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SUMMARY

This re p o r t  d e sc r ib e s  a data  co llection  
and re tr ie v a l  sy stem  for the High F ield  M agnet 
L ab o ra to ry  at the A ustra lian  N ational U n iversity .

The com puter used  is  an IBM 360/50 
with an IBM 1827 D ata C ontrol Unit. An IBM 
735 I/O  ty p e w rite r  connected to the 1827 is  used 
fo r se lec ting  p ro g ram m es  and fo r p rin tin g  p ro c e s se d  
data .



1 . INTRODUCTION

The High Field Magnet L aboratory  in the D epartm ent of 
Engineering Physics contains two w ater cooled electrom agnets which are  
pow ered by the D epartm ent’s 500 megajoule homopolar generato r. These 
m agnets a re  used for fundamental re sea rc h  in solid state  physics.

The sm alle r and older magnet was constructed  on the "B itter"  
p rinc ip le  in which the coils a re  constructed from  lam inated sheets of perfora ted  
copper. The maximum magnetic field strength  of th is magnet is  16 T esla  at 
5 Megawatt power input. (1)

The la rg e r magnet was designed and constructed  by the 
D epartm ent. It has two coil units; the outer one being of the "B itte r"  type and 
the inner one of a unique local design. This m agnet is the m ost powerful of its  
type in the world, designed to produce field streng ths of up to 30 T esla  at 30 
M egawatts and requiring  120 litre s  p e r second w ater flow for cooling.

Approxim ately two hundred voltage signals em anating from  the 
la rg e r  magnet rep re sen t tem p era tu res , w ater flow, s tra in s , p re s su re s  and 
voltages that occur during a norm al 15 second magnet pulse. (2)

This rep o rt d escribes a data p rocessing  system , using an 
IBM 360/50 com puter, that was developed to collect, s to re  and p ro cess  data from  
the 30 T esla m agnet during its  in itia l testing  period .

Work, which com menced in F ebruary  1969, brought the system  to 
an operational condition in January  1971.

Included in th is rep o rt a re  detailed descrip tions of equipment 
interconnection, softw are, digital in te rfaces and a frequency modulated signal 
tran sm iss io n  system .

The method of storage, recovery  and presen ta tion  of data, using 
a d igital com puter was chosen for the following reasons:

(1) m ost of the necessa ry  hardw are was already 
available in the D epartm ent;

(2) data reduction, using a com puter, is  m ore 
p rac tica l than manual reduction of data obtained 
from  chart re c o rd e rs ;

(3) a com puter system  can be adapted to ca te r for
the special needs of some so lid -s ta te  experim enters 
who req u ire  fast data collection ra te s  and on-line 
data p rocessing .
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Two m ulti-channel u ltra -v io le t oscillographs com plem ent the 
com puter system . These a re  used to reco rd  selected  analogue data.

The orig inal specification for perform ance of the computing 
system  is contained in Appendix 1. B riefly , it was to:

(1) T ransm it and amplify 32 channels of analogue 
voltages from  the Magnet L aboratory  Control 
Room to the IBM 1827 Data Control Unit.

(2) Use the IBM 360/50 com puter and the 1827 to 
sam ple the channels 10 tim es per second for 
15 seconds at tim e in te rv a ls  not le ss  than 10 
m inutes. (Each 15 second scan may overw rite 
the previous one on tem porary  storage).

(3) Use an input/output typew riter (also connected to 
the 1827) to control the computing and to selectively  
p rin t sam ples and /o r m axim a and m inim a.

At the outset, the D epartm ent owned an IBM 1827 Data Control 
Unit which was connected to the ANU Com puter C en tre 's  IBM 360/50 com puter 
via the la t te r 's  m ultip lexer channel. In itially  the 1827 was fitted with 
fac ilities  for multiplexing 32 analogue voltages, converting the m ultiplexer output 
to digital and storing  the re su lts  in the 360/50 main s to re .

To the above w ere added:

(a) Digital input and digital output fac ilities in the 1827.

(b) An IBM model 735 input/output typew riter, in te r­
faced to (a).

(c) A 32 channel F .M . system  for taking voltage 
signals from  the Magnet Laboratory  to the 1827.

(d) The com puter softw are necessa ry  to operate  the system .

2. SYSTEM DESCRIPTION

2.1 Design Philosophy and Im plem entation

Three m ain considerations influenced the design of the
system . These w ere:
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(1) E lec trica l isolation of m onitored devices from  
other c ircu its .

(2) Noise free  tran sm issio n  of analogue data, 
econom ically, over 200 feet of telephone cable.

(3) Most beneficial use of com puter fac ilities  with 
minimum in terference  to other com puter u se rs .

As illu s tra ted  d iagram m atically  in Figure 2 .1 , an IBM 360/50 
com puter and IBM 1827 data control unit provide the necessa ry  computing support 
for the m agnet labo ra to ry ’s data acquisition equipment.

An IBM 735 e lec tric  typew riter, situated in the magnet laboratory , 
p rin ts  p ro cessed  data and provides a m eans of operato r in teraction  with the magnet 
lab o ra to ry ’s com puter p rogram m es. The typew riter is connected to the IBM 1827 
d ig ita l-inpu t and digital-output fac ilities via an in terface situated in the IBM 1827 
enclosure .

Analogue data from  the m agnet laboratory  p asses  via a 32 channel 
frequency-m odulation link to the 1827 which, under p rogram m e control, m ultiplexes 
and converts the data to digital form  for p rocessing  by the com puter.

2 .1 .1  Data T ransm ission

The f ir s t  two considerations above led to the design of 
the frequency modulation system . This system  is  capable of driving up to one mile 
of telephone cable and of isolating input c ircu its  with com m on-m ode input voltages 
of up to 1000 volts with re sp ec t to ground.

Although orig inally  designed for use by the magnet 
labora to ry , the F .M . system  may be read ily  adapted for use by other installations 
requ iring  the tran sm issio n  of analogue signals from  isolated  voltage sources.
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2 .1 .2  P rogram m es

P rogram m es for the m agnet lab o ra to ry ’s computing 
system  have been designed to provide an optimum system  with reg a rd  to quantity 
of data collected , complexity of p rocessing , ease of operato r intervention, 
flex ib ility  of operation, availability  of suitable hardw are and degree of in terference  
to o ther com puter u se rs .

The system  was designed specifically  for the magnet 
lab o ra to ry  and its  capabilities can only be used elsew here if the sam e type of 
computing equipm ent is  available.

The program m es have been designed specifically  for 
32 channels of analogue input and would have to be a ltered  considerably to 
accom m odate any la rg e r num ber of channels.

The num ber of sam ples collected p er second and hence 
the duration of sam pling, may be modified by sim ple program m e changes. The 
sam ple collection ra te  may also be easily  modified; th is req u ire s  hardw are, but 
not softw are, changes.

2 .1 .3  P rogram m e Size

Under operational conditions, the m agnet labora to ry ’s 
com puter system  is requ ired  to be available for eight hours p e r day. Therefore, 
so that the ANU Computer C entre may provide optimum serv ice  to all IBM 360/50 
u s e rs , the m agnet lab o ra to ry ’s program m es m ust occupy as little  of the 
IBM 360/50’s main s to re  as possib le . The magnet lab o ra to ry 's  program m es a re  
th e re fo re  req u ired  to operate  in 8K bytes (IK = 1024) of main s to re , 8K being the 
sm alles t amount of main s to re  that may be allocated for p rogram m e operation.

However, even using disk for tem porary  data sto rage, 
the p rog ram m es total about 10K by tes. T herefore , to fit the system  into 8K bytes 
an overlay  s tru c tu re  was form ed in which all p rogram m es a re  sto red  perm anently  
on a re s id en t disk pack.

When the magnet labo ra to ry ’s program m es a re  s ta rted , 
the control p rogram m e and the tables re fe rre d  to in section 2 .6 , a re  loaded into 
the m ain s to re  then, as requ ired , copies of the various p rogram m es a re  loaded 
from  the system  disk. Each newly called p rogram m e, or group of p rogram m es, 
overw rites  previous p rogram m es according to the overlay s tru c tu re  used.

The overlay s tru c tu re  and the choice of program m ing 
language (360 A ssem bler Language) a re  d iscussed  in chapter 6.
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2 .1 .4  Program m e Response Tim e

Magnet labora to ry  p rogram m es a re  selected  for 
operation by typing code le tte rs  on the magnet laboratory  typew riter. P rogram m e 
response  tim e is  the tim e taken for a selected  p rogram m e to become available 
a fte r its  code is typed.

Although other p rogram m es a re  using the IBM 360/50 
com puter, minimum response tim es a re  assu red  for the magnet laboratory  
p rog ram m es because they a re  given the highest operational p rio r ity  by the 
com puter.

Highest p rio r ity  also m eans that, once selected , a 
m agnet labora to ry  p rogram m e will operate at the maximum possib le  ra te ; this is 
e ssen tia l for the data collection p rogram m e as, once data collection com m ences, 
any delays in p rogram m e operation will cause loss of data.

However, even using highest p rio rity , data 
collection may be im paired because of com petition, between the IBM 1827’s 
analogue-input facility  and magnetic tape units, for use of the com puter's  
m ultip lexer channel. If a tape unit is  tra n sfe rrin g  a block of data at the tim e the 
analogue-input facility  attem pts to tra n s fe r  data, the analogue-input's data tra n s fe r  
w ill be delayed until com pletion of the block tra n s fe r . N orm ally, magnetic tape 
data blocks a re  too sm all to adversely  affect analogue-input operation.
Occasionally however, la rge  size blocks occur and cause loss of analogue-data.

2 .1 .5  Disk Storage F ailure

Analogue-input data is s to red  on disk during operation 
of the data collection p rogram m e and is recovered  from  disk during operation of 
the data p rocessing  p rogram m e.

In the event of disk storage fa ilu re , u se r w ritten  
rou tines preven t the com puter from  term inating  the magnet labora to ry  program m es 
and cause subsequent disk input and output operations to be bypassed; however, 
data  continues to be en tered  into a m axim a-m inim a table in m ain s to re  during the 
data collection p rogram m e and data from  the m axim a-m inim a table continues to be 
p ro cessed  by the data p rocessing  p rogram m e.

2 .1 .6  Magnet Overload Conditions

A 200 m illivolt signal at the input of an F .M . channel 
produces 5 volt at the F. M. dem odulator output. 5 volt is  also  the level lim it of
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the 1827 input channels. T herefore , it was decided to adjust the input levels to 
the F .M . channels so that, under norm al operating conditions, the output levels 
w ill not exceed 1 volt. The ability is thus m aintained to obtain inform ation even if 
the signals from  the m agnet become abnorm ally la rge  as might occur if som e p a rt 
of the m agnet failed.

This allowance for overload made the specification for 
the F .M . system  m ore stringen t than it need have been had norm al outputs gone to 
+5 volt.

In re tro sp ec t, it may have been b e tte r to have made 
the F .M . system  tra n s fe r  function sensitive and linear up to, say, 2 .5  volt and 
som ewhat le ss  sensitive above that.

2 .2  Computer

IBM model 360/50 Computer (32 bit words) with 

256 K byte main s to re  (1 byte = 8 bits)

7 x 7  disk pack drives 

1 x 7  track  tape drive 

3 x 9  track  tape d rives 

1 card  read er 

1 card  punch 

1 line p rin te r

1 console input and output w rite r  

1 1827 Data Control Unit with

(a) analogue input

(b) m ultiplexer

(c) digital input

(d) digital and analogue outputs
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2. 3 Frequency Modulation System

The main purpose of the F .M . system  is to isolate the com ­
puting e lec tron ics from  the signal sources that have, generally , superim posed 
common mode voltages of up to 150 volts.

This system  also provides noise free  transm ission  of 
analogue data from  the magnet laboratory  to the IBM 1827 Data Control Unit via 
200 feet of telephone cable.

The specifications of the F .M . system  are:

Number of channels 32

Input type d ifferentia l, with obligatory 
th ird  w ire driven from  some 
point not m ore than 7 volts 
from  either d ifferential input

D ifferential input voltage range 400 mV peak to peak

Output type single ended; one te rm inal 
commoned to 1827 ground

Output voltage range + 4 .5  V

Gain stab ility le ss  than 0.3% p er day

Zero setting d rift le ss  than 5 mV per day m easured 
at the dem odulator output

(The gain and zero  specifications a re  for an air-conditioned
environm ent).

Input common mode re jection 90 dB at DC

Modulator iso lation from  earth , 
power supply and F .M . output 1000 V

Modulator input impedance 100K ohms

Demodulator output impedance 2 ohms (approx .)

L inearity b e tte r than 0. 05% full scale
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Maximum signal frequency

M odulator adjustm ents

Dem odulator adjustm ents: 
zero

gain

F .M . cen tre  frequency 

F .M . c a r r ie r  deviation 

F .M . cen tre  frequency stability

500 HZ 

none

+ 100 mV 

+ 30%

5 KHz

+ 36% ( + 1 . 8  KHz)

0.1% (5 Hz) p e r day 
0.005% (0.255 Hz) p e r °C

2 .4  Analogue Input

2 . 4 . 1  Summ ary of Operation

The 32 analogue output channels from  the F .M . 
dem odulators a re  m ultiplexed, then th e ir  signals a re  converted to digital data by the 
1827 analogue-input facility; each sam ple voltage is converted to a 16 bit data word 
that consists  of a sign bit, 14 data b its  and an overload b it. The leas t significant 
data bit ( i .e . the second leas t significant bit of the data word) corresponds to 
approxim ately 0 .3  m illivolts at the 1827 input. The overload bit, norm ally 0, is 
se t to 1 and data collection ceases if the am plitude of any sam pled voltage exceeds 
5 volt.

Synchronization between 1827 analogue-input 
operation and magnet laboratory  operation is  achieved by a "READY" signal from  
the 1827 analogue-input facility  to the magnet laboratory  and by "SYNCH" pu lses 
from  a pulse and ram p generato r to the 1827 analogue-input facility . The pulse 
and ram p generato r is situated  in the 1827 enclosure.

The "READY" signal ind icates, by m eans of a 
lam p in the magnet laborato ry , when the 1827 analogue-input facility  is ready to 
accept data. A "SYNCH" pulse tra in  w ill then cause the 1827’s m ultiplexer to 
scan  its  32 input channels, once p e r "SYNCH" pulse, until the 1827 becom es not 
"READY". The "SYNCH" pulse tra in  can be initiated , e ither m anually o r auto­
m atically , from  the magnet laborato ry .
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2 .4 .2  1827 Analogue Input Specification
(Reference 3, p.75)

Number of channels 
Input voltage range 
Maximum overload voltage 
Input type 
Input impedance

Resolution
Single conversion tim e 
Maximum sam pling ra te  
ADC bit pa tte rn  

where

"READY" signal (output) 
ready 
not ready

"SYNCH" signal (input) 
synch 
not synch 
synch pulse width

32
+ 5V 
+ 34V
Single ended 
100K ohms 
1000 pF 
14 bits + sign 
5 0 /rs  
18K p e r s 
sbbbbbbbbbbbbbbx 
s = sign bit 
b = data bit 
x = overload bit

0 .0  to -0 .5V  
-12V @ 1000 ohms

+0. 5 to -0 .5V  
-6 .0  to -18V 
2 to 15 j u .  s

2 .4 .3  Pulse and Ramp G enerator

"SYNCH" (output) 
synch 
not synch 
synch pulse width 
synch pulse ra te

-0 .2V  
-15 .0  V 
8/cs
10 pulses per s

Ramp -41 .6  mV p er s

Initiation of pulse tra in  and ram p contact closure

Duration of pulse tra in  and ram p 
range
increm ents

adjustable
1.0 to 99.0 s
1.0 s

Note: The duration of the pulse tra in  as set by 
the pulse and ram p generato r does not control the amount of data collected by the 
data collection program m e.
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2 .5  Typew riter

The typew riter is  used by the magnet laboratory  staff to 
se lec t requ ired  com puter p rogram m es, to update and p rin t tab les and to p rin t 
p ro cessed  data.

In the following, input re fe rs  to data tra n s fe r  from  the 
typew rite r to the com puter, output re fe rs  to data tra n s fe r  from  the com puter to 
the typew riter.

Type IBM model 735 "S e lectric"  input/output 
w rite r .

Line Length 
Output ra te  
Typew riter Code 
Computer Code

131 ch arac te r capacity.
15 c h a rac te rs /seco n d .
"C orrespondence" 7 b its  including parity . 
"I/O w rite r"  8 p a ra lle l b its  (ex tra  bit 
to code functions).

Type font 
C haracter set 

44 lower case

"co u rie r 72".

ab  c  de  f  gh  i  j  k limiopq r  s t  u  w / xv  z 
1 2 3 4 5 6 7 3 9 0  - = ! ; ' ,

44 upper case A3 C DE F GH I J K L I F 7 0 P 0  R S T  UVWXY Z
+ a # $ J S  [6* ()

8 functions space, backspace, tabulate, ca rriag e  
re tu rn , upper case shift, lower case 
shift, keyboard lock, keyboard unlock.

Manual in te rru p t An ex ternal pushbutton labelled "manual 
in te rru p t"  generates an input code the 
sam e as the output code for keyboard 
unlock. This facility  is  not requ ired  by the 
p re sen t system .

Case shift 
indication

A lamp is on when the typew riter is in upper 
case.

On and off-line A toggle switch is  provided to set the type­
w rite r  off-line or on-line. Switching to off­
line ensu res that the typew riter is in lower 
case.

P arity  e r ro r s Input and output p a rity  e r ro r s  ra ise  audible 
and visual a la rm s which may be cancelled 
by a push button. F u rth er output is  auto­
m atically  inhibited until the a larm  is cancelled.
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Automatic c a rria g e  
re tu rn

Input line term ination

Control logic

When operating on-line and the ca rriag e  
reaches the righ t hand stop, a ca rriag e  
re tu rn  is  autom atically  generated.

When an input line has been typed 
according to the specified form at, it 
m ust be term inated  by tjrping an ex tra  
c h a rac te r or function. This te rm ina to r 
is not read  into m ain s to re . Commonly, 
a space or c a rria g e  re tu rn  is used.

The typew riter control logic, m anufactured 
m ainly from  DEC (Digital Equipment 
Corporation) m odules, is located in the 
u se r space of the 1827 cabinet. It in te r ­
faces the typew riter to the 1827.

Digital input to 1827 The typew riter control logic sim ulates 8
switch contacts which are read  by the 
1827 digital-input facility . The 1827 
d igital-input facility  and the typew riter 
input a re  synchronised by two control 
lines called  MDI ready" and "DI synch".

Digital Output from  1827 The 1827 output to the typew riter is  the
sta tes  of 8 tra n s is to r  sw itches. The 
1827 digital-output facility  and the type­
w rite r  a re  synchronised by two control 
lines called  "DAO ready" and "DAO 
synch".

2 .6  P rog ram m es

The various magnet laborato ry  p rogram m es a re  selected  
for operation by a control p rogram m e, MGLB, the basic  flow diagram  of which 
is  figure 2 .2 . P rogram m es (options) a re  selected  for use by typing, in lower 
case , the code le tte rs  shown at the top of the requ ired  p ro g ram m e 's  block.
Magnet labora to ry  use of the com puter is  te rm inated  by typing TRM.

Analogue data from  the m agnet labora to ry  is  converted to 
digital data and sto red  on disk by the data collection p rogram m e, ANALIN, which 
is  called by typing COL.

During data collection, groups of five m ultiplexer scans of 
the 32 channels a lte rnate ly  fill two buffers in the com puter main s to re . While 
one buffer is being filled, the contents of the other a re  tra n s fe rre d  to disk storage 
and a re  used to update a m axim a-m inim a table, MAMITB, in main storage.
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The m axim a-m inim a table contains the maxim um  and 
minimum sam pled voltage values, for each channel, that o ccu rred  during the 
m ost recen t data collection period . The tim es at which these voltages occurred  
a re  also sto red  in the table.

Computer evaluation of physical quantities assum es that 
each channel is calib rated  up to the 1827 input and that the voltages th e re  a re  
linear functions of the physical quantities being m easured .

The typed out value of a physical quantity, y, is  given
y0 + k .x
is the value of the quantity (called the baseline value) 
that corresponds to zero  volts into the 1827 channel 
rep resen ting  the quantity.

k is the channel’s scale  value m easured  in physical 
units p e r volt into the 1827.

x is the sam ple voltage value rep resen ting  the quantity 
as m easured  at the 1827 input.

A base sca le -tab le , BSTAB, containing the baseline 
value, yQ, and the scale value, k, for each channel is  contained in main s to re . 
This table is updated by the update-base-sc  a le-tab le  p rogram m e UDBS, which is 
selected  by typing UBS. The updating procedure is  described  in section 9 .2 .5 .

The contents of the b a se -sca le  table a re  prin ted  by typing 
PBS; th is se lec ts  the p rin t-b a se -sca le -ta b le  program m e, BSPT.

A tim es-m odes table, TMT, contains requ ired  sam ple 
tim es and printout modes for each channel. Its  en trie s  may be changed by typing 
UTM to call the tim es-m odes table updating-program m e, UDTM2. Required 
changes a re  made to TMT by typing updating inform ation as described  in 
section 9 .2 .6 .

by: y =
w here: yĴ o

The contents of the tim es-m odes table a re  prin ted  by the 
typew riter after the opera to r types PTM. This se lec ts  the tim es-m odes table 
prin ting program m e PTM.

The program m e SAVE s to re s  the tim es-m odes table and 
b a se -sca le  table in a special disk storage a rea  when SVE is  typed. The tim e s- 
modes table and b a se -sca le  table sto red  in the special a re a  rep lace  the main 
s to re  tim es-m odes table and b a se -sca le  table when RES is typed. This facility  
re liev es  the m agnet laboratory  staff of setting up the tab les each tim e the magnet 
labora to ry  p rogram m es a re  s ta rted  by the com puter cen tre .
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Samples a re  p ro cessed  and prin ted  by the program m e SAM 
which is called d irec tly  by typing SAM or ind irectly  by typing SEL.

When SAM is  typed, the contents of the tim es-m odes table 
determ ine the mode in which sam ples a re  p ro cessed  and prin ted .

When SEL is  typed, the select-channel program m e SELCHN 
is  called  before SAM. SELCHN enables the opera to r to selec t, via the typew riter, 
a requ ired  channel and mode of prin tout.

(1)

The available modes for each channel a re :-  

maximum and minimum sam ples with

( 2 )

corresponding tim es;
selected  sam ples and th e ir tim es;

( 3 ) all sam ples, without tim es;
( 4 ) no sam ples.

1 an d /o r (2 or 3).
The perm itted  com binations of options 1, 2 and 3 are:

An exam ple of prin tout is  contained in section 8 .8 . The quantity
of printout after a 15 second pulse is  lim ited  by the speed of the typew riter. For
exam ple, it takes a m inute to p rin t 150 sam ples (without tim es) for a channel.

The expected range and accuracy  of the physical quantities 
being recorded  dictated the form at for prin ting  sam ples. The g rea tes t quantities 
a re  hydraulic oil p re s su re s  of about 4000 p . s . i .  w hilst the sm allest a re  s tra in s , 
m easured  as displacem ents in thousandths of an inch. It was decided that positive 
baseline values and scale  values would be expressed  as four decim al digits ranging 
from  0.001 to 9999. Positive sam ple values a re  computed to four decim al p laces, 
rounded to four significant figu res, and p rin ted  with a decim al point. Negative 
baselines and sca les  take on th ree  decim al digits and range from  -.001 to -999.
Negative sam ples are  computed as for positive sam ples but a re  rounded to th ree 
significant figures and a leading minus sign is  added. Thus, -1 .47  is  -1 .47  + 0.005 
w hereas 1.470 is  1.470 + 0.0005.

