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PREFACE 

The Minuteman,Computer Users Group is composed of those who are involved 

with the use and development of the Hinuteman D17B computers in many fields .. 
of research, education, and applicatio~s in the computer fi~ld. Those who 

are me~bers of this cooperative, voluntary group assist each other by sharing 

results, programs, and applications. 

The first meeting of the MCUG, held at the Disneyland Hotel in Annaheim, 

California on' June 11-12, 1970, was attended by 65 persons •. The second 

meeting, held November 16, 1970 on the campus of the University of Houston, 

was attended by 80 persons from 32 states, the District of COlU111bj.a, and 

Germany. The registration list is included in the appendix. 

These PROCEEDINGS s~e a permanent record of the material presented at 

the meeting h~ld on NO'lembcr 16, 1970. This material describes checkout a.nd 

trouble-shoot.ing procedures, hard~,mre interface developments, applications, 

and prograu~ing related to the D17B computers. The agenda also includ~d e 

demonstration of the input/output panel for the D17B computer located :i.n the 

Electrical Engineering Department at the University of Houston. In add:i.tfon 

to the technical sessions, there "185 considerable excnan£e of information 

during informal discussions at the breaks and at the luncheon. 

The editor is grateful for research support relating to the D17B under 

Air Force Vffiae of Scientific Research, Army UediaaZ Reseo~ah ~ Devatopm~nt 

Com.:.and,> and the NSF Office of Comp~d;ing Activities. We also tha:lk our. host, 

Dr. J.;:.~lCS D. Ba~grdn0r, Assoc. Professor of Electrical Enginr.~·ril'lg, University 

of Houston. and h:i.s collea~1.les for the lvarlU hospitality and the time and effort 

required to plan 'for the local arrangerr.ents •. The assistance and encouri1gement 

of ~~r. James H. Neal of ·ONR and Hr. Richard F. Babler of DSi\. are gratefully . 

acknovlledged'. Information provided by Autonetics has been especially helpful. 

i.i 



Neue Executive Committee members.who were present \~ere .the follmving: 

Chairman 

Software 

Dr. Charles "ll. Beck, Professor of Electrical Engineering, 
tulane University 

Dr. James D. Bargainer" Assoc.i&.te Professor of E1ectr:l.cal 
Engineerhig, University of Houston 
Mr. Cedric B. Wernicke, Psychology Service, Brentw'ood 
VA Hospital, Los Angeles 

Mr. Donald E. Geister, Research Engineer, Aerospace 
Engineering, University of Hichigan 

,Spare Parts and Maintenance Hr. Charles H. SHanson, Instructor of 
Electronics, Nankato Area Voc-Tech Inst5.tute 

The persons who attended the meeting reprecented 61 organizations \-]j.th 

potential use of the D17H. Among these, '14 had D17B's (4 ope.rati.on<t1),. 20 

had submitted requisitions, Rnd 17 were considering Rcquisition of a D17B. 

Methods of joining the yICUQ 

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

2. Send a purchase order for $100 to the follm,ling address. This pttrctle.:;c 
order can specify documentation for checkout, trouble-·shooting, 0pE·ruU.on, 
and programm:i.ng of the Hinutcman D17B computer. 

3. Request :i.flvoice for $100 to cover oocll.mentation. listed in :i. ten. 2 above. 

Dr. CharIer; H. B,!ck 
Professor of Electrical Engineering 
Tulane University 
New' Or1(';[:11.::-:: ,- Louisi::;.na 70118 

These PROCBEDINGS of the SECOND NEETXNG OF THE 11INUTE'f.J!J.N COHPU'.T'ER USERS 

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

payable to the HCUG and ma::U to the chairnlDll at the above address. Specify 

SYS'fctiS LABORATORY Report No. TSL-3-71. MCUG r:;emb~rs "td.ll receive one copy of 

tlH.'sc: PF.OCEEDINGS" as l-7ell as other reports, a prograr:-clning manual, and other 

docu!:'cntation which \o]i11 assist in. the utiliz.3.tiorL of the D17B. 

Charles H. Eecy. 
Chairr.:an, !iCUG 
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MINUTErv1AN CO~lPUTER USERS GROUP f'1E/'1l3ERSHI P 

1. Ar.izona State University, Electrical'Engineering 

2. Arnold Research Orgal1ization, Arnold AFE, Tennessee 

3. Auguatana College, Phys:i.cs 

4.· Austin College, Computer Center 

5. Bureau of Mines, Laramie, Wyoming 

6. California Inst:i.tute of Technology, Geology 

7. Colorado State Un:i.versity t Atomspheric Science 

8. Dillar.d University, Mathemati.cs and Science 

9. Indiana University of Pennsylvania, Physics 

10. Louisiana State University Hedical School, Neurology 

11. Massachusetts General Hospital, Boston 

12. McDonnell DOllglas, St. Loni.s, l1issour:i.. 

13. Mihmukee Area Technical College, Electronics 

i4~ HIT, Draper Laboratory 

15. Naval Ordnance Station, Indian Heao, Haryland 

16. Oklahoma State University, Physics 

17. Pennsylvania State University, Chemistry 

18. Princeton University, Psychology 

19. Raytheon Corp., Bristol, Tenness,ee 

20. South~'7est Minnesota State College, Electronics 

21. Tektronix, Inc., B~averton, Oregon 

22. Tulane University, Electrj.c.f'.l Engineering 

23. 

24. 
25. 

2'6 • 

27. 
28 •. 

University 

University 

University 

. University 

University 

University 

of 

of 

of 

of 

of 

of 

Colorado, Electrical Engfneering 

Dela,·~are , Electrical Engineering 

Houston, Electr:i.cal Engineering 

Oklahoma, Hathematics 

South Florida, Physics 

Texas, Applied R(~scarch l.aboratory 

29. Uni.versity of Hashington, Electrical Engineering 

30. University of Hyoming~ Electrical Engineering 

. 31. \1rignt State! University, CorrtputeT Center 
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REC()lvn~NDED CIHWKOUT AND TROU13r.~~-SHOarING PROC}!..'DUHES 

FOR THE p17B CQ'vlPUTER 

C. H~ Beck 
Tulane University 

As a result of the current Modernization· of the Minlltel118.n ICBM force, ,s. 

quantity of InertiaJ. Guidance SysteJ'l1S (}-1oclel NS-lOQ),~ each cos~ine; ,$2.34,000, 

have 'been declared excess by the USAF.. Since Olre! 1,000 of' these arlvanced 

computer systems from the IGM 30/Ninuteman' M.issiles are scheduled to be 

declared excess, success of' this reutilization project ca,n effect a savlngo 

of nearly a quarter of a billion doll.ars. 

NS-10Q. systems contain a D17B cop!puter, the associated stable 'platfo:c;,!) and. 

pO'Her supplies. Detailed speciflcations for the D17B COJllputer are given in 

Table 1. It is a small, extremely versatile, J1lUltipurpose, serial-binary 

. 1 
cOJrlputer. The hi.gb degree of' reliability and ruggedness of the computer are 

evidenced by the strict requirer'lents of the 'Weapons system. 
\ . 

l-1r .. Ray E. Close, System }'ianager, LGM 30 Systems Nanager1ent Division, 

11:1.11 AFB, statecl at the f5.rst ginutema.n Computer Users Group, meetj.ng in Anabd.m} 

Ca1il'ornia on June 12, 1970, that the average IvlTBF for the over 1) 000 D1.7J3 I G 

ban exceeded 5.5 years. During the time that the D17B has been opere.tiug in 

the Systems Laborz.t.ory at Tulane University, e, I'm·? failures have occurred'. 

Thc:;c failures ":J'Cre created by occasional inadvertant, i1'1proper procedures 

'Wll~n F'1~~a.8urerlent.8 'Here being taken under dj.fficult circUJ'lStances. For normal 

1nborato1:'Y operati'ne conditions, the D17B can be powered up s.nd shut do.m 

f:-cquently "'lithout experien~in2: F'1>?.2.functions" as 1)as been the case during thc 

pas t 15 l"lonths of extensive oper.:1tio!'! :1.n the Systems Laboratory. 

Thus, the reliabil:1.ty of th~~ D17J3. "rill hopefully red~ce the occurrence of 

cqulpnent breakdmms, the need for tc(!hll:i.ceJ. l118.intenancc personnel, and the 

1 
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~1ANUFACTURER: Autonetics, a Division of North American Rock'>1ell, Inc .. 
HODEL: D17B 
YEAR: 1962 
TYPE: Serial, synchronous 
NUt·mER SYSTH1: Binary, fixed point, 2' s complement 
LOGIC LEVELS:. 0 or False, OV; 1 or True, -10V ' 
DATA HORD LENGTH (bits): 11 or 2/. (double precision) 
INSTRUCTION WORD LENGTH (bits): 24 
MAXIfv1UM I/O (words/s): 25,600 
NUHBER OF INSTRUCTIONS: 39 types from a 4-bit op code by using five bits 

of the operand ad~ress field for instructions 
which do not access memory 

EXECUTION TU1ES: 
Add (us): 78 1/8 
Multiply (us): 546 7/8 or 1,015 5/8 (double precision) 
Divide: (software) 
(Note: Parallel processing such as t~10 simul taneous single precision 

operations is permitted without additional execution time.) 
CLOCK CHANNEL: 345.6 kHz 
ADDRESSING: 

Direct addressing of entire memory 
Two-address (unflagged) and three-address (flagged) inst,:'u.ct:i.ons 

MEf~ORY : 
tlord Length (bi ts) : 24 plus 3 timing 
Type: Ferrous-oxide-coated NDRO disk 
Cycle Time (us): 78 1/8 (minimal) 
Capacity (\'lords): 5,/;54 or 2,727 (double . . ) precJ.s2on 

INPUT/OUTPUT: 
Input Lines: 
Output.Lines: 

48 digital 
28 digital 
12 analog 

3 pulse 
Prograr:1: 800 5-b:i.t char/s 

PHYSIC!\L CHARACTERISTICS: 
Dimensions: 20 tl high, 29" diam. 
Power: 28V· de at 25A 
Circuits: DRI. and DTL 

SOFTHARE: 

Double copper clad, gold plated, glass fiber laminate, 
flexible Polyul'ethane coated circuit boards . 

f1inimal delay coding using machine language 
Modular· special-purpose subroutines 

RELIABILITY: 5.5 years }ITBF 

Table 1. Minuteman D17B computer specifications. 



associated maintenance cO,sts once, the system is in operation. This is :partly 

because of the use of high rcliabi1ity components. Also" since the Dl.7B 'is 

available to authorized governr'lent agencies and contractors for use on con-

tracts or grants on a non-reilllbursa,ble basis, there .... li11 be insignificant 

cost increase llith usage. And, with the assistance of the lviCUG} it is expected 
~ .... . '- "'. '. . 

that many users lli11 take over complete systerrt resp~nsib~lity including rnin­

tenance. It is expected that less-skilled technicians can be trained to provide 

the necessary service. The very high MTBF of the D17B shoulcl be considered 

.... lhen planning a computer system \lhich should not be interrupted. . ... . -

The follo\dng items should be considered in planning for ~ D17B sys:ifr::m. 

l. 

