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1. INTRODUCTION

The ARL Hybrid Computing System Mark 3 (HCS3) is the culmination of a facility develop-
ment initially undertaken in support of guided weapons projects, notably IKARA. Currently
HCS3 finds its major employment in the real-time modelling of flight vehicle dynamics for
manned flight simulation.

The HCS3 hardware arrangement is shown in Figure I. The analogue part of the compu-
tations is performed by the Modular Analogue Computer (MAC), and the digital part by the
ARL DECsystem-10 central timesharing computer. The interface between these two is the
PDP-I 1/20. The hardware is described in more detail below.

The author has described aspects of the predecessor system HCS2 (I, 2]. Significant enhance-
ments have been incorporated into HCS3: these include the provision of Digital Coefficient
Units (DCUs), the S-Bus sub-system, better error monitoring and individual integrator mode
control, all achieved via the DIGIBUS system (3] on the PDP-l 1,'20. Analogue to digital con-
version capacity has been greatly expanded. System software has developed in concept and
utility both in regard to hybrid computation [4] in direct comparison with HCS2, and through
its provisions for utilization of the capabilities of the Command and Information System (CIS) [5].

In the HCS3 environment, user control and monitoring functions are exercised by inter-
action with a DECsystem-10 digital program through a timesharing terminal. A class of oper-
ations which includes the setting-up and debugging of the analogue parts of hybrid computations,
purely analogue computations, and analogue computer hardware maintenance, is best handled
with a general purpose digital program for user interaction. The alternative to this is to write
and debug a special digital program for each application, an approach A hich is both inefficient
and inconvenient.

This paper describes CONSOL, a program which in HCS3 provides the capabilities neces-
sary for the class of operations mentioned. User commands to CONSOL are input at a DEC-
system-10 timesharing terminal, and data, status and error information are returned to the
user through the CIS refreshed graphic display.

Chapter 2 provides a broad description of the HCS3 hardware and software sub-systems
and its operating environment. The commands and output presentation provided bN CONSOL
are described in Chapter 3. Implementation is discussed in Chapter 4. and Chapter 5. in con-
junction with Appendix A, a pocket reference card, explains the use of CONSOI..

2. ICS3 SYSTEM

2.1 Overview

User programs for performing computations with HCS3 are prepared in two parts: a
digital part and an analogue part. The analogue part may be viewed as a fast subroutine called
upon by the digital part to perform the high speed dynamic computations at which analogue
methods outperform digital. The digital part provides the main interface between the user
and his hybrid computation. The digital part has essentially full control of the analogue part.

Programming of the analogue part is done by conventional methods, and the analogue
program is implemented with patch Aires and modules. The digital part is programmed on the
DECsystem-10 using its FORTRAN-10 language [6].

In operation the analogue computer performs its computations continuousl\, wshile the
digital computations are performed repetitively at a rate Lontrolled by a real time clock. [ach
cycle of digital computation involves first reading quantities from the analogue part. then
performing serial digital computations using those quantities, and finally outputting other
quantities to the analogue part. In HCS3 these repetili, e digital computations arc performed
as an interrupt routine, executed in response to regular priority interrupts from the real time clock.
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An HCS3 digital part program, whilst syntactically a s agle entity, actually consists itself
of two parts: one part is the normal timesharing part and the other is the repetitively executed
real-time part. The HCS3 software provides mechanisms for communication between these
two parts. In operation it is not unusual for the timesharing part (of the digital part of a hybrid
computation) to be the job scheduled for execution at the time of a real time clock interrupt,
and for it thereupon to be suspended during execution of its own real-time part.

The digital program interacts with HCS3, and thereby the analogue program running on
the MAC', by means of calls to subprograms in the HCS3 software sub-system H3PAC [4].

2.2 HCS3 Hardi~are Sub-systems

2.2.1 DE('system-110

The DLCsstem-10 is the ARL central timesharing digital computer. It is configured as
it DECsytem-1070 [7], as shown in Figure 2.

The DE('ssstem-lO I 0 Bus is connected to the PI)P-I 1 20 hb means of the ARL-designed
XIX interface (see below).

Operation of the DECsystem-10 is controlled b\ the TOPS-O operating system [8], a
swapping, virtual-memory timesharing monitor. The H('S3 sof't\are sub-systems utilize real

time features in TOPS-10.

2.2.2 P)P-II 20

Figure 3 illustrates the main components, of the PDP- II 20 sol-s\stem [9, 10]. It includes
KAII central processsor, 24K words of I Isec core memory., RK II disk control with two
RK05 1.25 m word renosable disk cartridge drives. KV Il-P programmable real time clock
and KE-I IA extended arithmetic clement. Special devices connect to the PDP-lI 20 through
DR1 I-A or -C' register interfacc,, and )R I l-B direct mernorN access interfaces.

The XIX interface uses a )RI I-A and pro\ides hi-directional data and interrupt transmission
between the DE(sstem-10 and the PDP-II 20. in a fashion similar to the DEC DAI0 DEC-
system-10 to PDP-8 interface [7). The (IS displa. controller 15) is interfaced \ia a DRI I-A
and provides refreshed directed beam graphics on a 483-mm diagonal cathode ray tube display
(Hewlett- Packard 1310A) frorn displa\ code generated in the DE('system-10 and stored in

the memory of the PDP- II 20.
The PDP- II 20 controls a, analogue to digital conversion sub-s\stem comprising a 512-

channel input multiplexer (M UX) and 14-hit analogue to digital converter (AD('). Two DR I t-B
direct memor\ access interfaces are used with its controller, one for transmitting MUX addresses,
the other for recei',ing AD( data. Conersion full scale ranges of 10 or IOOV and automatic
overrange detection are program controllable. O\er 30,000 conversions per second from random
M UX addresses aniid scales can he made.