P rin ted  output is  norm ally  expected to be positive, therefo re , 
the reduction of one significant figure for negative sam ples should be of little  im portance.

O ther m agnet labora to ry  program m es and th e ir uses a re :-

MAGVRS identifies updated versions of the magnet 
laborato ry  p rogram m es by date.

DECIN converts typed decim al num bers into b inary  
num bers for use by other p rog ram m es.
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READIN Controls typew riter input operations

P130 contro ls typew riter output operations

Figure 2 .3  is  an example of prin tout obtained during a 
com puter run of the m agnet lab o ra to ry 1 s data acquisition p rogram m es. Upper 
case  le tte rs  have been typed out from  the com puter w hereas lower case  le tte rs  
have been typed by the opera to r.

The line "ADC CHN CC=7f, PCICT=041M was prin ted  
following a successfu l 20 second data collection period.

The second la s t line, commencing "290", is  an example 
of a disk e r ro r  m essage.

ADC channel com pletion codes (ADC CHN CC) and other 
e r ro r  m essages a re  described  in section 9 .4 .

F .M . SIGNAL TRANSMISSION SYSTEM 

3.1 Introduction

The frequency modulation signal tran sm issio n  system  about 
to be described  was designed by Dr. K .J.M u irh ead  of the D epartm ent of 
Engineering P hysics. As mentioned e a r lie r , the system  was designed for the 
m agnet laboratory , keeping in mind its  la te r possible use e lsew here.

From  its  specification given in the Chapter ’System 
Description* it may be seen that the requ irem en ts  w ere ra th e r stringen t with 
re sp ec t to the stab ility  of the output for fixed input. An output accuracy  of 0. 5% of 
norm al full scale  (1 volt) corresponds to a 5 mV change at the output. This, in 
tu rn , corresponds to a change in F .M . cen tre  frequency of 1.8 Hz. Fortunately, 
tem pera tu re  change effects a re  reduced by the m odulators and dem odulators being 
in a ir  conditioned environm ents. It is perhaps worth repeating that a change in 
the lowest o rder bit of the A/D converter (when working at 14 bit accuracy) is 
equivalent to a 0.3 mV change at the F .M . dem odulator output.

Frequency modulation was chosen as a m eans of signal 
tran sm issio n  because it has good noise im m unity and because the n ecessa ry  d .c . 
iso lation can be achieved. The specification called for iso lation of 1000 V and 
common mode re jec tion  of 90 db with re sp ec t to the m odulator common. An example 
of the requ irem en ts for iso lation is  the record ing  of a signal from  a therm ocouple 
embedded in the m agnet at some point which could r is e  to 150 V above earth . The
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VERSION 7 JUN 72
ANU HIGH FIELD MAGNET LAB
FOLLOWING ROUTINES MAY BE USED:
"COL" COLLECT ANALOGUE DATA
"PBS" PRINT BASE, SCALE TABLE
"PTM" PRINT TIMES, MODES TABLE
"SVE" SAVE BASE, SCALE £ TIMES, MODES TABLE
"SAM" PRINT SAMPLES ACCORDING TO TIMES,MODES £ BASE,SCALE TABLES'
"RES" RESTORE BASE,SCALE £ TIMES,MODES TABLES
"TRM" TERMINATE THIS JOB
"UBS" UPDATE BASE,SCALE TABLE
"UTM" UPDATE TIMES,MODES TABLE
TYPE ROUTINE DESIRED: utn

TYPE NEXT
del all t TYPE NEXT
add mod 26 27 28 t TYPE NEXT
add sei 26 27 28 t TYPE TIMES IN DECISECONDS
010 040 140 1
TYPE ROUTINE DESIRED: ubs OK SEND NEXT
26 27 28 0.0,-3.15
OK LAST. TYPE ROUTINE DESIRED: col 
ADC CHN=7f, PCICT=041

TYPE ROUTINE DESIRED: sam SELECTED SAMPLES
26 MAX 15.4/14.87 MIN 0.0/-0.00
27 MAX 15.4/14.66 MIN 0.0/0.004
28 MAX 15.4/10.89 MIN 0.0/0.342
290,da,dskhld ,read ,no rec found ,OOOQOOOeOOOff,bsam 
TYPE ROUTINE DESIRED: trm

Figure 2 .3  Example of Printout
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requ ired  isolation was achieved by coupling power into and F .M . signal out of each 
m odulator prin ted  c ircu it board by fe rr i te  cored tra n s fo rm e rs , as illu s tra ted  in 
d iagram  3 .1 .

Each m odulator has a th ree  w ire input, the 
d ifferen tia l input takes two w ires w hilst the th ird  w ire is connected to the m id-point 
of the m odulator b o a rd 's  own power supply. The th ird  w ire is used to define the 
m ean voltage of the m odulator and should be connected to some re fe rence  point 
whose potential is  within 7 volts of the d ifferential inputs.

The input power to each modulator board is from  a 
common 25 KHz supply. This re la tiv e ly  high frequency perm its  physically sm all 
tra n s fo rm e rs  and smoothing cap ac ito rs  to be used. It also means that the 
tra n s fo rm e r inter-w inding capacitance is sm all, resu lting  in sm all cu rren ts  when 
the th ird  w ire charges the c ircu its  to the working voltage. Typically, the total 
capacitance to ground is  30 pF . For a voltage r is e  ra te  of 105 v o lts /sec  (the peak 
ra te  of 50 Hz 240 V) the cu rren t is only 3^ A.

m a g n e t MODULATOR DEMODULATOR

20 MV

I50V
COMMON

25 KHZ 
PWR SUPPLYC A + Cb «- 3 0  PF

Figure 3 .1  Modulator Isolation
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The rem a in d e r  of this chap te r  d e s c r ib e s  the m odulator and
dem odula to r  c i rc u i ts .

3 .2  Modulator

R efer  to the m odulator c i rc u i t  in Figure 3 .2

The input am plif ie r  has a voltage gain of about 
20, ra is in g  the level of a no rm al m axim um  signal from  40 mV to 0 .8V. Q5 is  an 
e m i t te r  follower whose co llec to r  r e s i s to r  p rev en ts  the e m it te r  going m o re  negative 
than  -6V. This p rev en ts  the F .M . c a r r i e r  deviating low er than 2 .5  KHz, thus 
en su ring  that low er side band frequencies  do not en te r  the dem odulator f i l te r  as 
in te rm odu la tion  noise. Q6 to Q13 form  a f ree  running multi v ib ra to r  whose 
frequency  deviation is a l inear  function of the d iffe ren tia l  input voltage (360 Hz for 
40 mV). Q12, Q13 and th e ir  em it te r  r e s i s to r s  fo rm  qu as i-co n s tan t  c u r re n t  so u rces  
w hich l inea r ly  charge  the cap ac ito rs  C12 and C13. 'Q uas i-cons tan t’ m eans constant 
for constan t signal input. Changes in V^g of Q12 and Q13 with te m p e ra tu re  should 
be com pensa ted  by Q5. Q8 and Q9, speed-up sw itches for the co l lec to rs  Q7 and Q l l ,  
e n s u re  rec tan g u la r  w aveshapes . Q6 and Q10 form  a s ta r t in g  c i rc u i t  which p reven ts  
the as tab le  (Q7 and Q l l )  from  having any stable s ta te s .  The square  wave output of 
Q l l  is  low -pass  f i l te red  by R32 and C15 to reduce  the harm onic  content of the F .M . 
c a r r i e r  signal. The F .M . signal p a s s e s  to the telephone cable via the dual e m it te r  
fo llower Q14 and Q15 and isola tion t r a n s fo rm e r  T2.

Each m odulator has i ts  own regu la ted  DC power 
supply that converts  power from  the 25 KHz supply, r e f e r r e d  to in section  3 .1 ,  to 
+ 12 volt. F ig u re s  3 .3  and 3 .4  a re  c i rc u i ts  of the + 12 volt and 25 KHz supplies  
re sp ec t iv e ly .

3 .3  D em odulator

R e fe rr in g  to the F .M . demodulation c i rc u i t  
( F igure  3 .5 ),  Q1 and Q2 co m p rise  a ze ro  c ro s s in g  d e tec to r  which t r ig g e r s  the 
dem odula to r  m onostable  Q4, Q6 and Q7. Q3 and Q5 and Q 5's  e m it te r  r e s i s to r s  
fo rm  a constan t c u r re n t  sou rce  which cau ses  a l in ea r  negative ram p  on the cathode 
of D2. Q6 speeds up the negative going output edge. The m onos tab le 's  m a rk -  
space  ra t io  depends upon the F .M . input frequency. The resu lt ing  deviation in 
m ean  d . c .  m onostable  output level from  0 V is  d irec tly  p roportiona l to the deviation 
of the F .M . c a r r i e r  (0.86 V for 360 Hz). The 500 Hz low p a ss  f i l te r  rem oves  the 
F .M . frequency  com ponents . C apac ito r  CIO p roduces  fu r th e r  high frequency r o l l ­
off in the output am p lif ie r .  The low frequency gain of the f i l te r  am plif ie r  i s  given 
by 1 . R17 + RV2 . Diodes D5 and D6 se rv e  to clam p the output excu rs ion  to 

2 R24
+ 4 .5  volt. One dual 12 volt power supply feeds the m onostables w hils t another 
feeds the output am p lif ie rs .
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3 .4  Signal T ra n sm iss io n

F requency  m odulated  signals  from  the m agnet lab o ra to ry  
a re  conducted to the dem odu lato rs  in  the 1827 cab inet by two 25 p a ir  te lephone cab les .

R eflections along the cab le  p a ir s  a re  m in im ised  by 
te rm in a tin g  the inputs of the dem odu la to rs  w ith 300 ohm im pedance-m atch ing  
r e s i s to r s .

3. 5 Inductance W inding D ata

3 .5 .1 M odulator

Pow er tra n s fo rm e rs  
C ore M ullard  LA2400 with no a ir  gap

P r im a ry
tu rn s 60
w ire  guage 31 BS

Secondary
tu rn s 200
w ire  guage 34 BS

Coupling tra n s fo rm e rs  :
co re M ullard  LA2400

P r im a ry  and secondary
tu rn s 500
w ire  guage 38 BS

3. 5 .2 D em odulator

c o re s M ullard  LA2400
w ire  guage 38 BS
tu rn s

LI 850
L2 922
L3 575

inductance
L I 353 mH
L2 418 mH
L3 162 mH
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Ql

0 2
BC. 177

D5
AN 2 0 0 3

C 4
IlOOUF

20v

A  X
A N 2 0 0 3

CI4
O.IUFZl

2N363822v P-P

- 0 4
BCI07 J0 3

2 N 3 9 0 4

Select

. OI5UFIOOUF 
2 0v

47 UF 
60V

Figure 3 .3  F.M.  Modulator Card - Power Supply Circuit
IN2I3A IO Amp

2 4 0  V 
5 0  HZ IN2I3A

Ö Ö

T I T
2N377I1.0 25  W MJE2955

1.0 2 5 W 2N 377I
O utput
connec to r2N5I9I

MJE2955

6 0 0 Note*
Capacitance  values 
are microfarads. 
Resistance va lues  
a re  ohms.

3 x A N 2 0 0 3

Figure 3 .4  25 KHZ Power Supply
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4. ANALOGUE INPUT

4.1  Introduction

The analogue input facility  of the IBM 1827 data control 
unit consits of a 32 channel m ultip lexer, a sam ple and hold am plifier, and an 
analogue to digital converter (ADC).

Analogue input operation is  controlled by the magnet 
lab o ra to ry ’s data collection program m e ANALIN and by a pulse and ram p generator 
situated  in the 1827 enclosure . The pulse output of this generato r is connected to 
the analogue input fac ility ’s SYNCH te rm ina ls  to provide tim ing and synchronism  of 
analogue input with m agnet laborato ry  operation. The ram p output provides a tim e 
base for data collection.

Interconnection of the various units involved with analogue 
input is depicted in figure 2 .1 .

G eneral specifications for the IBM 1827 analogue-input 
facility  a re  contained in section 2 .4 .2 .

section 8 .7 .
The data collection p rogram m e is  described  in

Section 4 .2  describes the pulse and ram p generato r.
Section 4 .3  d esc rib es  the prototype pulse and ram p generato r; this was used 
successfu lly  until com pletion of the final version. The prototype is  m aintained in 
operational condition as a standby unit.

The ram p output of the pulse and ram p generato r provides 
a tim e refe rence  that is  independent of com puter operation. Such a refe rence  is 
n ecessa ry  because exact synchronism  between synchronizing pulses and data is 
not possible as various input-output devices, including the analogue-input facility, 
com pete for use of the IBM 360/50 m ultip lexer channel. Thus, data transm ission  
between analogue-input and com puter may not be possible im m ediately upon receip t 
of a synchronizing pulse. When th is situation occurs, data tran sm issio n  from  the 
analogue input is  delayed until the IBM 360/50 m ultiplexer channel becom es 
available. For exam ple, if the analogue-input facility  receives a synchronizing 
pulse while the IBM 360/50 m ultip lexer channel is  being used to tra n s fe r  a block 
of data from  a magnetic tape to the com puter's  main s to re , analogue-input operation 
w ill be delayed until the block tra n s fe r  from  the tape has been com pleted.
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4. 2 Pulse and Ramp G enerator

The following descrip tion  re fe rs  to the pulse and ram p 
gen era to r block diagram , figure 4 .1 , and to the schem atic d iagram s, figures 4 .2  
to 4. 5.

Clock pu lses, at the r a te  of 50 per second, a re  derived from  
the AC m ains by an AC to pulse converter. Application of these pu lses to the 
rem ain d er of the c ircu it is  controlled by an RS flip-flop that provides an 
inhibiting signal to the clock pulse gate in the re s e t  state  and provides an enabling 
signal in the set sta te . This flip-flop also con tro ls operation of the integrating 
c irc u it that generates the voltage ram p. Thus pulse and ram p output occur only 
when the RS flip-flop is in the set sta te .

The RS flip-flop may be se t by a rem ote contact c losure  o r 
by the START pushbutton on the pulse and ram p g e n e ra to r’s front panel. It is  re s e t  
autom atically  by a pulse tra in  duration c ircu it that opera tes under the control of 
front panel sw itches. These switches provide selection , in 1 second increm ents, 
of pulse tra in s  with durations of from  1 to 99 seconds.

When the clock-pulse gate is  enabled, clock pu lses a re  
applied to a digital divider that reduces the pulse repetition  frequency from  50 to 
10 pu lses p e r second. These pulses a re  applied to an output flip-flop and to the 
pulse tra in  duration c ircu it.

The output flip-flop, a m onostable device, produces e igh t- 
m icrosecond pulses which a re  applied, via coaxial cable, to the SYNCH te rm in a ls  
of the IBM 1827 analogue-input facility .

The pulse tra in  duration c ircu it contro ls the num ber of 
pu lses generated  before the RS flip-flop is  re s e t. By m eans of digital d iv iders 
and B C D -to-decim al decoders, th is c ircu it produces one second and ten second 
pu lses that a re  applied to two front panel ro ta ry  sw itches. When the pulse tra in  
duration becom es equal to the desired  duration, as set by the sw itches, the 'and 'ed  
switch outputs re s e t the RS flip-flop thus term inating  pulse generation and rese ttin g  
the ram p output to 0 volt.

The voltage ram p is  generated  by an integrating c ircu it 
that has a gain of -4 1 .6  m illivolt p e r second. When the RS flip-flop is re se t, a 
m iniature reed  re lay  connects a discharging re s is to r  a c ro ss  the integrating 
capacitor thus resetting  the in teg ra to r output to 0 volt. Setting the RS flip-flop 
causes the d ischarging re s is to r  to be disconnected thereby enabling ram p generation.

The minimum ram p voltage, corresponding to a pulse tra in  
duration of 99 seconds, is  -4 .1  volt; th e re fo re , the ram p cannot overload the 
analogue input c ircu it which has a full scale  input voltage capability of + 5. 0 volt.
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SYNCH50PPS50 Hz

-1 5 V

START

— 42 mv/s
RESET

OUTPUT

MONOSTABLE

RAMP

GENERATOR

AC TO PULSE

CONVERTER

PULSE TRAIN

DURATION

SELECTOR

Figure 4 .1  Pulse and Ramp Generator -  Block Diagram
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IC 2/11 

10PPS

•0027•0022

___-15 V
AAZ15

F igure  4 .4  8 M icrosecond  M onostable

+15V

-  42 mv/sIN936

-15V

F igure  4 .5 Ram p G en era to r
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4 .3  Prototype Pulse and Ramp G enerator

The generato r described  below was used successfully  until 
the p re sen tly  used unit was com m issioned. It is  re ta ined  for standby use.

Figure 4 .7  is  a block diagram  of the analogue input tim ing 
c irc u its . The logic sym bols are  the sam e as those for the typew riter c irc u its . The 
c irc u it d iagram s a re  given in figures 4 .9  to 4 .13 . The c ircu its  between the 1827 
and the magnet labora to ry  are  c a rrie d  by the 50 p a ir typew riter cable. Figure 4 .8 
is  the analogue input tim ing ch art.

b y :-
Refer to figure 4 .7 . The dorm ant state  is described

(a) the flip-flop is re s e t so that its  1 output is  low,

(b) the ram p generato r re lay  is re leased , making 
the ram p generato r output very close to zero ,

(c) the 100 Hz square wave derived from  the power 
m ains is  inhibited from  reaching the decade 
counter,

(d) the decade counter is  held re s e t  to its  9 state ,

(e) the analogue input synch line is  held at -15 volts 
by the m onostable.

If, at switch on, the flip-flop is  set, it will in itia lise  a cycle of the ram p generato r 
which will r e s e t  it.

When e ither the ’s ta r t ’ or 's t a r t  collection’ buttons is  
m om entarily  dep ressed , o r the sequence controlled relay  contacts close, the 
flip-flop is  se t. This re le a se s  the 'r e s e t  9’ on the counter, perm itting  it to count. 
The gate opens to allow the 100 Hz signal to reach  the decade counter input. On the 
f i r s t  negative tran sitio n  of th is  input, the coun ter’s output level fa lls , causing the 
m onostable to f ire . The 7 m icrosecond pulse from  the monostable causes the 
1827 analogue-input facility  to read  the 32 analogue channels sequentially at 
50 m icroseconds per channel. The decade counter f ire s  the m onostable every 
0 .1  second.

The setting of the flip-flop also energ ises the ram p generato r 
re lay  whose norm ally  closed contacts open som e 20 m illiseconds la te r . The output 
level of the ram p generato r s ta r ts  falling at about -  0 .3  volt per second. By the tim e 
it reaches -  5 volt the collection p rogram m e has finished. At -7 J v  (corresponding 
to about 25 seconds from  start) the end-of-ram p switch re se ts  the flip-flop and the 
re lay  re le a se s , retu rn ing  the ram p output to zero . Simultaneously the o ther c ircu its  
re tu rn  to the dorm ant s ta te .
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Figure 4. 9 Prototype 100 Pulse P e r Second G enerator
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Figure 4.10 Prototype 7 M icrosecond Monostable
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A N 2003

2N 3906
47k

AAAAProm ramp 
g e n e ra to r ' ■►Flip-flop

2 N 3 9 0 4

VSAA
Stop

ipuch button

Figure 4.13 Prototype End of Ramp Switch

5, DIGITAL FACILITIES

5.1 Introduction

The typewriter, situated in the magnet
laboratory is used to select computer programmes, to update tables, to print tables 
and to print processed data.

It is connected to the multiplexer input-output 
channel of the IBM 360/50 computer via control and interface circuits and the 
IBM 1827 digital-input and digital-output facilities, as illustrated in figure 5.1.



38. DIGITAL FACILITIES

Typewriter
3 6 0 /5 0

Mult iplexor
channe l

50 pair telephone
c a b l e  160 f t .

Magnet laboratory 
control room

1827 room

Typewriter
control

logic

Control
box

1827

Figure 5.1 Typew riter Computer Interconnection

The control and in terface c ircu its  a re  constructed  from  
D igital Equipment C orporation (DEC) m odules.

B efore the design of the typew riter control hardw are had 
com m enced, the ANU Computer Centre announced its  intention to im plem ent a 
T ypew riter Consoles System using the IBM 360/50 and IBM 735 typew riters  (see 
section 10), As the D epartm ent agreed to join the schem e it was sensible to co ­
opera te  with the C entre. D r. Lawrence (Computer Centre) and R. G. Sutton 
designed logic for in terfacing a typew riter to the Consoles System ’s m ultip lexer.
The IBM recom m endations for using the 735 typew riter w ere taken from  the type­
w rite r  h an d b o o k ^ . The c ircu its  w ere then modified to in terface the typew riter 
to the 1827 digital-input and digital-output fac ilitie s . This course  of action was 
m utually beneficial since the typew riter c ircu its  could be tr ied  before production for 
the Consoles System sta rted .

The in terface  c ircu its  contain 8- bit input and output buffers 
which a re  unnecessary  in the p re sen t configuration because the 1827 digital-input 
and digital-output have th e ir  own buffers. However, provision of in terface buffers 
w ill enable the m agnet labora to ry  to connect to the Consoles System with minimum of 
d istu rbance . The DEC logic slo t w ill be p rew ired  and the changeover w ill be made by 
existing logic card s  and cables when all is  ready.

In the following paragraphs ’c h a rac te r ' r e fe rs  to any symbol 
that may be p rin ted  by the typew riter, 'function’ re fe rs  to any typew riter operation 
tha t does not involve prin ting . Exam ples of ch a rac te rs  a re : h ? 5 +. Exam ples of 
functions are : c a r r ie r  re tu rn , space, upper case  shift.
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5. 2 Component D escription

5 .2 .1  1827 Digital-Input and Digital-Output
(References: 3, p.47 and 5 pp. 23, 29).

The 1827 digital-input and digital-output
fac ilitie s  provide groups of 16 term ina l p a irs . Each of these groups has a unique 
ad d ress  that may be selected  by a processing  program m e.

Each p a ir of input te rm in a ls  is intended to 
opera te  in conjunction with an external p a ir of e lec trica l contacts, a closed contact 
rep resen tin g  binary 1 and an open contact rep resen ting  b inary  (A ^»P* . One
te rm in a l of each pa ir supplies +36 volt from  the 1827 to the external c ircu it which, 
in the case of the typew riter in terface, consists  of a tra n s is to r  switch instead of a 
a contact p a ir .

Each p a ir of output te rm in a ls  of a group
supplies +3 volt (binary 1) or 0 volt (binary 0) according to the contents of the group1 s 
d ig ital-output re g is te r . One term ina l of each digital-output pa ir is connected to the 
1827 d .c . ground P*55).

The magnet lab o ra to ry 's  typew riter is  connected, 
via its  in terface c ircu its , to dig ital-input add ress 64 and to digital-output address 
127 as shown in figure 5 .1 .

5 .2 .2  Synchronization
(Reference: 3, pp. 54, 57).

The 1827 analogue-input, dig ital-input and 
digital-output fac ilities each have one p a ir of READY and one pa ir of SYNCH 
te rm in a ls ; one te rm inal of each p a ir is  connected to the 1827 d .c . ground. These 
te rm in a ls  p e rm it the u ser to control the tim ing of data tra n s fe r  between u ser device 
and the 1827.

As each 1827 facility  has only one p a ir of READY 
te rm in a ls  and one pa ir of SYNCH te rm in a ls , these te rm ina ls  m ust be connected to 
the p a rtic u la r  device addressed  by a p rocessing  p rogram m e. For exam ple, when the 
typew riter is  addressed  at digital-output add ress 127 the digital-output READY and 
SYNCH te rm in a ls  m ust be connected to the typew riter control c ircu it and not to a 
device that uses another ad d ress.

