, the samples will be printed in octal format. The
-1 flag (parameter) yields integer format while the -u flag yields unsigned integer
format. The maximum “number of samples” is 256, while the default is 8 sam-
ples. The printout can be prematurely terminated by a <cer>.
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|

NAME

sm -- Stereo-to-Monaural file conversion

SYNOPSIS

sm <weight1> <weight2> <sre> > <dest>

DESCRIPTION

The source file is assumed to be a Stereo file regardless of its TYPE attribute.
(See the “ms” command for the structure of a Stereo file.) Each sample of succes-
sive pairs of samples in the source file is first weighted by weightl and weight2
respectively, and then the elements of the pair are summed. Each sum becomes a
new sample which is placed consecutively in the destination file. Consequently,

. the destination file is half the size of the source file. The source file is not des-
‘troyed by the use of this command. Further, the destination file may not be of

' the same name as the source. The destination file should be scaled down, if neces-

sary, to have a maximum value of 2047 for ODSP listening. The weights may be

“decimal fractions or integers.

This command may be used to decrease the sample rate of a file to 1/2 its ori-
ginal value by making either weight equal to zero. Beware that such a process
may introduce aliasing.

BUGS If <sre> is an odd number of blocks in length, the software uses data
’ from the nezt physical file on disk to fill out the last block of <dest>.
- Solution: <src> must be even in length, or truncate <dest>.
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NAME

sos -- save the output stack

SYNOPSIS
s0s <dest>

DESCRIPTION
The current output stack, which can be displayed via the “pos” command, is

stored for future use. The “ros” command restores that output stack which
resides in a <dest> file created by “‘sos”. Thus, the arguments of many complex
“out” commands can be individually saved. <dest>> is assigned the TYPE attri-

bute, “Q” (for “queue”).
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stat - file statistics

SYNOPSIS

stat <sre> | <sfc> o]

DESCRIPTION

For each specified source file, the following mforma.tlon is dlsplayed on the
terminal screen: -
= Mean of all sample values
Sum of all sample values
Total number of samples
Standard deviation
Variance

Remember that if no windowing is employed by the user when issuing this com-

mand (see syntax), the last block which is, in general, padded with zeroes to fill
it, will be included in the calculations. (Also remember that the first block of an

" -audio file may have been corrupted during input if the PDP output port was not

“strobed during data collection from the PDP input port‘(see m”)) Thls com-

: mand operates on the source files at a rate of = 10 blocks/second. : '

~This command can be useful for KLUGE maintenance. Spemﬁcally, for
cheéking the non-recursive filter operation, or for a nifty oﬁset'null procedure for
the gain/attenuator modules see pgs. 91- 92 and pgs. C2-C3 respectlvely, in the
newer KLUGE manual. : .
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NAME o SR
tape -- audio tape back-up of files (multiple file output through DMA) -
SYNOPSIS
‘tape [ <sre> ..]

DESCRIPTION :

This command facilitates the audio tape recording of all files in the current
" (pseudo-) directory. Basically this command is equivalent to “out” where the
“out” command-line argument would be a list of all the files in the current direc-
tory. The difference between ‘“‘tape” and ‘“‘out”, in that case, is that ell the
named source files on the ‘“‘tape” command line are output immediately after
each respective file in the current directory is output; i.e., they are interleaved
with the current directory files. < src¢>, in the ‘‘tape” argument, may be
replaced with s<NNN> (see “‘cti”) which denotes NNN tenths of seconds of
silence.. By taking the PDP output ports into the D/A converters and then into
the ‘tape recorder input, one can have an analog recording of all the digitized
audio files in one’s current directory. Although the is this p'rimary reason for this

command’s existence, one is not constrained to use it for its intended purpose.
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NAME
text —- create a help-command ASCH file

SYNOPSIS
text' A< dest>

DESCRIPTION ey

~ ASCI text is entered from the terminal by the user and is then stored in the

v named destination file. The ASCII contents of this file can be dlsplayed on the
" terminal via the “help” command; e.g;,

help < filename>

The user terminates the creation of the <dest> file by placmg the character
“ctrl-d” at the beginning of a line followed by a carriage return.

In this manner the .start file can be created. .start is a special file whose
ASCII contents are displayed on the terminal whenever the user changes to a new
directory via the cd-command. The .start will only appear when it exists on the
.device in which the new directory" resides.
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NAME
ul -- disconnect network link (unlink)
SYNOPSIS
ul.
DESCRIPTION

 This command undoes the connectlons rather, unlinks- the PDP 11/40 from

'thé network host which was established by the “link” comma,nd. Once a link has

been established, it is not necessary to unlink in order to carry on with other

types of SWITCH-II file manipulations or most other SWITCH-II commands It
is neither necessary to unlink after a “put” command since “put” automatlcally

unlinks after its execution. , }
. It is necessary to unlink before a link to a new host can occur; if an old link

‘ was previously established; i.e., only one link at a time is permitted: If the user

is unsure as to whether a link exists, it will not upset anything to perform an

“ul” to assure a broken connection. In fact, it is wise to use “ul’> before every

“Uink” to insure successful links because the “link” command has been known to
malfunction for no apparent reason. The “ul” command helps to get thmgs re-

initialized. »
“ul” normally takes approximately 6 seconds to execute successfully. It has

_also been known to fail, in which case a keyboard interrupt (break-break) will

usually get the user back to DMC. However, it is usually then necessary to res-
tart the DMC program via the ‘log” command which will always successfully
break the link. If the interrupt fails to get back to DMC, a manual restart

(773110) will then be mandatory.

BUGS This command causes the device and pseudo-directory to revert back to
Aries’ main directory ‘“a” if a link actually existed prior to the command

executtion.
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Chapter 3
Bell Digital Filter User’s Manual
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USER'S MANUAL
FOR THE
SERIAL, TIME-SHARED
DIGITAL FILTER

EXPERIMENTAL UNIT

“'This digital filter system* is a teaching and research toci for
digital signal processing. It provides a large‘real-time progfammab]e'
signal ﬁfecessiné capability which may be accessed through:each:0f7se§-
’eral easy-to use’terminals The system consists of a PDP 11 /90 mini-
computer’ (mini) and teletype (TTY), a general purpose dlgltal sngnal
processor’(oF), and a number of termlnals (1 to 8) which are used to
enter data that programs the DF. These termlnals also provade analog
5|9nal paths to and from the A/D and D/A modules in the DF. The4
minf‘s‘functron is to interpret entries made at the terminals, and to
make requested data transfers between the mini's memory and the DF
_ memory.

The terminal accesses the DF directly as well as threugh the
mini. The terminal has an analog input and output (+10 volt range) .
An analbg.signal source connected to the input terminal‘is sampled and
converted to a 12 bit digital signal by a sample and hold-analog to |

digital converter (A/D) in the DF. An 8 KHz sampling.rate'is hominal,

*Constructed for Purdue by Bell Telephone Laboratories
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and will be assumed throughout this manual although higher samoiing
rates are available. The digital signal is processed‘by the DFi
‘accordlng to the data entered by the user through the termunal key-
board The processed dlgltal signal may then be converted back to
analog by a dlgltal to analog converter (D/A) in the DF and this
signal may be observed at the analog output‘of the termlnal.- There’
is no pre—‘or'post-conversion filtering‘done to the analog signals,
fso‘that all the effects of sahpling avcontinuous signal may be
observed. |

v>'The;DF basically'performs the second Order:section'(SO$)
calculation shown in Figure 1. It uses 16 bit information signals
between secfions and in the sample'delays, bdt carries 18 bit S
humbers at the multiplier oufputs. The multlplier coefflcuents B]..
Biﬁ{andtqj_may have values between -l 77... and +1.77... (octal
ndhber base)'wich 16, j3, and 9 bits of resolution respectively;abr

ForﬁexampleMm has a 7 bit fractional part, and its values are;vi

1
“1.774, =1.770, -1.76k,..., -.0, +.0,..., 1.770, and 1.77k.
a2;i5»restriCted to values of -1, 0, or +l.rvThis restriction"
presents»po;problem for most practical second order filters,_aod

o as;wjl]vbe‘shown later, there are ample options available to correct
many'short‘comings which may arise. The DF performs the second order
1sect|on calculatnon in sllghtly less than lusec, usnng ser|al “plpe-
llne“ arlthmetlc. Since a calculation is needed only every 125 usec
for an 8 KHz sampling rate, the processor may be time multlplexed |nto
128 Jndependent “time slots,' providing 128 separately programmable

second order sections. One sample of the data for the first S0S. is-

processed during the first time slot, using the coefficients (B], a],-etc.)
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for that ‘time slot (whlch are stored in a memory within the DF)
Then,vone sample of data for the second SOS is processed dur|ng o
the second tlme slot, using a- dlfferent set of coefflclents, and ‘
s0 on’ unt|l one sample is processed for each of the 128 tlme slots.,
This process is contlnually repeated for each sample in the 128
lndependent S0S. Thus the DF effectlvely provudes 128 of the ‘
processes shown in Figure l, each operatlng at.an 8 KHz rate.,w"‘
These are d|V|ded among the active termlnals, so that each user L
has access to a large number of SOS | | |
The DF memory provndes 64 bits of program data for each tnme

slot.\ Sixty of these blts are programmed by . the user by enterung
.SIX coefftctents using the termlnal Three of the remalnlng bits :i‘T
' control the assngnment of a time slot to a partlcular termlnal
”The user is unaware of these blts since they are automatlcal!y set _1‘
by the computer software. The remalnlng bit is currently unused |

_ | Coefflclents 1, 2, 3, and & (which account for 40 of these
64 bltS) are respectlvely the Bl’ 62, iy " and o, multiplier co-,:
'eff|C|ents shown in Flgure l. Coeffncnents 5 and 6 control the

optlons wuthln a SOS, and the connectivity between SOS's.'

Q. Input, 0utput and Connectlvi_y

Coefflclent No. 6 |s made up of three octal dlglts:f UTfs“;‘.