The other de ice utiliiing a DR II-B direct memor, access interface is the controller for
the [)IGIBUS, a serial hi-directional data hus 13] which extends through the racks of the MAC.
The digital coetticient units )CLI s) digital to analogue conerters (DA(_s), computing element
operational states and discrete logic signals in the MAC' are controlled h\ the DIGIBI S. \AAC'
error conditions are monitored b\ it.

Operation of the PtDI- II 20 is controlled by the program (ISIICS (see below : no pro-
prietary operating s.stenl or Cee.u i is e is used. and tle Ie('S3 h brid computation user has no
access to the PI)P- II 20.

2.2.3 Modular Analogue ('oniputer

The MA(. illustrated in 1iigurc 4. is a 100 V scale solid state li\ed patch conputer. it
consists of ten identical computing racks. numbered 0 to 9, and rack 10. Used or input and
outpuit, Fach computing rack contains 40 ,lerational amuplitiers, allocated a', four field,, of ten.
Amplifiers 00 to 09 are summers ss hich ma., \wilh the insertion ol appropriate transfer fu.inction
([-) modues in resersed locations, be counerted to o0her functions, for example mutipliers,
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trigonometric function or variable diode function genlerators: their operational modes are
under common control within each rack. Amplifiers JO to 19 are front paniel swvitch selectable
as summers or integrators w~ith. in the litter case, indis idual mode controls. Amplifiers, 20 to 29
are summers and 30 to 39 in% erters. Overload sensing for each amplifier. and oscillation detection
for each rack are provided: these error condition, mlay be read b\ the DIGIBUS.

Each computing rack can accommodate up to three ser\vo-multi pliers or -resolsers. up to
thirty coefficient potentiometers, up to thirty digital coefficient units, (coefficients in the range
0.00025 to 16-0) set by the [)IGIBUS. limiters, relays and comparators. The modular construc-
tion of the MAC allo\%s these dev ice-, to he installed as aInd \Nshere required.

There are sixteen 16-bit DACs in rack 10, controlled by the DIGIBUS. Each drives one
line of the S-Bus sub-system. In each computing rack each of these linesis broughittothienormally -

open Contact of one of sixteen changeoser relays. s% hose normall% closed and Asiper contacts
are brought to at front panel patch. ThesL 160 relays can be indixidually picked and dropped
under control of the DIGI BUS. Thle S-Bus suib-sy stem is used to serifs sub-sections of an analogue
program: this is done using the L)A(s to stimulate their inputs rather than Outputs from other
parts of the program.

Another DAC drive,, the IC Cal Bus: it appears onl patches throughout tile MAU and is
available for setting intcerator initial conditions.

In each computing rack sixteen discrete logic lesel outputs controlled by thle I)IGIBUS

are available to the user. These can be imdi)x du.ally set and reset by the digital part program.
As \%cll as the 51 2-chianucl Nt; N ADlC. to xs hich are hards~ ired all operational amplifier

outputs, the MAC has an access .s~stemn shich. b\ rela\ s\\sitching under DIGIBUS control,
can address 100 points in each rack, including all amplifier outputs and po%%er supplies. patchable
inputs in each rack, and integrator inputs. thie last through an amnplifier %%hose gain can be set
to 0-01. 0- 1.-1I-0 or 10-0 also under l)IGI BUS control.

2.3 LI(S3 Soft~iare Sub-%%.%Iems

2.3.1 H3PA(C

The main soft~sare sub-system- in HCS3 is the DE('ssstemi-10 [ORIRAN-callable sub-
program package. 1-3PAC. As the user digital piogran ito HCS3 interface it prov ides thle frame-
wvork Asithin s% hich by brid programs 'ire designed and implemented. In it a . embodied mlanyr
of the concepts \kshich distinguish H-CS3 from other h\ybrid computation systems [11. 41.

H3PAC is \sritten in MACRO-10 assembler language [12].
Subprograms in H 13PAC pros id the folloss ing' capabilities to the by brid computation

digital part progranm.

(a) H ybrid Progranm Operation ( ontrol

Subprograms in this groupl alloss for by brid opiciatiori initiation and termination. for
starting and stopping tie iteratikc execution of thle time-critical computations. aind for thle
timesharing part it) enter aI itme of' suspension from sshich it may\ be ssoken by its oss n real
tme part. lb is la st hi ne i i is nI,(s)(r.~ e fficictit uinali igum ous Coin) mu n ica t io lIsIceen

thle tx~o pairts.

III tis L'I-0.1 die sihi 0iiii 10111 -c ni Lutritoi initil -onditions using the Wt Cal BuIs
and for loading function genecral or tai bk'.

(c) [hsbrid D~ata MIanipulation

This group includesC sub-proprainis tot sendling settings to W)(INs. for mlanlipulatingL user
d.iscrete loyic ouitputs, and for recading %ariaihles from the MA( 0 a tile NILUN ADC( sub-ss stemI.



