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Preface.

I have always 23mired those people who could ingeniously find a new use for obsolete equip-
ment. When I wvas given the opportunity to be part of the effort 1o rcuse a computer, I was delighted.
This seport is the result of my efforts toward the goal of providing documcntation about the D-17B
computer and the proceuure needed to change it from 2 missile control computer to a haboratory

computer.

1 would like to thank Dr. Gary B. Lamont and Dr. Frank M. Brown for their tireless efforts
in advising the Minutema computer project. Also, 1 wish to express my gratitude to AMr. Robert L.
Mitcheli and 1o Mr. Dale Wells. systems engineers at Newark Ais Force Station, for their technical
assistance and for data that they so willingly provided. My sincere appreciation is due Mr. Robert G.
Durham for technical help and the AFIT wortkshop for their excellent craftsmanship.

A special thank you is due my wife and family fo: their patience. encouragement and
assistance in preparing this report.

Douglas J. Alien
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JAbstract

The D-l7’B comrputer is a digital minicomputer that is used in the NSQ-10 Minuteman 1
missile guidance system. This system has been made available for reutilization by qualifying
agencies. Documentatior cencerning the procedures to convert the computer for general purpose
use is being géncmted by the Minuteman Computer Users’ Group. This report is addressed toward
part of that effort.

Before the conversion process is begun the computer may be tested to determine useability.
An inexpensive forced-air cooling system will allow operation at ambienat air temperatures up to
85°F. Fragmentary descriptions of the D-17B previously available are supplemented in this report
by a description using the states of control flip-flops. This state description is uscfui as a study
plan and 2 nuimfnnnoe guide. Suggestions of educational a{;plications and a data input bus are in-
cluded. This thesis can provide the information nectssary to convert the D-17B to a laboratory

computer and it contains data for thoss interested in similar conversion projects.

vii
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L_Introduction
O This thesis was undertaken to investigate the conversion of the Minuteman 1 guidance computer
to a general puzpose faboratory computer and to provide a state description of the computer. In
ordes to discuss this preolem in more detail. it is necessary to consider the background of this problem

and some general definitions of compitter classes,

Background

The modernizat >n of the Minuteman Intercontinental Ballistic Missile Force has made it
necessary for the United States Air Force to declare over 1,000 outdated inertial guidance systems
unserviceable. Each of ¢ ese model NS-10Q guidance systems contains a D-17B computer, powes
supplies, and the unclassi ied parts of the stable platform.

These systems are available, for only the shipping costs. to colleges and other qualifying
organizations. Unfortunately, written procedures for reutilizing the system were nouexistent and
only fragmentary ¢ scriptions of the machine were available. Thus, this effort met an early impasse

: 3 because of the lack of documentation conceming the D-17B.

‘ The Minuteman Computer Users® Group (MCUG) was formed by Dr. Charles Beck at Tulane
University for the purpose of consolidating the efforts of potential uscs of the D-17B. It is intended

j that the members of this cooperative may share the rosults of their research and overcome the initial
reutilization problems (Ref 7:ii). The Air Force Institute of Technology (AFIT) is a member of the
MCUG and it is hoped that this report will be used as part of that effort.

AFIT obtained two NS-10Q Minuteman 1 guidance systems in June 1971, Since that time,

four thesis projects have been undertaken as part of an overall plan to conveni a D-17B computer
from one of these NS-10Q systems into a useful laboratory computer. One of these projects (Ref 8)
developed 2 control console for the computer. Another project (Ref 13) developed an input/output
interface, ard a third cffort (Ref 9) produced a software sim.ulation for the D-17B. The fourth thesis
project is the subject of this report and its nurpose and plan of deveiopment will be explained in the
following paragraph.

Definiticns and Problem_Analvsis

In order 1o accurately duescribe the unme $fied D-17B computer and the planned modifi-
cations, it is nccessary to define a general-purpose and special-purpose computer. A general-purpose
computer is a computer designed to solve a wide vasicty of problems. In contrast, a special-purpose
computer is desizuad to solve a specific problem or a restricted class of problems (Ref 4:202). The

s D-178 computer can be considered to be cqually worthy of cither title. It was constructed along the




GE/EE[12S-2

lines of a general-purpe e computer, but when used as part of the Minuteimnan System it functions as
a special-purpose machine.

Essentially thet , the problem involves changing a special-purpose computer to a general-
purpose compuier. Th extent and type of modifications depend upen the following assumptions.

Assumptions ( omputers similar to the D-17B arc commercially available for icss than
$10,000. It can be asiv-ned that tuture users of the D-178 will require minimal conversion expendi-
tures; otherwise, it woul; be advantagecus to purchase a new machine. It is also necessary to assume
that the computer and x:ssciated power supplics would be uscd in their present physical package,
which is a right circular ~ylinder, 29 inches in diameter and 20 inches hich. These dimensions could
be reduced by repackagir g the consputer, but the cost of such a modification would be prohibitive.

It is assumed th: t the modified computer will be operated in a laboraiory where the temp-
erature of the room can be controlled within the range of 65-83°F. This assumption provides a
standard for desicning a new cooling system for the computer.

Subproblems. Siace the computer was cooled in its original configuration by
special equipment assvciated with the Minuteman Missile. a new cooling system must
be designed. This design will be under strict economic limitations and should be as
silnple as possible

In order to operate the D-: 7B computer, the user must know how the machine
functions. A major subproblem of this thesis will be to desciibe the computer in scveral
ways so that each user may choose a description that best suits his application.

A third subproblem will be to develop procedures that will aliow future users
to detesmine the operational status of their particular D-17B. These procedures are
desirable since they give the user the assurance of krowing that the computer will

opcrate, prior 10 beginning the conversion process. -

Presentatior. of Problem Solutions

Chapter i of this repor. prescats five different types of descriptions of the D-17B: A
physical description, a functional description, 4 description of ihe word format, state descriptions
and mode description.  Chapter I discusses the initix} preparation, checkort, and a cooling system
for the computer, and is written for the technician who s faced with installing the D-17B in the
laboratory. Chapter IV bricfly discusses some applications of the D-17B, and Chapter V presents

conclusions and recommendations for future investigation.

(2]
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II. Descriptions of D-17B Comnputer

In this portior of the rcport the D-173 computer will be described from five
basic points of view. [hese descriptions range from a general overview to a specific
amalysis. First, a basic physical description will be presented: second, the computer will
be described in terms of five function:z! sections; third, the word format and information
necessary for programning v ill be briefly discussed; fourth. register transfer will be
described using state d.agram techniques: and, finally, some alternate descripiive techniques

will be covered. Genesal specification of the computer are listed in Table 1.

Physical Description
Size and Compusition. The D-17B computer occupies one-half of a right

polygonal-cylinidrical skell. This twelve-sided cylinder is 20 inches high, has 3 maximum
radius of 29 inches and the shell is 6 inches in depth. A power-supply for the complete
NS-10Q guidance system is contained in the remainder of the shell. A stable platform,
the third major item: of the NS-10Q, occunies the cavity formed dy the computer and
power supplies.

©  The computer alone wcighs 62 pounds and is composed of 76 printed circuits

and a rotating disk memory (Ref 1i:16).

Power Requirements. If the associated power supply is used with the D-17B, it is necessary

to provide 28 VDC, 19-2§ amps from an external source. The computer may be operated without
the accompanying power supply; however. it is necessary to supply fourtcen separate DC voltages
as well as 1200 and 400 hz alternating current supplics. These sccondary power specifications are
listed in Table Il. Power consumption for the computer alene is approximately 350 watts (Ref 11:16).

Functional Description

The D-17B may be divided into five basic functional parts: the Control Unit. Arithmetic
Unit, Memory, Input. and Output. This division is shown in Figure 1 (Ref 13:TR29).
Basic Components and Terminolosv of the D-17B.  Each functional section of the D-17B is

caml;oscd of basic componcats o building blocks that are common to several parts of the computcer.
These compenents must be described and common terminology must be defined in order to adequately
describe the functivnal parts of the computer.

The term bit will be used as a shortened form of binary digit. Thus, a bit of information may
be stored in a twosstate device such as 2 flipdiop. An extension of this notion kads o an ordered set

of binary cells, such as flip-flops, and this vrdered set is called a sepister (Ref 4:15).
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TABLE |

General Specifications of D-17B Computer

TYPE Serial, synchranous
NUMBER SYSTE' S /‘Bmary. fixed poiat, plus 2°s complement

-———

LOGIC LEVELS ™ Faise—0 volis: True §- —10 volts (Negative logic)
DATA WORD LENGTH 24 bits i
. 11 bits - (split word]
INSTRUCTION WORD .
LENGTH 24 bits
NUMBER OF
INSTRUCTIONS 39
EXECUTION TIME Varies with each instruciion type
. Add 78.125 micro sec
multiply 1015.625 micro sec.
CLOCK FREQUENCY 345.6 khz
ADDRESSING Direct Addressing .
Two-address and 3-address instructions
MEMORY Ferrous-oxide-coated disk
2,727 word (24 bits) capacity
78.125 micro sec. cycle time
INPUT/
OUTPUT 48 Digital lines (output)
; 28 Digital lines (input)
12 Analog lincs
3 pulse lires

Information adapted from Ref 2:23
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TABLE Il
C‘ D-17B Computer DC Power Supplies, Voltages, and Tolerances
J

’ \62!‘!:3 #" Tole.ance l\h‘ ’p!!’fp Cu{tleAm Plugumﬁ .

! 35 45 100 100 ¥ 20% 2312 23
25 2% 100 428t 207 1231 14
-10 .2 100 3810 ¥ 207 1231 20
5  ezss 100 160 ¥ 207 32(50) 9
X3 2% 100 1380 ¥ 20% 12(31) 24
3 2 100 s20% 20% 12(31) 18
25 0.255- 50 P301 9,11
10 % 100 500 * 10% 2(31) 13
9 2% 100 1855 + 207 n 25
425 0.25% 50 . P301 20,22
45 0.25% 100 75%20% 32(50) 20
+6 2% 100 185 ¥ 10% 12(50) 2

M T 410 2% 100 1060 + 20% J2(50) 16

. -10%
+15 2% 100 1600 2. 207 32(50) 9
425 2% 100 650 ¥ 202 32(50) 17
435 2% 100 870 ¥ 20z 32(50) 19

a. Number in parenthesis indicates the number of pins in the plug.
Adapted from Ref 3:99, 16:3-7, 7:6.
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The term worc: is used for a gioup of digits that represent a basic unit of information
(') to the computer (Ref 6:3). A wozd, then. is the information that may be stored in a regis-
ter. In the D-17B, the information carrying part of 2 word is 24 bits in length with three

additional bits used for timing as shown in Fig. 2.

o B Tnlntntrlelele Wb Wy Mnlolelahhlhhhh Hi

m! 20 SwiaRY 01 H0ACRON @3 comwumants | 2 2

o Ve, _tp 1o tn oty b i hy Ty Ty Toln oy Ta bl fsly iy o h 1y 7

w4
W
'm! i
: !i"‘;‘ 0 SNARY o8 HATRON L 3
I, v
i \: ]

'

z G 9 SDeARY T MRalhOme

Fig. 2. D-17B Word Formats (From Ref 2:16).

A word may be divided into two parts to represent two different numbers. In
the D-17B computer this process is called split-word operation. During split-word oper-
ation the term rizht half-word applies to bits 0 through bit 11 and left half-wozd appiies to
biis 14 through 24, as shown in Fig. 2.

A Joop is a register compused of flip-flops and bits that are stored on the magnetic disk memory.
As ths memory disk turns. the infosmation is read into a read flip-flop and written back onto the memory
disk by a write flip-flop. as Jdepicted in Fig. 3.

Sénce Joops are special serial registers. both 1ezms Joop and register will be used to refer to
Joops in the description of this computer.

The term word-time 15 derived from the length of time required to circulate an entire word in
2 oncword loop. A word ume nuy be further divided into “bit timss™ since a bit is onc-twenty-scventh
of a word,

The bits in 2 word muy be coded 10 form an instruction for the computer. Diffcrent paris of

(" the word may be deceded to mdicste spoatic mtonuation such as the “address™ o memosy location: w0 .

the next insiruction. A part of the justruction which is allocated for such a special purpose is called
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Fig 3 Typizal D-17 B Recirculating Register (From Ref 2:14)
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a field. Fields are also commonly used to indicate what operation is to be performed (Op Code) or
what addresses of numbers ase to be used in the operation {operand). This leads to a method of
classifying instruction words-by the number of addresses in the inshuction (Ref 10:452),

Control Unit. The primary function of the Conu.o.l Unit is to interpret machine instructions
and direct the e;ecuxion of these instructions. Therefore, the Instruction Regiger (1) is one of the
major components in the Control Unit (Ref 11:16).

The Hoop-or Instruction Registar is composed of one delay flip-flop, lp’ and a read and 2
write flip-flop, 1, and 14 tespectively. Twenty-four other bits of th:s one word register are wiitten on
the disk memory. New information may be entered into the [ loop vhen the control flip-fiop I
is “one™ set; otherwise, the information circulates from the magnetic disk through the 1 flip-flop and is
re-written on the. disk in a continuous loop.

The 1 register receives the computer instruction from the memory and holds that instruction
for part of the instruction interpretation. Prior to exccution, the instruction is read into various buffer
segisters and the I register is free to receive the next instruction 1o be exécuted (Ref 11:16).

The Operation Buffer Register is used to stoze the instruction operation code prior to execution
(sef State Description ¢2). This register consists of flip-flops lp’ °b3.°b2,°bl' During the last word time
of exccution, the next instruction is serially loaded into the Operation Bufier Register, then parallel-loaded
into the Operation Code Storage Register. Flip-f}?ps. 04' 03’ 02’ Ol’ form the Operation Code Storage
Register which serves primarily to hold the op c:xle dyring exccution (see Word Format for an explan-
ation of the Op Code) (Ref 11:27).

Storage of the operand information is accomplished in 2 similar manner by the Channel Buffer
Register and the Channel Storage Register. During the Instruction Read operation, the operand channel
information is fed into the Channel Buficr Register, flip flops Cy5 through Cpy;. When the oét:md
sector is found (see memory for discussing sectors), the operand channel is paralicl-loaded into the
Channel Storage Register, flip-flops Cg through €. This register then holds the operand channel in-
formation during execution of the instruction. Some operations do not require an operand and the
Channel Storage flip-flops may be used as additional hardware to execute the instruction. An ex-
ample of this application is the Character Output operation: four bits of the Accumulator are shifted
into the Channel Stosage Register 10 be output to the character output lines (Ref 2:TR-72).

Flag Storing is a special operation, and it is explained in the word format description. In
this operation the pievious contents of the Accumulatos are stored in a channel specified by the in-
struction. A code for that channel number is loaded into the Flag Code Buffer Register, Sp3- Spa-

Sp1- when the instzuction is 1ead. At the first bit time of execution the Flag Code Bulfer Register is
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parallel-loaded into the Flag Code Stoiage Register (Ref 11:TR45). A set of diagrams showing the
codes that may be loaded into these registers is displayed in Fig. 4.