2. 

5· 

6. 

7. 

Shipping for the D17B and I/O devices, available through DSA. 
( ]{ 

Interfaces for (.IIOnnecting peripheral I/O devices to the Dl.7B. 

~8v dc pO~'ler supply rated at 19A (25A surge). 

Air duct and bIo\·rer. 

Operator cont;rol panel. x 

Engineering effort and labor for insta.llation anil checkout of the m.7B.]£ 

Soft"l~r~_ developJl;ent" _ trouble-shooting, and tl18.intenance.]£ 

It is estil"latcd that f-our l"mn-days are required for preparing the D17B for 

operatj_on aml interfacing it to a Flcxowriter. An ac1<1itlonuJ. t\W 1l1an-Co.ys "1i1l. 

be sufficient for checkout of a manual control_ panel and Flexo"lriter I/O. 

Considerable efficiency is posslble si:1ce a single _ systen design vTill suffice 

for the DppHc8.tion of several Dl.7B' s to sir-lilar ta.sl::s. The M(;1J3 can a.ssist 

in this reeo.rd. Despite the difficulties of limited d<?cumentation quring the 

early pbase::; of this project and the associated frustration} the D17B is no .... r 

p~rforllling useful functions in the S~rster:ls Laboratory at minirw.l cost. 

x. '1 
' fI. val. able through the Minuter-a.n COPlp\lter Users Group. 
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PHYSICAL CHARACTERISTICS 

The NS-1OQ was'located just beneath the payload in the nose cone of the 

Minutel1lan Ilt.issi1e. The D17B computer portion, built by Autonetics, a 

. . . ' " 0 
division of North American Rockwell) occupies 180 of the chassis structure of 

the nS-1OQ as shmm in Figure 1. The pO'lIler supply section ,.o?cupies the other 

half of the chassis structure toroid. The outer body skin, .,hich provides 

the NS-lOQ the capability of becoPling an integral part of the missile frame, 

may be unbolted and removed when the NS··10Q is to be usee1 for other purposes. 

'Removal of this body section ,·1ill have no effect on the operation of the D17B . 
. ' . 

The D17B is 20 in high) 5 in deep, has a 29 in diameter, anc1 vTeighs 

approxi!'lately 62 lbs. COPll?onents include approxiP1tltely 1521 transistors, 6282 

diodes, DJ.6 ca,pa.cit.ors, and 509it resistors. These components are lllountecl on 

75 circu~t boards of double-copper-clad, ep...e;raved} gold-platec1, gla.ss-fiber 

lo.PJ.inate. They bave been coated with polyurethane. 

The design of the D17B placed a prcmiurl1 on reliability since there is no 

second chance .,hen an a.irb<.rrn(? cOlnputer controlled niGsion is executed. 2 Hence, 

DRL logiC vIas used extensiYely rather than DTL except '·lhere ga.in vlas required .. 

Extensive use 'Has rm.de of sil:tcon and lllesa-gerrlaniur'1 sepucomluctor devices in 

this fully solid-state cornputer.· A lor.;ic level of' 1 or True is represented by 

approxinately -IOV J a nd a 0 or False by approxhlately OV. 

Po~,mr Supply 

A 28v dc regulated pO'tTer supply capable of supplying a 25A starting surge 

JIlust be prov~aed for operat:i.on of the CO!'l?uter .. Other required voltages are 

obtain(:d internally by converting th.; 28v dc into secondary pO'l,oler usinz 801id-

state. D17B circuitry. The current dra'.m from'the 28'1 dc supply will- va.ry f'roPl 

o to 25A 'lith a steady-state value of ~pproxir1ately 19A ~eferred to s,s full 

10af1. 
. 

The positivE: 'teI"l'lin';l.l cf the 28'1 dc supply shoulA. be connected to 
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Figure 1. liJ:inuteJ118.n Dl7B -qorr.puter sketch. 



terrnina,l E2 on the base structure, and the grounc1 terminal should be connected 

to E3. The secondary po',rer requirements include l~OOHZ, 3¢, and various dc 

voltages as shown in Figure- 2. 

po\-ter can ,bl:! applied for a short tiPle to aetermine that the merl,ory.motor _ 

is ope,~ation~l or that a secondary power s~ppj.y is funct:i.oning. The 28v, 

400 Hz, 3¢ ca!l be checked on TBb - 1, -2, -- 3 "lhich is, the connection to the fan 

located on top of the D17B. If this fan has been rePloved, the lead will be 

easily accessible. 

The secondary dc pO',Ter supplies can be !'1onitored most conven:i.ently at the 

checkout 

~oolir'§ 

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

Location Voltage Loca.tion yo1tage 

--J2- 3 ~ZV~- .J2 -..l9 +35 

- 9 +15 -20 -10 

-13 - 1 -21 -28 

-14 -25 -22 
,.. 

+ t> 

-16 +10 -23 -35 

-17 +25 -24 - 5 

-18 - 3 

Table 2. ~'abulation of' secondary power supply manit-orin;:?; 
locations. 

Continuous operation requires that air be pa,ssed through the D17B to 

J!:ainta.in an al11bient teT'lJ)c:reture of 77'7 2:. 9°I-' (25°C to 2:. 5°C). A D17B has 

b::cn operating in the Syst.ems La.boratory for over 1,000 hours using a blO\'ler 

to cl!"culate room air to effect coolinG_ 
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Input Connections 

Most of the connections for control signals,' instruction a.nd data character 

inputs, and character outputs and for SOPle of the external discrete inputs are 
. . 

available .on the lOO-pin uJTlbilicel connector '''hich ... tas Plounted in the outer 

body.sk~n. These connections, listed in Table 3,can easily be disconnected 

and attached to a patch panel. 

FUNCTIONAL CHARACTERISTICs3J4 

The D17B ... las designed primarily to solve real-time inertial guidance ana. 

flight control problems associated "lith the Hinutems.n I missile. It has the 

follm·rinJ; generD.l capabilities: 

1. Sampling anr} proCC:3sj.DC; of input data in the form of control 

signals, digital data, or pulse-type signa.ls. 

2. Logical decision-rk'1Jdng a.nd p~rformanc<:! of arithnetic op:=rations 

using a.n instruction repertoire containi.ng the 39 types of P1acn1ne 

language instructions listed in Table 4. 

3. Transrrdssion of output data in the form of' analoG, c1iGj.tal} and 

pulse-type Signals under program control. 

The characteristics of the DJ.7B ",.hich "rill be of specific interest in checkout 

vli1)' be described. The brcakdolm of these characteristics along' functional 

subdi vis:i.ons as jJ{enti:fied in Fis-ure 3 :Ls not int'~nt1ed to infer that these 

elenents exist as separate physical ent,i ties. 5 

Central ProcessinG Unj.t - ._--_-.'_ ...... -
Since the DJ.7B is a seria.l-bin~try cOrrlputerJ silTlultaneou.s access to all 

the bits of a memory location is not needed either for. instructions or data .. 

Honce, thearith:'lctic registers need not be constructerl entirely of fJ5p-

:flops. Instead) they, are in the form of circulatinG loops in w:?r1ory as 

:UJJlstratcd in Figure 4. The D).7B has four double-rank al'ithY'1etic registers 



Pin Function 

l, I1C. 

2 

3 

4 

I2C 

I3c 

:5 Parity 

6 Timing Prill1e 

7 Precision Time Pulse 

9 SC10 

10 

)J. 

12 

SC20 

SC30 

sc40 

14 . Parity Bit 

. 15 Timine; 

Input 

output 

13 Parity or Verify Error} PV6C 

23 Disable Discret'2) DDe 

'90 Me.ster Reset} MRC 

91 Halt Prill1e} KHC' 

93 Enable Hrite} EHC 

96 X1C 

9r
{ X2C 

93 X3C 
Inputs 

95 V5C 

9h v6c 

Table 3. Tabulation of selected functions a.ccessible through 
the umbilical connector. 

9 
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Numeric Code Code Description 

00 20, s SAL Split acc~ulator left shift 
00 22, s ALS Accumulator left shift 
00 24, 2 SLL Split left word left shift 
00 26, s SLR Split 'left 'Word right shift 
00 30, s BAR Split acc~ulator right shift 
,00 32, s: ARS Accumulator right shift· 
00 34, s ~RL Split right 'Word left shift 
00 36, s SRR Split right ",ord right shift 
00 60, s cm Character output A 
04 c, s SCL Split Compare and limit 
10 c, s TMI Transfer on minus 
20 c, s S~-1P Split multiply 
24 c, s MPY Multiply 
30 c, s SMM Split multiply modified 
34- c, s MPM Multiply modified 
40 02, s BOC Binary output C 
40 10, s BOA Binary output A 
40 12, s BOB Binary output B 
40 20, s RSD Reset detector 

·40 22, s HPR Halt and Proceed 
40 26, s Dm Discrete output A 
40 30, s VOA Voltae;e output A 
40 32, s VOB Voltage output B 
4034J S VOC Voltage .output C 
40 40, s ANA And to accumulator 
40 4i~, s MIM Minus magnitude 
40 46, s CQ\1 Complement 
40 50} s DIB Discrete input B 
40 52, s DIA Discrete input A 
40 60, s lIFC Halt fin~ countdmm 
i~O 7-, s LPR Load phase register 
44 c, s CIA Clear and Add 
50 c, s TRA Transfer 
54 c, s STO Store accumulator 
60 c, s SAD Split add 
64 c, s ADD Add 
70 c, s SSU Split subtract 
74 c, s SUB Subtract 

Table 4. D1.7B instruction repertoire. 



INPUT 

r 
Control 

Instructions 
Data 

Discrete 
Detector 

r-------

I 
CENTRAL PROCESSING UNIT 

CONTROL 

I 
Location Counter 

I-Register 
~ P-Register 

! 