(d) NIAC Control

I-3PAC subprograms in this group allow~ thc digital program to set MAC rack operational
states (STAND BY, POT. SET. OP. CAL. or COMPUTL) and individual integrator and rack
common operational modes (INITIAL CONDITIONS, RUN or HOLD), and to control
integrator timescales.

(c) Access System

Subprograms in this group allow% thle access s\stem address to be set, and the accessed
quantity to be read.

(f) Error Monitoring

These subprograms return concise or espandcd intbormation on MAC errors (overloads.
oscillation, and M UX ADC' sUb-s~ stem hard\\ are o\errange detection).

(g) Data Logging

HCS3 allosks MAC' Nariables ito be logged onl the RK05 remo~able cartridge disk,. and
this group of' sub-programns pro ides control of' this, fuLnction.

(h) Digital Function Generation

HCS3 includes facilities f'or generation of' analogue f'unctions of' analogue quantities by
the PDP-1 1 20. This group ot suhiprourams conltrols these ta,-cilities.

(it S-Bus and IC Cal Bus

In this group are subprograms t'or controlling thle settings, of' thle S-BuIs and IC Cal Bus
DAC's and the S-Bus Relays.

(j) Ernironmental

This group contains, su bprogramIls 11, means111 of s hich thle user can esaimine and Set an uipper
limit to his utili/ation of* the 1Ls tmI0.

H 3PAC contains estensi' e error1 detection and reporting capabilities.

2.3.2 LOKXIX

Ti tI sCof' lOP1S- 1(1real-timie'at tire, b\ I 311A(' requires negation of-somec s\ steni integrit.\
mechanisms. To mlini ie thle resulting risk, and to allos% correct sharing of' the XIX interlkice
between HWPMC and thle CIS and R KO5 dlisk SUb-ss stem1 soft\\are packages described belo".
a MACRO-1It programn module 1.0K Xl is used. L0K XIX enf'orces a program loading strateg>
which is designed ito protect thle softs~ are packages usingy the real-time features, and contains,
a major part ofthe code IlOr communication \s ith lthe l'IVf- II 20) '\a tfie XIX intert'ice. 10K XIX
must be loaded s\ ith 1131'A( or the other reail-timLc sofi\\are packages: it is separate from them
to save rtiii-t rue ruemors.

2.3.3 (JSPA(' and RKPAC

These are tw~o s\ stem softx~are modules Mi ich ai e periphecral to I CS3. and are not nces-
sarily used in conjunction \%ith it. TIhes do.) ho,.kceir shiare use of' 10K XIX. see :ibose. and
(ISH-CS. see belos\\. and run in thle DI~s trnI0
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CISPAC is a package of FORTRAN-callable subprograms, written in MACRO-[O
assembler, used for control of the ('IS display sub-system. The functions of the CISPAC sub-
programs (5] are similar to those of the VISTRAN package developed at ARL for use with the
DECsystem-10 type 338 interactive display [13]. A number of CISIAC subprograms may be
called from the real-time part of an tICS3 digital program.

RKPAC is a package of FORTRAN-callable subprograms, like CISPAC written in
MACRO-10, used for transfers of data between a D[ECsystem-10 program and the RK05 disks
of the PI)P- II 20. Its main use is in recovery of data logged on the disks b% the RDP-l I 20
during hybrid computation.

2.3.4 ('IStCS

CISHCS is the program xxhich runs in the PI)P- II 20 sub-sx.stem of HCS3. It is wxritten
in the MACRO-Il (14] assembly language, maintained on the I)E'Csstem-10. and cross-
assembled by the PALX II or MACY II cross-assemblers.

CISHCS controls the PI)P-l I 20 side of the XIX interface for communication \kith the
DECsvstem-10. In HCS3 it performs data formatting and device control functions. It controls
the KWI I-P programmable real time clock, w hose periodic interrupts time the iterative execution
of the real-time part of the digital part of the hybrid program in the DECs\stem-tO. It handles
the other HCS3 hard%%are and performs the digital generation, by table look-up and inter-
polation, of analogue functions of analogue \ariables.

For CIS display (CISPAC) and RK05 disk (RKPA(') sub-sx.stem functions. CISHCS
again performs ata transfers and de\ice control.

3. (CONSOi. COMMIANDS AND DI,",PIA)

3.1 Iser Interaction

CONSOL is operated from a I)D.sstem-I 0 timesharing t,.rniinal, at Mhich the user t\I)C

commands. Its output is displa\ed on the CIS displa\.
CONSOL signifies its readiness to accept a command hy outputting a "'' (asterisk, the

conventional DECsystem-10 program terminal prompt character) at the terminal. Commands
by the user are terminated by the "RETURN" ke (carriage return, echoed b\ the DL ,stem-10
as 'Carriage Return* *L.ine Feed').

Henceforth, in the interests of clarits of e\position. the use of the "RF[TURN'" kc\ to
term nate a command to CONSOL. is implied and \\ill be omitted.

Ehe only other terminal output from CONSOt is "" (question mark) xxhich is emitted
in response to an erroneous command. ('ommands Illa be sx ntacticall\ erroneous, that is to sa\
unintelligible or ambiguous, or the . ma. be context uall x erroneous. for example addressing
a device in an unpo\%ered rack or attempting to enter RIN node \hen in STANI) BY ,tate.