Whes an operand is read from memery it is loaded into a repister of the Control Unit called
the Number Register. The Number Register or N-loop consists of thrze flip-flops, Np. Nago Ny, and

twenty-four bits of memory. The thiee flip-flops No. Ny g and Ny ure used for delay, writing on the

memory disk, and reading. respeciively. and a fourt: flip-flop, N, cor trols the entry of new infor-
mation into the N-oop (Ref 11:31).

Thete are four OQutput Control registers which are a part of tiw control unit. The composition of
these registers will be discussed here, but their functional task will be discussed in the Qutput functional
description. The Discrete Output Register is contained in the Control Unit. It consists of five flip-
flops, D5 through Dy, which, together with a Discrete Output Matrix, control the twenty-eight
Discrete Oulputs: Digital-to-analog conversion control flip-flops form three registers of eight flip-flops each.
The registers are designated V), Vaj and V3i,i=1,*-8. The Binary Output Control Register con-
sists of three flip-fiops: Gg3, G». G- )

Timing control of the D-17B is achieved using a bit counter that is controlled by the sector
track of memory (see “Memory™ for a discussion of the sector track). The bit counter is a set of
ﬂil;-ﬂops that are used to distinguish bit times of the serial operations of the computer. These flip-
flops ate designated By, B, B3, B4. B, Bg. Tp. T Ty TP' Ty. and T are timing flip-flops that are
“one™ set only at the beginning and ending of words (the use of these flip-flops is apparent in the Word
Format discussion). B is used to di:..nguish between odd and even bit times and B, is “‘one™ set and
“zero™ set at alternating two-word time periods. Bj is “one™ set ouly during the right and left split-
word bit times. B, and By are counting flip-flops that support the other flip-flops of the bit counter.
Bg is “zero™ set during the first half of the word time and “onc™ set during the sccond half (Ref 13:25)
The relationship between the B flip-flop and the word 1imes is shown in Fig. 5.

These are the major components of the Conirol Unit. Interaction of this function and the
following functional units will be discussed in the State Description of the D-17B.

Arithmetic Unit. As its name implics, the purpose of the Arithmetic Unit is to perform the
calculations as directed by she Control Unit. Each of these Arithmetic operations is explained in the
State Dosciption.  This unit consists of two one-word registers, the Accumulator and the Lower Accum-
ulator. (Ref 11:17)

The Accumuiator holds the resuits of all arithmetic functions and is an output register for the

voltage, binary. and character output operations (Ref 11:17). In addition to 23 bits on the magnetic

disk, it is composed of two delay flip-tlops, '\p and As g, 3 write flipflop, Ay3.and Ay, a read fip-flop.
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When the coatrol flip-flup, A is “zero” set, the A loop is allowed 10 circulate and new information
. may be serially loaded ino the Accumulator when A is “one™ set (Ref 11:30).
' The Lower Accmnaulator, Ldoop, is used for rapid access storage, character inputs, and logical
operations. It consists ! two delay flip-flops. L, and LP’ one write flipflop, L, 4. a read flip-flop,
- L,. and twenty-thsee bit. va the magnetic disk (Ref 11:31).

Memorv. Memoty in the D-17B is a rotating magnetic disk. Information is transferred to
the magnetic disk by stai wnary zead and write heads. This information remains on the disk until new
data is recorded. Therefor®, this information is in non-volatile storage; that is. the informatio nremains
stored éven when power i« removed from the computer. However, the loops may be considered as
volatile storage, because th: flip-flops that are part of the Joop will be activated in a random state when
power is returned to the computer (Ref 11:17).

Iu order ;o define specific locations in memory, the disk is divided into 128 radial divisions
(sectors) and 21 concentric tracks (channels) as shown in Fig. 6. Ths sectors are numbered octally
from 00 to 177 and channels are numbeted in an even octal progression, 00,02, -, 50. (Channels
are numbered evenly because the least sgnificant déeit of the octal number used for channel addressing
is part of the sector address). The sector numbers are recorded on the memory in a special sectar track,
S; h.m'cve:. these sectors are numbered one sector out of phase for timing purposes in the computer.
Each channel and s2ctor number designate 27 bits (onc word ) of memory. Twenty of the channels
are called “cold storage channels™ because the write heads on these channels may be deactivated
(Ref 11:17).

In addition to the part of memory defined by the sector and chanael divisions there are ten
secirculating loops, which are used in input. arithmetic, and rapid storage operations. The A, L.N, and
1 loops function as part of the Arithmetic and Control Units. Rapid access storage is provided by the
Uoop, which is a one-word registcr consisting of 2 read ﬂip-ﬂ.o;'). Up. and a write flip-flop, Uy, and
twenty-five bits stored on the memory disk.

The F loop, 2 four-word Japid access storage register.-is compriscd of Fp. a write {flip-flop,

Fy, a read flip-lop, and 106 bits on the memory disk. Two other four-word loops, V and R, are
used as input keops. The V loop contains a Vp and V, flip-flop and the R loop usss 2 Rp ad Ry
flip-Nlop for write and read functions tespectively.

Rapid access storage of cight words is provided by the F loop which is composed of a read
flip-flop. E,, 3 vrite flip-flop. !Zp. and 214 bits on the rotating disk. A read amplifier, Ep . is provided

at the midpoint of this register to allow rapid access to the E koop contents. The H loop is 2 16-word
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sapid access storage register. Like the other loops, the Hp and H, ilip-flops are used for writing and
reading from the memory disk. Asn intermediate read amplifier, H_ | is provided at the midpoint of
this register to allow rapic access reading (Ref 11:34).

Inputs. _ In this report, inputs to the D-17B will be discus.ed in two general classes: conitrol
input signals, and data inputs. Control input signals are those signais wh.ich would be generated by
2 control panel or input d2vice to cause the computer to enter a paticular state or to accept data.
Data inputs are deﬁpcd as character input signals and discrete input -ignals. Both classes of inputs,
associated common symbcis, and plug connections are listed in Table 11I. In the following discussion
of both control and data inputs, voltage ranges and general specificit.ons are given; however, these
ranges have not been completely tesizd on the computer at AFIT. I is known from experiments that
these ranges are conservative and that successful operation has been cchicved outside the listed ranges.
These input voltage levels are adjusted by input circuits in the computer to obtain the level required
for machine operation. The adjusted signal is signified by adding a (*) to the standard symbol, thus
an adjusted fill signal wou!d be F.2 .

Discrete Disable, Ddc' is a contro! input signal which deactivates the discrete output signals,
The “true™ or “1” level is +10v with a worst-case current of 2.2 amps. Typical load is 135 milliamps.
Falie level is -25v with 4.0 microamp load (Ref 1:69). .

The control signal Enable Write, E, ., controls the write {lip-flops in the memory “cold
storage”™ channels (00-46). “True™ for E,. is +35 to +39v into a 120 ohm resistarice connected 1o
-30v into a 1 meg ohm impedance (Ref 1:68).

Initiate Joad or Fill signal, Fsc' allows the computer to leave the Manual Halt states and entcr
the Wait state. “True™ or **I™ for this signal is -16 to -30v into a 82k ohmis resistance connected
to +25v, The “f=lse” lcvel is +6 to +30v into a resistance of I meg chm.

The Mechanical Reader Input Sigmal, I . is rot used in the control console at AFIT. It
may be used as onc of sevcral commands to enter the Wait state (see State Description). I, has the
same specification as the Fill signal. '

The Halt prime or Run, K', ., input signal allows the computer te enter the compute states.
“True™ for this signal is -16 to -30v into 3 4.) k ohm sesistance connected to 25v and the “false™
level is 46 to +30v into 1 meg ohms (Ref §:63).

Ky and K are both used as symbols for the halt or run prime signal. It is used to cause the
computer to enter the non-compute states. Signal specifications arc the same as Ky, (Ref 1:63).

Single-step Prime Input is used to cause the computer to execute only one insteuction. Two
symbols appear in the literature for this signal, K . and K. . “False™ level is 42 to +30v and “true™
is -3 to -30v {Ref 1:67).

15
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Input Name

Disable Discrete
Enable Write
Initiate Load

or
Fill Signal
Gyro Bottom
Mechanica® Input
Character Inputs

Halt Prime

Run Prime
Master Reset
Sprocket Timing

Sprocket Timing
Prime

Discrete Inputs

TABLE 1ii
D-17B Computer Input Locations
Inpui Symbol

Ddc
Ewc

X17C
XisC

16

Plug and Pin Number

J1(100) 2 .23
J1(100) 93
Jg-24

J10-22
J8-17

Ji-1
172
173
114
175

JI-17

18-16
J1(106) 9C
J8-38

376

J1(100) 96
31(100) 97
33(100) 98
J1(100) 99
197
31025
19.2

39-3

194

39.5
310-19
13(100) -63
J10-20
J3(100) <48
J3(100) -18
33(100) 65
33(300) 66
110.21
19-10
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TABLE i (cont) &
O Input Name Input Symbo! Plug and Pin Number

Discrete Inputs (cont} YIC 310 -1

Y2C 310 2

Y3C J10 -3

Y4C J10 4

Y5C . J1(100) 95

Y6C J1(100) 94

YIC 33(100) -76

Y8C i1

Y9C 19-12

Y10C 19-13

Y1iC 19-14

Y12C 1915

Y13C 19-16

Y14C 19-17

Y15C 1944

Yi6C 1945

Y17C 3946

Y18C 199

Y19C 33(100) -29

Y20C 33(100) -28

Y21C 33(100) -17

Y22C 33(100) -16

Y23C 13(i00) -6

Y24C 13(100) -5

a. Number in parenthesis indicates totai number of pins in plug. Information obtained from
Ref 5: Fig. 3 and through experiments with D-17B computer.

!
9

e hnt e

s o 10 e
! H
AN -"




GE/EE/[72S-2

Master Reset, M, is used to set the control flip-flop to a specified set of settings. Signal
specifications are similar to the Fill signal specifications.

The S?rocket Timing input signal, T, is an input whick: <auses the computer to accept
data from the character input lines. “True™ level 1s -3 to -30v a.ud “false™ is +20 to +30v. The
inverse signal is T, however. T7, has the sawe signal specificatioas; twe is -3 to -30v and false is
+20 to +30v.

Input signals lis ed in the above paragraphs are control inj uts. Next, the data inputs will
be specified. Character nput lines, I, to I, provide input codes for both command and numeric
data. These codes are listed in Table IV. Signal specifications for he Character Inputs are the same
as the Fill signal (Ref 1:02).

Discrete inputs X, - Xjg. and Y ;. - Yo are two sets of on-off type signals which may be
loaded directly into the Accumulator under program control. A special discrete signal input Iy,
is available and may be reset under program control. In the original configuration, this signal was
used to indicate a gyro malfunction. Signal level requirements for thesc signals are the sa-ne as the
Fiil signal (Ref 2:46).

Outputs. Four types of output signals will be considered under this fuzctional heading:
single claracter, binary, analog voltage, discrete outputs. Voltage limits and load limits are listed
with each of the outputs; hiowever, these limits were extracted from Ref 1:40-39 and were not tested
as part of this report. Pin connections for these outputs are listed in  Table V and Table VI.

Single characters may be Gutput on output lines S 4 through S 4 Under program control
the four most significant bits of the Accumulator may be shifted to the lines for a period up to
31 word-times as dictated by the program instruction. During the above period a timing signal
is supplied on output linc S ct and evez: parity is indicated on line S g “Truc™ level for the
signals is -23.7v through 3 1 k ohm resistor and maximum load is 50 milliamps. “False™ level is
+10.8v through 2 k ohm 1esistance for loads up to 1.4 milliamps and +25v through 3 12 k ohm
resitance for Joads above 1.4 mii!iamps. Maximum current from the circuit should be 3 millizmps.

Binary Incremental Qutputs were used in controlling the navigational gyros. These outputs
are changed by the Bimary Cutput instructions which cause one of three flip-ilops to be set according
to the sign of the Accumulator. When the BOA instruction is exccuted, the G flip-flup is “onc™ set if the
Accumulator is negative and “zero” sct if the Accumulator is positive. Output line Gy, is “true™ if
G, is “onc™ sct and line Gyg is “truc™ il G, is “zero™ set. Similarly. the BOB instruction controls
outputs Gg and G and the BOC instruction contruls the G3g and Gy, output lines. “True™

for these outputs is -10v through a 470 ohm resistance  requiring Joad currents less than E5 milliamps.

18
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TABLE IV
Character Input Codes for D-17B
Linc Codes
Input I I I3
Number 0 o (i ]
1 1 0 (]
2 h) 1 (]
3 1 1 (]
4 J 0 1
5 1 0 1
6 ] 1 1
7 1 1 1
Command Halt O (i 0
Location 1 (] 0
Fil 0 1 (]
Verify 1 1 0
Compute 0O 0 1
Enter 1 0 1
Cleat 0 1 1
Delete 1 1 1

(Information from Ref 2:37)

9

&—

®© © © &6 0 6 © ©

o o

-0 @

-0 O = O




GE/EE/72S-2

TABLE V

D-17B Computer Output Pin Connections

Output . Symbols Pin Connections
Character SC 10 J6-19
Outputs m‘)o J6-20

SC;O J6-21

SCa0 Jo2

SCso J6-23

SCeo 36-24
Binary . Gw 3t0-12
Incremental G, 1 Ji0i3

Gyy J1015

630 J10-16

631 J10-37
Discrete DOt J10:5
Outputs ) 4] J106

’ D0O3 1107

D04 s

DOS 33(100) -8A.

D09 13(106) 9

D10 J10-31

D11 J3(100) -64

D12 J6-3

D13 J3(100) -89

D14 J6-S

DiS J10-30

D16 J3(109) -100

D17 * J10-29

Di8 J9-25

D19 1926

D20 1923

D21 J10-32

D22 J9-28

D23 J9-29

D24 33(100) -74

D25 19-30

D26 J9-31

D27 J9-32

D28 J9.33

D29 J9-34

D30 1935

D31 19-36

A-Number in parcnthesis indicates total number of pins in plug. Information obtained from

Ref 5: Fig 3 and through experimentation with D-17B computer.
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TABLE V1
O D-17B Computes Digital-to-Analog Voltage Output Locations
Phase Register = Voitage Output Associated Outp st Pin Connection
Settings Symbol Instruction
BKP No Voltage Output .
P3P P VO;o VOA J109
VO,q VOB 11010
VO3q voC J10-11
BKe vOoy, VOA J3(100)2 -21
or VO, VOB 33(100) - 10
P3P Py VO3, vocC J3(100) -19
3PP VO, VOA 33(100) 46
or . VO,, VOB 33(100) -59
P3P, Py VO3, vocC 33(100) -52
3PP VO3 VOA 33(100) -7°
or VO,3 Vo8 33(100) -9t
P3P P VO3, voC 33(100) -87

a. ‘Number in parenthesis indicates the total aumber of pins in the plug. Information obtaincd from
U Ref 11:TR70. :

O
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“False™ voltage level is -1 Ov through 470 ohms with load currents less than 30 milliamps.