An 1827 fac ility 's  read iness to execute data 
tra n s fe r  is  indicated by 0 volt at the fac ility 's  READY te rm in a ls ; the 'not ready ' 
condition is  indicated by -12 volt at the te rm in a ls .
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Upon rece ip t of a READY signal, the addressed  
device, if also ready for data tra n s fe r , sends a -12 volt synchronizing pulse to the 
fac ility 's  SYNCH te rm in a ls . This pulse in itia te s  the data tra n s fe r  and causes the 
READY signal to fall to -12 volt until the facility  is  ready for the next data tra n s fe r .

5 .2 .3  T ypew riter ^  .

The typew riter input-output components com ­
p rise  contact se ts  and electrom agnets that provide synchronized communication 
between the typew riter and the 1827 dig ital-input and digital-output fac ilities  via 
the d ig ita l-in terface  c ircu its . These com ponents a re  shown in the typew riter w iring 
diagram , figure 5 .8 .

T ypew riter ch arac te r keys operate a set of 
seven transm itting  contacts that generate  ’correspondence' code (figure 5.4) in the 
form  of contact c lo su res . The code generated  includes an odd-parity  check bit.

In addition to transm itting  contacts, the
ch arac te r contact se ts  have checking contacts that a re  in ternally  w ired to provide 
an odd-parity  check of contact set operation.

Individual transm itting  contact se ts  a re
provided for each of the following typew riter functions: tab, space, index, back­
space, c a r r ie r  re tu rn , upper case shift and lower case shift.

C orresponding to each of the above ch arac te r 
and function contact se ts  is  an electrom agnet that converts the e lec trica l output from  
the in terface into m echanical output. The ch a rac te r m agnets operate  the 
’correspondence’ code decoding m echanism  to se lec t and p rin t ch a rac te rs , w hereas, 
the function m agnets operate  th e ir corresponding  functions d irec tly . Each magnet 
also operates its  corresponding tran sm ittin g  contact set thereby providing a feedback 
facility  that is used, in th is system , to check output ch a rac te rs  for c o rre c t parity .
A feature of the in terface  c ircu it p reven ts the feedback from  initiating input to the 
com puter during output operations.

Cam operated  feedback and tim ing contacts Cl 
to C6 are  used to synchronize typew riter m echanical operation with the in terface. 
The cam s, attached to the typew riter cycle shaft, revolve for the following input and 
output operations:

C l and C2
C3
C4
C5
C6

all ch a rac te rs  (but not functions) 
upper case  shift only 
low er case  shift only 
backspace, space, tab only 
c a r r ie r  re tu rn , index only
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In addition to the transm itting  and cam -
operated  contacts, the following mode and in terlock  contacts a re  provided: upper/ 
low er case, keyboard lock/unlock, end of line, tab in terlock  and c a r r ie r - re tu rn  
in terlock . The in terlock  contacts a re  used to prevent fu rther input-output operations 
during the m echanical functions that they rep re sen t.

5 .2 .4  DEC Logic

The typew riter control logic situated in the IBM 
1827 enclosure consists  mainly of DEC logic m odules. Specifications of these and 
definitions of logic levels a re  contained in re fe ren ce  6. G enerally, logic level 
low (L) is  le ss  than 0 .4  volt and logic level high (H) is  about +3 volt.

NAND sym bols illu s tra ted  below may be 
rep laced , in logic d iagram s, by th e ir  equivalent NOR sym bols.

e .g .

The following module types are  used: 

M i l l  containing 16 in v e rte rs  

In v e rte r symbol:

M113 containing 10 dual input NAND gates

Dual input NAND gate symbol: A
B Output

Dual input NAND gate tru th  table: A B Output

L L H

L H H

H L H

H H L
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M116

M117

M203

M206

M302

containing 6 quadruple input NAND gates

Quadruple input NAND gate symbol: 

containing 3 octal input NAND gates

Octal input NAND gate symbol:

containing 8 R /S flip-flops 

R /S flip-flop symbol:

R /S flip-flop tru th  table:

U = Unchanged 

* Prohibited state

R S 1 0

H L H L

L H L H

H H U U

L L H* H*

containing 6 D flip-flops

D flip-flop symbol:

D flip-flop operation:
T

Provided R and S are high, the inform ation on the D input 
is tra n s fe rre d  to the 1 output when the C input r is e s  from  
low to high. The C input m ust re tu rn  to low before any 
fu rther inform ation can be tra n s fe rre d . The R and S 
inputs may be used to o v e r-rid e  the D input.

containing 2 m onostable flip-flops

M onostable flip-flop symbol:

Monostable flip-flop operation:
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The th ree  inputs a re  norm ally, high. Any input falling 
to low in 400 ns will cause a positive output pulse of 
duration determ ined by the ex ternal connections and 
in ternal trim m ing re s is to r  adjustm ent. The input 
c ircu its  a re  locked out until the output re tu rn s  to low.

M602 containing 2 pulse am plifiers

Pulse am plifier symbol:

Pulse am plifier operation:

The output pulse is at low level for a standard in terval 
of 50 o r 100 ns, o therw ise the operation is the same as 
for the M302 m onostable flip-flop.

5.3 Input Operation

5 .3 .1  Summary

D epressing one of the typ ew rite r’s ch arac te r 
or function keys causes norm al typew riter m echanical operation and p resen ts  a 
b inary  code, uniquely rep resen ting  the ch arac te r or function, to te rm inal pa irs  
0 to 7 of the term inal group having the IBM 1827 digital-input address 64.

A synchronising pulse from  the digital in terface 
to the 1827 digital-input fac ility 's  SYNCH te rm in a ls  in itia tes  tra n s fe r  of the data from  
the digital-input group to the m ain s to re  of the IBM 360/50 com puter.

5 .3 .2  C ircuit Operation

The following descrip tion  is of the digital 
input in terface and control c ircu its  contained in figu res 5 .5  and 5 .7 . The various 
c h a rac te r  codes re fe rre d  to a re  contained in figure 5 .4 .

T ypew riter ch arac te r and function keys operate 
e lec tr ic a l contacts that control input voltage levels to the digital-input in terface 
c irc u its . The contacts generate  'co rrespondence ' code which is converted into 
'I /O  w rite r ' code and then sto red  in the inpu t-in terface  buffer. Provided that the 
1827 digital-input READY signal is at 0 volt,a SYNCH signal generated 5 m illi­
seconds la te r , in itia tes tra n s fe r  of data from  the in terface  buffer to the



44. DIGITAL FACILITIES

1827 d ig ita l-input re g is te r  and causes the READY signal to fall to -12 volt until the 
1827 is  again ready to accept data.

The 5 m illisecond delay is  provided to allow 
the 1827 digital-input c ircu it to stab ilize before data is  tra n s fe rre d  (3,p.52)^

Loss of data, due to the 1827 not being in a 
READY condition, is  prevented by controlling the typew riter keyboard-lock 
solenoid with the d igital-input READY signal thus preventing operation of the 
keyboard during ’not read y ’ periods.

As typew riter transm itting  and checking 
contacts a re  bounce free  during operation of th e ir associated  cam -operated  
contacts^» P« 4), the cam -operated  contacts a re  used to in itiate  loading of the 
in terface  input-buffer.

For ch arac te r input, cam -operated  contact 
se t C l se ts  flip-flop B24F2, C l which tr ig g e rs  the m onostable flip-flop A18T2. 
The tra ilin g  edge of the 5 m illisecond pulse from  A18T2 loads the data at the D 
inputs of the input buffer flip-flops.

The typew riter ch a rac te r co n tac t-se ts  are  
checked for c o rre c t p a rity  by NAND gate A21N1. In co rrec t p a rity  se ts  the parity  
flip-flop causing a parity  a larm  indication at the typew riter control box. 
Operating the P a rity  Cancel push button on the control box re s e ts  the P arity  flip- 
flop thereby cancelling the a larm .

For functions, NAND gate B21V2 is  enabled 
by B22V2 which is high when any function transm itting -con tac t is  operated . Cam - 
operated contacts C3 to C6 operate for functions and provide a ’feedback’ signal to 
the typew riter READY c ircu it (see figure 5 .8), which then indicates typew riter 
BUSY at B22P2(figure 5 .5 ). This re su lts  in a low at B21V2 which re se ts  the 
FUNCTION flip-flop thereby triggering  A18T2 and loading the input buffer.

The 10 m icrofarad  capacitor at B22V2
preven ts triggering  of A18T2 by contact bounce when function transm itting  contacts 
re le a se .

Load pulses from  A18T2 also set the INIT 
flip-flop which, a fte r a 5 m illisecond delay, se ts  the SYNCH flip-flop. The 
resu lting  SYNCH pulse causes the 1827 digital-input re g is te r  to load from  the 
input-in terface buffer.

The Manual In te rru p t button on the typew riter 
control box se ts  A20J2 which generates 'I/O  w r ite r ’ code X '7F ’ (X indicates 
hexadecim al rep resen ta tio n  of a b inary  code). This feature  w ill be used in the 
consoles schem e to request the com puter p rogram m e to unlock the keyboard.
A20J2 also o v errid es  any inhibit pu lses from  A18F2.
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5 .3 .3  Input Example

This example d escribes the typew riter and 
d ig ita l-inpu t operations that occur when an operato r types the ch arac te r ' c T followed 
by the function ’space '.

following figures:
The descrip tion  generally  re la te s  to the

5.2 D igital-Input Timing Chart;
5 .4  C haracter and Function Codes;
5 .5  D igital-Input In terface -  Logic D iagram ;
5.7 Typew riter Control Box - W iring D iagram .

o ther figu res.
W here applicable, re fe ren ces  a re  made to

The following conditions a re  assum ed to ex ist 
before  the opera to r types the ch arac te r 'c T:

(a) typew riter power is  switched on;
(b) the typew riter is in lower case;
(c) the IBM 1827 digital-input facility  is ready to 

accept input;
(d) the EOL (figure 5 .6), PARITY, INT. R EQ ., INIT 

and SYNCH flip-flops a re  in th e ir  re s e t s ta tes .

When the typew riter key C is  depressed , 
norm al typew riter operation causes the ch arac te r ’c ’ to be prin ted . At the same 
tim e the ty p ew rite r 's  R2A, R5 and T2 transm itting  contact se ts  opera te . These, in 
conjunction with the rem aining unoperated contact se ts , cause the following voltage 
levels at the D inputs of the in terface input-buffer INO to IN7: HLLHHLHH.

When the cam -operated  contacts C l change 
over, b istable flip-flop B24C1, F2 changes state  and tr ig g e rs  monostable flip-flop 
A18T2. The tra iling  edge of the resu lting  5 m illisecond pulse loads the in terface 
input-buffer and se ts  INIT.

The 1 outputs of INO -  IN7 control tra n s is to r  
sw itches in B16; high outputs cause these switches to conduct,thereby providing 
sim ulated  contact c lo su res to the 1827 digital-input facility .

la te r .
INIT setting causes SYNCH to set 5 m illiseconds
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SYNCH set changes the digital input SYNCH 
signal from  -12 volt to 0 volt, indicating to the 1827 d igital-input facility  that it may 
accept input.

The 1827 accepts data and the digital-input 
READY pulses to -12 volt, re se tting  I NIT and SYNCH.

The typew riter is  ready for the next input 
operation , in th is case  typing the function SPACE.

P ress in g  the SPACE bar causes low at B22M1 
so that B22V2 goes high. When the typew riter cam  C5 operates B22P2 goes high 
thus rese ttin g  the function flip-flop. This generates the code LLLLHHHH at the D 
inputs of the in terface  input-buffer, INO - IN7, and tr ig g e rs  A18T2. The tra ilin g  
edge of the resu lting  5 m illisecond pulse from  A18T2 loads the in terface input- 
bu ffer.

As with c h a rac te r input, the sam e signal 
which loads the buffer se ts  INIT which in tu rn  se ts  SYNCH 5 m illiseconds la te r .

The 1827 accepts the input and re s e ts  SYNCH 
and INIT when ready for the next input operation.

5.4 Output Operation

5 .4 .1  C ircuit D escrip tion

following figures:
This descrip tion  generally  re la te s  to the

5 .4  C haracter and Function Codes;
5 .6 D igital-Output In terface -  Logic D iagram ;
5.7 Typew riter Control Box.

Other figures a re  re fe rre d  to as applicable.

T ypew riter ch a rac te rs  a re  selected  for 
p rin ting  by seven m agnets that a re  controlled  by the digital-output in te rface .
These m agnets operate  the typew riter m echanical-decoding m echanism  to convert 
d ig ital ’ co rrespondence ' code into prin ted  c h a ra c te rs . The m agnets also operate  
th e ir  associated  transm itting  and checking contacts. In the magnet labora to ry  
system , the checking contacts a re  used to check for odd parity ; feedback from  the 
tran sm ittin g  contacts to the com puter is  inhibited by the digital-output in te rface.



48. DIGITAL FACILITIES

Typew riter functions a re  selected  by individual 
typew rite r m agnets operated  by individual signals from  the in terface.

The following paragraph  is  a sum m ary of the 
digital-output in terface and typew riter output operation.

Loading of the 1827 digital-output re g is te r  
by the com puter causes a D igital/Analogue Output (DAO) READY signal to be 
tran sm itted  to the digital-output in te rface. This signal causes the in terface 
output-buffer to be loaded from  the 1827 digital-output re g is te r  and causes the DAO 
SYNCH signal, from  in terface  to 1827, to fall to the 'not DAO SYNCH' level. If the 
typew riter is  in a READY condition, the decoded buffer-outputs a re  gated to the 
typew riter m agnets which operate, thereby initiating a typew riter m echanical 
p rin t-cy c le . During the p rin t-cy c le , a typew riter BUSY signal is  produced; this 
signal rem oves the signals from  the typew riter m agnets, inhibits input to the 
1827 digital-input facility  from  the transm itting  contacts and generates a DAO 
SYNCH pulse. The DAO SYNCH pulse causes a new ch arac te r to be read  into the 
1827 digital-output re g is te r  and the resu ltan t DAO READY signal causes th is 
ch a rac te r  to be loaded into the in terface  buffer. This occurs during printing of the 
previous ch arac te r by the typew riter so that when the typew riter again becom es 
ready  for output, at the com pletion of the p rin t cycle, fresh  output is  im m ediately 
availab le . Thus, during digital-output, the output buffer is loaded while the 
p revious ch arac te r is being prin ted .

follows.
A detailed descrip tion  of the above operation

When the 1827 digital-output facility  is
ready  to tra n s fe r  data, the DAO READY signal goes high. This transition , after 
a 15 m icrosecond delay in level changer A15, tr ig g e rs  B17F2 via the pulse shaping 
in v e rte r, B15J2. The 15 m icrosecond delay allows the levels at the D inputs of 
the in terface output buffer to se ttle  before the buffer is loaded.

th ree  things:
The 200 nanosecond pulse from  B17F2 does

1. it re s e ts  the INTO flip -flo p ;
2. its  leading edge tr ig g e rs  B17T2;
3. its  leading edge loads the data, at the D inputs 

of the output-buffer flip-flops, into the output- 
buffer.

The 1 output of the INTO flip-flop, now
being low, causes DAO SYNCH to go low ( i .e .  rnot SYNCH1) while B17T2 ensu res 
tha t DAO SYNCH rem ains low for a minimum of 5 m icroseconds.
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The 0 output of the INTO flip-flop, now being 
high, allows A19L2 to be controlled by the typew riter READY signal via A21F1. 
A21F1 thus synchronizes typew riter operation with in terface  operation.

READY and BUSY.
Logically the typew riter has two s ta tes ,

READY defines a period when the m agnets may 
be energ ised  from  the in te rfa c e 's  ou tpu t-bu ffe r. The typew riter is READY when all 
of the following conditions exist:

(a) none of the contact se ts  C2, C3, C4, C5, C6 are  
operated;

(b) neither the TAB in terlock  nor the END of LINE 
in terlock  is operated;

(c) the EOL flip-flop is  in its  re s e t state;

(d) the PARITY flip-flop (figure 5. 5) is in its  re s e t  
s ta te .

BUSY defines a period when the typew riter 
m agnets m ust not be operated. The typew riter is  BUSY when any of the following 
conditions exist:

(a) any of the contact se ts  C2, C3, C4, C5, C6 a re  
operated;

(b) e ither the TAB or END of LINE in terlock  is  
operated;

(c) the EOL flip-flop is  in its  se t s tate;

(d) the PARITY flip-flop is  in its  se t s ta te .

For the f ir s t  ch arac te r or function of a
sequence the typew riter w ill norm ally  be in a READY condition w hereas for la te r 
c h a ra c te rs  or functions the typew rite r w ill be in a BUSY condition when INTO re s e ts . 
Low at A21D1 indicates the READY condition w hereas high indicates the BUSY 
condition.

Thus, for the f ir s t  ch arac te r or function of a 
sequence, the re s e t of INTO im m ediately  causes high at A22L2 w hereas for other 
c h a rac te rs  or functions A22L2 rem ains low until the typew riter becom es READY at 
the com pletion of its  cu rren t m echanical cycle. When A22L2 does go high the 
output gates a re  enabled via A21C1, A22F2 (for ch a rac te rs) , or A21F2, A22D2 (for 
functions), thereb}^ transm itting  the decoded output-buffer sta tes to the typew riter 
m agnets via magnet d riv e rs  in the typew riter control box.
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The operation of any typew riter magnet
in itia tes  a typew riter m echanical cycle that p rin ts  the ch arac te r or executes the 
function indicated by the operated m agnets.

Operation of any of the typew riter cam s, C2 
to C6, indicates a typew riter BUSY condition and causes the TYPEWRITER READY 
signal to go low thus rese tting  the TRDY flip-flop. Cam operation also causes 
e ither the FEEDBACK or the CR, TAB INTERLOCK signal to go HIGH so that a 
high is applied to the S input of TRDY. During c a r r ie r  re tu rn  or tab functions 
TYPEWRITER READY is  m aintained low by the c a r r ie r  re tu rn  in terlock  contacts 
o r tab in terlock  contacts until the function is  com plete.

Provided that the PARITY (figure 5. 5) and 
EOL flip-flops a re  re se t, rese ttin g  TRDY produces BUSY (low) at A22H1 and low 
at A22L2.

A22L2 going low causes th ree  things:

1. the output gates a re  disabled thus re leasing  all 
typew riter m agnets;

2. A18J2 (figure 5.5) is trig g ered , inhibiting loading 
of the in te rface ’s input buffer;

3. A19L2 is trig g ered  producing a pulse that se ts  
the INTO flip-flop.

The 1 output of INTO, now high, produces 
DAO SYNCH, provided that the five m icrosecond pulse from  B17T2 is  com pleted.

DAO SYNCH causes the DAO READY signal 
from  the 1827 to go low (not READY) and causes the com puter to load the next 
c h a rac te r into the 1827 digital-output re g is te r . When the loading is com pleted the 
DAO READY signal again becom es high and a new cycle of dig ital-output in terface 
operation com m ences.

At the com pletion of each typew riter p rin t or 
function cycle TYPEWRITER READY goes high while CR, TAB INTERLOCK and 
FEEDBACK go low, thus rese ttin g  TRDY so that the next typew riter operation may 
begin.

If the output w ere a case shift and the 
typew riter w ere already in that shift, then the appropria te  m agnet would 
energ ise  but no typew riter BUSY would be generated . Such a condition would 
preven t fu rther output. To overcom e th is  problem  the case-sh ift magnet signals 
at A22N2 and A22R2 a re  gated with the signals from  the shift-mode contacts 
to tr ig g er pulse am plifier A19L2. This generates DAO SYNCH which causes the
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output buffer to be loaded with the next ch a rac te r . For exam ple, if the LCS (lower 
case  shift) gate A23V2 goes low and the typew riter is already in lower case, 
indicated by B21A1 low and B21E2 high, the 100 ns  pulse am plifier A19L2 w ill be 
tr ig g e re d  by A22J2. This sequence of events takes le ss  than 1 m icrosecond.

A s im ila r situation ex ists  with KEYBOARD 
LOCK and UNLOCK. Note that the signals which norm ally energ ise  the m agnets 
a re  used to set and re se t the UNLOCK flip-flop (A20K1). E ither LOCK or UNLOCK 
w ill fire  the pulse am plifier through its  input A19P2. As in the case of case shifts, 
th is  operation occurs in le ss  than 1 m icrosecond.

M onostable flip-flop B17T2 ensures a DAO 
SYNCH pulse with a minimum length of 5 m icroseconds, even under the above 
conditions.

F igure 5. 3 illu s tra te s  the tim ing conditions 
th a t occur for the following output sequence:

(a) the f ir s t  c h a rac te r of the sequence;
(b) a ch arac te r o ther than the f ir s t  of the sequence;
(c) a case  shift when the typew riter is already in 

the requ ired  s h i f t ;
(d) a c a r r ie r  re tu rn  .

5 .4 .2  Output Example

following figures:
This exam ple generally  re la te s  to the

5 .4  C haracter and Function Codes;
5.6 D igital-Output In te rface  -  Logic D iagram ;
5. 7 Typew riter Control Box -  W iring D iagram .

W here applicable, re fe ren ces  a re  made to o ther figures.

The following conditions a re  assum ed to 
ex ist p r io r  to the operations described  in th is example:

(a) the typew riter power is switched on;
(b) the PARITY (figure 5. 5), EOL, and INTO flip - 

flops a re  in th e ir  re s e t  s ta tes .

This example d esc rib es  the typew riter and digital-output 
operations that occur when output consists  of the ch arac te r Tdf followed by the 
function fspacer.
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When the p rin t p rogram m e com m ences, the 
IBM 360/50 com puter loads b its  0 to 7 of the IBM 1827’s digital-output re g is te r  
at d ig ital -  output address 127 w ith X ’lA ’ which is the T input-output w rite r ' code for 
c h a ra c te r  ’d’.

The 1827’s DAO READY signal then goes
high (H) and the voltage levels LLLHHLHL a re  applied to the D inputs of the in te r ­
face output-buffer flip-flops OUTO to OUT7 via non-inverting iso la to rs  on board  A16.

To allow the output-buffer D inputs to settle  
before loading the buffer, the positive-going leading edge of the DAO READY signal 
is  delayed by 5 m icroseconds before triggering  the m onostable flip-flop B17F2.

The 200 nanosecond pulse, from  B17F2, loads 
the output-buffer, re s e ts  INTO and tr ig g e rs  B17T2 causing the DAO SYNCH output 
to fall from  0 volt to -12 volt.

The 0 output of INTO, ’and’ed with the output 
of A22H1, enables the ch arac te r output ga tes, thus causing the R I, R2A, R5, T2 and 
CK outputs to energ ise  th e ir  associated  typew riter m agnets via magnet d riv e rs  in 
the typew riter control box.

This in itia tes  a typew riter m echanical p rin t 
cycle to p rin t the ch arac te r ’d '. A fter 10 m illiseconds, in th is case of a f ir s t  p rin t 
cycle , the norm ally open contacts of C2 close and cause TRDY to re s e t . This 
p roduces typew riter BUSY at A22H1.

At th is point, the magnets m ust be d e ­
energ ised  and the in terface  output-buffer may be loaded with the code for the next 
output ch arac te r o r function.

B ecause INTO is  re s e t, BUSY tr ig g e rs  the 
m onostable flip-flops A19L2 and A18F2 (figure 5 .5 ). The output pulse from  A18F2 
inhibits input caused by the prin ting of ch a rac te r Td r. The output pulse from  A19L2 
se ts  INTO thus causing DAO SYNCH to r is e  from  -12 volt to 0 volt. This 
tran s itio n  causes the 1827 digital-output facility  to load the in terface output-buffer 
w ith X’OF’, the ’input-output w r i te r ’ code for the function ’space’.

