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A few years ago, a paper copy was scanned, of a FRED manual of July

1972 from among the documents found as part of Joseph Weishbecker's papers
in the Sarnoff Collection. | processed that scan and produced a"clean" PDF
file. A copy was provided to the Collection.

In May 2014 | obtained documents from Anthony "Toni" Robbi, a colleage of
Joseph Wesibecker at RCA. Those documents included selected pages of the
FRED manual of July 1972 (asidentified by title page) and later dates.

Some of Robbi's documents include pages not found in the Sarnoff Collection's
Weisbecker copy. Some were better or worse copies of pages.

I've merged Robbi's pages into an updated version of the 1972 FRED manual.
Robbi's FRED documents were used in legal proceedings, so they happen

to have a number stamp sequentialy per page, from "36289" and up. This alows
one to identify those pages, in this PDF document.

The Weisbecker document as previously described, goes from the title page,

to a series of handdrawn schematics, to text pages starting with page number 28.
Robbi's pages start with the same title page. Then an acknowledgement page, an index,
then atext page "Section |" followed by page numbers 2 through 27, which are not in
Weisbecker's copy. The images in Robbi's copy which appear to be

available in Weisbecker's copy, are generally are not superior in quality.

It is plausible to assume, that Robbi's copy was of pages borrowed (but not returned
to) the copy from Weisbecker's papers. Again: Robbi's pages have a stamped sequence
number from 36389 or higher, which identifies them.

The scope of the combined document is as follows. Almost every document has Welsbecker's
name or initials. There's about 150 physical pages.

Physical pages 1 to about 100, seem to be "the FRED manual" of July 1972. There's about

40 numbered text pages within the document, which describe the FRED computer. There's many
hand-drawn schematics, illustrations. There's many pages of hand-coded listings on a
standardized coding form. These pages, seem to comprise the "FRED manual” as suggested

by the table of contents page. That page indicates the "sample programs' "subroutines' are

in the last section of the manual.

At about physical page 100, are a series of documents under RCA |etterhead,

addressed to "Microprocessor Group" and dated Aug 1972 and later. These appear to be updates,
design and coding changes, for the FRED computers produced. They are arranged in the order
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scanned when found. The first is anote from Dec 1972, about a change in memory chips.

The second and remainder, are titled "FRED NOTE #" and are numbered from 1 to 16 in order.
#1 isdated Aug 1972; #16 isdated July 1973. FRED Note #1, isa 1972 description of atwo-chip
implementation of the "processor” and the "external device interface”, four chipsfor memory or
other /0O, and discussion of "1976 target costs for afinal product”. Thefirst LSl product was

a 2-chip solution before consolidations into asingle LSI 1802 processor.

Herb Johnson
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SECTION 1 - SYSTEM DESCRIPTION

A, QENERAL

FRED s an experimencal model of & new compucer systeam for use {n
schools and homes. This type of computer should cost no more chan &

Hi«F{ system or set of eacyclopedis. Low cost will result froem large scale
fategracion (LSI) of electronic eircuits combined with clever system design,

In 1965 the circuits ueed in FRED would have cost $10,000. Th;
current exparimental version of FRED contains adout QOO vorth of scandard
TTL and MOS circuits. By 1976 the ctreuit cost should da lese than $80
(assumtng custom LSI). To this, of course, must de added noainal packaging
costs, -

Even with .Lnupuuivn electronics, {aput/output devices could push
coscs above accaptable lavels. A simple teletype machine costs almost
twice as much as the target selling price for TRED.

FRED {nput/output costs are reduced to an absolute aisimum by the use
of any ordinary, unmedified TV sat and audio cassacte player. These will
already be owned by many FRED users. -

The TV set display provides econoamical ocutput capability (a a form
suitadble for o vide range of game and educational uses. Tha audio cassecte
fecordar provides a convenienc mesns for loading programs, and can bde used
tor'c"c.anr controlled audio presentations as well ({necluding stap by scep
opersting iastyuctions),

In addition to the sbove, TRED imcorporaces & simple gravity fed card
reader pcrﬁi:ttng user cesponses and/or paramster engry, This devica has
no uath; parts and provt(o. a such sore flexidle input mode than & siople

equivalent cost keyboard,
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Despite its stmPlic({ty and low cose FRED scill mginctains all tNe
character{scics of & stored program aachine. 1t can be programmed for any
aucwer of different functions as simply es changing cassettes. A large
FRED cusctomer base would also comprise a significant continuing market for

support kits, vorksheets, bookletrs, cassette programs, and opcional artach-

ments to extend the usefulness of the ainimum syscem.

B. SYSTEM_BLOCK DIAGRAM

The block diagram of the experimental FRED prototype is shown (n
Fi{gure 1. Unliks a final product this system ucilises etandard TTL aad MOS
circuit packages. (R;fct to manufacturers’ licerature for circulet decatls).,
A production version of FRED would utilize custom LSI elfrcuits and would
not {nclude a debug panel or hex keyboard, These lattar coaponants have
basn {ncluded {a the experimental vearsion to facilitate program praparation
and debugging. A preduct version of FRED would uss only prepared programe
(in a min{mum system conkigu:ctton).

A rnumber of othsr davices and FRED enhancemants &re possidle. These
will not ba described hare., Separate reports vtllébo {ssuad to descride
such aslcernagives as they are developed.

Logic snd mamory cireutts for the exparimental FRED prototype are
contained on seven printed circuie cards (M, PY, P2, P3, El, 22, R3) as
showva {n Pigure 2,

‘The sasory (M1) utilizes 40 chips, 32 of which are 256 bit static MOS
RAM ehips. By 1976 an equivalent 1,024 byte mesory should be svailable in

the form of 2 - 4096 b1t packages ac a cost close to 0,24/d4ik.
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The computer Logic Ls contai{ned on two princted circult cards (P,
P2) and uttlizes about 30 standard 7400 series TTL packages currently
costing approximately $90, Sl}ghc design modifications . would permiz the
computer logic to be (abricaced on one 40 pin custom LST chip. Chip
complexity would be on the order of L000 gates combined wieh a 256 bit RAM.

Pl contains clocking and switeh 1n:‘r!aco cireufrs whieh could be
reduced considerably for a final producc design.

El, E2, and E3 average 26 or so TTL packages each plus aovn}al phase
locked lcop chips., They represent the interfsce circuits required for
tha TV d{splay, cassatte start/stop or read/writa, wod the card readar.
?insl product design would not require tape vrite capadility with further

{nterface cost reduction achieved via custom MSY.

€. COMPUTER

The computer {a byte oriented. Dats sand {nstructcions are stored (a
memory as 8 dic bytes, Up to 64K mesmory bytes css de addressad although
oaly 1,024 memory bytes are provided {n the minimua systea. LEach {nstruce
tion requires two mschine cyclas for sxecution, A machine cycle L{s about 2.5us
{n duration resulting in an inscruction examcution rate of 200K ops/eec. A
direct mamory Aéccan ehnﬁul permits independent, assynchromous imput/output
at retes up to 100,000 bytes/sec., LIxternal program tnterrupt 1s alao
provided. -

" Jiguee 3 shova tha daca flov paths vith{n the computar. (Detailed logic

will be found {a Section IV.) Reglster naming, sod ssmory addreseing

_ conveatiocns ara das¢rided delow.
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R@, Rl represenl an addressable array of sixreen 16-b{c R regiscers.
R 1s che leasc significant R reg{scer bdyte and Rl is the most signafican:

R teglster byre, X, P, and N are three 4-dit registers. The contents of
X/P/N specify one of the 16 R regiscers. R(X) {s used here to denote the
R regiscer specified by the 4 bits contained {n the N regiater. RP(N)
specifies the low order 8 bits (byte) of the R registar selected dy N,

R1(N) wspecifies the high order byte of an R register. The contents of a
specified R register (2 bytes) can be traneferred to A and ¢ rcgi;cors.

The 16 bizs {n A are used to addreass M, The 16 bits (n C can be {ncramented
or decremented by ''1" and written dack {nto R.

M(R(N)) rafers to & one byts memory location addressed by tha contencs
of R(N). This {ndirect addrassing syscem {s dasic to the eimplicity and
genaralicy of the processor.

D (» an 8 bit data registar vhich has ome b4t right shife buile iﬁ.

F is an 8 bit logic netwvork for perforaisg binary add, suberact, logfcal and
or, and exclusive oy on two 8-bit oparands, One of tha operands is the dus
byce and the other {s tha contants of D,

L (s a & bie (digie) {nstruction regilscter, & bit operation codes arte
placed in this register and decoded eo control {nstruction execution,

3yzes can be read omto the bus from any of the raegisters, memsry, or
excernal iacsrfsces. A dus byte cap, in turn, be transferred to & register,
samory, or external {mterface.

a " Most of the R registars are available for use se daca registers, address
registers, or program counters, However, if epplications requiring external
{ncesTuUpte or cycle stesling are ancicipated, R($), R(1), and R(2) shculd de
reserved for these funetions. Detailed cperatiocm of the computar is dest

described in terms of Lts {nstruction set. This deseription vill be found

in section II.
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D. TV INTERFACE

TRED {9 connected to the antenna terainals of any standard TV 5;:‘ A
contiguous 128 byce mea0Cy ares can be displayed as an array of 1024 docs
on the TV screen, A "1" bit is displayed a3 a vhige dor. A '"D'" bic iluvu
ies display position on the screen black.

The 128 memory bytes (1024 bita) can be displayed as a 321232 doc array
(Figure 4) or as a 16x32 dot srray (Figure S). Memory byte ff+base {dduu
always occuples the upper left hand corner of che TV ecreen. DB{cs vt;:hin |
byte are displayed as showm.

The {nstruccioms provided for u:ivllung the TV display and selecting
display formets are dascrided {n Section II, The detailed legic of the
TV sat incarface are providad {n Saction IV,

After the display has been selected and sctivated by a program, fho
TV (ntarface clrcults cause the following zetions.

Every l7ms a program {nterrupt occurs. This ecorresponds to the TV
vertical sync pulse and indicates the start of & nev TV freme (spproximately
60 times/sec.). The system programmer must provide an 1nnm§: rout(tn. (see
ssmple "DISPLAY" progrsm fn Section V) which resecs R(P) co che stact of the
desired 128 dyte sasory dieplay area. -About 4as after €ach program interrupt
the TV {nterface circuits will -nquc-u display bytes from amsmory as sequentially
‘ addressed by R(§). Thase bytes will be suppiied by the direct ln-pr; channal

(via elct& steaiing) completely indapendeat of norsal prograa exacution

-mu"‘,w following program {aterrupt.

Ta the 32x2 display mode M(R(S)) bytes will de supplied to the TV sat
vith the spproxinste timing shown {n Pigure 6A., The approxisate timing ior

the 16x64 diaplay mode is shown in Pigure 63.
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. 6-
. Nots that'vwhen the display {s acctivaced only 128x60 machine cycles are
required for display refresh each second. This means thag dlsplay refresa

degrades the normal coamputer inscruction rate dy wvell under $%.

E. CARD READER

?

FRED utilizes |I3“x5” punched card as fnput. Figure ? 1llus:ra:ig
this card. Each card edge (X and Y) can have up to ei{ght bytes puneﬁcd. {E;;h
byte {s punched as two hex digits. Each hex digit has & parity btt k?) o;hig
the card, 0dd parity insures that each hex digit vill have at least one d
hole punched. Edge X of the card shown vould be read inte ascory as the
follewing sequence of dytas: $Ll-23-45-87-89-AB-CD-EP,

The reader comtains six light sources and photo-diodes (1, 2, &, 8, P)
:a'ncnsc tha card holes, Pho:;diodc "C" indicates cthat a cagd 1; baing
dropped past the read hasd. 7Top sad bottom card notches prevent uu;u!.n;
the top/bdottom edge as a digice, '

Cards are manually dropped into s slot and read pho:éolo:trically while
falling, The cards fall fnto a hopper and meincain their order when removed,
This type of reader provides an extremsly {aexpensive means for program and
paraneter loading. 1t is particularly atcractiva for loading shere programs.
Plaseic cards could de pt;ovucd for use by younger children.