Three separate digital to analog converters are available in the computer output networks.
Voltage values are proportional to the split word contents of the Accomulator. The VOA instruction
causes the most significant bits of the split word in A to be transfcred to the Voltage Output
Register number 1. Flip-fiops in this regi-ter direct plus and minus 3v to cight different points in
a resistor network 1o prod sce aun output voltage between £ 20v. ¥ bit .14 is a “17, the sight half
of the Accumutator will be used for output, otherwise the left half-word will be used to specify the
voltage flip-flop sen.ings. Similarly, the VOB and VOC instructions « ontrol output register V,;
and V3i (i1, ...8). The tarec voltage outputs may be dirccted to any one of four sets of output
terminals depending on the Phase Register Contents. The setting P3. P3, P} inhibits all voltage
outputs; other Phase Register settings and pin locations are shown in Table VI. Symbols for the out-
puts are VOi where i is either 1, 2, or 3 comresponding to the VOA, VOB, and VOC instructions
sespectively. The second subscript, j, refers to onc of the four Phase Register settings (Ref 11:TR70).
AR of the outputs vary between 20v at 2 maximum losd of 4 milamps,

Twenty-eight discrete cutput lines are available and may be turned on and off under prograv
control. Discrete linc DOy is the only line that may be “on™ while another disciete output is on.
If DOy is on and DO, DO,, or DO3, is tumed, it will remain on. In all other cases , if any dis-
crete output is “on™ and another discrete line is activated by progr::m control, the first discrete
line will be turned “of ™ (Ref 9:TRS). The on or “true™ voltage level for these outputs is -23.7v
through 21k ohm resistor with a maximum load of 30 milliamps. “False™ is indicated by +10.8v
into a 2 k ohm resistance for loads up to 1.4 milliamps and +25v for loads greater than 1.4 millizmps:

however, the load must be less than 4 milliamps.

Computer Word Formats

In this description the word formats of the D-17B will be cxamined: however, no effort will
be made to explain the details n2cessary for programming. This task hias to be accomplished in the
Minuteman Computer Users® Group Report MCUG-3-71 (Ref 6).

All words in the D-17B consist of 27 bits, although thiee bits are used for timing. The re-
maining 24 bits may be presented in thiee basically different formats:  whole number, split number,
and instruction. These formats are shown in ng. 7, for reference in the following discussions.

Whole Number Format. (Ref 3:23.25) All 24 bit< of one word may be used to stors one

number in the whole number format. The number is in 2 complement form and the wenty-
fousth bit pusition is the sign bit. Bits TP’ T,. and T, are the timing bits.

Split Number Format,  (Ref 3:24.25) Similaly, two nuinbers may be stored in one word

"
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of twenty-four bits. Bits To4 through Ty, form the left half-wor¢ and Bits Ty thsough Ty form
the right half-word. Ta4 and Ty are the respective haif-word sign bits and bit positions T 3 and
Ty are not used.

Instruction Format. (Ref 3:26-28) Instructions take on tvo basic forms in the D-178 depending
upon the contents of bit position Tq. This bit position is the “Fiig b.il" and is a signal or flag to
indicate that the instruction is a flag-store instruction. A fiagstor: instruction will cause the computer
to store the contents of the Accumulator in the loop indicated by a sode in Tyg, T)g. and Ty bit
positions of the inst.mclion. First it is necessary to describe the unfl igged instruction in order to
consider the flagged instru ;tion in more detail.

An unflagged inst;uction contains five fields: the op code, t'g (always 0), next instruction
sector, operand channel, and operand sector. This format is commonly called both a one and one-
half address and a two address instruction. Either name would seem to be correct since two address
are actually present; however, oaly one-half of one address is explicitly shown. These ficlds are shown
in Fig. 7 and will be given specific symbols in the following sections.

The flagped instruction may be considered a three address instruction since three addresses
are actually present. The six programmable fields of the format are: op code, flag (always 1), flag
storage location, sector of next instruction, operand chaancl, and op’etand sector. One should note
that since the address of the next instruction is shortened to four bits in this format, the instruction

must be within 16 sectors of this instruction on the memory disk.

State Description of the D-17B
Opcration of the D-17B may be described by considering the various confizurations that the

control flip-flops enter when the machine is exccuting a program. Thus, a state of the machine is
defined by a particular configuration of the control flip-fiops. States may be represented on a
diagram which depicts the various paths that the machine may cycie through during program execution. This
state diagram may be used in conjunction with a description of the information exthange between
registers to completely describe the machine operation. The procedure used to formulate this descrip-
tion was cssentially to reverse the process of computer design as described by Chu (Ref 10). Aay
number of diffcrent state descriptions may result, depending upon the set of two state elements
(Bip-Nlops) that are chosen as control clements of the machine. The control clements used in this
patticular description were picked by trial and c;.or using the following criteria:
1) The states of the machine should be closcly paralicl to the existing descriptions of the

computer.
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2) The overall state description should be as simple as possible, yet there should be a sufficient
number of states to describe all the machine operations.
State Descriptions have the advantage of being a visual descript.on, hence, they are easily under-
stood and are capable of displaying large amounts of information in a concise form. Even more im-
portant, the state diagram provides a systematic approach for descripag how the computer functions.

Register Transfer Notation.  In order to conveniently describe information transfer between

registers during each state it is necessary to adopt a type of shorthank convention to condense the
description. The sy;t\bols used in this noration are listed in Table VI' and are an adaptation of the
system used by Chu (Rcf 10:378).

State Diagram. [n this report the siates of the computer have been broken into two major
classes or modes, Compute (K) and Non-Compute (K’). This division was selected to allow the reader
to easily correlaté the state description with descriptions alrcady published. The states in these classes
are represented by nodes (circles) and are numbered with an identifying numbe:. Configurations of
the major control flip-flops which cause transition between states are lisied: beside the transition path
on the diagram. Associated with each state diagram is 3 tabk which lists the states by number and
name and the information trantfer which occurs during that state. The NonComputc states arc Gis-
played in Figs. 8 and 9 and Table VIH lists the associated register transfer notation. Compute states
are shown in Fig. 10, 11, 12, and Table IX lists the register transfer notation. Table X is a list of
boolean cquations associated with the register transfer slatcr;:ents in Tables Vill and IX,

Assumption.  For the purpose of this descriptior;. it is assumed that there is a control panel
associated with the computer which supplies the input signals listed in Table V (Ref 8 and Ref 13).
These inputs are changed to the voltage level required for use inside the computer. After this voltage
transformation is completed. the signal is renamed and given a * designation. The “starred™ signals
are in a direct logical relationship with their genesating signal: for example, when T, is 2 logical “1.”
T2 is also a logical “1™,

Non Compute States. (Ref 11:56 aind 15:1.1-2.15)

Power on Random State.  When power is applied to the D-17B, the controlling flip-flops will
become activated in 2 random state. Depressing the “MASTER RESET™ switch causes the computer
to enter a Prepare to Operate state where initilization is begun (See Fig. 8).

Prepare to Operate {nl). In this state the phase segister is initialized to an idle mode. F is

turned off to prevent the computer from entering & special state called fine countdown. The Discrete

output control register is initialized to prevent random disciete outputs and various other flip-flop are
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TABLE VI

Registes Transfer Notation Used in the State Description of the D-17B Computer

Symbol Description of Symbol :

() _ Parentheses denate contents of a register. ‘e

{1 Square brackets d:note a portion of a register.

ofl]} . A lower case o inlicates the operand address
part of the instru-tion.

o 1] A lower case ¢ indicates the channel ¢ tiie operand
address.

C | A lower case s indicates the sector portion of the
operand address.

off 1] ) Lower case op indicates operation code portion of

g an instruction.

fi 1] Lower case f indicates the flag field of an instruction.

sl | Lower case sp indicates next instcuction sector
portion of an instruction.

sf ] Lower case sf indicates the flag storage location of

- of a flag store instruction.

iy J Lower case | designates the left half-word of a
register:

i ] Lorver case r designates the right half-werd of a
register.

M(P) - These symbols indicatc a word location of memory

M(cs ? designated by P or by channel ¢ and sector s.

Mdlcs ) This symbo] designates the contents of the above
memory word location.

= Double arrow indicates the transfer of one register
(or part of a register) to another register.

+ This symbol mcans arithmetic addition.

- This symbo] means arithmetic subtraction.

X This symbol means the multiplication operation.

A colon following a Boolcan statement indicates
that when the Boolean statement is true the sub-
sequent operations vccur.

- A single arrow denotes the sequence of operations
from vne state to another.

10> This symbol indicates that the two state device
(Tip-flop) Dy is “one™ set. “Zeto™ setting is ex-
pressed with a preceding zero subscript.
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Symbol

TABLE VI (cont)
Definiticn of Symbol

This symbol indicates the exclusive or operation.
This symbol indicates the logical and operation.

L mws mee
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TABLE Viil

Register Transfer Equations of the Nen Compute States of the D-17B Computer.

N Note : This tablz may be used with Table X, the number in pasenthesis to the
; right of the rezister transfer equation designates the associated equation

in Tabl- X .
State State Naae Information Transfer
Random § ate Mr :0 =K, J, Vc
Master Res:t 1 =R,
Mr
nl Prepare to O =P, F..D;,Q,8,. E
Operatc 04 . O‘
1= Sb3. D . 02
nl ‘!'p 1>
nl » n?
n2 Sync Bit n2 40, : 1-= 0, (1)
Counter 1 a2 » n3
k n3 Sync Bit . n3 001 : 0 ’0; )
3 ) Counter 2 n3 R.:0 =R, &)
) 0=k i=12---2121
) 1 =1y Iy
n3 »nd
nd Manual Halt 04 104 :1 =0y @)
idle 1 ™M -~ nd
nd > n?7
nd 0, :1= 0y )
M- ns
oS Manual Halt nS 004 :0 20, ©x7
Interlock nS »nd
nS-n?
nS 002 M 0 3’02 (8)
nS-»n(:
ns th: 1 "Vc ¢2]
nS -9
né Manual Hak 06 10, : 1 =0, (10)
Prepare to T a6 -en5
Load nb !Vc: I-Vc Qan
n6 a9
/\ ﬂ7 M:mu:nl "3" n? 001 :1 90‘ (2)
U e 2 n? end
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TABLE Vitt (CONT)

O State State Name Information Transfer
n7002:0=’02 (S)
!l -8
n7 Vo : 1= Ve Q3)
n7 »n9
n8 Manuai Hal: 8T,:0 =»]
Prepare to n8 ,D :1 =D (14)
Compute 8 (K:1=K (15)
8o 2
n9 Wait M R, 1= R,
n9 - nto (16)
MV 0= Ve a7
n9 -»>n8
nl0 Prepare to nl0 oRc :0 =R, (i8)
Sampie ni0 -» 9
nl0 J:0'=» J 19)
ni0 - nll
nll Sample nll osb3 :0 » Sy3 (20)
N ) B eCy i=1004
15 = Sp3
nll R.:0 = R, (18)
N nil - ni2
nl2 Parity nl2 Cpl :Sp3 = Sp3
Check

nl2 T-;o 1l e 04

nl2 04 :gp.i » (Spi.‘ i=233
pi < tpd
a2 ,Cc:1=C 1)
1%pS
s P
al3 Process Code nl3 ll'c 1l w Lc (22)
Clear 0= 1 i=l1,--23
nl3 L. : 0L, (Q3)
RS RS 24
nl3 -+ n?
nl3 o\I‘. :0= V., (26)
ni3 » a?
2 N
\) nld4 Delete Nc Action

31
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- f TABLE VIICONT)
]
E O State State Name Information Transfer
¢ nlS Prepare to ni5 03:0 =03 ) @
Fill nls JJ: 1w (29
nls - n9
n15 107 :1 =0, (25)
als V. : 0= V. (26)
nls - n?
nlé Prepare to al6 |03 :1 =03 (52)
Verify
nl6 l’ 3 QPSS | (24)
nié6 - ni9
nl6 V. : 0= V. (206)
nl6 - n?7
nl7 Octal nl7 ll.B: 1=k ) Q)
Numbers 017 ;04 : 1 =04 (28)
l'p = Ly
L, » L,
Ly = Cp3
O N cpi = cpi-l i=23
nl? L.:0 =L 23)
nl7 3:1 =) (29)
nl7 » n9
nl7 10, :1 =0, 25)
nl? ch :0 vc {26)
al? - n7
nl8 Location ni8 llc 11 = (53)
(L) =1
a8 T 10 =1
g J 1= el
ni8 - nlo
B8 [0, V. :1 =0, O =V, (25X26)
nl8 -» a7
nl9 Enter 019 (A 1 = A, (39
fvl Fill-Verify (L) »A
1dle nt9 ,J :l1») (24)
nl9 - n9
nl9 '02 0vc 1w 02 . O = vc (2SX26)
al9 - n7
fv1 D:Q =D (35)
fel - fv2
O fr2 Fill-Verify fv2 (Op3:S + | = O3 (36)
Scarch i=2,00.7




TABLE Vill(CONT)
State State Name Infonnation Transier
‘li) =» Cbi;, i= 8,"' ,‘2
fv2 - fv3
fv3 Fill-Verify (Cb) »
Wait 2 M(C) =N
Word times 3 D:0=D 39
vl - fv4
fvd Fill-Verify fvd ‘lp A B lp (41)
Execute
Gf1) 1 =3[t}
fvd olp : 0= lp 40)
(A =M{o[1]) (Fill only)
fed oE lD :0O=E,1 =D (42)43)
fva vl
fvd (S - 1 = Syo (44)
0= V,
- nl9 - nl0
n20 Hslt n20 ch :0 =2V, 29)
n2C -» a2l
Compute n2] »nd -~
n22 Program ﬂZ‘DoE:l-D,OoE (14)31)
Hah fvd - ¥l
< 0= 04 (32
1 =) 33)

Information used to construct this table was taken fiom Ref 7: 55-67 and

n22 -+ n7 or nd

Ref 14: 1.1 - 2.15.
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TABLE X

Register Transfer Equations for the Compute States of the D-17B Computes.
Note:  This table may be used with Table X , the number

in parenthioss to the rght of the sezisier transfer

equativn dessznates the associated equation in Table X

o

State State Nanmx Information Transfer

l Compute TU,85): 1203 i= 14,20
Instruction
Search T, 03 : 1=0,, i=4171824

TiOw : l-’Obl i=5,182321
T,0 : E=ly i=1617

TnOy 1=y

clTola :0= D

¢l - ¢2
c2 ::;dmflm Ti (IPO 3) :1=20y; i=2,---8
Search
Ts 03 = 1 =0y

Te Op3 : 15y
@2Ty30 : 1=N; i=123

2lg T, : 1=1
Ol(Cp)) =]
T, :0=]

c
(124)"19"
;) = Op;ap i =21222

(li) » Cbn i=8,---,12

2l 11 =S,
I =Sy i= 17,0809

Ny Tp @ €2 i i=4,--10,123040, - 44
ATy : c2=ql

QI K> : O0=K
€2 - n22




TABLE IX{CONT)
State State Name Information Transfer
2-+¢}

e3 Last Word ST K :0=K

Time of ol » a2

Execution
o4 Unconditionil 4NjT, : 0=1;,0=D

Transfer o4 -+ 3

STy : Cp) =~ Cpi =125

5 Condit+.nal S ‘l‘x Ay 1= 04
Transf. - S -+c4
c6 Store 6 4S) 1S T 1= Sl’ 1=8, (45) (46)
6 —+ ¢c3

W) =M cll].s[l}2)

cﬁE‘,c : b Lc3
A>MCcl1]).sl1}-2)

