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ABSTRACT

A large number of 1i8-104) Inertinl Guldance Systels huve been declared
excess by the USAF which contein DLTB digitel computers. This report describes
the cupebilitics of these computers and meny eppropriate epplications in which
the D17B--a highly reliuble and versatile scrial-binary minicomputer--can be
beneficially ermployed. Typical areas of application are control, data
acquisition, and on-linc communications.

A Bingle system design will suffice for the epplication of several D17B's
t0 similar tasks. WVhile such modificctions are very inexpensive, the required
interfacing must still be developed. This interfacing is the key to flexible
use of these minicomputers; typical I/0 devices include: typewriters, tele-
types, flexowriters, magnetic and paper tapc units, printers and card readers.
Despite the difficulties of limited documentation during the early phases of
this investigation and the asscciated frustration, the DLTB is mow performing

usefu). functions in the Systens lsboratory et minimal cost.
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1.0 THTRODUCTION

As & result o the currcnt medernizetion of the Minuteman ICBM force, a
quantity of Inertial Guidance Systems, (Model NS-10Q) each costing $23#,000
have been declarc. excess by the UTAF.  Since over 1,000 of these advanced
computer systems from the LGM 30/Minuteman Missiles are scyeduled to be
declared cxecess, success of this recutilization project can effect a savings
of nrearly s quarter of a billion dollars.

N3-103 systems contain a D1TB computer, the associcsted stable platforn,
and power supplies. Detailed specificetions for the DLTB computer are given
in Table ). It is an extremely versotile, multipurpose, serisl-binary mini-
computer. The Systems Isboratory has ecquired severz) of these systenms, and
tim stalf has accomplished installation, troubleshooting, checkout, snd hard-
ware modificetions necessary to make the DLTB portions of these systems
coiripletely operationzl. The high degree of relisbility and ruggedness of the
computer are evidenced by the strict requirements of the weapons system. Use
of the D1TB is espccially appropriate when high reliability is necessary under
extreme environmental conditions such e&s high shock, acceleration, or vibration
that of'ten preclude the use of other computers. The sperific application vill
determine the value of eny one characteristic,

Although the 1S-102 system was designed for & real-time guidance and
flight control epplication, the mltipurpose computer pcsrt‘.ion:""2 can be very
useful. for rmeny applications once the necessary interface hardware modifi-
cations are implem=nted since the D17B is completely prograwmeble. The
instruction repertoire presented in Teble 2 contauins 39 types of machine
lansuasge instructions vhich provide for efficient, flexible progremming.

Tre DITB con be interfaced to existing eguipment and it cap be shared

among: several pleces of laboratory or test ecguipment. A single system design

o
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MANUFACTURER: Autonctics, e Division of North American Rockwell, Inc.
MODEL: DiiB
YEAR: 1362
TYPR: Seriel, synchronous
NUMBER SYSTIM: Binary, fixed point, 2's comploement
LOGIC LSVFLS: O or PFalse, OV; 1 or True, -0V
DATA WORD IENGTH (bits): 1) or 24 (double precision)
INSTRUCTION WORD IFHGIH (bits): 2i
MAXIMUM I/0 (vords/s): 25,600
NUMBRR OF INSPRUCTIONS: 39 types from a #-bit op code by using five bits
of the operand address ficld for instructions
which do not sccess memory
EXECUTION TIMZS:
Aad (us): 78 1/8
Multiply (us): 546 7/8 or 1,015 5/8 (double precicsion)
Divide: (softvare)
(Wote: Parallcl processing such es tvo sjmuliazncous sin-le precision
operations is permitted without additionzl exccution time.)
CLOCK CHANNEL:  315.6 iz
ADDRTWSSING
Direct addressing of entire memory
~ Two-address (unflagped) snd three-adéress (flagged) instructions
MEHORY
Word Length (bits): 2i plus 3 timin;
Type: Ferrous-oxide-cozted IDRO disk
¢ycle Time (us): 78 1/8 (minimal)
Capacity (vords): 5,454 or 2,727 (doublc precision)
INPUT/OUTPUT:
Input Lines: U8 digitel
Output Lines: 28 digitel
- 12 analog
5 pulse
Progran: 800 5-tit char/s
PHYSICAL CHARACTRRISTICS:
bimensions: 20%high, 29" diam.
Power: 28v de at 257
Circuits: DRL and DTL
Double copper clad, gold plated, gless fiber leminzte,
flexible polyurethane cozied circuit boards
SOFTWARR:
Hinimal delay coding using mechine language
Modular special-purpose subroutines
RELIABILITY: 5.5 years MIBF

Table 1. Minuteman D1TB computer spceificaticns.

ro



Numeric Code

s St gt e

00
00
00
Q0
00
00
00
00
00
Oiy
10
20
2k
20
o
40
o
40
[1%4]
40
40
1y
i0
iTy)
40

4o i
ho i

40
i0
840
1o

70
Tis

20,
22,
e,
20,
30,
32,
,
%,
60,
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Table 2.

Code Deseription
SAL Split eccumulator left shift
ALS Accumulator left shift

SLL Split lef't word left shift
SIR Split left word risht shitft
SAR Split accumlaetor right shift
ARS Accumilator right shift
SRI, €plit right word left shift
SRR Split right word right shift
ca Character output A

SCL Split Compare and Zimit
™I Transfer on ninus

sMP Split maltiply

MPY Multiply

S Split multiply modified
MPH Multiply modified

BOC Binary output C

BGA Binary output A

BOB Binary output B

RSD Reset detector

fiPR Halt and Proceed

DA Discrete output A

voa Voltage output A

VOB Voltage output B

voc Voltage output C

ANA And to accumilator

MIM Minus magnitude

coM Complement

DIB Discrete input B

DIA Discrete input A

HFC Halt fine countdown

LPR Load phase register

Cia Clear and Add

TRA Transfer

ST0 Store accumuletor

SAD Split add

ADD Add

SSU Split subtract

SUB Subtract

D1TB instruction repertoire.