The p rin t cycle f o r ’d* continues for another 
36 m illiseconds then the norm ally  closed contacts of C2 close causing TRDY to set. 
Provided that the PARITY (figure 5. 5) and EOL flip-flops a re  re se t, the setting of 
TRDY produces a high at A22H1 which, when 'and’ed with the high 0 output of 
INTO, enables the output gate for SPACE (B23J2) thus causing the ty p ew rite r 's  space 
m agnet to operate.
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During the resu lting  typew riter function cycle, 
the norm ally open contacts of C5 close causing TYPEWRITER READY to go low. 
TRDY then goes to its  re s e t  state  thus disabling the output gates and de-energ ising  
the space m agnet.

5.5 D igital In terface T est Box

A digital in terface te s t box was developed so that the 
digital in terface  and typew riter could be te sted  independently of the IBM 1827 data 
control unit and IBM 360/50 com puter.

When testing , cables between the te s t box and in terface  
rep lace  the cables that norm ally  connect the IBM 1827 digital-input and d ig ita l- 
output fac ilities to the in te rface.

te s t box.
F igure 5.16 is a c ircu it d iagram  of the digital in terface

The te s t box provides sim ulated digital-input and 
digital-output READY signals, sim ulated digital-output contact c lo su res  and 
ind ica to rs that display the contents of the in terface  input-buffer. An external 
36 volt power supply is  requ ired  when using the digital-input display facility  of the 
text box.

T y p e w r i t e r
I /O

w r i t e r
F u n c t i o n c o d e EBCIDC
S p a c e OF 40
B a c k s p a c e 1F CA
T a b u l a t e 4F CD
C a r r i e r  r e t u r n 5F 4a

U p p er c a s e 6F CF
L ow er c a s e 2F CB
K e y b o a rd  lo c k 3F 3F
K e y b o a rd  u n lo c k 7F 7F

Figure 5.4(a) Function Codes
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C h a r a c t e r  C o r r e s p o n d e n c e  i / 0

u p p e r  l o w e r  c o d e  w r i t

c a s e c a s e R1 R2 R2A R5 T 1 T2 CK c o d e EBCDIC

A a X X X AB C1

B b X 97 C2

C c X X X 9B C3

D d X X X X 1A C4

E e X X X 92 C5

F JZ X X X B9 C6

G g X j r X X 38 C7

H h T T x X 16 C3

I i X XT X 23 C9

J j X X X BO D1

K k X X x 13 D2

L 1 X X X OP y  —j D3

M m X X X X AS D4

M n X X X 91 D5

0 o X X X Aa.j D5

P P X X x 32 D7

Q q B3 D3

R r X X X X 2 A D9

3 s X X 26 E2

T t X X X X X 10 E3

U u X X X X 19 E4

V V X X X X X 29 E5

u w X A 7 E6

V X X X X X X 98 E7

Y y X B6 E3

Z z X X X X 80 E9

X i n d i c a t e s c o n t a c t . - s e t o r m a g n e t
o p e r a t e d ,

R5 i s  n o r m a l l y  o p e n .
A l l  o t h e r s  a r e  n o r m a l l y  c l o s e d .

Figure 5.4(b) Characte r Codes
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Check (l) ^ ■K Bit 0

K 2
Tab (l ) V

Carr iage  Return (l )

Upper Case Shift ( l )

Lower Case Shift (l )

<  Bit 2

T2 <L) y
T i (L) y

<  Bit 3B ac k sp a ce  CC) y

Space (l ) y

y  Bit 5
R5 (L)

R2A (L)

R2 (l)
Bit 6

R1 (L)

Manual Interrupt (l) y

<( Bit 7Manual Interrupt

^  Input S y n ch . (h)DI Ready <h )  ^

2 .  ALU U N USE D B2 2  INPUTS ARE CON N E CT E D  TO * 3  VOLTS.

CI ( L )  >

CI ( L )  V _ J  5 M S [ _

P H  S 2 1 R 2 I V2 |

Odd Bit Check* ( l )  ^

Pcu-ity Clear  (l)

Figure 5. 5 Digital-Input Interface -  Logic Diagram
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SKA

F E E O B A C K (h ) ) ^ ----------£

.Cn S Ä o « ( " ) ) !5— {
U 2

N O T E S
ö )  CIRCUIT STATUS: TYPEWRITER IN LOWER CASE 

SHIFT, IN ITIALISED (B Y  TYPING ONE LETTER"), 
PARITY RESET, DORMANT, WAITING WITH DAO 
'NO T READY* ( - I 2 V ) .  THE BIT PATTERN OF 
THE OUTPUT BUFFER IS ARBITARY.

b )  H A  L y R E L  A T IVE  H IG H »  LOW,, IN D IC A T E  A C T IV E  
STATE VOLTAGE L E V E L S  OF F U N C T IO N S .

C) FOR REFERENCES TO INPUT C IR C U IT  
SEE DRAWING No FM 2499

d )  8 I S J 2  FALLS 16 S AF TE R  DAO 
READY RISING -5 V -  
BIS J 2 RISES 0 -2 y *S  AFTER DAO 
READY FA LLIN G  PASSES THROUGH -5 V .

€ )  SKA » SKB ARE C O N N E C T O R S  TO 
TY PEW R ITE R  C O N  TR O L BOX C A BLE .
SKC IS C O N N EC TO R  FOR 1827 DAO 
CABLE.

T Y P E W R I T E R  E N D  O F  CARRIER
R E A D Y (H )  L I N E  ( h )  RETURN(H)

SKA V

LOWER U P P E R  
CASE ( l )  C A S E ( l )

Figure 5.6 Digital-Output Interface -  Logic Diagram
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S1464 S1464

Ch«ck

S1439

Figure 5.7(a) Typew riter Control Box -  W iring D iagram . C haracter C ircuits
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End of Ime

CR Interlock

Tab Interlock

Upper Cbm  

Lower Cese

Tab 

Space 

Back Space 

Carrier Return 

Upper Case Shift 

Lower Case Shift

Parity Parity Upper
Alarm Good Case

S1444A

[ia| @—0  03 0

Digital
Input

S14S0

0 0 0 0 0 0 0 0

Figure 5.7(b) Typewriter Control Box - Wiring Diagram. Function and Control Circuits
* Typewriter socket
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Csi CM CM CM CM CM CM
CC Q_ Z  z  —1 ^  ^

<X> CM ___

IO N ___5^
<£> CM _____
5  “

JL JL JL JL JL JL JL JL jf _A, _Il JL jL JL JL ^

CQ

Fi
gu

re
 5

.1
3 

D
ig

it
al

-I
nt

er
fa

ce
 C

ha
ss

:



tm
nt

mn
nn

 ;
66 DIGITAL FACILITIES

iBM 1827 

Digital Input 

Address 127
Plug D

10 Pair Telephone Cable

TB-A

14 Pin 
Amphenol

Plug 57-30140

+36V 1'2 A

Figure 5.14 Digital Input Cable
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IBM 1827

Digital Output

Address 64 
T B - B

0 o— o
1 O----O-

2 O---o-
30----o-

5 O----O-
6 O----O-

T B - A

10 Pair Cable

Plug C

- o 1 

- o 2

- o 6 

- o 7 

- o 8

-o 9
10o

O "

0 12

0 13

14 Pin 
Amphenol

Plug 57*30140

Heavy insulated flexible cable to 

computer earth terminal on 

interface chassis

Figure 5.15 Digital Output Cable
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< ^ >  < 2 4 >  <^A25^> < ^ >  < ( b 2 ^ >  < ^ B 3 ^ >

S1440 Function Inputs

S1439 Character Inputs

Typewriter Connector Pin 

Link Cable Socket Pin

Figure 5.17 Typewriter-Input Level Converters
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Panty

Alarm Good

+ 30V

f- - - - - T- - - - - T- - - °1 AN6201

§  4-7K < 1 0 K  -----1 §

0 033

01

3b 16b

10K

580

3W — p 0 '1 ^ ^ 1 0 K

<> 0-15

2N2102
w

AN6201 2N2102

150
3W

AN6201

6-8K

<»—VW'—| BC''
47

r \\

BCY56

\ |  1-8K 2-7K

2N 2102J VW' * ►“V\AA_~< ̂  J I 1 >
001

• ------ *

Upper Case

150
• 3W

150
3W

2N2102

4
6-8K

10 K

■ w -

15b

Parity
Alarm

T
Parity
Cancel

LüJ
Upper Case

1

Figure 5.21 S1444A -  Parity Alarm
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6 . COMPUTER AND PROGRAMMING 

6.1 Introduction

R ather than tre a t  the com puter and its  general 
program m ing separa te ly , it is  covered here as one topic. The descrip tions of 
m agnet laborato ry  system  program m es a re  contained in section 8. This p resen t 
chap ter introduces sufficient of the 360/50 concepts and term inology for the 
p rogram m es to be understood. As each new te rm  is introduced it is  underlined. 
The read er is re fe rre d  to various IBM handbooks for fu rther de ta ils .

6 .2  Com puter

The components of the ANU’s 360/50 com puter 
a re  lis ted  in section 2, and th e ir  in terconnection is shown in figure 2 .1 . The heart 
of the com puter is  the C entral P ro cessin g  Unit (CPU). It responds d irec tly  to 
p rogram m e instructions to execute arithm etic  and logical operations to request data 
tra n s fe r  by the input-output (I/O) channels to branch to other p a rts  of a program m e, 
e tc . The CPU contains 16 general purpose re g is te rs  (numbered 0 to 15) with which 
it executes the various a rithm etic  and logic p ro cesses  requ ired  by the p rogram m es. 
T here  a re  th ree  types of storage in th is  360/50 sy stem :-

(a) m ain s to re  (fast access) - holds p rogram m es 
being executed by CPU and data cu rren tly  
being re fe r re d  to or p rocessed ;

(b) disk s to re  (slow er access) -  holds o ther 
p rog ram m es and data;

(c) tape s to re  (slow er still) - not used by magnet 
labora to ry .

The com puter has th ree  I/O  channels to which 
various I/O  devices a re  connected. The I/O  devices consist of one o r m ore units 
each of which has a unique a d d re ss . Unit a d d re sses  provide the channel with a m eans 
of identifying units to or from  which data is  to be tra n s fe rre d .

Each channel m ay be considered  as  a special 
purpose com puter for tra n sfe rrin g  data between I/O  devices and main s to re .

The te rm s  input and output re fe r  to the movement 
of data (including program m e code) re la tiv e  to the m ain s to re . Thus, output data is 
w ritten  from  m ain s to re  to a disk, and input data is  read  from  disk into main s to re .
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Each 360/50 re g is te r  is one word long (= 32 
b inary  b its), but the sm allest addressable  unit in main s to re  is  a byte (= 8 b its).
On the o ther hand the 1827 Data Control Unit operates only on 16 bit w ords. T h e re ­
fore, data is always tra n s fe rre d  between the 1827 and the 360/50 main store , two 
bytes (16 bits) at a tim e. The magnet labora to ry  computing system  ignores the low 
o rd e r half of each 16 bit word when using the 1827 dig ital-input and digital-output 
fac ilitie s . Since the 1827 is  an irreg u la r  addition to the 360/50, it has little  
softw are support. Hence, program m es using it m ust them selves provide certa in  
inform ation which otherw ise would be provided by the 360/50Ts operating system .

6 .3  360/50 Operating System (OS)

"The operating system  is  a com prehensive set of 
language tra n s la to rs  and serv ice  p rogram s operating under the supervision and 
co-ord ination  of an in tegrated  control p rog ram " P*l). The operating system  
consists  en tire ly  of softw are and includes the FORTRAN IV, P L /1  and A ssem bler 
Language com pilers, the LINKAGE EDITOR, the I/O  device handlers, the p ro ­
gram m e SUPERVISOR, and other system  program m es. These nam es a re  introduced 
to give some working concept of the OS. To the com puter u se r th e re  is  his p ro ­
gram m e, o ther u ser program m es and "the System" (OS).

6 .4  Main Store Usage

The p a rticu la r form  of the OS used at the ANU 
is  called MFT (M ultitasking with a Fixed number of Tasks). The m ain s to re  is 
segm ented into p a rtitio n s . One program m ing task  operates in each partition . 
F igure 6 .1  shows typical partition ing :-

P artitio n  P artition
num ber size in bytes

8K

104K

96K

48K

magnet laboratory  
program m e

job stream  1

job stream  2

resident system

Figure 6.1 Typical Main Store Partitioning
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The various ta sk s  a re  allotted p r io r itie s  for using 
the CPU. Usually task  0 is  highest (next after the system ), the o thers being in 
o rd e r below it. The p rogram m e in p artition  2 is  given the CPU only when tasks 
0 and 1 a re  not using the CPU.

6. 5 Instruction  Set

The 150 or so standard u se r instructions to the CPU 
a re  described  in P rin c ip les  of Operation (®). A fu rther set of about 70 instructions 
a re  the (system ) sup erv iso r and data managem ent m acro instructions (MACROs), 
to which a num ber of locally  w ritten  MACRO instructions have been added. The 
MACROs generate se ts  of standard  instructions and constants for the u se r program m e. 
Instructions generated by MACROs a re  identified in program m e listings by a +.

6 .6  Choice of Language

From  the outset it was obvious that at leas t the 
m ajo rity  of the program m ing would have to be done in IBM 360/50 OS A ssem bler 
Language. FORTRAN IV was unsuitable because if it w ere used for I/O  an addition­
al 19K bytes of e r ro r  handling routines would have been loaded into the partition . 
R ecall that the p artition  size  available is only 8K bytes.

Future sections of p rogram m es could be w ritten  in 
FORTRAN, provided they do not use any of the FORTRAN OS subroutines (e. g. log, 
sine, e tc .) or input-output.

A ssem bler Language was obligatory for the 
IBM 1827 data control unit, because, as mentioned e a r lie r , the 1827 has little  
sy stem  softw are support.

6 .7  Input-Output O perations

Because of the flexibility of the System 360/50 OS, 
even the sim plest I/O  operation  is fa irly  com plicated. The m ost fundamental level 
of coding available, involving the EXCP (execute channel program m e) MACRO 
instruction , m ust be used to p rogram m e 1827 operation.

Disk I/O  is  handled using the higher level READ 
and WRITE MACROs. The highest level data handling MACROs, GET and PUT, 
a re  not used in these p ro g ram m es. With increasing  level of MACRO instruction  
the MACRO ca lls  on the OS to c a rry  out m ore of the work. N aturally the penalty for 
th is  is  le ss  flexibility and usually  m ore space is taken up.
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An im portant concept in understanding I/O  is that of 
data s e t . IBM defines a data se t as "The m ajor unit of data sto rage and re triev a l in 
the operating system , consisting of a collection of data in one of several p re scrib ed  
arrangem ents and described  by control inform ation that is  accessib le  by the system " 
(^ ’P*68)< 'D a ta ' in th is  sense includes p rogram m e code.

In the descrip tion  which follows, the te rm  S u p e rv iso r ' 
w ill mean the OS program m e and control inform ation residen t in the main s to re ; 
the te rm  ’program m e' w ill mean the u se r w ritten  p rogram m e. To use the EXCP 
MACRO, the p ro g ram m er c rea te s  the following in his partition  (1°>P*135)._

(a) a channel p ro g ram m e, com prising suitably linked 
channel command w ords (CCW's) which a re  
re fe renced  by the ch an n e l;

(b) an event control block (ECB), which the system  
uses to synchronize the problem  program m e to 
the p ro g ress  of the p a rticu la r EXCP instruction;

(c) a data control block (DCB), which defines to the 
su p erv iso r the modes of I/O  and to where control 
should be tra n s fe rre d  in case of e r ro r ;

(d) an input/output block (IOB), used by the p a rticu la r 
EXCP instruction  to locate (a), (b) and (c).

When a p rogram m e p ro cesses  a data set, the tim e
sequencing of events i s : —

(1) The program m e issu es  an OPEN MACRO which 
p rep a res  the DCB for use. If data has not been 
entered  into the DCB by a DCB MACRO when the 
p rogram m e was com piled, then the superv iso r looks 
to the data s e t 's  DD (data definition) card ; th is is 
included in the card s  used to in itiate  program m e 
operation. If the inform ation is  not there  e ither, the 
superv iso r in se r ts  system  inform ation about type of 
device, mode of data, add resses  of e r ro r  routines, 
ad d resses  of MACRO instruction  routines, etc.

(2) The p rogram m e issu es  an EXCP instruction . This 
causes control of the CPU to be passed  to the 
superv iso r which requests  the channel to execute the 
channel p rogram m e contained in the u s e r 's  partition  
then re tu rn s  control of the CPU to the u se r program m e.
The channel begins execution, independent of CPU 
control, tra n sfe rrin g  data to o r from  the add resses 
given in the p rogram m e CCW's.
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(3) At the point w here the u se r program m e cannot 
continue until the data tra n s fe r  has finished, a 
WAIT MACRO is issued. If the data tran sfe r has 
finished the next instruction  is  im m ediately 
executed. If it is  not finished, a bit in the ECB is 
set to indicate that the p rogram m e is awaiting 
com pletion of the channel program m e. A binary  
bit is said to be ’s e t’ or ’flagged’ when its state  
is 1. The opposite (the 0 state) is  called 'r e s e t ’.

(4) When the channel program m e finishes, the channel 
in te rru p ts  the superv iso r, which in tu rn  re se ts  the 
ECB’s wait bit and sets  its  complete bit.

(5) When the la s t WAIT has been honoured, the data 
set is closed by issuing a CLOSE MACRO on the 
DCB. Logically the device (e .g . lineprin ter) and 
the problem  program m e a re  then unconnected.

If the channel executes a channel command word 
in which the PCI (program m e controlled in terrupt) bit has been set, then the channel 
in te rru p ts  the superv iso r (6 * 8 *>P-1°^). The superv iso r tra n s fe rs  control to an 
appropria te  u se r-w ritten  PCI appendage (10’P - t h i s  having been loaded into 
the partition  by the OPEN MACRO instruction .

The storage and re tr ie v a l of data from  disk is 
achieved using the WRITE and READ MACRO instructions. These move blocks of 
d a ta , 320 bytes at a tim e. The CHECK MACRO is  used instead of the WAIT for 
testing  the com pletion of the I/O  operations. The OPEN and CLOSE MACROS are 
the sam e as used with the EXCP MACRO. A sequential method is used by magnet 
labora to ry  program m es when tra n sfe rrin g  data to or from  disk. Thus, successive 
READs take blocks n, n + 1, n + 2, etc. The OPEN MACRO repositions the block 
po in ter to block 0.

6. 8 Job Steps

There a re  at le as t th ree  computing job steps 
involved in the p repara tion  and execution of a p rogram m e. The f ir s t  of these,
called  compile, tra n s la te s  the program m ing language input (e .g . 360/50 OS 
A ssem bler) into relocatab le  machine code and tabulates any re fe ren ces  to other 
p rogram m es which may have been compiled separa te ly . The next job step is 
usually  an OS program m e named the linkage editor which reso lves unresolved
re fe ren ces  between the com piled input and other previously  com piled p rogram m es. 
It is  also capable of s truc tu ring  the p rogram m e sections into an overlay program m e
(described  in section 6.10). The re locatab le  output of the linkage editor is loaded 
into the u s e r ’s partition  when requ ired  and is  executed as the th ird  job step.
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The linkage editor output of the magnet lab o ra to ry ’s 
p ro g ram m es is  perm anently  sto red  on a system  disk, SPOOL1, always ready for 
use.

6 .9  Control Sections

A control section is  defined as - "The sm alles t 
sep a ra te ly  re locatab le  unit of a p rogram ; that portion of text specified by the 
p ro g ram m er to be an entity, all e lem ents of which a re  to be loaded into contiguous 
m ain sto rage  locations” (7,p.68)^

The 16 control sections which com prise the magnet

tim es-m odes table 
b a se -sca le  table 
version  data 
m axim a-m inim a table 
contro l program m e 
collection program m e 
p rin t sam ples program m e
p rin t sam ples for a selected  channel p rogram m e 
update BSTAB program m e 
p rin t BSTAB program m e 
update TMT program m e 
p rin t TMT program m e
ch arac te r  to b inary-num ber conversion program m e 
read  a line on the typew riter program m e 
p rin t a line  on the typew riter program m e 
save TMT and BSTAB on disk, re s to re  TMT and 
BSTAB from  disk program m e.

Note that the f ir s t  four a re  not executable code.

If it w ere not for the overlay s tru c tu re  th e re  would 
be no co n stra in ts  on the location of any of these control sections in main s to re .
This is because it is  conventional to branch to a control section using the instruc tion  
BAL 14, CSectname which causes program m e operation to branch to the instruction  
labelled  ’CSectnam e’; the address of the next instruction  in the calling p rogram m e, 
a fte r the BAL instruction , is  autom atically  sto red  in re g is te r  14. All that is  needed 
at the end of the called control section to re tu rn  to the calling p rogram m e is  the 
in s tru c tio n  BR 14 (which causes the called  program m e to branch to the ad d ress  in 
re g is te r  14). Of course, th is assum es that re g is te r  14 has not meanwhile been 
a lte red . To guard against loss of data sto red  in re g is te rs , it is  also conventional 
to save the contents of all re g is te rs  in a save a rea  provided by the calling control 
section  when branching to another control section.

lab o ra to ry  p rogram m es a re :-

TMT
BSTAB
MAGVRS
MAMITB
MGLB
ANALIN
SAM
SELCHN
UDBS
PBS
UDTM2
PTM
DEC
READIN
P130
SAVE
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The address of the save a rea  is always assum ed to 
be in re g is te r  13. The re g is te rs  a re  sto red  cyclically  beginning with re g is te r  14 
in location (R 13) + 12. Before re tu rn ing  from  a called  control section the re g is te rs  
are  sto red  so that, as far as the calling p rogram m e is  concerned, the action of 
branching to the called control section and back again leaves the contents of all 
re g is te rs  except R15 unchanged.

If the called control section uses any of the system  
MACRO instructions or calls  another control section, it should also provide a save 
a re a  for the system  or for the lower level control section respectively .

If a MACRO is used, then the contents of re g is te rs  
14, 15, 0, 1 are  unpredictable on completion of the MACRO. Therefore, these  
re g is te rs  are  only used transien tly . To distinguish between the save a re a s  of a 
called  and calling control section, the calling p ro g ram m e’s save a rea  is  called  a higher 
save a rea  while the called p ro g ram m e 's  save a re a  is called a lower save a re a .

Throughout the m agnet laboratory  p rogram m es the 
com puter cen tre  w ritten  MACRO instruction  SUBR has been used. This MACRO 
instruction  s to re s  re g is te r  contents in the higher save a rea , c rea te s  a lower save 
a re a  and, on com pletion of the called control section, re s to re s  the re g is te rs  0 - 1 4  
from  the higher save a rea  then re tu rn s  control to the calling control section, 
re g is te r  15 is not re s to re d  because it is  often used to re tu rn  a code to the calling 
control section. SUBR assum es that the called control section was branched to by 
the instruction  BALR 14,15.

The following exam ple illu s tra te s  the use of SUBR 
in an A ssem bler language coded control sec tion :-

FREDDIE CSECT
SUBR

!

f Body of
, p rogram m e

L 12, 0(13) These two instructions
BR 12 cause control to be

re tu rned  to the calling 
control section via SUBR.

An example of coding used by another control
section to call FREDDIE is:
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JILL

T

T

L 15, JILL
BALR 14, 15

T

T

!