- %6 Ty Cyps Cpg Cp3 Cp2 Gy = 1= V¢

6 -+ c3
A+ V= V; i=1,--24

c? Clear and c7'l‘x : 1-Nc
Add 1= A,
- ¢7+¢c3
M{o[I]))= A
8 Add eBTx : O’Ak
8 +c3
(MCo[ 1]))+(A) =A
<9 Subtract C@Tx: O’Ak
. 9 —+c3
A)-MC o[ 1)) =A
cio Split Add cl0T, : O =A,
cl0 -+ ¢3
3 A, 1 »A, “7

(A) + (Mo [1]))im=A
i=12,---11,14,15,--- 24

30, T); : 0= A,

(A)= A i=1213
c3Tp : 0= A .
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State

cll

cl2

cl3

cl4

cis

clé

cl?

cl8

cl9

21

State Name

Split
Subtract

X Special
Complement

Minus
Magnitude

Logical
And To
Accumulator

Enter Fine
Countdown

Halt
Fine Countdown

Reset
Detector

Halt and
Proceed

Load
Phase

Register

Binary
Output
1

TABLE IX(CONT)

' Information Transfer

cll‘l‘x : 0 =A
cll - ¢c3
C3‘A = A

1
(A) -1 Co[ 1]7)i = A = 12,0 LIS,

s0- 24

c3°’l le : O”AC )

(A) =4 i=1213
c3TP : 0 =A,
No Action
ci3 ‘!‘x: cl3 »c3
C31Ac M ]' -DAc
S A : A, -
2’s Complement of (A) = A
cl4 A'24 TX : 1= cbl

Cl‘Cb‘ TO : l-cl

cld - cl3
cls Tx :cls >3
S Ay ¢ AL A
Ap i=1, M4
cl6 1 =F,
c17: O =F,
ci8: 0= D,

<19 T‘: cl9 »c3
c3°I(: 0 =K
c3 » a2

20T, : €20 = ¢3
3:G6= P
;=P
Is = 23
21 Gy : (A) + 1 = A i=17,°70 24
czlG'l : (Ai)_.l sAi i=17,---24

(A29)= Gy

@7

“8)

“9)

(503




R TABLE IX(CONT)
State State Name Information Transfer
22 Binary 222Gyt (A) + 1 = A i=17,---24
Output
2 22 G5 :(Ai)-l-oAii=l7,~-,24
(A39) = Gy
23 Binary 23G3:(AD+1 =A i=17, 24
Output €23G] : (A) -1 =A i=17,.--24
} Ay =G
24 Discrete 24T, : O =»A
Input 24 »cf
A Xp=aA  i=1009
: D, = Ay
Fo = Ay
3 = An
Py = Ay
Py = Ay
c25 Discrete 25T, : O =A
loput a5 cf
. B YD = A izl 24
c26 Discrete €26 T, : ¢26 = c3
Output
A @) =D i=1,""5
27 Volitage 27T, : 0 =4
Output : c27 » ¢3
A Ai"Vlj l4:i=l,"‘.8
lg:i=17,--- 24
j=1-"8
c28 Voltage 28T, : O= A
Output c28 + ¢3
B : Ay = Vy lg:i=1,---8
:i=17,---24
izl 8
29 Voltage 29T, : O =»A,
Output €29 -+ c3
c A= Vy lg:i=1,""8
L ti=17,--- 24
j=1,-- 8
¢30 Y Special No Action
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State

c31

c32

33

c35

cl6

State Name

Accumulator
Left
Shift

Accumulater
Right
Shift

Split
Accumulator
Left
Shift

Split
Accumulator
Right

Shift

Splis Left
Word
Left Shift

Split
Right

- o

TABLE X (CONT)

Information Transfer

c31: li” Cbi is l."'.s
c3t (C))l

c31 oD :
3 (Cy) =1

c31 - 3
DAY= AL s
Ay

=

i=1, S
A; A 17

Ay = A"4

e32: L= Coi

c32 oD c¢32-+c3

Syl : A=A i= 2
A= Ay

S

i=1,;

A = Ay
O”Al Ay

633 : }; = Cy
33(Cy) 1

i=

33 ,D:¢33~> 3
c3 (Cb) =1 : (A) = Ay
0 = Ay, “14

c34: L= C
c34((‘b))l

S

i= 1,

Al = Ax—l
A = Ay
Ayy = An
(Cb) -1 = Cb

) ¢34 » ¢3

S ) = Ay
Ay = Ap
Ay = A

34 D :
c3 (Cp) =

-
=

i

S

i+l

c35:li»C i=1
c35((’b))l (A)"’

¢35 D : ¢35 3

3 (Cb) =] : (A‘) = I‘: +1
0

= Ay

| PR

c36 : ‘ Cb~ i=
€36 (€ ) 1

41

TR AR T T T T T

‘,o- .

=1

;A= At 0 =4,

23

24

24

1,°°°,10,14, -

€1))

)

Gy

-,10,14,-°° 23

2, oo IL1S,

v .
-9

i= 14,

i= 140

“JAL18,

N X

1,-° .10

63}

24

61
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State

c37

c38

c40

cdl

State Name

Word
Left
Shift

Split Left
Word.
Right Shift

Split Right
Word
Right
Shift

Single
Character
Output

Split
Compare and
Limit

Multiply

TABLE IX (CONT)

Information Transfer
0 = A
c36 ol) ¢36 -» c3
c3 (Cp) =1 : ’A,) = A,ﬂ =1,->-,10

c37 : l”C i=1, )
).

i= lS. 24

Ayy = Ay
c37 D : c37 -+ c3 [67)]
c3 (Cp) =1 ¢ () = Ay i=15,--- 24

Ayg = A

C38:li”cbi i=!,'.',5
C38(Cb,) 1 Ai = A1 i=2,"',ll
Apy = An

c38 oD :c38 -»c3 1)

Bl () = Ay i=20 1
Ay = Ay

39 : l,aCb 1-—1"°,5

39 (C) ) 11 (&) = Cia =21, 24

c39(Cbi)=l 20 M | i=l,"',4

c39°D:c39->c3 (¢3))]
M(o[1]))=N

MOr[(A)])r[(N)]l-on

A0 1 [ (M) (D)1= Cp

c40°D:c40-c3

3 Cp3 Cpa st (N1 =1 1A]

3 Cy3 € :2‘s compiement of

(1=~ [A]
3Gy ¥ : 1INI=1 [A]
3 Cyy I 2's complement of 1 [(N)] = [ A]

:(A) » L
M<Coll] D) » N
LXMN = A
4l 0D ¢4l =+ 3 51

"Y
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O State State Name
c42 Split
Multiply
c43 Split
Multiply
Modified

TABLE 1X(CONT)

Information Transfer

A2 : (1 [AD = L]}
A= 1{L]
(M(ofi]>=N
QL) X(+[N]) = r [A]
CILDXAIND=1[A]
42 D :c42 » 3 (51

c43 : (Cbi) + (Pié ed Cbi i= 12}

1([AD =n(L]

r{{AV)= [L]

(M(c, sl112)= N

QLU PXGIND) =1lal

43 D :cd3 a3 (7))

Information for this table was obtained from Ref 7: 37-54 and Ref 14: 5.1 - 6.13
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TABLE X

Logic Equations Used in a State Description of-the D-17B Computer.

Equation
Number

U)
0]
E)
@
®
©)
@)
(8)
©)
(10
' 11)

12)

a3
(149
(15)
(16)
a7)
(18
(19)
(20)
@y
{22

@3
&)

Equation
{0, =K'V J Oy SBgBs By
00 =K' V¢ 03 O, S B, B3 B3
oRc = K' Vi R J S By B} Bj O,
104 =K' V. R, 10, 0, S Ty,
002 =K' Vg Rg J Tyq 03 S Ky
004 =K' V. R 10, Tp Iy
004 =K' Vg R 12; Tg Spy K,
002 =K' Vg R; 1 Taq 04 0, 0;
Vo= KV, R, JT, 0,0, F¢
0, =K'VL R, JO; 05 T
Ve =K'V, Ry JT, 03 03
1502 = K Vo Re J Sp3
Ve =K V_R.J T, 0; O, F*
D=KV, By
K=KV. R, ID T3
R =KV IT* T,
ovVe =K Vel Re Sp2 :rx
R =K V. T* T3
o =K Ve R Ty
OSb3=K,"vc R, 04
1Cps =K' V. B;
jle = K 3"V R, Cps Cpq €3 Cpa Cpy
ot = K Ty

= K Ve Ry Ty Cos

"




TABLE X (CONT)

» 0 Equation )
; Number Equation
1 5) 0y =K' I

‘ . 08 oVe =K'V Ry J Cps Sp3 T,
an 03K PV R, Cog € €3 € Gy Ty

( e - 004 =K Ve R, J Cp5 Coy To

@ Vo= K TV R, €y Coa Gz oz Gt Tz
(30) Ve=K IR, V CsCoa €3 o Gy T
6D =KV,
G2 04 =K T Tay
63) =KV, R KT,
7)) 1A= K 3 Vg B, Cps Cpt Cp3 Cpa Cpy To
) P =K IV R, Cps Cpu Cp3 2 Cpi Ty

S T @) 10p3 = By (1, 5+ 1, S)
() D=Ny D' T,
(38) E=EN; DT,
(9 . PeKENDT,
(40) olp = A Ix It K Ty
1) o= ATy T K Ty
@2 PD=ED T, KV,
3) © E=EDTK
@ (Ss2 = E D Tpeo A N K03
“5) 151 =03 02 0; E Q'G5 Gy G5 Gr T
. “6) 152 = 03 02 0y E 0" ¢p5 oy Cp3 Gy T
) A, =KEO040; 03 0, By
' “8) 1Ac = KEO, 03 03 0, ECCC30, 6 AT T Tg
G ) Ap = K 0403 03 0, EC5 €4 €3 €3 ) Ty & L




P e Vs S pn wne s .-

TABLE x (CONT)

O Equation
Number Equatior
. (50) oK = K E 04 03 05 O} C‘5C4C3C‘ZC‘|TP
: ) oP=KEGs Coy Gz Cop Ny Ty
(52) 103 =K F V. R, Cps Cp4 C;B Cp: cpl TP

)

Information Used to Construct this Table was obtained from Ref 14: 1.1 - 2.15, 5.1 - 6.13
and Ref 19: 544 - 5-162.
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initialized to start the syrcronization of the bit counter with the sector track. Control flip-flop O,
and J are “one™ set to al:ow transition to the Sync Bit Counter § stace.

Svnc_Bit Counter , (n2). This state is the second state during which synchronization of the

Bit Counter and the Se<t.n Track is accomplished. As shown on the state diagram, a transient master
reset sicnal (less than on nzmory revolution in duration) will cause the machiue to recycle through
the Prepare to Compute S1ate. The Oy flipflop is “one™ set aliowing entry into the next state,

Syrc Bit Counter 2.

Svnc Bit Counter 2 403). n this state the instruction register is loaded with an unconditional

jump instruction to channi 0, sector Q. This instruction will be the first instruction executed unless
a new instruction is loadec prior to the computer eataring the compute mode.

After complete sync wonization of the bit counter and the sector track. the R, and O, flipflops
are “2eto” set allowing transition to the Manual Halt-Idie 1 state.

Manual Haft-fdle 1 (n4). This state acts as a decision peint for state transition. Three separate

situations will cause the computer to eater the Manual Halt-Interlock state. If the previous state were
n3 or n7, then state n$ was entered at a bit time corresponding to Tx of sector number O; thus, the
0,4 fiip-flop will be “one™ set prior £ the occurrence of any other state-determining transition.

A third situation, which could caus2 transition from n4 to nS, arises when the computer control
switch is placed into “Halt™ or “Single Step™ during a compute operation. State nd will be entered
from Program Halt and transition will occur to state n$ or r7 depending on the O flipflop state
will be deiermined by  the instruction that was being executed when the compute switch was placed
in the Halt or Singie Step. State n7 may be the next state entered if the previous state weze nS. In
this cas>, n4 was entered at a bit time corresponding to T of sector 177, thus allowing the Oy flip-
flop to be “one™ set according to equation (1) Table X.

State n8, Prepare to Compute, will be entered if the “Compute™ switch is not in 2 “Halt™
position and Sy 8 “zero™ sel. Sy is a flip-flop that is “one™ sct as the result of a verify or pasity

efor.

Stanual Halt-Interlock (nS). If there is no Mechanical Reader Input Signal ( 13 ) present or if 2
“Halt™ command is present from the “Compute™ Switch or if 3 Sprocket timing Interdock signal
(T*’) is present with no Fill Signal, the computer will cycle between states n6 and nS. Similarly, a
cycle wiil exist through n7. n4, and nS if a Mechanical Reader Input signal is present with no Fill
signal (FS ). *“Wait™ state, n9, wifl be cntered if a Fill signal is present. Thus Manual Halt-nteriock,

0S, acts as an intetlock for the state transition process of the computer.
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Manual Halt-Prepare to Load (16).  Prepare to Load state is entered if a device such as a phioto

reader is uscd for loading. From this state, tzansition will be back to n5 if a Sprocket Timing Intedock
Signal (T*") is preosent or 10 the Wait state, n9, if no T* signal is present.

Manual Halt-fdle 2 (17). The Manual Haht - Idle 2 state serves as a timing delay. From this state
the computer wili enter n$ if the compute switch is in the “Halt™ position andfor a Parity Error has
occurred. I no parity a1 verify cmoss Lave occurred, the next state will be n8, the Prepare tc Compute
State. In the event that a Fill signal (F*) occurs. the next state will be n9.

Prepare to Co;nputc -n8). In the Prepare to Compute State initialization of several flip-flops is

accomplished in preparatio 1 for entry in the Number Search State of Compute. J must be “one™ set
allowing the D ilip-flop to be “one™ s¢t. Then when agreement is reached between sector track and
the Number Register, K is “one™ set.

Wiait (n9). - Flip-flops are inittalized to receive the Input Load code in the Wait State. The
computer will cy'cle between this state, n9, and Prepare 1o Sample. n10. uatil the Sprocket Timing
Interlock signal. T*", has reached steady state. If a verify error accurs the ldle 2 state will be reentercd.

Prepare to Sample (n10). The srimary purpose of the Prepare to Sampie state, niQ, is to allow
the Sprocket Timing Interlock signal tc reach steady state as described above. When this occurs, the
computer will remain in the Prepare to Sample state unil bit time T4 3 occurs and will then transition
to the Sample state. nll.

