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PREFACE

The Minuteman Computer Users Group is composed of those who are involved
witﬁ the uge and development of the Minuteman D17R computers in many fields
of research, eduéation, and applications in the computer figld. Those who
are members of this cooperative, voluntary group assist each other by sharing
results, programs, and applications.

.The first meeting of the MCUG, held at the Disneyland Hotel in Annaheim,
Califofnia on June 11-12, 1970, was attended by 65 persons.. The second
meeting, held November 16, 1970 on the campus of the University of Houston,
was attended by 80 persons from 32 states, the District of Columbia, aqd
Germany. The registration list is included in the apéendix.

These PROCEEDINGS sre a permanent record of the material presented at'
the meeting.hcld on No;émbcr 16, 1970. This material describes checkout and
trouble~shooting procedures, hardware interface developments, applications,
and programming related to the D17B computers. The agenda also included &
demonstration of the input/oﬁtéut panel for the D17B cowputer located in the
Electrical Engineering Department at the University of Houston. In addition
to the technical sessions, there was considerable éxchanga of information
during informal discuséions at the breaks and at the lunchecnu.

The editor is grateful for research support rélating to the D178 under
Air Force Office of Seientifie Research, Avmy Medical Research & Development
Comrand, and the NSF Office of Compuiing Activities. We also thank our host,
Dr. Jemes D. Bargainer, Asscc. Professor of Electrical Enginnering, University
of Houston, and his colleazues for the warm hospitzlity and the time and éfforﬁ
required to plan:for the local arrangements. . The assistance and'encouragement
of Mr. James W, Neal of ONR andkHr. Richﬁ;d F. Babler of DSA are gratefully
acknowvledged, \Information provided by gutonetics has been capecially helpful.
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MCUG Executive Committee members who were present were the following:

Chairman - Dxr. Charles H. Beck, Professor of Electrical Engineering,
a Tulane University
Hardware - Dr. James D. Bargainer; Associate Professor of Electrical
' Engineering, University of Houston
- Mr. Cedric B. Wernicke, Psychology Service, Brentwood
VA Hospital, Los Angeles
Software =~ Mr. Donald E. Geister, Research Engineer, Aerospace

Engineering, University of Michigan
.Spare Parts and Maintenance - Mr. Charles M. Swanscon, Instructor of
' Electronic¢s, Mankato Area Voc-Tech Institute
The persons who attended the meceting represented 61 organizatiouns with
potential use of the D17B. Among these, ‘14 had D17B's (4 operational), 20

had submitted requisitions, and 17 were cbnsidering acquisition of a D17B.

Methods of joining the MCUG

1. Send a check for $100 to the address given below, made out to the MCUG.

2. Send a purchase order for $100 to the following address. This purchese
order can specify documentation for checkout, trouble-shooting, opervation,
and programming of the Minuteman DI7B computer.

3. Request invoice for $100 to cover documentation listed in iten. 2 above.

Dx. Charles H. Beck

Prefessor of Electrical Engineering

Tulane Uaiversity

New Orleans,. Louisiana 70118 . - L -
These PROCEEDINGS of the SECOND MEETTNG OF THE MINUTENAN COMPUTER USERS

GROUP can be obtained at $15 per copy. Please make check or purchase order

payable to the MCUG and mail to the chairmon at the above address. Specify

STSTLHS LABORATORY Report No. TSL-3-71. MCUG members will receive one copy of

these PROCEEDINGS, as well as other reports, a vrogramning manual, and other

docunentation which will assist in the utilization of the D17B,
- Charles H. Eeck

Chairran, MCUG
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RECOMMENDED CHECKOUT AND TROUBLYE-SHOOTING PROCEDURES
FOR THE D17B COMPUTER

C. H: Beck
Tulane University

As a result of the current modernizatioﬁ~of the Mimuteman ICBM force, &
quantity of Inertial Guidance Sysfems (Model ﬁs-léQ)a each costing $234,000,
have ‘been declared excess by the USAF.. Since over 1,000 of these advanced
computer systems from the IGM EO/Minutemén‘Missiles are scheduled to be
/declared excess, success of this reutilization project can effcct a savings
of nearly a quartér of & billion dollars.

NS-10¢ systems contain a D1TB computer, the associated stable-platfors, end
pover supplies. Detailed specifijcations for the DITB computer are given in
Table 1. It is a small, extrenely versatile, multipurpqse, serial-binary
cdmputer.l The high degree of reliability and ruggedness of the computer are
evidenced by the‘sfriqt requirencnts of the weapons system.

Mr. Ray ®. Close, System Manager, IGM 30 Systems Managerent Division,
Hill A¥B, stated at the first Minuteman Computer Users Group meeting in Anaheim,
Calirornia on June 12, 1970, that the average MIBF for the over 1,000 DLTB's
bhad exceeded 5.5 years. During the time that the D1TB has been Qperatimg in
the Systems Iaborstory at Tulane University, e Tew failures have occurred.
These failures were created by occasicnal insdvertant, irproper procedures
when ricasurerents were being token under difficult circumstances. For normal
laboratory operatiﬁg conditions, the DLTB can be powered up and shut down
frequentlj wlthout experiencing malfunctions, as has been the case during the
Past 15 months of extensive operation in the éystems Laboratory.

Thus, the reliability of the DI7B will hépefully reduce the occurrence of

equipnent breakdowns, the need for technicel maintensnce personnel, and the

1



MANUFACTURER: Autonetics, a Division of North American Rockwell, Inc.
MODEL: D178
YEAR: 1962
TYPE: Serial, synchronous
NUMBER SYSTEM: Binary, fixed point, 2's complement
LOGIC LEVELS: O or False, OV; 1 or True, -10V "
DATA WORD LENGTH (bits): 11 or 24 (double precision)
INSTRUCTION VIORD LENGTH (bits): 24
MAXIMUM I/0 (words/s): 25,600 ‘
NUMBER OF INSTRUCTIONS: 39 types from a 4~bit op code by using five bits
' of the operand address field for instructions
which do not access memory
EXECUTION TIMES:
Add (us): 78 1/8
Multiply (us): 546 7/8 or 1, 015 5/8 (double precision)
Divide: (software)
(Note: Parallel processing such as two simultaneous single precision
aoperations is permitted without additional execution time, )
CLOCK CHANNEL: 345.6 kHz
ADDRESSING:
Direct addressing of entire memory
Two-address (unflagged) and three-address (flagged) instructions
MEMORY :
HWord Length (bits): 24 plus 3 timing
Type: Ferrous-oxide~coated NDRO disk
Cycle Time (us): 78 1/8 (minimal)
Capacity (words): 5,454 or 2,727 (double precision)
INPUT/OUTPUT :
Input Lines: 48 digital
Qutput.Lines: 28 digital
12 analog
3 pulse
Progran: 800 5-bit char/s
PHYSICAL CHARACTERISTICS:
Dimensions: 28" high, 29" diam.
Power: 28V dc at 25A
Circuits: DRI and DTL
Double copper clad, gold plated, glass fiber laminate,
flexible polyurethane coated circuit boards
SOFTWARE :
Minimal delay coding using machine 1anguage
Modular special-purpose subroutines
RELIABILITY: 5.5 years MIBF

Table 1. Minuteman D178 comoutmr specifications.



3
associated maintenance costs once. the syétem is in operation. This is partly
because of the use of high reliability components. A}§9{Asincq'the DLTB is
available to authorized governnent agencies and contractors for_use on con-
traéts or grants on a non-reirburseple basis, there vill be insignificant
cost increase with usage. And, with the assistang?dof_tpé MCUG, it is expected
that many users will take over complete system requnéibiiity ineluding main-
tenance. It is expected that less-skilled ﬁechhicians can be trained to provide
the ngqgssary service. The very high MIBF of the D1T7B should be cénsidered
vhen planﬁing a computer systém which should not be interrupted. .

The folloving items should be considergd in planning for a DlYB’SyS@Qﬁ.
). Shipping for the DLTB and I/Oldevices, available through D3A.
2. Interfaces for donnecting peripheral I/o/devices to the D17B.x
3. 28V dc pover supply rated at 19A (234 surge).
L. Air duct and blover. }
5. Operator control pafnel.x
6. Engineering efrfort and lebor for installation and checkout of the DZL'{’B.x
T. Softwarg‘development,_troublg-shooting, and maint$nance.x

It is estimated that four man-days are required for preparing the D1fB for
operation and interfacing it to a Flexowriter. An‘additional two man-deys will
be sufficient for checkout of a manuai control panel and Flexowriter I/C.
Considerable efrficiency is possible since a single system design will suffice
for the epplication of several DITB's to similer tesks. The MCUG can assist
in this regard. Despite the difficulfies of limited documentation during the

early pvhases of this project and the associated Tfrustration, the DLTB is nov

performing useful functions in the Systens Laboratory at minimal cost.