' “108 s” and “1008 s", each controllnng a set of optuons._:TheecompTete.
coeff|C|ent is formed by addlng together the code numbers for each
optionudesired. A zero is always the normal optlon. The l's dlgit
‘controls the input to a S0S, and the 108 'S digit controls thexoutput; d

| Comblned they may be used to connect the SO0S's together ln a W|de

varlety-of configuratlons. Flgure 2 illustrates the optlons available
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'Filterlng. -Thus, the output otAthe‘prevlous‘tlme‘slot is alwaysr“r
avallable as the input to the next SOS and thns is speclfled by llv‘
"-settlng the l's d|g|t to zero. "'

“h“ specnfles the A/D signal as the SOS input. Thisfsignalr
IIS avallable to all tlme slots assugned to the termlnal | V

A g speclfles the "computer loaded reglster" as lnput.
Termlnal keyboard operatlon (whlch wull be described later) loads a

_'value in this register, % and thls may be used as a constant (D C )

input. However, every user has access to thlS reglster and someone o

else;may:alter the value, SOAlt must be ‘used wuth care;»v
A 6" specifies a (minus) 2ero input}

"7“ specnfles connectuon to a.white noise source. The .

nouse is psuedo random, wnth a repeat pernod of several seconds,}3ﬁ7 -

,5and has a full scale amplntude (l6 bits).

Three "temporary data reglsters“ (TDR) are avallable to serve I

asjsignal,processnng paths. That is, the.output of one SOS_may;be,h
vconnected to the input of severaleother SOS, A "l“, "2", orjﬂ3? :
connects the S0S |nput to TDRl TDR2, or TDR3. | | _
: The l08 s dlglt of coefflclent 6 controls what (lf anythlng)
is. done wnth the ggtgut_of the S0S. A "10," “20 "or "30" speclfles
'that the output is to be loaded into TDR1, TDR2, TDR3 ‘
- TDRl and TDRZ may also -be used as accumulators, so that

_several_separately processed slgnals may be added together,._ ”60“

*Seelthe.dlscussioniof the PULSE key below.

13
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(”70") spec|f|es that the output is to be added to the contents of‘

'-_'TDRl (TDRZ) There is no overflow protectuon for these addltlons,

and the usual "wrap around'' to the opposute sugn W|ll occur |f the"'
_result becomes too p05|tlve or negative. |

As a result of the serial ar|thmet|c used by the DF there is
a one tlme slot delay from the t|me a TOR is loaded untll when |t may
' be used ‘as an lnput to another SOS Thus, |f the thlrd tlme slotwbd
accUmulates its output in TDRl the flrst t|me slot wh|ch may usenv
thls accumulated value as an lnput is number 5 | Lo

”hO“ (for coeff|c|ent 6) loads the nine most S|gn|f|canthl
bltS of the S0S output into the neoefficient reg|ster” (CR) elvﬁ
contents ‘of this resister may be used as the a] coeff|c|ent of a: :
later”tlme slot. ThlS option W|ll be descrlbed later.lbb 1

A 150" adds the SOS output to both TORT and TOR2.

ln general, a "“TDR may not be used to connect the output.of
a “time slot to the |nput of a lower numbered tlme slot, unless all
other users are not usnng that TDR There lS only one set of |
bthese reglsters, and all users may access them durlng thelr tlme
slots. Thus, there is no guarantee that data has not been loaded
‘|n a TDR durnng the time slots assigned to some gthgr_user._;;,

The output of any one of the SOS's assigned to a user- may.
fdbe output to the D/A associated with his terminal. A speC|al key-,~
board: operatlon described later accompllshes this connect|on.; The
vcomputer software guarantees that only one SOS output is connected;'
jto the D/A The /A converts the twelve least sugn|f|cant b|ts ofp;_

- the (l6 b|t) data and saturates on any signal whlch is out of thlS : -
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12- blt range. Scallng (descrlbed later) may be used to attenuate' _

.'the l6 bit signal to wnthln the converslon range of the D/A..

: The 1008'5 dlglt of coefflc1ent 6 is used to specufy one of

: three nonllnear functlons wh|ch may be applled to the S0S output.'

"100“ spec1fies full wave rectlflcatlon (FWR) . All negative
numbers in the data stream are converted to ‘positive. o
A “200" specnfles the.“slgnum" functlon. With this function; :

the output may have only one of two dlfferent values, +k or -k, the’ sign

s flxed by the data stream, and the value of k is flxed by any scallng

that is. applied (see below)

“300“ specifles half wave rectiflcatlon (HWR) All"negative
values in the data stream are converted to -0.
A note regardlng the polarity of data The A/D and D/A are

both buffered with nvertlng unlty galn amplufiers, o) that a FWR

iS|gnalffrom the DF WIll have n egative polarity when observed-at the

terminal HoweVer, a signal converted by the A/D, processed by. the-

. DF wlth no polarlty sensitive functlons, and converted by the D/A

wull,have,undergone two inversions, and will thus havelthe-proper;IVQ

polarity.»ff,;_

Coefficlent 5 is made up of four octal dlgits, and controls

a. varlety of special functlons whlch greatly increase the versatllity

of a SOS

fJ The 10008'5 digit of coefflcnent 5 controls a power of 2 scallng

'at the output of a SOS This is used to compensate for excessive galn
'b wnthln a SOS and to keep the sugnals w|th|n the dynamlc range of

: thqﬂQE;or,the,D/A. The data is scaled'after the



. Attenuatlon as, great as 2

SOS calculatlon and nonlinear functlons (FWR, sugnum and HWR) but 5-‘

before the output options (anure 2). The data is scaled by 2 J, where»

jis the dlgrt in the 10008'5 place of coefficient 5. Th“5j3:3°9°” »
speclfles that the data stream magnltude be reduced by 273 °;vl/8; K
-7 may be specufled When,the s,gﬁuﬁfﬂrl ‘
funct|on is spec|f|ed by coeff|C|ent 6 (200" dlglt), the scallng’:l:
, determlnes the amplltude of the two ''saturated'' outputs, +k RET oy
ﬁl‘ l52"1 so that with “7000“ scaling, the amplltude is one LSB o
(least sugnlflcant bit),. and with "0000“ scallng, the saturated b':l

amplltude |s.15 'ones"' (full scale).

- Configuration Options

A varlety of other optlons are available so that sngnal
' tproce55|ng usung somethlng other than the basnc second-order sectlon»
;format (Flgure l) may be accompllshed These optlons alter the

'structure shown in Flgure l and may also.change the source or’ nature :

. of the delayed samples (Z and z ) - A1l of these optlons increase

the DF hardware complexuty only sllghtly, and are possuble prlnclpally

because of the serial format of the data representatlon.v (A data path
' may be SWItChed using a 5|ngle multlplexer or broken usung a sungle

AND gate., 0ften, a special feature cost no addltional hardware ,;d

because of unused gates or functlons in Ic packages already needed - |

for the basuc processor )
Flgure 3 is a more accurate |llustrat|on of how the processor

is actually |mplemented With the loglcal switches in the poslt|ons

shown, the S0S process is the same as that shown in Flgure l Thefﬁv,f-.
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utlllty'of this organization will be apparent as the oPtlons:are

».descrlbed

The l's d|g|t of coefflcuent 5 controls the dual selector

:SWItch PlA and_P]B as well as swntch S2 S, fs in the closed positlon

forvall odd COdes, and ‘open for all even codes.
“I" code selects the input sngnal as the sample to be i

delayed rather than the sum of B, and Bl and the |nput sngnal> Thatt'

vls, the 508 feedback path is,broken.' Th|s has the effect of placnng‘ _
B' and'al in parallel'and Bv and az in parallel " This makes the SOS
‘_an all transversal fnlter and elumlnates the resolutuon llmltatuons,

of az Some transversal fulters requlre coefflcuents wuth a range

greater than +2, wh|ch |s the normal range of B], 82, and a . However, B

1
.the delayed samples may be multlplled by a power of two us:ng the l008 s’

dlglt of coeffuclent 5,,wh|ch controls selector P2 Thus wnth B and

al in parallel, coeffucnents in the range of +32 are possuble.,
| Swltch SlA and S'Beare controlled by the l08's digit of TSH',
coefflcient 5. A '"4o" code breaks the sngnal paths into adders
A.l and A2 : The S0S sngnal may stlll flnd its way to the output, ':
however, through the delays and the al and az multnpllers. RRE

All ‘odd- codes of the l s dlglt of coeffnc:ent 5 are obv10usly y
’ meant to use the B multlpllers in some way, because the effect of SIB
.|s defeated by S for these codes | |

”2” (for coeffucuent 5) selects the S0S o utEut as the sample

to be delayed (through PlB) Thls makes the fllter all recursnve.
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’Thus Oﬁ becomes equivalent (|n its effect) to 3'; The speclal
optlons avallable with a, (which wull be described later) make thns o
a powerful feature.: L

v‘ “3“ selects the tw|ce-delayed sample from the next tlme |

slot as the.sample to be delayed. durlng the current tlme slot This

B makes lt possuble to implement hlgher than second” order fllters

directly. Figure ka i1lustrates a fourth order (dnrect reallzatlon)
recurslveffilter lmplemented u51ng this feature. Flgure»hbbls an-
equlvalent form of this arrangement.» Note thatﬂthls is dlfferéﬁtjé

‘ from two cascaded second order sectlons.

Flgure 5 shows how a 6th order all transversal honrecur5|ve) f|lterA

mlght be dlrectly implemented, using the accumulator feature of TDRl

. There are six aamples of delay before o and B of tlme slot ¥ can

2

‘operate ‘on the input data. As we now know, the accumulatlon in TDRl;°
is not ready for output untll tlme slot 5. Note that the |nputngoesA’
-to tlme~slot'3. ThlS is the ley_case where data may be passed

‘“backward“ ln time, | e. to an earlier time slot wnthout uslng a TDR}

A i or 5" code specifies that a full scale sugnum functuoni
|s to be applled to the elayed data. A ''5" speclfnes the nonrecurs1ve
mode (due to switch P, ) " This allows a S0S to perform functlons _

1_wh|ch requlre hysteresls, such as a Schmitt trlgger. |

Codes ng! and 17" bypass- the overflow protectlon on the delayed
sanple, SO that wrap around arlthmetlc is in effect. “7“ disconnects
" the B slgnal path and restrlcts the $0S to a first order recursive

'_sectlon. Thus, a code nu may be used for making a "resettlng" |ntegrator



,VWith B]-=§l, the output is equal to the sum of'all thevinputSVUntil~
the result reaches full scale then the result goes to negative full

scale. Th|s is useful for generatlng long perlod ramp functlons,

uuwhlch may later be changed to square waves or impulse strlngs for };:}

testlng the step or 1mpulse responses of fllters made with other S0S.

al Options

| lhe o] and az coefficient c|rcu1try |s really more complex ;
than is shown in F|gure 3 Flgure 6 |llustrates their options.
_These optlons are controlled by the lO's dlglt of coefflclent 5

' Elther coefflclent 3 or "the value stored |n the coefficient .
reglster, CR (descrlbed earlier in the section on output options)

’ 'may be used as the o coefficaent. Swntch S1 (Flgure 6) does this

‘.selection a code “20” speclfylng the CR Thus, two data streams;x_”'

may be multiplled together to»performta variety'of_modulation“ft' |

functions. Even when the CR is selected, the signvgf_coefficient No.