3.2 Commands

(iONSO[. C. 1nmndM e runelnlonic and nda\ be abbre\iated according to a logical scheme.
In illustration of this point. mo\ ing sotle\ hat ahead in the discussion, consider the commands
used firstly to set the MAC state to Pot. Set. and secondl\ to pick up S-Bus Relay 203 (that
is the rela. ii rack 2 on S-Bus line 31. lhe former is the single letter conmland "'P"' and the
latter PI('K 203" (\%here the presence of an\ non-numeric characters betxcen the I and the 2
is immateriall). xx hich in most a bbrciated forn becomes just "'P1203"'. The use of the single

letter conmnand "'P'" is not ambiguous in this contet as an S-Bus Relay command requires
a numeric dcvice identifier argument.

In the text which folloxxs. minimum abbrex ations are gixen in boldflace tixpe. thus PI('K203
coll be typed as PI('K203. or P1(203. or P1203. but not as P23. Connands are parsed left
to right until their alphabetic section is uniqucel determincd. If a nunleric argument or algl-
ments is then required, the remainder of the comniand line is searched for tile first c..urietncc
of' a numeric character (or ili the case of sigied or nion-inlteger n uminbers the characte s s

-- ..... .... ..I .. I I - --- i .. .. . . .. .. . II . . . -- " I I . ... . .. .. - . .. I I I If .r 
<
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* as well), and a number assembled from it and subsequent numeric characters until a non-
numeric character (or end of input line) is reached.

In CONSOL commands, space and tabulation characters are %alid as delimiter characters
in numeric arguments so that "2 3" is equivalent to "2" followed bN "Y" not "23". Alphabetic
characters may be entered in upper or lower case.

An exhaustive listing of CONSOI. commands follos~s.

3.2.1 .MAC State Commands

State commands are single letter commands s-hich control the operational state of the entire
MAC (those racks, in addition to rack 10. Ahich are possered up). The four state commands are

S

0

and C'

which respectisely set the MAC operational state to Standby, Pot.Set. Op.Cal.. and Compute.
Changing the MAC state from Op.Cal. or Compute back to Pot.Set or StandbN resets all opera-
tional mode controls to Initial Conditions.

3.2.2 NAC Mode (ommands

CONSOL prosides operational mode control for the "hole MAC b. means of -MAC-side'"
mode commands. These set all integrator and rack-common modes (in the possered-up racks).
As %%ell, there are commands for setting modes of indixidual integrators and rack commons.

Modes may be set, and indeed the. hasc meaning, onl. ,khen the MAC is in Op.Cal. or
Compute state.

Single letter commands are used for MAC-wside mode control:

R

and tH

which respectisel) set all MAC' modes (in posered-up racks) to Initial Conditions. Run or Hold.
Control of indi,,idual integrator or rack common modes is achieved by affixing an argument

list to one of these basic commands. The argument list consists of one or more (decimal) integer
numbers separated. and it' desired separated from the basic command, by an, character or
characters not from the set of ten decimal digits. These integer numbers specifs the rack and
unit numbers of' the devices "shose modes are to be set. Rack common modes are gisen unit
number 20 for this purpose onl..

Thus. the ('ONSOL command

RUN 210, 211. 212, 315. 320

will, prosided the MAC is in Op.Cal. or Compute state. put integrators 10. II and 12 in Rack 2,
integrator 15 in Rack 3. and the Rack 3 common mode control all into Rutn.

3.2.3 NIAC" Access System Commands

CONSOL displa s the %alue of the triahlC selected by the MAC access system. ascragcd
to minimise mains frequenc. noise and updated approximatel, once per second. Access address
commands, for selecting the arious access points in the MAC. consist of one of the letters

A
P

or S
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followed by an integer number. Respectively, these select Amplifiers, Power supply rails, Diffler-
ential Check points and Special (rear-patchable) points; the integer number specifling the rack
and unit. MAC' computing racks contain 40 amplifier positions Inumbered 00 to 39). 20 of
which (00 to 19) have differential check access, ten power supply access points (00 to 09). and
thirty (00 to 29) special access points.

Thus

AOl I

selects amplifier II in rack 0 for access,

AI01

selects amplifier I in rack I, and

Al001

accesses amplifier I in rack 10.
Differential check access requires that the MAC be in Compute or Op.Cal. state. The differ-

ential is read using an amplifier whose gain can be ,aried under program control (see 2.2.3
aboe) in decades from 0.01 to 10.0. CONSOL uses the highest gain setting that gi es a within-
range reading at the amplifier output.

As mentioned below, the display of the access output is al\Naxs in terms of machine units
(M.U.).

The allocation of po~er supply units and the amplifiers in Rack 10 are gi en in Appendix B.

3.2.4 Digital Coefficient Units

Unlike the coeflicient potentiometers "hich they are tending to supplant, I('Us do not
retain their settings, and so in many problem set-up and hardware maintenance acti\ities there
is a need to be able to transmit ,alues to one or more DCUs. CONSOL proides this capability
with a command of the form

DCU li.%t

where list is a list containing zero or more DCU address data specifications, separated by any
characters not legal within a DCU address data specification. In turn. a I)CU address data
specification takes the form of an integer number specil'ing the rack and position in that rack
of a particular DCU. separated by one or more characters not including the ten decimal digits
from a decimal number \vhose xalue lies in the range 0 to 16.0. specif ing the coefficient to be
sent to that t)(U.