\N
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will sufTice for the application of a lurge number of MMTB's te simidlar tasks.
It is anticipaled that sutomated systems using the DLTB will materlially recduce
the necessity of constunt manued manipuleticns in sceveral applications areas
and the time required to eccorplish the depandis of en increasing wox-load.
Vith autonated eguipment many mcre testis cen often be performed each day; and
highly-skilled persounel are not required. The key to the successful use of
the D1TB is the interfacing of various peripheral input/ocutput (I/0) devices
8:- 1 as a typevuriter, teletype, flexouriter, paper tape unit, cardé reader,
printer, and magnctic tepe unit. Continued sofiware development is also
needed.

There is en increasing demand for computer systems within DoD, but the
products of this repildly deve)oping technology have 2 high price tzg. This
project hes denonstrated the potentiasl of counstructive reinvestment of USAF
funds through & unigue effort to develop a flexible, relisble minicomputer
system. The DLTB can be modiTied et minimel cost for use in a wide diversity
of applications. It can obviously be reutilized effectively as a dedicated,
on-line, real-time process controller ruch as in the original sirborne inertiald
guidence system. MNodifications can be made to include such irportant ereass
as data acquisition and enalysis, on-line communications, data concentration,
buffer sthage, and preprocessing for analysis and computetion by a large-
scale computer., The purposes of this report are the following:

1. Asceriain the capability and applicebility of the DITB
computer for general cul control compuling epplications.

2. Investigate the quulifications of the DLITB computer for
special-purpose applicetions such as on-linc Gigitel data
processing computer interfucing, and peripheral buifering.

3. Identify el) rcquired interface hardwsre to implement eny
recormended control, gererel), and spocial purpose
epplication.




2.6 FURCTI08N G CHARACHIRISTICS

G l
2 The D78 compriter is o multipurpose, serial-binery miniccmputer.} o
L ‘ﬁ{ It vas designed primarily to solve real-tlime inertiel guidance and fiight

control probleis sssociated with the Minutermn I missile. The D1TB has the
following general capebilitics:

}f;uﬁA 1. Sampling and processing of igput dats in the torm of control
signals, digital data, or pulse-type signals.

By 2. Logical decision-raking and performance of arithmetic operations
j};Ffl uging an Instruction repertoire containing 33 types of mechine

. lansusge instructions.

3
\R
*

Transpission of output datz iu the forn of anaiog, digitsl; and
prise-type signals under program contrcl.
3}5' ﬁ The cheracteristics of the DALTB of specific interest in this investigetion

-3 will be described. The breakdcwn of these characteristics alcng functionsl

SO M 4

subdivisions as identified in Figure 1 is not intended to infer that these

elemonts exist as separate physical entities.

2.1} Central Processing Unit

Since the DITB is a seriael-birary domputer, simultaneous access to &ll
the bits of a memory locution is not needed either for instructions or data.
Hence, the arithietic registers need not be constructed entirely of flip-
flops. Insteed, they are in the form of circulating lodps in memory es
1}iustrated in Figure 2. The D1TB hes four double-rank arithmetic registers
vhich are accurmilator fA); lower uccumulator (L), iustruction register {I),

and nurber register (H). Because registers (A), and (L) are addressable,
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they can be used as rapid-access storage in addition to performinzg normal

arithmetic functions. There are tvwo additional non-addresseble arithmetic

Mre pme

registers which are used without programmer control and onc 3-bit pseuvdo-
index (phase) register. The functional locations of theze registers and loops
are illustrated in Figure 3.

The central processing unit (CPU) has 1/0 access to four rapid-access

memory loops of 1, 4, 8, and 16 words in addition to the main memory which is

. ? "
« n P [P TR YR AW o 2

arranged in 21 channels of 128 words each. Two input buffer loops of 4 words
> each provide additional input capability from memory.

Programmed data channels cause data transfers into the arithmetic registers,
A1l mechine functions are processed and interpreted in the CPU. The memory
channel address from vhich the next instruction is to be taken is determined by
the location counter. When the CPU is ready to accept_ another instruction from
menory, the eddress is specified by the chennel adéress stored in the location
counter and the sector address specified in the previous instruction.

The index register can rnodify the operand channel sddress of one of the
:‘ multiply instructions. This register also serves as a selcctor switch for
choosing one of two pairs of imputs to one of the inerementel pulse-type input

lcops and Jor selecting one of four external positions for each of the three

’
I

DA analog voltage outputs.

The accumilator holds the results of 11 erithmetic operations and scrves

o Ay, VRO N s

as an output register for perallel digital data, pulse-type siznals, D-A

o VY

analog voltage outputs, and telemetry data. The lower accumulstor is involved

Yo

in certain arithmetic, input, and logical operations. A reesl-tirc clock is
provided by internal timing signels derived from the clock channel included in
the disk-type memory.