~ ARITHMETIC 

! 
11\ 

I 

I 'i( 

I ... A-Loop .. 
L-Loo p 

, 
-1-

11\ 
L- - - -'-

'jI 

I HENORY 

'r 
I 

Incremental Input 
Pulses 

Digital Resolver 
Variable Increment 

I 

I 

I 

I 

.J 

OUTPUT 

~ Discrete 
Character 
Analog 
Pulse 

Display 
Telemetry 

Figure 3. MlNUTEYJl~ D17B computer functional block diagram (conceptual) 



ACCUMUtA':'OR (62) . V.~OOp (60) 1 WORD 

~--~~~--~~~_:_3_W _____ ~_~._~_IV_.S _______ f._'X~1 . TI 8:TS 

lQVlER ACCUMULATOR (~) F-LOOP (52) 4 WORDS 

'~-----------~'~iL_2A ______ ~ __ g_!T_S _______ LO~' f~--~~ 

Nl.!M&ER REGISTER (66) NON-ADORESSA:3I.E . E·lOOP (,56) 8 WORDS-INTERMEDIATE READ (7(.) 

E1-- [N24W NX I l Ep EMX 
, 

2~ 5!TS EX I 

+ 
, 

INSTRUCTION REG:STER NON·A!)OR1:SSAaLE H.lOO? (:>4) 16 WORDS-INTERMEDIATE READ (74) 

~-'------------~~ _____ '_6_81_~_:~_:-----_____ 'x~,1 

Figure 4. Arithmetic registers and rapid-access memory loops. 
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"/hich are the accul'1tllator (A)) lOv/er accumula.tor (rJ)' instruction reGister (I)J 

and number register (N). Because (L) is addressable" it can be used as rapid-

access storage in addUion to perforrnin~ norr,18.1 aritlunetic functions .. There 

are ti-lO additional non-addressable registers) which a.re used ·t-lithout progr2.TIlPler 
, . . -

control) a.nd one 3-bit' pseudo-index (phase) ree;ister. The functional locations 

of these registers and loops are illustra.ted in ~icure 5. 

The centra.1 :processing unit (CPU) has I/O access to l~our rapid-a.ccess 

Mcmory loops of. 1; lj. J 8, and 16 "lords in ad<.l:i.tion to the Plain memory \Olhieh is 

arranged in 21 channels of 128 "TOraS each. TvlO inpu'~ buffer loops of 4 words 

each provide adCl.i tional input capability fron mcnory. 

PrograrlJl1ec1 da.ta channels cause ,lata trnnsfers into the t.r).tb;(letic registers. 

All machine functions are processed a.nd inte:cpretcd :Ln tIle CPU. The mcnory 

channel address froM 1-111:i.ch the next instl'uc"Gion is to be taken is deter-Hi ned by 

the location counter. '(-!hen the CPU is rcad.y to accept another instruction 

frOM Memory, the a<.ldress is specH'icd oJ the channel. address stored in the 

location counter and. tlJe sector ac1c1ress sped.fieet in the previous 1.nstructicn. 

The index register can rnodii'y the operand channel add.ress of one OI~ thf:; 

JllultjpJ.y instructions. This register also S0rves as a selector s';litch for 

choo3in.; one of two l)airs of inputs to one of the increr'l'SntaJ. pulse-type input 

l.oops a.nd for selectinG one of four e:>:t.ernaJ. pOSitions for each of: the three 

D-J\. analog voltage output.s. 

The accunulator h01<:.s the results of all ari thnetic op'~ratj.ons and serves 

c.s an output register for :!?81'ullel c1ig:i.tal data) pulse-type signals} D-A 

nnaJ.og voltaGe outputs} and telell,etry data. The 10\':021' accur:lUJ.ator. is involverl 

in certain aritliT'letic) inpu:c: f.nd logical operat.:i.ons. A real-tir'lc clock is 

prov:We(~ by intel'm.l timtng signaJ.3 derived frol''l the clock ch2..nnel of the 

" 1 6 
C J c.: :!C:!11l0ry. 
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Figure 5. Functional location of arithmetic registers 
and rapid-access mem:)ry loops. 

OUT?UTS 

[ PULSE-TYPE I-

I DISi:"ETf.S I 
t 

h1'ALOG J V.OtTAG:: (DC) 

. 
I J 

SINGLE Q-IMACTE~ 



. 7 
Memory . 

The delay-type l1lemory is a 6,000 r/min, ferrous-oxide-cQ.-"3.ted dis}~ as 

iJ.l.ustrated in Figure 6. The disk is driven by a 400 Hz, 3 ¢ h'ysteresis-

synchron,?~l,s T!lotor. Non-return-to-zero recording is used. The· addressable 

rleI'lory capacity ~s 5,454 11-b.it (single-precision) or 2,727 2i.~-bit (double-

precision) ..... ,ords. The forr'1at of these "lords is shown in Figure 7. }.lain 

rnelnory is .. arraneecl. in 2J. channel of J.28 double-precision "'ords each. These 

channels are nt1.J11bered in even octal from 00 to 50. 

15 

Main mel1lOry channels are non-volatile in the event e)f a pO\'ler failure or 

if the system is shut dmm. The clock channel contains a permanently recorded 

3h5.6 kHz sinusoidal signal. Sector infoT.'l11ation is also penn.anently· recorded. 

on another channel. The total non-dest;ructive rea.dout rlE~mory is desj.gned to 

be cO]'ipletely prograT'll11able in con,;unction ",ith grounrl support equipment. 

The addressable menory also includes rapid-access loops of 1) 4:) 8, ane 

J.6 "Tords, tvlO arithmetic registers) a.nd ty10 4-"10rd inp1.1t buf!~er loops for 

direct data entry. 'llbere are t\'lO adel! tiona,). non-addressable ari trJiT!"]tic 

registers. These rapid-a.ccess loops a.nd reGisters are actua.lly reserved 

Mcnory locatlons as i1:l.ust:cated in Figure 8. 

The r'lcrllory cYCJ.c timc is 78 1/8 I-Ls if the memory location :i.s, coincident.. 

'With a rea.o head. This is the tine requlreu to read one 24-bit serial .,on1 

and is defined e.s one iwrd time. The cycle tir:le for the I-word reeist,ers :ts 

one \-IOrd tht1e. The worst-case cycle times for the 4, 8, and 16-~·,ord loops 8.re 

4, h, ana. 8 1'lOra tiMes respectively. The "lorsi-case cycle time for the rna:i.n 

I'1~r10ry channels is 128 word times. 

ProGram security or mcnory protect can be maintained by dis::1.bling tl1e 

\1rite heads to a portion of the P1Cr10ry to effect rcau-only !11CF!Ory. By 

enabling these i"rite heads it is possible to perl~or[l1 j.nstruC-!~:1.on and ad<lress 

f1<xlification un(J.er pro~rarl cont~ol.~ 



OrAPHMGM 

Figure 6. Sectional view of the disk-type memory unit. 
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Figure 7. 0173 data word format. 
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fi~ure 8. Conceptual diagram of the,arrangement of memory loops and registers. 
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Input/output 9, 10 

The program, cOMposed of instruction and data words, is initially pun:::hed 

on cards or paper tape as illustrated in Figure .9, or is recorded on l11S,gnetic 

ta.pe. This program is then entered into Memory. ~pecif.~c. c.~>nsole initializing 

and interactive inputs must be supplien und~r opera~o.r mnuaJ. c~ntroJ. using 

push buttons a.nr~ s"litch~s to cause logical synchron:i.za:tion, conditioning of 

log,ic cir~uitry, and sequential state transitions be~ween sU?Plodes . of COTllputer 

operation~ The console control inputs ini~ially cau~e the Dl7B to enter the 

load/veriry mode to prepare for entering the program •. These console control 

inputs and the volta.ge used in the Systems ~boratory are l:i.sted in TabJ.~ 5. 

Instruction and data characters can be read in during the load/verify 

mode; s~quential mer!1ory locations are assumed unless a location control 

character is present. The maxiJ1lUM rate of loading int,o or corlParing with the 

cor:tent~ of Jllemory is 100 words/s. This is equivalent to 800 characters/s 

since each 24-bit ... lord is composed of eight octal characters, a,s illustrated 

in Figure 10. Negative data JilUst be represented in t\-1O'S cOl"l1plelflent form. 

Control characters rea.d in during the loa.d/verify mode condition logiC 

circuitry to effect appropriate computer operation. 

Additional data represented by 48 discrete lines ca,n be entered under 

proGrar.1 control. One of these discrete lines monitors the detector flip-flop, 

DR, which ca.n be set by an external source j setting DR produces a. logic sia;nal 

that indicates the status of: external equipPlent. This function serves as a 

hard.Tare interrupt, If DR is set, certain d:i.screte outputs are inhibited. ·D"R. 

can be reset under prO;2;rall1 control. 

Incrementa.J. inputs of +1, -1, and 0 can be added to the respectlve contents 

of eiGht TIrelTlory locations in inpnt loops thr01.1gh direct data entry. These in ... 

puts are independent of program control. This ca,pability provides for direct 



OESC~I?T!ON TAl'E CHARACT~R 

IS '4 13 '2 ' It f5 '4 13 '2 '1 
0 ~ 0 0 0 0 

1 ~ 0 0 l 0 0 0 0 

:2 b.': gol 0 0 0 1 . 0 

OCTAl 1 3 0 0 

DIGn~ I . . · .( .... ,00 ' i 0 0 0 0 

! S 0"> : ·0 0 o.'.! 0 0 I 
I 6 (Y":" :,:: 0'0 0 . I 0 0 I 
I '-f ". , ' ~ 

I 7 .. 000°1 0 0 1 . 1 
L .. 0 . . . . 
r- HAlT o . u 0 0 0 0 . 0 .• 

, .... ~ 

lOCATION O·ooO:·.~ 0 .() 

I r:rll 00 0,0 " ~ 0 0 , . . . u 

CONTRCl~ VERIFY 0 0 00 ~ 0 0 

CODES COMPUTE 

)000 0 ·1 
0 0 

I r:NTER )000 0:. 0 0 

I 0 CLEAR ~ O°C)O .'~ ., 0 

I DEtETE )00 0 00 O. i 1 
'-

I..-..,.........~.-....,.-J 

Figure .9 • D173 control and octal character codes. 
I'\) 
0 



FU'!:CTION SYi'vrnOL p('S:;:TION VOLTAGE COloi'11ECTION 

Chara.etcr Input IIC-I5C _. -lOV Jl-l to Jl-5, TBlB-11 to TBlB-21, or ({l-l to J7-5) 
t\ Floating \.; 

Disable Discre.l"e DDC J. +25V Jl-23, P2-l2,- P2-5, TBl.B-30, J3-17, J7-l4, or JlO-;3 
0 Floating 

Enabl$ Write E~'TC 1 +25V Jl-92, P2-11., P2-6, TBlB-32, or (J7-lo) 
0 Flo.1'I;i ne; 