(d‘)‘ islf effect, so that a positive or negative multiply may
beldone,ggé nce the al multlpller may be put in either the trans- .
versal or recursive part of the SOS, amplltude or frequency mod-f h
ulatlon may be accompllshed

The coefflclent selected by S1 may also be used asvan

‘ addltlve constant. This'optlon is chosen by 2, a code "1o" - vlb

selectlng a constant (”l”), as the multipluer term rather than étagiv'
the delayed data. ThlS is a»useful feature for threshold detectlon.:.'

Note also that two data paths may be added or subtracted @ccording :

'to the sngn of coeffscient 3) by selecting CR with S1.

3



Coefficient 3 and CR have only 9 bit resolutlon, since,ai
controls only a 9 bit multlpller CR is loaded (see Flgure 2) wnth

: the sign and elght most significant b|ts of the output data. Some

care'muSt be exercised in scaling to maintain a reasonableﬂdynamlc
range;f‘ | | ﬁ
Flgure 7 illustrates how these options may be ‘used to program
a sWeep“frequency oscillator. Time slot 1 is used to generate a
small“constant. Using a zero input (coefficient 6 = 6), a small’
value fOr a (coefficient 3 = .004 tor example), and a scallng’of'

7 (coefflcient 5 = 7000), a constant appears at the output “Time

slot 2 |s used as a wrap around integrater. With coefflclent 5 = 47,

coefficient 3 and scaling may be used to add just the peak to peak
'amplitude of the ramp (saw tooth) output signal. Tlme.slot 3 uses

coefficient 3 as an additive constant to produce a level shift, and

~the output is stored |n CR

Since serlal arithmetic is used and sizable delays occur in

the multlpllers, the data loaded in CR may not be used unt1l four

time slots later. Tlme slot 7 is used as a programmable OSC|llator

82 is set‘sllghtly more negative than -1 (-1. 001) so that the

oscnllatlons WIll grow in amplitude until limited by the overflow
protectlon. CoeffIC|ent 5 = 23 so that the a, multlpller is CR :
and is in the recurS|ve path. ‘The output of tlme slot 7 wnll be a

full scale sine wave oscillation, whuch may be scaled by tlme slot

d'8'before'1t is flnally used. The center,frequency is chosen by q‘:
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and thevscale used in time slot 2. The sweep .rate is determined by

(additlvefconstant) in time slot 3. The sweep range is fixed;by‘a

’the constant generated by time slot 1.
One other option is available u5|ng the o, and o, multlpllers..

A “-Oﬁ code for az is redundant,-and is used to select the S|gnum
funCtlons shown in Flgure 6 through 53} The saturation constant

is 1/2 full scale (a one followed by 14 zeros). |If thejai multiplier

is positive, the'output from the_adder‘will‘be nonzero only when the |
delayed data changes sign, which will cause a full scale output
fromlthe_adder for one sample. ‘Thus, it operates as a zero crossing
detector., If B and B are set to produce an osclllatlon and co-';
eff|CIent 5 = 40 then the output will be a sequence of full amplutude e
.ipulses of alternatlng S|gn. lf the FWR option is used, they wnll

all have the same sign, with twice the frequency of the oscsllatlon
produced by B and B . A time slotvsuch as this (with scallng)

may . be used to drlve thawrap around integrater in Figure 7 to make”
a.step-sweep frequency oscillator, where the output has constant .
freqUency for a period of time, and then steps to a new frequency.

: Thls completes the description of optlons which -are controlled

by the Slx coefflc1ents that program each time slot. A great deal

- of flexab|l|ty |s avallable to produce a variety of fllter conflguratlons.

.The examples should illustrate to the user that some of the tlme
‘ slots assugned to him may be used to generate test signals for

_'other tume slots which have been programmed as filters. Then still
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other time slots may be used to measure the response of the fllterh:
under test. A large class of test instruments may be constructed |
in this way.
Appendlx‘l contains a llst of the coefficients, and a. brlefr
descrlptlon of all the options which are avallable | The remalnlng '

part of ‘this manual wnll describe the use of the terminal keyboard.

Digital Filter Programming Using a Terminal

The user terminal has connectors. on the.rear_forvan analog.
|nput (+lO volt differential input, ~ 20 kQ |mpedance) and. an. analog.
output (+ 10 volt, ~ 100 © impedance). Both of these sngnals have
12 blt resolutlon (smallest step = 5mv) |

Figure 8 illustrates the front of the termlnal There arei
two. d|splays . a three digit display on the left called the coeffncnent
number dlsplay (CND), and a five dlglt dlsplay on the rlght called
the data d|splay (DD) A calculator llke keyboard is used to enter
| the data dlsplayed ‘by CND and DD, transfer the data to the DF, and ~
to display data from the DF. It is also used to access a file
system for the storage of program data. » |

The 0N/0FF switch on the keyboard is used to actlvate the’
termlnal and execute lnltialszatlon functions. The avallable trme .
slots (l28 for 8 KHz sampling) are nominally d|v1ded equally among |
the‘8vterm|nals connected to the system. However, if a termlnal is
off, its time slots are assigned to the terminal with the next

_lower_physlcal'number (modulo the number of terminals in theEsyStem):_



14

Thus,_ if'only one terminal is on, all 128 time slots are assigned“

to it.- (AII termlnals function identically except for this assngnment

of unused time slots) When the terminal is turned on, all the coeff:cuents
of the time slots assigned to that termlnal (|nclud|ng those contrlbuted
by other of f termlnals) are set to their ”nomlnal” values., That |s, " |
coefficients l through 5 are set to zero, and coeff|C|ent 6 is set equai

to 6 (zero input) for gll_tlme slots except the first, Coefftcnent.6v'

for the first time slot is set to 4, the A/D input, and the output of

" this time slot is connected to the D/A.  Thus, the DF is simply a "Wire”,

’digitizing”the input analog signal, performlng no processing, and con-

verting‘the'signai'back to‘analog form. The effects of snmple dlgltlzatlon
may . thus. be observed. There is no filtering done before or after the _i-;

digital/anaiog conversions. Note: Turning the termnnai off, then;onsf,e

.'again,is the'fastest way to reset all eoefficients, and erase all

programming“which may have been done.

_The CNﬁ.addresses the time slot number and the coefficienttl
number for data transfer. bThe least significant digit is the |
coefficient number, and may only have values 1,2,...,6. The othen
two - dlglts represent:the time slot number,itheufirst is numbered:ﬁl",
Slnce more than 99 time slots may be aSS|gned to a termlnal; the _“;”
symbols ”0“ "g', and n.n for the most significant dlglt are used ~t0v
indicate tlme slot numbers 100 through 109, 110 through 119, and

121 through 128, respectively.
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“The keyboard keys in the:right column and theip¢int (U;ﬁ)
key have duai functlons.- The alternate functions (yeiiow ioWér*
labels) are selected using the PASSWORD key, and will be dlscussed
:later. ’The primary functions (the upper whi te iabels),are used -
for most DF programmlng -

PreSS|ng the EXAM key causes the coeff|C|ent specnfued by
the CND to be dlspiayed by the DD {f the coefficient number is
1, 2, or 3, the display W|il have a ''‘point' after the flrst dlglt,
and a foUr digit fractional part. The number base is-nominaliy
octal (set when terminal is turned on) but may be changed to
decimal'using,the,PASSWORD key (see iater). Coefficient 4 may
be'”i””"'“ W, mo]m, or M-, Coefficients 5 and 6 are h'and:3.
d|g|t octai numbers. Each time the'EXAM key is pressed‘consecu-
tively, the CND is automatically incremented to the next coeffi-
cient, ‘and its vaide displayed. After coefficient 6, coefficient
1 of therneXt time slot is displayed.

The digit keys piace data in the DD. Digits are acceptedi
until the_display.is’fi]led, then additional digits are ignoredr
The " IA"'key will only place the point after the first digit; -
and |s |gnored any time it is pressed when not appropriate.

The d|g|t and ''." keys cause the DD to be automatlcally cieared -
if pressed |mmed|ateiy after ‘the  EXAM key ‘ |
| ‘The ''Ch.S.", key changes the sign of DD. There is ﬁO»

restrietidn on when or how often it may be pressed.



vahe ""CLEAR DISP'" key clears DD, prodncing a null diSpley;"
VAA'particular time slot and coefficient is addressed byi“‘
enterlng thelr numbers in the DD, and pressung the "'COEF |
1#“ key. The value in DD is moved to the CND, and DD rs cleareo.
If the»epeeified coefficient number is zero, it'wfll be-chenged to
I; If it is greater than 6, it will be changed to 6. If the time
'slot number specffied is zero, it Will be changed to'1 (a nu1] vaiue
in DD will cause "11" to be entered into CND). If the time slot

number is greater ‘than the number of time slots assngned to that .

termunal,»the CND and DD will blink at about a 1 second rate. ‘ThIS

is a genere] error signal which occurs whenever an illegal or -
impossible_request is made. All keys are‘ignored until the CLEARi:
DIiSP.,_key"is’pressedo This cfears DD, the error signal, and»the‘
, correot'yalue may be entered. |
,.The_D/A>connection to a time slot is also controlled by the
COEF #,keyt if a negative time siot number is entered:in CND, the
D/Avis;thereby connected to the output of the specified time s]ot.
The.D/A conneotion to any other time slot is broken. (Notioe, the v
coeffacuent number part of the specuflcat|on is not sngnlfucant
>for the D/A connection, only the part specnfylng the tlme slot
nqmber‘is used.) This D/A connection remains the same'UntilianOther
negetﬁne ooefficientinumber'is entered.
| th: The>DF’is programmea ueing the DEP key. The'coeffieient |

' numberbspeeified by the CND is loaded with the value in DD whenever

the DEP key is pressed. DD will automatically clear after the transfer
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is completed. Coefficients T, 2, and 3 must have a ponnt évén. lf
éﬁefr”vslués are zero. Normally, the|r fractional parts are SPGCIfled

'ln octal but may be'SpeCIfled in deC|mal usnng an optlon descrlbed

latert' Coefflcients 5 and 6 mus t always be octal, and Aot contaln '
' 3a°point.f DEPOSltlng an |llegal number will cause an error Signal'
(bllnklng CND and DD), and the CLEAR DISP key mus t be pressed before
'the correct value may . be entered. | | J s -
”1 These » key Funct|6ns aré arranged o that‘normal daéé?pragfamming