L The instruction repertoire listed in Teble 2 contains 39 types of machine
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language instructions. Although each type of instruction executed by the YNG:
differs from one another, the kinds of actions performed oc.:cur in a common
sequence. This mekes it convenient to describe the execution of each instrucs
ticn as being sccomplished in the follouing five phases vhich are usually
common to delay-type memories:

1. Instruction search (IS)

2. Instruction read (IR}

3. Operand search (0S)

k. Operand read (OR)

5. Execute (FX)

Figure & chows that the D17B can perform scveral of these phases simultanecusly
with increased efficiency compared to sequential operation. This figure assumes
ninimal delay coding of instructions which require an execution time of one
word time. The esdvantsge of this minimized access timing is that, omce a
minime} delay coded pregram is initiated, the effective completion time of any
fnstruction is equal to the basic execution time of the instruction. If random
sccess addressing were used in the D17B, the search operations (1S end 0S)
could each require up %o 123 word times or one disk revoltion of 10 ms.

Minimal deley coding places the next instruction at e location which will pass
the read head immediately after completion of the current instruction.

The word size for minicorputers ranges from 8 to 2i bits ? roviding for
direct addressing of the entire memory of the D17B es illustrated in Figure 5
by using a 12-bit operand address field is a feature of considerable value.

A typical two-address (unflagged) D1TB instruction as illustrated in Figure 6
has threc parts: an op code and two addresses. One address identifies the
operand vhich fulfills the seme function as the eddress field in a single

address machine, the second is the eddress mode field SP which is used to
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Figure 4. Five phases of D178 instruction execution compared to sequential operation.
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. a ) 1%
gpecify the mmrcss of the next snstruction wiihin the sciive meriory chann:
' . On-e bit (I*-fle3) in the address node field permits the use of two alternate
L3 address modes. I the fleg bit in O, then an instruction is interprcted es

a threc-address vord. A typicel threc-cihiess (flagged) instruction as

illustrated in Figure T has four parts: an op code end three addresses. One

address sgein jdentifies the operand; the second is used to specify the chenneld

* . SP in vhich the presen‘b contents of the accwaulator ere to Lie stored; the

i - " third is used to specify the address SP of' the next instruetion within the

3 _next sixteen successive memory -lozations in the active channel. A progrem in

?‘ 3 a single 2ddress machine is likely to require mmeh morc memory then is reguired

’ by the D178.

\ : In the two-aﬁdress format, the )2 bit oporand address is reouired for

E i ~

: .direct aﬂdress:mg of the total memory, 7 bi'hs ‘are requived to spoeify the

‘ . address of the next 1nstruction if eny sector uithin the getive chennel is

gllowed, one ‘l?i,i. is réquire§ for the flez, end the bk remaining bits eve i

i allocated for the op code field. This limits the DATB to 15 unique h-bit

op codes. The 15 kinétr‘uctiéns« that address the memory use these i;-’nit op

" f codes and & 1?~bi ,om'.rana aﬁc‘lrcsx; Tield., Two of the remeining iz-—bi‘c. op coles

; are vsed for im/tr;mtims ‘that do not reference nen;or (éonorcl, 103:1::, 1/0
and shifis). 5-'b1t nort.;:a*x o: 'L}xe emrand ofdress fie)d is uscd es un

extension of the op eode,
Considerable expansion of '&1" inatroction repexrtoire apocers 1o ba
possiblc. Op code it is not usee; Thence the cdditicr of ons instruction that

requires eccess to nenory could be consldered. Also; there ave mn RPGUS
q 3

unuce? 3-bit op code extensiohs vidich could be consiserad.

2.2 Yerory

The delay-typs mepory 32 o t», 000 v vin, ferrous-ozifoe-coated disk as
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- ' 1llustrated in Figurc 8. The disk is driven by & 400 Hz, 3 @ hysteresise

g synchronous motor. HNon-return-to-zero recording is used. The addressable

scria) memory capacity is 5,454 11-bit (single precision) or 2,727 2i-bit
(double precision) words. The formet of these words is shown in Tigare 9.
Main memory is arranged in 21 channels of 128 double precision words each.
These -channels are muwhered in even octal from 00 to 50.

Mein memory channels are non-voletile in the cvent of a power failure or

4f the system is shut dcwn. The elock channel conteins o permancntly recorded
345.6 Kz sinusoidal signal. Sector inforintion is also permenently recorded
on another channel. The total non-destructive resdout memory is desipzned to
.f be completely prograrreble in conjunction with ground support equipient.

b { The sddresseble memory also includes rapid-access loops of 1; &, 8, and

pawesattncys

16 words, two arithmetic registers, and two b-word input buffer loops for

prtaay

direct data entry. There are two additionsl non-zddressable srithmetic

S
i
AS TS M v o

-registers. These rgpid-nccess loops end registers ere actuslly reserved

¥ At

o

memory locations as illustrated in Figure 10.

30 CTERRT Y

The memory cycle time is 78 1/8 pus 1f the memory location is coincident

with a read heed. This is the time required to read one 2i-bit serial wvord

and is defined es one word time. Tune cycle tim= for the l-word registers is

RGOV T L e 4T
M i

N7 N WL T YT
T Ot pron A RS IAIA LT Ao 158 Aol

one word time. The worst-case cycle times for the 4, 8, and 16-vord loops are
4, b, and 8 word times respectively. The worst-ccse eyslc time for the mein

memory channels is 128 word times.