Fill Morle FSC 1 -lOV (Ja-24) 
0 Floating 

Halt Prir.le KRC' RUN -lOV Jl-9l, TBlB-33, or (J7-l7) 
HALT Floating 

~Jhster Reset MRC 1 -lOV JJ.-90, P2-22, P2-l5, TBlB-3l,. or (J7-l5) 
0 . Floating 

Run Prime KRC' HALT -lOV (Ja-l6) 
RUN Float:i.ng 

Singltl Prime KSC' 1 +2:5V (Ja-l5) 
0 Floating 

TiminS TC 1 OVI (Ja-5a) 
0 +25V 

Timin3 Prime TC ' 1 +25V J1-6, TBlB-22, or (J7-6) 
0 OV 

Table 5.. List of voltages and connections for the Tulane Dl7B manual control panel. 
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. digital. integration of eight functions--five of D.-bits each~ t~.,o of '24-bits 

each, and one of 48-bits. Varia.ble-increI11en·t inputs can also be added. "to the 

respective contents of memory locations in input loops through direct. data 
. '. 

entry. These inputs enter the COMputer on two sets of three lines. One line 

indicates the sign, and the other tvTO Mutua:lly-exclusive input .lines indicate 

increnents of one or four. The state of the :phase register determines vlhich 

of the tvTO 1'airs of. inputs is selected. A pulse-type input can be added to 

th'e contents of a specific PleNary location, at the tnaxi:rlUnl rate of 1000 pUlses/so 

The v~riety of o1:ltput transfers avajJ.able fr~ft1 the DJ.7B ':lnder program 

control. include 3-bit, 4-bi~, or 8-bit parallel data channels, discret~.J.o.gic 

Signals, pulse-type signals, 24-bit serial worl1s, and analog signals. Parity 

or verify error outputs are also provided as hard .... 'are-controlled features. 

Speci:t:ic discrete logic signals are disabled by a har(l\-lare interrupt if' DR 

is. ON. 

\-lith these output features; the D17B can output d~ta to an autol"l.6.cic 

typewriter, light indicators, audible alarl'ls, and otber o1'1'-on devices. An 

array of light indicators can be used to display data in various ceded forns. 

Continuous analog output Signals can be monitored on a Meter, or a pcrn~nent 

an(l continuous record can b'e preserved by using a strip chart recorc1er. Other 

peripberaJ. devices can be used to. prepare punched c9.1'(1s, punched paper tape, 

or Ma.;nctic tal?~ fer subseq,uent data entry into. the Dl~·B er a.nother Cel11]?ute.r 

for later processing eff-line. ll , 

The location ·of jacks involved 1"n the functiona.l checkout and trouble- . 

shooting of the DJ.7B a.re illustrated in Figure 11. All flip-f'lop monitoring 

locations are listed in Table 6. 
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Figure 11. Location of I/O jacks on the D17B. 



· F'L'NCTION' 

AC 
AK 
AP 
A24 
13). 
B2 
B3 
Bi.;. 
B5 
:a6 
CBl 
CB2 
C33 
CB:.j. 
CBj 
CP1 
CP2 
CP.) 
CP4 
CP:>' 
Cj. 
C2 
C.5 
CL~ 

c5 
D 
DC 

LeCATION 

J3-25 
-45 
_i+l 
-1+4 

- 1_ 
- 2 
- 5 
- 4 
- 5 

6 
4- ]. 

- 2 
- 3 
- 4 
- :5 
-18 
-19 
-20 
-2l. 
-22 

~ 

- 0 

- 7 
8 

- 9 
-10 

3-57 
1~-~·7 

FtJNCTION 

DR 
Dl 
D2 
D5 
D4 
D5 

PC 
OJ. 
G2 
G3 
liS 
IC 
ID 
IP 
J 
JT 
K 
LC 
CP 
LX 
fflPX 

lID 
DP 
OBl 
0132 

LOCATION 

J4-l7 
11- 1 

- 2 
- 3 
- 4 
- 5 

3-58 
3-31i-

11.- 6 
- 7 
- 8 

3-16 
-24 

4-33 
3-42 

-13 
4-46 
3-14 

-25 
_L~j 

-2)_ 
-;.;.6 
-22 

4-32 
3-lt.0 
4-29 
-50 

FUNCTION 

OBj 
OJ. 
-2 
-3 
()t;. 

PJ. 
P2 
P5 
C-t 
RC 
RK 
RS 
RT 

SEl 
SB2 
SB3 

81 
S2 
S3 
TO 
TP 
TX 
VC 
V'.f. 
V3 
VJ.l 
V12 

LOCATION 

J4-31 
-1l 
-12 
-13 
-14 
-34 
-35 
-36 

3-59 
-56 
-37 
-58 
-39 

4-26 
-27 
-28 
-23 
-24 
-25 

3-50 
-48 
-49 
-35 

4-40 
-41 

lJ.- 9 
-10 

Table 6._ Tabula.tion of flip-flop monitoring loca.tions. 

FUNCTIO~ 

V13 
V14 
V15 
v16 
V17 
VJ.8 
'121 
'122 
V23 
V24 
'125 
'126 
'127 
'128 
V51 
V32 
V35 
V34 
V35 
v36-
v37 
v38 
vIA. 
rIB 
Zl 
Z2 

LOCATION 

J11-11 
-12 
-13 
-14 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-2:5 
-26 
-27 
-28 
-29 
-30 
-31 
-32 
-33 

4-42 
-43 
-44 
-45 

I\) 
\)1 



26 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7 . 

8. 

9. 

10. 

11. 

G. Lapidus, "A look at minicomputer applications," Contr.ol 
Engineering, pp. 82-91, November 1969. 

R. L. Hooper and L. D. Amdah I, "Trends in aer ospace computer s, " 
Datamation, vol. 13, pp. 22-26, November 1967~ 

D. O. Baechler, "State of the art of aerospace digital compu­
ters, 1962~1967," Cc:mputer Group· News, vol. 2, pp. 1~12, 
January 1968. 

A. S. Buchman, "Aerospace computers," Advances in Computers, 
vol. 9, pp. 239~284, 1968 .. 

A. Epstein and D. Bessel, "Minicc:mputers are made of this," 
Cc:mputer Decisions, pp. 10-22, August 1970. 

D. J. Theis and·L. C. Hobbs, "Mini-cc:mputers for real-time appl i­
cations," Datamat.ion, vol. 15·, pp. 39-61, March 1969. 

R. T. 011ivier, "A technique for selecting small c.ornputers," 
Datamation, vol. 16, pp. 141-lLi5, Jonuary 1970. 

R. L. Hooper, liThe minicc:mputer, a programmin~ chClllenge," 
Proc. AFIPS 1968 FJCC, part 1, pp. 649-b54, 196B. 

R. Rinder, liThe input/output architecture of miniconputers,lI 
Datamation, vol. 16, 119-124, May 1970. 

W. H. Roberts, "Minicc:mputer Drchitecture," IEE~CC?mputer 
~ro~p News, vol. 3, pp. 5-9, July/August 1970. 

F. Gruenberger, "Are small free-standing computers here to 
stay?" Datamation, vol ·12, pp. 67-68, April 1966. 



lJARDl·lARF.! INT~ACE DEVELOPI'.fENTS. FOR THE D17B COMPUrER 

C. H. Beck 
Tulo.ne Uni 'lrersi ty 

Tbe ~ardware interfaces that have been developed by the S~stems Laboratory 

consist of the I/O interfaces required to connect the Dl7B to an electric type­

writer and a paper tape reader/punch. Ta.ble l·lists the D17B code for octal 

an(1 control characters. The peripheral device currently being used is a Frioen 

Flexo'llTriter. This device is conunonly ava:i.lable a.s government excess ADP equip-

roent. Figure 1 is a schematic of the interconnections betvreen tl1e }I'lexowriter 

and the D~ 7B. Interlace design requires electronic and functional cons:!.d-

erations. Table 2 lists the Flexo' ... riter code Tilodifications. 

Figure 2 is a block diagraJll of the electronic circuits required for 

conditioning the input signals to tne Dl7B frolll the Flexor/Triter. These circuits 

are, required for the purposes of suppressine; noise, changing volt3.ge levels, 

inverting the Signals frOM positive to negative logic, shortening ·the puls(~s,. 

delaying the timing pulse, and genera.ting the compier-Ient •. Figure 5 illustrates 

the effect of t·~ese circuits on the Flexo"rriter .... raveforI'lS. Figure h iJ.lustrates 

the "/aveshal)ing accomplished for the tilJling pulse. F:i.gure 5 is a block c1iae;ram 
, 

of the electronic circuits required for conditioning the input sie;na.l~ to the 

FlexO\·rriter from the D17B. These circuits are required for stretchine; or 

storing the info:rl11ation pulses, delaying the tirlling pulse, cha.nging voltE'.ge 

levels, and inverting the s.tgnals from neGative to positive lo~ic. 

The FlexO'ilri tet provides for typewriter keyboard or paper tape entry of' 

da:ta or instructions into the D17B in octal forl11at rather than binary. The 

,capabil:i..ty of retaining a haru copy typed rec.oru or a punched paper tap~ 
I 

correspondiIlG to the pro::sral'} and datE'. being 'loaded is very desirable. 

Hard copy typed output and punched pa.per ta.pa- output a.re also availa,ble. 

ACRT cisplay scop-= is availa.ble f'or output. r-lon:i.toring of' any merwry location. 
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NUMBEH AND CailMAND CODING 

. "Il I2 I3 I4 I5 TC Tel - - -
NUMBER 0 0 0 0 0 1 1 0 

1 1 0 0 0 0 1 0 

2 ·0 1 0 O. ·0 1 0 

3 1 1 0 0 1 1 0 

4 0 0 1 0 0 1 0 

5 1 0 1 0 1 1 0 

6 0 3.. 1 0 1 1 0 

7 1 l. 1 O' 0 1 0 

lLA.LT 0 0 0 l. 0 1 0' 

LOCATION 1 0 0 J. 1 1 0 

FILL 0 J. 0 1 1 1 0 

VERIFY 1 1 0 J. 0 1 0 

COl:1PU'l'3: 0 0 1 J. 1 1 0 

ENTt:R 1 0 1 1 0 1 0 

CLT!ll\R 0 1 1 1 0 1 0 

DEL'B~TE 1 ). J. J. J. 1 0 

Table 1. D17B codes for octal and control characters. 