75’ convenient and sélf- checklng if the coefficients are entered |n‘
: sequence (coeffncuent 1 through 6 for each t|me slot, startlng wnth
the lowest tlme slot number) After the data is entered (DEP05|t)
pressnng the EXAM key will display the Just-entered coeff|Cient as lvd
it exists in the.DF~memory.v Thus, any roundlng,utruncatlon, or
| mlSslngibittfields‘can:bé observed. Pressing the. EXAM'keylagain:”
"Wlll increment the coeffncuent number in CND, and d|splay ltS
current value. If the value happens to be correct, the EXAM key
may - be pressed agaln to dlsplay yet the next coeffncnent. if,a-~
change is necessary, the DD wull be automatlcally cleared |f any
dqglt'key or the ', key is pressed.f Hf Just the sign needs to. be 'fb
'chaﬁgédf the Ch.S; key may be pressed, and-then the DEP- key.: fhe o
'magnltude need not be reentered in DD. o o i

" These key - functlons are all that is necessary to program T
' completely the DF, and observé the processed signals. HOWeVer,v:

other’ functlons have been, prOV|ded to increase the flexablllty and

"powervof the system.



ltvls often useful to pulse a fllter network, in order toldl"
{alter a l|m|t cycle, start a process or test the response of the‘
Avvfllterev The PULSE key may be used for this purpose. The tlme slotv
; whlch recelves the pulse is that specified by the contents of CND
o The amplltude and sign of the pulse is speclfled by the contents of =t
DD, whlch_must contaln arp0|nt. The "y part places a one in the j“
: most S|gn|f|cant bit posutlon.‘ When the PULSE key is pressed the ;h
value speclfled ln DD is loaded in the ”computer loaded reglster“ a
a(see_Flgure 2). Coefflclent 6 of the time slot specnfued by CND
lS'read;}and’a "5 (connect‘lnput to computer loaded reglster);ls:
: temporarily;placed in the 1's digit. This modi fied coefthienti§i;.T'
isiloaded:ln the DF, and used for onerSamp]e. Then the orlglnalf;p .
_¢9¢ff191§ﬁﬁ;6_i5 loaded; and the process ls_complete; 1t ls:
repeatedueach tlme'the,PULSE key ls pressed. ThlS~sequencevreplaces'
one;of:thetdata>samples in the‘normal‘signal by a value Specifled;. x
'by:DD?'ilf;the normal signal'input is a zero, the effectfls'anpigif

lmpulse;;,Ajvariety of effects may belobserved using thls?functiOn.,

Password and File SyStem:
’ZJApproxlmatelythiwords of the mini core memory are_ayailable:
ﬁ to store bF-program data° and this memory may be accessed by‘thevuser‘
to store and/or retrleve DF coefflclents.‘ A particular file is'
accessed usnng a “password“ number asslgned to a set of mlnl storaée .
locatrons | ThlS number may have any value between -l9999 and 19999
vlThe speclflc number ls aSSIgned by the |nstructor through the tele-

typeu(TTY)pconnected to the mini. A password has access to 256 llnes .
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-of storage; one line being the data.necessary to program one timei"
_slot:KGh bits of(data; so there is enough storage for ~1000 time slots).
TranSfers to and from a file are made on a linebbasis, SO thatfa'
complete time slot is the smallest storable unit of data. o
| A psssword IS specnf:ed by entering the password number in
DD, and then pressing the PASSWORD key. If the password is valld,
(one that has been'previously entered by the instructor) DD will
olear."Six‘of the keys now have alternate functionsf(the lower,"
yellow labels). The terminal will be in the password mode (with
the”yeTlow alternate functions in effect) until a password‘funotion
is completed or untll the CLEAR DISP key is pressed twnce consecu-
tlvely If the same password is used for another password functlon,
itjneedﬁnot_be reentered. Pressing the PASSWORD key when there is
a null DD display has the'effect of specifyinghthe last used passe
word”number "(Note: There is no ''last used" password'defined!after
the termlnal has been turned off and then on again.) .
The alternate function of the '".'" key is to chande the f
number base of the fractlonal part of the coefficients. lf DD
is nu1l, and the key pressed while in the password mode, the base
is octal; If a9 is in DD, the base will be decimal. After thlS »
key fs ‘pressed, all keys again have their normal functions (the»¢
termlnal is out of the password mode). The number base thus -
spec1f|ed W|ll be in effect until respeC|f|ed or until set to -
octal by turnung the terminal off and then on. |
| Four thlngs must be spec1f|ed to make a transfer of data :

betweenithe DF and a file: 1) the flrst DF time slot where the



transfer is to occur, 2) the password of the file, 3) the first
line of that file wherevthe transfer is to occur, and 4) the
} number of llnes (time slots) of data that are to be transferred

The DF tlme slot is specified by the contents of CND (the coeffucnent

number part is: |gnored), and must be set to the proper value before

_entering the password mode. The password ié.speCified'gg_described

earlier, and the alternate key functions then come into effect.

‘The first line of the file is specified by entering the l!ine

number in DD and pressing the FIRST LINE (Ch.S.) key. The file
]ines.arennumbered 1 through 256. An error signal'will occur,ff-
the;hfirstv]ine“ number is out of this range; and CLEAR DISP key
vmust then be pressed. (This does ndt,take the terminal out offpaSse.
‘Word mode. - The CLEAR key must be pressed a second time to aeedm-M
~plish this;). The correctvnumber may then be reentered. If thé=*
flrst llne is not specified, "1" is assumed. Pressing the.FlR§Tlf

LINE key causes DD to clear. The number of lines to be transferred

IS then entered in DD. These operations define the_range of the

data transfer

. Ef the WRITE FILE key is pressed, the data will be wrutten
inte~the file from the DF memory . If the READ FILE key lsupressed,
the file Wfll be read into the DF memory. jf an attempt isﬁnade to
read a file which has not been written, or if a flle line number fv'
greater than 256 is requested during transfer, an error sngnal
wu]l result. After transfer, the terminal is out of the passwgrd,

que..:‘
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I'n summary, then

10 READ OR WRITE PASSWORD FILES:

1) . Make sure the time slot number of the flrst S0S to be affected
by data transfer ls_now residing in CND. . If thIS is not the
case;’usevthe COEF # key to properly load CND.

2) 'Key in password number of the file involved.

3) Depress the PASSWORD key.

k) Key in the line number of the flrst line of thns memory flle

~ to be affected by the data transfer.
5) Depress FIRST LINE key.
vé)_:key in the number of $0S's (or, equivalently, line numbers) to
: fbe transferred | |
7"’a) To read a file from the computer memory to your DFbsectlons,
";depress READ FILE. |
“b),vTo write some (or all) of your DF sections. to‘computer

‘memory, depress WRITE FILE,

"The file space of a‘negatEVe password number may not bei
-written into The instructor may change the signAof a password
number from the TTY, and thus. make a file read only. This.allows
‘some - generally useful processnng programs to be available to all
’ users, W|thout danger of having the flle damaged.

The data stored in a file contalns the same D/A connectlon
|nformat|on that existed when the file was written. When the f|le‘

is read back into the DF, the D/A connection specified in the f|le.,
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: wuii‘be made and any other connectlon broken. Atter the fileihas
been read into the DF, the CND will indicate the time slot‘whieh;is |
: connected to the D/A. 1f no connection is specified in the data,f
‘the‘eXisting D/A connection'is maintained, and the contents of:CNbv
will be unchanged.

A special feature is provided to‘compare‘different DF'svinA‘
’duiek succession. When the'TABkFILE key is pressed (with a null DD
dispiay), the first eight lines of the password,file previousiy |
referred to is read into the‘DF, starting at the time slot speCiFied‘v
by CND. ,The terminal does not leave the pasSword mode, does'not,;
.indicate any- D/A conneCtionvby modifying CND, and displays‘”O“" |
DD,; The next time ‘the TAB FILE key is pressed (no other keys pressed
in between), ‘eight more innes of the password flle are read |nto the
rsame time siots, but thIS time, starting wuthvllne-lo,-and a "
i's then dispiayed in DD. Each-successive time the TAB FiLE key is
pressed,_eight'more lines of the file are read into the same DE_time
'._siots, starting‘with lines 20,30,...,70,1 10,.., and so on'with.the
numbers 2 3, «e3750,1,... being dlspiayed in DD. ihus, eight
dlfferent DF's each using up to eight time slots may be entered
suecessiveiy using a single key stroke. If a dlglt key (0-7)~|s
pressed that number will be entered into Db' Then, the next tlme'
the TAB FILE key is pressed that group of eight llnes will be read .
The»second;tlme.the,key is pressed, the digit wuli.bevlncremented
(modUIO 8),>and the next group of eight lines will be read in.

0bvnousiy, the password file needs to be prepared carefuiiy
for thls feature to be effective, but a varlety of interesting

effeots may be produced and/or observed. - For example, if the first



tlme slot'of each group is programmed to be an oscillator at a :
frequency of the chromatlc musical scale, simple tunes may be'
played usnng the d|g|t keys and the TAB FILE key. Usnng one of

the" nonllnear functions available at the output of the oscillator )

sectlon - and the seven remaining sections for fllternng, the tlmbre ;

of many conventional |nstruments may be |m|tated

The |nstructor may change the tab flle structure |f necessary.

The number" of time slots programmed the start line of each group,

and the total number of groups .are all programmable by a TTY entry. |

* The contents of a’ flle may be listed on the TTY using the

TTY LIST key. The first line and number of lines are specnfled JUSt

as for a data transfer (the contents of CND are |rrelevant) and
then the-”TTY LlST” key is pressed, ‘The TTY will now begin listing
the flle |n an easy to read format. The data»typed on any line is
_ that whlch |s in the flle when the line printing beglns, SO |
transfers to the file while a llst is in progress may. alter the
l|st|ng., The number base of the fractional parts appearnng in av

listing .is the same as specified at the terminal. A '"*'" is typed :

' at‘the end of the line which is connected to the p/A. If a terminal

’ request-for a l|st is made while the TTY is already in use, an
error sngnal will result. A Ilstlng may be stopped by typlng a

VBELL" (control -G) on the TTY.

TTY 0perat|ons

Three fule operatlons are available to the user from the

TTY l) a f|le may be lusted (Just as from a termlnal), 2) a f|lef'
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may be dumped in compressed form on paper tape, and 3) a fiie'may

'be,enteredvfrom-paper tape. The format of the instrdctions typed",_

at the.TTY‘is:

CLF,
DF;h . password #, first line, number of lines”(carriage’
EF, ) . : return) |

- LF is for list file, DF is for gymp,fjle;‘and‘EF is,for ghter file.