Card rsader {ncerfaca ecircuite collect hex digit pairs tatd dytas vhich
ara then stored ia memory uader program centrol. Intarface circuits also
check parity of each card digit as resd. Parity bits are removed defore aach

hex dfgie pair entars mamory.
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F. CASSETTE PLAYER

Aldosz any {nexpensive aud{o cassecte plever can D¢ atzached to FRED
via jacks A and 8, .Jack A should be plugged into the “remoce scarr-stop’ lao
of the player. Jack B should be plugged tnto the "remote speaker ourput”
jack of the player. These connections permit the recorder to be controlled
by progrlh.

A headphone jack (F) has also bean provided. This permtcs use of FRID
in environmants vhece audio material on tapes would discrace ; noa-éser.
Headphones used should have their own velume controls. Jacks A and ; are
located on the back panel., Jack "F" (s locacod'on the froat panmel, !

In general the cassetts player s firac '"REWOUND" than placed in the
“PLAY" sctata.with {ts volume control set at midrange. From this poﬁp: on
ths program can start and stop the player, A computer speaker can alaso
be switched on and off under program control, This permits ruaning the tape
pasc certain rections with no sound,

A 4.2kc tone recorded on tape causaes the tapa to stop automatically at
the end of the tone, This feature permits the tape to bs divided {nto
"FRAMES'" which ¢can be sensed by prograa.

Another mode of tape operation permits data/of program dytes to bde read
from tape and stored sequeantially in mamory. Figure 8 {llustrates tha
format {n vhich byces are recorded on taps.

Recording is bit serisl. Each byta gn tape is represenced by 10 bits, A
“stare bit (8) {s alveys "1, This is folloved by the 8 bdyte dits ($-7).

A parity dit (P) makes the 10 dits even. Parigy and start bits are ;:ud

by the interfsce circuits and dropped prior to storing each byte {a memory,

Lach byte from tape is stored sequentially in memory via the direct memory

¢hannel (cyele stealing).
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Each b{t on tape {3 represented by a 5as tone durse, A 5.2ke cone
represents “@" and a 6.2kc tone represents "l'. Tones are separated by S=s
gaps. This recording 3ystem results in bits vhich are self clocking. Bit
packing dens{ey (s on the order of 50 dits/{nch, Data (s loaded (n memory
a: a 10 byce/second rate. The low packing densicy and self clocking features

perzit reliable operacion with standard audio cassecte tapes and players,

G. OPTIONAL SYSTEM COMPONENTS .

Thess components have dead included in the experimencal FRED procotype
for program preparation and dedugging. They would be omitted from a final
ainioum product.

Cll;.tt. {nterface cireuics {nclude thosa required for recording memory
bytes on tapa. Procedures for racording dytes will be descridad tn Section 1V
in the "WRITE" prograa.

Contral switcheo will be discussed {n Seccion II! under operating
procedures.

A hex switch box has been praovided, This set of 16 suitches connects
co FRED via the card raader interface circults and functioas as & direct
subseitute for the card reader, Any byte can be entered by deprassing two
hex svitches, The most significant hax digit of & byte muet be anterad first.

Program control of the hex ewvitchee {3 identical to that for the card reader.

w
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SECTION II - ORDER CODE

A, PRCCESSING INSTRUCTIONS

The operation of the computer {s best described in cerms of ics
tnstrucrion set which {s shown iu che micro-inscruction summary (ngr; 9).

A one byte inscruction format {3 used. Tvo machine cycles are requirted
per ipstruccion. The first machine cycle causes an 8-bie inatruction co bde
fetched from M and placed in the I snd N reglacers (M(R(P))=I,N]. This {s
accomplished by gating the contents of P to select A, R(P) (1 then gaced
to A and C. While vaiting for the M(R(P)) bdyte access time, C {» {mcremanted
by 1 snd replacas the original contents of R(P). The most sfgnificant d{git
(4 bics) of M(R(P)) Ls gated to I via the bus. The LSD of M(R(P)) ts gatad’
to N. At the end of che imetructions fetch machics cycls, I and N contain
the 8 bit inecruction origimally addressed by the program couater [R(?))
tnd the program counter has bean incrementad by 1 so that {t now poimts to
the next instruction bytes in sequenca.:

At this point it should be noted thac Aay‘ of the 18R regletars could
de used as the program councer. Muleiple program counters sre faci{l{tated.

The next sschine cycle always executes tha {nstruczien contaited in
1 and N. The execution of the data handliang and dranch fastructions arve
described delov (I2 desotes that the digit ia I bas. the valua of 2):

o 11 - R(N4L _ ' .
Tha 16 b4ce ta che N regliscer spacified by the curreat
digit ia N Lo facremented.

12 « R(N)-1
The 16 bits of R(M) are decremsnted by 1,

146 = M(R(N))=D,R(W)+l
The M dyte addreseed by R(N) {s fead from M and placed in

D. R(N) {a tncresented dy 1,

| 36338



15 -

-10-

D-M(R(XN))

TE® C SEFITe byte in D lmwritten RO the Mypyra,locazion addresses

18 -

19 -

IA -

IC -

1D, -

1 -

IF -

13 -

by R(N).

RO(N)-D
The least significant byte of R(N) {s placed {n D.

Rl (¥)=D
The most significant byte of R(N) s placed {n D.

D-RP (N)

The byte {n D replaces the least significant bByce of
R(NY .

D=R1(N)
The byte {n D replaces the mose sfigntficane byte of R(N),

DE-ROB(N)

The leasc significant & bits (digit) {a D replaces the
least sigaificane digit of R(N).

N-P

The & bttt digit &n N is placed in P, This effectively
changes the current program counter aad conscitutas a
branch.

N-X
The & dit digit <a N 1is placed {n X.

Parform functi{on apecified by digit in N:

NB « M(R(X))=D :

N1 = M(R(X)) “OR" D=D

NZ M(R(X)) "AND" D=D

N3 - M(R(X)) “EXCL.OR" D-D

N4 « (MR(X)) + D=D (BIN.ADD,FINAL CARRY-DF)
NS - M(R(X)) - D=D [BIN.SUBT,,FINAL CARRY-DF)
N6 - SHIFT D RIGHT 1 B§T {LS3-DF)

Note that a flag dit (DP) is provided, This flag can
be tested dy tha following brasch {nstruccion.

Cond{tional dranech
N specifies the condition to ba tested.

- H® - unconditiocal branch

Hl - byte ¢tn D not all seroe
N2 « byte (n D all zeros

N3 - D flag (D7) equale }
N6 - aextarnal flag 1 set
NS - enternal flag 2 sat
N6 - oxternal flag 3 aset
¥7 « excernal Zlag & set

(9%
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The lase four tests will be discussed with 1/0 device i:s:ruc;;:ns. A
the cond{tion specified by N ex{sts the M byce following the 1) Lnsiruc:ton )
ls read from M and replaces the'lease s(gnificant bdyce of R(P). This peraics
direct branching within & 256 byte mini-page. If cthe spec(fied tesz condftion
{3 not present the M byee following [3 (s skipped and the next instruct{on

in sequence will be fetched. '

The "DECUCE" program described in Section V {llustraces thae u;; of

many of the adove instructions.

B, CARD READER INSTRUCTIONS

In general tupn:/ou:ﬁu: devices are activated {a a two step proecess,
Firsc the specific device {s "salectad” §y & "61" fustruction with gho
M(R(X)) byte specifying a device number, Next the selected device is
Mgeedvaced" by a "62" Lastruction with M(R(X)) specifying :h; desired mode
of operation, a .

The card reader is "selected" by executing & 61 {nszruction with
M(R(R)) = 1, Once nalectsd, the card readar (d.vt:l.#ll) remaing selacted
until another 61 Lnetruction is executed or the computer {s manually reset.

Execution of a "62 {nstruction while the card resder {s “selectad”
activaces the card reader tnterface circuits. Two medes of operatids
(program/direct) are possibla.

A "62" fnstruction vieh M(R(X)) o fl “activates” the card roudot {a
:h-»“b:o;:a-“ sode. The card readar will rﬂlltn “geeivated” {a tht; mode
even vhen 20 longer salected.

While active, tha program mode card logte causes axternal fla..l
(2F1) to be set afear each pair of hex digite ie read from a card, {adicating

that a byte 1s ready to de stored {(n -:iéry. A "34" instruction sheuld be

-
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used to test this condition periodically (n the peogram. When che flag -
set, a "b8" lastruction vill cause the (nput byce to be stored (¢ M(R(X:|
R(X) {s unmodi{fied. Note that the card reader must be selected prior to
teszing Lcs flag orv a:ienpttng ‘to store an {npuc byte. When operating in
this mode, flag sensing and byce storsge should de programmed to occur at
a faster rate than antfcipated byte entry, The byta storage instcruccion
(68) resets EFY.,

The card reader (afcer selection) can optionally be pleced {n the
‘“‘d{rect” mode by executing a 62 f{matruction with M{(R(X))=82. 1In this mode
of operation each pair of card digice will be automatically stored ac M(R(3)).
R(P) will be automstically {ncremented by 1 folloving storage of each input
byte, 1Input dyts scorage will occur even {f the card readar {s no longer
seleccted. R(P) should {nftially contain the memory address of the first
dyta to be stored,

When the hax switch panel 1z used the card reader vhould be dia-

connecced.

C. TV DISPLAY INSTRUCTIONS

Tha TV display {s alvays operatad in che "direct” @cde (cycla stealing)
and also utcilizes the computer program interrupt facilicy.

To activate the display, the folloving program staps arve required.

First cthe display must de selacted dy & "61" {nacruction with M(R(X))=82
(%u focremented by 1). Next the display (s activated by a "62"
mun vith M(R(X))=#1/02 (R(X)+1 4s performed). 1f M(R(X))*fl a
32292 ¥it display resulte. If M(R(X))=$2 the display formae will ba léxés
bige,

As soon as the dtaplay (s activated, the display incerface circuits

cause memory bytas to be read from memory as needed. All bits of esach

1 33311
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byte are displayed as shown in Flgures 4/5. The direcet memory access cicculcs
are used by the TV {nterface. Each byte i3 vead automatically from M(R(D))
and R(8) {ncremented by one. The di{splay steals 128x60 or 7680 machine
cycles per second to maincain a 1024 bit refresh rate of 60 refresh cycles/sec.
The 128 byte oemory area to be displayed musc be dafined by R(f). The
TV c{recuits cguse & program i{nterrupt 60 cimes per second (after display-
tng byte number 128), This program intarrupt alvays caueeas aa automatic
transfer of control to the instruction addressed by R(1) (P {s automatically
set ¢6 1). An interrupt routina addressed by R(1l) should de pravidnd vhich
in{tislfzas R(H) to the address of the first byte of a 128 dyts memory
d{splay area.
Two nddi:tonal'accionl occur when an interrupt occurs. The contents
of X and P are placed {n T, and X {s set to 2. Instruetion I7 s provided
to facilitace returning to noraal procassing following interrupc. 17 with
N8 causes T to be stored at M(R(X)). This {asttuction permits the incarrupted
values of X&P to ba saved, 17 with Nef causes M(R(X)) to be placed {n
X4&P effecting & raturn after {nterrupt. Tha "78" (nscruction ales causas
R(X)+)l and an interrupt mask (IM) to be reset, IM i» alweys set by an
intarrupt. IM (ohibits incerrupte and muet be reset dy a dusmy "79"
inscruction when the display (s {nitially activated.
Examples of interrupt programaing provided in Section V will clacify
the sbove, Note again that once activated the display will costioue to
funqiten as abova even vhan no longsr selected.

2. GASSETTE COWTROL INSTRUCTIONS

Tour cype "63" {nstructions are provided for tape ce;irox. These

inagructions control cape motion and sound directly. No "selact" imetructicn

(gS
[@})
)
-a
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{s required prior to their execucion, They are completely {ndependent frsa
the cassette read/vrite fnstructions to be descrided subsequent |y,

The following assumes that the cassette plaver has been placed
{es "pley" scace.

Execution of a “63" {nstruction with H(R(X))=fl will set a "tape run"
switch, 1t will also reset a ''speaker on' switch., Tape vwill rum dut no
sound will be heard.

Execution of a "63" {anstruction with M(R(X))=#3 w{ll set :h; "tape run"
svitch and aleo set the ''speaker on' swiech. Tape will run with aound on.