R ey

Program security or memory protect cen be mzintained by disebling the

R

~ write heeds to a portion of the memory to effect rcad-only menory. By

encbling these write heade it is possible to porform instruction ond eddress

modification under program control.
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The program, composed of instruction and data words, is intitielly punched

on cards of paper tape es illustrated in Figure 11, or it is recorded on
magnetic tape. This program is then cntered into memory. Specific console
initializing and interactive inputs rmust dbe supplied under operator manuel
control using push buttons end switches to cause logical synchronization,
conditioning of logiec circuitry, and seq:uential state transitions between sub-
nodes of computer operation. The console qontrol inputs initially cause the
D1TB to enter the loed/verify mode to prepare for entering the prozrem. These
console control imputs gre’ listed in Table 3.
A Instruction end date characters can be read in during the lcad/verify
node; sequential memory locetions sre assumed unless a location control
character is present. The maximum rate of loading into or comparing with the
coutents of memory is 100 words/sec or eyuivolently 800 characters/sec since
each 2i-bit vord is coposed of eight octel cheracters as illus’rated in

. Figure 12. Negative data must be represented in two's complement form. Control
characters reed in during the loe.&/verj.fy mode condition lozie circuitry to
effect appropriafé c&g:pnter operation.

Additional data represented by hS @iscrete lines can be entered under
program control. One of these discrete lines monitors the detector fiip-flop,
DR, which cen be set by en external scurce theredy producing a iogie signal
that indicates the status of extermal cquipmeat. This function serves es a
hardvare interrupt. Jf DR is set, certsin discrote outputs are inhibited. DR
‘ean be regset under prozranm control.

Increnental inpxts of 41, -1, end O can be added to the respective contents
of eight memory locations in imput loops throush direct dete eniry. These in-
puts are independent of program control. This capability provides for direct

Neetd
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Figure 11. Di?Bvcbﬁtrol and octal character codes.

N R A Ut o A
&




22
FUNCT10: SYNBOL POSITION VOLTAGE LOCATION
CHARACTER . I1-I5 0 ov J7-1 to J7-5
1 -19 v (91-1 to Ji-5)
DISCRETE 0DC ENABLE <25 V J7-14
DISABLE ov (31-23)
FILL . FSC HORMAL ov J8-24
FILL -19V
HALT* - KHC RUN -9V 37-17
: HALY 25 (91-91)
RESET _HRC NORMAL 15V J7-15
RESET -9V (91-90)
RUH" - KRK* HALT -19 Y J8-16
_ 3 RUN Y
SINGLE' KSK' NORMAL -19V J8-15
- Single 25 Y
TIHING 1€ 0 oV 98-38
-1 25 ¥
* TIMING' T 0 <25V 376
1 oy {91-6)
WRITE . EHC ENABLE 5V 37-16
: DISABLE -19 ¥ (91-93)

‘Table 3. D17B console control signals.
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digital integration of cighi functions, five of 1i-biis cach, two
each, and onc of i8-bits. Variable increment-type inpuis cen also be added

to the respeetive contcubs of memory locations in input doops throuzh d@ircet
dats entry. These inpute enter the computer on two scls of threc lines. One
line indicates the sign, and the other tvo mutuzlly e:-:c].us:?vc input lines
indicate increments of onc or four. The state of the phase ragister determines
which of the two rairs of inputs is selccted. A pulse-tyve input cau be edded
to the conten;bs of 7a~ specific memory location et “he raximun rete of 1000
pulses/see.

The varicty of output transfers available Lrom the DLT3 under progrer
control include 3-bit, h-bit, or 8-bit parallel date channels, diserete losic
éignals, yulse type signals, 23.bit serial vords, and anzloz signals. Parity
or verify error outputs are glso provided as hardvere-controlled features.
Specific discrete lozic signels are disebled by e hardvare interrupt if DR
is ON.

With these output featurcs, the DITB can output data to en autoratice
typevriter, light indicetors, audible alarms, end other ofi{-on devicec. An
arrey of lighy indicators can be used to displey data in various eoied forms.
Continuous analog ocutput sigrals can be moaitored on a meter, or & perraznent
and contimicus record can be preserved by using a strip ehert recorder. Qther
peripheral devices can be used to prepare punched cerds, punched paper tape,
or rsgnetic tape for subscquent data entry Into the PITB or ecnother computer

for leter processing off-linc.

3.0 PHYSICAL CHARACTEZRISTICS
The Inertiel Guidsnce Systems (Model RS-103) of the 14y 30/imutcran ICRM

Minsile contains a DITB miniccaputer, the ossocizted stable plutform, amd

i

by
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power supplies. ‘fhe D1ITB, built by Autonetics, & division of North Americen
Roeckwell, occupies 180° of tie chassis structure of the WS-} as shown in
Figure 13. The power supply scetion occupies the other half of the chassis
structurc toroid. The outer body skin which provides the NS-1X; the capa-
bility of becoming an integrz) part of the missile frame mey be unbolted and
removed when the NS-10) is to be reutilized for other purpéses. Removel cf
this bedy section will have no cffect -on the -operation of tﬁc DYX{B. The
NS-100 is located Just ‘beneat}x the payload in the nose cone.

A 28V d@e regulated power supply capable of supplying 254 must be provided
for opcration of the computer. Other required voltages are obtained by
converting 28V de into secondery power using sclid-stete circuitry. The current
drawn froa the 28V de supply will vary from O to 254 with & steady state value
of J9A referred to as full loed.

The secondsry pover requirements include hOOHz, 3, and verious dc
voltages es shown in Figure 14,

The DLTB is 20 in high, 5 in decp, 29 in diemeter, and weighs approximately
62 1bs. Components include approximately 1521 trensistors, 6282 diodes, 1115
capacitors, and 509% resistors. These components ere mounted on double copper
cled, engraved, gold plated, glass fiber laminete. There are 74 of these
circuit boards. They have been coated vith polyurethlione.