I "- PIN 1 11 J7-1#11 - - --- _ .. ---
PIN '2 1,!..2 J7-2.12 ----------FLEXOHRITER 
PIN'. -3 I3 INTERFACE J7-3 13 . ---------.-

P2 PIN 4 14 J7-4I4 -----------
MODEL SPD PtN 5 15 UNIT J7-5,I5 -- - --- -- - --

PIN 9 TC J7-6,TC -------,-- J 8-2 8 ~ TC" 
PIN 16 GRD 1..---

r--

I PI i PIN 1 SC .. " J6-19 
I - - - - -- - ---

PIN 2 st '.n ,IF>-?O - -- - -------
PIN 3 SC'2;" __ -'~Is.R£.olC.E_ J6-21 

PIN 4 SC!~O J6-22 -----------
PIN 5 SCSO UNIT J6-23 ----------
PIN 27 SCTn J6-24 ------------

Figure 1. Schematic dia.gra.M of the Flexowriter-:~)lyB interface. 
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MODIFIED 
FLl!!XOHRITER Ol1rPUTS :FIEXOHRIT8R OUTPU~J.1S 

KEY FUNCTION 11 12 :G 14 15 11 12 13 14 15 

SPACE 0 0 0 0 0 1 0 o· 0 0 1 

I LOCATION 1 0 0 1 1 1 0 0 1 1 

= ENTER 1 0 1 0 1 1 0 1 1 0 

I FILL 1 1 0 1 1 0 1 0 1 1 

; COMPUTE 0 0 0 0 1 0 0 1 1 1 

VERIFY 1 1 0 1 0 1 1 0 1 0 

? CL~R 1 1 1 0 0 0 1 1 1 0 

HALT 1 0 0 0 0 0 0 0 1 0 

Table 2. Flexo .... rriter code modifications. 
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Figure 2. Block diagram of the Flexowriter to 0173 interface. 



INFORMATION SIGNALS 
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Figure 3. Shaped·output waveform from the Flexmvritcr. 
,J. 
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Figure l~. Shaping the delayed output timing p.ulse from the Flexm.rr:i.ter. 



D 17 MINUTEMAN COMPUTER 

SC1 SC2 SC3 SC4. SC5 SCT 

F/F F/F F/F F/F F/F DELAY 
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D17B COiv1PUr~ APPLICATIONS 

C. H. Beck 
TUlane University 

Although the D17B does not provide all the desirable features of large 

general-purpose machines, it does reseMble them functionally and it posses3es 

a nUITlber of similar festures. It is a versatile multipurpose cOMputer capable 

of solving a wiele ra.nge of problems/,2 however, it has limited ce.pability both 

in storage capacity and computa.tion speed. Unln.:e the large general-pu:'pose 

computer which is designed to efficiently process pl8.ny difI~erent prograrn..s) the 

IlIUltipurpose Dl7B is better suited to dedicated or fixed tasks that Can be 

served effectively by economical use of the ava.ilable Dlemory ~nd speed of 

execution?,·4 

Consequently, the D17B, like cOPl.rl.ercial Tttinicomputers vr:l.th small Dierlories, 

1s not well suited for general-purpose corn.putint; when conpared to a la.rGe 

compute-c.' General-purpose conputa.tion in minicol'lputlO!r terrrlinology reff.:rs to 

stanel-alone operation. Some minicomputers are use0. e.s stand-alone conputers 

for scientific and engineering use, but most are used in ree.l-til"l12 app:i..icati;)c:s 

sllch a.s control, elata acquisition, ·conr.mnication concentrators and processors) 

peripheral controllers and preprocessors for large cOI:1.puter sy.::;ter:"cb, c.isplay 

controller"s, bui'fer mcmories] bio-Medical Monitoring) autor;a.tec: testing, auto­

mated instrumentation and teleplctry. 6-23 

In a practical' sense, th~ capability for General cOF!putinz; is detcr;l'lin8rl by 

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

determ:i.ned basically by the instruction set. Availa.ble subroutines simplify tbe 

prograf'l!fling, and e.ssef!\blers andcDr'lpilers simpli:fy the task further. The goa.l 

in providing general-pur:-:pose soi't'dare for the D1.7B is to minimize the arlo'mt 
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of time" effort) and knowledge required for a user to arrive at a point of use­

ful return for his investplcnt in the development of the D17B. But) generality 

always comes at a price. The D17B is limited at present to a small nUMber of 

real-time" special-purpose machine language programs. 

The apparent lack of speed is not such an important factor when the D17B 

is used as a dedicated control computer since much con~utine speed available 

in a large general-purpose computer is cOl1lJl1only lost in system overhead and 

1/0.2.4,25 Furthermore) the 4-bit and 8-bit parallel output data. channels 

available on the Dl7B should prove to be very advantageous in co~unica~ions 

systems that operate on 8-bit ASCII characters, becuase the overhead op'2raticns 

of packing and unpacking are minimized. The 24-bit double precision data #ord 

used on the D17B appears to have consider§ible'utility for conputation associat~d 

with these 8-bit codes for character representation which are nov becorrdng 

standard. Therefore, the 24-bit Tdord of the Dl'YB ,not only offers rl'J.ore preCision 

than most Illiniconputers, but it provides for outputting 8-bit subnmltiples. 

COr.1puter control applications {>J.ay include monitorinG and data processiae;)' 

start-up and shut-do-r,m ,procedures, a.nd optir.al control. The Plain a.ttributes 

of co:r:puter control s.re cOMputational speed, storage ca1?2.bility, and decision-

making ability. I!~ sufficient computational speed is available, optirr.al cO'::1t.rol 

can be aCCOf'lplished.' The storage capability :;n'ovides r·cr econor'ucal a.no. 

efficient data recording a.nd processire. Decision-rlaking a.bility provIdes the 

capability for direct digital control. 

A direct digital control systertJ. rnust provide a means r~or measuring the 

condition to be controlled, compare the Pleasured value .lith a desired value, 

and autor'",atica.JJ.y cause the t-r,ro values to agree. Data loeging can be perfor11'v~d 

as one pnase of the control operation. Feed-1:'Onlard control requires tre 

solution of equations which represent 6, predictive lTl.8.thenatical rr.odel. A 
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control computer can als.o be used for supervisory functions such as start-up 

or shut down operations. Direct digital control requires that each variable 

be cOMpared in turn with the desired values. 

Legical decisions and constraints can be en~loyed in cOMputer control, 

and the results of interroediate calculations and control actions can be recorded' 

to produce a historical file. The general-purpose capabilities of the Dl7B 

permit the control program to be modified and expanded within the limits of 

ll'lemor~ __ capacity to tit systen growth, oe'il instruI'lents} or changiog control 

policy. The versatility available with a co~~uter control system involving a 

general-purpose computer is an important consideration. 

If the D17B is to be used for control computing applications) it must be 

capable of not only peri'orming con~rol calculations} out a number or other 

essential functions abo. For exanple; ra~1 input data are generally subjected 

to individual li~it chec~s to detect instr~ent failures or out-or-no~sl 

conditions} averaged or s~loothed. to rlinimize the effects or.~ rao:::011 variations} 

and then recorded. or used in calcule.tions. AS a typical exe.np2.e oi' a l:'m:!, t 

check in terrlS or' D17B inscructions J the r'ollo,.,ing could be exec1.A-ced: 

1. DIA - data input to A 

2. Mll,l - replace the contents ot A 'oy the negative 01' the p-resent 
magnitude of the contents of A 

3. ADD - add the limit tolerance to the ccn~ents of A 

lI-. TMr transfer on ninus 

These four inst:.:-uct.ions 'llouid a,~ccr1'plish the lif'ti t check bJ p,=rfcrrning a 

conditional branch .. Sinilar operations could be equally useful for ~eneral 

or special-purpose cOr1,puting. 

It is appropriate that the D17B be considered for dedicated control 

a.:pplications involving control ove!' a si!lgle unit or a. li!'1itec. portIon r::yf a 

process. Such an application rn..a.y not ocly be appr9priate consideri ng the 



limited meMory and execution speed of the D11B, but the systeM reliabil~ty 

consideration mak~s Dl7B's ideally suited to such tasks. Process-wide control 

may require several interconnected Dl7B's. The real-tine aspect of control 

applications is cOI'tpatible with the current requirement or.' machine language 

progra.rlMing f~r the Dl1:a. 

Considerable benefit can be gained by using dedicated copwuters which 

decentralize s:rstem design and simplify software requirements. The major 

adviilonta.ges of using several dedicated control cCPlputers are the complete 

independence of each unit rrom failures in other units and the reduced 

sophistication required to progran the corlputations. Dedicated control corr<p:,t-

ers make autonated start-up a practicaJ.·consideratiop. 

Since A-D and D-':\ converters and rratltiplexers a.re required for ,;a:.:!il 

computer, the use of several dedicated Dl7B's could represent too lar~~ an 

expenditure in conversion equipment. But, because conversion a.nd other sub-

systeM costs have been reduced consideraoJ.y, the use of several dedica.ted 

cOMputers appears to be fea.sible. Delays caused by breakdmm car:. oe a-voided 

by usi06 a dedicated on-line ~Achine, anQ there is no question a(}out prog~a~ 

security. 

As new instruments are added and as know~edge of a process increases , 

better control policies can be developed. Hence, control progra}"'1.B are 

constantly in need. of change. Also, the characteristics of the process ...... il1 

often change as its operation is iMproved tnrough co~puter control. Because 

of tnese factors, the prozranP~ble feature of the D17B is eA~renely .desirabl~ 

as well as its·flexible I/O capabilities, which can accorrtodate a variety of 
. 

control devices. The D11B can proTfide digital,. pulse-type, and analo.:; output 

sienals under ,progr-aI11 control for r.'..ani'p1.,llatin~ process variab~es. This 

flexible I/O capability provides for efficient interaction'between the Dl13 

and tbe devices being controlled. 
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In addition to capabilities reqtlir~d 'tor general computing applications, 

control cOPlputing applications require a t'lexible r/o struc.ture to accomodate 

a. variety ot' devices. AS described previously, the I/O capability of the 

D17B is extrePlely versatile. 

For real-tir.,e control applications, the Dl7B Plust be able to accept and 

proc~ss input data sufficiently fast that the results of this processing can 

be used to influence and control the appropriate variables~ The Dl7B vas 

designed to accomplish real-tiPle COPlput~.tion as re'luired for missile guidance; 

however, the bandwidth of the particular application will dictate the speed 

requirerlent. The D17B per:torI"lec. real-time cOPl.'lunication with external de'rices 

such as veloci:ty meters, accelerOl'leters} a.nd D-A converters to obtain data 

and issue co~nands necessary for navigaticn} guidance, tele~etry) a~d control 

functions. 