Available through the Minuteran Computer Users Group.



PHYSICAL CHARACTERISTICS

ﬂThé 1S-10Q was located just beneath the pa&load in the nose cone of the
Minuteman I Missile. The D1TB computer portion, built by Autonetics, a
division of_North American.Rockwell, oécupieé 180° of the chassis structure of
the NS-10Q as shown in Figure 1. The pdwer supply section occupies the other
half of the chassis structure toroid. The outer body skin, which provides
the NS-10Q the capability of becoming an integral part of the missile frane,
mey be unbolted and removed when the INS-107 is to be used for other purposes.
‘Removal. of this body section will have no effect on the operation of the DI1TB.

The D1TB is 20 in high, 5 in deep, has a 29 in diameter, and weighs
approxinately 62 Jbs. Components include approximately 13521 transiétérs, 628é
diodes, 1116 capacitors, and 50%i resistors. These components are mounted on
75 circuit boards of double-coppér-clad, enzraved, gold-plated, glass-fibér
lqminate. ‘They have been ccated with polyurethane.

The design of the DLTB placed a premium on reliability since there is no
- . ¢t o 2
seccond chance vhen an airborne computer controllied mission is cxecuted. Hence,
DRL logic vas used extensively rather than DTL exceplt where gain was required. -
Extensive use was nade of silicon and mesa-gerranium semiconductor devices in

this Tully solid-state computer.” A logic level of 1 or True is represented by

approximately -1OV, and a O or False Dy approximately OV.

Pouer Supply

A 23V de regulated pover supply capable of supplying_a 25A starting surge
must be provided for operation of the coﬂputer.' Other required voltages are
obtainzd interually by converting the 28V de into secondary power using solid-
state D1TB circuitry. The current drawn from the 28V de supply will very from
0 to 254 with e steady-state value of gpproximately 19A referred to as full

load. The positive terminal cf the 287V dc supply should be éonnecﬁed to
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6
terminal E2 on the base structuré, and the ground terminal should be connected
to E3. The secondary power requirements include 400z, 5¢, and various de
voltages as sho&n in Figure 2. | |

"Poyer can be applied for a short time to determiqe thgt the memory motor |
is operational or that a secondary power supply is functioning. The 28,
100 Hz;'3¢ can be checked on TB6 - ), - 2,-3 vhich is- the connection to the fan
located on top of the D1TB. If this fén has been removed, the lead will be
easily accessible.

The secondéry.dc pover supplies can bé ronitored most conveniently at the

" checkout connector, J2, on the terminals listed in Table 2.

Location Voltage ' Location | y%

g2~ 3 +88vy—de Z v J2-19 +35.
-9 +15 ~20 -10
-13 -1 -2). -28
2 -25 - 22 + 6
-16 +10 ‘ -23 -35
-17 +25 -2it -5
-18 -3

- Table 2. Tabulation of secondary pover supply monitoring
locations.

Cooling

Contimuous operation requires that air be passed through the D1TB to
raintain an ambient termperature of TYOF * 9OF (250C to + 5°C). A DLTB has
been operatihg in the Systems Laboratory for over 1,000 hours using a blover

Lo circulate room air to effect cooling.
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Input Connections

Most of the connections for control signals,“instfuction and data character

inputs, and character outputs and for some of the external discrete inputs are
availeble on the 100-pin umbilical connector which was mounted in the outer
body skin. These connections, listed in Table 3,can easily be disconnected

and attached to a patch panel.

FUNCTIONAL CHARACTERISTICS3’h
<The DlTB.was designed primarily to solve rcal-time inertial guidance and
flight control problems associated with £he Minuteman I missilg. It has tpé
following generel capabilities; o
1. Sempling end processing of input date in the Torm of control.
signals, digital datse, or pulse-type signals.
2. Logical decision-making and performance of arithretic operations
ﬁsing an instruction repertoire containing the 39 types of machine
language instructions listed in Teble iy, |

-

3. Transmission of output data in the form of enalog, digital, and
pulse~type signals under prozram control.

The characteristics of the DITB vhich will be of specific interest in checkout

will be described. The breakdown of these characteristics along’funcﬁional

subdivisions as identified in FPigure 3 is not intended to infer that these

elerents exist as separate physical entities.

Centrel. Processing Unit

Since the DITB is a serial-binary computer, simultaneous access to all
the bits of a menory location is not needed either for instructions or data.
Hence, the arithmetic registers need not be constructed entirely of flip-
Tlops. Instead, they are in the form of circulating Joops in merory as

11lust in Firure i 3 ‘ '
llustrated in Figure 4. The D17B has four double-rank arithmetic registers



Pin Function

1 1lC.
2 I12C
3 I3C Character Input
o ome
5 Parity
- 6 Timing Prive TC!
T Precision Time Pulse
9 SCiO
10 SC20
1) SC30
. Character Qutput
12 sc40
W . Parity Bit
'~15 Timing o
13 Parity or Verify Error, PVzC
23 Disable Discretz, DDC
- 90 Master Reset, MRC
9l Halt Prime, KHC'
93 Enable Write; EWC
96 X1c
97 xac
93 X3C
Discrete Inputs
99 XiC
95 V3¢
9% vée

Teble 3. Tabulation of selected functions accessible through
’ the umbilical connector.



10

Numeric Code Code Description

00 20, s SAL Split accumulator left shift
00 22, s ALS Accumulator left shift

00 2k, 2 SLL Split left word left shift
00 26, s SIR Split left word right shift
00 30, s SAR Split accumulator right shift
00 32, s: ARS Accumulator right shift:

00 3k, s SRL Split right word left shift
00 36, s SRR Split right word right shift
. 00 60, s co - Character output A

Ok ¢, s SCL Split Compare and limit

10 ¢, s TMI Transfer on minus

20 ¢, 8 SMP Split multiply

2k ¢, s MPY Multiply i

30 ¢, s SMM Split multiply modified

3 e, s MPM Multiply modified

4o 02, s BOC Binary output C

40 10, s BOA Binary output A

40 12, s BOB Binary output B

40 20, s RSD Reset detector

‘40 22, s HPR Halt a2nd Proceed

o 26, s DOA Discrete output A

40 30, s voa . Voltage output A

kO 32, s VOB Voltage output B

ko 34, s voc Voltage output C

Lo kO, s ANA And to accumulator

Lo ik, s MM Minus magnitude

Lo 16, s coM Complement

o 50, s DIB . Discrete input B

k0 52, s DIA Discrete input A

ko 60, s HFC Halt fine countdown

O T-, s LPR Load phase register

by ¢, s CLA Clear and Add

D ¢, s TRA Transfer

54 ¢, s STO Store accumulator

60 ¢, s SAD Split add

6 ¢, s ADD Add

1 ¢, s SSU. . . Split subtract

T c, s

SUB Subtract

Table ¥, DI7B instruction repertoire.
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l I-Register I
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ACCUMULATOR (62) ALOCP  160) 1 WORD

1
Ap A2s A23v 25 BITS Ax{ Up -27 BITS oW
LOWER ACCUMULATOR (64) FLOOP (520 4 WORDS
R ; Loy 25 315 - Lo Ly ' Fp Fx

NUMBER REGISTER (66) NON-ADDRESSABLE .

'ELOOP (56 8 WORDS—INTERMEDIATE READ  (76)

Np N24w 25 BITS Ny

Ep . EMX £
v

WESTRUCTION REGISTER NON-ADDRESSABLE

H-LOOP (54} 16 WORDS—INTERMEDIATE READ  (74)

Ip

24y 2 BITS I Hp

HMx

v

Hx

¥

Figure 4. Arithmetic registers and rapid-access memory loops.
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vhich are the accurmlator (A), lower accumulator (L), imstruction register (I),
and number4register (n). Because (L) is addressabie, it can be used as rapid-
access storage in addition to perfbfming normallarithmeﬁic Tunctions. ' There
are two‘aintional non-addressable registers, which are used without programmer
control, and one 3-bit pseudo-index (phase) register. The functional locations’
of these registers and loops are illhstratéd in Figure 5'm

The central processing unit (CPU) bas I/0 access to four rapid-access
memory loops of 1, 4, 8, and 16 vords in addition to the main memory which is
arranged in 21 channels of 128 words each; Two input buffer loops of & words
each provide additional. input capability fron menory.