In eithar of the above cases the "tape run" switch will be automacically
reset ac the end of any &4.2kc otop tone ancountared om' tape (vhethar haard
or tet),

The "tape zun" switch 18 equivaleat to EF2. 1If ZF2el the "tape run"
switeh {s set. 1f ZF2ef "tape run" is reset. A "35" {mstructiom cas be
used to test vhether or not tha tape {s runaing.

A “63" {nseruction with M({R(X))=#f# vill resec the "tape fun” switch
and the "speakar on" switch,

A "63" {netruction with HM(R(X))=$2 vill reset the "tape rua" ewiteh
and eset the "speaker on" switch,

These four Lastructions pravide flaxible cassatts control. The "CLUE"
progzaa {8 Section V {1llustrstes the use of these instructions., Note that
pressing the control panel "RESET” awviteh alvaye segs both the “tape run"
.‘".p.'m: on" switches. 'RESET" sust be pressed to permit manual contrel

of the external cassette player.

£, CASSETTEZ READ/WRITE INSTRUCTIONS

Cassatte data can be read {n twvo modes (program or direet)., Ths

cassette player {s first "salected" by a "61" tnstruction with M(R(X))=4].

d
W
O
w
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Subsegquent execution of a 62" tastruction wieh Y(R(N))=ds “acziiaze.

the cassette player in the "program’ mode. Activati{ocn stso secs the Yeare
run” and "spesker on” switehes, (The tape run switch can be subsequently
reset by either & stop tone on tape or execution of an gppropriate 63"
{aseruction.)

In the "program” mode bity read from tape are accumulated {ntco 8§ bt
bytes., When a complete byte {3 raady to be stored in memory, EFl {s sec.

The program must test EF1l and store {nput byces via a "68" {nscruction as
required. Operation {s {dentical to that for the card reader "program” =mode,

“Selecting'' the cassette and placing {t 1in the "direct" mode sets the
“:;pc run' switch and causes tape bytes to de stored in memory via cycle
stealing. This mode of operation 1oltd¢ac1cll ;o_chtc descrided for the
card reader, (The tape run svitch can de subsequencly reset dy either a
stop tone on the tape or execution of an appropriacs 63" (nstruction.)

Once "selected' the cassette player {s activatad in the "diract" moda by
exscution of a 62" i{mseruction with M(R(X))=(#8),

Both of the above modes of operation assume that the cassetts player
be mapually preaset to (ts ‘“play” state.

A third @ode of tape recorder operation {» permitted {n the experi-
mental FRED prototype., This '‘write" mode {s sctivated by axacuting s "62"
{astruction vith M(R(X))=48, In this =m0de sequential memory dytes are
recorded oﬁ a8 audio tape in the form shown in Figurs 8. 3Bytes are addressed
by R(§) and transmitted to tha tape {aterface circuics autcomatically via the
computer cycle stealing (direct) mode. A procedurs for recording data on
tape will de dascribed with the 'writa" px}ogﬂ'n {n Saction V.

i 36374
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F. MISCTLLANEQUS AND STMUTTANEOUS 1/0

An {dle instruction is provided vhich permits display of 3 zemory
byte in the 8 bus bit lighes on the control panel. Exscution of an "PN"
{ascrucelion will cause suspension of subsequant {nscruccion execution yntil
a program interrupt or direct memory channel a&zcess ocecurs. It should be
noted that {f the card reader, TV, or cassette has been activacted {n the
"direcr" mode the instruction following an {dla will be executed after the
next directc 1/0 memory cycle or program {nterrupt. Duriag suspension of
inscruccion execution M(R(N)) will appear {au the 8 bit lights oo the
concrol panel,

A "62" tnseruction vigh M(R(X))=Pf will turn-off (or desactivata) any
"salected" 1/0 device. Since only one device at 2 time should be operating
{a tha direct moda this {nstruction parmits turniag off one atrce: davice
prior to sctivating another,

FRED permits a variety of simultaneously running 1/0 davice combin-
ations, One of the monst useful combinations comprises TV dfsplay + card
{nput + tape volce. This could bs achiaved as follovs:

1. Select and activace TV (direct mode)
2., Select and activata card readar (program mode)
3. Set "tape run” switch (reset by scop tone on tape).

In thie Ilnncrv:h. cassette palyer could de used to ask s student
a series of quastions separated by stop tomas. While the taps {s running the
clilgl‘odar can be wonitored by ;:égrnn for a proper response. Simul-
taneously the TV display cam be indicating the correctnass of student

raspenses to the questions,
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An error flag (EF4) has been provided which can de cesced by 4 "3; -
{natruction, EF4 fs set by a card vreader/cassette read pari:\ error.
{s resec by turning off (deactivaring) the error device,

The adbove describes all minimum FRED {astructions. A variety of new
devices and inszructions could be added to chis basic system., Discussion

of these possible enhancements 1is not within the scope of this repore.

3
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SECTION IIT - OPERATING PROCEDURES

A. NORMAL OPERATION

These ''normal'’ operating

procedures utilize the control panael shown

{n Figure 1f. This would comprise the only operating panel avaf{lablg on a

f{nal product. The switches and lights ptovided n}. daseridead balow:

BIT LIGHIS -
ST0P LIGHT -
READY LICHT -

PRROR LIGHT -

OFF/ON SWITCH-

RESET SWITCH -

8 bir 1ights (f-7) monizor the 8 bit computer

data bus,

-1adicates that the baste co-pu:it cléck ts

N

stopped.
Ind{cactes that tha computer 1s {a an idls stace.
Comas oo with & cassette/card paricty atror.
Generally signifieas that progrem must de
rastarcad and/or reloaded.

Turns power oﬁ/ot!.

This momencary coacact switech should de
depressed to resat FRED. It turns off the
clock, desctivatas all 1/0 devices, sats
regiocar Pod, sets R(P)=H6£P, and pucs the

computar {a the idle stace. Afcer reset,

- .otop and'ready lights will both'ba’ca. Zrror

RZAD SWITCH -

should de off. ?

Turaing this ewicch on starts the clock aad

.

tctivates the cassette read direct mods.

)
[ ]
(¥}
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d. Eoter progras cards in proper sequence via card seader,
Program vil]l be automatically loaded {n me@mory starting
ac M(3009) .-

¢, READ & CARD switches off

f. Press RESET

g§. Prass RUN. Program execution will begin at M(8891).
If during step "d" the error light comes on, reapeat sceps b, c, d. Note
that after aach card the bit li{ghts will show the laat card byte eaterad

in memory,

3. PROGRAM RESTART

a. RESET

b. - RON
4. MEMORY READ ’

In cartain applicacions a user {s permitted to enter his own programs
via cards he has punched himself., A sequence of semory dytes can de

examined as fallows:
e, RESET
b. Press RUN. Each subsequent depression of run will

display the naxt msmory byte in saquence via the bit lights etarting at
M(POLE) .

L__DRIUG PANEL

1, GENERAL

The debdug panel p?oQtdcd on the experimentgl YRED prototype is shown
{n Pigure 11, I:‘!lgtlttatoo prototype program dobu;;tﬁg and davelopment
of aew 1/0 attlehliazl. Sevaral of ths more gensrally useful operatione

possidle will be described. The detatled logic in Secticn IV should de

P393¢
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examined co deternine feasibilicy of any des{red =manval operation rot
discussed here,
The following liscs all debug svitch functions provided:

0-7 SWITCHES -

vhen up.

R SELECT - Selecet R(9-F)

RO SWITCH - - Sealect RE®

R1 SWITCH - Select R1

WR SWITCH - Write bus byta to salected R byts

WM SWITCH. - Write bus byte to M locacion specified dy
selected R,

WP SWITCH - Write bus byta to P,

WIN SWITCH - Write bug byta to I‘N

Al SWIICH - Display Rl of oclccécd rogfocar {o biz lights
on control pansl

A® SWITCH - Displsy RO of selected regiotar {m bic lights.

M SWITCH - Display M byte addressed by selected register
{n dit lighes,

D SWITCH = Di{splay D register (az d{ic lighcs

T SWITCH - Display T registar in bit lighee,

N SWITCH - Display N register tn bit lights

e SW1IcH = Transfer P,X regiscters to T for sudsaquent

. dteplay.
M SUIICH = Used to c}ut sy
APT SWITCH - Caisas ssme machine ;yeh to be \;.pltt.d

Set corresponding computer bus biec to 1

.

ro

«.)



-22-

SP SWITCH - Scops cloek. Left on it permits sae sran
operation
ST swWitcH - starts clock.

MANUAL SWITCHe Muse be on to enable majority of debug panel
functions. Must alwvays be off during noraal
operation.

MASP SWITCH - When on coamputar {s stopped {f M locaction
specified by lo-blolf svitches Ls addressed,

2. SETTING REGISTERS
Aoy R regiscer can b!‘ltﬂ to iny value as follovs:

&, RESET, MANUAL ea

b. SELECT R via R selact

¢. Select R byte via RI/RL

d. Set P switchas to dcoirod bit pattera

s, Prass WR to set bit pattern {ato salected register byte.

This procedure can be ueed to preset R(§) to any starting addcese peior to
normal mamory load/read operations.

3. SETTING MEMORY BYTE

Any memory byte can be set to any value as follovs:

a. RESET, MANUAL on

b. Set R(P) to address of memory byte

c¢. Saet §-27 suitch to bit pactern

d. Press WM co store bit pattera ia N,

(S
C
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INSTRUCTICN SUMMARY

DN} IDLE, M(R(N)) <= LIGHTS DININ » P
TINJR(N) 41 EININ + X
2IN{R({N)-4 Flafm(R{x)) » D
AINIMER(N)) = D,R(N)+1 FIAIm(R{x))/D > D
S[NJD +» Mm(R(N)) Fl2]m(R(x))&D = D
SINJRO(N) » D | FIAIM(R(X))eD =+ D
GINIR1(N) = D Fla|m(R(X)) PLUS D - D, FC —» OF
ATN D-r‘RD(N% F15]m(R{x)) mINUS D= D,FC - DF
BIN|JD < RT(N, FI|6]SHIFT D, 1 B8 R = DF
CIN] DD q—ROO(N% 6[BYINPUT BYTE —+ M(R(X))
78] T » m(R(X) 710IM(R{(X)) <4 XP,R(X)+1
RESET IMm
310l v Y » RD(D% UNCONDITIONAL BRANCH
A7 Y| v « RO(P) IF DZO
3f2] Y Y « RO(P) IF D=GC
13021 v Y # RO(P) IF DF=1
a4l Y1 Y « RO(P) IF EF1=1 (INPUT BYTE READY)
35 Y1 v » RO(Dg 1F EF2=1 {TAPE ON)
36l Y1 v » RO(P) IF EF3=1
2[71 Y] v »RO(P) IF EF4=1 (ERROR)
[E17Z) & m(R(x))=[0I0 TURN SELECTED 1/0 OFF, R{(x)+I
6 & M(R(X))= SELECT INPUT (CARD/SWITCH), R{X)+1
612] & mgﬁgxﬁgz 0] 1] SET SELECT INPUT TQ PROGRAM mMODE ,R{X}s+1
612 M(R(x)}=[002] SET SELECT INPUT TO DIRFCT MGDE ,R{X)+1
e[1] & mEREx = [OI3) SELECT TAPE 1/0, R(X)+1 ,
5l 2] & m(R(x))= AWSET TAPE IN TO PROGRAM MDDE,R(X2+1
6121 & m(R(X))= YSET TAPE IN TO DIRECT MODE ,R(X)+1
612] & M(R(x))=[410Q] SET TAPE OUY TO WRITE MODE ,R{X)+1
63 & M(R(Xg;: OT0] TAPE OFF & SPEAKER OFF ,R(X)+1
613) & m{R(x))=]0[1] TAPE ON & SPEAKER OFF ,R(X}+1
6131 & m(R(x)g= 0]2] TAPE OFF & SPEAKER ON ,R{X)+1
6130 & m(R(X))=10l3] TAPE ON & SPEAKER ON ,R{X)+!
6TT] & m(R(x))=JOT2) SELECT TV GUT ,R{X}+1
6l2) & m(Rgx = f0J1] SET Tv TO 32x32 MODE,R(X)+1
6/ 2) & m(R(X))=10l2] SET Tv TOD 16xb6% MODE,R(X)}+1

RESET SWITCH: OO0 - R(0),IDLE,ALL I/0 OFF,0 —P,CLOCK OFF

RUN: BEGCINS EXECUTION WITH INSTRUCTION @ m(R(1))

FIGURE

-9
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SECYIUN 1V - DETAILED LOCIC

Logic~1l through logle«25 shows the detailed togic design of FRED.