DC V(FREDDIE) This storage
location contains 
the address of 
FREDDIE

6.10 Overlay

As m entioned previously, the m agnet laboratory  
'ogrammeSj which consist of at leas t 10K byt.es m ust occupy only 8K bytes of

...; store. hi« is achieved by instructing  the linkage editor to make an overlay
s tru c tu re ^ * ’ p * of the contro l sections.

figure 6 .2 .
The overlay s tru c tu re  used is  illu s tra ted  in

An overlay s tru c tu re  reduces m ain s to re  
requirements by loading into m ain sto re  only those control sections that a re  r e ­
quired  at any tim e. The com plete magnet laborato ry  p rogram m es a re  stored on 
disk, req u ired  control sections being loaded into main s to re  when requ ired  and 
overw riting  other control sections that a re  not requ ired .

To illu s tra te  the overlay, assum e PTM has control 
and that it, and everything above it, is  in main s to re . When PTM finishes, control 
re tu rn s  to MGLB. Suppose that the next program m e requested  was UDTM2,
MGLB would execute the in s tru c tio n s :-

L 15, = V(UDTM2)
BALR 14,15

Because of the overlay  s tru c tu re  READIN, DECIN and UDTM2 would be loaded into 
s to re , overw riting PTM, before passing control to UDTM2. The overlay is s tru c tu red  
so that any control section above the one requ ired  is also loaded, if it is  not already 
in main s to re .

It is  im portant to rem em ber that any data se ts  
that have been opened by a control section m ust be closed before that control section 
is  overw ritten , otherw ise the su p erv iso r may la te r try  to c lose a non existent 
data set. This would cause an abnorm al end to program m e execution.
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SELCHN UDTM2 UDBS

PTMSAVE BSPT

P130ANALIN

READIN
DECIN

MAGVRS

MAMITB

BSTAB
MGLB

TMT

Figure 6. 2 Overlay S tructure

7. PROCESSING OF COLLECTED SAMPLES

7.1 Summary

Operation of the sam ple-p rocessing  sub-routine 
PROSAM is  described  in th is section with the aid of two exam ples. As a knowledge 
of som e system  featu res and conventions is  necessary  for a com plete understanding 
of the exam ples, paragraphs concerning applicable fea tu res and conventions a re  
included. Use of the PROSAM flow ch art (figure 8.8(i)), when following the exam ples 
is  suggested.

7 .2  IBM 360/50 A rithm etic

The IBM 360/50 uses twos com plem ent arithm etic  in 
its  cen tra l p rocessing  unit. B inary num bers a re  rep resen ted  in th e ir  norm al b inary  
form  if positive, negative num bers are  rep resen ted , in twos com plem ent form , by 
rev e rsin g  the b its  of the positive form  of the num ber and adding one to the re su lt. 
Negative num bers, expressed  in twos com plem ent, may be converted to th e ir norm al 
b inary  form  by the sam e p rocedure.
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Thus, -00001010 (binary)
= 11110110 (twos complement)

Note that, with twos com plem ent, the highest 
o rd e r bit will be 0 for positive num bers and 1 for negative num bers.

For convenience, b inary  num bers a re  generally  
expressed  in hexadecim al form  in this rep o rt. B inary num bers a re  identified by 
a B preceding the num ber, hexadecim al num bers a re  identified by an X, decim al 
num bers are  not identified by a prefix .

Thus, -10 = B’11110110’ = X’ F6 '.

7. 3 A nalogue-to-D igital Converter
(Reference: 5 ,p . l l )

The following descrip tion  of the analogue-to- 
d ig ital converter (ADC) is lim ited to details  that determ ine the p rocessing  
requ irem en ts of the p rocessing  program m e, SAM.

Input voltages a re  inverted by a sam ple-and-hold  
am plifier before being converted to digital values by the ADC. The ADC input 
voltage range is  +5 volts; however, input f ilte rs  reduce inputs to the m ultip lexer 
channels by 1%. The voltage range at the m ultiplexer inputs is , th e re fo re , +5.05 
volts. Voltages outside th is range cause an overload bit in the ADC output re g is te r  
to be set and ADC operation is term inated , control being returned  to the u s e r ’s 
program m e.

The digital num ber developed in the ADC's 16 bit 
output re g is te r  consists  of a 15 bit tw os-com plem ent number corresponding to the 
ADC input voltage and a low o rd er overload bit that se ts  if the input voltage is 
outside the ADC input voltage range of +5 volts. The value of the 16 bit num ber, D, 
is  given by:-

D = 2Q
w here Q = V /0 .3051758, rounded to units 
w here V is  the ADC input voltage, in m illivolts;

0.3051758 is the ADC resolution in
m illivolts per b it (of the 15 bit n u m b e r /5’*5*2^ .

Full scale  ADC re g is te r  values a re :-

positive 0111111111111100 = 215 -  4 = 32764
negative 1000000000000010 = 215 +2 = 32770

Conversion by the p rocessing  program m e, of 
ADC re g is te r  values to m ultiplexer input voltage values, is sim plified if full scale
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1 5ADC re g is te r  values a re  assum ed to be 2 . The maximum e r ro r  of 0. 01% introduced
by th is assum ption, is  negligible in th is system .

ADC re g is te r  output values a re  converted to 
m ultip lexer input voltage values by multiplying the output values by -5. 05 x 2"15 
w here: - com pensates for inversion by the sam ple-and-hold  am plifier;

5.05 is  the full scale  input voltage at the m ultiplexer input;
2^5 is the full scale  digital output value.

7 .4  Stored Base and Scale Values

Typed in base and scale values are  m ultiplied by 
104 and -5 .05  x 104, respectively , before being sto red  in the base and scale  table, 
BSTAB.

In both cases the factor of 104 sca les the stored 
values for four decim al place fixed-point arithm etic  operations.

The factor of -5 .05  in the scale value is p a rt of 
the conversion of ADC output described  in section 7 .3 , the rem aining conversion 
factor of 2_ l j  given in 7 .3 , is m ore conveniently c a rr ie d  out during the sample 
p rocessing .

7. 5 Sample P rocessing

Data from  the ADC is stored by the collection 
p rogram m e, ANA LIN, on disk and in the m axim a-m inim a table, MAMITB.

-The sam ple p rocessing  program m e, SAM, 
re tr ie v e s  this data, uses subroutine PROSAM to evaluate and edit the data, then 
p rin ts  the p ro cessed  data.

PROSAM uses four decim al place fixed-point 
a rithm etic  to evaluate and edit each sam ple by :-

m ultiplying by the sto red  scale  value;
dividing by 2 ^ ;
adding the sto red  base value;
converting to decim al;
rounding;
converting to ch arac te r form at (zoned decim al); 
inserting  decim al point and, if negative, minus sign.

Positive values a re  rounded to th ree  decim al p laces 
if le ss  than 1. 0000 and to four significant figures if equal to o r g re a te r  than 1.0000; 
negative values a re  rounded to two decim al p laces if g re a te r  than -1 .000 and to th ree 
significant figu res if equal to or le ss  than -1 . 000.
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7.6  Exam ples

The following two exam ples illu s tra te  the p ro ­
cedure by which PROSAM evaluates and edits sam ples; the f ir s t  exam ple is 
confined to PROSAM operations w hereas the second tra c e s  data flow from  ADC 
input to prin tout.

7 .6 .1  Example 1.

Typed-in base = 0. 01 units
Typed-in scale = -0 . 03 units per volt
Sampled voltage = 2. 50000 volts
R equired printout = 2 .5  x (-0 .03) + 0.01 

= -0 .065 
= -0 .07

Stored base = 0. 01.x 10^
= X’64’

A

Stored scale = -0 .0 3  x (-5.05) x 10*
= X’05 EB’

ADC input = -2 .5  x 100/101 volt 
= -2.47524 volt

ADC output: 
D igitised input -2.47524 x 103/ 0 . 3051758

= -8111
ADC output = -8111 x 2 

= -X T3E 5E’ 
= XTC0 A2’

P rocessing  of the sto red  16-bit ADC output value 
com m ences by loading it into a 32-bit general purpose re g is te r . The high o rd er 
16 b its of the re g is te r  a re  autom atically set to the sam e status as the high o rd er 
b it of the sto red  ADC output value.

R eg ister
Multiply by scale 
Product 
Divide by 2-^5 
Quotient 
Add base

Convert to decim al
Round sub tract

Edit
Load into output buffer

P rocessing  continues as follows:

XTFF FF CO A2T 
X'OO 00 05 EBf 
X’ FF  FF FF FE 88 FE B6f 
XT00 00 80 00'
X’FF FF  FD 12T 
XT00 00 00 64'
X’ FF  FF FD 76T 

00 00 65 0- 
00 00 05 0+
00 00 70 0-
-0.0700
-0 .07

(-16222)
(1515)
(-24576330)
(32768)
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7 . 6. 2

Sample
Time

Channel num ber

and F. M. channel:-

Base
Scale

Stored base at location BSTAB+24 
Stored scale at location BSTAB+23

Example 2 

25° Centigrade
0. 2 seconds from  s ta r t  of data 

collection 
3

C alibration of therm ocouple, am plifier

65.56° C
80. 8° C p er volt
XT00 0A 00 F0’ (655600)
X’FF Cl BC F0’ (-4080400)

1827 m ultip lexer, -0. 501980 (deduced from  sam ple and 
channel 3 input calib ration  values)
ADC input 0.497009 volt
D igitised value 1629
ADC output X’OC BA’ (including overload bit)

During sam ple collection, the ADC output 
corresponding  to the example data above is read  into locations BUFA + 132 and 
BUFA + 133, and from  there  is  sto red  on disk at location block 0, bytes 132 and 133. 
When th is sam ple is to be p rocessed , SAM reads block 0 from  disk into location 
BUFI and, when the data for channel 3 tim e 0. 2 seconds is to be p rocessed , reads 
the half word consisting of BUFI + 132 and BUFI + 133 into general purpose re g is te r  1. 
The sam ple is  then p rocessed  by PROSAM as follows: -

R eg ister 1 X’00 00 OC BA' (3258)
Multiply by scale X’FF C l BC F0’ (-4080400)
R eg iste rs  0 and 1 X 'F F  FF FF FC E7 9E 86 60’

Divide by 2^
(= -13,293,943,200)
X'00 00 80 00’ (32768)

Quotient X’FF F9 CF 3E’ (-405698)
Add base X'00 0A 00 F0'

X'00 03 DO 2E'
Convert to decim al 02 49 90 2+
Round add 00 00 05 0+

02 49 95 2+
Edit 24.9952
Load into output buffer 24.99
T ypew riter code X’01 0E A1 07 07'
Typew riter p rin ts 24.99

The e r ro r of -0 .01  is  due to the ADC
reso lu tion  of 0. 3 m illivolt. The ADC output value of X’OC BA' actually corresponds 
to an ADC input of 0.49713 + 0. 00015 volts.
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8. PROGRAMMES

The following sections describe  the com puter p rogram m es used 
by the magnet lab o ra to ry ’s data collection, sto rage and re tr ie v a l system .

Each section contains a b rie f  p rogram m e descrip tion  and a flow 
ch art of the p a rtic u la r  p rog ram m e’s operation. Upper case ch a rac te rs  in the flow 
ch a rts  identify corresponding locations in the p rogram m es.

The com plete p rogram m es a re  contained in a separa te
publication ( l 2).

8 .1  Control Section MGLB

MGLB is  the controlling p rogram m e. It is
located in the overlay  root segm ent along with the tab les (TMT, MAMITB and BSTAB).

F igure 8 .1  is  a flow chart of MGLB operation.

A fter printing a title  m essage, MGLB en ters  a 
loop which req u ests  the opera to r to type in a 3 le tte r  code to call a standard  p ro ­
gram m e. If the code is  not m atched, an e r ro r  m essage is  p rin ted  and the p rogram m e 
loops to request the code again. When the code is  m atched, the appropriate  program m e 
is  called . Each of the called program m es eventually re tu rn s  to the point in MGLB 
which requests  a new th ree  le tte r  code (see flow chart). As at October 1972, the 
codes and corresponding p rogram m es a re :-

COL calls ANALIN which co llects  data and s to re s  on disk;
PBS calls BSPT which p rin ts  the b a se /sca le  table BSTAB;
PTM calls PTM which p rin ts  the tim es/m odes table TMT;
RES calls SAVE which re s to re s  the b a se -sca le  and tim e s - 

modes tab les from  disk;
SAM calls SAM which p rin ts  p ro cessed  sam ples as requ ired  

by TMT o r SELCHN;
SEL calls SELCHN which enables the opera to r to select individual 

channels for sam ple p rocessing  by SAM;
SVE calls SAVE which s to re s  the b a se -sca le  and tim es-m odes 

tables on disk;
TRM term in a tes  the job
UBS calls UDBS which updates the b a se /sca le  table BSTAB;
UTM calls UDTM2 which updates the tim es/m odes table TMT.

Only the f ir s t  two le tte rs  of the th ree  le tte r  code 
a re  tested . Hence PBZ would also call BSPT. Each of the th ree  le tte r  codes 
m ust be term inated  by a fourth c h a rac te r  (usually made a ca rriag e  re tu rn  o r space).
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The P130 and READIN data control blocks, 
LNODCB and DIGIDCB, a re  opened and closed in MGLB.

Because of the overlay  s tru c tu re , P130 and 
READIN are  overw ritten  during ce rta in  operations. T herefore , before e ither of 
these  control sections is  overw ritten , the associated  data control block m ust be 
c losed . The subroutines MBGO and MCGO, in MGLB, close LNODCB and DIGIDCB 
as req u ired  before an overw riting control section is  loaded into main s to re . When 
con tro l is re tu rned  to MGLB from  the called control section the overw ritten  control 
section  is reloaded and its  associated  data control block is  opened.

An e r ro r  in P130 or READIN causes MGLB to 
p rin t ’TYPEWRITER ERROR, TELL MAGLAB’ on the 360/50 console and abnorm ally 
te rm in a te  the job (ABEND). Failu re  of LNODCB or DIGIDCB to open p roperly  w ill 
a lso  cause ABEND. The m ost likely cause of abnorm al term inations is  p rog ram m er 
e r r o r  when making m odifications.

In the case of disk input-output e r ro r s ,  MGLB 
uses P130 to p rin t a disk e r ro r  m essage passed  to it by SAM or ANALIN.

Location MES begins a sto rage  a rea  in which 
m essages a re  placed by the collection p rogram m e (ANALIN) o r the sam ples 
prin ting  program m e (SAM). The m essage descrip tions a re  contained in the 
descrip tions of those p rogram m es.
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MGLB v

P130 c om pl e t i on  code = 0

M GO |f

PI30 completion code = O

LNODCB and DIG1DCB
open flag* = X 'IO'

S ta r t

Set regis te r  3 to  O

Open LNODCB and DIGIDCB

Print . TYPE ROUTINE DESIRED:

Print t i t le  and list of calling code* 
fo r  avai lable  routine*

Store registers in higher save area 
and c rea te  a lower save a rea

Load addresses into register*
Register Address

4 LNODCB
5 DIGIDCB
6  LNOBUF
7  P130
8  READIN

Figure 8 .1(a) MGLB Flow Chart
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Figure 8 . 1(b) MGLB Flow Chart (continued)



92 PROGRAMMES

Register2 = PB

Register 2 -  SV
MGD

Register 2 = RE

Register 2 = TR
MGY y

Register 2 = SE
MGTA ' '

MGO SELCHN completion code =0

MGTB

Print: NOT FOUND,

Branch and link to SELCHN

Branch and link to 
SAVE via MBGO

Branch and link to 
PBS via MCGO

Branch and link to  
RESTORE via MBGO

Branch to abnormal  
termination routine

Print error message at  
computer console

Close LNODCB and D1GIDCB 
Load registers from higher save area

F igure  8.1(c) M GLB Flow Chart (continued)
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Overrun flag = 0

PANDV

P130 completion code =0
T R K

M GO

Disk write error flag = 0

Print disk error message

Print ANALIN completion message

Branch and link toA NA LINvia  MBGO

Include overrun PCI count in 
ANALIN completion message

F ig u re  8 .1 (d ) MG LB  F low  C h a rt (continued)
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SAM completion code = O

Disc read error f lag =  O

MBGO '

Ente r

Retu rn

Refer to section 8/9

Enter

Open LNODCB

Return

Close LNODCB

Open DIG1DCB

Close D1G1DCB

Reset TMSC mode f lo g s

Print disc error message

B ra n c h  and l i n k  
to  MC GO

B ra n c h  and l ink  to SAM 
v ia  subrou tine  a t  MCGO

Branch and link to 
required control  section

F ig u re  8 .1 (e ) M G LB  Flow  C h a rt (continued)
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8 .2  Control Section BSTAB

BSTAB is the table of baseline and scale values 
used to evaluate sam ples p rio r  to printing; its  organisation is illu s tra ted  in 
figure 8 .2 .

Byte ad d resses  of storage locations within the 
tab le  are  given re la tive  to BSTAB + 0, the f ir s t  byte of the table. This method 
of re fe rrin g  to storage locations is used throughout th is rep o rt.

Each value contained in BSTAB, occupies a full 
word, making a double word entry  for each channel. The table p roper is preceded 
by an identifier (BLSV) and a full-w ord, containing the num ber of channels that 
is  re fe rre d  to by program m es to determ ine when th e ir processing  of channels is 
com plete.

A ddresses

+0 +4

BSTAB + 0 BLSV 32

+ 8 Base 1 Scale 1

+ 16 Base 2 Scale 2

+ 24 Base 3 Scale 3

• i

+ 256 Base 32 Scale 32

Identifier and 
num ber of channels

Channels

Figure 8 .2  B ase-Scale Table

For reasons of computational efficiency, the 
typed-in  base and scale values a re  m ultiplied, respectively , by 10000 and -50500 
before being stored  in the base scale table.
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The base m ultip lier, 10000, enables base values 
to be used in four-decim al-p lace, fixed-point arithm etic  operations.

fac to rs:-
The scale m ultip lier consists of the following

-1 x 5 x 1. 01 x 10000 = - 50500 w here :-

-1 com pensates for the inversion of input voltages 
by the sam ple and hold am plifier that p recedes the 
analogue to digital converter (ADC);

5 provides p a rt of the conversion factor for the ADC 
output, the full scale  value of which corresponds to 
5 volts at the ADC input;

1. 01 com pensates for a one percen t input voltage 
reduction that occurs in the m ultiplexer input filte rs ;

10000 provides for four-decim al-p lace fixed-point 
arithm etic  p rocessing .

When BSTAB is read  into m ain s to re  from  disk, all 
base and scale values a re  set to 0 and to -50500, respectively , corresponding to 
actual base and scale values of 0000 and 1.0000. These values may be changed by 
the base -sca le  updating program m e, UDBS, or by the re s to re  p a rt of the tables 
saving program m e, SAVE.

The com parator value can only be changed by 
recom piling BSTAB with the requ ired  com parator value in BSTAB+4.

The typed-in values to which the base and scale 
en trie s  correspond may be prin ted  by m eans of the p rin t b ase -sca le -tab le  program m e, 
PBST.

8 .3  Control Section TMT

TMT is the table of the tim es and the modes of 
prin tout the operato r d e s ire s  when he calls  the printing program m e, SAM. Four 
prin tout options a re  available for each channel. They a re :-

(1) maximum and minimum with corresponding
tim es,

(2) selected  sam ples and th e ir tim es,

(3) all sam ples (without t im e s ) ,

(4) no printout.
The perm itted  com binations of options 1, 2 and 3 a re  1 and /o r (2 or 3).
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illu s tra ted  in figure 8 .3 .
The organization of the tim es-m odes table is

The table is headed by a half-w ord iden tifier, 
TM, and a half-w ord equalling the m aximum number of tim es sam ples that may 
be prin ted  for each channel. Thus, if sam ples a re  taken every 0.1 second for 
15 seconds, the la tte r  is 151. It also equals the num ber of tim es words in TMT. 
P rogram m es re fe r  to this number to decide when p rocessing  has finished for a 
channel.

A ddresses

TMT + 0 

+ 4 

+ 8 

+ 12

+ 16

+ 20

TMSC

+0 +2
Identifier and 

num ber of tim es w ords

Option 1 

Option 2 & 3 

Option 3

I I I

Time Word
_____ 15.0 sec_________

Single Channel Word

TM 151

Modulus Word

Some Word

All Word

Time Word 
0 .0  sec

Time Word 
0.1 sec

Figure 8 .3  T im es-M odes Table

Each of the th irty-tw o bits of a modulus, som e, 
all or tim e word corresponds to a p a rticu la r IBM 1827 m ultip lexer channel. For 
exam ple, bit 0 corresponds to m ultip lexer channel 1.

The contents of the single channel word, TMSC, 
a re  provided by the single channel p rogram m e, SELCHN, as described  in 
section 8 .9 .
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C hannels for w hich data, m e asu re d  at
p a r t ic u la r  tim es , is  to be p rin ted , have th e ir  co rrespond ing  b its  in the Some w ord 
se t to 1.

C hannels fo r which all data  is  to  be p rin ted  
have th e ir  co rresp o n d in g  b its  in the Some w ord and the All w ord se t to 1.

Selection of re q u ire d  tim es  is  accom plished  
for each channel by se tting  the ch an n e l's  b it in each T im e w ord tha t c o rre sp o n d s  to 
a re q u ire d  tim e.

When TMT is  re a d  into m ain  s to re  from  
d isk , all b its  of the Modulus w ord  a re  se t to 1 and all b its  of the Some , All and 
T im es w ords a re  r e s e t  to 0. Thus, if no changes a re  m ade to TMT, m odulus 
values fo r all channels w ill be p rin ted  when the sam ple p rin tin g  p ro g ram m e , SAM, 
is  ca lled .

The s ta tu s  of all b its  in TMT, o th e r than those 
of TMT + 0 and of TMSC, m ay be changed by use  of the update tim e s -m o d e s - ta b le  
p ro g ram m e, UDTM2, and by use of the r e s to r e  p a r t  of the sa v e -ta b le s  p ro g ram m e, 
SAVE.

The co m p ara to r half-w ord , a t TMT + 2, 
can only be changed by recom piling  TM T.

The s ta tu s  of the tim e s -m o d e s - ta b le  m ay 
be d e te rm in ed  by m eans of the p rin t tim es  -m o d e s -ta b le  p ro g ram m e, PTM .

8 .4  C ontrol Section MAMITB

MAMITB is  a tab le  of m axim um  and
m inim um  values tha t have been re a d  from  the IBM 1827 's ADC output r e g is te r  
during  opera tio n  of the data  co llec tion  p ro g ram m e ANALIN.

As il lu s tra te d  in  figure 8 .4 , the tab le
c o n s is ts  of th irty -tw o  double w ords, one double w ord p e r  channel. E ach double 
w ord  c o n s is ts  of four half-w ord  e n tr ie s :-

(1) m axim um  value;
(2) tim e  (in deciseconds) of o c c u rre n c e  of

m axim um  value;
(3) m inim um  value;
(4) tim e  (in deciseconds) of o ccu rren c e  of

m inim um  value.
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Before data collection com m ences, the collection 
p rogram m e in itia lise s  the table by setting the m axim a to the m ost negative half-w ord 
number, XT80 00', and setting the m inim a to the m ost positive num ber ’7F F F ’.

Storage
A ddress

MAMITB 

+ 8

+ 16

+ 248

Maximum Minimum Channel
value tim e value tim e number 

+0 +2 +4 +6

Figure 8 .4  M axim a-M inima Table (MAMITB)

8. 5 Control Section P I 30

P I 30 is  called by other magnet laboratory  
p rog ram m es to p rin t m essages of up to 130 ch a rac te rs  on the magnet laboratory  
typew riter.

Figure 8. 5 is  a flow chart of P130 operation.