The password #, first line, and number of lines are the'same
as would be used from a termlnal

The list normally has octal fractnonal parts. Decimal‘fractiohal

parts‘mayfbe specified by typing a ﬂ,9“ after the 'number of lfneS”.

{f‘anyerror‘is hade while typjng, a '""RUB OUT' may bethpedvto'eraSe
the entire line. The TTY responds with 122" {f an instruction eahnotb
be‘ihterpreted.‘ Any'fTY‘process may be stopped by typing apBELh 1h,u
(control G) o -

When donng a dump or enter file, the appropraate settnngs d
must be made on the paper tape punch or paper tape reader. A

leaderhis_automatically punched at the beginning and end of any

vpunchedbtapes. A “'RUB OUT" (all holes) at the beginning of the:H'

tapersighals.the start of data. Whenever eight null characters;r i
(ho‘ho]es)?are encountered, the end.of tape is assumed, andhtheh;;'
readihg process will stop; even if the specified number of lihesd_:
have not been read. Only eight punch frames per line (time slot)

are requured to code the data, so these dump tapes are typlcally

. quate short
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The DF processor and software driving the terminals provides.

Conclusions

the user access to a powerful, real time signal processing-system.

The imaginative user can implement a wide variety of filters, and

special purpose signal processors. Things which may be programmed

include:
N

2)

3)

8)

5)

6)

7)

8).

stimulate

Sample and hold amplifier

Peak signal detector

Spéctrum analyzer

Linear to log voltage converter

Pulse counter

Phase sensitive detector

Hartly modulator

Music ''box"

This list is by no means complete, and is intended-tb

the user.
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Coefficient 1:
,Réﬁée
.coéffi;iéht zi;
vRange
'Coeff%é?ént 3:

Ran?e

Coefficient 4:

Values

Coefficient 5:

- 161

APPENDIX |

Coefficjents and Functions

B

7777 to 1.7777

9999 to 1.9999

By

.7776 to 1.7776

-1.9995 to 1.9995
o
=1.77h4 to 1.77h
-1.9922 to 1.9922
%
I, 0., -]'
-0
CONTROL

octal

decimal

octal

. decimal
octal
de;imal

normal multiplier

1/2 full scale sighum at output
Of.al and‘cy2 . '

Made up of 4 octal digits which cbntrol special options.

1's digit:

delayed sample options.

9 - normal second order section
1 - all transversal nonrecursive filter (FIR) B, and q in parallel
2 - all recursive filter (IIR)

‘32 and o, in parallel



- ' . L] . -
lO8 e digit:

’;2—2 output from next time slot are used for the delayed \

samples
Fullﬁscale signum functionvis:appled to the delayed eamples

dSame as k&, but all transversal (FIR)

':,Defeat overflow protectlon (allow wrap- around) and sugnum .

" function on delayed samples

00 -

20 -

4o -

"CR used as addltlve constant

" Same as 6, but B term dlsconnected

Note: Code 1, 3, 5, and 7 always add. Bl and B terms
to the input, defeatlng'the effect of a code L0 on,these

terms.

»multiplier.opthnS.

o is normal multiplier

1 _
CR used as multiplier

‘o, is additive constant

(aI'sagn’stilt

YLeffective)

‘Break direct data path from lnput to output

: (Dlsconnect B] and B terms; defeated by odd lS dlglt)

Note. A 10, 20 or 30 may be added to .40 for comblned 0ptl0nS

0 's diaits
‘1008 e.dlglr.

100 -

300

multiply,delayed values (effectlvely modlfles-Bl,‘Bz, oy '

-and o range). -

normal

multlply by 2 ( h < By Bz, a’ < 4), (-2 < az < 2)

multlply by 4 ( 8 < B], 82, a, < 8), (- h < a2 5;4)5

multlply by 8 ( l6 < Bl’ Bz, a' l6), ( 8 < a, < 8)

':Note: A hOO blt does nbt'appear in this dlgit.
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10008'5 digiti Scale output from time slot ‘by a power of ﬁwo,‘-Set.'

émplitude,of saturated Qrisignum output.

~ Output Signum

- C Limits Output Function
Scale Value {Information Line}Peaks to - -‘Satunates at:
0 : (xl) , :XZISfl) (normal for 16 bit  §}2}5-1)
S » v informatjpn,iiﬁe) . ' :
w00 Y % e
2000 (x2"%) B AEE) R ARt
3000 (27 e ¥ C 1
hooo - (x_z'l') L '+_(2”-_l) - _‘ : E i(,27-l)
5000 (x2™%) (2% R +(2°-1)
6000 - (x2 ") , 1(29-13) o e i(23-lf) -
7006 | (x2'7) 1(28-1) T | +1(LSB)

Coefficient 6:  1/0
Made up of three octal digits'which control input,

output, and nonlinear functions.



1's digit: input selection.

0. - input taken from previous time slot

.l, - input taken from TDRI Temporary data

2 ;, input taken trom TOR2 Registers loaded bY

>3 - input taken from TDR 3 earlier time slot |

L -‘_ihput fakenvfrom A/D (12 least sngnlflcant bltS of 16 blt -

- information 1ine are loaded.) _ o B
5 - input taken from COMPUTER LOADED REGISTER

6 - zero input | |

7 - 16 bit white noise used as input.

10,'s digiti‘ output destination. Recall that output is lwaxs available
; to the next SOS. :

0 -"‘none of the registers modified

10 - load TDR1 with output

20 - load TDR2 with output
30 - »load TDR3 with output ,
ko - load CR and .COMPUTER LOADED REGISTER with output (sngn and 8
most sngnnflcant bits)
50 =~ ‘add output to TDRI and TDR2 (no overflow protectlon)
60 - add output to TDRl (no overflow protectlon)
: 170, -, -add output to TDR2 (no overflow protection)
1008'5 digit: nonlinear functlon.'
0» - normal output
106 - fu11 wéve rectify output
zodb - signum function applled to output (saturatlon values determlned by
L - 1000's digit of coeffncuent 5)
300’ - half wave rectify output

Note: The 400 bit is not used.
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ONE SAMPLE
OF DELAY
(z™h)

ONE SAMPLE
~ OF DELAY
(z-1)

I, =INPUT, + By In-y + B2 In-2
© OUTPUT, = It @t In-1 + Q2 In-2
In:-2=z-| In-y '

In-1=2"' Ip

FIG.1 BASIC SECOND ORDER FILTER .



" PREVIOUS TIME SLOT (0)

CTDR1

TOR2

TDR3

l"‘

- ANALOG TO

DIGITAL CONVERTER

COMPUTER LOADED
" REGISTER

~ ZERO

.lm

- WHITE NO}ISE
(16 BIT)

TO NEXT TIME SLOT

- -

~ oap ToRt |

LOAD TDR2

 SECOND

CSECTION | 40)

 LOAD TDR3

ORDER

LOAD CR'(9 BITS)
8 CLR" |

- ADD T0 TDR2 &
- TDR1 -

ADD TO CONTENTS
__OF TDR{

ADD TO CONTENTS |

OF TDRZ

- INPUT SELECTOR

L SRR OUTPUT SELECTOR
. 1's DIGIT, COEFF!CIENTG AR

' 10g's DIGIT, COEFFICIENT 6

| ' COEFICIENT REGISTER
EIG 2 INDHT /NAUITOIT SFl FATNAR

" COMPUTER LOADED REGISTER 2



INPUT

P

Sia

0(40-70) Ay

.. |SELECTOR

T

7

S1b

(o -30) i

_[ovERFLOW

PROTECT

NON LINEA

) FUNCTlQN‘SR}” N

SCALE

OUTPUT

1 0(40-70)

S2

830y

SELECTOR|

0246

a-e
- Pia /

1 —3—0)

1357 o, /S

: (1) /
4 0O(2) ¢
1 (3)

 $0(4)

FIG.3 COEFFICIENT 5 DELAY OPTIONS .

| ax

ADVANCE

72X |

@0 (1)
PROTECTI®

| [SIGNUML.

1 (ES.) :

o3
o(4)
(5)

(6J ?(7)} |

L9T



TIME SLOT 1

TIME SLOT 2

>

‘OUTPUT

(@)

. : +
INPUT ;; ’

B By = 2B,

DELAY

o

a,= 2q

DELAY

{

N

l/
N

&<

DELAY|

o<

e ‘:,'b_b"’iﬁ‘.;:’ﬁg""az

| DELAY

~N

(b)

L

'~ F16.4 FOURTH ORDER IIR FILTER

~ OUTRUT

'@

>



TIME SLOT 1

- | roap |
— TorR1 | .

TIME SLOT 2

y—|aoD To|
/o - TD.R1.: :

TIME SLOT 3

| s

 TIME SLOT 5

\ |aop To|
] TOR1 |

OUTRUT

[ror1}—>

CONULL

FIG.5 SIXTH ORDER FIR FILTER

691



~ [COEFFICIENT 3

o

] (00,10,40,50)

| —“—0\\(C0EF 5)

© | COEFFICIENT
REGISTER

_(cR)

 (293060,70)

DELAY|

(OO 20,

D seers |
40’6?;;\ R

6 2=)

i SGN.