Table I shows the numbar of chips used {n the design, TIhrcee power supplies
are provided and all circuits were mounted on cards as shown {a Figurae 2,
Figures 12 and 13 provide sample timing for selected logile,

In general, the loglc ci{reuits on one page are all con:xi%ed'oa the
same printed circulc card. For cx;mplc logic-10 cireuies will all be found
on tha "PL" plug-in card,

Logic symbola coatain both a chip locatlion on the primted cireuic
card (A3, B85, etc.) and & chip type (7400, 74121, ete.) refer to manu-
facturars i{zerature fot dcclii. of each chip typs. Multiple vire buses are
indicated by slash carks,

Logic 1 chzough & {llustzaces the contreol panel and L.bu. pase! wiring,

Logic-7 shows the mamory. It comprises 32-256 bdit fully decoded,
stacic RAM chips, Outpute, inputs, and addresses, are comnected directly
to form a 1024 byee mamory bank, The least signiffcant 8 bite of an address
selact a dyte locaction wvithin 8 chip. The next two bits are decoded to
salect one of & groups of 8 chips.

Operation of the memory ssrely comprises applying sddress 1c§oln.
After the access tims, the addressed byte appoa:i a9 DC levels on the mamory
ggsékt 1ines. Read is oon destructive.

Vriting 1o parformed by applying address and vrite data followed bdy
a vrite pulse (SR),

LogiceS shows the logic assocciated with various concrol ssitchee used
for scarting, stopping, and resecting the computar, fho master clock

oscillater is aleo shown in logle-S.
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Logic-6 shows circuits for {solacing external 1/0 buses from cne corputer
dats bus. A channel selecc regiscer (CSRABP) and excernal N d{gic decoder
(C&4) are also shown. These ci}cuits ars required for 1/0 device selection

by the "61" f{nstruction.

Logtc-8 through 14 shows the oain computer logic contained on PLAP2
cards,

Loglc-8 shows the time pulsa generacor vhich controls ciming of all
operazions, 8 time pulses are provided as shown by the timing dfagraa
of Figure 14, Efght 150 time pulses separaced by 150 yield a nominal mach{ne
eycle of 2.4ys, 1o order to maintain the required TV display rotroéh cycle
the time pulse oscillator should not be adjusced to cause h;chtna ;fclca
to exceed 30,

A zachine cycle comprises 8 time pulses, Thare are four different
types of machine cycles. These four types are defined by‘thc two bit
registar "S$" shown in logic-ll (C4). The possidle statas of this registar
sctivate & linas S8, S1, S2, and S3. Thess levels define one of four typas
of machine cycles at any given time,

In normal oparation oaly S and S1 types of machine cycles oceur.

SO defines an {netruccion fatch machine cycle. SO (s combined with tima
pulses to cause a2 new {nstruction to dbe fetched froa mamory end placed in
the £ and N registers. Sl follows 50 and activatas the imstruction dacoder
(Toglcell). Ons of 16 inscruccion lines (I-IF) £» activeted depending

on the instruction code {n I. This lima is combined vith the time pulees to

causs the specified {nseruction fumction :B be exacuted,
Normally the saquence $P-S1-SP-S1,... {s repeated causing Al:otnatin.
instruceion feteh and exscuts cycles, Circuits shown in logie-10 and 11

permit this SP-S1 sequenca to bde modified. External {n/out requast lines
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are provided for direct memsrv access dy an extarnal device. Acctivac{on
ut oeleher ti{ne causes an 52 machine cvcle co be inscctod as tolloun.
SP-S1-50-81-52-59...

For an {input request, S$S2 causes R(B) co address the memary and stores
an {nput bdyte ac the addressed locacion, R(#) {s incremanted By 1 so
that a sequence af tnput dyces will ba scored in sequential meamory locations.
Far an output request, -S2 fetches the byte at M(R($)) and places {t on
the output bus., R(P) (s again incremanced dy 1,

A prograd {nterrupt line {s also provided (logle-10), Activating
this line causes am S3 cycle to occur after the nmext St cyele, 53 causes
X and P to bde placed {2 T. P {a then set to 1 and X to 2. Rasumption of
tha normal S@-$) sequence will then result in execucice af ad {sterrupt
routine specified by R(1).

In general, the logic circuits contained on "P1" provide the baste
tining, tnstruction decoding, and instruction executiop comtrol ctrcuits
(logie-8 to 11)., '"P2" contains the registers and ait:hun:tc/lo.te cireusles
ag shown in logie 12, 13, and 14,

Logic«lS and 16 showe the card {nterface cigcuits concained oa Il,
Tvo FF's (Bl) asre set to speclly "“direct/progras" card {mput mode. A hex
card di{git (any hole punched) datecced dy the card readar photodiodes
activace gatess A4 and 34 (logic-16). The 3-b{g _hex digit is set {ato a
S bit ragiscar (MR @ B)). Parity Le checked ac this potnt. A second hex
digit moves the firec digit (4 dicts oaly) ds;u to ro.ticor 32". the
sacond digit then encers '"33" and is parity ehochad; A couster (C2) keaps
crack of which digit has Jjust been resd., Nsading the escond digit causes
activation of either the "EFL™ or "IN rsquest” bduas lines to notify the

computer that am {npuc card byte 1s ready,

¢ 32327
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The card reader photodiode circuis are shown in logic-24, <hese
plﬁg in te the {nterface circuics via jack J/K,

The optional hex switch panel (logic-25) can also be plugged tnco
J/X. Local hex switeh logic simulactes a card digit for each switch
depression, |

Card "El" also contains the 3 tone detectors/generators required for
cassecte read/write operations (logic-17),

Logic 18 shows the cassette control circuits and connecting jack wiring.
The two FF controlled relays control the cana;::c motor and a local computer
speaker. | _

Tape read circults ars shown in logic-19, The "P" and "1" phase
locksd loop tone detector outputs (legic-17) are cooverzed to a parsllel
8-bie byte via a shift register (30 in logle-l9), The "EFL" or "IN
request’" bus lines are activatad to notify the computer that a tape byte
i{s ready for transfer to memory. Parity cheekiang circuits for tape data
are also provided,

Logie-20 shows the tape write circuits. A 100 cycle/sec ocscillator
(38) provides the tecording bit rate timing, The "§" and "1" phase locked
loop tone detectors also provids "@" aand "1" tone oscillators for bit
recording., The "OUT request' bus line is activated by the write logic for
asch mamory byte required. The memory byte is placed {n shift register "A2,Al3"
(logte-20) and has sctart and parity bits added. The resulting 1§ bits are
thoﬁ racorded as the appropriate serial sequence of tones,

Logic-121, 22, 23 show the Lnnr_hu eireuits required for the 1TV
d{splay. A herizontal syme oscillator running at 60x256 cyclil per second

is provided. (Logic-21, El1). This {s divided by 256 dy the '"H" counter to



generate vertical sync pulses at & race of 60/second, the "H' councer
outgu:s are used to {ndicate the current display line,

Each bit to be displayed uses four horizontal line cimes. Each dot
(or bit) is two lines high and t3 separated from the next dot by two line
times. This technique permits better screen utilizat{on for the low
resolution FRED display of 1024 dots or bits.

Certain horizontal synch pulses start a spot oscillator (E4, D4 in
logic=21). 32/64 spot pulses are generated depending on the presec TV
display mode. The "S'" counter output are used to control memory byte
fetches at appropriate times.

Memory bytes are placed in a duffer (AB, Al {n logle-22), '"$§" counter
outputs, buffer bytes, and the spot pulses are combined to form a deanm
modulating ''video" signal., This signal {s combined with horizontal and
vertical sync pulses. The combined signal then modulates the output of
an RF generator to form the signal applied to the antenns terminals of any

TV set (logic-23),
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SECTION V - SAMPLE PROGRAMS

The examples presented in this section were selected to clarity the
operation of the system. Examples of input-output modes and interrupt
processing are provided., All examples are in machine language. The coding
form shown in Figure 15 was designed for use with FRED. Each sheet provides
space for 48 bytes or instructionms.

The "S" column can be used to name specified memory locations (bus-
routine entry points, table base addresses, etc.}). The "P" column
facilitates keeping track of the register being used as the P counter for
each section of code. The "X" column can be used to indicate which register
has been assigned to X. The "M" column should contain consecutive memory
addresses, The (M) column represents the contents of each memory location,
This column represents the sequence of bytes to be placed in memory. The

last two columns facilitate self documentation of programs,

A. DEDUCE (PROCESSING INSTRUGTIONS)

This program 1s illustrated by flowchart A and the following two
coding sheets. "DEDUCE" illustrates the use of the card reader and utilizes
the 8-bit lights on the control panel for output.

The program should be contained on FRED cards or a cassette (followed
by a "stop" tone). In addition to the program, a player card is required.

This card is shown on the DEDUCE card sheet,
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The player first loads the program starting at M(PPPP) as described
in Seection III. He then chooses one of the 8 lights ($-7). Pressing RESET,
then RUN, initiates the program. First, the light pattern "1111¢9p@" is
displayed. The player responds by entering "99" with the "NO" card if his
chosen light is off and "11" (or "YES") if it's on. The program displays
two more patterns of lights, waiting for a player card response following
each pattern. After the last (third) player response the program deduces
the chosen light, turns it on, and stops. A Réset-run permits the game
to be repeated.

The program requires only 7¢ bytes, This is relatively good memory
utilization since only 18 average (4 byte) 360 type machine instructions
could be provided in the same memory space.

The program flow as shown is straightforward. The section of code
Ml partially initializes registers, Since R($) will be subsequently required
as a card input byte storage pointer the program counter is changed to R(5)
leaving R(®) free. Initialization is resumed at M2, The card reader is
selected and set to the direct mode. As discussed previousiy, the direct
mode causes an automatic memory store cycle (at M(R(#))) to occur for each
byte entered (2 hex digits).

The idle instruction (If) at M3 halts the program until an input byte
storage cycle occurs. Following the stolen input byte storage cycle, the
instruction following idle is fetched and executed, Since R(®) is auto~
matically incremented during each input byte storage cycle it must be
decremented to point to the byte just entered. An idle instruction always
causes M(R(N)) to be placed on the byte bus. The idle instruction here,

causes M(R(1)} to be placed on the bus. The 8 bus lights therefore display
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the contents of M{(R(1)) for the duration of the idle instruction. In this
manner the 3 bit patterns at MA are displayed sequentially as required.

The storage of an input byte causes program resumption (after idle)
and the newly entered byte at IA is tested, From the responses to the 3
light patterns the number of the chosen light is readily determined. This
is converted to a single light pattern via table MI. The use of an IC type
of instruction to perform this table look up is illustrated in program
segment M7,

It should be again noted that while programs are normally loaded
starting at M(P@PPP), normal initiation (RESET-RUN) always skips M(@9P6p).
Program execution therefore begins at M(PPPl) leaving M(PP0P) free to be

used in any manner desired.

B. DISPLAY (INTERRUPT AND CYCLE STEALING)

The next sample program (SB-display) illustrates the use of the display
and program interrupt, The program flowchart is shown with detailed coding
on the following two sheets. It requires 2¢8 bytes of memory, 128 of which
are required as display refresh storage. The program itself requires only
8¢ bytes, |

128 bytes (1024 bits) of memory are displayed in a 32x32 bit format
on the TV. M(@1@¢@-B17F) is used as the area of memory displayed.

The program is loaded starting at Mtﬁﬂﬁﬂ). It is initiated at M{(@§ppl)
by reset and run switches. The display will be b}ank at this point. Any
pattern of dots desired can now be displayed. First two hex digits are
entered specifying a displayed byte address. A second byte is then entered
representing the actual 8 bit pattern to be displayed at the previously

entered address. This second set of 8 bits will immediately appear on the
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display screen. 'Repeating the above permits construction of any dot
pattern on the display screen,

The typical display page following the display flowchar# illustrates
how the word "JOE" could be displayed as an array of dots. The sequence of
bytes (in hex notation) could be punched in a set of FRED cards. When
this sequence of bytes is entered the "display” program would yield the TV
screen pattern of dots shown.