Sample (n11). During the Sample state the computer will load the information on Input Lines
1, through I5*. Note that flip-flops cpl through CP" were “zero” set in state n9 and will be “one™
st only by an I* input. At bit time T, 3 the computer will enter the Parity Check state.

Paritvy Check (n12). Flip-flops S, 3 will toggle on Cpi as Cpl thiouch C pi complete a circular
shift. This circulation will occur on each bit tinme when the O flip-flop = “one™ set. In order to
insure circulation for only five bits times the O flip-flop is “one™ sct on bit time T20 and “zeto” set
on bit T4 “Oae™ sctting the CpS flip-flop will allow a change to on2 of the Precess Code states
depending upon the contents of the Input Lines. '

Clear (ni3). The clear kiad code causes the Lower Accumulator. L. to be filled with zeroes.
“One™ setting the L., flip-flop allows new information to be read into L starting with bit time T,;.
Then the cpl flip-flop is copicd inte the Lp flip-flop at bit times T; through To4. At Ty the l.p
flip-flop s “iero™ set preventing new information fiom being read into the Loop. If a parity error
is indicated by 3 Sy 3 at bit time Tp. the next mode will be n9: however, if ro patity error occurs, the

computer will go te state n7, the Wan State.

Delote (nl5). Wiien the inpat nes are ail “ones™ ne action is taker by the computer. This
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-command can be used as 1 space in input tape. Five “zeroes™ are not used as a Delete command be-
cause the Sp 3 flip-flop would indicate a parity error.

Prepare to Fill (n 15). The Prepare to Fill State is a preparation siate for filling the memory.

After the Fill command ‘s processed, the succeeding Load codes will be loaded into memory until
“Halt” or “Stant Compute™ conunands sre processed. In the event a parity error occurs, the next
state will be n7: if no pai’ y error occurs, n9 will be next.

Prepare to Verifv. Tie Prepare 10 Verify State, nl6, is znalozous to the Prepare to Fill State.
Once the computer cycles through this state (caused by processing a load code I3 I3 13 I~ 1} ) the
succeeding Joad codes will oe compared with the contents of memory as specified by the instruction
Register. This actual operction will be executed as the result of an Enter command and will therefore
be described as part of the Enter state. Exit from this Prepare to Verify is similar to that of the
Prepare 20 Fill stace.

Octal Nunibzrs (n17). In this state the octal numbers 12ceived from the input lines will be
stored in the L register. Any number of octal codes may be loaded, but only eight sets of octal
digits may be stored in the Lower Accumulator at one time. Octal Numbers that are shifted out of
L are Jost. Exit from this state is similar to those of the other Process Code states.

= Location (n18). In this state, n18, the contents of the L register is sransferrad to the instruction
segister. This information will contain the memory location, channel and sector number, that will be
used to start Fitl and Verify operations.

The 1, flip-flop is “one™ set at dit time T, allowing new information to be written in the 1
register, then it is “zero™ set at bit time To4 after L is transferred to 1.

Enter (n19). In this state, n17, the contents of the lower accumnulator will be loaded first into
the accumulator, then into memory if a Prepare to Fiil state had initisted a fill operation. The
contents of the Accumulator and memory will be compared if a verify operation had been initiated
by the machine when cycling through the Piepare to Verify state. The location of memory involved
in the above operation is specified by the Listruction Register. .lf a parity error is detected. transition
will be from nl9 to n7, othc-wise an ersor-free operation will allow the computer to go from the
Enter statc 1o the Wait statz.

At this point it is necessary to define a sct of four states that the computer cycles through
during 2 Fill or Verify operation. (A Fill or Verily aperation results after the computer has success-
fully cycled through the Prepare to Fill or Prepare to Verify states and will continue until the Halt or
Stant compute stsic is teached.) Tiese four states are called Fill-Verify Wdle, fvl: Fill-Verify Number

Search, fv2; Fill-Verify Wait 2 Waed Times, 1v3; and Fill-Verify Exccute, fv3. The computer cycles

rY
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through these states sin: hancously as it passes thzough the Enter state. A state diagram of this four-
state operation is depicted in Fig. 9. Thesc states will be discussed in conjunction with the Enter state,
since they occur simultancously heginning in the Enter state. The action taken by the computer wili
vary with the part of n.eraory that is 1o be filled or verificd. thus it is necessary to consider not only
the Entcr state and the fiur-state cvcle describad above, but also the pant of the memory involved in
this operation.

Fill Verifv 1dle (fvl) | Du:ing the Fill-Verify 1dle state 1 Lower Accumulator is copicd into
the aanmulaior. “Zero™ setting the D flip-flop causes transition to fv2, the Number Search State.
This transition occurs sitnidtaneously with a transition from n19 to n9 staies.

Fill-Verify Number $ earch (fv2). During this statc agreement is established between the Sector
Track and the operand secior part of the 1 register. This comparison is made by the Oy, flip-flop
during bit tines T, through T;. The operand channe! part of the I register is copied into the Cp
register and channe! agresment is sstablished. The D and E flip-flops are “onc™ set to cause transition
to the Wait Two Word Times State.

Fill-Verify Wait Two Word Times (fv3). During the Wait Two Word Times state the Channe}
Buffer is copied into the Channel Register. The Number Register copies the contents of memory as
specified by the Channel Register. “Zero™ setting the D flip-flop causes transition to the Fill-Verify
Exccute State.

Fill-Verify Execute (fv4). For both Fill and Verify operations the operand sector part of the 1

register will be augmented by one in this state. For Fill operations the contents of the Accummulator
will be transferred 15 2 memory location as specified by the Operand Address part of the 1 register.
After the Fill operation. tsansition is made to the Fill-Verify Idle Siate. Verifv operations are
different in two ways. First, the contents of the Accummulator and the Number Register are
compared. i agreement occurs, Sy flip-flop will semain “ze1o0™ set and the next state will be fvi.
Disagsecment is indicated by Sy “one™ setting and the next state will be a Manual Halt state.

Hakt (n20). When the “Halt™ code is processed the Halt state will be entered and the V
flip-flop wi'l be “z010™ set causing a transition 10 the Program Halt state.

Start Compute (n1). The Start Compute commmand, when entered on the Input lines, wiil
cause the computer 10 enter the Manual Halt Idle 1 State before transitioning to the Prepare to
Compute and Compuie States. If 3 parity error occurred while processing the code, the computer

will nci transition from the Manual Halt states.
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m Halt {023}  Four separate conditions may cause the computer to enter n22, the Program
Halt state: (1) It 2 “Halt™ load code is successfully processed, the computer will enter a7 before re-
turning to Manual Halt Ld'e states.  (2) A halt instruction may be executed in the compute states.
(3) If the Compute Swiic't is not in the “Run™ position when a new instruction is found the com-
puter will return to Progrim Halt state from the “Last Word Time State™ of compute. (4) If during
the Number Search state o compute the “Compute Switch”™ is not in “Run” and an instruction
search is required to focat a new instiuction the computer will enter n22. In all cases the computer
prepares 1o entér one of 1t ¢ Manual Halt Idle states during the Program Halt state. The actual Idle
state eatered depends upon the state of the Oy flip-flop which was set by the instruction being ex-
ecuted when state n22 wa: entered.

3 state n22 were entered as the result of processing a Halt command during a fill or verify
operation, the D and E flip-flops would be set 0 cause the computer to simultaneously eater the
Idie state of the Fill-Verify operation.

Compute States. Ref (11:25) and (15:5.1 - 6.13) .

The Compute States of the D-17B are controlled by seven najor contrdl flip-flops. The
K flip-flop, when “one™ set, indicates that the computer is in one of the “compute™ states. The
various states of compute ase ther controlled by the D and E flip-flop. When the E flip-flop is
“one™ set an instruction is being executed. The D {lip-flop, when “one™ set, indicates that an in-
struction search is in progress and when “zcr0™ set indicates instruction read and/or operand search
is in progress. The four fiip-flops of the Opcrand Storage Register, O4 through Oy, determine the
instruction that will be executed.

Instruction Szarch (c1). The Instruction Search State as defined in this report will be the state

indicated by the flip-lop settings K D E*. It is not necessary for this state 1o occur with the execution
of every instruction. .

If a program i optimally coded. a new instruction can be read into the I register during the
execution of the present instruction. In this <ase. the instruction search operation was performed as
a result of the forethought of the programmer. Similarly, the Instruction Read-Number Search State
may also be avoided by astute programming. In this case the computer would cyvcle between the
two states of Exccuts without actually performing an instruction or operand scarch.

Instruction agreement occurs when the memory Jocation addressed by “next instruction™ part
of I is in a position to be rcad by the computer. Monitoring for this condition is performed by the
buffer flip-flops O; and Op,». These two flip-flops are monitored by the | d flip-ilop which controls

the D ilip-flop. Whea the D flip-ilop becomes “zero™ set, transition to state &2 occurs.
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Instruction Read-M imber Search (¢2). Instruction Read-Number Seazch state, ¢2, is a dual function
state defined by DE’ flig-flop conditions. Like the Instruction Search State, this state may not necess-
airly be realized with the execution of every instruction. One-half of the dual funciion of the state may
be exercised. For exar; le. the next instruction may de found and read during the Execution State
and the computer mzy c -cle to siate ¢3 for the Number Scarch function alone.

For number agrez-i-2nt the information in £ at bit times T, - Tg must agrec with the Sectoz

track, S. Since thc.loops are effectively separate t:h:umcls of 4, 8, 16 werd length more than one flip-
flop is needed to check agreement for all channel lengths. Flip-flop O~ monitors for agreement for the
4 word loops, O, monitors for 8 word loops, Sy for 16 word loops and Oy, 3 monitors for the full
channel length, 128 word:. The Ny flip-flop is the primary number agzecment monitor and is changed
by the above number agresment flip-flops at bit time T 5.

Instruction Read is accomplished by sitting the desired memory channel into the CpS through
Cp, flip-flops. When the 14 flip-flop indicates Instruction agrecment, the 1. flip-flop is “one™ set
allowing the new instruction to be read into the I registzr. Bits i+ 415; are read into the Operand
Buffer Register, and I - Ig are read into the channel buffer register. f the instsuction is 3 flag-store
instruction (I =1) the flag channel information, 159, 1;g. and ;5 is zead into the Flag Code Buffer
Repister. If the instruction is not 2 flag store instruction, the Flag Codz Buffer Register is loaded with
“zerocs.”

From this state, c2, transition will be to one of the instruction execution states or to cl in the
case of the transfer oa minus instzuction with a positive accumulator (see state ¢4 description). If the
Compute Switch is not in the “Run™ position when the 1, flip-flop is “one™ sct to read a new instruction,
the computer will go to Non Compute Program Halt, n22.

Last Word Time of Execute (c3). The Last Word Time of Execution, 3, will be discussed in
conjunction with the execution of each of the instruction states since during this state the operation
started in cach of the instruction states is completed. For all one-word-time instructions (04 = 1),
the instruction defining state is entered for the first bit time of execution and lhcl: the computer
transitions to c3 to complcte the operation.

This state acts as a decision point for the computer to exit the Compute Mode. If the Comm{te
Switch is not in the “Run” position and a2 new instruction is found, the computer will go to state nl\
Noa Compute Program Halt.

Unconditional Transfer (c4). The word format of the D-17B makes nu provision for specifying

the clanacl of the next instruction. Thus, there must be a command to change channcls of operation.

The Unconditional Traasfer is 3 “jump™ instruction that is used for this purpose. In this “jump™
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instruction the scctor of 1iext instruction field is ignored and the complete operand address serves as
the address of the next instruction. The new channel address is contained in the Operand channel
portion of the transfer instruction. This information was shifted to the program channet buffer
register dusing the instruciion search operation. At bit time T, the program Channel Buffer Register
is parallel Joaded into the Program Channel Register.

Instruction agreement is controlled by the number agreement flip-flop which determines the
sector of the new insiruct on from bits Iy through 1, of the present instruction.

Conditional Transfer {c3).. The decision for the Conditional Transfer operation is made in
state c2. If bit A4 is zerd, the accumulator is positive and the computer retumns 1o state cl to
search for the instruction 15 indicated by sp [ 1] . A “17 in bit position A, 4 indicates that the
accumulator contains 3 aie ative number and the computer goes to state ¢3 and selects the new in-
struction as indicated by o[ 1].

Store Accumulator (c6). The Store state must be considered for four different situations;

storing in channel 50. storing in channcls 00-46, storing in the loops, and flag storing.

Storing in channel 50 or “hot storage writing” is initia:éd by setting the Si flip-flop to the channcl
50 store code, then the Accumulator is copied directly into channel 50 and in a secior two octal-
numbers less than the sector of s [ 1] . This two-sector difference is accounted for by the fact that
the write heads are separated from the rcad heads by 1wo sectots.

In order to store information in channcls 0046 an EWC signal must be present, enable write
switch must be on. For selecting channels 0046 the computer utilizes a scparate selector swilch for
each channcl. This selection is accomplished using the contents of Channel Storage Register. The
Accumulator is then siored in the memory address specified by the op [ 1] minus twe sector positions.

Storing in the E, F, H loops is similar to storing in channel 50 except the S; flip-ficps are sct by
the contents of the channel buffer register.

Storing in the V and R loops may be accomplished if the computer is not in Fine Countdown
mode (Fcl) (Sce state ¢17). l;n this case the contents of A is added to the incremental input at the time
of execution.

A special case results when the T bit of any instruction is *17. This “flag”. *1” in Ty, is
used to exccute two operations with one instruction. The contents of the Accumulator will be stored
in the chann:l indicated by the contents of bits | 19 - 1j7- This means that the sector of next in-
struction ficld of the instruction being exccuted is limited to the four bits lie - 1) and the next in-
struction must be within the next 16 sectors.  Flag sioring is accomplished in the following steps:

The Flag store bulfer register Sy is loaded with the contents of | 19 - Ij7 duting state 2. During the
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execution of the instrucion the Flag Store Buffer register is paralleldoaded into the flag store register.
This information is used to select the proper write heads for writing the Accumulator contents into
memory.

Clear and Add (7). State ¢7 initiates the clear and add operation, in which the coatents of
memory as specified by the operand address is transferred to the Accumulator. In state ¢7 the N,
flip-flop is “one™ set afl- wing the selected contents of memory to be read into the Number register.
In state c3 the operation is completed, the sclected contents of memory is read into the accumulator.

Add (cB). State ct initiaes the add operation in which the memory contents as specified
by operand address is acded to the accumulator. The sum is then stored in the accumulator.

Subtract (c9). Sub:raction is accomplished by the hardware as addition in the D-17B; however,
the canty operation of addition is converted to a borrow operation by a “one™ in the O, flip-flop.

Split Add (¢10). During the split add operation the split word contents of the accumulator
is added to the corresponding pasts of memory and the sum is stored in the split word postions of
the accumulator. At bit times Ty, and T} 3 the A, flip-flop is “zero™ set allowing the contents of
Aj and A, 3 to remain unchanged.