Bl T

(103050.“/0) | d, MULTIPLIER

(-0)

~
T

(1,0,-1)

B COEFFICIENT 4

 FIG.6 ay AND ap OPTIONS

| (COEF.4)

~(-1',o.--1) |

3A

~ (COEF.4)

0L1



TIME SLOT t U , T|ME SLOT 2 _ TIME SLOT 3

~ (GENERATE CONSTANT) (WRAP AROUND |NTEGRATOR-;;;y&googossssrya5¢;;_v

~RAMP GENERATOR),

: o ,:"—':'f'S.CA-LE

. 'ui w )

N ETU G
IS e P

TIME sLOT 7 . TIME SLOT 8
(PROGRAMED OSCILLATOR) ~ (SCALE AND OUTPUT)

)

OUTPUT
ouTPy

 loeLay|

FIG.7 SWEEP FREQUENCY OSCILLATOR

T



| NPUT o outeut| ]

TIME  SIGN | S
SLOT  COEF T e
NUMBER NUMBER POINT FRACTIONAL PART

:  _‘  /f*"f*\f'f‘\ Vet Y et .ffx;'?€i_-

—~— | I L
- COEFFICIENT -~ DATA DISPLAY =
. NUMBER N 1) |
DISPLAY | ST
- (CND)

ON [pass-| fcLear| [SHS

T 8 || ° ||rEAD|

) o ] EXAM
0 90 TAB |
| INnuL8| |FILE}

" KEYBOARD

ANALOG INPUT - . _‘ : ANALOG OUTPUT

. CONNECTORS . . - CONNECTORS

_ IN REAR, ON LEFT ~ IN REAR, ON RIGHT

 FIG.8 TERMINAL KEYBOARD AND DISPLAYS




R .'3rd;<.)rder’fCheb.,Low-pasS

73_dBw1_'ipple “Cutoff at;'l.é?iﬁz :

o Dext

~ previous ___ o,
time slot

173

Bell Unit Coefficients (Octal)

section

B By o oy

“entrl io

1
2

0.5763
1.0414

0.0000  0.0000 - 0.0 0

4

-0.5763  1.1600 1.0

e i e SRS 2 momin i ot 4y 4 qess 4 aan @ w ama

10400 0%



- 6th Order Band-Reject (Lee Jackson)
- 3dB cutoffs at 500 Hz and 890 Hz
3 stop-band: zeros

Uses3

- cascaded
] ~ sections of
’ l this type
o Bell Unit Coefficients (Octal)’
sectiox; B By R 7 L cntrl o | .
: 1 1.6070 -0.7164 -1.6340 1.0 0 4
2 1.3425 -0.6604 -1.5140 1.0 - 1000 0
3 . 14210  -0.6050 -15740 10 0 O«
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Appendix A
DMA



The POP-11 DMA Interface

This interface is designed to use the MDB-118 DHMA
controller and a custom user control and status register.
The #08-118 interface is covered in the #D8~11B instruction
manual and will not be covered here.

The function of this interface is to provide a custom
command and status register (CSR) and to handle BA and W(
updating and interrupt processing.
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:There-are 4 registers for controlling this device. They
"are the command and status régister, the word count register,
the bus - address register, and the data register. The address
of the first register is 767770 octal. The interrupt vector
is 310 octal and the interrupt priority is set at level 5.

: The first register is the word count register (wc). it
“must be loaded with the twos compliment of the number of
words of data to be transferred.

“The second register is the bus address register and it
must be loaded with the starting memory address for the
transfer.

The third register is the command and status register,
This register controls all operations of the interface and
must be loaded last if the GO bit will be set.

The tast register is the data register. This register
gives the programer access to the data lines to and from
the user device on a programed i/o basis and will not
affect the dma transfer of data.

ALL reg1sters are 16 bits long and do not work properly
with the DATO3 unibus transfer so stay away from byte mode
1nstruct10ns., .

The layout of the CSR is as follows.

bit 15 - transfer error: stops transfer on bus timeout error
also clears go bit,sets ready bit, and causes
- aninterrupt if ihterrupt enable is set.
. .bit is read only but is cleared by any write to CSR.

bifu14,13;12 - device select:these bits are read/write and
;:arevavailable to the user as latcned ttl signats.v

bit 11 10 9 - ‘status inputs:these bits are read only and
) ' represent unlatcned ttl signals from the user device.

“bit d - read/wr1te th1s bit controls the direction of the data
: transfer.-Clear transfers data from the user device
- ‘'to memory and set transfers data from memory to
the user device. This bit is read/write.(of course)

bit 7 - reddy this b1t is set when the interface has completed
a data transfer or an error has occurred during a
unibus data transfer. This bit is read only out is
cleared when the go dit is set

bit 6 —'1nterrupt enable:If this b1t 1s set, the {dB-11B will

' . cause a slngle unibus interrupt when ready is set by
‘the hardware, This bit is read/write and cleared py
unibus init. : '



bit 5,4

bit 3,2,

bit 0 =

- address extension bits A17, Alé:These bits allow

dma transfers to extended memory on any PDP- 11
unibus. Note that unlike the DEC DR-118 dma 1nterfacL,

data transfers can cross 32k word oounddr1es. These bits
are read/write. R

1 - function seLect these bits are available to the
‘user device as latched ttl signals. These bits are
read/write. :

go bit:setting this bit will start dma transfers to

or from memory as defined by bit 8. Decrementing the
csr will stop transfers without reseting the word count
or bus address registers ana transfers may be continued
by incrementing the csr. Decrementing and incrementing
will preserve the device select,read/write,interrupt
enabLe,memory extension, and function select bits.

This bit is reuad/write and is cleared by word count

-equal to zero or error bit set.
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petailed Description

The CSR:

The csr is loaded by the anding of device sync, csr select
and ¢l control. This produces ¢s load in ic D2 which clocks
data from tne unibus into latches and counters. The function
select and device select bits are latched in ic F1 and F2
and sent to the output connector P2. The bus address extension
bits are latched in one half of ic F2 which is connected as

a counter so that the dma transfer can pass over 32k boundaries.

The error Latch has a zero clocked into it by ¢s load and the
go bit loads bit U. The error bit is set by the signal bus
time out which is caused by a dma cycle where slave sync is
not returned from the memory with in 30 microseconds of tne
start of a transfer. This signal is developed on the #d3-118.
The go bit is set by program control and cleared by any one of
three things. Done which is generated by the word count
register being equal to zero and the completion of a dma cycle,
MR which is a buffered unibus init signal, and error which ‘
indicates that something. is wrong w1th e1ther the hardware

or software.

Thé controL signaLs.

-~ There are: three truansfer control signals that handle all
of ‘the handshakiny between the user device and the Mp3-11i8.
These -signals are Data RedueST (DRQST), Data DONE (DDUWE), and
Data ReQuest ReaDY (DRQGRDY). Data request is a signal from
the user device which indicates that the user device is ready-
for a-data transfer. If the transfer is from the memory to the
device, this signal indicates that the device is ready >
receive data. If the transfer is from the device to memory,
then this signal indicates that data from the device is stable
and ready to be sent out on the unibus. Data done is the
response to.a data regquest and is generated by the Md3-118.
In a transfer from memory to the device, this signal indicates
that tihe data from memory is now stable and the device can store
it. In.a transfer from the device to memory, it indicates that
the data has been transferred. The last control signal is date
request ready. This signal indicates tnat tne MDB-11B is ready
for a data request from the user device and that the word
count is non-zero and the yo bit is set.

The inféfrupf_Logic

 Interrupt enable is latched in ic F2 and becomes the data
input to ic C2 whicn is tne interrupt flip-flop. Wnen tne go
Ldtch is resct at the end of a transfer, it clocks a one into
jc €2 wn1ch starts a unibus interrupt. The acknowledgment from
the ¢pu clears interrupt via tne device select s1gndL to prevent
multiple 1nterrupt requests. '

17¢
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The DHA Sequence .

The DMA sequence is started when DRAST clocks a one 1nt0

“ic €2 and sets bus master request. This signal ‘also increments
the word count register 5o tnat if word count ‘equal zero is
true theén DRQRDY to the user device will go false. DMA RQST.

is reset when the DMA request is yranted oy the cpu with the
,s1gnal DMSEL. When the DMA is completed, the siynal DHMAADR ,
going false will trigger the one-shot ic 82 whicn sends DDONE
to the user device. This also increments tne bus address
reg1ster and if word count equals zero, it will clear the

go bit.



control and pata Signal Connections

SIGNAL NAME : \ ~ CONNECTOR and PIN NUMBER

DRAST - P2-26
DDONE : pP2-17
DRARDY P2-18
MR- ' P3~41
STATUS O P2-37
STATUS 1 P2-42
STATUS 2 P2-50
FUNCTION O , pP2-39
FUNCTION 1. - P2-40
FUNCTION 2 - P2-33
DEVICE SELECT © p2-30
DEViICE SELECT 1 P2-34
DEVICE SELECT 2 ' P2-43
DATO O P3~49
DATO 1 P3-5

DATO 2 P3-26
DATO 3 P3~6

DATO 4 P3-7

DATO 5 P3-25
DATO 6 P3-23
DATO 7 P3-29
DATO 8~ pP3-27
DATO. 9 - P3-39
DATO 10 P3~43
DATO 11 - P3-38
DATO 12 P3~44
DATO 13 P3-47
DATO 14 P3-50
DATO 15 P3-46
DATL O p2-3

DATL 1 P2-4

DATLI 2 P2-6

DATI '3 P2=5

DATL 4 P2-24
DATL S P2-27
DATL 6 P2-7

DATL 7 P2-23
DATL & p2-31
DATL 9 p2-35
DATI 10 P2-32
DATL 11 pP2-36
DATL 12 P2-45
DATI 13 p2e-47
DATI 14 P2~44

DATI

N
AN

P2=46



DATA @ .

GO

4A2

Cl

- BA4

‘CSRADR

P3-3

DSYNC

P3-15

DATA 8

DRQRDY

4A18
OATA 6

- D@6

BDATA S

11

4A3

DATA 4

4AS

5
CLK1

Fe
74177 °

Q

cLR CLK2

CS-

OMAADR

1zEs 1

Ccs

12

CS

R/W [::::::}_"
P2-29 ol
IE pe—aa |

ERROR H

MR-

BA17 H

cs
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DMA Custom Interface Board Annotatlons

The schematlc (located in the second from top drawer in the lab ﬁle'

- cablnet) ‘that this annotation accompanles is the custom mterface contamed in

the PDP 11/40 computer. This board i 1s activated whenever an “in” or out” i

'command is 1n1tlated by the user.