Code M1, M2 initializes registers and sets a 1 bit counter (K) to
#. K specifies whether an input byte specifies a display address or an
8~bit display pattern. Display refresh requires R(f) for cycle stealing
and R(1l) and R(2) for program interrupt. WMl code therefore changes the
program counter from R(#) to R(3) and resumes initialization at M2,

The Cl loop initially clears the memory area to be displayed. M3
indicates the use the 16 type of instruction to activate the display
interface. From this point on, the display interface will automatically
steal memory cycles to retrieve memory bytes for display refresh, R(#)
is used for this purpose. TV generated program interrupts are also required
to reset R(#) to the beginning o£ the memory display area after 128 bytes
have been refreshed. This program interrupt will be ignored until the
interrupt mask (IM) is reset., IM is always set when the machine is cleared.
Initial IM reset is performed by a dummy ""7@'" instruction in M3, Note that
P and X are set by this instruction so that careful use of this instruction
is required,

After activation of the TV display, the card reader is selected. Note
that, once initiated, TV display operation is independent of external device

selection. The card reader is now set to the program mode and EFl is monitored
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in loop M& to determine when an input byte is available to be stored in
memory. The stored input byte is then used to modify R(A) or displayed
byte M{(R(A)) depending on the value of K., Input monitoring is then resumed
until a new input byte is entered.

Since the TV display causes program interrupts an interrupt routine
is provided (I1-12-I3). This routine is automatically entered when an
interrupt occurs, P is set to 1l and X to 2 by the interrupt. Instruction
n78" in Il stores X and P values of the interrupted program which are
contained in T, Instruction "7%" in I3 restores the original
values of X and P thereby effecting return to the interrupted routine, This
instruction also resets the interrupt mask which is set each time an interrupt
ocecurs,

A side benefit resulting from the simple machine structure is the

ability to store its state in two bytes (D, X, and P),

C. CLUE {(CASSETTE CONTROL)

CLUE illustrates the use of the cassette player audio control instruc-
tions. Eight cards with pictures of objects on them are provided as shown
in the following table, The "byte" column indicates the two hex digit
byte punched in each card, This byte will be read by the card reader when-

ever a card is entered by the FRED user,

CARD PICTURE BYTE
] TOP ¢p
1 LAMP g1
2 CAR p2
3 JAR - $3
4 EGG P4
5 RING #5
6 APPLE P6
7 BOAT .97
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FRED will randomly select one of the 8 pictured objects. The user
can then enter groups of four object cards and FRED will "tell" him
whether or not the chosen object was among the four entered. After 3
such clues the user must guess FRED's chosen object. As can be seen this
program is actually an introduction to the concept of intersecting subsets
for young children.

In addition to the above cards a magnetic tape cassette is provided.
It is divided into a number of "FRAMESY separated by stop tomnes. This
tape has the following format. Note that " ' indicates voice on tape.

FRAME 1:

Deduce program recorded as series of 0 and 1 tones followed by:
"Turn off the read switch."
"Wait until after the tone, thgn press reset."
STOP TONE 1
FRAME 2:
"Press the run switch"
STOP TONE 2
FRAME 3:
"FRED will now choose one of the eight objects shown on the cards.
Can you guess which one FRED chose? You can have three clues. For
your first clue drop any four cards into the card slot™
STOP TONE 3
FRAME 4 |
"No, FRED's object is not any of those four".
STOP TONE &
FRAME 5:
"Yes, the chosen object is one of those four",

STCP TONE 5
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FRAME 6.
"Now, put in another group of four cards for your second
clue "
STOP TONE 6
FRAME 7:
"No, the object isn't one of those".
STOP TONE 7
FRAME 8: .
"Yeg, the object is one of those."
STOP TONE 8
FRAME 9:
"This will be your last clue, Put in one more group of four
cards".
STOP TONE 9
FRAME 10:
"No, it waén't there".
STOP TONE 10
FRAME 11:
"Yes, it was there."
STOP TONE 11
FRAME 12:
"Now, drop in the card you think FRED chose"
STOP TONE 12
FRAME 13:
‘"Wrong, FRED wins"
STOP TONE 13
FRAME 14:
Y"Congratulations. You guessed right",

STOP TONE 14 (END OF TAPE)
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FRED is first turned on and RESET. The above cassette is placed in:
the recorder and rewound. The cassette recorder 1Is then placed in PLAY
m~rie, FRED is RESET and the READ switch turned on. The program will
be loaded in memory starting at M(#PP@). Stop tone 1 will automatically
stop the tape at the beginning of FRAME 2,

Note that the user was given voice instructions to turn off the READ
switeh and to RESET FRED in FRAME 1. RESET will automatically start the
cassette recorder and the user will hear the voice instructions to "press
the RUN switch" provided in FRAME 2, At this point program execution will
begin with the instruction at M(#@@1l). STOP TONE 2 will automatically stop
the tape prior to FRAME 3.

Flowchart C illustrates the subsequent operation of the CLUE program,
The 3 pages following flowchart ¢ show the detailed coding.

Since the RUN switch may be pressed prior to STOP TONE 2, Ml prevents
further program execution until after STOP TONE 2 causes the tape to stop
just prior to FRAME 3, At this time, program execution will be resumed at
M2, The tape is restarted with the speaker on so that the user will hear
FRAME 3 played. While FRAME 3 is being played "M3-M4-MP'" generates a random
number (N) between $-7. The first card entered freezes N. The 'M18-M19"
loop receives the first group of 4 cards requested in FRAME 3.

After STOP TONE 3 the "M5-MI1l" sequence plays or skips FRAMES &4 and 5
depending on whether a card equal to N was entered in the first group.
"M14" then plays FRAME 6, requesting the next group of four cards.

After the third group of cards has been entered, "M15" adjusts the
program parameters '"C'" and "K" so that after one more card (the final
guess) the answer in FRAME 13 or 14 is played. The idle instruction at

"M21" ends the program. Resetting and rewinding the tape permits playing again.
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D. WRITE (TAPE WRITE PROCEDURE)

The following outlines one procedure for preparing FRED cassettes.

For illustrative purposes, all steps in preparing the "CLUE" tape
previously discussed will be described,

First, a program for writing an area of memory to tape must be avail-
able, A suitable tape write program is shown in flowchart D with detailed
coding on the following page. This program occupies the first 48 bytes of
memory .

While FRED tapes can be played on most inexpensive cassette players,
they should only be prepared on high quality recorders. Best results
have been achieved using cassettes loaded with chromium-dioxide tapes,

The high frequency boost and low drop-out of these tapes tends to compensate
for otherwise poor performance of low quality players.

The following sample procedure for preparation of the "CLUE" tape
requires that the hi-level (AUX/LINE) input of a high quality audio tape
recorder be connected to jack "C'".of FRED, Jacks A, B, and C are at the
back of the computer cabinet, Jacks A and B are not used for recording
and should not be connected.

Under no circumstances should a tape recorder with "automatic level
control" recording circuits be used. This type of recorder will invariably
produce unreadable tapes,

A "normally closed" switch should be plugged into jack E on the FRED
front panel. This can be the "remote" start-stop switch contained on most
cassette recorder microphones, This switch, when momentarily opened, will
record a stop tone on the tape.

With the above comnections made, the tape recorder should be positioned
to the beginning of tape and placed in the RECORD mode with PAUSE on. (A

recorder PAUSE mode is assumed here).
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Assuming that the TAPE WRITE program has been previously punched on
FRED cards, it is now loaded in memory. To load the WRITE program:
1. press RESET
2. READ om
3. CARD on
4. Enter WRITE program cards in proper sequence via card reader
[M(P998) to M(PP2D) ]
5. Enter 2-byte "END" address via parameter card (or deactivate
reader and enter "END' address via optional hex switch panel).
The most significant byte of the 2-byte "END'" address should be entered
first followed by the least significant byte, The "END" address will be
automatically stored in M{@@f2E)-M(#f2F).
The "END" address is calculated by:
EA=N+2
where;
EA=2-byte END address (hex)
N =The number of bytes in the program/data to be
recorded on tape.
In this example the "CLUE" program will be recorded on tape. The "CLUE"
program has @967 bytes (hex). The required "END" address will therefore
be PH67+0030+00¢2 or @999,
Following the "END'" address the "CLUE" program must be loaded in memory.
This would normally be dome via the optional hex keyboard. Entering the
"CLUE" program at this point will load it into M($@30) through M(PP97).
CARD and READ switches are now turned off and the RESET switch pressed.
Pressing RUN will now cause recording to begin, Thie RESET-RUN sequence may

be repeated as often as desired. Since the recorder is in. "PAUSE" the
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tape is not moving and the program can be "RUN" to set the proper record
levels at the recorder.

After setting the proper levels and the "WRITE" program has terminated,
start the tape in the record mode, After the required "leader" delay
press RESET then RUN to initiate actual recording. Stop the tape as soon as
the WRITE program terminates. Connect a microphone to the recorder '"mike"
input, start the tape, and record the voice portion of Frame 1, Momentarily
open the switch connected to FRED jack E to record STOP TONE 1. Continue
to record voice FRAMES 2-14 with STOP TONES 2-14,

The master CLUE tape is now complete. As many cassettes as desired can
now be made from this master tape.

The previous procedure could, or course, be modified, It has been
found convenient to use a two channel reel to reel recorder for making

master tapes. Any high quality audio units are applicable,

E, SUBROUTINES

Because of the limited instruction set, extensive.use of subroutines
is anticipated. This is not illustrated in the above examples. The machine
structure facilitates branch and link functions. One method is described
below. For example, the following register conventions might be established:
R(3) - Main program counter ($fAd)
R(4) ~ Call routine pointer (@141)
R(5) - Subroutine prograﬁ counter (@2XX)
If ( ) represents initial R(3), R(4), and R(5) contents with R(3) point-
ing to a subroutine call imstruction, then the following illustrates one

possible call and return sequence:
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Main Program (P3)

M Location Contents Instruction Comment s
goAap D4 4.p Jump to call routine
PoAl 20 - Subroutine identifier
dpaz2 Pl - Parameter 1

Call Routine (P4)

M Location Contents Instruction - Comments
9100 D3 3P Return to main program
@191 43 M(R(3))-D, Put subroutine
R(3)+1
9192 A5 D-RO(5) Identifier in R(5)
#1903 D5 5P Jump to subroutine
p1g4 3¢ ¢P-R (P) Go to (14¢
9185 99
Subroutine (P5)
M Location Contents Instruction Comments
9229 43 M(R(3))-D, Get Pl from M (PPA2)
R{3)+}
$232 D4 4P Return to M (p104)

Using the above system requires only two program bytes to call a
subroutine., These two bytes can then be followed by as many one byte
subroutine parameters as required., It should be noted that the use of one
byte instructions permits a calling routine of only six bytes. Other
subroutine calling techniques could, of course, be used.

The above system also solves the problem of branching between 256
byte mini-pages. One subroutine can be a "go to" subroutine. A "go to"
function would then be specified as follows:

DN, GT, XX, YY.
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This four‘byte sequence would enter a call routine specified by R(N)

which in turn selects the "go to" subroutine specified by "GT". The

"go to" subroutine would place '"XX" and "YY'" into the original program

counter and return to this "go to" address (via the call routine as above).

In this manner a branch to any memory location would only require four bytes.
It is advisable to set up sub-routine calling conventions whenever

the program exceeds 256 bytes.