As indica.ted in the speciz'ications) the D17B ha.s a rr.axirnum I/O data rate 

of 25,600 words per second. Direct data entry is also provided. Rence, .,ithin 

the lirrlts 01' its capabilities the Dl7B' apSJears to be very ap,p!"ol'rhte for a 

variety of 'control and special-purpose a?plications. 

Certain special-purpose applications such as on-line digital data proce::;s-

ing, COMputer interfaCing, peripheral bllfferine;, and data nonitoring requir~ 

ve17 little CPU sophistication, li~~ted aritbmetic ca~ability) and perhaps 

lo,",-s"!:leed "OE:rf'or:1.a.nce cOI'roatible with tne Dl7B s"Oecifications. The don.inact ........ .. 
req,ui!T'..ent of' Ilany s?ecial-~urpose computer applica.tions relates to the I/O 

arcbitectu:::-e as is the case for control applications. The iMPOrtance of I/O 

che.anels is particula.rly significant T,lhere data is being transni tted continuously 

bet~leen the computer and peripheral de1Tices. 

On-line d4;ital da.ta. processing often -:-eq,uires that analog ini'OIT:ation be 

con1rerted to digital fOin usin; an A-D converter. 'Ilith t:he 24-bit double 



40 

precision word o~ the D17B, the output from two l2-bit A-D converters can be 

inputted si~ultaneously under prozram control. The required speed of I/O 

transfers and aritf!..metic for special-purpose da.ta acquisition can be much 

slower than for control applications because real-time analysis and control 

response co~ands are not necessary. Renee, the DliB is flexible enoue~ to be 

used 'in these areas i'ormerly requiring special-purpose computers. As require-

ments change, the D17B can easily be re-progranr~d. In such fields as medical 

research, biolOGical studies, and experimental physics} the D17B can be pro-

graruTled to control the Dlonitorin~J Illeasuring) and recording of a variety of 

quantities such as pres.:i1.:res, flo'" rates, S"tCG, and bear~ rate. AutorJationof 

chern.ical laboratory instru!1ents such as chronatograpns; spectrOl'Tleters a;::tc. 

AutoAnalyzers using the D17B also app-;a;-s feasible. Calcula~ion 01· c"::sired 

paramete1:'S, reco1:'ding of results, and 31's-phic display are appropriate applica-

tions a.reas for this computer.3iIllultaneol.~s l".easurertents 0:'· sp.yeral~c...ua.ntit:les 

are possible through tbe use of sample-and-cold devices) a ~ulti?lexer; and 

a.n A-D converter. 

A I·lexiole, reli&bl~ J !"lobile data. Moni torieg sys te''''', ca::l 02 de-.re loped us ing 

anplifie!'s) sfu"1ple-a::ld-bold devices) rmltiplexers, aealo~-to-diGi~a.l conve!'ters, 

digital voltr1eters, cQ1lnters) C3.T.cis:plays, plott.ers; pror;ra!'1!".able signal 

generators and pc,. .. ·;er supplies, transducers, ar:.d sensors. This cOf':oination 'MiD. 

provide tor the autor.'.atie testing of electronics cOr1ponents} Ie, logic cards; 

complete logic asse",blies, and other devices and circuits. ?rograrr:.r:ted trans-

dueer testing and ~igh-quality data collectionoi' si~nal characteristics such 

as a.nplitude, current, a.nd phase THbien can be eccOf.lplished at high spe.eds ha":ie 

significant advantE!.§;es over I"'.a::l'ual r1ethoe.s. T2ese tecbniqu2s are also' 

applicable to nen-destructive testin~ as enployed in the invento~y of aircraft 
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parts b~sed on the characteristics of the steel as repr~sented by the electrical 

Ol.ltput of spectro~te::--tY"'..?e instru."1ents. 

On-line co~~unication is also an i~por~ant appl~caticcs area to be con-

sidered tor the D17B. A data-concentrati9n buf:er stora~e sT~tem for teletype 

and o~her 10~., speed I/O devices can be de'felop::!d. ?rogra;7"u'lec. Clultiplexiag OI' 

parallel ini'ornatior. tor serial transmssion over a ne.rro,:;-oand cO!11r1Unication 

channel is possible since the ~l7B can provide for chawSiCS the scan rate. 

PTeprocessine for analysis a!C.d cor.~utation by a lar;;;e-3cale conputer ',;ill also 

be an ap~ropriate ccnsi.deration. 
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PROGR'\.H1HNG ~'Hr:~ D17B COMPUTEH 

C. H. Bee}: 
Tulane Un:i.versi ty 

The ).ogi~a.l power 01' genera.l-purpose computers is uniquely coronon to all 

such nachines, but speec1 of execution, mePlory siz~, cost,.- reliapility, and ease 

of C0)1il1lUnic~:tioll (convenience to the user) differ widely. Size and vleight 

limitations, a high c1.egree of reliability and strength, plus program rcquire-

ments dictated a smaD., 510,/7, serial rr.e1'lory for the DJ.'7B. HO\'Tever) I11any 

minicomputers have less than half the menory of the D17B~') 2 Requirerlents for 

real-time operation iJ11ply the need f9r the D17B to sequentially perfo:cm its 

assigned tasks fast enou.:;h s,o that all ta,sl;:s are acc'oY'lpj,ishc=c1 during a given 
7-

period of time and yet Slovl enouc;h to ensure aCClD.'s.te noise.,free COlllputation.·J 

In addition to the usual capabD.itics CO}'lT>lOn to Sl''l8.)J. Genel'aJ.-];.yurpose 

COPlputers, it can be seen in FiGure J. that the Dj./'B has analOG, pulse-ty"peJ 

and serial output systems. Parallel or nultiprocessins such 6.S the sinultaneous 

execution of t\W identical sin,:;:;le-precision add) subtract, orr:1uJtl;pJy in3trL1.ct~.ons 

is atlOtber unusual opera tioroJ. capability. 

The need for store instructions arises frequently because of the nc:;d to 

preserve intermediate results i'lhile some related intervening serie" of opero:tio';:l.s 

is being performed as in the eve..lua:t:Lcn of a general polynomiaL Sil:1ultaneous 

execntion of a. store operation is possi"bj.e on the D17B coincident \-liUl th(~ 

initiation of other operations "lithout requiring an additional instruction. 

The contents of the accuFlulator \-fill be stored in the cha.nnel specified by the 

S.ft' a.Ddreas a.s iD,ustrated j.n Figure 2. 

Instruction and address Flod.ificD.tioD give the program the abiii ty to 

branch to alterna.tive sequences of instructions umler progral'l control a:3 a 

result of calculation", in addition to the use of com1.itional 8.n(1 unconditional 

44 
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branchiIll3 instructions . Bit Manipule.-tion is also possible if the a.cculltuJa tor 

is 1l1.a.sked by using the 10Gics.1. ArT!) instruction~ 
'. 

The instruction repertoire listed in Table 1 contains 39 types of machine 

language instructions. Although each type of instruction executed by the D17B 

differs!~rom the others,' the l~incl.s of actions perforneo. occur in a COr:"J!'lon 

sequ~nce. This n!aJ;:es' it convenient to describe the execution of each instruc- . 

tion as being accomplished in the follo~·'ing rive phases \lbic11 ere usually 

COPlll1on to delay-type JllePlories: 

1- Instruction search (IS) 

2. Instruction read (IR) 

3~ Opera.nd search (OS) 

'4. Opera.nd read (OR) 

5. Execute (EX) 

Figure 3 ShO\'[5 that the D17B can perform several of th::~se pha::::t;;;-3 siPlUltan8c,usly 

'With increased ef:ticiency coqpared to s0q,uential opc2'8tion. T~lis i'igure aSS1.U'12G 

Flinimal dela.y cod:i.n~ of ins·tructions \-/hich req:uire e·n E:x~cutiot) t:l;'l':': of OD.e 

. vord t5.Y,e. The advantage of t11:i.s minimized access tj.min.g is that, once a, 

JIliniT'1al delay coded pro.;rar'l is ini tiate.c1., th~ effeci..j.ve CO;;lp}.et:i.on 'L:1.;-:18 of' 

any instruction is, eq,uaJ. to the basic execution til'le of t1:e instruc tion. If' 

r~ndoP1 access adcll'essing \'l,'?re used :1n the D17B, the search op,=rp,tions (IS ancl OS) 

could each req,ui:rc up to 128 ";-IO:t'o. times or cr!c d:i.sk ~revo1ution of 10 rIS. 

};1iniY'la1 delay coa~.ng places the next instruc tic)r1 at a J.oca,tion \lhich will pass 

the z·ea.d head im.i'1.13dia.tely aI'te:c completion 01" the currcn't instruction. 

The '''ord size 1'01' minicQrf',puters ranges :fron 8 to 2h bits. 4 Providing 

Figure h by using a 12-bit 01J'2!rand address field 'is a fea.t"J.re of considerable 

value. A t;n1ica.l t1'lO-arldrcss (unflae~':;c1) D17B inst1'uctiol1 as iJJ.ustra.ted in 

Fic;ure 5 haG three pc..r~s:· 
... 

"' an op. cod.c arK1 t'tTO addresses. One address 



Numeric Code Code . Description -
0020, s SAL Split accumulator left shift 
00 22, s ALS Accumula tor left sh ift 
0021, 2 SLL . Split left word left shift 
00 '26, s SLR Split left word righ t shift 
00 30,. s SAR Split accumulator right shift 
00.32, s ARS Accumulator right shift 
00 34~ s SRL 'Split dgh.t word left shift 
0036, s SRR Split right word right shift 
0060, s COA Character output A 
04 c, s SCIJ Split Compare and limit 
10 c, s TMI 'rransfer on minus 

. 20 c, s, SMP Split multiply 
24 c, s MPY Multiply 
30 c, s SMM Split multiply modified 
34 c, s MPM .Multiply modified 
4002, s· BOC Binary output C 
40 10, s BOA Binary output A 
40 12, s BOB Bimlfy output B 
4020, s RSD Reset detector. 
40' 22, s HPR Halt and Proceed 
4026, s DOA Discrete output A 
40 30, s 

. 
VOA Voltage output A 

40 32, s VOB Voltage output B 
4034, s VOC . Voltage ~)Utput C 
4042, s ANA And to accumu1vtor 
4044, s MIM Minus magnitude 
4046, s COM Complement 
40 50, s DIE Discrete input B 
40 52, s DIA Discrete input A 
40 60, s HFC Halt fine countdown 
4062, s EFC Enter fine cour.tdown 
407-, s LPR Load phase register 
44 .c,s eLA Clear and Add 
50 c, s TRA Transfer 
54 c, s STO Store accumulator 
60 c, s SAD Split add 
64 c, s ADD Add 
70 c, s SSU Split subtract 
74 c, s SUB Subtract 

Table 1. D17B instruction repertoj"re. 
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I I I I I 
FLAG ·1 NEXT INSTRUCTION 

I 

X OPERATION CHANNEl. SECTOR I XX 
CODE SECTOR AOD~ESS NUMBER NUMBER 

I I I Op F S? C S 
! 

f-LAGqE:J l~gB-'LCJl..ON (7'20-7) . 