The design of the DIT3B pleced & premiun on relisdbility since there is no
second chonce vhen en airborne corputer controlled nmission is executed.G’ 1
Hence, DRL lozic was used extensively rather than DT, except where gain was
reguired. Extensive use vas made of silicon and mese-germonium semiconductor

devices in this fully solid-stete computer. A lozic level of 1 or True is

represented by approximately -10V, and a G or False by approximately OV.
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4.0 CPFRATIONAL CHARACTHRISTICS

The lozical power of geneval-purpcse computers is :mi‘quely comon to all,
‘but specd of execution, memory size, cost, reliadbility, end ease of commu-
nication (convenicnce to the user) differ widely. E‘;i.'/.e and weight limitetions,

a high degree of relisbility end strength, plus prozram requirements dictated

a8 small, slow, serial rvemory for the D17B. Howcver, mony minicomputers have

8

less than half the memory of the Dl7B.7’ Requirements for real-tine operation

imply the need for the DLTB to sequentielly perform its assigned tasks fast
enough s0 that 2l) tasks are accomplished during & given period of time and
yet slow enough to ensure accurate noise-free coxnpu‘l'.sﬂ'.ion.9
In addition to the usual cepzbilities comon to general-purpose computers,
-3t can be secn in Figure 15 that the DL7B has analog, pulse-type, and serial
output systems. Parallel or multiprocessing such as the simultaneous execution
of two identical single precision add, subiract, or multiply instructions is
another unusual operational cerebility.
: : The need for store instructions arises frequently because of the need to
preserve intermediate results while sone related intervening series of operations
ig being performed as in the evoluation of 2 general polynomiazl. Simltaneous
execution of a store operation is possible on the DITB coiucident with the
initiation of other operations without regquirinzg an zdditionz) instruction.
The contents of the accumlator will be stored in the chonnel specified by the
SF address as illustrated in Figure 106.
Instruction and gddress nodification give the program the ebility to
branch to alternative sequences of instructions under program control as a
result of calculations in addition to the use of conditionzl anj unconditional

braenching instructions. Bit manipulation is also possible if the accumulator

is masked by using the lozical AND instruction.
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Compiler routines which have the adventege of reducing programaing
cffort are not currently available for the D17B. The relative iuefficiency
of memory requirement for compiler produced programs compared with programs
writt [in machine language makes the on-line co::xpil:er approach questionable
at t time.m’u The modular approach to the writing of special.-purpose
sub tines such as required for I/0 operations can result in considerable
sav  f5 in tinz and effort. Certain features such as dedicated I/0 registers

ace the programuer's housckeepinz task. The use of rapid-access memory
‘loops provides programwing versatility and efficiency that help to overcome
the linited speed of execution and memory size of the DLTB.

5.0 CAPABILITY OF THE D1TB COHPUTZR POR GERZRAL AND CONTROL COMPUTING

Although the D17B does not provide all the desirable features of large
generzl-purpose machines, it does resemble them functionally and it possesses
a nurver of sinilar features. It is a versatile multipuwrpose computer capable
of solving a vide ragge of provlens; 271> hovever, it bas 1imited capebility
both in storsge capacity and computation speed. Unlike the emphasis placed
on efficient processing of many different programs on a large general-purpose
machine, thce mltipurpose D1TB is better suited to dedicated or fixed tasks
that can be served effectively by econmﬂ.cai use of the available memory and
speed of execution.n’ 15

Consequently, the D17B like commercial minicomputers vwith small memories,

is not well suited for general-purpose corputing vhen compered to a large

computer, 16

General -purpose corputation in minicomputer terminology refers
to steri-alone operation. Some minicanputers are used as stand-alone corputers
for scientific and engineering use, but most are used in real-tine spplications

such as control, data ecquisition, communication concentréators and processors,
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E peripheral controllers and preprocessors for large computer systerms, display
controllers, buffer memories, bio-medical monitoring, automated testing, suto-
mated instrumentation and telemtry.n‘y‘

In a practical sense, tie cepability for general computing is determined
by the ability to perform a large variety of caleulations. This is determined
basically by the instruction set. Available subroutines simplify the

‘ - programuing, and assemblers und compilers simplify the task further. The goal
f% in providing general-purpose software for the D17B is to minimize the amount

of time, effort, and knowledge required for a user to arrive at a point of use-
ful return for his investment in the development of the DL7B. But, generality
alwvays comes at a price. The D1TB is limited at present to a smell number of
resl-time, special-purpose machine langusge programs.

r The spperent lack of speed is not such an important factor when the DITB
I is used as a dedicated control computer since much computing speed aveileble

in & large genersl-pirpose computer is cammonly lost in system overhead anmd

. - 1/9.‘-”5’3‘6 rurtherm, ‘the k-bit and 8-bit parallel output data channels
svailable on the D1TB should prove to be very adventsgeous in communicetions
systems that operate on 8-b1§ ASCII characters, because the overhead operations
of packing and unpacking ere minimized. The 2i-bit double precision data vord
used on the D17B appears t0 have considerable utility for camputation associated

with these 8-bit codes for character representation which are novw becoming

standard. Therefore, the 24-bit word of the D17B not only offers more precision

then most minicomputors, but it provides for outputting 8-bit submiltiples.
Computer coutrol applications may include monitoring and data processing,

start-up and shut-down procedures, and optirml control. The main attributes

of computer contr_ol are comutational speed, storege capability, and decisi'om

reking ﬁnity. If sufficient computetione) speed is ava:ilable, optimel control
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efficient data rccording and processing. Decision-making ;.bility provides the
capability for direct digital control. _

A direct digital control system must provide a means for measuring the
condition to bc controlled, compare the measurcd value with a desired value,
and autonaticelly cause thie two values to sgree. Data logging can be performed
as one phase of the control opcration. Pccd-tomré control requires the
solution of eguations which represent a predictive rethematical model. A
control computer can also be used for supervisory functions such as start up
or shut down operations. Direct digital coutrol rejuires that each varisble
be compared in turn with the desired velues.