FIG. IS - CODING FORM

NO. PRQGRAM DATE PAGE

S |P|X M {m} INSTRUCTION comments

card

card

card

IEE NS NN AN

card




SA- SAMPLE PROGRAM A - PEDUCLE

START

¥

TNITIALIZE REGISTERS Hi,HZ
L"'NJ ¢" K) 2.*3"
M3 &
DESPLAY PATTECRW ,
M3 WAT FOR ANSWE R
NO
loe=n0; 1iveEs ]
P YES
M
u K+ N> "~
YES - 2 f——
T=0 % s
+NO
1 MG
SFHFT N RiGHT
PATIERN POINTER + 1
' M7
; DISPLAY
LIGHT K
END

R(a)* INPUT ANSWER BYTE ADPDRESS
R(1) = PAIMERN POINTER

M(R({2)) = K

RE(3) = T

Rely) = N

R(Y) PROGRAM COUNTER

P

FLOWCHA_RT‘ A W nir/el
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';" = |- 2l o4 L BINARY TU
- - | = 1) PECIMAL
5 -~ YElQ° CONVERSIOM
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- |- b4l
—-]1- 4 B-2
M| 5| - |est 45 MRS =D, R(S) 1
S| i Q "y
s - Al A4l D>RQ(H) Y2 N_
51— B H «4s HMRISH»D,RISII '
§1= ChE oD @D
§|— DE AL N-Ra(1) MA - PATTERN POINTER
‘:” y |- £g 95 Ri($)=> D
. = EILAY DaRe(®) | _TA» rl®)
2 s |~ |aez @l 45 MIRGY) =D R(S)TI 1
¥ £ |1- B dC N ;
= Li AL 0= R@(z) K ADORESS = R(Z2)
|- YEH ES S»A
515 4 6l ELECT CARD RPR.
§is $! - T
18 G 62 USET DRECT HODE
5 | o 78 91 ‘e
M3 S 1—=1ab2g: @ IDLE M{R(D) =» LIGHTS
£1— P R{(®) -1 RESET R{Q) To JTA AFTER TNPUT 87T
T IsI=1 " AT 46 ¥ ri(r(e)) +D, R(Gri
- |y 1= 73 A R{§)-1
o EI s A kN D=0
v S | — D8 32 3 YES ~to cHOSIN LIGHT OFF . SKiP TO MG
My | s i—l602E ¢ 2 2 ¥ A
sl2 FHi 248 Rel4)-» D N-=>D
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card - 5
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INSTRUCTION
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comments

D M{R(X)

KtN - K

My

R(3)» D

D-02

l."' Ll

YES

n J2p-» SKIP TUMT

Hi

R(3}=1

J-!

R{i) ri

PATICRN POINTLR t 1.

RP(4)» D

SHIFF Ri1G1tT

P RG(Y)

sriFT N

RAANCH

(1] zﬁ;’-

card =G

"z

RETURN TV M3

R)r|

MTa R

L r(r{r)) 90, RIT) T

Dp~REP(1)

K% R|

R(T)-)

Ri(s)=»D

Da»H{R(2))

TR

RESET IR To G4

TURN SWITCHIS OFF
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END
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SR - SAMPLE PROGRAM 1

- DISPLAY

MMz TNITIKLEZE REGISTERY [ START
CLEAR M DISPLAY AREA
¢k
P
M3 CACTIVATE oispLay |
SELECT INPUr | T T T T "
- ! ¥
Y| INPVT BYTL REAOY 2 | NO
J,\(cs
NS
K=¢? No
E
BYTE - R(A) Mo
< @ K
' 7
BvTE » M(R(AN 14—

of——— ¢ K

> PROGRAM INTER nukr

-=n
|
Y

STORE D & SA
STOARE X, P & 58

Y

RESET DISPLY
POINTER TR(9)]

'

RESTORE D
RESTORE X,P

]
< -

M(G148)- BI17F) = M DisPLAY AREA (128 BYTES).
R{3):z QISPLAY POINTER '

R1) = INTERRUPT PROGRAM COUNTER

R{(t) « INTERRUPT

STORRGE POINTLCR

R3) = MAIN PROGRAM COUNTER
M{R(4)) = INPUT BYTE STCRAGE (TEMPORARY)

R (5') = K

R(A) = DISPLAY MODIFICATION POINTER .

FLOWCHART B

JTAW 12/2/7)
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irernal Larresponuence . l ‘b-‘ l

To Microprocessor Group Location ST . Date December 27, 1972
Fom A, Gonzalez Location E-201C - .. Telephone 3231

Subject: New Microprocessor Menior’y' Board (6K bytes)

' The original FRED Microprocessor memory board was implemented u51ng the 1101
A'»Memory ‘Chip (256x1), providing 1024-8 bit bytes of storage.

The modified version shown on Figure 1 uses the SIGNETICS 26023 Memory Chip
-(1024x1) . The board has a capacity 6144-8 bit bytes, although the present
FRED Microprocessor wiring allows for only 4K bytes to be addressed,

Both the 1101 and 2602 ch:.ps are fully decoded static MOS RAMS.
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Internal Correspondence “c "

To Distribution Location Date August 14, 1972

Fram J. A. Weisbecker Location E-201A Telephone 3325

Subject Six Chip Design Approach

FRED NOTE #1

The current FRED model is an experimental version meant only for
application deveiopment and testing., 1t is not a physical prototype of a
final product design. A FRED design suitable for a final product is
outlined here together with target costs.

Figure 1l illustrates the manner in which FRED could be fabricated
using only 6 LST ;hips (5 types).

Figure 2 lists what are felt to be reasonable 1976 cost targets for
é final product. These are, of course, véry sensitive to volume, While
no attempt to project volume is made here, the following ﬁactors should be
considered: |

A, Magnavox is projecting 100,000 units this year for its new
$100 electronic TV game called odyssey in thg consumer market,
B, 10% penetration of schools would result in sales of 20,000
units @2/school,
C. It has been projected that 35% of all high schools will have
computers for educational purposes by 1975,
FRED might also be packaged as an integral part of a standard TV

set. This would permit consumer advertising, distribution, and servicing




August 14, 1972
J. A, Weisbecker
FRED NOTE #1

conts Lo be shared, eliminating much of the trauma caused by introducing
a completely new type-of product. This "smart TV" approach merits further
study before any final product decisions are made,

Figure 3 describes the proposed FRED chip set.

The current processor logic must be modified to tramsmit the memory
address as a two byte sequence. The most significant address byte appears
on the M address out lines at TPl and is clocked into the MA register
(X chip). The least significant address byte remaians on the M address out
lines for the resf of the processor machine cycle,

A 1024x4 bit memory chip with self contained bus gatiﬁg was assumed,
The design can easily be modified to cope with a different M chip configur-
ation,

The T chip contains the 3 audioc tone burst decoders required for
cassette reading. Use of a different data recording system might eliminate
the need for 27tone detectors and the R/C adjustment components,

A master R-C controlled clock generator is provided om chip X. This
is adjusted to run at about 3.3 megahertz to provide a 300 ns/cycle
processor clock, It is divided by 2 to provide a 600 ns/cycle TV spot
time clock. The current TV logic must be modified to operate from this
clock eliminating a separate TV clock and existing one shot circuits.

Chip E contains all interface logic for card, TV, and cassette.
Current versions of this logic should be redesigned to eliminate one shots,

Of the five chip types proposed only two are special purpose (X and E).

Chips M and P are general purpose by definition and have a much wider




August 14, 1972
J. A. Weisbecker
FRED NOTE #1

market than just the FRED system. Chip T can be designed as a general
purpose triple phase locked loop device, Chip X is unique to FRED but
is only a 16 pin MSI unit requiring minimum development effort, Chip E

is the only unique LSI chip required.
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CHIP COSTS MIN MAN
M X2 e ee s snsnareaannns .. &,0 44,0
Ot 2.0 3.5
o T 5.0 12.°7
E X‘1 ..... * ¥ & v & 2 ¢ & ¥ & 4 & " 2 s S-D 15.[
TX1 * w L y & u & > F 2 2.0 1ID
TOT, CHIP .,...... 20.0 47,0

MISC. PARTS
CABINET (PLASTICY ...... .. 1.3 .0
"5 SWITCHES i sivn e 1.0 2.5
1 SDEAKER . 3 ¥ = § & B F s oo - & .4 1-0
11 LIGHTS L ih e s e v cennoaan 1.1 2.9
f PHOTODETECTORS ., .'vvun.ews 1.2 3.0
8 CAPACITORS ....ovvevuen .. .8 1.6
1 POT. ...... e e e e .R 1.0
4 TRIMMERS ... inininncann B 1.6
CARD LIGHT SOURCE vvvuve.. .9 2.0
6 JACKS hivvrnnunnn e .9 1.8
PORER SUPPLY o 'uvievnnwnn. .. 7.0 6.0
P,C. CARD ,......... .B 2.0
RE CIRCUTT L hvineernnnnes 1.0 2.0
2 RELAYS .t ennnnnns ... _1.0 2.0
TO0T. MISC..evevea. 15,0 32.0
TOTAL PARTS  ...... 35,0 78,0
ASSEMBLY & TEST ...  15.0 0.0
TOTAL UNIT €COST ...v... 50.0 108.0

—

FIGURE 2- TARGET "FRED" cOSTS
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P- 40 PIN PRCOCESSOR CHIA:

1- 2 POWER

3-10 M ADRESS OUT (AOQ/A1) }}
11-13  ETP1,MREAD,MWRITE m INTERFACE
1421 8 BIT DATA BUS {IN/OUT)
22-25 1/0 FLAG BUS (£F1,2,3,4) :
26-28 N BITS 0,1,2 ouUT 1/0 INTERFACE
25-31 IN/DUT/INTERRUDT REQUEST BUS

32-35  1/0 TIMING (ETP6,E16,652,E53)
16-40  RESET,PCLOCK,READY,READ,SPARE

M- 24 PIN STATIC 4096 BIT RAM:

1- 2 POWER

3-12 10 BIT M ADDRESS. (1/1024 4 BIT MDRDS)
13-16 4 BIT DATA BUS (IN/QUT)
17-19  MREAD,MWRITE,CHIP ENABLE

X- 16 PIN SWITCH & M INTERFACE + CLOCK:

1- 2 POWER

3- 4 MA1 REGISTER OUT (BIT 0,1)

5- 6 ETP1,E52 INPUTS

7-10 RUND/1 READ,RESET SWITCH INPUTS
11-13  PCLOCK, TUCLDCK gUT REQUEST (OUTPUTS)
14-16  EXT, R/C CLOCK ADJUST,SPARE

E- 40 PIN EXTERNAL DEVICE (I1/0) INTERFACE:

1- 2 POWER
-8 1,2,4,8,P,C PHOTOCELL INPUTS
9-13  CASSETTE RUN SPKR ON,0/1/5TOP TONE INPUTS
14-21  DATA BUS (IN/DUT)
22-25 1/0 FLAGS (EF1,2,3,4)
26-28 N BITS 0,1,2 IN
29-31 IN,OUT,INTERRUPT REQUESTS
32-35  TIMING (ETP6,EI6,ES52,E53)
36-40  RESET,READ,CARD,VIDEQ OUT,TVYCLOCK IN

T- 24 PIN TAPE TONE DETECTOR;:

1- 2 POWER

3- 5  INPUT,EXT, SWITCH,RECORD OUTRUT

6- 9 0,1,5TOP TONE DETECTOR QUTPUTS
10-24  EXTERNAL R/C DETECTOR ADJUST,SPARES

FIGURE 3-FRED CHIP SET
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Internal Correspondence

To Distribution Location Date August ]_4’ 1972

From J. A, Weisbecker Location E-201A Tetephone 3325

Subject . Logic Tracing Aids

FRED NOTE #2

A detailed set of FRED system logic diagrams are provided in the FRED
manual., This note provides two aidé for logic tracing. These will Be
useful for debugging, maintenance, or design changes.

The FRED system diagram is keyed to individual logic diagrams (L13;
L6, etc.) and plug-in cards (P3, El, etc.). This is most useful for
debugging or maintenance.

The second aid is a table listing control pulses and levels generated
for each unique machine cycle, This is invaluable for understanding the

control logic (mainly card P1) and will be useful in any subsequent redesign.

J. A. Weisbecker
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Internal Correspondence

Ta Distribution Location Date August 14, 1972

From J. A, Weisbecker Location E-201A Telephone 3325

Subject TUse of The Type 62 Instruction

FRED NOTE #3

The FRED manual states that a 62 instruction with M(R(X))=0f will
turn a selected I/0 device off. This is misleading when the cassette
(tape) has beéﬁ selectgd; In this case the tape read/write operation will
be terminated but the "tape run'" and "speaker on" switches will be set by

the 62 instruction,

J. A, Weisbecker
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Internal Correspondence “c "

To Distribution Location Date August 17, 1972

From J. A. Weisbecker Location E-2014A Telephone 3325

Subject - Cassette "Tuning" Modification

FRED NOTE ﬁ

This note describes a FRED design modification which permits "tuning"
FRED to compensate for differences in speeds between various cassette
recorders.

_An ad justment control and tuning light are provided on the debug panel
{located above the manual switch and light shown on Figure 11 in the FRED
manual). The adjustment control permits a simultaneous +/-10% variation
in the three tone detector center frequencies (Ef, El, E2 in logic 17).