Tp 124 T23 T~Z ":'21 T~O T19 T18 1'17 T16 r'5 Tld T13 T12 
. 

Tl0 "19 Ta T7 T6 T5 TA T3 T2 T1 TO TX III 

I 
I I I 

I I I j F~.G I I I 
flAG S~CTor< I 

,-
I OPERATION I CHANNEl. SECTOR X I CODE 

STORAGE ! OF :-l[;.XT 
~UMBER NUMBER XX 

I 
LOCATION r !NSTP.UCT10N I 

I . 
Sf ! S? . 

I 

Figure 4. 0178 instruction word format. 

.~ 



l'NFI,;\GGm INSTRUCTION· 

r O~ C~~~~ ]711· N::~i INSTRUCT!ON St:CO~ I Oi'ERAN:> ~ 
.'-------,-- q lT24 T23 T27 T1' !T~~ol T'9 T18 T'7 T16 T'5 T14 T~-~ T:2 Tn T'0 T9 is T7 T6 ~T4 T3 T2 ,T, ~! 

I ___ ~! __________ ~_+------------------------~~ 
I O? I F I S? ! C s· !JJ 
11 1 1 1 I 0 11 1 1 1 1 1 1 I 1 1 1 1 1 t 1 1 1 1 1 1 ~i SINARY 

I 7 I ' H 1 I 7 I 7 I 7 6 1 7 7 ~ QU~~AI 

1~,J",::.:1=:" , .. LI ~ :=.7 .,1",7" ,L,1, ,.I~UMVAIUE' 
CODE RANGE NUMBERING SYSTEM 

s!:cro~ 000 i/ 177; SEQUENTIAL OCT At (0. 1.2.3.4.5,6 •••• 1m 

CHANNEL 00 , ¢I 76; EV!;N OCTAL (O, 2, 4, 6,'0.12 •••• 76) 

INSTRUCTION SEcrOR <XJO e- 177, SEOUENTIAL OCTAL <O.1.2.3.4.5.6 •••• 1m 

UNFLAGGED INSTRUCT10N 0, UNFLAGGEO ·INSTRUCT!ON 

OrERATION 00 ~ 71." lAST ocr At DIGIT ENOS IN 0 OR 4 

Figure 5. Two-address (unflagged) D17B'instruction coding. 
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. 
·identifies the operand which fulfills the same function as the aadress field in 

a, ~ingle address mac?ine; ·the second is the address 1I1ode fiel.d Sp \-Thic,h is usee. 

to specify the address of the next instruction within the active ~emory channel. . . " 

One b~t. (F-flag) in the address mcde field pe:nn1t~ the use of ~wo alternate 

address modes. . .. If the flag bit is OI~J an instruc tion is interpreted e.s a three-. , 

address \orOl'O. A typical three-address (flagged) instruction as i~J.ustrated in 

Figure 6 has four parts: an op code ~nd three addre~se3. one address agai~ 

iden~ifies . the opera nd; . the second is used. to specify the cr.anncl SF in which 

the present contents of the accumule.tor are to be storec.lj the ·third is usec1 

to specify the address Sp of the next instruction.within the next sixtee~ 

successive lIlemory locations in the active chan~el. A prozran in a ·singl.e 

address FJachine is likel.y to require JIluch flore memory thun is required by the 

Dl7B. 

.' In the t~-1o-a.ddress format" the 12-bi t operand address is l'equired fo!' 

~irect addressine of the total memorYJ 7 bits are !equired .to spe~ify the 

address of the next instruction if any sector within th~ active channel is 

allo:ledJ one bit is required for the flag} and the 4 relT')3.:!.n:::i.t~S bits are 

alJ.ocate~ 'for the op code t:ie1d. This livlits the D17i3 to 16 unique h-bi'i; 

codes and a 12-bit 'operand address field. Two of the remaining 4-:bit op codes 

are used :tor instructions that do· not reference nePlory (co~trol.J J.o~icJ I/O 

and ·shifts). A 5:-bi t portion of the operand a.ddres::> field is used as an 

extension of the op cede. 

Considerable expansi~n of the instruction repertoire appears to be 

. possible. Op code 14 io not used", hen~e the addition of one instruction that 

requ1re.s access to nemory could be considered·. Also" there are nUPlerOU5 unused 

5-bit op code extensions .,hich could be considered. 



FLACGED INSTRUCTION 

o? (00'= 1 F Nt::XT INST SECTOR T OPERAND ~ 
IT24 T23 T22 T21lT2o T19 TIO T171 TU, T15 T14 T131 TI2 Tll TlO 19 TS T7 T6 T5 T" T3 T2 T1 ;; 

L Op I F Sf :. Sp -t C S· ! 

FLAGGED C.'IlINNEL CODING 

0 
c 
(I I 

(l J 

1 

T18 T17 

0 0 
0 1 
1 0 
I 

0 0 

Tn coo:: 

(I 0 
o 2 

IDLE 

FUNCTION 

.1 

(F) <I-WORD lOOP If' 
o .( (T). TELEMETRY 

o 6 (50) HOT CHANNel ~ 

1 0 (E) swo;m . LOOP I 
o 1 1 2 . "tOO I-WORD REG!STER 

1 0 1 4 (H) 16-WORD !.OOP 

. ~~:"',..,._ ...... ;l"""_"'. __ ""''''IUel'''''''''_'''''_'''''(U_~_~_~WIIIIIO_ .... RD_7"'~_~"'~ ____ IIIII ____ rrll&:lJ 

Figure 6. Three-address .(flagged) 017S instruction coding. 
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Compiler routines which have the advs.ntage or reducins prograrom:l,ng effort 

are' not currently available for the D17B. The reiati ve it!effiency of memory 

requirement for compiler-pro::luced prograllls com.pared with programs written in 

machine language makes the on-line compiler a.pproach questionable at this 

time.5" 6 The modular approach to the writing of' specie.l-purpose subroutines, 

such ~s requited f'or I/O operations, c.an result in considerable savings in time 

and effort. Certain teatures such as cledicated I/O registe.rs renuce the 

programmer's housekeeping task. The use of rapid-access memory loops provides 

programming versatility anc1 effici'ency that help to overcome the lilllited' speed 

of execution and lllemory size of the D17B. 
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An 'Input/Output Panel for the D17 Co~puter 

'J. D. Bargainer 
University of Houston 

The D17 computer is a general purpose, serial computer. It 

is a negative logic machine with Logic 1 =-lOvolts and Logic 0 = 
o volts. These levels are generally applicable within the ma­

chine although input and output signals have different levels. 

·The machine, as received, has no input or output equipment aJ.-. . .. . ~ . ~ 

though it has the internal logic for interfacing to devices 
simila;r to Flexowri ter". 

Because of the absence of I/O equipment it was decided to 

build a control panel consisting of a set of switches for input 

. and control and a set of lights for output ·mon.~toring. The lights 

ar~ used only as a convenience since the registers are easily 
monitored using an oscilloscope. '1'he T signal \'lhich is a o 
negative pulse occurring at the beginning of each \'lord can be 
used to synch the oscilloscope ex"ternallY and the accumu1a:l::.or. 

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

The block diagram for the panel is sho\<ln in Figure 1. The 
. numbers on signal lines are the pin number for the D-17 and the 

number of the cable where applicable (each 'wire from ·J·-l and J-3 

has an identific,ation number). The cireui try for the switching 

section is shown in Figures 1 and 2 •. The relay and cross coupled 

NAND gates insure against multiple entry of a digit into the 
machine because of contact bounce of the switch. The Halt-Run 

swi tch is a 2-po+e \"afer s\"i tch. ~nd the Hal1:-Sing1e Step s\<11 tch 
is a telephone leaf switch. These were chosen to minimize con­
tact bounce. 

Figure" 4 shows the timing d~agrams for the. dbntrol circuit. 

The clock signal, Bl is a square wave which represents the be­
ginning of bit at each transition. Some bits therefore follow 
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, a positive transition of Bl while. others follow a. negative-tran­

sition. '1'he signal Bl. is then sent through a differentiating 

circuit which produces a positive pulse for the positive tran­

sition while the negative pulses are chipped. The clock signal 

is also inyerted and sent through a differentiatingcircui t'. 

These signals are then added together and .inverted to produce 
• a negative pulse for each bit. The time constants are adjust~d 

so that the trailing edge (positive going) occuri near the center 

of each bi t. 
The control circuit is used to produce a single word length 

of clock pulses so that data can be shifted into the shift re-

gisters in I-word increments. A master oscillator {Mp} is used 

to produce one \'lord of clock pulses and therefore update the 

output registers every 3 millise.conc1~. The control circuit resets 

each time MD is low and at ·the next To pulf'1e a both flip-flops 

go high until the second To pulse and, then Flip~Flop 2 goes 1m.". 

The outputs of the flip-flops ~hen are used to gate the-clock 

pulses into the shift input of the shift registers. 