If li.st is crept\, all DCU coetficients set ui by pre\ious commands are resel to zero.
Thus the command

DUX 005 : 12 1. 107: 004. 113 :6

%% ould set coefficients of: 12 I on DCU 5 in Rack 0. 004 on DCU 7 in Rack I. and 6-0 on
DCU 13 in Rack I. The command

DCU

alone should clear all coeflicient settings.

3.2.5 S-DA( and S-Bus Relays

The S-Bus [)A(,, Rela\s pro]ide H(S3 %\ith a useful problem subset checkout facility.
Important input signals can he patched through the normally closed contacts to the wipers
of the S-Relax s. Test programs, b. s,.itching the rela s, can select the S-IAC outputs (through
the normall, open S-Relax contacts) instead of those signals to stimulate computational elements.

C'ONSOI has commands allo ing an\ of the S-Rela s to he -picked" from their quiescent
sate. or "'dropped", and ,,',dues to be output to the S-I)A('s. The relays arc controlled b the
commands

7
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PICK li,t

and DROP /i.s

in , hich Ii.st contains S-Relay address specifications in the form of decimal integers separated
by any non-nUmeric characters. S-Rcla\ addresses consist of a single digit rack number follow.ed
by a two digit Bus-line number. The command

DROP

with no argument list results in all S-Relays currently picked being dropped. For example,
the command

PICK 203, 300. 002, 005

Nill result in S-Relays 3 in Rack 2, 0 in Rack 3. and 2 and 5 in Rack 0, all being picked.
Values are sent out to the S-I)A(,, using commands of the form

SDAC li~t

% here li.st contains /ero or more S-l)AC de,,ice data specifications, separated b an\ characters
not legal %%ithin an S-DAC deice data specification. An S-I)AC device data specification in
turn consists of a decimal integer I)AC number ranging from 0 to 15 (shich may be preceded
by anN number of teroes). separated (b, any non-numeric characters) from a decimaj number
in the range 1 0 to 1 0 gising the sa.ue to be sent to that particular DAC.

If Ihst is empty . all S-DACS arc ,et back to zero output.
For example. the command

SDAC 0 : 0.1, 13: 0.5

will send the \alue 0 -1 Ito S-DAC 0, and 0'5 to S-DAC 13.

3.2.6 Initial Conditions Bus DAC

The MAC IC Cal Bus is used in calibration, as explained belo\ , and also for setting up
integrator initial conditions \alues, ,Ohen it is oftei referred to as simply the IC Bus. CONSOL
can set values on the bus using the command

ICBUSDAC vale

\,\here Va/1 is a number in the range - 1 0 to 1 .0 specif\ing the \alue to be set on the bus.
It if is omitted, ero is assumed.

To set an initial condition ",alie to an integrator (\Alhose IC input is patched to the IC Cal
Bus). the MA must be in Op.Cal. or Compute state and the particular integrator in Initial
Conditions mode. The desired s alue (sign-changed to account for the integrator in\ersion)
should be lent to the IK Bus DAC. After one second the integrator \ill settle to this \alue and
Can be put into Hold mode sshile others are set.

3.2.7 ( ser logic Bits

(ONSOI. allkms setting and clearing an\ of the sixteen discrete user logic signals in an\
of the MAC rack. w ill the commands

SE V li l

and (II .\R li

in wliich 1w contaiw, bit addre,sses in the form of decimal integers separated b\ anr non-numeric
characters. '\ hit addres consists of a rack number (0 10) follo\ed by a ts\o digit bit number
(00- 15).

If the (1.1 AR command is ien kkith no argument list, all bits are cleared.

3.2.8 (alibration

An important function of( ONSOI fir b brid and analogue computing use is its pros ision
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for cali bratig man ualI coefhicien t pothen tiomrleters,. An analogue null i ndica tion on the CIS
display is prosidled by CONSOL for calibrating.

[0 set at coeflicient tile command

is used. Here amp, is the address of the amplifier to %%hich thle coefficient potentiometer is patched.
expressed in thle integ'er form used in) access address commands f-see 3.2.3 aboise): the delimiter,
shown here as. colon mla\ be ain\ non1-nu1meric character or characters., and twliw is the desired
Coefficient settlill, a oitis n,1WIumber whichi mam range uip to010(X). The CONSOL calibration
junction can no, be used to set coefficients greater than I 000. but these are rare.

Calibration requires that tile MAC be in Pot.Set. or (Jp.( al. state, if' it is not (ONSOL
treats the cali brat ion com ma rid as, an error.

In calibration, thle lower. riio~ i n, nlull scale pointer should be brought into coincidence
with the upper fixed pointer. Thie access1 aZtlue reading oin tile displa indicates the coefficient
setting achiex ed. D etailIs of' the cal ibrat ion process. and pointer mnechani/ation are discussed in
Chapter 4.

3.2.9 Re.ference Card

A CONSOL Ref'erence Card. suriari,'iiie the itbose information, forms Appendix A
to this Note. Sparc card,. are ax aiible.

3.3 D~isplay

Figure 5 is a photograph of' the CIS displa\ obtained \\lien running CONSOL. and F-igure 6
is an annotated sketch of the clispla%~. to %%hich reference \\ill be made in the following Subsections.