Before P130 is  entered, the calling p rogram m e 
loads the m essage  to be prin ted  into the buffer at location LNOBUF in P130 and 
loads the m essage length, in bytes, into re g is te r  0.

The m essage in LNOBUF is  coded in EBCDIC, 
the ch arac te r code norm ally  used within the IBM 360/50 com puter. P I 30 tra n s la te s  
the m essage from  EBCDIC to an ’I/O  w rite r ’ code that is com patible with the magnet 
lab o ra to ry ’s typew rite r. The re la tionsh ips between EBCDIC, ’I/O  w rite r ’ code and 
typew riter operation a re  given in figure 5.4.

A fter translation , successive bytes of the m essage 
a re  tra n s fe rre d  from  LNOBUF to the high o rd er bytes of successive half-w ords of 
the output buffer at location PRNTBUF. Conversion from  bytes to half-w ords is 
n ecessa ry  because data can only be tra n s fe rre d  from  the IBM 360/50 com puter to
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( Ente r )
P130 i f

S to re  r egis  ters  13-5 in h igher  save 
a r e a  and c r e a t e  lower save  a r e a

1
Reset event  c o n t r o l  block

LNA
Completion code = 4

Store message length in digital  
ou tput  channel  command word

Translate message into 
t y p ew r i t e r  c o d e  and 
s t o r e  in o u t p u t  buffer

Figure 8. 5 P I 30 Flow Chart
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the 1827 digital-output facility  in half-w ords; the contents of the low o rder bytes 
of these half-w ords a re  m eaningless and a re  ignored by the typew riter and its  
in te rface .

Because of the m anner in which the 1827
digital-output facility  opera tes, the la s t half-w ord of a tra n s fe rre d  m essage is  not 
available a t the 1827 digital-output te rm inals^5»p * T herefore, the m essage
loaded into LNOBUF m ust contain one ch arac te r in addition to the requ ired  
m essage; if th is  is not provided the la s t ch arac te r of the m essage w ill be lost.

When control is  re tu rned  from  P130 to the 
calling program m e, R15 contains one of the following completion codes;

0 successful com pletion 
4 out of lim its  line length 
8 channel p rogram m e term inated  with 

e r ro r .

The data control block, LNODCB, is opened 
and closed by the control p rogram m e, MG LB.

P130 provides a save a re a  for re g is te rs
14, 15, 0 and 1 only. T herefore , it is  conceivable that th e re  could be trouble using 
the EXCP or WAIT MACRO instructions with la te r  re le ase s  of the IBM 360/50 
operating system , as any attem pt to use a full save a rea  would overw rite some 
P130 in struc tions. If such trouble does occur, it can be overcom e by providing a 
full save a rea  in P130.

8 .6  Control Section READIN

This routine read s  a line of up to 32
c h a rac te rs  from  the typew riter into a buffer in main s to re . As read , each 
ch arac te r occupies the f ir s t  byte of a half-w ord. The buffer is  blocked (giving two 
c h a rac te rs  p e r half-word) and tran sla ted  into EDCDIC code by READIN. On re tu rn  
to the calling p rogram m e the address of the f ir s t  ch arac te r is  left in re g is te r  1. 
R eg ister 14 is  left with one of the following com pletion codes:-

’O’ successful
*4' out of lim its  line length given 
’12’ channel e r ro r

READIN s to re s  and uses re g is te rs  14 to 5. 
Except for R15 these a re  re s to re d  before re tu rn ing  to the calling p rogram m e.
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READIN

ERUDI

Event c o n t r o l  block 
complet ion code = 127

Readin completion codc = 0

Rcadin co m p l e t i o n  
c o d e  = 12

Rcadin completion 
c o d e  = 4

Reset  event  c o n t r o l  block

Load a d d r e s s  of input 
buffer into r e g i s t e r  I

Translate typewri t er  
code into EBCDIC

Load r e g i s t e r s  13,14,072-7 
from h i g h e r  save  a r e a

Load Readin completion 
co d e  into r e g i s t e r  15

Read a line from the  type­
writer into the input buffer

S to re  message length in digi tal  
input channel  command word

Store regis ters  13-7 in higher save 
a rea  and create  a lower save area

Figure 8 .6  READIN Flow Chart
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As a convention, all typew riter input to the 
com puter is in lower case . G enerally, output m essages a re  in upper case .

READIN’s data control block, DIGIDCB, is  
opened by the control p rog ram m e, MGLB.

As with P130, there  could be trouble with la te r 
re le a se s  of the 360/50 operating system  because a full lower save a rea  is not 
c rea ted  in READIN. This may be rec tified  by providing a full save a rea .

8 .7  Control Section ANA LIN

This p rogram m e co llects data from  the 32 
m ultip lexer inputs, updates the table of m axim a and m inim a, MAMITB, and s to res  
the data on disk for la te r  re tr ie v a l. Figure 8 .7 is  a flow ch art of ANALIN.

Two 360/50 channel p rogram m es a re  used to 
collect the data. One w rites  ad d resses  to the m ultiplexer and the other reads data 
from  the analogue to d igital converter into main s to re . The 1827 synchronises 
these autom atically. The 360/50 channel p rogram m es scan the 32 m ultiplexer inputs 
once for each u ser supplied synchronising pulse. These pu lses, derived from  the 
power m ains, occur at 0 .1  second in te rv a ls .

Two input buffers, BUFA and BUFB, are
a lte rnately  filled from  the analogue-to-digital co n v erte r’s output re g is te r  by the 
analogue-input channel p rogram m e, ADCCHN, contained in ANALIN. Each input 
buffer has a 320 byte capacity . T herefore , as the analogue-to-digital co n v erte r’s 
output re g is te r  contains two bytes of data, five scans of the th irty-tw o 1827 m ulti­
p lexer channels fill a buffer. While the analogue-input channel program m e is 
filling one input buffer, ANALIN tra n s fe rs  data to disk from  the o ther buffer and 
updates the m axim a-m inim a table.

Each tim e a buffer is  filled, a program m e 
controlled in te rrup t (PCI) generated  by the analogue-input channel program m e 
in itia tes  execution of the PCI appendage IGG019WB described  in section 8 .15.
This appendage increm ents a p rog ram m e-co n tro lled -in terru p t counter, in ANALIN, 
and se ts  the event com pletion flag in the event control block of the buffer ju st filled. 
This synchronises ANALIN with data collection.

From  the end of filling (say) BUFB till the tim e 
BUFB s ta r ts  filling again is  0 .5  second. In th is tim e ANALIN m ust p ro cess  BUFB’s 
contents. If it does not an overrun  situation a r is e s . If, a fter p rocessing  the contents 
of one buffer, the a lte rnate  ECB indicates that the other buffer is  filled, then a bit 
is  set in MGLB to indicate possib le overrun . The p resen t PCI count is  then stored ,
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rem aining unaltered until ANALIN is  next en tered . When control is re tu rned  to 
MGLB, the overrun  b it is  tested  and, if set, the overrun  PCI count is  prin ted  
following the norm al com pletion m essage, thus indicating the f ir s t  data sam ple 
tha t may be in e r ro r  because of overrun .

The num ber of scans of the analogue input 
channels depends upon s, the num ber of sam ples req u ired , s is taken from  the 
second half-w ord of the tim es-m odes table (at TMT + 2). The desired  PCI count 
S, is  therefo re  given by

g
S = -F (rounded up if th e re  is  any rem ainder).

When the PCI count equals S -  1, ANALIN rem oves command chaining from  the 
PCI channel command word that follows the BUFA channel command w ords. Thus, 
if s = 156, S = 32. S -  1 = 31 would indicate that BUFA had just been filled with 
the 155th sam ple and command chaining would be rem oved from  the BUFA PCI 
channel command word. Ten m ore sam ples would be collected before the 360/50 
channel stopped, giving 165 sam ples to ta l. Had s = 154, then the total sam ples 
would have been 155.

The disk storage a re a  is  defined by the code 
DDNAME=DSKHLD. Blocks of length 320 bytes a re  a lternately  w ritten  to it from  
BUFB and BUFA. The blocksize equals 5 (number of scans) tim es 32 (number of 
channels) tim es 2 (bytes p e r channel). The data is  sto red  sequentially; BUFA in 
Block 0, BUFB in block 1, BUFA in block 2, e tc . When ANALIN is next called it 
overw rites  the previous contents of DSKHLD.

Any e r ro r  in w riting to disk from  which the 
360/50 cannot autom atically reco v er causes a routine, within ANALIN, to be 
executed. This routine w rites  a 60 ch arac te r e r ro r  m essage into MGLB and se ts  
the disk w rite  e r ro r  flag. When control is  re tu rned  to MGLB the e r ro r  m essage 
is  p rin ted  by the typew riter, along with the norm al com pletion m essage.

Once a w rite -to -d isk  e r ro r  has been detected, 
no fu rther WRITES m ust be attem pted. To ensure  th is, the disk w rite  e r ro r  flag 
is  inspected before every WRITE. If on (flagged), the WRITE is  bypassed. In 
such instances ANALIN w ill continue to update MAMITB until the data collection 
stops. ANALIN should not be called again until the e r ro r  has been rec tified .

The norm al completion m essage p rin ted  by 
MGLB takes the fo rm :- ADC CHN CC=kk, PCICT=yyy. kk is  the ADC channel 
com pletion code, taken from  the ADC event control block. Norm ally kk= 7f. For 
o ther codes see section 9 .4 .1 . yyy is  the final PCI count; for example, 
PCICT=041 for a 20 second data collection period .
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If, for example, the 360/50 channel
programmes had terminated prematurely due to a voltage overload of the analogue- 
to-digital converter, then the PCI count would be le ss  than expected. This condition 
would also return an abnormal ADC channel completion code.

If the overrun bit is  set, then the following 
m essage is  added:- ’ OVERRUN PCICT=zzz; zzz being the PCI count at the time 
the first overrun was detected. Overrun might be expected if:-

(a) the sampling rate was greatly increased  
above 10 per second;

(b) if the 360/50 operator had failed to give this 
job top priority with the CPU;

(c) if  tape jobs with long blocks were being run.

control blocks it uses.
ANALIN opens and closes the three data
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Enter

ANALIM
Store registers in higher save 

a rea  and c rea te  lower save area

1
Reset multiplexor; ADC and input 
buffer event control blocks

Set program control led
interrupt count to 0

INITAl
Set MAMITB entries 
to init ia l values

I
Reset overrun and 
disc write error flags

i
9 Open ADC,MPX fr D$K data  control 

blocks. Start  ADC t MPX chn. programs

COLP^.

Wait for  completion of buffer  A 
input,ADC or HPX channel program

error flag set

^ " ' T no

Write to disk from buffer A

C O L G

C

Figure 8 .7(a) ANALIN Flow Chart
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COLG

Disk write
error flag set

COLW'

Buffer B read from 
ADC completed

Overrun flag set

COLQ

■'■""ADC or MPX 
channel program complete

Set overrun flag

fteset input buffer A 
event control block

rolled interrupt count 
in completion message

Store program cont-

Branch to UDMM and update 
MAMITB from input buffer A

Wait for completion of 
write to disk from buffer A

Figure 8.7(b) ANALIN Flow Chart (continued)
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COLQ

Disk write 
error flag set

COLV \ f

Disk write 
error flag set

CO LX

Program controlled 
intcrupt count = 
-----^maximum __--

Terminate ADC channel program

Start write to ditk from Input buffer B

Branch to UDMM to update 
MAMITB from input buffer B

Wait for completion of write 
to disk from input buffer B

Wait for completion of buffer B 
input, ADC or MPX channel program

Figure 8.7(c) ANALIN Flow Chart (continued)
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COL X

COLH

Buffer A read 
from ADC complete

Overrun f lag  set

ADC or HPX 
channel program 
■ ^ ^ c o m p l e t e __-

Set overrun f lag

Reset input buffer B 
event  control block

Store program controlled 
interrupt count in 
completion message

Figure 8.7(d) ANALIN Flow Chart (continued)
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C OL H

Overrun flag 
se t

R e t u r n

Add overrun message 
to completion message

Res tore  r e g i s t e r s  from save a r e a

Set c o m p l e t i o n  c o d e  to O

Close ADC,MPX and DSK 
data  control blocks

Enter ADC completion code and 
program control led in terrupt  count 
into ANALIN complet ion message

Figure 8.7(e) ANALIN Flow C hart (continued)
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Enter

COL ft

COLS

Bufferentry > MAMITB max.

Buffer entry <  MAMITB min.

coLuy

Last MAMITB entry

All bu f fe r  entr ies  procct tc

Return

Increment time

Enter time and buffer 
entry into MAMITB

Enter time and buffer 
entry into MAMITB

Increment buffer and MAMITB pointers

Set MAMITB pointer to  first entry in MAMITB

Set buffer pointer to first entry in input buffer

Figure 8 .7(f) Update MAMITB Flow Chart
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8.8  Control Section SAM

SAM p ro cesses  and p rin ts  the sam ples s to red  on 
disk and in the m axim a-m inim a table, MAMITB. It re fe rs  to the tim es-m odes 
tab le , TMT, to se lec t the sam ples to be p rin ted  and to the b a se -sca le  table, BSTAB, 
for the appropriate  baselines and sca les with which to p ro cess  the sam ples.

A typical prin tout is:

SELECTED SAMPLES
26 MAX 15 .4 /160 .3  MIN 0 .0 / - 0 .00
27 MAX 15 .4 /15 .99  MIN 0 .0 /-0 .0 0

0 .0 /-0 .0 0  1 .0 /0 .9 9 5  2 .0 /2 .0 0 2
30 12.12 12.23 12.33 12.43 etc.

num bers.
The leading two digit num bers a re  the channel

For c la rity  of reading, the channel num ber is 
om itted for the second and subsequent lines of each channel.

MAX and MIN label the maximum and m inim um  
p ro cessed  sam ple values obtained during a sam pling period .

The f ir s t  of each p a ir  of num bers separated  by 
a /  is  the tim e in seconds from  the s ta r t  of a sam pling period at which the 
second num ber, the p ro cessed  sam ple value, occurred .

If all sam ples of a channel a re  prin ted , they a re  
p rin ted  in sequence without tim es as shown above for channel 30.

P rin ted  sam ples a re  form ed from

y = yQ + k .x

w here y„ is  the baseline value from  the f ir s t  word J o
of the channePs double word in BSTAB;

k is  the scale value from  second word of 
the channel's double word in BSTAB;

x is  the voltage sam ple collected.

Dimensionally: [units] = [units] + [units/volt] • (volt[] . Typically,
"units" correspond to units of p re s su re , flow, displacem ent, tem p era tu re , voltage, 
e t c . .
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Valid positive values of y a re  p rin ted , after 
rounding, as four digits with a decim al point. Valid negative values a re  prin ted , 
a fte r rounding, as th ree  digits with a decim al point and leading minus sign.

P rin ted  values that a re  le ss  than -999 or g rea te r 
than 9999 may be invalid; if they occur, they w ill consist of five digits if positive 
or four digits and a minus sign if negative. A decim al point w ill not be included with 
such values.

SAM is entered via a BALR 14,15. All re g is te rs  
a re  sto red  and a full lower save a rea  is  c reated . On norm al com pletion re g is te r  15 
is  se t to f0’.

SAM calls  P130 to p rin t on the typew riter. Any 
e r r o r  from  P130 re tu rn s  to SAM R15 /  'O '. SAM re tu rn s  th is re g is te r  unaltered to 
its  c a lle r (MGLB).

SAM re tr ie v e s  data from  MAMITB or the disk data 
set, DDNAME = DSKHLD, or both. When sam ples a re  re triev ed  from  DSKHLD, all 
blocks a re  read  sequentially, w hether or not a sam ple in each block is requ ired .

When printing all sam ples for a channel, the 
p rocessing  continues until DSKHLD is  exhausted. Thus the num ber of sam ples 
p rin ted  for the channel can exceed the num ber sto red  in the tim es/m odes table 
header at TMT + 2.

When printing sam ples with 't im e s ’ (e .g . 1 3 .4 / -0 .09), 
p rocessing  ceases when either DSKHLD or TMT is exhausted. DSKHLD for the run 
could be sm all if there  had been: -

(a) an e r ro r  in w riting to DSKHLD 
or (b) a voltage overload on any analogue input.

If DSKHLD is  p rem atu re ly  term inated , SAM 
continues to p ro cess  and p rin t requ ired  m axim a and m inim a but bypasses any 
fu rther read -fro m -d isk  instructions.

A perm anent e r ro r  in reading from  DSKHLD causes 
control to be given to the e r ro r  routine at SMSYN. SMSYN flags a local (within SAM) 
e r ro r  indicator, w rites  a 60 ch arac te r e r ro r  m essage into MGLB for la te r printing 
and flags bit 1 of MES (also in MGLB). SAM opens and closes the data control block, 
DSKXDCB, for the data set containing the sam ples, but assum es that the typew riter 
output data control block, LNODCB, is  always open.
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Enter

Single Channel

SMAK

SMA1

Return

Channel count 
= maximum channel number

Set completion 
code to 0

Increment BSTAB pointer

Increment channel counter

Load registers from 
higher save area

Print : SELECTED SAMPLES

Reset disk error flags 
in MGLB and SAM

Reset BSTAB pomter 
Reset channel counter

Store registers in higher save area

Set BSTAB pointer 
to selected channel

BSTAB entry

Reset LNOBUF pointer 
Reset MAMITB pointer

Load channel number into LNOBUF

Figure 8.8(a) SAM Flow C hart
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Single Channel

SMA2

Modulus mode

Channels MOO bit set

Refer to Fig 8 8(d)

Channel s SOME 
bit set

Disk error flags set

SMA3

Print maximum 
and minimum

Open DSKDC 
Reset BUFI Pointer

Set TMT Pointer to some word

Set TMT Pointer to modulus word

Figure 8.8(b) SAM Flow C hart (continued)
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Single channel

ALL modeChannels All bit set

Refer to Fig 8 8 )

Print all samples

Refer to Fig 8 8 (f)

Print selected samples

Set TMT Pointer to all word

Set TMT single channel 
time pointer

Figure 8.8(c) SAM Flow C hart (continued)
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Figure 8.8(a) P ro cess  Maxima and Minima
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Enter

BUFI pointer beyond BUFI

SMDK

SMPw

Line sam ple  count <  
maximum

SMPRNT,

Print line

R efer  to Fig 8 8(h)

Refer to Fig 8 8 (h)

Read 320 sa m p le s  
from disk to BUFI

Reset line sam ple  counter 
Reset LNOBUF pointer

Branch to PROSAM and process 
Sample into LNOBUF

Increment BUFI pointer 
Increment LNOBUF

Increment line sam ple  center

Figure 8 .8(e) P ro cess  All Samples
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Figure 8.8(f) P ro cess  Selected Samples
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SH AO 2

Single channel

L ast time p rocessed
SMAF

SMA03

Line position counter < 120

SMPRNT

Print line

Refer to Fig 8 8 (h)

Increment TMSC pointer

Edit tim e into LNOBUF

Branch to PROSAM and process 
sam ple from BUFI into LNOBUF

Increment LNOBUF pointer 
Increment BUFI pointer

Increment line position counter

Figure 8 .8(g) P rocess Selected Samples (continued)
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Read R outine :

SMDK

Disk error flags set

SMDK A

End of disk data
SMDKB

SMAF

Return
SMPRNT

Single channel

Print line

Close DSKDCB

Enter

Set 8UFI pointer to 
Channels first sample

Read 320 samples from 
disk to BUFI

P r in t  R outine:

SMPRNT

P130 completion 
code = 0 SMAK

Return

Clear LNOBUF

Enter

Branch to P130

F ig u re  8 .8(h) SAM P r in t  and Read R outines
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PROSAM

Multiply sample by BSTAB scale value
Divide by 2 15
Add BSTAB base value
Convert to packed decimal
Store in DECSCR

Set rounding number to 50 .0000  
Set DECSCR byte pointer

Test sign

DECSCR
pointer at maximum 

position

Divide rounding number by 10

Increment DECSCR pointer

Figure 8.8(i) PROSAM -  Flow C hart
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PSE 1 r

.Test sign

(  Return ^

Test sign

Significant^*«^  
digit in second half 
■v. of byte

Significant"''*^ 
digit in first half 

of byte

Add -  sign

Store in LNOBUF

Add rounding number Subtract rounding number

Divide rounding number by 10

Figure 8 .8(j) PROSAM - Flow C hart (continued)
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8.9  Control Section SELCHN

SELCHN enables the sam ple processing  p ro ­
gram m e, SAM, to p ro cess  and p rin t data for a single channel without the modes 
and tim es w ords of TMT being updated.

During single channel operation, SAM is 
controlled  by TMSC, the la st word of TMT. TMSC has the following fo rm at:-

byte 0

byte 1 
bytes 2-7

mode 00
01 
02 
03

channel number 
selected  tim es

m ultichannel 
single channel, 
single channel, 
single channel,

all sam ples 
modulus 
selected  tim es

The mode byte is set to 00 when SAM is requested  
by the typew riter opera to r and to one of the other codes during SELCHN operation.

When the code is  00, SAM operates under control 
of the modes and tim es words of TMT, otherw ise SAM operates under control of 
the single channel word, TMSC.

The setting of TMSC bytes, during single channel 
operation, is determ ined by inform ation typed by the opera to r. This inform ation 
is  typed in the following fo rm at:-

ch a rac te rs  1-2 
3
4-6

4-26

29

channel num ber 
space

. all a ll sam ples mode
mod modulus mode
lis t of th ree -d ig it tim es (in 
deciseconds), separated  by spaces 
t o r 1 accept th is line and branch to SAM

SELCHN applies validity te s ts  to all input data 
and provides appropriate  e r ro r  m essages when invalid data occurs.

READIN and P130 are  called by SELCHN; th e ir 
associated  data control blocks are  open when SELCHN is entered.

tim es to binary.
DECIN is called to convert channel num bers and

On completion of SELCHN, control is tran sfe rred , 
via MGLB, to SAM and the requested  single channel operation is executed.
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Figure 8 .9(a) SELCHN Flow Chart
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Figure 8.9(b) SELCHN Flow C hart (continued)
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8.10 Control Section DECIN

DECIN is a short routine used by UDBS and UDTM 
to convert 1, 2 or 3 digit unsigned positive integers to binary. The integer must be 
delimited by a trailing space. The calling programme places the address of the 
first EDCDIC digit in register 3. DECIN returns the number converted to binary in 
register 3.

However, if there is an erro r, the number ’-1T is 
returned in register 3. An e rro r is detected when the number either exceeds three 
digits or contains non-digits.

En te r

DECIN

Length < 3

Correct  zones

DON

U nsig ned

Return

Convert  to binary Set re tu rn  code to  -

Conver t  to  p a c k e d  decimal

Figure 8.10 DECIN - Flow Chart
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8.11 Control Section UDBS

UDBS reads lines of 29 ch a rac te rs  from  the type­
w rite r  to update the table of baseline values and scale values (named BSTAB) . The 
sto red  baseline and scale each take a full-w ord (4 bytes) p e r channel. See the 
descrip tion  of BSTAB for fu rther de tails. The updating line fo rm at is:

line position (equals byte position plus one, e .g . 
line position 29 = byte 28);

1 - 9 lis t of single or double-digit channel- 
num bers separated  by single spaces;

10 space;
11 to 21 baseline value, com m a, scale  value, 

delim ited by a space;
22 to 28 ignored;
29 Tt f -  take th is l in e ;

’P -  take th is line, it is  the la s t ;  
o ther -  ignore th is line;

30 te rm in a to r (any ch arac te r), not read  
into s to re .