Prograrmed data channels cause date transfers into the arithmetic registers.
All machine Tunctions are processed and interpreted in the CPU. The nerory
channel address from vhich the next instruction is to be taken is determined by
the locaﬁion counter. Vhen the CPU is ready to accept.another instruction
frbm mémory, the address is specified by the channel address stored in the
location counter and the sector address specified in the previous instructicn.

The index register can modify the operand channel address of one of ther
muliiply instructions. This register also serves as a selector switch for
chocsiﬁg one of two pairs of inputs to one of the‘incremental pulse-type input
loops and for selecting one of four external positions for each of the threc
'D-A enalog voltage outputs.

The sccurmletor holds the results of all. arithnetic operations and éérves
es an output register Tor yafallel digital data, pulse-type signels, D-A
enalog voltage outpufs, and telemetry data. The lower accurmlator is involved

in certain arithmetic, input, and logical opcrations. A real-time clock is

provided by intern2l timing signals derived from the clock channel of the

»

*isk rmemory.



CENTRAL PROCESSING UNIT

INPUTS . g . A REGISTER ' » QUTPUTS

-

y~

oiscrerss |- : PULSE-TYPE

L REGISTER

DISCRETES
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:LOAD/VERIFY

v

N RECISTZR

ANALOG
SWITCHES _ VOLTAGE (6C)

! REGISTER

SINGLE CHARACTER

PHASE REGISTER

WNPUTS § -

IMCREMENTAL , T
PULSE-TYPE !
" {
¥ i

)l MEMORY
21.CRANNELS

M LBAPID ACCESS LOOPS

2NFUT LOOPS

i

Figure 5. Functional Tocation of arithmetic registers
and rapid-access memory loops.
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Memdry

The delay-type memory ié a 6,000 r/min, fer?ous-gxiQe—cqated disk asv
11lustrated in Figure 6. The disk is driven by a 400 Hz, 5‘¢ hysteresis-
synchronous motor. Non-return-to-zero recordiné is used. The addressable
memory capecity is 5,434 11-bit (single-precision) or 2,727 2i-bit (Qouble-
precision) words. The format of these words is shown in Figure 7. Main
memory is arranged in 21 channel of 128 double-precision words each. These
chénnels are numbered in even octal from 00 to 50.

Main memory channels are non-volatile in the event of a power failure or
if the system is shut down. The clock channel. contains a permanently recoréed
345.6 ﬁHz sinusoidal signal. ‘Sector information is also permanently recorded
on another channel. The touval non—destructivg readout memory is designed to
be caompletely prograrmable in conjuncticn with ground support equipment.

Tbe‘addressable menory also includes rapid-access loops éf'l, un, 8, and
16 vords, two arithmetic registers, and two heyord input buffer loops Tor
direct data entry. There are two additionsl non-addressable arithmetic
registers. These rapid—aécess loops and registers aré actually reserved
merory locations as illustrated in Figure 8.

The remory cycle time is 78 1/8 ps if the memory location is coincident
with a read head. This is the time required to read one 2i-bit serial word
end is deiined as one word time. The cycle time for the lL-word ?egisters is
one word time. The worst-case cycle times For the &, 8, and 16-word loops are
b, i, and 8 word times respectively. The worst-case cycle time for the main
memory channels is 128 word times.

Program security or memory protect can be maintained by disabling the
write heads to a portion of the memory to effect reed-only menory. By
enabling these writé heads it is possible to perform instruction and address

8

nodiflcation under prozgran control..
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Figure 7. D17B data word format.
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. MEMORY SECTOR —m

SECTOR TRACK { RECOROED SZCTOR INFORMATION —see
H LOOP (54) —»—
E LOOP (54) —mr
F LOOP (52) —sm
U LOOP (50) —m
v 1OOP (79)
R LOOP (72) —m
A LOGP (62) —m
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Figure 8. Conceptual diagram of the arrangement of memory loops and registers.
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Inpﬁt/Output9’lO

The program, composed of instruction and data words, i1s initially punched
othgrds or paper tape as illustrated in Figure 9, or is recorded on mégnetic
tapé.. This program is then entered into memory. Specif;q'qpnsole initializing
and interaqtive inputs must be supplied under operator manual control using
push buttons and switchgs to cause logical synchronization, conditioning of
log;c circuitry, and sequential state transitions-between submodes~of computer
opérationf The console control inputs initially cause the D1TB to enter the
load/verify mode to prepare Tfor entering the program. These copsole control.
inputs and the voltage used in the Systems Iaboratory are listed in Table 3.

Instruction and data characters can be rcad in during the load/verify
node; szquential menory locations are assumed unless a location control
character is present. The maximum rate of logding into or corparing with the
contents of memory is 100 words/s. This is equivalent to 800 characters/s
since each 2h;bit vord is composed of eight octal chearacters, as i}lustrated
in Pigure 10. ©Negative data rust be represented in two's complenent formt
Control. characters read in during the load/verify mode condition legic
circuitry to effect appropriate computer operation.

Additioral data represented by 48 discrete lines can be entered under
progran control.. One of these discrete lines monitors the detectgr fiipufl }oF
DR, which can be set by an external source; setting DR produces a logic signal }
that indicates the status of external equipment. This function serves as a
hardvare interrupt: If DR is sct, certain discrete outputs are inhibited. :DR
can be reset under prozram control.

Increﬁental inputs of ;1, -1, and O can be added to the réspective contents
of eight memory locetions in input loops through direct data enmtry. These in-

Puts are independent of program control. This cgpability provides for direct



DESCRIPTION

OCTAL
DIGNS

CONTRCL <
Conzs

oy

Y I S © R N A R

HALT
LOCATION
FILL
.VERl FY
COMPUTE
EMNTER

CLEAR

DELETE
- .

TAPE

Is 14 13 2k

O
O
| (o]
TR I TR TS R NI T L WU TRA (AN I

|
|

O O O O O O o O

Figure 9. D178 control and octal character codes.
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FUNCTION
il it

Charatter Input

-~

Disable Discrete

Enable Write

Fill Mode
Halt Prime
Mastér Reset
Run Prime
Single Prime
Timing

Timing Prime

SYMBOL

11Cc-13¢
DDC
mIC
FSC
KHC'
MRC
KRC'
KSC'
TC

TC'

POSTTION

———

o =

Hq ‘
o Eig oRr o
B

=
5

O OrF o g

VOLTACE

-lov
Floating

+25V
Floating

+25V
Floating

=10V
Floating

-10v
Floating

=10V
Floating

" =10V
Floating

+25V
Floating
ov!
+25V

+25V
ov

CONNECTION

Jl-1 to J1-5, TB1B-1T to TBLB-21, or (J7-1 to J7-5)

Jl-23, P2-12, P2-5, TBIB-30, J3-17, JT-li#, or J10-33

J1-92, P2-11, P2-6, TBlB-32, or (J7-16)
(J8-24)

J1-91, TB1B-33, or (J7-1T)

J1-90, P2-22, P2-15, TBLB-3l, or (J7-15)
(38-16) |
(78-13)

(78-38)

Jl-6, TB1B-22, or (J7-6)

Table 5. List of voltages and connections for the Tulane D1TB manual control panel.
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SIGN

WHOLL NUMEER

Tog T2z To2 2T Too Ti9" Tig My T Tis Tigy Mz Ti2 Ty~ Tio 9 Tg Tp Tg Ts T4 T3 T2 T
V!
1 1 1 1 1 1 1 1 13 ! 1 1 i 1 i 1
7 7 7 7 7 7 7 7
SIGN 10 BIT BINARY FRACTION X' X | SiIGN 10 BIT BINARY FRACTION
Toa [T23T22 T2 To0 Mo iz Ti7 Tie Ms Ti4iTiaM2) ™ |TioTe Tg T7 T Ts T4 T3 T2 T

1

1

1

1.

1

1

1 T 1 11X X 1 Tl 1 1 1 1 1 1 1 \

~

Figure 1o. D17B data word coding.

<



‘25
digital integration of eight functions--Tive of ll-bits each, two of‘2h-bi£s
each, and one ofA§8-bits. Variable-increment inputs can elso be added to the
respective contegts of-memofy locations in input lqg@s through direct data
enéryi These inﬁuts enter'the computer on twb sgts of thfeg lines. One linc
indicates the sign, and the other two rutually-exclusive input lines indicate
increrments pﬁ one or four. Th; state of the phase regisper dgtermines ﬁhich
of the two pairs of inputs is selected. A pulse-type input can be added ﬁo
the contents of a specific memory location at the mexirmum rete of 1000 pulses/s.