3.3.1 State. M1ode and Error Display%

At the top left of the CONSOI. displit% is the indicator o-f' the MAC operational state.
item (a) in Figure 6. In the top centre is the indicator of the MAC-w\ide operational mode.
item Nb. This shows thle mode selected b\ the last M.\C-%\ide (see 3.2.2 abo\ef mode command.
At the top right is an error summar\ areai. item (c). in k% hicli are displaied indications of error
conditions e \isting sonic%\ here in thle %IAC. Sepiraie lines, are resersecd f'or indications of amplifier
overload. amplilk r Oscillation. sers o niUltipl icr resolxer protection trip-out. arnd MiAC calibration
status. The last ma'. indicante siiipl. thi soni1c des ice in thle MiAC is undergoing calibration.
which is not of itself necessaril'. in error: that more than one dcx ice is in) calibration, this is

Multiple Cal. and is alw.\.~ an error: ort thiai thle \1.\N is iii Comlpute state %\ith at desree in
calibration. (fie Cal. Inrerlock error.

3.3.2 .Access IDiplaY

In the upper centre of' the ( ( )S( l dsl .item (d) in I igure 6. is a displa\ of access
address, aluc arid noise. 11he address is dl spli\ ed Inl thle samle kfori as is used b\ CONSOL
access address commnands (see 3.2.1 Abos e, Aele I iC ndicating1 des iCe t( pe followedC b\ ain integer
device rack anid unit number.

BelowV thle address is tlie accessed %al ue Ihis is yix en ini miachiine units, (Ni.U.). except
when calibraiting fseec 3.2.N iiboxe). w h1en thle \,tile displa'.ed is that of' the coefficient setting
achie\xed (tile accesed sa1lue sCalled a1ccording to thle K (a 1us BSSetting atl thle time). (ONSOL.
selects the optini scale f"or readint- and displa (if' thle accessed a ilue. Values greater t han
0o 1 M. U. in niagitude are read slN1i dirci \Il)( chainnel. with at full scale range of' 1 -05
M. U.. and are displa~ ed to fix e signiiic;i ii figures. four decinmal places,. Val ues .klhose magnitudes
lie between 0.001 and 0- 1 M .U1 are read usIL igt direct ADlC channel ss ith at full scale range
of -0- 105 M .t.. and are (ispla\ed ito fixe dcimail platces. Values smller in nMagniitude than
0-001 M.U. arc scaled b\ an amplifier of' gain 100~ and read to at full scalec (if 0 -105 N1. U..
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giving an etfectise full scale of, 0.0105 MU., and are displayed to six decimal places (the least
significant digit being hundreds of micro, olts).

The third line of the access display gies the average of the absolute value of the a.c. com-
ponent of the selected signal in machine units. It is displaed at a lower intensity than the address
and value.

3.3.3 Calibration Null Scale

During calibration. (see 3.2.8 aboxe). CONSOL displays an analogue null indication,
item (e) in Figure 6. The fixed scale shows low and high sides, and zero is indicated by a triangle.
A mosing triangle belo, this indicates the current selling.

3.3.4 Tabulation

The lower part of the CONSOL display is a tabulation. items (f), (g), and (h) in Figure 6.
The top line. item (f). contains the numbers of the powered-up racks and blanks "here racks
are switched off. In the columns below the rack numbers are rack error indicators, item (g),
indicating the presence of amplifier overload, oscillation, servo trip-out and device calibration
in each rack. Below these, the columns, item (h). list the operational modes of the integrators
and common mode controls in the racks.

4. IMPLEMENTATION

CONSOL consists of a FORTRAN main program with seven FORTRAN subprograms,
operating under HCS3 (see Chapter 2). System software packages used are the load checking
and XIX communication module LOKXIX, the hybrid package H3PAC, and the CIS display
package CISPAC.

The main program contains a timesharing part and it real-time part, and these are described
below.

4.1 CONSOL Main Program Timesharing Part

The timesharing part of CONSOL initializes the program, determining which MAC racks
are powered-up, clearing data arrays, and setting up much of the display. On completion of
these processes, the timesharing part starts up the regular iterations of the real-time part.

The timesharing part performs the terminal interaction with the user, returning repeatedly
to this same point. It outputs the command prompt character to the terminal and then enters
a wait state from which it emerges "lhen the user terminates a command to CONSOL by, striking
the carriage return key.

The command line is read one character per element right justified into an input buffer array.
Alphabetic case conversion is performed, and characters are counted: if the line is empty or
contains only spaces it is ignored and the program loops back to send the prompt character
once again. The command is decoded to a first stage by means of a dispatch calculated from
the value of the first non-blank character in the command. Further decoding. using the second
or subsequent characters is done if needed. Numerical arguments are assembled in integer or
floating form using FORTRAN subprograms, as required by the context.

Once the command has been interpreted and its ,alidity checked, the timesharing part
determines a function code which it stores for the real-time part. Should the command contain
an error, it is ignored, and the command error character is output on the terminal before the
command prompt. Ten function codes are produced: for setting access address, MAC state
and device mode, for setting and cleawing user logic bits, for performing coeflicient calibration.
for sending values to DCUs, S-Bus DACs and the IC Cal Bus DAC. and for controlling the
S-Bus relays.
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4.2 ('ON"Oi. lain Program Real-lime Part

The real-time part of (tONSI performs tile functions specified h. the fuctio.odes set up
as a result of command decoding b\ the timesharing part, and mintains the (IS displa\.