The typed-in baseline and scale  en tries  have 
identical fo rm ats. Each com prises at leas t a decim al point and one digit. There 
may be no m ore than four d igits with no sign or th ree  digits with a minus sign. 
The plus sign is  not perm itted . Positive values lie in the range . 001 to 9999. 
Negative values range from  -999. to -.001 .

E r ro r  is  indicated if: -

C haracter at line position 29 is  not ’t T or *1';
the channel lis t is  im properly  term inated;
non-num erics a re  used;
in co rrec t form ats a re  used;
any channel num ber exceeds the num ber of
channels available.

BSTAB:-
The following is  an example of updating

TYPE ROUTINE DESIRED: ubs OK SEND NEXT
1 2 3 20 
04 05 
16 38 
32 
10

0 .0 , -3 .3  
- .3 ,9 2 5 .2  
0. ,-1 4 .6  
0 . ,- 1 4 .6  
-1 6 3 .,1 .0

t OK SEND NEXT 
t OK SEND NEXT 
t ERROR SEND AGAIN 
t OK SEND NEXT 
1

OK LAST«, TYPE ROUTINE DESIRED:
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The th ird  input line failed because th e re  is  no 
channel 38. The com m ents in cap itals a re  prin ted  by th is  p rogram m e. In p ro ­
cessing  a line, UDBS f ir s t  converts the baseline (in m illiunits) into binary, leaving 
it in re g is te r  8. The scale is  s im ila rly  placed in re g is te r  9. These two re g is te rs  
a re  then m ultiplied by 10 and -50 respectively  ready for updating BSTAB. The 
purpose of these m ultiplications is  described  in section 8 .2 .

The channel num bers a re  converted to binary and 
used to generate  address displacem ents for updating the appropriate en tries  in 
BSTAB with R8 and R9. Channel num bers a re  p rocessed  one at a tim e so that the 
previous channel has been updated before an e r ro r  may be d iscovered in the p resen t 
one. Thus, in the exam ple, when line th ree  failed, channel 16 had already been 
updated.

UDBS has a subroutine named CONVB for converting 
the typed-in sca les and bases to in teger m illiunits. UDBS calls  CSECT DECIN to 
convert the channel num bers to b inary .

UDBS uses READIN to read  the lines from  the type­
w rite r  and P130 to p rin t the m essages. Their data control blocks, DIGIDCB and 
LNODCB, a re  opened before en try  to UDBS.
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Branch to PI30 and print 
ERROR SEND AGAIN

KMN

c Enter 3
UDBS ' r

Store registers in higher save a r e a  
and c r e a t e  lower save  a r e a

K M J
Branch t o  PI30 and 
print OK SEND NEXT

Branch to READIN and read 
from typewr i te r  into UDIBUF

-------- >
EPUDBS

Figure 8 . 11(a) UDBS -  Flow Chart
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Figure 8.11(b) UDBS -  Flow Chart (continued)
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SetUDIBUF po in te r  to f i rst  cha racter  
Set loop c o u n t e r  to 4

Branch to DECIN and convert  
channel  number to binary

Store  base  a n d  s c a l e  in 8STAB 
entry for s e l e c t e d  channe l

Increment UDIBUF pointer  
Decrement  loop co u n te r

Branch to PI30 and p r i n t O K  LAST

EPUDBS If_______

Restore regis ters

/Q Return ^

Figure 8 .11(c) UDBS -  Flow Chart (continued)



PROGRAMMES 133.

CONVB

Decimal point found

All zones =1111

Return

Save registers

Restore registers

Convert  to b inary

Set completion 
code to 4

Set completion 
code to ft

Locate  decimal  point

Se t  com ple t ion  code to O

Store sign in zoned decimal f or m

Insert sign and convert  
to packed decimal form

Store integer par t  of number 
and decimal part  of number in 
a d j a c e n t  locat ions

Figure 8.11(d) Convert to B ina ry Flow Chart
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8.12 Control Section BSPT

This p rogram m e p rin ts  a table of the baseline 
values and scale values by re fe rrin g  to BSTAB. The p rin ted  values a re  the 
sam e as those typed in to update BSTAB. The sto red  base lines a re  divided by 
10, 000 for printing, w hereas the sca les a re  divided by -50, 500.

The prin ted  values have th ree  digits to the right 
of the decim al point and between one and four to its  left. Negative values a re  
p receded  by a m inus sign.

Exam ples: -

(1) base line sto red  as XT00 00 00 I E ' = 30 
p rin ts  as 0.003

(2) scale  input -954.455
sto res  as X'02 DF 79 40T = 48200000 = +482 x 10^ 
p rin ts  as -954.455

(3) typical printout (part of table)

BASELINE VALUES 
CHN BASELINE 
01  - 0 . 0 0 0
02 9 9 9 9 . 0 0 0
03 - 4 5 2 . 0 0 0
04 - 0 . 0 6 0

AND SCALEVALUES 
SCALE 

1 . 0 0 0  
9 9 9 . 2 0 0  

- 9 0 4 . 0 0 0  
0 . 0 0 1

Channel 1 contains the values in default of an 
en try  by the updating program m e UDBS.

No rounding of the values for printing is  necessa ry  
since the values p rin ted  a re  e ither default values o r values in serted  by the updating 
p rogram m e, UDBS.

BSPT calls  P130 to p rin t the lines. The P130 data 
con tro l block, LNODCB, is  opened before entry  to BSPT.
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Enter ^

B S P T  ' f

Store  registers  in 
and c r e a t e  lowei

higher  s a v e  a r ea  
s a v e  a r e a

I
Branch to  PI30 and pr in t  h e a d i n g «

n B S J '
i res

) Set  channe l  number to O

.B SG )
Increment  channel  number

Set  complet ion 
c o d e  to O

BPB S P T \ f

Conve r t  channel  number to 
u n s i g n e d  z one d  decimal  f o r ma t

R e s t o r e  regis ters '

I
Set  BSTAB pointer  to c h a n n e l  bas e  ent ry

' r

Base = b a s e  - * •  lo

V r

f
^  Return ^

Conver t  base  t o  zoned decimal  format

Figure 8.12(a) BSPT - Flow Chart
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Negat iv e  scale

PI30 completion code

Add -  sign

Scale = scale entry -r 5 0

Convert scale to zoned decimal format

Branch to PI30 and print  
cha nn el  number,  b a s e  t  sca le

Set BSTAB pointer to channel scale entry

Figure 8.12(b) BSPT -  Flow C hart (continued)

8.13 Control Section UDTM2

UDTM2 provides the operato r with a facility  to 
change the contents of the tim es-m odes table, TMT.

Updating of tim es and modes w ords in the tim e s -  
m odes table is accom plished by m eans of a channel se lec t word, TM2CS, the b its 
of which a re  set according to which channels a re  to be updated.
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For delete operations, the com plem ent of TM2CS is 
'and ’ed with each TMT word. This re s e ts  the b its corresponding to channels to be 
deleted  without affecting the status of b its fo r  other channels.

For add operations, TM2CS is ’o r ’ed with TMT 
w ords that a re  to be updated. This causes the desired  b its to be set, without changing 
the status of other b its .

A rep lace  operation consists  of a delete operation
followed by an add operation.

A variety  of input-data validity te s ts  and e r ro r  
m essages is provided by UDTM2. Input c h a rac te rs  that a re  in e r ro r  are  p rin ted  in 
th e ir  associated  e r ro r  m essages.

following form at: -
To be accepted by UDTM2, input data m ust be in the

C haracters 1 - 3

For delete operations:

C harac te rs  5 - 8  
5 - 2 8

For add or rep lace operations:

C harac te rs  5 - 8

For all types of operations:

C haracter 29

del delete en tries  
add add en tries  
rep  rep lace en tries

all delete all channels 
lis t of channel num bers whose 
en trie s  a re  to be deleted.

mod modulus mode
sei selected  sam ples mode
all all sam ples mode

t accept this line then request 
another

1 accept this line then request 
next routine desired  

c accept this line then request 
another line of tim es

C haracter 30 any ch arac te r o r function; th is is not
p rocessed  but is requ ired  by the 1827 
to in itia lise  data tra n s fe r .
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If the add o r rep lace  selected  sam ples function 
is  requested , UDTM2 requests  the operator to TYPE TIMES IN DECISECONDS.
The lis t of tim es, typed in reply , m ust s ta r t  in ch arac te r position 1 and m ust consist 
of th ree -d ig it num bers, adjacent num bers being separated  by single spaces.

READIN and P130 a re  called by UDTM2; 
th e ir  associated  data control blocks a re  open when UDTM2 is  en tered .

and tim es to b inary .
DECIN is  called to convert channel num bers
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UDTM2

T M 2A D f

TM2AC

Error from P130

Read line from typewriter

Error from READIN

TM2X

Reset error flags

C h a r a c te r  29

C h arac te r  4 = blank

TM2A

Print error m essag e

P r in t :

TYPE AGAIN

Print: TYPE NEXT

Save registers and create  
lower save a rea

Figure 8.13(a) UDTM2 -  Flow Chart
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TM2A

Delete entries

TM2BI

Delete  a ll  en tr iesCharacter 8 = blank

TM2B

TM2BA

Error flags set

IM2AC

TM2C

TM2E

or replace entries for 

all channels^x^

' ' o r  replace entries 

with modulus , all or se -  

lected times,^*'' '^

Set all bits of channel

select word

Set input buffer position poin­

ter  to first channel number

Print error m essage  and 

set error f lag s

Set input buffer position 

pointer to first channel number

Figure 8.13(b) UDTM2 -  Flow Chart (continued)
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TM2E

Reset channel select word 

Store maximum channel number 

Store maximum input pointer position

TM2F

Pointed-to

character = blank

Input pointer 

at maximum

TM2FA

^ — No error
from DECIN and 0 <  

channel number ^  maxi -  
■^nrium channel n u m - ,  

ber

Input pointer 

at maximum
TM2FB

TM2FC

Set required bit in channel select word

TM2G

Restore character 29

Increment input pointer

Convert channel number to binary

Store error message 

and set error flags

Set character 29 to blank

Store character 29

Figure 8.13(c) UDTM2 - Flow Chart (continued)
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Figure 8.13(d) UDTM2 - Flow C hart (continued)



PROGRAMMES 143.

TM2N

Error from P130

Error from READII

Character 29 = c ,

TM2P

TM2Q

Reset error flags

Read a line from typewriter

Print TYPE TIMES IN DECISECONDS

Print error message and 

set error flags

Reset input-buffer position pointer 

Set maximum pointer position

Figure 8.13(e) UDTM2 - Flow Chart (continued)
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TM2Q

TM2VA

Character 29

:  c or error

flags set

TM2N

TM2V
Error

from DECIN or Character 29
TM2AD

channel number

TM2S >  maximum

TM2T

TM2U TM2X

^  Return

charac te r  or input 

pointer beyond maximui 

position

Restore registersIncrement input pointer

Convert time to binary

Set completion code to 0

Print error message 
and set error flags

Update required time word in TMT

Figure 8 .13(f) UDTM2 Flow Chart (continued)
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TM2ER2 TM2ER3

TM2ERB

Error flags set

TM2ERC

Error from P130
TM2X

C Return ^

Print error message

Store character 29 in

error message

Store pointed-to character 

in error message

Set error flags 

Store ERROR at s tart

of error message

Figure 8.13(g) UDTM2 E rro r  Routine Flow Chart
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8.14 Control Section PTM

PTM p rin ts  a copy of the tim es-m odes table, 
TMT. Here is an example of the printout: -

TIM ES MODES TABLE
26 mod a l l
27 0 .0  0 .3  1 0 .8

1 2 .1  1 3 .0
2 8 mod

A two digit channel number occupies bytes 0 and 1 
of a line. Byte 3 is always blank. Bytes 4, 5 and 6 contain Tm odr or are  blank. 
Bytes 7, 8 and 9 have 'a l l ',  if the all bit is  set in TMT. Tim es bits that a re  set 
cause the appropriate  tim es to be prin ted  in the form  'X X .X ’, occupying 5 bytes 
each. These tim es en tries  always s ta r t  at byte 7 and are  prin ted  at the ra te  of 20 
p er line. T im es le ss  than 10. 0 seconds a re  preceded by two blanks.

The hexadecim al bit pa ttern  in TMT causing the
above printout example would be :- 

A ddresses
+0 +1 +2 +3

TMT + 0 E 3 D 4 0 0 9 7 TM 151

+ 4 0 0 0 0 0 0 5 0 modulus word

+ 8 0 0 0 0 0 0 6 0 some word

+ 12 0 0 0 0 0 0 4 0 all word

+ 16 0 0 0 0 0 0 2 0 0. 0 seconds

+ 20 0 0 0 0 0 0 0 0 0.1

+ 24 0 0 0 0 0 0 0 0 0.2

+ 28 0 0 0 0 0 0 2 0 0.3

etc.
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xhe table is  p ro cessed  channel by channel. If 
the 'so m e’ b it for a channel is 0 then neither the 'a l l ' nor the 'tim es b its ' are  
inspected. The channel number is  prin ted  only on the f ir s t  line for the channel.

A modes sc ra tch  byte is  c rea ted  in PTM for ease 
of p rocessing  and is  overw ritten  for each channel. B its 5, 6 and 7 of th is  byte 
duplicate the TMT 'm od ', 'so m e ' and 'a l l ' b its  for the channel. A test-u n d er-m ask  
instruction , re c rea ted  for each channel, is  used to te s t the channel’s b its  in TMT.

PTM calls  P130 to p rin t the table. P130's data 
control block, LNODCB, is  opened by MGLB before PTM is  en tered . Any e r ro r  
code re tu rned  by P130 to PTM in re g is te r  15 is  passed  unaltered to MGLB.
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PI30 completion code = O

No PTHChannel count  < 3 2

EPPTM^

Channel modulus b i t  s e t

Enter

Restore reg is t er s

Set completion 
code to O

increment channel  coun te r

Set channel counter  to  -

Set TMT po in te r  to  modulus word

Clear  LNOBUF 
Reset  local mode byte

Se t  local  modulus bit 
S to r e  MOD in LNOBUF

Branch t o P l 3 0 a n d  prin t  heading

Store  registers in h igher  save  area 
and c r e a t e  lower save a r e a

Figure 8.14(a) PTM Flow Chart



PROGRAMMES 149.

Figure 8.14(b) PTM Flow Chart (continued)
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Figure 8 .14(c) PTM Flow C hart (continued)
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8.15 Control Section SAVE

Control section SAVE enables the base -sca le  
table, BSTAB, and the tim es-m odes table, TMT, to be tra n s fe rre d  from  main 
s to re  to disk sto rage. When requ ired , the sto red  tables may be tra n s fe rre d  from  
disk to main s to re .

This facility  allows tab les, once constructed, 
to be used during different com puter runs. Without th is facility  the tables have 
to be constructed  at the s ta r t  of each com puter run, as p a rt of the program m e 
loading sequence reads the com piled tab les into main s to re . The tables at the 
s ta r t  of a com puter run, therefo re , contain the default inform ation described  in 
sections 8 .3 and 8 .4 . If tem porary  changes a re  made to the tab les during running 
the norm al tab les can be re s to re d  when the tem porary  changes a re  no longer 
requ ired .

BSTAB and TMT are  sto red  on disk by typing 
SVE which calls  the SAVE p a rt of SAVE. When the tab les a re  saved they overw rite 
any previously  sto red  tab les.

BSTAB and TMT may be replaced, from  disk, 
by typing RES which calls  the RESTORE p a rt of SAVE.

Successful com pletion of these operations may 
be in fe rred  when, after calling SAVE or RESTORE, the norm al request for the 
next desired  operation is  p rin ted .

p rin ted  disk e r ro r  m essage.
The occurrence of a disk e r ro r  is  advised by a

The data control block used in the SAVE and 
RESTORE operations, SAVDCB, is opened and closed in th is control section.

This control section calls  P130 if a disk e r ro r  
m essage is  to be p rin ted . The data control block used by P130, LNODCB, is 
opened before SAVE is  en tered .
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Write successful

Write successful

Return

Open SAVDCB

Close SAVDCB

Write base-scale  table on disc

Write times-modes table on disc

Save registers and create lower save area

Set completion code =0 and restore registers

Load registers with BSTAB and 

TMT addresses and lengths

Load error message into LNOBUF 

and branch to P130 to print

Load error message into LNOBUF 

and branch to P130 to print

The RESTORE flow chart is  the same as the SAVE flow 
chart except:-

1. Entry point is named RESTORE;
2. Write to disk instructions are replaced by read 

from disk instructions;
3. "Write successful" tests are replaced by "Read 

successful" tests.

Figure 8.15 SAVE and RESTORE - Flow Chart
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8.16 PCI Appendage IGG019WB

Operation of the data collection program m e 
ANA LIN is synchronised with analogue-input data collection by the program m e 
controlled in te rrup t appendage IGG019WB. Figure 8.16 is  a flow diagram  of this 
appendage.

IGG019WB is  sto red  in a system  data set
SYS1.SVCLIB and is  autom atically loaded into main s to re  when the ADC data control 
block ADCDCB is opened by ANALIN. The appendage is  executed each tim e a 
p rogram m e controlled in te rrup t is  generated by the analogue-input channel 
p rogram m e ADCCHN contained in ANALIN.

Execution of th is appendage increm ents a
counter, PCICT, in ANALIN and a lternately  posts the analogue-input event control 
blocks ECBA and ECBB as successive program m e controlled in te rru p ts  occur.

G eneral inform ation concerning PCI
appendages is given in section 6 .7 and in the IBM System P ro g ram m er 's  Manual 0-0).

A PCI appendage is  generally  executed in the 
superv iso r mode of com puter operation. T herefore , a m ore detailed knowledge of 
the IBM 360/50 operating system  is  requ ired  to w rite  appendages than is  requ ired  
to w rite  program m es that operate  in the problem  program m e mode. Such knowledge 
may be obtained from  various IBM System 360 Operating System M anuals.

9. OPERATIONAL INSTRUCTIONS

9.1 Normal Operation

9 .1 .1  P re lim in ary .

When the data collection system  is
used daily, the F .M . modulator and dem odulator power supplies should be left 
switched on at all tim es to m inim ise d rift in the F .M . channel zero -lev e ls . The 
m odulator power supply is  situated in the magnet laboratory  control room  below the 
typew rite r. The dem odulator power supplies a re  situated in the 1827 enclosure.

The following procedure assum es
that the F .M . modulator and dem odulator power supplies are  switched on. The 
pulse and ram p generato r and the in terface panel a re  norm ally  on whenever the 1827 
is on.
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Enter

LASTECB <  MAXECB

Return

LASTECB

Load TCB address

PCICT PCICT + 1

Set completion code to 0

LASTECB LASTECB +1

Branch and link to POST routine

Load base register with 
ECB address

Set ECB pointer to 
LASTECB + address (PCICT)

Figure 8.16 PCI Appendage IGG019WB
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9 .1 .2  Starting the P rogram m e.

1. Set the typew riter left-hand m argin  stop to position 11 on the 
printing position scale . Set the right-hand m argin stop to 
position 120. In se rt paper in typew riter.

2. Switch on the typew riter control box and typew riter; the 
control box switch controls power to the typew riter.

3. If a parity  a larm  occurs, operate the parity  cancel push-button.

4. Switch the Line switch to Off and type a c a r r ie r  re tu rn . This 
re se ts  the typew riter control logic.

5. R eturn the Line switch to its  On position.

6. At the 1827, check that the magnet laboratory  ’’ready” and 
"synch" lines are  connected to the "ready" and "synch" te rm inals 
at the left-hand re a r  base of the 1827.

7. Request the com puter opera to r to s ta r t  the magnet laboratory  
program m e, MAGPGM, in 8K.

9 .1 .3  Using the P rogram m e.

When the program m e s ta r ts , the digital-output 
green  lamp will glow and the program m e heading with lis t of operations and calling 
codes will be printed on the typew riter.

TYPE ROUTINE DESIRED: will then be prin ted ,
the digital-output indication will re tu rn  to red  and the digital-input green  lamp will 
glow. The typew riter operator may then request a p a rticu la r operation by typing 
the appropriate  calling code.

Normal procedure is to type RES, PTM and PBS 
to re s to re  and p rin t previously saved Tim es-M ode and B ase-Scale tab les. The data 
system  is  then ready for operation.

Prin ting may be stopped at any tim e by switching 
off the typew riter. When the typew riter is again switched on printing will be con­
tinued without loss of data.
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9.2  Program m e Selection and Operation

The following operations may be in itiated by typing the 
appropriate  code after the typew riter has prin ted  TYPE ROUTINE DESIRED:

9 .2 .1  Data Collection.

is  called by typing col.
The data collection program m e, ANALIN,

When ANALIN is  ready to commence data 
collection the g reen  analogue-input lamp will glow. Data collection may then be 
in itiated  e ither manually by operating the S tart collection button on the typew riter 
control box or autom atically by the magnet labora to ry  control system .

When data collection is  com plete, the
analogue-input indication w ill re tu rn  to red  and a completion m essage will be prin ted  
on the typew riter.

Successful completion of a 20 second data 
collection period will be indicated by the following m essage:

ADC CHN CC=7f, PCICT=041

7f is  the A nalogue-to-D igital-C onverter 
Channel Completion-Code for successful completion, other com pletion codes are 
lis ted  in section 9 .4 .1 .

The Program m e Controlled In terrup t Count, 
PCICT, is equal to (0. 2n + 1), where n is  the total num ber of sam ples collected per 
channel. The above count of 041 is  for 200 sam ples per channel, the sam ples having 
been collected at 0.1 second in tervals  for 20 seconds.

If the com puter p rocessing  of collected
data is delayed to the extent that some input data is not p rocessed  and is  therefo re  
lost, a condition of overrun is said to ex ist. This may occur, for exam ple, if a 
tape drive takes control of the com puter m ultiplexer channel for m ore than 0.1 
second thereby preventing data tran sm issio n  between 1827 and com puter for that 
period .

P ossib le  overrun during a data collection 
period  is indicated by an additional m essage following the norm al completion 
m essage. The additional m essage is of the form:
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OVERRUN PCICT^xxx

w here xxx is the program m e controlled in te rru p t count at the tim e that the f irs t 
overrun  condition occurred . Data collected p r io r  to the tim e rep resen ted  by the 
overrun  count will be c o rre c t. The tim ing ram p may be used to determ ine which 
data  following the overrun is valid.

Failure to w rite  data onto disk w ill be indicated by a 
d isk  e r ro r  m essage. Although m ost data is lost because of th is, m axim a and 
m inim a data is not lost as the m axim a-m inim a table is in main s to re  and is  updated 
d irec tly  from  input data.

Disk e r ro r s  should be reported  to the com puter cen tre. 
The disk e r ro r  m essage form at is contained in section 9 .4 .2 .

9 . 2 . 2  Prin ting the Base-Scale Table

The b ase -sca le  table printing program m e, PBST, is  
called  by typing pbs. The table prin ted  contains the values that w ere entered using 
the typew riter.

9 .2 .3

called by typing ptm .

Prin ting the T im es-M odes Table

The tim es-m odes table printing program m e, PTM, is

Each prin ted  line consists  of a channel number 
followed by the modes and tim es requ ired  for data prin tout. The table prin ted  con­
ta ins only those channel num bers for which there  ex ist tim es-m odes table en tries .

Modes prin ted  a re  mod (modulus) and all (print all 
sam ples). T im es for which data w ill be prin ted  a re  in seconds.

9 . 2 .4  P rin ting  P ro cessed  Data

The data processing  and printing program m e, SAM, 
is  called by typing e ither sam  or sei.

SAM uses the b a se -sca le  table en tries  when p ro ­
cessing  data.

When sam  is typed, data is p rocessed  and prin ted  as 
req u ired  by the tim es-m odes table en trie s .