The variety of output transfers available from the DITB under program
controliinclude 3-bit, h-bit, or 8-bithparallel data channels, discretqzlogic
signals, pulse-type signals, 24-bit serial words, and analog signals. Parity
or verify error outputs are also provided as hardvare-controlled features. |
Specific diécrete logic signals are disabled by & hardware interrupt if DR
is ON.

With these output features, the D1TB can cutput data to an avtomatic
typewriter,‘light indicators, audible alarmns, and other off-on devices. An
array of light indicators can be used to display data in various ccded foriis.
Continucus analog ocutput signals can be monitored on a reter, or a permanent
and continuous record can be preserved by using a strip chart recorder. Other
peripheral. devices can be used to prepare punched csxds, punched’paper tape; .
or raznetic tape for subsequent data entry into the DLTB or another computer
for later processing off—line.ll~

The location.of jacks involved in the functional checkout and trouble- -
shooting of the.ﬁl7B are illustrated in Figure 11. All flip-flop monitoring

locations are listed in Table 6.



J11

J3

Jb

MEMORY

J5

J10

J1

J6

J9

J2

Figure 11. Location of I/0 jacks on the D17B.
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- FUNCTION

AC
AK
AP
A4
Bl
-
B3
B4
B3

. Do
CcBl
cn2
CR3
CB4
c33
CPL
cP2
CP}
CP4
CP3-
CL
ce
C3
cu

Cc>
D
DC

J5-253

]
RO OV R

1
]
(e0)

-19

-2L
22

O o~ Oy

-10
3-3T

Loy

LOCATION FUNCTION LOCATION
DR J4=17
DL 11~ 1
D2 -2
D> -3
Du - 4
D5 -5
1) 3-38
FC 3-34
ex 1i- 6
G2 S
G3 -8
HS 3-16
IC -2
o 4-35
IP 3=142
J -13
JT JTRINS)
K 314
c -25
CP -45
X -2,
MPX -6
e -22
ib) 432
DP 310
OBl 1-29
oB2 ~30

FUNCTION LOCATION
0B3 Jh=-31.
0L -1
-2 =12
-5 -13
. O -14
Pl -3l
P2 -35
P35 =30
Q 3-39
RC =30
RK -37
RS -38
RT . =39
SBL b-26
sB2 27
SB3 -28
S1L -23
S2 ~24
S3 -25
T0 3-50
TP -48
TX -49
vC =35
VK iy -0
V3 -4,
Vit 11~ 9
V12 -10

Tevle 6 .. Tabulation of flip-flop monitoring locations.

FUNCTION

V13
Vi
V15
vié
viT7
vi8
V2l
Va2
V23
vah
V25
V26
V27
V28
V3L
V32
V353
V34
V35
V36°
a7
V38
VA,
WB
pal
72

LOCATION

J1l-1L
-12
-13
-4
-16
=17
-18
-19
-20
-21
-22
-23
-2
-25
-26
~27
-28
-29
30
-31
-32

33
Y2
43
=Ly

45
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HARDVARE INTTZRFACE DEVELOPMZINTS FOR THE D1TB COMPUTER

C. H. Beck
Tulane University

The hardware interfaces that have been developed by the Systems Iaboratory
consist of the 1/0 interfaces required to connect the D1TB to an electric type-
writer aqé a paper tape reader/punch. Teble 1 lists the D1TB code for octal
and control characters. The peripheral device currently being used is a Friden
Flexowriter. This device is commonly available as government egcess ADP equip~
mnent. Figure 1 is a schematic of the interconnections between the Flexowriter
and the D1TB. Interface design requires electronic and functional. consid-
erations. Table 2 lists the Flexowriter code ﬁodifications.

Figure 2 is a block diagram of the electronic circuits required for
conditioning the input signals to the D1TB from the Flexowriter. ‘These circults
are, required Tor the purposes of suppressing noise, changing voliage levels,
inverting the signals from positive to negative logic, shortening -the puises,
delaying the timing pulse, and genereling the complement. Figure 3 illustrates
the effect of thase circuits on the Flexowriter waveforms. Figure 4 illustrates
the waveshaping accomplished.for the timing pulse. Pigure 5 is a block diagram
of the electronic circuits requireé for conditioning the input signals to the
Flexouwriter from the D17B. These circuits are required for streteching or
storing the information pulses, delaying the timing pulse, changing voltage
levels, and invertit;g, the signels from negative to positive logic.

The Flexowriter provides Tor typeﬁriter keyboard or paper tepe entry of '
data or &nstructionsAinto the D178 in octel format rather thaﬁ binafy. The
capability of ﬁetaining a hagd copy typed record or a punch;d paper tape
corresponding to the prozram and data being loaded is very desirable.

Hard copy typed output and punched paper tepe output are also availablet
ACRT display scope ig availeble for output‘manitoring of any memory location.
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NUMBER AND COMMAND CODING

NUMBER

n

=W

= [oANNNRN /]

HALT
LOCATION
FILL
VERIFY
CoPUTE

ENTER

Table 1.

‘n 2 13 __‘5 5 T TC
0 ) 0 0 1 1 o
1 ) 0 0 ) 1 0

-0 1 0 0. 0 1 0
1 1 ) .o L1 o
0 o 1 0 0 1 o
1 o 1 0 1 1 0
0 1 1 0 1 ] 0
1 ) 1 o 0 1 0
0 0 0 ). 0 1 0
1 o 0 ] 1 1 0
) ] 0 1 1 1 0
1 1 0 1 0 1 0
0 0 1 1 1 1 0
1 0 1 1 o ] )
0 1 1 1 0 1 0
1 ). 1 1 1 1 0

D17B codes Tor octal and control characters.
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CPIN 1 T1 e J7-1,11
, PIN 2 12 L __)l 91-2,12
FLEXOWRITER oINS T3 “TINTERFACE | y7.3 13 D17
' P2| pin 14 | J7=b, T
MODEL SPD PIN 5 15 -_..PﬁLT _____ J7-5,15 COMPUTER
PINS TC |- _ J7-6,TC
PIN 16 GRD oo JE=28,1C
L__P1 J PIN1  SCinq [ J6-19
PIN 2 SCon | ____ e J6-20
PIN 3 SCzn | _ INTERFACE | J6-21
PIN & SCyo | ____ ______ J6-22
PIN 5 SCso | _UNIT J6-23
PIN 27 SCTo | __ .

J6-24

Figure 1. Schematic dlagram of the Flexowrlter-DlyB interface.
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MODIFIED

FLEXOWRITER pUIPUTS FLEXOWRITER QUTPUTS
KEY = FUNCTION Il 12 13 T4 I5 Il 12 13 T 15
S‘PACE\ 0 0000 1 0 0.0 0 1
I LOCATION 100 11 100 11
- ENTER 10 1 0 1 10110
, FILL 110 1 1 010 1 1
; . COMPUTE 0 0 00 1 0 0 1 1 1
. VERIFY 11010 11010
? CLEAR 11100 0 11 1 ¢
' FALT 1000 0 00010

Teble 2. Flexowriter code modifications.



INTERFACE

[A] INFORMATION SIGNALS

31

1, TO I ,
! > SCHMITT
: ~)  INVERTERS - 5
'” 1  TRIGGER
.j CIRCUITS L
: = .25
0
[B] TiMING PULSE
I
SCHMITT 13&[’
~25
e>!  INVERTER s TRIGGER
CIRCUIT
.25
B N
: )
ONESHOT ONESHOT
R , - | | INVERTER e
2l CIRCUIT [3| CIRCUIT = JL
| e 0
[1) [2) .