Split Subtract (c11). The split subtract operation is similar to the split add operation, except
thit the split word contents of memory location specified by o [ 1] is subtracted from the contents
of the Accumulator.

X Special (c12). No acticn is performed in the X special state. It serves only as a decision point
for the computer 10 enter a special set of states that require one word time to compicte and do not
tequire access to the computer memory. The Channs! Storage Register contents are used to select
the X Special State that will be entered frecm c12. In this special operation the channel storage re-
gister serves as an auxiliary operation-code storage register. Since all the S special operations are one
word time instructions, the specific X special state serves to define the operation and much of the
actual operation is performed in state ¢3.

Compicment (c13). The complement operation causes lh.e 2’s complement of the Acéumulator
t0 be read into the accumulator. The accumulatos is circulated and the A flip-flop is “‘one™ set
by the first “one” in the Accumuiator. All succeeding bits of the accumulator are complemented.

Minus Macnityde (c14). . When the computer enters the Minus Magnitude state, c14, the sign
of the Accumulator is tested. If the Accumulator is negative no action is taken: if the Accumulator
is positive the Cy, flip-flop is “one™ set and copicd into the C 1 flip-flop . thus gencrating a complement

instruction.
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Logical And 10 Ac;umulator (c15). Entering state cl$ causes the corresponding bits of the
Accumulator and Lower Accumulator to be logically “anded”.

-

Enter Fine Countdown (c16). Entering the Fine Countdown causes the F flip-tlop to be “onc™

set. This places the comuter into a parallel operation called Fine Countdown. During Fine Countdown
the V and U loops form 2 digital integiator. This operation will continue until the Halt Fine Count-
down State is entered.

Halt Fine Countdown (c17). Eatering the Halt Fine Countdown state, c17, causes the Fine

Countdown flip-flop, F,, o be “zero” set.

Reset Detector {c18). When the Reset Detector state is entered, the D, flip-flop is “zero™ set.
The D, flip-flop is “one™ set by I§ .

Halt and Proceed (c19). Entering state c19, Halt and Proceed causcs the computer to enter state
¢3 and then state n22, Program Halt.

Load Phase Register (c2C). The Load Phase Register special instruction causes Cy to be loaded

into P, 2nd C, is copicd into P. Pj copies the I, flip-flop at bit times T through Ts. State c20

is defined by three of the C flip-flops, Cg, C4, C3; the remain.ing iwo C flip-flops may be either “‘one™
or “2ero™ set. The actual purpose in setting the Phase Register will be discussed in conjunction with
states c27.

Binary Output (c21. 22, ¢23). Binary Incremental Output States may be discussed simultaneously.

These states differ only in the sense that state c21 involves output flip-flop Gy. c22 involves G,. and
€23 invoives G3. Only the first state, ¢21, will be discussed because the discussion is directly appli-
cable to 21l three states by substituting the proper G; flip-flop in state ¢2i, where i = 1.2, or 3.

In state c21 the state of the G flip-flop is checked, if Gy equals 1™ the first cight bits of A
is treated as a word and +1 is added to that word. If G; equals 0™ a 1 is subtracted from the word
formed by the fitst eight bits of A. After one of the above (.)pcm!ions is accomplished the G, flip-
flop copies the siga bit of A.

Discrete Inputs (24, ¢25). In both discrete input operations a st oi twenty-four discrete input

lines and flip-flops are sampled and read into the A register. For a Discrete Input A, DIA, operation
the discrete input lines X, through X, g and flip-flops D, F, P3. P;. Ps seplace bits A through A~y
respectively.

During the operation initiated by state ¢25, DIB the discrete lines Y through Y4 replace bits
A. through Ay scspectively. The actual information transfer described in these states takes place in

state c3: however, the states <24 and €25 serve to define the operation to be perfermed in state c2.
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Discrete Outputs (c7:6). The operation initiated by state ¢2 , Discrete Output A, causes the bits
I; through I5 to be loaded into the Disciete Output Register, D, through Dg. Thus, the discrete output
lines may be changed as dz2picted in Figure 13.

Voltage Output (c27, c28. ¢29). The Voltage Output States are identical in concept. The function

of these states varizs onl:’ in the physical location of the output voltage.

Three Voltage Outmit Registers are loaded with the split word contents of A . If 14is “1” the
right half of A is loaded =nd if 1 is “O” the left half of A is Joaded.

The states c2'}, €28, :29 determine which set of Voltaze-Output flip-flop, Vi 1Vig. (Fl, 0r 2, or 3)
will be loaded from A. If c27, VOA, is entered Vi1-Vag to be loaded; and ¢29, VOC. causes V3 l'v38
to be loaded with the pro er half-word of A.

The Phase Ragister a so affects the output location of each voltage line. The setting of the Phase
Registes is necessary to direct the voltage outputs as shown in Table V1.

Y Special State (c30). The Y Special State, ¢30, serves only as a decision point for entering specific
states ¢31 through ¢38. Opcrations initiated by the Y Special State do not require access to Memory:
however, they do sequire more than one word time to con)plt;te.

Accumulator Left Shift (c31). A left shift operation is accompiished in the D-17B by adding an
extra flip-flop, Ag- to the A loop for the number of word times equal to the aumber of shifts required.
The number of shifts is specified by I, through I5. This number is loaded into the Channel Buffer
Register and counted down at each word time.

Accumulator Richt Shift (¢32). State 32 initiates a right shift of the Accumulwior. To accomglish

this operation the Ap ilip-flop is removed from the iecirculation loop of the Accumulator. Tie number

of right shifts required is indicated by I; through 15 and the A flip-flop remains out of the A loop for

P
that number of word times. If the Accumulator is positive, zeroes are fifled into the vacated bits;
however, if the Accumulator contains a negative number, 1's replace the bit positions vacated by the
right shift.

Split Accumuiator Left and Split Accumwlator Right Shift (¢33, ¢34}, The discussion of states

€31 and ¢32 are directly applicable ic the states ¢33 and ¢34 respectively. In the split-shift states the
left and right half-words of the Accumulator are shifted the same number of bit positions but are

treated as separate words.

Split Left Word Left Shift (c35). State ¢35 initiates an operation which cawses the left half-
word of the Accumulator to be shifted left by the nuinber of bit positions speditied in 1; through I5.

The discussion of state c31 is applicable to this state, except that bits Ay through Ay g only ate atfected.
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Split Right Word 1¢f2 Shift (c36). Bits A} through A;q only are affected by the Split Right Word
Left Shift operation. As implied by the state name, the right hilf-word of the A register is shifted left.

Split Left Word Rivht Shift {c37). State ¢37 initiates a right shift of the left half-word of the
Accumulator. As in 31! r2ht shift operations, if the half-word were positive, the bits vacated by the
shifting are filled with zeroes and if the half word were negative , 1%s are filled into the vacated bit
pesiticas.

Solit Richt Word Rixt Shift (c33). State ¢37 initiates a right shift of the right half-word of the

Accuraulator. The discustion of ¢37 is directly applicable 10 this state except the sight half-word is
shifted.

Sinele Character Ou put (c29). The operation initiated by state ¢39 shifts the four most signifi-

cant Dits out of the Accumulator and preseats them to the four character output lines. A fifth
characzer output-line is used as a parity line. This information is presenied on the character output
lines for the number of word times specifiedins [ 1] .

The Single Character Output operation is accomplished in the following manrer. The sector
portion of ike instruction operand is shifted into the Operand Channel Buffer Register. Each word time
this register is decreased by one, thus it is used to terminate the operation after theend of (s[ 1]) +1
word times.

Dauting the first word time of the Single Character Qutput Opesation the circulation loop of the
Accurzilator is extended to include four flip -flop’s of the Operand Channel Buiffer Register: €y, Cs,
C3, C;. This causes the four mosi significant bits of the Accumulator to be left shifted into these €
fupflops. Parity is indicated oy the J flip-flop by “zero™ setting it at the beginning of the operation
and aBowing it to toggle as cach “17 is shified into the flip-fiop.

The parity (J), and output (C4. C3.Cy, C;} is presented on the output lines S5 through S 4
respectively with the occunrence of vach S g timing pulse.

Solit Compare and Eimit (¢12). State ¢40 initiates the Split Compare and Limit Operation in which
the splitvord conteats of the ;\ccumulalot is compared with the cortesponding bits of 2 word in memory.
The memory word is specificd in the operand of the SCL instruction. I the contents of the memory word
is grexter than that of A, no chiunges are made I the split word portion of A is positive and greater
than tie conesponding part of the memory word, the split memory woid repiaces the splitwoed of A.

&£ the quantity in swmory is less than the correspondiaz part of A and tuat half-word of A is
negatize. the two’s complement of the memory half-word replaces the Accumulator haif word.

Muttiply (c41). The Mutiiply Operation is initiated by state ¢4l. The operation czuses the con-

tents <7 tiie Acsumulator te be moved o the Lower Acanulator and the product of the Accumulator
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and memory contents speified by the MPY opecand is placed in the Accumulator.
O Split Multiplv (c42). State c42 initiates the Split Multiply Operation. This operatien is similas
to the Multiply operation excep! the left half-word of A goes into the right half-word of L. The

split words of the Accurrulator and the memory word specified by o 1 are mi:htiplied and stored
in ihv- respective split wor is of the Accumulator.

Split Multiply Modiried {¢43). Split Multiply Modified is an operation which causes the three

least significant bits of the Channcl Buffer Register to be replaced by the “exclusive or ™ of those

biis and the contents of ti: Phase register. The operatior: then proceeds as a Split Multiply operation.
Split Multiply Modified co:nmands allow the computer program to vary the effective opsrand channel
address depending upon th: Phase register contents.

Multiply Modified (c$4). State c44 initiates the Multiply Modified operation which causes the
three 1east significant bits of the Channel Buffer Register to be changed by an “exclusive or™ operation
with the Phase Register. After the above modification 2 multiply operation is accomplished as de-
scribed in state c41. It is noteworthy that this operation does not change the original multiply in-

struction in memory.

State Description Surynary.
(\ " In the above state description of the D-17B the various configurations of control flip-flops were
s

used to defin: states of the computer. These state definitions are not unique and many other sets of
flip-flop combinations may be used to descride the machine operation. For example a state description
5 might be formed using only the K, D, and E flip-flops. The states described in this report were chosen
becauss they could be given names that correlate with other published information sbout the D-178.
R Hopefully, this 1ype of description will be an 2id not only in understanding the operations of the
machinz, but also in maintaining it. For example. the “state™ of an inoperable machine may be de-
terminad by checking the status of the ccutrol flip-flops. Once the state is identificd. the malfunction-

ing circuit may become apparent by considering which flip-flop is preventing normal stste transition.

Oster Tachaigues of Describing the B-178

One description of the D-17B that was used in the original documentation describes the machine
in terms of modes of operation (Ref $1:25-27, T12, TR15: Ref 16: 54172 - 5-184). The term mode
could be defined as the type of vperation that the compuater ey perform. The machine then has two
basic modes, “compute™ and*non-compute™. Compute opesations are related to the actual pesformance
of an instru-tion and the pon-compute mode involves operations such as synchronization and reading

. 3 o instructions. These modes are further suhdisided by the states of the D ard E fhip-flops (Ref 11:235).
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The state description in the previous section was patterned using this subdivision of modes (submodes).
Veitch Disgrams. These submodes may be conveniently represented on a veitch diagram as shown in
Figs. 14 and 15. This typ® of represcntation has the advantage of being compact: however, it does lack

the facility for presenting .he detail that is possible using a state description and the associated register
transfer eguations.
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fil. INITIAL PREPARATION OF D-178 COMPUTER

One remarkable specification of the D-17B computer system is 2 predicted 55 years mean time
between failure (Ref 7: Table 1). This reliability estimation applies to a2 packaged control assembly
that functioned in a controlled cnvironmen:. Since many of the proective features of the designed
missile environment have been semoved. an unpackaged D-17B compater is easily danaged. To prevent
damaging the system 2 well-planned inst2ilation procedurc should be ased.

* This part of t.he report desctibes a process that could be used t unpack the computer and to
determine if it is operable. The process can be divided into three phuses: 1) preparation for power

on, 2) initial power on, and 3) fabrication of a cocling system.

Preparation for Power On_

The D-l7B. can be uncrated and prepared for the initial power-on checks in four to six days:
however, since the system is easily damaged it is not recommended that this step be hastily completed
(Ref 7:3). ’

The tools required for this procedure are: 2 7716 inch socket and rachet drive. a 5/16-inch 12-point
socket, an 18-inch specd handle socket driva, an Ampex no. 212-8 screwdriver bit, and electrical insulating

tape.

Uncrating. The D-17B computer is shipped in a wooden crate. The top and ail four sides of this
crate should be removed, allowing access to the !nmca.ted cone-shaped computer housing. This black
missile section is fastened to the base of the computer by cighteen 7/6-inch hex bolts. A 100-pin
umbilical conuector may be at.tachcd to the <de of the missile section. The umbilical connector is
8 inches in diameter and is easily focated. It should be disconnected from the missile section first 1o
prevent sticssing the wires that attach it to the computer. The 7/16-inch belts should be removed
and stored. When the last bolts are remoted from the missile section, the D-17 will drop approximately
onc-half inch onto the bottom of the shipping crate. This will allow the missile scction to be lified
free of the computer. The missile section could be used 3s a'stand for the computer. as will be dis-
cussed later. Therciore, it should not be discarded.

Free Lcad Wice Insulation.  Once the missile section has been removed the computer and power

supply scctions may be observed. At this time it is advantageous to note that the cables and wise
bundles that interconnect the different soctions of the computer are easily broken and should be twisted
ot handled as little as possibie.

In order to sccure the cables that are on the underside of tie circular mounting-frame the computer

should be placed between two tables in such 3 way that the circular mounting-frame pantially rests on
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each table but does not rest on one of the wire bundles. In this position the nine loose wires that were
initially part of the missile battery system may be insulated and tica to the mounting frame.

The top of the computer is covered with a white dome (coolic hat) that has a four-inch circutar
hole in its center. This dome was used in the original system to hold a blower fan. This dome should
be removed and the loose leads to the original blower motor should be insulated. Do not discard the
dome, as it may be used as part of the new cooling system.

Defining 3 Locating Svstem. From 2 top view the D-17B computer system may be described as

a reciangular polygon with twelve sides , as shown in Figure 16. On: half of this polygon consists of
power supplies and the other half is the actual D-17B computer hardivare. These two halves may be
distinguishzad by the following features: the pancls covering the power supplies azc held in place by
bolts with heads that are the shape of a 5§/16™-12 point socket, panels covering the computer hardware
are attached with screws that have Phillips-type heads (the screws are not true Phillips heads; they are
best temoved with an Ampex no. 2128 screwdriver bit). In order to locate each section of the com-
puter, the sections of the computer hardware side wiil be identified by 2 pumber from 1-6 in clockwise
fashicn. Similarly, the power supply half will be identified by the numbers 7-12 in clockwise fashion.