4.2.1 Real-Time Part (ycle

A real-tine part iteration period of 82 milliseconds is used b\( ONSSO[ ( onsider in
arbitrars iteration commencing at time 1. Subsequent iterations occur at T., 82 msec,
T'* 164 insec. (lears an'\ ten consecuti',e iterations occur at uniforml\ spaced phases
of 2.7 It0 radians of an arbitrary, coherent 5) H/iinal, The mean of ten readings of the access
salue made in consecutise real-time part iterations ill therefore ha\e an\ 50 Hz fundamental
noise component suppressed. -he period of 82 milliseconds \a, selected as a compromise
betsNeen tle (ONSOL user's requirement that the displa be updated frequentls. implying
a short period, and l)1!(s',stem- 10 processor utili/ation ss hich saries inersel,, \,ith the period.

I|ehe real-lime part iterations make up a complete CONSOL program ccle, taking
984 milliseconds. This period is manifested in the slight blink exhibited by the access %alue
displaycd b\ (.ONSOL. Fhi,, blink pro\ides a useful indication that the program is running
v hen the displa. content is othcrssise stable.

Dutring the first real-time part iteration of the c\cle of tsselse, the program tests whether
there has been a function code stored, in response to a user command, by the timesparing part.
If there has not, the iteration terminates. If at function code has been stored, the program uses
its ,alue to dispatch to the appropriate function handler code %%here commands, data. or both
are constructed and transmitted to the MAC. The stored function code is then cleared and the
iteration terminated.

In the second real-time part iteration the prograrm takes no action. allowing an\ commands
or data to propagate into the MAC. This idle iteration is necessitated byr the HCS3 timing
characteristics, described more full\ in the 113PAC Manual [4], \%hich provide that commands
and data directed to the MAC during a real-time part iteration are held in the PDP- II 20 and
forvsarded after completion of data input at the start of the next real-time part iteration. This
strateg allows maximum time for transients resulting from the commands or data sent to the
MAC to deca. before MAC data acquisition begins.

The remaining ten real-time part iterations of the cycle are used for reading the data from
the MAC. These salues are summed and from the sums aserage salues are computed for display.

4.2.2 Function Handlers

CONSOL maitintaitns a set of data reflecting the current status of the MAC. This permits
the terminal interaction sections of the ( ONSOL timesharing part to discard redundant com-
mands, sasing proccssing, and to detect contestual errors, for example requesting Run mode
in Standby state. When. in the first real-time part iteration of a cscle of twelve, a function code
set up by the timesharing part is encountered, a function handler is insoked. These handlers
use calls to H3PAC subprograms to send commands and data to the MAC. On successful
completion of these tran,,fers, the MAC status data are brought up to date.

4.2.3 Display Content |pdating

The computation load derising from updating the (ONSOL display is spread b\ per-
forming part of it in each of' the t\else real-time part iterations of a cycle. When a large part
of the display content is \ar\ing. oser a hundred milliseconds of )Csystem-I0 processor time
may be consumed in updating the displai. If this w ere not spread oser the cyrcle it real-time part
iteration period of sescral hundred milliseconds \kould he required to asoid the operationally
fatal real-time oserrun error \khich occurs s hen it real-time part iteration has not terminated
at 'he time that the next one should commence.
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On the displa. the propagation ol' a MAC-side mode command through the tabulation
of integrator modes illustrates this load spreading. CONSOL maintains internal data reflecting
current display content, allo%,ing redundant display code to be suppressed.

For speed. the conversion of the access value from numeric form (in which it is obtained
from H3PAC) to the stream of ASCII characters required by tile subprograms of CISPAC is
done directly %kith FORTRAN arithmetic rather than b) the IORTRAN UN('Ol)[ statement.
Again for speed, the multiple display of the access address and Nalues needed for adequate
brightness of the large characters is achie,,ed by generating them as single sub-pictures [51 and
calling them repeatedly.

4.2.4 Coeflicient Calibration

The CONSOL coefficient calibration function, see 3.2.8 and 3.3.3 abose. diflers slightly
from the other CONSOL functions in that it is a d\namic process hich remains active until
terminated by a subsequent command input.

In the first real-time part iteration of the first cNcle follo\ing a calibration command, the
access system address of the amplifier under calibration is set up and an initial calibration
signal value is computed and sent to the IC Cal Bus I)AC. [or coefficients smaller than 1 0
this value is 1 0 M.U., for coefficients hetseen 1 0 and 10.0 it is 0. I M.U., for coefficients
between 10.0 and 100-0 it is 0.01 M.U., and for coefficients betwseen 100.0 and 1000.0 it is
0.001 M.U.

In the case of coefficients greater than 1 0, that is for IC Cal Bus I)AC settings smaller
than )0 M.U.. the program %sails until the achieed coefficient setting comes kkithin three
percent of the coefficient salue specitied in tile command. In the first real-time part iteration of
the next ccle the value sent to the IC Cal Bus I)AC is altered to the reciprocal of the specified
coefficient, so that the output of thc amplifier under calibration is I -0 M.U. at the desired %alue.
This allo\s, the full I accUracs of the A)C to be used.

During calibration tile \alue displased is the achieved coeflicient. This in turn is tile access
value multiplied by the reciprocal of the \aluc currentl, set on the IC Cal Bus l)AC.

The analogue null indicator displayed during calibration has a highly non-linear mechaniz-
ation of the form

N A sinl sinl "\ \,2 (2 ', C,)I)'

where its position v is 0 at null. k is a screen-si/c scale factor, C,, is the achiesed and C, the
specified coefficient. The term (C,, ('G C, CJ has the desirable characteristic of taking
the values 0 "hen (, C, I %\shen C',, 0. and I %%hen C,, -,. for C,( 0. The t\No
applications of the sin function each increase tie slope of the function at null, and hence the
indicator's sensitisit. b\ a f.ictor of - 2.