Logical decisions and constraints c;;n be employed in computer control,
and the results of intermediate calctﬂ.ations and control actions can be recorded
to produce a historical file. The general-purpose capabilities of tbe D17B
permit the control program to te modified and expanded within the limits of
memory -capacity to £it system growth, new instruments, or changing control
pol:lcj. The versatility available with a computer control system involving a

R Y A T T S B

general-purpose corputer is aﬁ important consideration.

If the Di?B is to be used for control couputing applications, it must be
capable of not only performing control calculstions, but a number of other
essential functions also. For exsmple, raw input data are generally subjected
t0 individual 1imit checks to detect instrument failures or out-of-normal
conditions, averaged or smoothed to minimize the effects of random variatious,
and then recorded or used in calculations. As a typicel exarple of & limit
cheek in terms of D173 instructions, the folloving could be executed:

l. DIA - date inpul to A

2. MIM - replace the contents of A by the negative of the present
mgznitude of the contents of A

Al
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3. ADD - add the limit tolerance to the contents of A

k. 9TMI - transfer on minus
These four instructions would accomplisih the lirmit chicck by performing &
conditional branch. Similar operations could be ecgqually uscful for gencral
or special-purpose computing.

It is appropriate thet the DL7B be considered for de&icatea control
applications involving control over a single unit or & limited portion of a
yrocess. Such an application may not only be appropriate considering the
limited memory end execution speed of the D1TB, but the system relinbility
consideration makes DLTB's idealy suited to such tasks. Process-wide control

may require several imterconnected D1TB's. The real-time aspect of control

" applications 18 compatible vith the current requirenent of machine languasge

programming for the D1TB.

Consideradble benefit can be gained by using dediceted coputers which
decentralize system design and simplify software requirerments. The major
advantazes of using several dedicated control eamputers are the coamplete
independence of each unit from failures in other units and the reduced

sophistication required to prozram the computations. Dedicated control coamput-

ers make sutomated start-up a practical consideretion.
Since A-D and D-A converters and multiplexers ere required for each

computer, the use of several dediceted DLTB's could represent too large an

- expenditure in conversion equipment. But, because conve-=ion end other sub-

system costs have been reduced considerably, the use of several dedicated
coputers appears to be fcasible. Delays czused by breakdown can be avoided

by using a dedicated on-line machine, and there is no question about progren

security.

As nev instruments are added and es knowledge of a process increases,

A
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belter control policies can be developed. lence, control programs are
constantly in need of chal_o. Adso, the characterisiics of the process will
often change as its overation is improved through computer control. Because
of thesc factors, the prograrymable feature of the DITB is extremely desirable
as wcll es its flexible I/0 capabilities, which can accamodate s variety of
control devices. The DB can provide digital, pn].se-type,' and analog outéqt
Biznals under prosram conlrol for manipulating process varisbles. This
flexivle I/0 cop=bility provides for efficient interaction between the DITB

and the devices being controlled.
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6.0 CAPABILITY OF TiiF DY7B FOR SPHCIAL-PURPOSZ COMPUTING

Certain special-purpose applications such es on-line d.i:;ital data
processing, caputer interfecing, peripheral bui‘feripg, end data monitoring
require very little CPU sophistication, limited arithmetic cepzbility, and
perhaps low-speed performance compztible with the DLTB specifications. The
dominant requircment of many special-purpose computer applications relates to
the I/O erchitecture as 18 the casc for control appllications., Section 2.3
describes the I/0 cepability of the DY7B. The importance of I/0 channels is
particularly significant vhere date is being transnitted continuously between
the computer and periphers) devices.

On-1ine digital date processing often requires that anelog inforration be
converted to digital form using an A-D converter. WWith the 24-bit double
precision word of the D17B, the output from two 12-bit A-D converters can dbe
inputied simmltaneously under prosran control. The reguired specd of I/0
transfers end airthicetic for special-purposce- dets acquisition can be mueh
slover than for control applications because real-time analysis eund control
response commmnds are not pecessary. Hence, the D17B with functional capz-
bilitics as deseridbed in Sccetion 2.0 is flexible encugh to be used in these
speciel-purpose areas formerly requiring special-purpose computers. As
requirenients change, the D17B can easily te re-progrermried. In such fields as
medical rescarch, bjolozical studies, ard experinentel physiecs, the DLTB can
be prozgrammed to control the monitoring, measuring, end recording of e vericty
of quantities such as pressures, flov rates; FKG, eni heart rate. Autc:ation of
chenieal iavoratory instruments such es chromatogsraphs, speetronmeters, end
AutoAnalyzers using the D1TB also gupecrs feesivle. Calculation of desired
parareters, recox_'dins of results, ond graphic display arc appropriate ap-

plications arcas for this computer. Simultancous measurements of several

i}
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quantitics are possible through the use of sarple-and~hold devices, a multi-
plexer, and an A-D counverter,

A flexible, rclinble, mobile data monitoring system ean be developed using
the DYTB couputer with interface to any of the following: operational
amplifiers, sample-ani-hold devices, multiplexers, analog-to-digital converters,
dizital voltneters, counters, CRT displays, plotters, prozrammable signal
generators and pover supplies, transducers, ani senso;'s. This cornbination will
provide for the automatic testing of electronics components, IC, logic cards,
complete logic essemblies, and other devices and cireuits. Programmed trans-
ducer testing ani high-quality date collection of signal characteristics sueh
as amplitude, current, and phase which can be sccomplished at high speeds have
significant advantages over manual methods.. These techniques are elso
appliceble to non-destructive testing es ermployed in the inventory of aireraflt
perts based on the characteristics of the steel &s represented by the electrical
output of specirometer-type instruments.