Using this system, the memory is located at the intersection of sections 1 and 2, and the 100-pin
umbilical connector is at ihe intersectioa of sections 9 and 10.

Moemory Desizsant,  The clearances between moving parts of the D-17B memory are in the order of
a few mictens. To prevent moisture contamination, the memor) has been equipped with a dessicating
filter that is used when it is operated in the open atmo'sphcte (originally the computer system operated
in an inert gas atmospherc). This filter is a plastic circular cylinder approximately three-fourths inch
in diameter 2nd three inches long that screws into the front memory cover. The end of the filter may
be covered with 3 plastic cap which should be removed during operation of the memery.

If the indicator paper strip inside the filter is pink, the filter should be replaced or the desiccant
may be dried in an ovan and re-used. If the filter is removed to dry the desiccant, the filter port in
the memory should be taped to kessen the chances of meisture contamination.

Removal of tnential Reference Platform. The missile guidance gyros were removed when the system

was declassified.  The remaining parts of the inertial reference platform inay be removed. thus allowing
full access to the inside of the toroid formed by the D-17B computer and power supply sections. The
gyro assembly is electrically connected to the computer through three plugs, J-19, J-20, J-21, that are
on the bottom of wection 2 (section positions are described in the above paragraph). The plugs should
e discoanected.

Viewing the inside of the computer from the top, one may obscrve three concentric tings of screws
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on the computer base. The two outside rings attach a coppercolored heat exchanger to the computer
base. The inside ring consists of eightcen screws that attach the inertial seference platform to the computer.
These screws ate slotted for an Ampex no. 2128 screwdriver bit {if -his tool is not available 2 Phillips
screwdriver may be modified to fit the head). Remove the screws Lolding the inertial reference platform.
Care should be taken to preclude damage to the inside of the computer when these screws are removed.
Now the incrtial reference platform may be hifted free of the computer base.

Once the inertial sefzrence_platform has been removed from the computer, tae inside of the computer
shouid be inspected' for toose wires or fc;;eigxx objects that may a.usc a short-circuit on the exposed
circuit-board terminals.

Preparation of External Plug Connectors. It is advantageous at this point in the preparation process
to disconnect and secure the external plugs that will be used for input/output and checkout of the
computer. These plugs are J1, J2, 13, 2nd J4. Plug J1 is the 100-pin umbilica! connector located be-
tween sections 9 and 10. In the original sysiem, computer failure was occasionally caused by twisting
the wire bundle that is connected to plug J1: therefore, this plug should be secured with a sturdy bracket
to the computer mounting base and the computer sides.

Plugs J2 and 34 are circular, approximately one inch in diameter, and are located at the intersec-
tion of sections 7 and 8. These plugs are mounted to the frame of the computer base facing downward .
To facilitate access to the plug pins, the plugs may be detached from the base and carefully lifted free
of the mounting holes. )

Plug J3 is a 2.5 inch by 4 inch rectangular plug located on the underside of the computer frame.

J3 may be easily located since the wirc bundle connectinz it to the computer wiring hamness is formed
direcily below the main 100-pin umbilical connector, J1. The wire bundle associated with J3 should be
tied to the underside of the computer so that the computer frame does not rest on the wires. 3 should
be securely mounted for easy access (onc possibility is suggested in the following section),

Cenversian of Missile Section to 3 Computer Stand. The tsuncated cone-shaped missile section
which originally housed the D-!-7B may be converted to a computer stand. This method offers the

advantage of a hollow stand which will allow access to the undesside of the computer base. Also
plug J3 msy be securely mounted in the inch hole in the side of the converted stand.

If the computer housing is to be uscd as a stand, turn it upside down {sn.all end down). The
holes around the larger end of the proposcd stand must be reamed in 2 manner such that the 7/15-inch bolts
may be inserted from tie outside at 2 10 dogrez downward angle from the horizental. The computer may
then be  positiosiod in th2 stand and il 716 inch hex bolts that were stored during the uncrating process

may be used to secure the computer to tie nex stand.
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Initial Power on Checks

Power may be applicd to the computes at this point in the conversion procedure to determine if
the memeory motor and power supplics are operable. ]

External Power Supplv. Since an internal power supply is part of the navigational system, it is

necessary only to supply 28 VDC frum an external source to perate tae D-{7B. This source should be
regulated and capable of supplying 2 25 amp surge current and 19-20 amps continuously.

Power termirals for the computer are Jocated on the computer inounting frame at section 12.
The terminals are nl;mbered El, E2, E3, and E4 from leit to right: thus, E1 is the nearest terminal to
the computer memcry.

Connect the power supply positive terminal to terminal E2 on t.ae computer mounting frame and
conrect the negative terminal to E3 (Ref 2:4). (Use connecting wire capable of carrying 25 amps).

Initial Power Application. Power application to the computer system without cooling should be
limited to short periods of two minutes or less. In all cases, once power has been tumed off, it should
remain off for at least 40 seconds. This procedure is recommended to insure that the memory disk has
stopped turning prior to reapplication of power. If the disk is turning when power is applied, permanent
damage may result (Ref 16:5-70}.

- The input current to the computer system should be monitored at Jeast during the initial power
check. This initial power check provides the opportunity to check the 28 v, 400 hz, 3-phase power
supply which drives the memory motor. A convenient test point for the 400 hz supply is the fan leads
on the upper part of the D-17B. These leads are easily located, since they are attached to the inner
side of the computer at the intersection of sections 13 and 12. Figure 17 shows the wave form of one
phase of this three-phase supply on an oscilloscope.

The other sccondary direct current power supplics may be checked at this time. The test point
Jocations, voltages, and tolerances are listed in Table II. To avoid damaging the system it is recommended
that a meter with 2 high input impedance, such as an oscilloscope, be used to check these supplics.

When power is applied, lile inpui current should tise quickly to 22-25 amps, then drop to 17-19
amps within five scconds. The hum of the 100 hz power supply should be audible and the sound of
the memory smotor starting may be heard. If the input current does not drop below 20 amps within
five to ten s2conds, the memory motor may not be turning. In this case, the windings of the memory
motor will be drawing starting value current. 1f the memory is not turning and the 28 v, 400 hz power
supply is operating, power should be removed from the system immedistely. 1t is not recommended

that any intcrnal repairs _be attempted to a memory without consulting qualified technicians.
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Some memory repiir and modification procedures are being prepared by the Minuteman Computer
Users’ Group. These procedurcs have not been tested on the computer at AFIT.

Preparation of Cooline Sstem

The navigational sy<tem in the Minuteman missile was cooled using a ciosed circulating air system
to cool inost of the lcu: actworks, power supplics and memory. A liquid coolant was circulated
through the power supply and memory heat sinks and through the circular heat-exchanger on top of
the supporting base. Therefore, the liguid coolant served two purposss: it removed heat energy from
the enclosed navigational system and it partially cooled the memory and power supplies.

An exclusively air-cooled system is economically advantageous for utilizing the D-17B in the lab-
oratory. The cooling sys:em described in this report requires some minor modifications of the computer
supporting base; however, it is constructed utilizing inexpensive fans and will allow continuous computer
operation with ambient air temperatures of up to 85°F. (see Fig. 18). A 2 1/2-inch hole saw is the
only special equipment used to modify the computer base.

Cooling System General Description. The cooling scheme of this system is to force ambient air

through the computer from the top and from the lower side panel covering the memory (sections 1

and 2). Air forced into these two points will exhaust at the bottom of the computer and power supply.
The computer base restricts the exhsusting air flow, thus, holes must be cut in the base under the sections
which require more cooling air.

Modification of Computer Base. Sections 2, 1, 12, and 11 contain the memory and power supplies

and require more cooling than the other sections. Exhaust poris should be cut under these sections
using the procedures described below.

There are seven main supporting beams on the computer base between the left side of section 2
and the right side of section 11. For descriptive purposes in this topic only, these scven supporting
beams will be Gesignated with the letters A through G. Tl'us beam A is at the intersection of sections
2 and 3 and beam G is at the intersection of scctions 10 and 11, as shown in Fig. 19.

Using a 2 1/2-inch holc saw, cut holes in the side of the compuier mounting frame between beams
A and B, B ané C, C and D (sce Fig. 19). These three holes are in the side of the mounting frame
directly in front of the memory. Continuously vacuum the filings from this cutting process to prevent
them from shorting the electrical components.

From the underside. cut two holes 2 1/2-inches in diameter between each beam A through G.
Thus, there will be twelve holes in the bottom of the mounting base: two holes radially aligned between

each of the seven beams. Undor sections 11 and 12 there is 3 magnesium supporting brace which may

(Y
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hinder the hole cutting precess. This brace may be pulled free of the computer base using vice-grip

G plrs.

Memory -blowers. The ¢ide panel covering sections 1 and 2 is diided into two parts. The top
half covers the memory read and write amplifiers and the bottom half covers the memory. The densely
packed components in the read and write amplifier secti~n prevent su’ficient cooling air from reaching

the memory from the top o° the computer. To alleviate the probiem the bottom half of the side panel
;

should be replaced \yith a meatal covar and a blower should be iustallcS n each side of he memory.
These fans should hzve an cutput of at least 35 cubic fect per minute 1t zero inches of water static
pressure. Since the memory is the single criticzl part of the D-178, it was dacided to use two fans for
added protection and to prevent dead air flow spots on the memory cuoling fins.

Main Blower Fan. A manifold was uszd to direct cooling air intc each section of the D-17R when
maintenance was performed on the original system. The use of a manifold was abandoned in this project
because manifolds are expensive to construct and reauire faus capable of high output pressure. A system
which allowed the use of a standard fan which is nommally used to cool electronic equipment racks was
chosan.

To implemeat this system it is necessary to cover the top of the computer without covering the

O inléts to sections that house the electrical components. The white d?me (coolie hat) which initially
covered the computer top may be used for this purpose. Cever the 3 3/4-inch hole on this dome and
place it upside-down (concave side up) on the computer iop. Using this arrangement, the dome sits in
the cavity formed by the computer and , swer supply ard prevenis air from flowing into this cavity.

The next step is to construct a collar to fit around the outside of the twelvesided polyzon

formed by the computer and power supply sections. This coller should be at izast 6 inches high anc may
be secused to the computer ;ystcm using the screws that attach the top of the pancls which cover cach
. of the computer sections as shown in Fig. 20,

The final step is 10 construct a top cower for the computer system that will support the top
blower fan. A number of different fans may be used. The fan shown in Fig. 20.is a fan that was
originally used to cool an ~lectronic equipmant fack. Fublications from the Minuteman Computer
Users” Group have suggested the use of two G-inch fans in this top (Ref 12:20). A system of this type,
as shown in Fig. 23, was found to b2 preferable becavse of the lower noise kevil. The fans that are
uscd should be capable of an output of at 1ast 350 cubic feet per minute at @ iuches backpressure.

The temperature data and specifications provided in this report came from two separate cumputer

systems and the cooling chamacteristics were aemly identical. However. since there is 2 possibility that

\
other couling systeins may be constructed differently than tic one desctibed or the covling characteristics
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of diffcrent computers may vary, it is recommended that the mzmory and power supply temperatures
be monitored. A tempcerature sensing device which may be uscd for this purpose is shown in Appendix I1.
This circuit <dso includes a scheme for monitoring the extemal 28 VDC power supply.

The memory test pcint is the side covling fins and the power supply test point is the heat sink
associated with power trawsistor Q1 on power supply board A-19. This heat sink is located in the
center of section 12.

Computer Checkou

Once power has bren applied to the D-17B and a cooling system has boen developed, checks
may be made to determine the status of the logic networks. The checks that are described in this
section are divided into twe parts: first, tests that require no conirol panel are discussed: then, 2
more extended check which requires controf and datz entry capability is considered. Construction of
a control panel and input output devices is covered in AFIT theses GE/EE/72-3 and GE/EE[72; that
effort will nto be duplicated in this seport.

Waveshapes shown in this section ware photographed from an operable computer using an
oscilloscope with a shiclded input cable. An isolation transfonner should be used in the oscilloscope
power cable to prevent accidentally shorting the D-17R circuits through the ground 1sad of the scope.

Test point locations are included in Appaadix B and are Yisted alphabetically by functional
designation, For example, the system clock is listed under the function “clock™ and onc suitable
test point is plug J3, pin 47.

Tesis Usine No Cortrol Panel.

When powcr is applied te the computer the coatrolling ilip-flops will be activated in a random
state (a more complete discussion of states is given in *State Description™) and the logic networks are
not synchronized with the rotating disk memory. Even lhou_gh the machine is operating ir this unde-
fined siate, some indication of ijts operational status may be determined.

System Clock Wavzforms. The system clock may be obscrved as shown in Fig. 22. The existence

of the clock signal indicates that the memory is tuming and that information can de read from it. If
the clock frequency is 345.6 kHz the memory is turning at the required 6000 revolutions  * min.

Tie clock pulse should have the following specification: True lovel is -10.7 £ Iv: false Jevel
measured on the flat portion of the waveform is 1.8 £ 0.4v. At 2 -3 volt level the pulse width should
be 0.52 ¥ 0.07 micro-seconds and the overshoot above the O volt kevel should be kss than 3.1 micro-
seconds wide and less than 1 9v (Ref 16:5-11, 5-12).

okt andhk bl amiadd

Tests Usine a Coatrol Panct | Moge conclesions ahout the compuier’s operational status may

be rmade aftar a control panct has been constructed. A master reset signal. M. causes the computes to

™
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enter a defincd state and synchronization of the computer timing ¢ rcuits and the rotating memory
occurs. (A more detailed explanation of this action is covered in the State Description of the machine ).

Bit Counter Wavcfo ms. Proper 12sponse from the Bit Countes flip-flops, B j through Bg,
indicates that synchroniz tion between the rotating disk memory 2 d the bit counter circuits has
occuned. These responsss arc shown in Fis.. 5. and output waveferms for B} and Bg are show in
Fig. 23 and Fig. 24. “True™ lovel of ¢ sigiiale i 8 10 -10 voits : 1.1 “false™ is O volts. Since Bg is
“false”™ or O volts during the first half of the 78.12 miciosecond woid time, it may b2 used a3 an
external synchronizing pu sc for the oscilloscope to establish a time :2fcrence for observing ihe other
waw forms.

Timing Flip-flop Waveforms. Tke states of the bit counter flipflops determine the states of the
timing flip-flops, T, T, and TP' The output wavzforms of these f1 p-flops are similas: therefor2, only
’l'p is shown in Fig. 25. Note that the “truc™ level, -10v, occurs every 78.12 microseconds (one word
time).

Locp Wavefonns. 11hie contents of the loops may be observed by monitoting one flip-flop in
the loop. For example, the L register is shown in Fig. 26. This figure was obtained by monitoring tnc
L, flip-flop and shows a “truc™ pulse for bit position Ly.Lj.and Ly. Using this procedure, the contents
of any register may be displayed and further testing ~f the machine is limited only by the ca, .ility

of the control console to enter commands in she computer.