Figgre 2. Block diagram of the Flexowriter to D178 interface. -



INFORMATION SIGNALS

g0 v :
[ ey . ,‘,‘,thm:nx
< 80 MSEC $E-20 MSEC-
0 v &J‘“Jﬁ”}{h‘wx.mmgmx T T P
OUTPUT WAVEFORM
FROM FLEXOWRITER
v
o T TR
v
wozsd w25 SrmETTTE T

© OUTPUT WAVEFORM
FROM INTERFACE UNIT

Figure 3. Shaped output waveform from the Flexowriter.
/ -
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TIMING PULSE

v
80 e - m’m&--—-—m_..ww
OUTPUT WAVEFORM
FROM FLEXOWRITER
c—20 MS—>
v . .
0 o A\/"’J "“v’:mm
oV ] |
.a&ﬂ——mmuw_;i'z(u};:mﬁ
OUTPUT WAVEFORM
FROM INTERFACE
UNIT
-25 y- ~~~~~~ st
v
.-6 P P _
T I 3 STERRLE TGS LLTEEY
// ! OUTPUT WAVEFORM FROM
| FIRST ONE-SHOT CIRCUIT
i
v I
“20 —m e b ]
v
0 W—mt.@"ﬁ:}fxrzsr‘— YTy s s £ e et e o o i
; |
B | |
:~¢-4—-—900 S
. ) '
v ! | . OUTPUT WAVEFORM. FROM
-25 e L

Figure 4, Shaping the

1
o

3 IS | SECOND ONE-SHOT CIRCUIT

delayed output timing pulce fr()rﬁ the Flexowriter,



D 17 MINUTEMAN COMPUTER

sc1 SC2 SC3 sClk SCS SCT
F/IF F/F F/F F/F F/F DELAY -
DRIVER! |DRIVER DR1VER DRIVER DRIVER | [DRIVER
R
FLEXOWR!TER

Figure 5 . Block diagram of the Di73 to Flexowriter interface.
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DL7B COMPUTTR APPLICATIONS

C. H. Beck
Tulane University

Although the D1TB does not provide all the desirable features of large
general-purpose machines, it does reserble them functionally and it ﬁossesses
& numbér of similar festures. It is a versatile rultipurpose corputer capable
of éolving a wide range of pro’olems;l’2 however, it has limited capability both
in storage capacity and computetion speed. Unlike the large genersl-purpose
computer ;hich is designed to efficiently process many different programs, the
multipurpose D17B is better suited to dedicated or fixed tasks that cén be
served effectively by economical use of the available memory and speed of

.

. 4
execution’-

Consequently, the D173, like commercial minicomputers with small memories,

is not well suited for general-purpose computing when compared to a lavrse
computer.) General-purpose corputation in minicomputer terminology refers to
stand-alone operation. Some minicomputers are used es stand-alone computers

for scientific and engineering use, but mest are used in real-time zppiications

such as control, data acquisition, comrunication concentrators aand procassors,

5

peripheral controllers and prevrocessors for large corputer systenms

e
")
He
9}

'3
’..J
W]

]

coatrollers, buffer memories, bio-medical monitoring, autorated testing, auvto-

. s 6-23

mated instrumentation and telemetry.
In a practical sense, thz capability for general corputing is determined by

the ability to perform a large variety of caleculations. This ability, in turn, is

determined basically by the instruction set. Available subroutines simplify the

procremming, end essemblers and compilers simpliry the task further. The gosl

in providing general-purpose software for the DITB is to ninimize the amount

3>
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of time, erfort, and knowledge required for a ﬁser to arrive at a poiht o’ use-
ful return for bis investment in the development of the D1T7B. But, generalify
élways comes at a price. The DLTB is limited ét present to & small number of
real-time, special-purpose machine language progfams.

The apparent lack of speed is not such en important ractor when the D1TB
is used as g dedicated control computer since much computing speed available
in a large general-purpose computer is commounly lost iq §ys£em overhead and

2,25 Furthermore, the i4-bit and 8-bit parallel. output data channels

1/0.
evailable on the D1TB should prove to be very advantageous in cormunications
systems that operate on 8-bit ASCITI characters, becuase the overhead operatiéhs
of packihg and unpacking are minimized. The 24-bit double precision data word
used on the DILTB appears to have considerable utility Tor corputation associzted
with these 8-bit codes for character representétion which are now bescoming
standard. Therefore, the 24-bit word of the DLTB not only offers more precision
than most minicomputers, but it provides for outputting 8-bit subrmltiples.

Cormputer control. applications may'include monitoring and data processiag,
Vstart—up and shut-down .procedures, and optiral control. The main attributes
of computer control are corputational speed, storage capability, and decision-
making ability. If sufficient computational. speed is available, optimai control
can be accomplished. .The storage capability odrovides I« econorical and
efficient data recording and processing . Decision-reking ability provides ths
capability for direct digital control.

A direct digital control. system rust provide é means Tor measuring the
condition to be controlled, compare the measured value with z desired value,
and asutomatically cause the two values to agree. Data logging can be berformed
as one phase of the contrcl operaticn. Feed-Torward control requires thé

solution of equetions which represent s pradictive mathematical model. A
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control computer can alsp be used for supervisory functions such as start-up
or shut down operations. Direct digital control reqﬁires_that each variable
be compared in tura with the desired values. |

Logical decisiéns and constraints can be empio&ed in corputer control,
and the results of intermediate calculations end control actions can be recorded
to produce a historical file. Tﬁe general-purpose capabilities of the D17B
permit the coutrol program to be modified and éxpanded within the limits of
memory_capacity to rit system growth, new instruments, or changing control
poiicy. The versatility available with a computer control system involving a
. general-purpcse computer is an important considerationr

If the D17B is to be used for control computlng applications, it muét ie
capable of not only perrorming control calculaticns, but a number orf other
essential functions alsc. For exarple, raw input data are zenerally subjected

to individual 1limit checks to detect instrument failures or out-or-normal

-~

conditions, averaged or smoothed to minimize the erffects of randon variatlious,
and then recorded or used in calculetiocas. As a typical exarple of a limit

-

check in terms of D17B instructions, the Tollowing could be

M
1]
;(‘
o
Q
d
5]
CL

l. DIA - datz input to A

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

magnitude of the coatents of A

o

3. ADD - acdd the limit toleraace to the ccnteats of A
4. TMI - transfer on minus

These Tour instructions would accomplish the limit check by pariforming a
conditional branch., Similar opsrations could be equally userul for zenerzal
or special-purpose corputing.

It is appropriate that the D1TB be cor51de~»d for dedicatad control

epplications involving control over a single unit or a limited portiom of a

b3
£3
(18}
V)
)
@

process. Such an application may not only be appropriate consider
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limited memory and execution speed of the D17B, but the system reliability
consideration makes DI1TB's ideally suited to sucﬁ tasks. Process-wide conﬁro;
may require several interconnected D17B's. The r=al-time aspect of control
gpplications is compatible with the curreal requirement or machine language
prograrring for the D1T73.

Considerahle benefit can be gained by using dedicated‘conmﬁters which
decentralize system design and simplify software requirements. The major
advanteges of using several dedicated control cormputers are the complete
1ndependénce of each unit rfrom Tfailures in other units and the reduced
sophistication required to program the corputations. Dedicated control com?qé—
ers make autcmated start-up a practiéal‘consideratiop.

Since A-D and D-A converters and mﬁltiplexers are required Tor <ach
computer, the use of several dedicated D17B's could represent too larje an
exﬁenditure in conversion equipment. But, because conversion and other sub-
system costs have been reduced consideraoly, the use of sevaral dediéatéd
computers apoears to be feasible. Delays caused by breakdown car ve avolided
by using a dedicated on-line machine, and there is no question aboul progrén
security.

As new instruments are added end as knowledge of a process increasss,
better cortro] polic can be developed. Hence, coutrol programs’are
constznily in need of change. Also, the characteristics of the process will

often change eas its operation is improved tarough cormputer control. Because

D

of these factors, the prograrmeble feature of the DLTB is extremely desirabl
as well as its flexidble I/C capabilities, which can accomodate a variety of
control devices. The D1T7B can provide digital, pulse-type, and analoz outputl
signals under program control for maﬁipulating process variables. This

flexible I/0 canubi ity provides for erficieant interaction between the D173

and the devices baing controlled.
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In addition to capabilities required for general computing applications,
control computing applications require a IJ.embln I/O st“ucture to accomodate
.ﬁ variety of devices. As described previously, the I/O capability of the
D17B is extremely versatile.

For real-tire control‘applications, the D173 must be able to accept and
process input data sufficiently fast thaéithe results of this pfocessipg can
beyused to infiuence and control the appropriate variables. The D1TB was
degigned to accomplish real-time computation as required for missile guidance;
however, the bandwidth of the particular application will dictate the speed
requirement. The D17B perrformed real-time comrunication with external devices
such as velocity meters, accelerometers, and D-A converters to obtain data
and issue commands necessary for navigaticn, guicdance, telemetfy, and control
functioms.

As indicated in the specifications, the D1TB has e raximum I/0 data rate

of 25,600 words per second. Direct data entry is also provided. Hence, within

-

the 1limits of its capabilities the DITB

o

poears to be very appropriate'for a
variety of coatrol and speciel-rurpose applications.