4.3 ('ONSOIL Subprograms

Two of the subprograms used by CONSOL ha\e alreads been mentioned: these are used
by the timesharing part to scan the input command line to extract the next integer or floating
format number.

A subprogram is used by the timesharing part in the initial setting up of the display pictures.
Another is used to convert desice addresses gi\en in mode commands to the form used b\
H3PAC. Subprograms are used to perform clement-b\-element comparison tf arrass and t)
test for numeric characters.

Only one FORTRAN subprogram is used b\ the real-time part. Its function is to expand
the MAC error data from the machine-dependent f'orm in \\hich it is obtained from H 3PAC
into a form from \%hich the (ONSOI. displa. MA( error tabulation can be constructed.

5. OPERATING ENVIRON.MENT

The (ONSOL. program is kept in sa\ed form on the Flight Systems Group librar disk
area. lSG users can run the program by typing the command

12



RUN CONSOL

to the DECsystem-10 Monitor's prompt character '.. after logging in. Other users should
seek advice from FSG.

Exit from CONSOL is by means of the command

EXIT

which is preferred to use of the control-C mechanism because it clears the CIS display.
CONSOL is not known to contain an) errors, any that are discovered and that are reason-

ably repeatable should be reported to the author.

Rarely, CONSOL will fail with the typeout of an error message from H3PAC specifying

REAL TIME ERROR OVER RUN.

This occurs because of the compromise value selected for the program's real time iteration
period, which must be as small as possible while allowing time for all CONSOL's activities.
Heavy DECsystem-10 Magnetic Tape system usage is the most frequent cause. The program
may be run again with safety after this type of failure.

It will be observed that there is a distinct pause between the issuance of the command
to run CONSOL and the appearance of its display on the CIS. This is an unavoidable conse-
quence of real time operation initialization.
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APPENDIX B

Power Supply and Rack 10 Amplifier Allocation

Allocation of the Power Supply Access points in each MAC' Rack is shown in Table B-I.

TABLE B-i

Power Supply Access Allocation

Access Unit Supply Rail

00 Analogue Ground
01 Reference Supply
02 Reference Supply
03 125 V Amplifier Power Supply
04 125 V Amplifier Power Supply
05 15 V General Purpose Supply
06 15 V General Purpose Supply
07 5 V Logic Power Supply
08 IC ('AL Bus
09 Spare (unused)

Rack 10 contains twenty amplifiers, which may he selected with the MAC Access System.
Their use is shown in Table B-2.

TABLE B-2

Rack 10 Amplifier Allocation

Amplifier Function

0 S-Bus IA( 0 Amplifier
I S-Bus [)A(' 1 Amplifier

15 S-Bus DA(' 15 Amplifier
16 IC Cal Bus [)A(' Amplifier
17 Differential ('heck Access Amplifier
1 Ne Reference Supply Amplifier
19 ve Refernce Supply Amplifier
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FIG. 5. PHOTOGRAPH OF CONSOL DISPLAY
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CONSOL SIDE 1

REFERENCE CARD
HCS III Console Program

DEPARTMENT OF DEFENCE
AERONAUTICAL RESEARCH LABORATORIES

Appendix A to Systems Note 72
H. A. Thelander

March 1980

Notes:
(i) All command lines are terminated with

"Carriage Return".
(ii) Erroneous commands are indicated by "?" and

ignored.
(iii) Minimum abbreviations are given in bold type.
(iv) Aiphabetics may be upper or lower case.
(v) Access value display is always in Machine Units.

To Run the Program:
Type RUN CONSOL

To Exit the Program:
Type EXIT

MAC STATE CONTROL
Single letter commands

S (Stand by) P (Pot. Set) 0 (Op. Cal.) C (Compute).
MAC MODE CONTROL (Requires Op. Cal. or Compute State)

MAC - Wide single letter commands
I (Initial Conditions) A (Run) H (Hold).

Individual Modes
Use the same initial letter followed by list of device
numbers of form
stu (where s is rack and tu 10 < tu <, 20,
Common Mode is unit 20) separated by non-numerics.

0e COMMONWEALTH OF AUSTRALIA. 1980.



CONSOL REFERENCE CARD SIDE 2

ACCESS SYSTEM ADDRESS

Initial letter of device type then device (rack and unit
number.

Arstu (Amplifier) Prstu (Power Supply Rail)

Srstu (Special Access) Drstu (Differential Check:
Requires Op. Cal. or Compute).

rs is rack number, r if zero may be omitted, tu is unit
number.

DIGITAL COEFFICIENT UNITS
DCU list

list contains DCU (rack and unit) numbers each followed
by its coefficient.

DCU
alone clears all DCU's.

S-BUS RELAYS AND DACS
PICK list DROP list DROP (all)

list contains Relay (rack and unit) numbers.
SDAC list

list contains S-DAC numbers each followed by its setting.
Empty list clears all.

IC/CAL BUS DAC
ICBDAC value

DISCRETE USER LOGIC BITS

SET list CLEAR list CLEAR (all)
list contains bit addresses.

CALIBRATION (Requires Pot. Set or Op. Cal. State)

CAL amp: value

Cards available from A.R.L., GPO Box 4331 Melbourne
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