Summary

Care should be exercised wien uncrating and testing the D-17B computcr. Since a power supply
is part of the NSQ-10 navigational system, onfy 2 28 VDC external power scurce :s needed to operate
the computer. Some preliminary tests may be made without a cooling system to insure that the
computer is opcrable. An inexpensive forced-air cooling system may be constructed frem common
hboratory cooling fans. After a cooling system is cons.qucted, more detailed testing may be conducted
by observing the signal waveshape of the clock, accumulator, and timing pulses. )
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IV. _Applications of the D-17B Computer

Applications for any minicomputer are widely varicd and detersained in detail by the specific
user. The D-17B computer applications are presently limited by the <ize of the memory, speed of
execution and lack of snitware programs. These undesirable features ue offset by the fact that the
computer is i:‘.ex;\s‘nsx"-:. Las puiltan dizntalao-analog conversters, and two sets of discrete input lines.
Thus, the D-17B 15 b2t sunee for fined tasks (and not general purpost computing) where its capabilities
can be used to full advanizze (Ref 6.35).

In this section som: gerneral applications will be presented. Thes: techniques wiil provide a

starting point for more speafic applications by future uscrs of the coriputer.

General Purpose Invut Bus Svstem

The discrete inputs may be used to input data frem a peripheral bus system. A conceptual
bleck diagram of such 2 system is shown in Fiz. 27. This system uses the discrete Y inputs to input
data bits directly into the Accumulator under program control. Cbviously, the system could easily be
extended to as many as 24 input data bits. An X Jiscrete input is used as a flag line to indicate peripheral
teady status and discreted output lines are used to control the peripherals.

Educational Usas of the D-17B

A control panal such as the system described in Ref 8 converts the D-17B inte an excellent
“hands on™ educational computer. This system allows the st.udem to ovserve the states of computer
registers and information transfers between the rcgisterst The contents of memory may be displaved
with this systens and machine languags programming may be taught without the *“turn-around time™
obstacles that ase involved with larger date processing systems.

The input bus sysiem described above may be used as an educational tool by allowing the students
to breadboard periphasals and input data to exercise software programs.

Labornatory Uses of th: D-17B

In the baboratory. an analog-to-digital converter is a useful i;tput device. One sugzested approach
for this addition is to usc the A/D conventers as one of the petipherals of the data bus system described
abeve (Ref 13). This suggestion has merit since the A’D converter could be discennected casily from the
computer for temporary use with other Iashoratory projects.

Once the abilicy to input analoz ¢ata has been achieved, many applications as a laboratory control
system become appzrent.  Even without cnstoz input capahility the system may be used s an opendoop
coatrol system, Anzh 3 inputs present one convenient way to use the D-17B in a closed-oop control

system. As a closed-loop digital control system, the D-17B can be employed in processes such as numerical
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contrcl, process monitcring, and electronic component testing (Ref 3:40). Certainly these applications
are limited by the speed of the D-17B input operation (approximately 78 micro seconds). However,
one must consider that the system proposed in Ref 8 allows for the simultancous input of two 12-

bit A/D converters of three 8-bit converters.

Data Collaction Capabilities of the D-17B

Several D-17B computers may be used with peripherals such as an A/D converter to perform
dedicated tasks such as data collection. Uscd in this way the limjtations of the D-17B may be cir-

cumvented for the following reasons:

1) asystem-of several coanputers-has sa advantage for datz collection in remote locations since a

failure of one system would no result in a total loss (Ref 7:36).

2) Since tihe D-17B would be performing a dedicated task such as collecting a single type of data,
its effective computing speed would be comparable to a more general purpose machine. That is,
much of the speed of faster gencral purpose machines is lost in “housckeeping™ tasks and the D-17B
instruction rcpertory is suited for this type of operation (Ref 7:36). As an example, the D-17B can
collect new data and store the previous data input with a single flag store operation. Also the charactar
output instruction is ideal for unpacking data since four bits of the accumulator can be output with
one instruction (Ref 7:36).

3) Using saveral computers helps overcome the small memory limitations of the D-178B.

4) Such a system would be inexpensive because A/D converters that are compatible with the D-17B
computing speed are available for less than fifty dollar$ (Ref 13).

Summary

The D-17B 5 capable of a wide variety of applications. The user must apply the computer as a

dedicated machine to make up for its relatively slow spzed, smail memory, and present lack of hardware.

These jimitations are offset because the system is inexpensive, dependable, and has an instruction set
which is designed for special applications. (Ref 7:35).

The number of applications can be greaily enhanced by, adding a general purpose inpet bus to
the computer. This bus system used in conjunction with incxpensive A/D converters tailore the D-17R

for usss in educational, laboratory. and data collection applications.
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Conclusions and Recommendaticns

The D-17B computer is a sturdy, zeliable minicomputer; how ver, it can be damaged as the result
of an improper instatlation. Since the computer and a power supply are attached to a rigid base, it is

recommended that the system be reconfizured as little as possible. If the associated navigational system

. power supply is utilized. only a 28vDC power supply is needed for D-17B operation. An inexpensive
forced-air cooling system can be constructed that is suitable for ope.ation at ambicnt temr peratuses up
to 85°F. During the course of this study it was found that this cociing system plan requires only
minor modifications to the computer base and is the best approach 1or cooling the computer at normal
room temperatures.

Documentation conc'eming the software and applications represants a task for future endeavors.
This repont prov}des a state description c{ the machine that should be useful for maintenance as well
as a systematic approach for studying the machine. Other documentation is being provided by the
Minuteman Computer Users’ Group (Ref:5.6,7,12).

A compleie buffered interface system would greatly aid efforts toward future applications of the
computer. If the system clock, bit counter flips and all discrate lines were buffered and made available

on a patch panel. experiments with other hardware devices could more easily be carried out.

Q

Some of these experiments might entail connecting the D-17B 10 a TR-48 analog computer fos
a “mini-hybrid<~omputer™ operation. Initial experimenis along this line sould suggest using the D-17B
analog outputs to generate a pregrammed finction wavdlorm.

Any number of proposals might be suggested: howevar, they would simply be a reiteration of
minicomputer application that are available on commercial machines. From the experience of this
project it would seem that a complete buffered interiace would be the key to ali these applications

within the bounds of the speed restriction and memory capacity of the D-i7B.
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Appendix A

List of Terms and Abbreviations

Ay : Carry, borrow and misc. flip-flop.

Ap Y\ register axtra delay flip-flop.

Ay 1 “A” register read flip-flop.

Agq : “A” register delay flip-flop.

Ay3y, : “A” regsster write flip-flop.

Bg.Bs, By, B3, By, B © _Bil time countes flip-flops.

Cps: Cig- Cp3: Cu2» Cpy = Operand chancel buffer register and word time counter flip-flops.
CPS, CP4. Cp3. sz, cpl : Program channcl register.

Cs5.C4:C3.C2.C) = Operand channel storage register and auxiliary operation-code storage register.
D-17B : Designation of the computer uscd for guidance in the Minuteman ! missile. '

D, : Shift cortro! for “Discrete Output™ register. )

Dy, : Discrete disable signal from 2 control panel to control the discrete outputs.

D, : Gyro malfunction indicator flip-flop.

Ds.D4.D3. Dy, Dy 2 “Discrete Output™ segistes.

D : Control flip-flop.

£ : Contrel flip-flop.

Ex : “E” ioop intermediate read flip-flop. .

E, : “E" loop end read flip-flop.

Ep > “E” loop write flip-flop.

Eyc : Enable write signal - from a control panel - enables “cold storage™ write heads in memory.
F. : Fine-countdown-mode indicator flip-flop.

F_ : “F" loop write flip-fiop.

P

F, : Also F_ in some writings - signal from a control pancl that disects the computes to enter the
prepare to fill staie.

Fy : “F" loop read flip-flop.

G3.G,,G; : Binary Gutputs flip-flops.
llp ¢ “H” loop write flip-flop.

B © “H7 loop intermediate read flip-flop.
Hy, : “H" loop end rcad Aip-flop.

I, “I” register interrupt control flip-flop.

R7
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Ig : “Instruction Scarch™ sector disagreement indicator flip-flop.

L : Alsol,, the ith signal input 1o the computer from an extemal source for character input.
il .5

Inc : Symbol for a mechanical irput signal to the computer, com:nind to enter the Wait State.
ll’ 2“1 register extra delay flipflop.

L, : “17 register read flip-tlop.

Lgw : “I” register write ilip-flop.

J : - Control flip-flop.

K : Controf flip-flop.

K} : Hal not or rur signal from a cont2ol console - ditccts the co.nputer to enter the comspute states.

Ki, : Runnot or hait signal fzoin 3 control console - directs the computer to entex the NonCompute
states.

L, : " legin;r interrupt controf flip-flops.
Lo @ L7 vegister delay flip-flop.

LP s “L” register extra delay flip-flop.

Ly : “L” segister read flip-flop.

Logw : “L” register write flipflop.

MP; : Memory output buffer flip-flop.

M. : Also M - master reset signal from a controi console, initiates the computer to the Prepare to
Operaie state.

N, : “N” register interrupt control flip-flop.
Ng © “Number Search™ sector disagreement flip-flop.

L4

Np 1 “N” zegister extra delay flip-flop.

N, : “N7 register read flip-flop.

Nogqw @ “N7 register write flip-flop.

0Op3.0p2: Oy Operation-Cede-Buffer register.

04,03, 05,0, : Operation-code-storage register.

P3, Py, Py : Phase register.

Q : Special timing flip-flop

R, : “R" loop interrupt control and mode control flip flop.
RP : “R" loop write flip-flop.

Ry : "R"loop :cad flip-flop.

§ : Infonnation tcad from the sector track of the D-17B computer memory.
Sp3- Sp2- Spy : “FlazCode™ buffer register.
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§3.5,5.8; : “FlagCode™ storage segister.
T : Sprocket timing signal: used to direct the computer 10 accept character inputs.
T; : Bit times of the computer,i I, ..., 24.
To : “To Time™ indicator fiip-flop.
Tp : "l'p Time™ indicator dip-flup.
Tyx :“Tx Time" indicator flip-flop.
UP : “U” loop m.itc flip-flop.
: “U” loop read ilip-flop.

«
.“C'.

¢ * V7 loop isterrupt conirol and state controi flip-lop.
: “V™ loop write flip-flop.

“V™ loop read flip-flop.

Vig. V37: -+ V41 : Voltage output register number 3.
Vag. Vags V3¢ : Voltage cutput register number 2.

X

w S

V‘s, Vl-,, — \'" : Voltage output register number §.
OAL: Symbolizes that the flip-flop named A, is st to a logical “zeto™ condition or “zero set”.
1A} : Symboiizes that the flip-flop named A, is st to 2 logical “one™ condition or “one set™.

Af" : The star or aiterisk indicates an external signal to the computer that has been changed in voltage
level but hzs the same logical meaning as the symbol with no asterisk.

A’ : Psime is used to indicate a logical “not™ when A is a fogical 1, A is a logical 0.

Flip flop names and some definitions in this list were taken from Ref 1:110-114.
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Appendix B
Censtruction and Calibration of Temperatuse Sensing Equipment

The temperature sensing device shown here is a modification of a circuit from Popular Electronics
magazine, October 1969. In addition. two alarm circuits have been alded; one is used 16 monitor the
28v power supply output and the other alarm is used to monitor the computer temperature. A wiring

diagram is provided in Fig. 28 and a ports list is provided on page 9:.

Calibration
Temperature. Tise temperature sensing unit may be calibirated 'ty using the following procedures:
(1) Adjust the Balance potentiometer, R8, uatil the temperature readings are the
same when the Selector switch, S1, is in either the “Memory™ or “Power Supply”™
position,
(2) Adjust the “Low Temp™ potentiometer R1 until the preseat room temperature
is indicated on the meter, M1.
(3) Place the Sensitor, R7, in a high temperature refcrence oven. (For calibration
sccurate to within one degree F, hold the sensitor in your hand and use body

tempesature as the reference.
(4) With switch S1 in the “Memory™ position, adjust the “Hizh Temp” potentiometer,
RS, until the high reference temperature is indicated on Mi.
(S) Repeat steps (2) and (4) several times until the correct temperatures are indicated
on the meter, M1, without adjustment.
Temperature Alaun.  The temperature alarm light may be adjusted to come on at any point
using the following procedures:
(1) Switch the seicctor switch, Si. to the “Power Supply” position. The temperature
should indicate the present room temperature. Note this reading snd then adjust
. the low setting potentiometes, R1, until the desired temperature limit is indicated
on the meter, M1,
(2) If the temperature alann light is on, adjust the “Tempersture Limit™ potentio-
meter R12 until the temperature alarm light just gocs oui.
(3) 1If the temperature alann fight is off, adjust R12 until it just comes on.
(4) Adjust R1 uniil the present room temperature that was noted in step (1) is
indicated on the temperature meter, M1,

91




GEJEE[725-2
-Computer Power Alarm. The power supply alanm can be adjusted to detect an cvervoltage of
§ O 28.1 volts and an undervoltage of 27.9 volts. Cilibration of the power supply alarm circuit is accomplished
: as follows:

(1) Adjust the undervoltage potertiometer, R22, (Low Set) for maximum voltage
. " on the ceater tap. (clockwise).
(2) Adjust the overvoliage potentiometer, R18, (Hizh Set) for minimum voltage or
. the center top {counter clockwise). At this time, the Power Supply alarm light,

B2, should be off.

(3) Adjust R22 until the Power Supply Alarm light just comes o, thea bacs off the
potentiometer until the light just goes out.

(4) Repeat step (3) for R18.
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Al, A2, A3
B1,B2

c!

C2,C3

D1

D2
G1,G2,G3
M1

R}

R2

R3

R4, Ro
RS
R7,R9
R8.
R10

R11, R14, R15,
R16, R19, R20

R12

Ri3

R17

R17,R22

R21

R23, R24, R2S
R26, R27, R28
Si

mn

Parts List for Temperature Sensing Network
SN72558, operational amplifier
6v, 40 milliamp bulb
400u farad. 15v electrolytic capacitor
10u farad. I5v capacitor
IN4735, 6.2v. 1-watt zener diode
IN4001 diode
$7400 quad-dual input nand gates

0-1 milliamp meter, 50 ohm max resistance {a 100 ohm meter may be used
by removing R-17 and hooking the input to Al on the plus side of M1)

1,000 ohm potentiometer
150 ohm, 1/2 watt resistor
100 ohm, 1/2 watt resistor
470 ohm, 1/2 watt resistor
500 ohm potentiometer
100 ohm, 107 Sensistor
50 ohm potentiometer

100 ohm, 1/2 watt resistor

10 k ohm, 1/$ wartt resistor.
200 ohm potentiomater

15k ohm, 1f2wanty: -or
47 ohm, 1/2 wati tesistor

10 k ohm potentiometer
4700 ohm, 1/ watt resistor
10 meg ohm, 1/4 watt resistor
3900 ohm, 1/4 watt resistor
Singie pull single throw switch
Filament transformer, 6.3 volt secondary
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Appendix C

Wiring list for the D-17B computer (From Ref 16:3-5 to 3-41)
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