Certain special-purpcose applicaticns such as on-line digital data process-
ing, computer inte-fac1no, peripheral buffering, and data nonitcering reguirs
very little CPU sophistication, limited arithmetic capability, aund perhaps
low-speed perforrance compatible with the D17B specifications. The dorinant

recuirment of many special-purpcse computer applications relates to the I/0

erchitecture as is the case for control applicetions. The importance of I/0

chasnels is particularly significant where data is b@lnb transnitted continucusly
betwsen the computer and perivheral devices.
On-line digitel dats processing often requires that analog inforration be

converted to digital form usinz an A-D converter. With the 2u-bit double
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\

precision word of the D1T7B, the output from two 12-tit A-D converters can be
_inputted simultaneously under program control. The requlred speed of I/0
transfers and arithmetic for special-purpose data acquw51tion can be much
slower than for control applications because real-time analysis and control
response cormands are not necessary. Hence, the D1TB is f;p xible enou\H to be
used ‘in these areas formerly requiring special-purpose computers. As require-
ments change, the DITB can easily be re-prograrmed. In such fields a5 medical
ressarch, biological studies, and experimental physics, the D1TB can be pro-
grarmed to control the monitoriag, measuring, and recording of a variety of

quantities such as pressures, flow rates, IKG, and heart rate. Automation of
chemical laboratory instruments such as chromatographs, spectrometers and
AutoAnalyzers using the D173 elso appears Teasiblz. Calculation of éesired

e}

0
%)

parameters, recording of results, and graphic display are apprcprizte aprlica-

tions areas for this computer. 3irmultaneocus measursments of several guentities
1

are possible through the uss of sample-and-hold devices, a multiplexer, and

an A-D converter.

A Tlexibls, r=liable, mobile data monitorircg system can be develored using
the D17B corputzsr with interface to any of the following: operational

erplifiers, sarmple-and-hold devices, multiplexers, analoz-to-dizital converters

7

digital voltmeters, counters

-
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prov1de Tor the autcmatic testing of electronics corpone IC, logic cards,
corplete loglic asserbliss, and other devices and circuits. Programmed trans-
ducer testing and high-quality data collzction of si
es arplitude, current, and phase which can be eccomplished a2t high speeds have

significant advantages over manuel metheds. These ‘ﬁcac*ou=s are also

epplicable to non-dastructive testing as erployed in the ianventory of aircra
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parts basad on the characisr

Fe
(D)}
ct
[ES
0
1]
Q
2
(1]
(/]
ct
(1]
)
[
0
[0}
(2]
V]
L]
"~
[{]
0\
4]
1
ct
[
[o N
o’
e

the =lectrical
output <f spectrometer-Iype instruﬁents.

On-line comrunication is also an importan£ a_plic;;iccs area to be eon-
sidered for the DITB. A daﬁa-concentratiph buller storag2 system for teletype

L4

and other lov spead I/Q cdevices caa be develeped. Programmed multiplexiag or

'..l

transmission over a narrow-dand comunication

.

parallel information ror saria
channel iz possiblie siace the D173 can provide for chaagirg the scan rate.

Preprocessing Tor analysis and corputation by a larze-scale corputer will also
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PROGRAMMING THE DLTB COMPUTER
C. H. Beck
Tulane University

| The.lqgiqal pover of general.-purpose computers is uniquely common to all
such rachines, but speed of execution, menmory size, costtiréliability5 and ease
of.COmmunicgtion (convenience to the user) differ widely. 'Size and weight
limitations, a high degree of reliability‘and strength, plus program require-
ments dictated a small, slow, serial memory for the DI(B. However, nmany
minicomﬁuters have less than half the memory of the DlTB}’e‘ Requirerents for
real-tine operétion imply the necd for the DITB to sequentially perform its
assigned tasks Tast enouzh so that all iaské are accorplished during é given
feriod of time and yet slow enough to ensure accuratie noise-Tree compu’tation.5

In addition to the usual capabilities corrion to srall general-purpose

Eomputers, it can be seen in Figure 1 that the D1TB has analog, pulse-type,
and serial. output systems. Parallel or multiprocessing such es the simultaneous
execution of two identical single—precision add, subtract, ormulfiply instructions
is another unusual operational. capability.

The need for store instructions arises Ifrequently because ol the need %o

M

preserve intermediate resulls vwhile some related intervening series of operations

T

18 being performed as in the evalﬁation of a general polynomial. Simultaneous
execution of a store operation is possible on the DLTB coincident with the
initiation of other operations without requiring an 2dditional instruction.
The contents of the accurmulator will be stored in the channel speciiied by the
'SF alddress as illus?rated in Figure 2.

instruction and address modification give the program the sbility to

branch to alternative seguences of instructions under program control as a

resullt of calculations in addition to the use of conditional and unconditional

il
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branching instructions. Bit maniﬁulaﬁion is elso possible if the accumula tor
is masked by using the ]obica] AWD instruction.

The instruc tion reperb01re llsted in Table 1 contains 59 types of machine
language instructions. Although each tyﬁe'of inst;uction executed by the DiTB
diffeps_ffmn the‘others,'the kinds of actions perforﬁeé oceur in a comnon
sequgnce; ihig makes-it éonvehientlto describe the execution of each instruc-’
tion as being accomplished in the following five phases vhich are usvally
comﬁon‘to delay-type memories:

1. Instruction search (IS)

2. Instruction read (IR)

3. Operand search (0S)

i, Opersnd read (OR)

5. Execute (EX)

Figure 3 shows that the DlTB can perform several of these phases simultancously
with increased effic1ency corpared to sequeantizl operation. This figure assunes
minimal delay coding of instructions which require an exscution tims of one
"word time. The advantaoo of this ninimized access timing is that, once a.

minimal delay coded program is initiated, the eiffeclive conr_o tion time of

any instruction is. equa] to the basic execution time oz the ingtruction. If

random access addressing vere used in the DL7B, the search operations (IS and 03)

could each require up to 128 word times or cre disk revolution of 10 ms.

Mi imal delay coding p]ace; tn° next instruction et a location vhich will pass

the read head immzdistely arfter completion of the current instruction.

.

7 o s . . I
The word size Tor minicomputers ranges from 8 to 21 bits.  Providing
for direct addressing of the entire memory of the DITB as iilustrated in:
Figure 4 by using a 12-bit operand address field is a feature of considereble

velue. A typic 1 two-address (un,Jagszn) D1TB instruction as illustrated in

Qu

q . .
Figure 5 has three parts: an op code and two addresses. One addres

S



Numeric Code - Code - ‘Description

00 20, s SAL _ Split accumeulator left shift
00 22, s ALS . Accumulator left shift
00 24, 2 SLL .- Split left word Ieft shift
0026, s SLR . Split left word right shift
0030,s SAR Split accumulator right shift
00.32, s ARS "~ Accumulator right shift
00 34, s SRL Split right word left shift
00 36, s SRR Split right word right shift
0060, s COA Character output A
04 ¢, s SCL Split Compare and limit
10 ¢, s TMI © Transfer on minus
.2 ¢ s, SMP Split multiply
24 ¢, s MPY Multiply
30 ¢cs SMM Split multiply modified
34 cs MPM Multiply modified
T4002, s BOC Binary output C
40 10, s BOA Binary output A
4012, s BOB Binary ocutput B
40 20, s RSD ~ Reset detector .
40 22, s HPR Halt and Proceed
40 26, s DOA Discrete output A
4030, s~ VOA Voltage output A
40 32, s VOB Voltage output B
40 34, s voC . Voltage output C
40 42, s ANA And to accumulafor
40 44, s MIM Minus magnitude
40 406, s COM Complement
40 50, s DIB Discrete input B
40 52, s DIA Discrete input A
40 €0, s HFC Halt fine countdown
40 62, s EFC Enter fine countdown
40 7-, s LPR Load phase register
44 ¢, s €LA Clear and Add
S0 ¢ s TRA Transfer
54 ¢, s STO ~ Store accumulatior
60 ¢, s SAD " Split add
64 c,s ADD - Add
70 ¢ s SSU Split subtract
74 ¢, s SUB Subtract

Tgble 1. DI17B instruction repertoire.
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UNFLAGGED iNSTRUCTION (T20=0)

Tp Toy Tog T2z Ty Too ToTig iz Mg Nis Tia Tia T2 i Mo To Ta Tr TeTsT4 TaTa Ty To Ty
x OPERATION FAG NEXT INSTRUCTION CHANNEL SECTOR X X
CODE SECTOR ADDRESS NUMBER NUMBER
Op £ " $p c S
FLAGGED INSTRUCTION (Tgg=1)’
Tp To4 T3 Tan 71 Too TioTige MizTe NisTig Tia Tiz ™ Mo To Yo TrTaTs Ty T3To Ty To Ty
] i |
t !
| FIMG | secTox
i QPERATION v e S CHANNEL SECTOR :
X FLAG | STORAGE | OF WEXT -TO" X X
% COPE LOCATION  INSTRUCTION | ~UMBER NUMBER
{ | |
| S : Se

Figure 4. D178 instruction word format.