On-line comnmication is also an importent epplicetions ereas to be con-~
sidered for the D1TB. A data concentration buffer storege system for teletype
and other lov speed I/0 @evices can be developed. Prograrmed rultiplexing of
paralle) informetion for serial trensmission over a nerrow-band cowvunication
channcl is possible since the DITB can provide Afor chonging the scan rate.
Preprocessing for enalysis and ccmputation by & large~scele computer will slso

be an appropriate coasideration.
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7.0 DLTB RELIABILITY

One aspect of the epplicability of the D1TB for general,control, and
spccial-purpose applications relates to the recliability of the computer. Mr.
Ray E. Close, System Nanager, IGM 30 Systems Manegement Division, Hill AFB,
stated at the first Minuteman Computer Users Group mecting in Anahein,
California on June 12, 1970, that the average MIBF for the over 1,000 D17B's
had exceeded 5.5 years. .

During the time that the D1TB has been operating in the Systems Laboratory
at Tulane University, a few failures have occurred. These failures were
created by occasionsl inadvertent, improper procedures when rmeasurements were
being taken under difficult circumnstances. For normal lsboratory operating
conditions, the D17B can be powered up and shut dovn frequently without
experiencing malfunctions as has been the case during the past 15 months of
operation in the Systems Laboratory. .

Thus, the reliability of the DLTB will hopefully reduce the occurrence of
equipment breakdowns and the need for technical maintenance personnel and the
associated maintenance costs once the system is in operation. This is partly
because of the use of high relisbility components. Also, since the DLTB is
avallable to authorized govermment esgencics and contracfors for use on con~
tracts or grants on & non-reirburssble basis, there yill be insignificant
cost increase with usage. And, with the assistance of the }MCUg, it is
expected that many users will take over complete system responsibility
including maintenance. It is expected thet lesse<skilled technicizns cen be
trained to provide the necessary service. The very high ¥IR® of the D1TB
should be considered when planning a minicomputer contro) system for & process

vwhich should not be interrupted.
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8.0 MARDYARR TIPERFACY DREVRILOPMREND

The hardware that has been developed during this investigation consists
of the I/0 interface required to conncet the DLTB to an electric typewriter
and o paper tape reader/punch. The peripheral device is a Friden Flexowriter,
Model SPD. This device is commonly avaiable as government excess ADP equip-
ment. PFigure 17 is a schematic of the interconnections between the Flexowriter
end the NM17B. Interface design requires elecctronie and functionsl consid-
erations. -

Figure 18 15 a block diegram of the electronic circuits required for
conditioning the input signals to the DLTB from the Flexowriter. These cireuits
are required for the purposes of suppressing noise, changing voltage levels,
inverting the signals from positive to negative logic, shortening the pulses,
delaying the timing pulse, and gencrating the complement. Figure 19 is a
block disgram of the electronic circuits required for .conditioning the input
si;mls to the Flexowriter from the D17B. These circuits are required for
stretching or storing the information pulses, delaying the timing pulse,
changing voltage levels, and inverting the signals from negetive to positive
logic.

The following should be considered in plenning for a D1ITB system.

1. Shipping for D1TB end I/0 devices, aveilable through DSA.

2. Interfaces for connccting peripheral I/0 devices to the DITB.”

3. 28v ac power supply rated at 25a.

4, Afr duct and circulating blower (air at 750 for less).

5. Operator coatrol panel.x
6. Engincering cffort end labor to install and check out the D17B.X

T. Software devclopmznt, trouble-chooting, and maintenance.x

¥availeble through the linuteman Computer Users Group.




,,,,,,,,

4o

A. FLEXOWRITER CODE MOGIFICATION:

MODIFiED
FLEXOWRITER OUTPUTS FLEXOWRITER OUTPUTS
KEY - FUNCTION 11712 13 14 IS 11 32 I3 14 IS
SPACE 0 000 o0 1 009 0 1
| LOCATION 110011 100 11
s ENTER 1101 1 1 0110
. FILL 000 0 1 01011
* COMPUTE 000 0 1 © 0 111
. VERIFY 11011 11010
, ? CLEAR 11100 ©c 1110
| ’ O wA 10000 60010
B. INTERFACE:
CHANGE VOLTAGE LEVELS FROM OV/90V TO OV/-25V
AND/OR FROM OV/-1DV TO OV/90V.
* LA LT O ¢ W 471,11
3 P2 32 } o ______fwr-2,32 |
~ FLEXOHRITER pin.s 33 | INTERFACE | ,;.3.13 D17
Fz PIN & X% ) | J7-k, 14
MODEL sPD PINS IS5 L I BT COMPUTER
PINS T¢ } ____ Jy7-6,7C
| pin 16 cro B ! 1
- P J PINT _ SCp [T | J6-19
PIN 2 Sc-m _________ J6=20
PIN 3 SCxpn .. INTERFACE J6-21
PING SCwo | _________. J6-22
PINS SCso | _uniT J6-23
PIN 27 sCTgp { .. _____. J6-24