This control should normally be left at its center position (50), For
certain tapes and/or cassette recorders it may be necessary to reposition
this control-toward 0/100 to compensate for wider than normal variations in
cassette speeds, This "tuning" process is facilitated by the’tuning light.
The adjustment control is set to produce maximum light brightness (minimum
flicker) while reading data. 1If desired an external meter may be attached
via jack "D" and the adjustment control set for maximum meter deflection,
The meter should be set to read the average value of the light wave form.
This average value will decrease as the difference between tape #/1 frequencies
and tone detector center frequencies increase,

When recording data/stop tones the adjustment control should always be

set to its center position (50 on the dial).
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Internal Correspondence

To Distribution Location Date ppgust 23, 1972

From J. A, Weisbecker Location E-201A - Telephone 3325

- Subject Cassette "Read" Instruction Change
FRED NOTE #5

.The cassette "Read" instruction described in the FRED System Manual
(July 1972) is incorrect., In Figure § the two "Tape IN" instructions

should be:

62 & M(R(X))

10 for program read mode.

62 & M(R(X)) = 20 for direct read mode.

This change should'also be made on page 15 of the mamal .

A

J. A, Weisbecker
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.....nternal Correspondence “c "

To Distribution Location ‘ Date August 30, 1972

From J. A, Weisbecker Location E-201A ' Telephone 3325

Subject ~ FRED Programs

FRED Note #b

An initial list of 18 available FRED programs is provided here. This
list will be updated as required. Individual authors should be contacted
for detailed information. Programming aids (assembler, simulator, etc.)
that do not rum on FRED are not included., All of the foliowing run on the
basic 1024 byte memory system.

1. TIC-TAC-TOE (J. A. Weisbecker 11/22/71)
Play TIC-TAC-TOE with the computer,
2. DISPLAY-SB (J. A. Weisbecker 12/7/71)
Any pattern of spots can be displayed on the TV screen.
3. DEDUCE-SA (J. A. Weisbecker 12/7/71)
The computer deduces which of 8 lights a player chooses by asking 3

questions, -

4, TAPE WRITE-SD (J. A. Weisbecker 2/7/72)

Permits data in memory to be recorded on a cassette.

ace 2




Weisbecker to Distribution

FRED NOTE #6
August 30, 1972
Page 2

5. WRITE TEST TAPE (J. A. Weisbecker 3/25/72)

Records a test tape with alternating "@" and '1" blocks.
6. BINIM (J, A. Weisbecker 4/8/72)
.Plays a simplified version of NIM in binary notation,

7. PROGRAMMING APTITUDE TEST (J. A. Weisbecker 4/16/72)

"asks" and scores eight trick questions,
8. R TEST (A. D. Robbi 5/10/72)
Detects register faults,
9, ERASE (J. A. Weisbecker 5/19/72)
Unique 2 player game which is a dynamic NIM variant.

10. DEMONSTRATION (J. A. Weisbecker 5/24/72)

A 3 minute general description of FRED by FRED,
11, MM CHECKER (P, M. Russo 6/7/72)

Tests memory with a variety of bit patterns.
12, SLIDE (J. A. Weisbecker 6/30/72)

Sliding block puzzles on TV.
13, FLIP (J. A. Weisbecker 7/6/72)

Novel state switching network game and puzzle,
14. CLUE-SC (J. A, Weisbecker 7/15/72)

Introduction to intersecting subsets for young children in game form.
15. SPACE WAR (C. T. Wu 7/22/72)

Duel with the computer controlled space ship on TV.
16. M TEST (J. A. Weisbecker 7/26/72)

Tests memory for addréssing faults.
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17, 21" (A, D. Robbi 8/1/72)
Sinulates the card game of "21",
18. BOWLING (J. A. Weisbecker 8/16/72)

Simplified TV bowling game for two players.

J. A, Weisbecker
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“Internal Cotrespondence “c"

To

From

Subject

Diétributibn, . incmmﬁ‘ - o T - pate October 4, 1972

J. A. Weisbecker Location E=-201A ~ Telephone 3325

- of the power

Volume and Display Modificaticns

FRED NOTE #7

The mo@ifications described hére‘have pgen ad&ed te all FRED
systems (1-4). |

‘Figure 1 illustrates the incorporation §f ap‘8364‘d15p1ay70ptibn
switch on the debug paﬁel;- This %as ;ncorpofated primarily forAthe
curreﬁt calculator ﬁroéram and,wiii not be provided in a final product.
When the switch is activéte&'only’the top 8 iinés of the 16x64 display will
appear on TV. | |

Figure 2 illﬁstfates_a speakef vélume coﬁtrol iocated'to'the right
"on" swi;gh;' Speéker listéning vgiume_shouid be adjusted with
this.control rather than*the‘§BSQEtte volume control. The cassette volume

control should be.set‘fdr op timum progfamrloadiﬁg and not changed.

J. A. Weisbecker

/ir




L'cARD £2 - TV INTIRFACE

+5 |
T’ f |
. |
%_ R ARSIt |
[—0——'” o : STt : 7‘_'00t'f——v Hb(lp)

‘ oPFR : T S LEd’ 9] !
7 - oR | i
be‘f 1 |
P LA : |

orion ! '
CusNbER A1 swiTCid | VIDEO (N ) o
ou oeoue PANEL] e [DISCONNFCT - - r
o : FrRoH Bd-6 ] {
| sPoT oN(P) |
1 [Bd- s ] :
O

.P;Eé;lj 8%QH;DfSRLA?_OPTTC?N

o CARD ¢

R 1_L || - oM -
 sPRR "-—'"”T 7 7 ;ﬁssr {
8¢ |-

,©

|
|
- I
' v

'||#+rml T AR

Le LA
SUTAEER

2§ n

T voLumr conTROL
: RigT 5;0: OF PCWFR Si;YCH

“16.2 - VOLUME CONTROL

CIAW10-2-72




Internal Correspondence “": "

To - Distribution ‘ Location o Date October 4, 1972

From  J. A. Weisbecker Location  E~2014 © Telephone 3325

Subject Keyboard Attachment

FRED NOTE #8

This note describes a. keyboard interface which permits use of an
inegpensive (bouncy) keyboard or touchpad device with FRED. The keyboard
plugs into-the existing card reader interface plug. (The card reader should
be disabled while usiné the keyboard).

The keyboard layout pfovides for 16 input switches. Pressing a switch
enters one hex digit as shown in Table I, Columm A. Placing the "HEX-BYTE"

- mode switéh.in the "BYTE“ position causes each keyrdepreséién to provide.a‘
 byte (2 sequential hex digit) output as shown in Calumn B. Hélding "SHIFT"
down during key depression produces the byte codes in Cblumh C.

With appropriate overlays this keyboard can be ﬁsed,és a card reader
substitute with maﬁy p;ogramé. 1t-pr§vides an inexﬁensiﬁé calculator
‘keyboard. In the "HEX" mode it permits-pfogram and-parameter loading.

The logic design incorporates sequential kef scanning so that only the
firsg key pressed is sampléd. Bounce is effectivelfisuppréssed (both'makg
and break) so aﬁy cheap switch can be used. The current logic requires only
1% TTL packages. A final design chld be readily incorporated on a single

£

40 pin (or less) MSI éhip.




Qctober 4, 1972
J. A, Weisbecker
FRED NOTE #8

Any subsequent programs which require a keyboard should be written

to utilize the codes provided by this design.

J. A. Weisbecker
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SWITCH B C
0 g 1¢
1 @1 11
2 @2 12
3 @3 13
4 B4 14
5 @5 15

6 96 16 .
7 87 17
8 | {bé 18
9 g9 19
A - ga 1A
B @B 1B
C gc 1c
D ¢D 1D
E gE 1E
F 1F

gF

TABLE I
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* “Intérnal Correspoﬁdehce - “e ﬁ

To  FRED Distribution Location - - ° . Dae Februavy T, 1973

From J. A. Weisbecker - Location Princeton, E-~20XA " Telephone

Subject - FRED Note #9

A new audio cassette tape format for the ba31c FRED system is described
here. A subsequent FRED Note will describe the detailed loglc modifica-
tions required. The current FRED tape 1nstruet10ns are used for the new .
tape format, A panel sw1tch permlts old/new format t&pes to be. played

or recorded.

The new tape format uses a pulse countlng approach 1o 1mprove perfomnmmce
.and reliability while still utilizing unmodified,- 1nexpen31ve audio
cassette recorders. This new format will permit program and data. entry
at 50 bytes/sec. A 6007 improvement over the current tone detectlon
systandescrlbedln the FRED. manual results, ' : :

In addition %o hlgher transfer rates, tape speed varlatlons of + 30% to -
- 50% can he tolerated Tuning adJustments ‘are elnmlnated ‘and- head '
" alignment is- less critical.

‘Several different schemes- mlght be con81dered when attemptlng to use
standard audio cassette recorders for digital data. Any approach must

~ include self clocking characteristics to permlt use with mono recorders.
"Imsensitivity to speed variations is a must. . Cassette blndlng, varlable
drive speed, and out of round capstans are normal'w1th 1nexpen31ve
recorders.

The original FRED tone detection approach was found to be limited in mexi-
mum performance, sensitive to normally encountered speed and head align--
ment variations, and generaliy unsatlsfactory. An FSK approach could
dramstically improve performance but would still be speed sensitive so
that reliability might be questionable, Certain other known dlgltal Te-
cording techniques appear impractical w1th the AC coupled record—play-
beck circuits used in eudio recorders.
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. bit should not occur for at least another 300
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The proposed system eliminates the above problems by using a cycle
countling syai em as shown below.

3oom-14—q : |-t— 1.Zms —*l

e 300 M GAF Pot.sc

A binary "1" is recorded as b4 cycles of a 3.3 KC frequency'followed by

a 1.2 M3 gap. A binary "0" is recorded as 2 cycles followed by a 1.2 MS
gap, & rate of 500 bits/see., results if "O"s and "1"s are mixed
equally. Since tape packing den31ty is 250 blts/lnch, pretested tape may
be required to elnmlnate drop-out problems

. In many audio recorders distortlon and. transient response mske recovery -

of the first cycle of the 2 and U4 cycle groups marginal. For this reason
during playback either 1/2 cycles is treated as a binary "0", and 3/k

_cycles as a binary ™1". This. technique has Pr ovided reliable operation
- with & variety of recorders.- The use of 3.3 KU is- well w1th1n the fre-

quency response of inexpensive recorders and permits reasonable marglns
' in head aligument, :

With the timing shown above, tle tape could speed up by 30% or slow down

by 50% without introducing error. To achieve|this margin a playback €8P

detector is set to detect a gap of 5004s. (The first cycle of the dext
S for error free operatlon)

With the new tape format, program response t1$£ to the byte ready flag .
" must be within 200 sec. (program mode).  The increased data transfer rate

should be taken into account when writing new programs. None of the
existing standard FRED programs should be affected, The 4 KC stop tone
currently used will not be changed, .Data/program blocks should be pre-
ceeded by stop tones to eliminate n01se problems in spaces between blocks
or at the beglnnlng of tape. ‘The new program load procedure is:

1. "Reset" ,

2, Rewind and play cassette ,

3. Wait until after stop tone preceeding program

L, "Reset" immediately follomed by MRead on" to
load progrmnr




February 7, 1973
bPage 3

Any of the existing tape writing programs can be used to record tapes.
Same experimentation will be required to establish optimum recording
levels, etc, for specific recorders., I have had minimum problems
making good tapes with three different recorders. Copying tapes also
seems to present no major problems. Several reasonsbly good tapes
have even been made on recorders with automatic record level circuits
in them. Satisfactory results have been achieved using good quality.
iron oxide audio tape. Chromium dioxide tape ~again appears to pro-
vide extra margin and should probably be used for best results.

/7. A..Weiébegkér

JAW :1n




internal Correspondence “c "

To FRED Distribution Location : , Date March 7, 1973

From J. A. Weisbecker Location E-201A Telephone 3325

Subject  Tmproved Cassette System - Detailed Logic

FRED Note #L0

FRED Note #Q'describes an improved cassette recofd/playback system which_
permits 50 byte/sec. transfer rates and improved reliability. This note
describes the detailed logic,rFRED modifications, and use of this new
cassette system. It will be incorporated in all FRED systems.