UNFLAGGED IHNSTRUCTION

OP CODE | F | NEXT INSTRUCTION SECTOR OFERAND Y
Toa T23 T22 T2i|T20{Tio Tig Ti7 Tie Tis Tia Miz{Tiz ™o Tio Yo Tg|T7 T Ts T4 T3 T2 M ¢
o? F s? c ' s . F‘
LN TR T U 00 A T S B B xxxx:xtt:xgzgmmv
7 01 7 6 | 7 7 £ Quas.ocTAL
4 - :
?
7 S 7 7 7 ? } IMAXIMUM VALUE)
CODE RANGE NUMBERING SYSTEM
SECTOR 000 B 177; SEQUENTIAL GCTAL (0,1,2,3,4,5,6,...177)
CHANNEL 00 ) 76 EVEN OCTAL (0,2, 4,6,10,12,...76)
INSTRUCTION SECTOR 00 § 177, SEQUENTIAL OCTAL (0,1,2,3,4,5,6,...177)
. UNFLAGGED INSTRUCTION 0 UNFLAGGED INSTRUCTION
_ OPERATION | ' 0§74 LAST OCTAL DIGIT ENDS IN 0 OR 4

Figure 5. Two-address (unflagged) Dl?B'instruciion coding.
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‘identifies the operaﬁd which fﬁlfilis tﬁe samc function as the addreés field iﬁ
a‘singie address ﬁachine;~the second is the address mode field sP vhich is used
- to épecify the address orf the next instruction within thglactivg memofy channel.‘
One biﬁy(F-flég) in the address mcde field férmits the use of two alternate
addrgéé @odeg. If the flag bit is ON, an insfructiqu is interpreted as a.three-
address word. A typica; three-address (flaggéd) instruction as i}lustratéd in
Figure 6‘h£s four parts: an op codé and three éddresses. One address again
idén@ifies_the operand; the second is used.io specify the cﬁannel SF in which
the present contents of the accumulator are to be stcred; the third is used
to specify the address sP of the next instruction within the next sixteen ;
successive menory locations in the aétive chaﬁqel. A program in a single
addréss machinz is likely to require much nore memory than is required by the
D17B. |
- _In.the two-~address formaﬁ, the 12-bit operand a@dfess is rgquiredAfor
direct addressing of the total memory, T bits are required to specirfy the
address'of_the next instruction if any sector within the active channel is
allowed, one bit is ;equired for the flag, and the & remaining bits are
allocated for the op code field. This limits the D73 to 16 unique 4-bit
codeé agd a 12-bit operand address field. Two of the remaining}&fbit op ccodes
are useé Tor instructions.that do‘nﬁt reference nemory (control, lozic, I/0
end shifts). A 5-bit portion of the operand address field is used as an
extension of the op code.

Considerable expansion of the inséruction repertoire appears to be
~poésible. Op code 1# is not used, hence thé addition of one instruction that
requires accesé té ﬁemory‘co;ld be considéred; Also{ thére are numerous unused

5-bit op code extensions which could be considered.



FLAGGED INSTRUCTION

Op CODE | F NEXT INST SECTOR . OPERAND : K
- . | T - 0
24 T23 bzfmwmiﬁvﬁsTWxﬁoTw MaTiz|Tia M TioTo Tg| T7 Tg T5 Tg4 T3 T2 N1y
1 .
T oy 1 vl ot 1,1 1 1 v ittt ot vl ot % 11 1 1 BINARY CODING
¥
. .
7 QUAS!-OCTAL
7 4121 3 f’ 7 6 1 7 7 o
7 7 7 7 7 7 7 7 ’ OCTAL
. CODING
FLAGGED CHANNEL CODING
Tig Tig iy ™ cobi -~ - FUNCTION - B
. :
0 ; 0 0 00 IDLE
¢ ,0 1 02 (F) 4-WORD LOO?P
LR 04 {T). TELEMETRY
0 : 1 06 (50) HOT CHANNEL
1 ,0 0 10 (E) 8WORD LOOP
1 10 1 12 ' " “L" 1.WORD REGISTER
! : 1 0 1 4 (H) 16-WORD LOOP
LI 16 {U) 1.WORD LOOP
H
]

Figure 6. Three-address (flagged) D178 instruction coding.
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‘Compiler routines which have the advantage of reducing programming effort
ere not currently available for the D1TB. The relative ireffiency of memory
fequireﬁent for compiler-produced programs coﬁpdred with programs written in

machine language makes the on-line compiler aﬁproach questionable at this

time.p’b The modular approach to the writing of special-purpose subroutines,

such as required for I/O operatibns,can result in considerable savings in time
end effort. Certain features such as dedicated I/0 registers reduce the

programmér's housekeeping tesk. The use of rapié-access memory loops provides
prograrming versatility and efficiency that help to overcome the*limited'speed

of execution and memory size of the D1TB.
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An-Input/Oﬁtput Panel for the D17 Computer

‘J. D. Bargainer
University of Houston

The D17 compufer is a general purpose, serial computer. It
is a negative logic machine with Logic 1 =-~l0volts and Logic 0 =
O‘VOltS. These levels are generally applicable within the ma-
chine although input and output signals have different levels.
The machine, as received,has no input or output equipment a3~
though it has the internal loglc for 1nte;fa01nc to devices .
_similar to Flexowriter.

Because of the absence of.I/O equipment it was decided to
build a control pancl consisting of a set of switches foir input
“and conﬁiol and a set of lights for output-moniﬁoring. The lights
are used only as a convenience since the registers are easily
monitored using an oscilloscope. The T signal which is a
negative pulse occurring at the.beginning of each word can be
used to synch the oscilloscope eXternally and the accumulator

(Ax) I-register (Ix) and L-register (LX) can be displayed on the
scope.

The block diagram for the panel is shown in Figure 1. The
~numbers on signal lines are the pin number for the D-17 and the
number of the cable where applicable (each wire from J-1 and J-3
has an identification number). The circuitry for the switching
section is shown in Figures 1 and 2. The relay and cross coupled
NAND gates insure against multiple entry of a digit into thé
machine because of contact bounce of the switch. The Halt-~Run
switch is a 2-pole wafer switch and the Halt-Single Step switch
is a telephone leaf switch. These were chosen to minimize con-
tact bounce. | ) ‘

Figure 4 shows the timing dlagrams for the control circuit.
. The clock signal, Bl is a square wave which represents the be-
ginning of bit at each transition. Some bits therefore follow
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‘a positive transition of B, while others follow a negative-tran-
sition. The signal B; is then sent through a differentiating
circuit which produces a positive pulse for the positive tran-
sition while the hegative pulses afe chipped. The clock signal
is also inyerted and sent through a differentiating'circuiﬁ;
These signals are then added together and inverted to produce

a negative pulse for each bit. The time constants are adjusted
so that the trailing edge (positive going) occurs near the center
of each bit. ,

The control circuit is used to produce a single word length
of clock pulses so that data can be shifted into the shift re-
‘gisters in l-word increments. A master oscillator (M) is used
to proauce one woxrd of clock‘pulses and therefore update the
output registers every 3 milliseconds. The control circuit resets
each time MD is low and at the next To pulse a both flip-flops
go_high until the second To pulse and then Flip-Flop 2 goes low.
The outputs of the flip-flops then are used to gate the clock
pulscs into the shift input of the shift registers.