When sei is typed, the select-channel program m e, 
SELCHN, is  called before control is tra n s fe rre d  to SAM. SELCHN enables the
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opera to r to selec t a requ ired  channel and mode of data prin tout.

An e r ro r  in reading from  disk w ill prevent 
data from  being prin ted  in the all o r some m odes; however, printing of m axim a- 
m inim a data will not be affected. If a disk e r ro r  occurs, a disk e r ro r  m essage will 
be prin ted  after processing  and printing of m axim a and m inim a is  com plete.

Disk e r ro r s  should be reported  to the
com puter cen tre . The disk e r ro r  m essage form at is  contained in section 9 .4 .2 .

The form at requ ired  when using the se le c t-

channel number 
space
mod p rin t moduli
all p rin t all sam ples
lis t of th ree -d ig it selected  tim es (in 
deciseconds), each p a ir  of adjacent 
tim es being separa ted  by a space, 
t or 1 accept th is line
any ch arac te r o r function

A ppropriate e r ro r  m essages a re  prin ted  by 
the typew riter for the following e r ro r  conditions:

1. in co rrec t fo rm at;
2. channel num ber le ss  than 1 or g rea te r than the 

highest available channel num ber (32);
3. selected  tim e le ss  than 000 or g re a te r  than the 

highest available tim e;
4. position  29 does not contain a t o r an 1.

When e r ro rs  occur in a lis t of selected 
tim es, data corresponding to valid tim es in the lis t is  p ro cessed  and prin ted .

Example of selected  channel operation:

TYPE ROUTINE DESIRED: sei
SELECT CHANNEL, NODE AND TIMES (IN DECISECONDS) 
32 raod t
SELECTED SAMPLES
32 MAX 2 0 . 4 / 0 . 8 5 0  MIN 0 . 0 / - 0 . 0 1  
TYPE ROUTINE DESIRED: sei

channel facility  is:

Line position

11 -  12 
13

14 -  16 

14 -  36

39
40
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SELECT CHANNEL, MODE AND TIMES (IN DECISECONDS):
32 000 010 025 113 t
SELECTED SAMPLES
32 0 . 0 / - 0 . 0 1  1 . 0 / 0 . 0 3 4  2 . 5 / 0 . 0 9 6  1 1 . 3 / 0 . 4 6 7
TYPE ROUTINE DESIRED:

A descrip tion  of SELECTED SAMPLES output 
fo rm ats is contained in section 8.8

9 . 2 . 5  Updating the B ase-Scale Table

The b ase -sca le  table updating program m e, UDBS,
is called  by typing ubs.

The following form at is used to update the table:

Line position

11 - 19 channel num bers
20 space

21 -  38 base and scale en tries
39 t or 1
40 any ch arac te r or function

Channel num bers m ust be of one or two digits and 
m ust be separated  by single spaces.

The base and scale en tries  m ust be separated  by a
com m a.

Base and scale en tries  m ust be of from  one to four 
digits if positive or of a negative sign and one to th ree digits if negative. A decim al 
point m ust be included in each entry.

Typing a t o r an 1 in position 39 causes the type­
w rite r  line to be accepted by the program m e when a ch arac te r or function is typed 
in position 40. An 1 in position 39 indicates to the program m e that th is line 
contains the la s t updating inform ation.

The line is checked by the program m e before the 
table is  updated. If the line sa tisfies  the check, the table is  then updated and the 
p rogram m e requests  the next en try . If an e r ro r  is detected in the line, the table 
is not updated and the program m e requests  that the line be typed again.
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An e r ro r  is  indicated if:

1. in co rrec t form at is  used;
2. a channel num ber is le ss  than 1 or g rea te r than the 

highest available channel num ber ;
3. the base or scale value does not contain a decim al point;
4. position 29 contains neither a t nor an 1.

follows:
An example of updating the b ase -sca le  table

TYPE ROUTINE DESIRED: u b s  
OK SEND NEXT

1 2 15 0 . 0 , 2 0 . 5 4  t  OK SEND NEXT
32 - 1 . 5 , - 2 . 6 3  1

OK LAST.TYPE ROUTINE DESIRED:

9 .2 .6  Updating the T im es-M odes Table

is  called  by typing utm.
The tim es-m odes table updating program m e, UDTM2,

Note that when typing-in selected  tim es, typing c in 
line position 39 w ill allow the lis t of tim es to be continued on the next line without 
repeating  the function and channel num bers.

Form ats used when updating the table a re  as follows:

Line position

to delete en tries:

11 -  13 
15 -  18 
15 -  38

39

40

del
all delete en tries  in all channels 
lis t of channel num bers whose en tries  a re  
to be deleted
t accept this line and p rep a re  for another
1 accept this line then re tu rn  to control

program m e
any ch arac te r or function

to add or rep lace en tries:

11 -  13 add
rep

add en tries  to cu rren t en tries  
replace cu rren t en trie s  with new en tries
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15 -  18 mod prin t moduli
all p rin t all sam ples
sei p rin t sam ples for selected  tim es

20 - 28 all update all channels
20 -  38 lis t of channel num bers to be updated

39 t accept this line and p repare  for another
1 accept th is line then re tu rn  to control

program m e
40 any ch arac te r or function

to selec t tim es (line following an add or rep line in which sei has been typed):

11 -  38 requ ired  tim es in deciseconds
39 t accept this line and p repare  for another

updating line
c accept th is line and p repare  for another

line of tim es
1 accept this line then re tu rn  to the control

program m e
40 any ch arac te r or function 

Notes concerning form at:

1. channel num bers m ust be two digits with a single space between 
adjacent channel num bers ;

2. selected  tim es m ust be th ree digits with a single space between 
adjacent tim es;

3. if 1 is  typed in position 39 of a line containing sei, the 1 will be 
trea ted  by the p rogram m e as a t.

E r ro rs :

The program m e p rin ts  an e r ro r  m essage, containing 
the e r ro r , for the following e r ro r  conditions:

1. in co rrec t fo rm a t;

2. channel num ber le ss  than one or g rea te r than the highest available 
channel num ber (32);

3. selected  tim es le ss  than zero  or g re a te r  than the highest available 
tim e (150);
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4. position 29 does not contain a t o r an 1 in a modes updating line 
or does not contain a t ,  c o r an 1 in a tim es updating line.

When e r ro r s  occur in a lis t of channel num bers or 
tim es, valid values in the lis t a re  p rocessed .

An example of updating the tim es-m odes table:

TYPE ROUTINE DESIRED: utra 
TYPE NEXT

add mod 01 02 03 04 05 t TYPE NEXT
add sei 10 t TYPE TIMES IN DECISECONDS
000 010 030 120 145 t TYPE NEXT
del 20 09 24 28 t TYPE NEXT
rep all 32 1
TYPE ROUTINE DESIRED:

9 .2 .7  Saving and R estoring Tables

The b a se -sca le  and tim es-m odes tables are  
s to red  on disk by typing sve which calls  the table saving program m e SAVE.

The b ase -sca le  and tim es-m odes tables may be 
re s to red  from  disk by typing re s  which calls  the table re s to rin g  program m e 
RESTORE.

Disk e r ro r  m essages a re  the only inform ation 
prin ted  by these p rogram m es. If a disk e r ro r  m essage occurs, the com puter 
cen tre  should be inform ed. The form at of disk e r ro r  m essages is contained in 
section 9 .4 .2 .

9 .2 .8  Term inating Operations

Control of the com puter by the magnet laboratory  
program m es is term inated  by typing trm .

9 .3  Em ergency Facilities

9 .3 .1  Computer O perator Cannot S tart Program m e
From  Console.

This may be due to faults involving the lib ra ry  
PARMLIB, in which the job control statem ents used in the loading of p rogram m es, 
a re  stored .
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This fa ilu re  may be overcom e by starting  the 
p rogram m e with the following job control cards:

//RGS10434 JOB (11229,3,, 300), nam e, CLASS-K, TYPRUN-HOLD 
//JO B L IB  DD UNIT=2311,DSN=RGS2,DISP=OLD,VOL=SER=SPOOL1 
/ /  EXEC PGM=MAGPGM
//DSKHLD DD UNIT-SPOOLSTD, SPACE-(TRK, 5)
//DISKSAVE DD DISP-OLD, DSN-IRSMAG, VOL-SER-OS19L1, UNIT=2311
//DDM PX DD UNIT-001
//DDADCF DD UNIT-002
/ /DDIGIN DD UNIT-004
//DDLNO DD UNIT-005
/ /

The word -  name - in the f ir s t  statem ent should be 
rep laced  by the name of the person  submitting the cards to the com puter cen tre .

9 .3 .2  P rogram m e Cannot be Started by the Method 
of 9 .3 .1

The magnet laboratory  program m es a re  contained 
in the data set RGS2. T herefore , if RGS2 is  lost the above methods will not be 
effective.

As RGS2 is  sto red  on disk pack SPOOL1, any 
faults with SPOOL1 may cause RGS2 to be lost.

A backup data set, named MAGLIB, is stored  on 
disk pack MAGLAB. If RGS2 fails, MAGLIB may be copied onto SPOOL1 to replace 
the failed RGS2. The following cards are  used to c a r ry  out th is operation:

//RGS10440 JOB (11229,3 ,, 100), nam e, CLASS-J 
/ /  EXEC PGM-IEBCOPY 
//SYSPRINT DD SYSOUT-A
// I N  DD UNIT-2311, DSNAME- MAGLIB, DISP-OLD, VOL-SER-MAGLAB 
//O U T  DD UNIT-2311, DSNAME-RGS2, DISP=(, KEEP), VOL-SER-SPOOL1 
/ /  SPACE=(TRK, (20, 5 ,1), RISE)
//SYSUT3 DD UNIT-SPOOLSTD, SPACE=(TRK, (5, 5))
//SYSUT4 DD UNIT-SPOOLSTD, SPACE-(TRK, (5, 5))
//SYSIN DD *

C OP Y OUTDD-OUT, INDD-IN 
SE.LECT MEMBER-MAGPGM

/ /
NOTES: The * in the fifth card  above m ust be punched in card  column 7 2.

There m ust be two spaces between / /  and SPACE of the sixth card .
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The word -  nam e -  in the f ir s t  statem ent
should be rep laced  with the name of the person  subm itting the ca rd s  to the com puter 
cen tre .

If th is procedure is  successfully  com pleted,
norm al operations may be resum ed.

9 .3 .3  F ailure of RGS2 and MAGLIB

If both RGS2 and MAGLIB data se ts  fail,
the p rogram m e will have to be recom piled and link editted from  punched card s  o r from  
the data se t MAGSRC which is sto red  on disk pack MAGLAB. The job control and 
linkage editor con tro l card s  requ ired  for th is operation a re  lis ted  in the listing  of 
m agnet laborato ry  program m es ( l 2).

The disk pack OS19L2 m ust be mounted on a 
d isk  drive while the magnet labora to ry  p rogram m es a re  being com piled.

9 .4  Computer E r ro r  Codes and M essages

A com plete descrip tion  of the meanings of e r ro r  
codes and m essages re fe rre d  to in th is section is  not given as opera to rs  will 
no rm ally  req u ire  the assis tance  of com puter cen tre  personnel when seeking the 
cause  of e r ro r s .

9 .4 .1  ADC Channel Completion Codes ( l 9’P*157)

7F Successful com pletion.
41 Channel program m e has com pleted with perm anent 

I/O  e r ro r .
44 Channel program m e has been in tercepted  because

of a perm anent e r ro r  associated  with device end for 
the previous request. Another attem pt a t operation 
may be taken.

48 Request elem ent for channel p rogram m e has been
made available after it has been purged.

9 .4 .2  D isk -E rro r M essage Form at (9>P«197) #

D isk -e rro r m essages contain inform ation
p rin ted  out in the following order:

unit address, device type, ddname, operation attem pted, 
e r ro r  descrip tion, track  add ress and block num ber in 
hexidecim al, access method.
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10. ANU COMPUTING CENTRE TYPEWRITER CONSOLES

10.1 Introduction

Some tim e after the p re sen t computing system  for the 
m agnet laboratory  had been specified and the ANU Computer C entre had agreed to 
re s e rv e  the 8K byte partition  in main s to re , the Centre announced that is  proposed 
to im prove the computing serv ice  by providing a number of typew riter consoles. 
The purpose of this consoles system  is  outlined in an ex tract from  the proposal
r e p o r t ^ ) .

"A conversational console system  provides the 
u ser with the ability to p rep a re  and te s t p rogram s d irec tly  
by the use of a typew riter console or display. This re su lts  
in fa s te r p rogram  development, and generally  in le ss  
computing tim e used, as p rogram  e r ro r s  may be observed 
and co rrec ted  as they occur.

In addition console system s provide the u se r with 
program  packages to solve a wide range of problem s, as well 
as desk calcu lator and rep o rt editing fac ilitie s . By m eans of 
a command or s e r ie s  of commands the u ser is able to select 
any serv ice  p rogram  and type in data as requested  and then 
receive the re su lts  on the ty p ew rite r."

One of the "program m e packages" w ill be the m agnet labo ra to ry ’s system .

The D epartm ent has agreed to connect its  IBM 735 
typew riter to the consoles system  when it becom es operational. Meanwhile, the 
m agnet laborato ry  typew riter is connected to the 1827, keeping in mind its  fu ture 
connection to the consoles system  m ultiplexor.

10.2 Consoles System Hardw are

Figure 10.1 shows the proposed in itial a rrangem ent.

A ccess to the main s to re  will be by the D irect Control 
fea tu re  connected to the CPU. This feature  may be thought of as a channel which 
tra n s fe rs  data one byte (8 bits) at a tim e. The consoles m ultiplexer will in itia lly  
se rv e  th ree  local typew riters and a special link to a typew riter in the R esearch  School 
of C hem istry . Each typew riter will have control c ircu its  s im ila r to those a lready  
used by the magnet laboratory .
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IBM 3 6 0 / 5 0Room adjacent to 3 6 0 / 5 0
Typewriter 
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Magnet
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Main
store

Land line to 
Research School 
of Chemistry

Figure 10.1 Consoles System

10.3 Consoles System Operation

The consoles system  w ill occupy a 40 K byte 
partition  of main s to re  at such tim es during the day that it is  in operation. A 
superv iso r p rogram m e and 80 byte input and output buffers for each console type­
w rite r  w ill occupy 8 K bytes. The rem aining 32 K bytes will be available for the 
u se r . U ser p rogram m es will be handled using a " ro ll- in  ro ll-o u t"  or swapping 
system . Normally each u ser will use the 32 K a rea  for about 0. 5 second afte r 
which his p rogram m e will be tra n s fe rre d  to disk sto re  and the next u s e r 's  loaded. 
This arrangem ent ensures reasonable response tim e to any u se r . Input and output 
with each typew riter will continue even when the appropriate u ser program m e is not 
in main s to re . C harac te rs  will be passed  from  u ser p rogram m e with the case 
shift included in each 8 b it code. Figure 5 .4 gives th is code. It is  up to the u se r 
to tran s la te  th is code as he w ishes.

Typed input lines will be variable length, each 
te rm inated  by a ca rriag e  re tu rn . Backspacing on input will obliterate  the preceding 
c h a rac te r.

The m agnet lab o ra to ry 's  data collection
program m e, ANALIN, will be made an exception to the tim e-slic ing  just mentioned. 
It w ill have sole use of the consoles' u se r a re a  for the duration of each data 
collection period (approxim ately 20 seconds).
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If the tim es at which the consoles system  is 
operating a re  insufficient for the magnet laboratory , then it may be possib le to use 
the p resen t set-up (with the 1827) during the off-periods. This would entail 
duplication of the d ig ita l-in terface  module cards and cabling.

10.4 Effect of Consoles System on Magnet Laboratory 
System

The n ecessary  changes in hardw are a re  re s tr ic te d  
to those concerning the typew riter. These have already been mentioned in section 
5 .1 . On the software side there  will have to be significant, although straightforw ard, 
a lte rations. As the Computer Centre has not yet re leased  details of u ser program m e 
communication with the typew riter, the following lis t of points is intended as a guide 
only. Other changes besides those m entioned may be requ ired . One assum es at 
this stage that the read er is fam ilia r with the p resen t magnet laboratory  p rogram m es.

The console system  will differ from  the p resen t
system  in the following ways:

(a) the console system  will not support an overlay s truc tu red  
program m e;

(b) there  will be no u ser defined data se ts ; all data sets  will 
be defined by the console system  and the data control 
blocks will be located in the 8 K superv isor area;

(c) typew riter input and output will be handled by the superv isor;

(d) the maximum length of a typew riter line will be 80 ch a rac te rs .

To make the magnet laboratory  program m es 
compatible with console system  operation:

(a) rem ove the overlay s truc tu re ;

(b) define, to the com puter cen tre , the m ultiplexer and analogue- 
to -d ig ita l-co n v erte r data sets  used by ANALIN and the data 
set used by SAVE;

(c) rem ove re fe ren ces  to the collected-data disk storage (DSKHLD) 
and sto re  co llected-data  in main sto re;

(d) rep lace P130 and READIN with routines that call su p erv iso r- 
controlled p rin t and read  routines;

(e) rem ove the P130 and READIN e r ro r  routines from  MG LB;

(f) ensure that the maximum output line length is  not g re a te r  than 
80 ch arac te rs ;

(g) rem ove the XTDDT from  the end of all output lines.
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INTRODUCTION

The pu rpose  of the sy stem  specified  h e re in  is  to g a th e r, 
s to re , and p ro c e s s  data  from  an ex p erim en ta l m agnet in the m agnet la b o ra to ry  and 
to p r in t out the re s u lts  of p ro c e ss in g  as re q u ire d .

D ata g a thering  w ill be during sam pling  p e rio d s  of up to 
15 seconds which m ay re c u r  at in te rv a ls  of not le s s  than 10 m inu tes. The period ic  
re c u r re n c e  of the sam pling  p e rio d s  m ay extend fo r se v e ra l hours but not usually  
beyond the 8 hours betw een 9 a .m . and 5 p .m . on no rm al w orking days and usually  
fo r not m ore  than 4 days p e r  week fo r about four consecu tive  w eeks.

The com plete  sy stem  c o m p rise s  in s tru m e n ts  fo r the 
g en era tio n  of analogue s ig n a ls , FM m odulation tra n sm is s io n  and dem odulation 
equipm ent, the IBM 1827 w hich is  b a s ica lly  a m ultichannel an a lo g u e-to -d ig ita l - 
c o n v e rte r , the IBM 360/50 com puter and an input output ty p e w rite r  located  in the 
m agnet la b o ra to ry . F igu re  1 is  a d iag ram  showing th e se  com ponents and th e ir  
in te r fa c e s . T his spec ifica tio n  d ea ls  only with the p e rfo rm a n ce  of the 1827 and 
360/50 .

Each sam pling  p eriod  w ill be in itia ted  by the m agnet 
la b o ra to ry  following the co n cu rren ce  of se v e ra l n e c e s sa ry  p re -co n d itio n s , one of 
which is  the availab ility  of the com p u ter. H ow ever, it would be im p rac ticab le  if 
the availab ility  of the com puter w ere  a deciding fac to r in m ore  than 9 c a se s  out of 
10, that is  to say , when all the p re -co n d itio n s  o the r than the com puter ava ilab ility  
a re  co n cu rren t, th e re  should be at le a s t  a p robab ility  of .9  tha t the com puter is  
av a ilab le . The m eaning of availab le  in th is  context needs to be m o re  ca re fu lly  
defined as  w ill be done la te r  in th is  sp ec ifica tion . It is  usefu l to note tha t th e re  
w ill be a p erio d  of five m inu tes o r so a f te r  each sam pling  perio d  during which it 
w ill be highly unlikely  tha t ano ther sam pling  p eriod  w ill be in itia ted . D uring th is  
perio d  the com puter av a ilab ility  m ay drop to ze ro  p rovided  p ro cess in g  of the s to red  
d a ta  has been com pleted .

COMPUTER AVAILABILITY

It is  e s se n tia l to en su re  tha t no data  is  lo s t during  or 
subsequen t to the sam pling  p erio d  until it is  d e lib e ra te ly  e ra se d  by the m agnet 
la b o ra to ry . A p o ssib le  th re a t of such lo ss  of da ta  m ay com e from  o ther p a ra lle l 
o p e ra tio n s  c a r r ie d  on by the com puter w hich m ay re q u ire  the use  of c e r ta in  com m on 
fa c il i t ie s . Thus the n o -lo ss  re q u ire m e n t n e c e ss ita te s  p ro c e d u re s  involving the 
whole com puter and inc ludes the opera ting  staff. A p re c is e  m eaning m ust be given 
to the w ord availab le  when used  to d e sc r ib e  the condition of the co m pu ter. I t is  
defined a s  follows:
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Available (now): in a condition to accept data with absolute certain ty  during a
sampling period t s long beginning t^ from  now, to sto re  this data safely and to 
p ro cess  it for a tim e tp im m ediately following the sampling period , t^ here is  the 
tim e delay between the irrevocab le  initiation of a sampling period and the com m ence­
ment of the sampling period; and tp is the ex tra  tim e a fte r the sampling period 
necessa ry  to com plete safe storage of all data, plus an allowance by p rio r  a rra n g e ­
ment to perform  minimum processing . The to tal tim e t is therefo re
t a = t s + ld + V

It follows that if the com puter condition is switched from  available to 
not availab le, by the com puter staff, after a sam pling period has been irrevocab ly  
in itiated , the com puter will in fact s till gather data, s to re  safely and im plem ent 
minimum processing .

The availability  of the com puter should be p referab ly  be pro tected  by 
hardw are o r softw are m odifications and should be comm unicated to the magnet 
laborato ry  by e lec trica l signal.

Figure 2 is a logic d iagram  showing the ideal arrangem ent.

DATA CHANNEL DETAILS

Number of channels containing analogue inform ation
from  FM System 32 (possibly 64)

Sampling frequency on each channel l O c . p . s .  m in.

Period during which sam ples a re  to pass in terface ( i .e . t Q) 15 secs.

DATA PROCESSING PROGRAMME LIBRARY

Any of the following selected  to p ro cess  each channel. Not all channels 
need be p rocessed .

(i) Samples at predeterm ined  tim es or at tim es inputted 
from  typew riter after the sam pling period  is over.
P rin t out sam ples and tim es and some identifying 
inform ation such as channel num ber and descrip tion  
of variable being recorded .

(ii) Select peak modulus of sam ples. P rin t out sam ple 
value, tim e and identifying inform ation.
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(iii) P r in t out all sam p les  rece iv ed  and tim e .

In all the above, p r in t-o u t would be re q u ire d  
w ithin a m inute from  the end of the sam pling p e rio d .

TYPEW RITER

An IBM 735 ty p e w rite r , toge ther w ith the
n e c e s sa ry  in te rface  m odules to the 1827 have been o rd e re d . The ty p e w rite r  is  to 
be used  fo r p rin tin g  the r e s u lts  of a ll p ro c e ss in g . It m ay also  be used  to com m unicate 
to the com puter as re q u ire d .
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BLOCK DIAGRAM SHOWING INTERCONNECTION 

OF VARIOUS COMPONENTS AND INTERFACES

ANALOGUE
INSTRUMENTATION F .M . SYSTEM IBM 1827 IBM 360

I
I

(POSSIBLY)/
I
I
I
I
I

MANUAL CONTROL SIGNALS 
IF  REQUIRED

TYPEWRITER

AUTOMATIC CONTROL SIGS. 
IF  REQUIRED 1827

NOTE: INTERFACE DEFINED AS FOLLOWS

M. MAGNET 
F. F .M . SYSTEM
A. ANALOGUE TO DIGITAL CONVERTER 
C. COMPUTER

THUS M /F; MAGNET TO F .M . SYSTEM INTER FACE

FIG 1
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