Pages 1 and 2 show the added logic via new card E4. Page 3 describes
the require& modifications for cards El1, E3, and back panel, The layout
of the new E4 card is shown on page 4.

Page 4 also shows the format and timing of the new recording system.
This has been modified from that described in FRED note #9. 5 cycles are
nowrrecorded for binary "1". On playback, four or more cycles are inter-
preted as "IM while 1, 2,-or 3 cycles represent "0". This permits dropping
or picking up an extra cycle without error. Amplifier overshoot in
recorders was found to add cycles, particularly in the case of saturation
recording/playback. Saturation recording and playback, however, is desir-
able to reduce dropouts. The 2/5 cycle system was therefore adopted.

Page 5 illustrates typical recording and playback signals., Note that
a positive clipping level is used on playback. For best results, inversion

of the output signal from that shown in "C" should be corrected with the

LT



March 7, 1973
FRED Note #10
Page 2

transformer systeﬁ shown at the bottom of the page. This can be built
into the cable connecting the play output to the FRED tape input. It
should be used with the RCA recorder and any others that invert the "C"
signal from that shown. The o;her recorders listed on Page 5 can be
directly connected to FRED for playback.

The FRED record output is shown at "A", It should be differentiated
and reduced in amplitude with the RC network shown. This circuit can be -
built into the "record" cable and used with the recorder mike input.

TDK~SD tape has been used for recording. It has high output, low drop out,

. and is-readily available, Other tapes could be used but the TDK-SD seems
optimum for iron oxide types. Cémputer tapes could also be used, Lower
output tapes could require a modified clipping amplifier (page 2), Chromium
dioxide tapes can also be used but require modified record bias forroptimum
rgaults. |

All demonstration programs have been converted to the new pulse mode
(PM) system. Some FRED systems will maintain the ability to read/write
béth tone and pulse tapes via a debug panel switch. Pulse mode tapes have
a stop tone immediately preceeding prograﬁ/data Blocks to eliminate spurious
noise problems. After this stop tone a "reset;rea " sequence is required

when manually loading programs from tape.

U Wooebatinr

J., A, Welsbecker
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Internal Correspondence , “c " '

To FRED Distribution ' —'Locatior;a o : ' Date 3/13/73

From J. A, Weisbecker 7 _ Location E-201A ) Telephone 3325

Subject  Tmproved Card Reader Circuits

FRED NOTE #11

Two changes have been made in the Eard reader circuits shown in
"logic -24 of the FRED system mandal; A new 1qgic;24.ié attached,

First, the photodection';kt; has been mpdified as shown for
more reliable hole éensing, rThe_new ckt.'wés designed and tested by
P. M. Russo,

éecond, all outﬁut signals ha&e been)gated with the "card in"
detection ckt, This eliminateS'préviously encountered interaction between 7
the eard reader and‘keybéﬁrd;

Attachment (FRED note #B). ‘Bqéh devicéé'may-pow be connec;ed at

the same time with no interaction.

. i -’.1 . ;': J - o~ V
e %MW
J. A, Weisbhecker

/ck
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".Sernal Lorresponaence “c "

&

To FRED Distribution Lacation . Date April 16, 1973

From J. A. Weisbecker Location E-201A Telephone 3325

Subject  New FRED Programming Conventions

FRED NOTE #12

Next year the FRED system will be packaged using LSI chips. The debug
“‘panel will be omitfed in this next design as well as in a f;nal product_‘-
design, It will hbwever, sfill be possible to write and‘debug programs
using only the new FRED systems. To achieve this, special utility routfines
are needed and certain conventions ﬁust be observed whgh writing programé.
From now on it is important to start programs at M(0088), The first
tﬁree memory bytes will be "XX3088"., M(0008) to M(0087) sﬁouldrbé used és
a 128 byte TV display area. Programs should not dépend on the initial
contents of this.area. This is the only programming restriction)requiredv
by the new program preparation system.
Two new utility routines are available initially. Utility #l permits
* loading or displaying any memory locatidns on TV. The hex keybéérd is uséd
to specify memory locations to be loaded/displayed. This "Mload/display"
- réutine is first loaded normally at M(0000) to M{0087). Afterr"reset-

run', 00/01/02/03 (hex) is entered to specify one of the following modes:




Weis
Page
Apri

00 -

o1 -

02 -

03 -

becker to FRED Distribution
2
1 16, 1973

Sequential byte load

First enter the M addfess (XXXX) at which you wish to start entering
a byte sequence, theﬁ enter the desired sequence of bytes.r Each byte
entered and ité address will be displayed-(in binary) on .the bottom
line of the TV display. The byte is aiwa?s displayed as the right-~
most 8 bits and the address as the leftmost 16 bits,

Single Byte load

Enter the M address (XXXX) at which you wish to write a byte, then
enter the byte (YY), Repeat this (XXXXYY) for each byte you want to
enter. FEach byte with its address is also displayed on TV. |
Sequential Byte display

Enter the M address (XXXX) at which you want to start. Each time
you enter any byte, the next M byte in seqﬁence will be disﬁlayéd.
Bytes you enter are ignored.

Single byte display

Enter an address (XXXX) followed by any byte (YY) to display the

byte at that address. Entered byte (YY) is ignored.

Utility routine #l can be used to initially load programs in memory

or it can be loaded to modify/display portiohs of a resident progranm,

Loading "003088" followed by "reset-run" will initiate a resident program

following the use of utility routine #1.

Utility routine #2 permits writing memory to tape. It is normally

loaded at M(0000) to M(0087), After "reset-run'", enter an M address

(XXXX) several bytes past the last byte you want dumped to tape., Entering
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any byte will now cause M(0000) to M(XXXX) to be written to tape, This
is repeated if another byte is entered after the tape write is concluded,
The first 3 bytes written to tape are always "'XX3088",

This MDUMP routine can be used to write a resident program to tape after
it has been loaded/modified, Both utility routines depend on the programm-
ing conventions previously described. Other utilitf routines will be develop-
ed to permit examination of R registers following program execution and
permit other debugging functions., With a complete set-of utility routines
the hardwired debug panel (and ifs cost) is readily eliminated from future

LSI FRED systems., It is advantageous to begin bypassing the existing debug

- 'panel now in preparation for subsequent hardware designs. It is not a

good idea to perpetuate the current system of imbedding a tape write

routine in programs as the hardware debug panel is required for its use.

J. A, Weisbecker

~ [emk




internal Correspondence

To  FRED Distribution Location Date May 1, 1973

From J. A. Weisbecker Location E-201A ) Telephone 3325

Subject Cassette Errors - Causes and Cures

FRED NOTE # 13

FRED users will find that the following problems account for the

majority of cassette errors. Many of these problems are readily corrected.

Problem #1 ~ Improper Output Phase

Certain recorders provide the wrong phase output for FRED data tapes.
This situation is remedied with an inverting transformer or revgrsing
the head connections, All tapes read marginally, if at all, when this
condition exists.

Problem #2 ~ Improper cassette seating

Always make sure that cassette is properly seated,

Problem #3 - Dirty heads

Heads should be cleaned periodically. Signal output will improve if
head was dirty. Capstan and pinch roller cleaning is also recommended,

Problem # - Improper volume/tone Control Adjustment

Tone control (if provided) should always be set to "high'". Volume
control set too low will enmhance dropouts, Setting volume too high on some

recorders can yield excessive sensitivity to tape noise,




May 1, 1973
FRED NOTE #13
Page 2

Problem #5 - Misaligned Head

Head alignment can be checked by scope or ear. Adjust for maximum

signal output and/or peak high frequency response.

Problem #6 - Bad Tape
Stop tape at error and visually inspect for dirt, damage (crease/
crinkle), etc. Electrical damage can occur if tape is éubjected to magnetic

field or partial erasure in recorder,

Most of the above problems can be corrected by FRED users, Damaged
tapes must be replaced, of course, Careful cassette handling and proper

head/roller cleaning will minimize the possibility of such damage.

Wl

J. A. Weisbecker

[ cmk




Internal Correspondence “c "

To

From

Subject

FRED Distribution Location Date May 1, 1973

J. A. Weisbecker Location E-201A Telephone 3325

Reset Logic Change

FRED NOTE # 14

An oversight in the FRED reset switch logic should be corrected with
the following change in all systems, RE: FRED system manﬁal: logic~5.

On card P3 add Cl-5 to Bl-3 and Bl-4 to D2-1., This will permit the
reset switch to reset FF D2. Otherwise the possibility of the first load
operation, after power on, being improper exists, This is a minor nuisance

type problem and is readily corrected as above,

A

J. A, Weisbecker

/ cmk




Internal Correspondence “c "

To  FRED Distribution Location ' Date May 24, 1973

From J. A, Weisbecker Location F-201A Telephone 3395

Subject  FRED Light Gun Attachment -- FRED NOTE #15

This note describes an-e#tremely simple and inexpensive light gun
attachment for the FRED system. The gun detects light from the TV screen
and simulates closure of a hex switch. It will readily detect an 8x8 dot
square from a distanée of up to 2 feet., In éonjunction with appropriate
prograﬁs a number of target shooting'games are possible. The gun may also
be used as a limited fungtion light pen for parameter input;_ In this
latter application, screen areas are alternately activated apd those "hit"
are defined by the time at which gun output occurs, Gun output is detected
‘by an EFl test insﬁruction after card input has been selected and activated.
The gun gould also be connected to an individual card bit input éermitting
several guns to be used simultaneously,

In volume production this gun would have a manufacturing cost well
Qnder $10. It could sell for the same or léss than the current "OdySsey"r
target shooting gun. It would provide much greater value, however, since
scoring, target presentation, etc. are computer controiled.

The construction of the FRED light gun is shown in Figure 1, It's
circuit is shown in Figure 2, Unlike the "Odyssey" gun, the FRED gun may

be used in normally lighted rooms. Ambient room light will not cause
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false outputs. This is achieved via a phHase locked loop (567) adjusted to
respond only to a 60 cycle light source. . This is the frame refresh rate

of the TV display. 120 cycle incandescent or flourescent light sources

are ignored. The circuit shown generates a single pulsé via an RC circuit
for each trigger switch depression. A FRED input pulse is only generated
when the gun is aimed at a bright portion of the TV display in coincidence .
with the trigger pulse. The one shot (74121) is readily eliminated in a
final design, reducing cost further. An inexpensive'phptodiode (D) and
transistor (T) yield satisfactory operation.

A prototype light gun has been constructed for use with system #. Our
target shooting prograﬁ is available for demonstration. A variety of other
programs using this light gun are possible and will be developed for
demonstration in the future. Thersimple light gun attachment adds a new
dimension to the FRED sfstem and is well worth the added cost. It should

be offered as an optionrto-the basic system,

(e Wl o n

Joseph A. Weisbecker

[emk
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Interné: Correspondence “'} "

To FRED Distribution Location Date July 2, 1973

From J. A, Weisbecker Location Telephone 3325

bt Improved Ckt. for Record Player Input

FRED NOTE 16

Bill Beyers is having 45 RPM records made for trial use as FRED program
input. Programs are recorded using the same pulse code format as that used
_ -
for FRED cassettes. This system was described in FRED note #10. These
records can be loaded using inexpensive, unmodified, audio record players,

Unlike tapes, records seem to be prone to noise in the form of clicks

preceeding the data, These are mistaken for data pulses by the current

g

tape input circuits, Decreasing record player volume reduces this noise.
-problem but makes the data marginal. A simplechange.in the ﬁape read logic
shown in FRED note #10 greatly improves its use with records. The following
modifica;ions to board E4 will incorporate this change in existing FRED
systeﬁs.
At C2-8 replace '"pulse mode (N)" signal with "A2(IN)"
from A2-8.
At B2-2 replace "tape read (P)" signaliwith NGP(iP)" from
E3-6,
Remove wire from A2-9 to Bl-9.
Add signal "pulse mode (P)" from Eﬂ{tp Bl-9.
These wiring changes will not affect the ability to read cassette
- data. They cause all input puléeé to be ignored until a "1" bit code is

recognized., A "1" bit requires a group of at least 4 pulses followed by




a gap. Record noise preceeding data generally takes the form of single
pulses and is therefore ignpred. The first bit of each byte is always "1V

and will turn on the read logic when detected.

e Wl

Joe Weisbecker

JAW/ cmk
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