The board itself has two 40 pin and two 50 pin berg connectors These
- berg connectors are referred to as P1, P2, P3 and P4 on the custom interface

schematic. Each pin in any 40 or 50 pin berg connector is denoted as
- P1/2/3/4-xx where xx is a number between 1 and 40. '

“The abbreviations DIR, DIL DOR and DOL stand for data mput rlght
’ldata mput left, data output right, and data output left, respectlvely Berg
" connector P4 contains the data input lines, and berg connector P1 contams the
“data output lines. Data input and output lines originate at the left and right
“in” and “‘out™ sockets on the white connector panel located on the rlght-hand

’s1de of the equlpment rack. Other signals on P4 are input load A, load B,
stereo/mono “1” (+5V), «gp (0V), and grounds. P1 also contams output

_-load C, Joad D, “1”, “0?, and grounds Table 1 summarizes. the p1n

‘) asmgnments of connectors P1 and P4

183



_ “Table 1
* Pin Assignments for 40 Pin Berg
_ Connectors P1 and P4 _
Pin Nurriber P4 (Input) ~ P1 (Output)
~1-15 | DIRO-DIR14 DORO - DOR14
16 - 30 DILO-DIL14 | DOLO-DOL14
~381- | GRD o GRD B
- 32 | LOAD A (Right) - LOAD C (Right)
- 33 GRD | GRD
34 - LOAD B (Left) | LOAD D (Left)
3 | GRD , " GRD o
36 ‘Stereo/Mono (1/0) | -
37 | GRD ' GRD
AR TS SO S
39 | GRD | GRD
40 . uo» ) . ‘“0” |

" ‘Berg connectors P2 and P3 connect this custom interface board with the
PDP '11-40 DMA interface board. The abbreviations DATI and DATO stand
for data"input and data output respectively. Additionally, berg P2 cohtains'
DMA control signals data request (DRQST), data done (DDONE)' data requestf _
‘ ready (DRQRDY), status 0, and INPUT. Berg P3 also contains control sxgnal
MR. The control s1gnals status 1, status 2, function 0, function 1, function 2,
. device select 0, device select 1, and device select 2 are not used on this custom
board. Table 2 summarizes the pin assignments of connectorsA P2 and P3. No
~ connection exists where a pin number is omitted. | '

~ Chip location on the board is given by a letter-number combmatlon The
letters are A, B, C, D, E, F, and H, and the numbers are 1, 2, 3, 5, 6,7,9, and
10 These represent row-column 1nformat10n ‘



5 -:Table 2

Pin Assignments for 50 Pin ;Berg
‘ annectors P2 and P3

Pin Number

_ P2 (Input)

Pm Number

P3 (Output) |

o3

e
8
B
7
98
29
30"
31
832
34
- 35
Cw
39
40
42
43
M-
45
AT

'DATIO

DATI 1

DATI 3

DATI 2
DATI 6
DDONE
DRQRDY

| DATI4

DRQST
DATI 5
DATI 7
INPUT
DEV SEL 0

| DATIS
| DATI 10

FUNCTION 2

DEVSEL1

DATI9
DATI 11
STATUS O

. FUNCTION 0

FUNCTION 1
STATUS 1
DEV SEL 2

| DATI 14
- DATI 12
 DATI 15
- DATI 13

6
7
25
26
28
29
38
39
41
43

44
46

.
49
50

D ATO 1
| DATO3
| DATO 4
“DATO 5

DATO 2

DATO 8

DATO 6

DATO 7
DATO 11

DATO 9
MR
DATO 10

DATO 12 |
'DATO 15

DATO 13 |
DATO O
" DATO 14

'°5g304f.

| STATUS 2
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Disk Drives

Logicé,!f Devices on the CDC-9768 Drive

| Logical Device  Logical Device ~ Cylinders

Letter Number (Internal)

b 2 0-63

e 3 64 - 127

o 4 128 - 191

‘e 5 192 - 255

ot 6 256 - 319

g 7 320 - 383 |

i 8. | 384- 447
i 9 | 448-511
k 10 512-575 |
1 11  576- 639
m 12 640 - 703

n 13 704 - 767

" Each logical device holds 19.922944 Mbytes. There are

64 cylinders / logical device
19 tracks / cylinder

32 sectors / track
512 bytes / sector -

- 608 sectors / cylmder

There are 239.07533 Mbytes total used on the drive.



Logical Devices on the Aries Drive

Logical Device

Description

a

software =

system (shéli) B

top and bottom surfaces of upper disk;
accessible by user -

top surface of lower dlsk

not to be used but is accessible by user
(stores help files) » '
bottom surface of lower disk;

not accessible by user

There are

- 4 surfaces

'406' tracks / surface
12 sectors / track
512 bytes (256 samples) / sector.

18.
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Compnlatnon and Permanent Lab Disk Storage of
DMC and SW2 Programs : ‘

July 12, 1082

Thls document descrlbes the procedure for compiling and downloadmg thef i

Sw1tch T and DMC software. This procedure is used only when changes must
be made to that software. The object code is stored on the bottom surface of

the lower platter on the Aries disk drive. That surface is acces51ble by this
procedure. That surface also stores PDP 11-40 system software: known as the -
RKDP monitor. The software is written in the C programmlng and can be

found on the EA machine (ECN) in
| /c/bass/ldlab |

‘The C language software is a compendlum of subroutmes in separate ﬁles

whlch when linked, form the Switch I or DMC programs.
To begm w1th your proﬁle must have the followmg contents ;

PATH $HOME/ b1n$PATH bin
export PATH

Compllatnon of All Subroutmes (from main dlrectory ““base” ) o ',

: Type the following commands from LSI terminal:

ced -c -0 %5 *.¢

(CAPITAL Oh not zero)

‘then S :
' catd dmc <dummy>

oor -

| catr sw2 <dummy> |

where dummy is any group of ascii characters # existing ﬁlename ‘No errors

or warnings should be returned by the compiler! If errors are returned see the

README file in the lib dlrectory

If it is desired to make changes to only one of the subroutmes, it is not','
necessary to perform the entire compilation procedure (which takes a long time,
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by the way). Having all the .o files already in the “base” directory as a result
of having previously issued  the cc3 command, it is only necessary to replace -
dummy with the name of the newly modified subroutine file and to proceed
from either the catd or catr commands (‘‘cat” the catd and catr command files
in the directory base/bin to see whlch subroutine files are associated with those
commands). -

Assuming that you have successfully compiled the programs, you should
find that new files have been placed in the directory “base” called dmc or sW2,
as a result of catd or catr, respectively. These are the two object files we wish
to download into the lab PDP 11-40. Note that it is not necessary to complle |
and download sw2 if only dme i is changed and vice versa.

Downloading: ’ R

One must be acquainted with the Partial Listing of the RKDP Monitor
Manual kept (usually) in the top drawer of the Tektronix Terminal's desk.
- This is necessary because the procedure for dumping the compiled programs
onto the aries disk might require the understanding of the somewhat _cryptiq
error messages generated by the RKDP software provided by DEC. v -
" Bring up the PDP by manually setting 773110 on the front panel. First
halt the processor and simultaneously load the address. Then start the
processor, enable the processor,. and start the processor again. The Tektronix
terminal should be set up (previously) for operation at 2400 baud and the
metal RS-232 switch-box should be set on the 4th position. The PDP. should
type a whole mess of instructions and finally a lone period.

- On the Tektronix termmal type:
T upd2 '
Enter the date in the proper format:
’(ex",: 21-feb-82)
Type
' load dkO ldr1.bin

Restart the PDP at location 122500. (This is the starting location of the ldrl
program Just loaded into core.) On the LSI termlnal type

~ dldme
or

disws



;(The PDP 11-40 should have stopped at the address 122712, otherwise dmic
(sw2) must have been too big.) When this command has finished restart the

PDP at location 131444. (This is the restart address of the upd2 system .

program ) On the Tektronix terminal type:
locore 0
Cxfro
1000

At this pomt we are ready to do the dump onto disk. But if the program we
wish to dump has the same name as one on the disk an efror message will corne
ilp which looks like DELOLD and means; delete the old program of the same
name, : It is recommended that the old program be saved as a precaution until

the new program has been verified. This can be done via the RENAME
command. Later the old program ‘““old” can be deleted via del dkO:old.bin .
Note that the “.bin” is an appendage to every aries PDP file name (in this case

*0ld”), and the “dk0” stands for disk 0 on the aries disk drive. . Alternately,
load the old program into core (before executing the download dl) and then
dump it back onto the disk under a new name “new”. The command sequence

would be

"load dkO:old:bin
dump’dkO:new.bin
del dk0:o0ld.bin

The results of this sequence are equwalent to having used RENAME. At thls'

pomt type
dump dk0O:dme.bin
or

dump dk0:sw2.bin

If you get a device error (DEVERR) this means that the ‘“prot fixed” switch 1s |

set on the Aries disk drive. Turn it off. (Do the dump again.) The program has

now been dumped into the file on the aries called dme. To examine the

directory ‘to see that it was in fact dumped, type:

 dirdk0: |

To tun the program restart the 11-40 at 773110 then type:
or dme

or
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1.. T swi2
_ Checking | o
Don’t forget to put the ‘‘prot- fixed” switch back on. Check for proper;l'
operation .of the dmc program by attempting a ‘link® command. Check for
proper operation of the sw2 program by attempting an “fit” command. If the

link doesn’t work in the dme, see README in the subdirectory hb If the ﬁ't.__{_
doesn’t work, you did something wrong, try again.. o

~ Running from Core with no Download to Disk

If it is desired to run either program from core without having to dump
them onto disk, after the download (dl) restart the PDP at location 1000.
There is another way to download from the network host (A-machme) 1nto the. o
PDP RAM,; i.e., restart at 773110 and S

Crldrt
'then | N
" dl dmc
'o’r*
dl sw2

Then restart the PDP from 1000.
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ECN PDP-11 Bootstrap Procedures

Introdu(‘:f;itl).rilA b

Several diﬁérent stages are involved when ‘‘deadstarting” UNIX. -These can be roughly classified
as follows: T '

1. - Hardware boot. This is accomplished via the froht panel vo‘f the computer. The_' end
result is that block zero from some device (disc or tape) is loaded into core memory at loca-
tion zero and started. :

2. Primary bootsti-ab._ On the V7 PDP-11’s, the hardware bootstrap loads a.one-block pro-
gram which, by itself, cannot handle large files (such as the UNIX kernel). As a result, the

primary bootstrap automatically locates and loads the program boot and transfers control to

it. The operation of the primary bootstrap is invisible to the operator (uhless an error
occurs). s . :

'3. Seco'ndgry""bt:)’otstrap. The standalone programi boot .coinprises the secondary bootgti’éb.

It is a general program which is capable of loading and patching other standalone ‘prggral__ns '

(ora keifnel).‘_ Typically, it is used to load the file “funix”. , ,
4. UNIX kernel. Once boot has loaded the file */unix” and transferred control to it, the

UNIX kernel is running. Finally, it brings up process 1 (““/ete/init’’) which is used to bring

up normal single- or multi-user operation.

It is the intent of this- short manual to describe how to bring up UNIX on the PDP-11's. First,

~ the general details of the ‘hardware and Software are discussed. Second, a “cookbook” procedn;e
is given for each ECN PDP-11 system. :

,Hardwarg_e»“-Bodtstrgp
A hardware bootstrap may be accomplished in one of two ways:
1. The bootstrap ROM may be used. ' ,

2. Using the front panel, a READ may be functioned into the device register for the boof,strép
device. : ' ' .

The first alternative is simpler and less prone to error. Unfortunately, non-DEC devices (e.g. the

S1/CDC discs) cannot be booted in this fashion. - Note also that the boot procedure varies from

machine to machine (because of different device register locat,ions‘ and different machine types).