In order to obtain negative levels, the inte'3rated circt1its 

of tl:e controller and the shift register are operated with the 

V inputs at ground and the ground inputs at -5v. This results cc 
in aD to ~5v logic swing. The shift registers ar~ constructed 

with Type D flip 'flops. !J.'he outputs then drive lamps through 

'discyete transistor driver circuits. These technique~ are used 

to mcnitor A ,L and I. Other signals could easily be monitor-
x x x' 

ed u~ing similar'techniques. 
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Connections to J1 

~1' (100) Wi're' # Connected To Function 

1 IS01 P7-1. 11 
2 1S02 P7-2 12 
3 lS03 P7-3. 13 
4 lS04 P7-4 ~o4 
S lS0S P7-S IS' 

6 ' lS06 P7-6 16 
7 lS07 P7'-7 Precision'Time. Pulsl 

8 lS08 P6-31 

9 lS09 P6-19 SC10 
10 lS10 -P6-20 ·SC20 
11 lS11 P6-21 SC3'o 
12 lS12 P6-22 SC40 
13 1S13 P6-25 PVEC 

14 lS14 P6-23 SC SO 
IS ISIS P6-24 SC'l'O 
16 {IS16} ES->CR4 

1517 

17 {1S1S} TB4-6 1519 
IS 1S20 E6->CRl 

19 1521 TB4-7+ 
20 

21 
22 1524 'anode CR3 
23 1525 P2-10 Dd 
24 1526. E4 
25 1527 TB4-22 
26 1722 white P1-N 
27 1722 red P1-P 
2S 1722 green P1-R 
29 1722 P1-S 
30 1721 black P1-j 
31 1721 "'hi te P1-k 
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~(100) Wire i: Connected to . 
32 1721 red P1-m 
33 1721 green P1-n 
34 1721 orange Pl-p 
35 1721 blue P1-r 
36 1522 P2-13 
37 1523 'oP2-23 
38 
39 

40 1546 P1-J 
41 1720 Pl-L" 
42 

4~ 

44 

45 

46 1722 black ·P1-K 
47 1720 black Pl··M 
48 1549 white P2-3 
49 1549 black P2-2 
50 1528 white 
51 01528 black } 

52 1720 red P1-c 
53 

54 1554 TB4-5 
55 1555 white 
56 1555 black 
57 1556 P2-9 
58 1557 P2-16 
59 1558 P2-·8 
60 

61 
62 

63 
64 

65 
66 
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~1(100) - Wire- f~ Connected to Function 

67 1559 P2-17 

~8 1683 P2-4 

69-

70 

71 

72 

73 

74 

75 

76 

-77 

78 

79 

- 80 

.81 

82 

83 1563 J1-84 

84 1563 -J1-83 

85 1544 P5-19 

- 86 1545 P5-18 

87 1652 P5-37 

88 

89 

90 1560 P2-22 Mrc 
_ 91 1541 -P7-17 KHC 

92 

93 1562- P2-12 EWC 
94 1542 P7-13 V6C Discrete Input 

95 1543 P7,-12 V5C Discrete Input 

96 1537 P7-8 X1C Discrete Input 

97 153'8 P7-9 X2C Discret~ Inpu~ 
98- 1539 P7-10 X3C Discrete Input 

99, . 1540 P7-11 X4C Discrete Input 

100 



J3'(100) Wire # Connected to , -
1 1580 TB4-3 
2 1581 TB4-6 

3 1610 TB3-15 

·4 1601 red P7-22 
5 1601 . white P7-27 
6 1601 black P6-17 

'7 . 1638 P2-6 

8· 16.04 P6-1 

9 1604 'P'6-2 

10 1600 'P6-40 
11 1600 P6-4l 
12 1585 {TB2} 
13. 1585 (TB2) 
14 1609 TB3-6 
15 1,602 red P6-27 
16 1602 white P6-·l6 
17 1602 black P6-1S 
18 1618 P6-10 
19 1599 P6-46 
20 1599 P6-47 
21 1598 P6-35 
22 1598 P6-36 
23 1586 TB3-S 
24 1608 TB3-7 

. 27 1603 P7.-35 
28 1603 P6-14 
29 1603 P6-13 
30 shield ground 
31 1,594 J4-l 
32 1595 J4-2 
33 1596 J4-3 
34 1597 J4-4 
35 15.83 chassis ground 
36 1606-1640 TB3..:.5 . 
3'S shield ground 
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. J3 (100) \-lire fr -_. ~onnected to 

39 1731 J4-5 
40 1732 J4-6 
41 1733 J4-7 
42 1734 J4-8 
43 1584 chassis ground 

44 1725 ·J4 .... 16 
45 1725 J4-17 
46 1591 P6-37 
47 1591 P6-38 
48 1617 P6-9 
49 1582 'l'B3-21 

50 1605-1640 'l'B3-5 
51 1639-1676 'l'B3-3 
52 1592 PG-48 
53 1592 PG-49 
54 1607-1640 'l'B3-5 
55. 1726 J4-18 
56 1727 J4-19 

5~ 1593 P6-42 
59 1593 . P6-43 
60 1632 'l'B3-14 

- 61 1633 'l'B3-13 
63 1615 P6-8 
64 1588 P6-6 
65 1589 P6-11 
66 1590 P6-12 
67 1680 P7-24 
68 1631 'l'B3-16 
69 1634 'l'B3-17 
71 1622 'l'B3-10 
72 1730 J4-15 
73 1611 (TB-2) 
74 -1627 P2-19 
76 1616 P7-26 



J3 (100) ~ire' i Connected to 

77 1619 P6-38 
78 1619 P6-39 

79 shield ground 

80 1635 P7-21 
81 1636 P2-20 
82 1637 P2-2 

83 1729 J'4-14 

84 ' 1629 TB3-9 
85 1624 P7-·19 
86 1624 P7-37 
'87 1620 -P6-50 

88 1620 P6-33 
90 1737 J4-9 
91 1738 J4-10 
92 '1739 J4-11 

93 1740 J4-12 
-94 -1728 J4-13 

95 1628 TB3-1i 
,96 - 1623 P7-32 

97 1623 P7-31 
98 1621 P6-44 
99 1621 P6-45 

100 1612 P6-7 
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~(50). Connected to Function 

1 A2S-c ~1(1) 
2 A2S-M" H2 
3 A2S-1 B3 
4 A2S-T B4 
5 A28-11 B . 

5 
6 A2S':'30 B6 
7 A2S-F" B1 (0) 
8 A2S-P B2 (0) 
9 A2S-B B3 (0) 

10 A2S-W B4 (0) 
11 A2S-R BS(O) 
12 A2S-K B6 (0) 
13 A34-M . 

J 

·14 A34-D k 

15 

16 A71-H s 

17 A43-V 15 

1S A70-14 data 

19 A61-5 

20 .A63-3} 

21 1~59-J L x 
22 A59-l1 N 

c 
23 A34-V A ·c 
24 A30-37 I 

c 
25 A27-u 
26 A59-T L c 
27 A70-V 
28 A54-26 

29 A70-l9 
30 A70-W 
31 A70-23 

32 A20-l0. 
33 A70-l~ 
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~(50) Connected to Function . 
34 A22-1 .F ·c 

.35 A58-J Vc 
·36 A30-M" Rc 
37 A34-30 D 

38 A34-J E 

39 A28-J Q 

40 A22-D Np 
41 A34-'C Ap 
42 A22-J lp 
43 .A59-M" Lp 
44 A34-37. A24 
45 A34-12 
46 A71-30 
47 A71"'"20 
48 A28-37 
49 A28-D 
50 A28-J 



J4 (SO) Connected to Function . 
1 A26-37 CB1 
~ A26-30 Co 
3 A26-0 C 2 

B3 ' 4 A26-1 CB 
5 A'26-T 

_ 4 
CB 

6 A30-T C 5 
1 

7 A30-V C , 2, 
8 A30-J C3 
9 ,A30-1 C4 

10 A30-1l Cs 
11 A22-37 °1 
12 A22-T °2 
13 A22-c °3 
14 A22-M" °4 
15 A23-N" 
16 

17 A38-0 

18 (A26-J) C 

A26-C 
' Pl 

19 Cp2 
20 A26-M" Cp 
21 A26-ll· C 3 

P4 
22 A26-J Cp 
23 AS8-1l 8 5 

1 
24 AS8-37 82 
25 AS8-V 83 
26 AS9-C 8B 
27 AS9-D 8 1 

B2 
28 AS9-1 8 

B3 
29 AS9-37 ,OB1 
30 AS9-30 OB· 2 
31 ASS-V 0133 
32 A34-l NO 
33 A34-T Ip 
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J4 (50) Connected to Function . 
34 A22-V ,P1 
35· A22-11 P2 
36 A22-30 P3 , 

37 A30-30 lit 
38 A30-D 'R s 
3'9 A30-c RT 
'40 A58-1 Vk 
41 A58-D V' 

s 
42 A58-c Wa 
43 A58-T WB 
44 A58-30 Zl 
45 A58-M Z2 
46 A71-V J T 
47 A38-J D c 
48 A21-40, A72-3B, A24-R & A31-35 

49 A57-8 

SO A57-E 



Jll(SO) Connected to Function 

1 A38-W PI 
2 A38-M D2 
3 A38-31 D3 
4 A38-38 D4 

.5 A38-1 DS 
6 . A38-11 G1 
7 A38-c ~2 
8 A38-T G3 
9 . A40-1 VII 

10 'A40-D V12 
11 A40-J V13 
12 A71-c V14 
13 A71-1 V1S 
14· A71-D V16 
15 

16 'A71-J V17 
17 A71-11 V18 
18 A40-c V21 
19 A40-T V22 
20 A40-1i V23 
21 A73-37 V24. 

) 

22 A73-T V25 . \ 

23 A73-c V26 
24 A73-M" V27 
25 A73-W ,v28 
26 A40-30 V31 
27 A40-M" V32 
28 A40-37 V33 
'29 A73-1 V34 
30 A73-D V3S 

. 31 A73-J V36 
32 A73-11 V37 

, . 
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Jll(50) . Connected to Function .-
33 A73-30 . .Y38 
34 A61-7 10 

35 A61-33 10 
36 A63-17 0 

37 A63-27 10 
38 A63-28 10 

39 A63-F" 10 

40 A63-Z 10 

41 A63-c 10 
42 A63-E 10 

43 A63-42 10 

44 A69-33 10 

45 A65-33 10 

46 A65-R 
47 A62-:18 
48 A62-E 
49 ·A62-J 
50 A62-R 
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P7 Wire No. Connected ,To: Function 

1 1501 J1-1, 11 
2 1502 ' Jl-2 12 

" 3 1503 Jl-3 13 
4 1504 Jl-4 14 
5 1505 J1-5 IS 
6 1506 Jl-6 Tc 
7 • 1507 Jl-7 Precision Time Puls(' 

8 1537 J1-96 XIC Discrete Input 

~ 1538 J1-97 X2C Discrete Input 

10 1539 Jl-98 X3C Discrete Input 

11 1540 " Jl-99 X4C'Discrete Input 

12 1543 Jl-95 V5C Discrete Input 

13 1542 Jl-94 V6C Discrete Input 
,14 1647 P2-5 

15 1648 P2-15 

16 1649 P2-6' E wc 
17 1541 Jl-9l KHC 
18 Blank 

'19 1624 J3-85 

,20 ,TB1-i (Blank) 
, , 

21 1635 'J3-80 

22 1601 J3-4 

23 TBl-4(Blank) 

24 1680 J3-67 

.25 1723 J2-3 

26 1616 J3-76 

27 1601W J3-5 

28 1567 J2-4 

29 1569 J2-6 

30 1724 J2-7 

31 1623 J3-97 
32 ' . 1623 J3-96 

33 TBl-14(Blank) 

34 Blank 

35 

36 

37 1624 J3-86 