Figure 17. écbematic. diagram of the Flexouriter-D17B interface.
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INTERFACE
{A) IRFORMATION SIGNALS -

I, 70 1 ‘ )
5 SCHMITT
~. INVERTERS | ] .
= |  TRIGGER —o
80 jo=- ) 7 0
J ) CIRCUITS | [
) -25
0
(8] TIMING PULSE
0
SCHMITT
| ..
‘ s INVERTER ||  TRIGGER
- CIRCUIT
.28
T,
W
ONESHOT ONESHOT '
| < L L.l INVERTER JL-"zs
A1 CIRCUIT > CIRCUIT = '
0
(m (2 o

~

Figure 18. Block diagram of the Flexowriter to D17B interface. -
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Minicorputers are designed primarily for scientific computing such as
control, data acquisition, commnications, and other dedicated applications,
but they have the same basic hardwarc components as large-scale conputers.
Although the D17B was designed specifically for use with the Minuteman missile,
it exhibits characteristics similar to comiercial minicomputers. 7The cost of
developing a DLTB system is low enough and it is flexidble enough so that 11':
can be used in many new applications areas.

Because of the avdlg.bility of a large mumber of DLTB computers, the
potential exists for spreading the developrent cost over a large number of
computers. There is need for further software development, further peripheral
1/0 devclopment, end for the development of low-cost peripnerals.

Since there 18 an inherent trade-off between equipment cosi and programming
effort, it will be desirable to share standard subroutines developed by various
users. The I/0 capability of the D17B has been found to be particularly suited
to real-tine applications such as control, data acquisition, and other special-
purpose uses. The ease with vhich any general memory location can be directly
addressed is a desirable feature. The lack of speed inherent in a serial
computer is partially compensated by the rultiprocessing capadility.

For general or stand-alone computit@; applications, the folloving
capobilities are reguired. .

1. Corputer rust be prozrermedle and capable of modifying
the program as a result of calculatious.

2. Iustruction repertoirc must be adequate to porform the
desired veriety of calculations.

3. Memory must provide for storege of data, progran
instructions, and the results of calculetions.

#. A suitsble means rust be provided for outputting,
recording, end displaying the results of calculations.
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The D17B has been programmed to perform the calculations required for
navigation, guidance, and control purposes such as numerical integretion
using Simpson's rule and sine-cosine power series. It has been programmed
in the Systems laboratory for such additional computetions as square root,
reciprocal, logerithn, and n-th root. Theircfore, it is concluded that the
D1TB meets the requirenment of being programmable.

In the missile guidance application, the write heads for the mzain memory
vere disabled to provide for memory protect. The necessary logic signals have
been determined so that these write heads can be enabled. This permits the
flexibility of instruction and address modification under program control.

. Many minicamputers offer hardware multiply and divide eas options at
extra cost. Although the DITB has four hardware multiply imstructions, the
division operation hes been omitted for the purpose of decreasing size and
veight. If only & few constants are to be used as divisors, the reciprocals
can be precalculated and used in place of the constants. Division by a factor
of two can be accomplished by right shirfting the data in the eceurmlator. If
the exsct value of the date that are to be usecd asaivisorsaren;tknwna
priori, tut the range is known, then a subroutine foz; the reciprocal can be
written. If A is the data word that is to be used as a divisor, then the
desired reciprocal A-‘l can be obtained by an iterative computation involving
tvo maltiplications and one subtraction per ileration. Multiplication by
the reciprocal can then replace the division operation to complete the
complerment of aritimetic opcrations that are normally available, The DI7B
bdas both an unconditional transfer instruction and a transfer on minus
instruction. This letter instruction can be combined with other ifustruetions
to provide other types of transfers. Thus, allowing for the use of certain
subroutines, the inetruction repertoire is edequate to verfotyi & variety of
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calculations. Subroutines must obviously be used for suck calculations as
square root, logarithm, sine-cosine, and others.

Unless the DLTB is modified by ivereasing the memory capacity or used as
& tanden interconnection of several units, then the application to general
computing will be limited to those tasks for which 2,727 words of 2ik-bits or
5,454 words of 11-bits are adequate. I/0 interface capabi]:ity must be
provided by the user. The Systems laboretory has developed a console control
panel for mamal program input. A flexowriter has been interfaced to provide
typewriter keyboard and peper tepe input as well as printed output or punched
paper tepe. A CRT display scope is also availedble for ocutput monitoring.

In eddition to capabilities required for geperal computing applications,
control corputing applications require a flexible I/0 structure to accomodate
a variety of dcvices. As described in Section 2.3, the I/0 capability of the
D17B is extrerely versatile.

For real-time control applications, the D1TB must be able to accept and
process input data sufficiently fast that the results of this processing can
be used to influence end control the appropriate variables. The D17B vas
desizned to accorplish real-time coaputation ss required for missile suidance;
however, the bandwidth of the particular application will dictate the speed
requireneat. The DATB performed real-time commnication with external devices
such as the velocity meters, accclerometers, end D-A converters to obtain data
and issue conmands necessary for navigation, guidanse, telemetry, emd control
functions.

As indicatced in the specifications given in Table 1, the D17B hes &
maxivun I/0 dete rate of 25,800 words per second. Direct deata entry is also

provided. fence, within the limits of its capabilities the D1TB appears to

be very appropriate for s variety of control and special-purpcse applications.

%W
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