In order to obtain negative levels, the integrated circuits
of the controller and the shift register are operated with the
bvcc inputs at gréund and the ground inputs at -5v. This results
in a 0 to -5v logic swing. The shift registers are constructed
with Type D flip flops. The outputs then drive lamps through
"discrete transistor driver circuits. These techniques are used
to mcnitor Axf Lx and Ix" Other signalsicould easily be monitor-
ed usring similar techniques.
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Connections to J1

J1(100) Wire $ ' Connected To Function
1l 1501 P?-l Il
2 1502 P7-2 12
3 1503 P7-3. I,
4 1504 P7-4 I,
5 1505 P7-5 15
6 - 1506 P7-6 I, |
7 1507 P7-7 Precision Time Puls:
8 1508 P6-31
9 1509 P6-19 - SClo
10 1510 -P6-20 »SC20
11 1511 P6-21 SCy
12 1512 P6-22 5C, 0
13 1513 P6-25- PVEC
14 1514 P6-23 SCe
15 1515 ‘ P6-24 SCTO
16 {1516} E5->CR4
| 1517 :
X (st rat-c
18 1520 E6-CR].
19 1521 TB4-7~
20
21
22 1524 © -anode CR3
23 1525 ~ P2-10 Da
24 1526, E4
25 1527 TB4-22
26 1722 white P1-N
27 1722 red Pl-P
28 1722 green © P1-R
29 1722 Pl1-S
30 1721 black - P1-j

31 1721 white P1-k




J1 (100)

32
33
34
35
36
37
' 38
39
40
41
42
4
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Wire i

1721
1721
1721
1721
1522
1523

1546
1720

1722
1720
1549
1549

1528
11528

1720

1554
1555
1555
1556
1557
1558

red
greeﬁ
orange
blue

black
black
white
black
white
black
red

white
black

Connected to

Pl-m
Pl-n
Pl-p
Pl-x
P2-13

~P2-23

Pl-J
Pl-Ir

P1-K

Pl-M
P2-3
pP2-2

Pl-c

TB4-5

P2-9

P2-16
P2-8




J1(100)

67
68
69
70

71

72
73
74
75
76
77
78
79
. 80
.81
82
83
- 84
85
. 86
87
88
89
90
.91
92
93
94
95
96
97
98"

99

100

" Wire #

1559
1683

1563
1563
1544
1545
1652

1560
1541

1562

1542
1543
1537
1538
1539
1540

Connected to

P2-17
P2-4

Jl-84

-J1-83

P5-19
P5-18
P5-37

P2-22

P7-17

P2-12
P7-13
P7-12
P7-8

P7-9

P7-10
P7-11
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Function

re
HC

wC
6C

5C
X1lc

X2cC
X3C
X4c

Discrete
Discrete

Discrete

Discrete

Discrete

Discrete

Input
Input
Input
Input
Input

Input




J3(100)
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Wire #

1580

1581

1610

1601 red

160). " white

1601 black
1638

1604

1604

1600

1600

1585

1585

1609

1602 red

1602 white

1602 black

1618

1599

1599

1598

1598

1586

1608

1603

1603

1603

shield ground

1594

1595

1596

1597

1583

1606-1640
~shield ground

Connected to

TB4-3
TB4-6
TB3-15

P7-22

P7-27
P6-17
P2-6
P6-1

"P6-2
‘P6-40

P6-41
(TB2)
(TB2)
TB3-6
P6-27
P6-16
P6-15
P6-10
P6-46
P6-47
P6-35
P6-36
TB3-8
TB3-7
P7-35
P6-14
P6-13

J4-1

Jd-2

J4-3

J4-4

chassis ground
TB3-5



- J3(100) Wire # Connected to

39 1731 J4-5
40 1732 J4-6
41 1733 J4-7
42 1734 J4-8
43 1584 chassis ground
44 1725 J4-16
45 1725 J4-17
46 1591 P6-37
47 1591 P6-38
48 1617 P6-9
49 1582 | TB3-21
50 1605-1640 TB3-5
51 1639-1676 TB3-3
52 1592 P6-48
53 1592 P6-49
54 1607-1640 TB3-5
55. 1726 J4-18
" 56 1727 J4-19
58 1593 P6-42
59 1593 . P6-43 -
60 1632 TB3-14
- 61 1633 TB3-13
63 1615 P6-8
64 1588 P6-6
65 1589 P6-11
66 1590 P6-12
67 1680 P7-24
68 1631 TB3-16
69 1634 TB3-17
71 1622 ‘TB3-10
72 1730 J4-15
73 1611 (TB-2)
74 1627 P2-19

76 1616 P7-26



J3 (100)
77
78
79
80
81
. 82
83
84
85
86
87
88
%0
91
92
93
94
95
.96
97
98
99
100

Wire #

1619

1619

shield grodnd
1635
1636
1637
1729
1629
1624
1624
1620
1620
1737
1738
1739
1740
1728
1628
1623
1623
1621
1621
1612

69

Connected to

P6-38
P6-39

P7-21

P2-20 .
P2-2
J4-14
TB3-9
P7-19
P7-37

"P6-50

P6-33
J4-9
J4-10
J4-11
J4-12
J4-13
TB3~11
P7-32
P7-31
P6-44
P6-45
P6-7
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(50)

Connected to

A28-c
A28-M
A28-1
A28-T
A28-11
A28-30
A28-F
A28-P
A28-B
A28-W
A28-R
A28-K
A34-F
A34-D

A71-M
A43-V
A70-14
A61-5
.A63-37
A59-~J
A59-11
A34-V
A30-37
A27-u
A59-T
A70-V
A54-26
A70-19
A70-W
A70-23
A70-10
A70-13

70

Function

15
data

()
w

L =
QO Q

t‘ .




J3(50)

34
'35
‘36

37
38

-39

40
41
42
43
44
45
46
47
48
49
50

Connected to

A22-1
A58-J
A30-M
A34-30
A34-J
A28-J
A22-D
A34-c

‘A22-0
A59-M
A34-37
234-12

A71-30
A71-20
A28-37
A28-D
A28--J

-
Q

T

Function

<
a

LY
Q

-t le)
wbv wbvz 0o o

g
N
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J4 (50)
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Connected to

A26-37
A26-30
A26-D
A26-1
A26-T
A30-T

CA30-V

A30-J

A30-1

A30-11
A22-37
A22-T

A22-C

A22-M

A23-N

A38-D
(A26-J)
A26-C
A26-M
A26-11"
A26-0
A58-11
A58-37
A58-V

A59-C

A59-D
A59-1
A59-37
A59-30
A59-V
A34-1
A34-T

Function

0

By

N0 0 .0
w O
w N

t
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o o000 NNOOO0Nn ()mp
U

SW N =TS W -

0 N 0
=g gogogog
U W N
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J4 (50)

34
35 .
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

73

Connected to Function

A22-V

A22-11
A22-30
A30-30
A30-D

A30-c

A58-1
A58-D

A58-¢

A58-T

A58-30
A58-M

A71-T

A38-J ,
A21-40, A72-38, A24-R & A31-35
A57-8 '

A57-E
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J11 (50)
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Connected to

A38-W
a38-HM
A38-31
A38-38
A38-1
- A38-11
A38-c
A38-T
A40-1
‘A40-D
A40-J
A7l-c
A71-1
A71-D

A71-3
_A71-11
A40-c
A40-T
A40-11
A73-37
A734T‘
A73-c
A73-M
A73-W
A40-30
A40-M
A40-37
A73-1
A73-D
A73-J
A73-11 -
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J11(50)

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

" Connected to

A73¥3o
A61-7
A61-33
A63-17
A63-27
A63-28
A63-F
A63-7
A63-C

263-F

A63-42
A69-33

A65-33

A65-R
A62-18
A62-E

-A62-J

A62-R

Function .

A\

10
10
0
10
10
10
10
10

- 10

10
10
10
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Wire No.

1501
1502
1503
1504

" 1505 .

1506
+ 1507
1537
1538
1539
1540
1543
1542
1647
1648
1649
1541
Blank
1624

- 1635
J601

1680
1723
1616
1601w
- 1567
1569
1724
1623
1623

Blank

1624

4 Connected .To:

Jl-1 -

- J1-2
CJ1-3

Jl-4

Jl-5

Jl-6
Jl-7

Jl-96
Jl-97
Jl-98
Jl-99
J1l-95
Jl-84

.P2-5

P2-15
P2-6-
J1-91

" J3-85
TB1-1(Blank)
J3-80

J3-4
TB1-4 (Blank)
J3-67
J2-3
J3-76
J3-5
J2-4
J2-6
J2-7
J3-97
J3-96

TBl~l4(Blank)

. J3-86

L]
v W N -

Function

L I B

=

c

Precision Time Puls<

Xlc
X2C
X3C

X4cC

Vv5C
\qe

wc

= oM

HC

Discrete
Discrete
Discrete
Discrete
Discrete
Discrete

Input
Input

-Input

Input
Input
Input