The 11/70’s can be booted from the RP04 by starting the processor at 17765000 {octal). [The
bootstrap on the PDP-11 /70 also includes some quick internal diagnostic checks.]

The 11/45’s may be booted from the RKO05 (or Pertec) discs by starting the processor at 773110.

A boot from the SI/CDC drives can be performed by functioning a read into the device ;egi@ter.
However, the address of this register differs from machine to machine. . The general procedure is
as follows: '

1. WRITE PROTECT THE DISC. DO NOT SKIP THIS STEP! |
2. Halt the processor and perform a bus reset (press START with HALT down).

3. - Load the address of the disc device register. This is 17771700 on the 11/70’s, 770700 at

~ ARPA and 776700 at EEG. o
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4. Deposit 21, examin'e,‘fdeposit 71.
" 5. Unprotect the disc.

6.  Start thevproc‘essor at zero.

Primary and Secondary Bootstraps

In most cases the primary -bootstrap -is invisible. This is not the case, however, on FU (where
there is no secondary bootstrap) or when deadstarting from tape. These special cases are dealt
with in a different section.

Since the primary bootstrap is invisible, the first visible indication of a successful boot 1s the

secondary bootstrap. Once the secondary bootstrap has been loa.ded it prints

Boot -

and awaits input. If nothing is typed it will eventually time out and load a default boot file.

(The timeout interval is machine dependent; it ranges from about five seconds on an 11/70 to’

about 15 seconds on a cacheless 11/45.) Typing any character will disable the timeout. All input
is mapped to lower-case. Both a pound-sign and a control-H act as erase characters; both an at-
sign and a control-X act as line kill characters.

Normally, a device-filename specification is entered in response to the colon prompt. The full

form of such a specification is:"

xx(y, z)name :

where “y” is the unit number {e.g. drive 0, drive l) “g" is a starting record number (block' A

number for dlSCS ﬁle iumber for tapes) and “xx™ is a devnce name selected from the follownng

p  DEC RPO3 - . _

hp - DEC RP04, device regs at 776700

hq DEC RPO4, “device regs at 770700

rk DECRKO05.

tm DEC TUI10 or srmllar tape (an Aviv /Telex drive or a [sigh] digidata is “similar")
ht DEC TU16

s SI/CDC 9766 disc, 33 sectors, device regs at 771700

sj -~ SI/CDC:9766 drsc, 33 sectors, device regs at 770700

sm SI/CDC 9766 disc, 32 sectors '

sk SI/CDC 9762 disc, device regs at 776300

sl SI/CDC 9762 disc, device regs at 776700

As an example, to boot from RKO5 unit zero, with a filesystem beginning at block zero (e.g. at

ARPA), the specification is “rk(0,0)unix”. When the root filesystem does not begin at block zero
the block number must be calculated; this has been done at each site for the various boot devices.

The boot program will provide defaults. If a carriage return is typed (no specification at all), a
- default device-file specification will be used. If only a filename is typed, the default device will -be
- supplied.  For instance, if the default specification is ‘“sm(0,262656)unix’’, typing ‘“‘new-unix” is
equivalent to'typing “sm(O 262656)new-unix”. [Note: This is not true on the VAXes.]

The boot program is capable of patching a loaded program before transferring control to it. The
patch facility is invoked by typing a minus-sign . instead of a file specification. boot will then
prompt: f_or_sy__r_nbo_l names. Enter the names of any symbols to be patched one per line, (the

‘" 6

" names “_rootdev”,

been entered type only a carnage return (l e.a blank hne) Boot will reprompt with a colon At

B 10s

_ _swapdev”, “_pipedev”, *“ swplo”, and “_nswap” are automatically pro-
vided). - You need- not “WOTIFy about typing the leadmg underscore. After all of the symbols have



this time,‘tliefdé{(‘i_vcé-ﬁle speciﬁcatioﬁ should be entered. After the file.has been ldad'ed, boot w1ll o

print . .,

, Pﬁtcvbi,:z;\/ S

 Typing the name- of a variable (or typing a numeric constant specifying a machine address) will
display ' the v:alne‘iiofztb‘ag variable. {Note that all operations are performed on 16-bit wor ds] Typ-

ing “variable=value”, where “value’’ is a numeric constant, will change “‘variable’’. Constants:

is typed, ?bo»o_AtrzexitS"i)‘atch mode and starts the loaded binary.

may be octal (default), decimal (leading “‘0t”) or hexadecimal (leading “0x’'). When a blank line -

Magnetié].DEC€3p§: Bootstraps

Magnetic ‘tape and DECtape boots are not common on the ECN; probably the only tlmea tape -

will be' booted (outside of running diagnostics) is to completely restore the system from tape after
a disastrous crash. The recovery procedure will accompany the “‘deadstart” tape. S

B00tablé: magtébés‘étjd DECtapes are normally written in ¢p'format (a holdover from_véfsion 6 -

UNIX). ‘A hardware boot is performed to load block 0 of the tape into memory. This block- (the .
primary: bootstrap) is then capable of loading any ‘ordinary executable file. The ¢p bootstrap
prompts with an equals sign (“="). To load a file, type its name. : o

It is not possible to discuss to any great depth the procedure to be used when performing a tape -
boot.. Consult ‘the deadstart tape for the necessary information about which files are available,
etc. et . P : O . . . . N
The AARL (V8) System

In version 6 there is no secondary bootstrap (“boot” program); instead, the primary ibootst’ra‘p\ is
capable of loading .the kernel. When performing a hardware boot on the AARL -machine, :the
value in the console switch register is important. If the switches are all set to zero, the primary .

bootstrap w_i'l'l_"_.@u‘.ﬁoniﬁétically load the file “/unix”’ and start executing it. Also, the system will "

come up"\niulﬁiéus{érf'tim_mediately.v If the switches are set to (octal) 70, the bootstrap will prompt -
with an ‘at-sign’(*@”).. The name of the file to be loaded can then be entered. The system will -
come up single-user-but will go multi-user when a Control-D is typed. Finally, if the switches are

set to (octal) 173030, the bootstrap will prompt with an at-sign, and the system will come up "

single-user. It w1|l remain single user (even if the console is “logged out”); to start multi-user it is
necessary to set the switches to zero and type a Control-D on the console. - IO

UNIX Cookbook
<or> .
How to Boot in 10 Steps or Less T
This section will give step-by-step hardware bootstrap instructions for the various ECN machines.

Before beginning this task, however, a few comments are needed concerning the operation of the

- PDP-11front panel. C e
Al of the PDP-11 hosts on the ECN have old-style “lights and switches” front panels. While the
exact configuration varies somewhat from model to model, the operation of all is very similar. -
The panel consists of a row of switches and a bank of lights. The switches are usually organized

into two. principal groups: the group of switches to the left are used for entering 18-bit (PDP- - -

11/45) or 22-bit (PDP-11/70) addresses and 16-bit data, while the switches on the right are used

to select various'fiont_‘vpanél functions (e.g. halt the processor, examine memory, etc.). The lights : o
are roughly arranged into three groups: a row of 18 (11/45) or 22 (11/70) “address™ lights, a row

of 16 “data” lights,-_and- another set of lights labelled “kernel’’, “‘super”’, “‘user”, “data”, etc.

The address and data lights and the address/data switches are color-coded in groups of tb_,rgé.f |
Each group represents one octal digit. The switches are down for 0 (off) and up for 1 {om). T
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The. sthches to the nght are:

LOAD ADRS

EXAM

DEP

ENABLE/HALT

CONT

S INST/S BUS CYCLEThls is a two-position switch. It has no effect if the ENABLE/HALT

START.

" This'is a momentary swrtch Depresslng this switch causes the value in the,} '
- switches to be transferred into the row of address lights. This defines. an . R
. address which can be examined, modified, or used to start the processor.

This is a momentary switch. When EXAM is depressed, the contents of the
“ current memory location (as determined by the last LOAD ADRS) is -~ - .
~ displayed in the data lights. -[Note: there are two rotary switches on the .-
" front panel, each associated with a set of lights. If necessary, adjust theseso
" that the lights “CONS PHY"” and “DATA PATHS"” are lit.] The normal way =~~~
_to ‘examine memory is to perform a LOAD ADRS, and then a series of = =
_EXAMs. The first EXAM will examine the memory address specified by the = .
‘LOAD ADRS; each successive EXAM will advance the address by 2 so that T
_consecutive words in memory ‘may be. displayed without having to re-enter R
~the address for each one.

This is a momentary switch. This switch, unlike the other function swrtches,' j

‘must be raised (rather than depressed). The DEP switch causes the contents ~ - -

of the data switches (switches 15-0) to be deposited into the current memory' e e
-address. Like EXAM, consecutrve _deposits are performed on successive P

addresses

Thrs is a two-position swrtch If this switch is down, the processor is halted :
If this switch is up, the processor may be restarted (see the CONT switch -
. below) Note that rarsmg the switch alone will not cause the processor to res-' '

tart

Thls is a momentary switch, used in conjunction with the HALT/ENABLE '

switch. If the processor is halted and the HALT/ENABLE switch is up,
pressing  CONT will cause the processor to ‘“continue”. It the: :
HALT/ENABLE switch is down (the processor will be halted) and CONT s

pressed one instruction will be executed (*‘single-step” execution).

switch is up. If the ENABLE/HALT switch is down, then the S INST/S

BUS CYCLE switch determines the action taken when CONT is pressed, If -
this swntch is up, depressing CONT causes a single instruction to be executed
v (as described above). If this switch is down, depressing CONT causes a srngle.

UN[BUS cycle to be performed. For the purposes of bootstrapping UND(
’thls switch should always be up.

 This swrtch is used to initialize the UNIBUS and start the processor at a
’_speCIﬁed address. If the ENABLE/HALT switch is down, then pressmgf o

'START will initialize the UNIBUS. If the ENABLE/HALT switch is up, =~

pressing START will initialize the UNIBUS and start the processor at the L

: last address specified by a LOAD ADRS. ;
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Bootstrab Procedure:
ODSP PDP-11/40

This machine can be booted from the Dynex {Aries which is an RKO05-type drive). The Dynex
boot procedure is the same as an RK05 boot: '

1. Put the HALT/ENABLE switch down, and press START, To reset tvhe" devices on the
UNIBUS.
2. Load address 773110 (place the value 773110 into the switches and press LOAD ADRS)

Raise ENABLE/HALT and press START.
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