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SECTION I

SYSTEM DESCRIPTICHN

In ovder to kotier unéerstﬂnd the overall rele and function of the
Console, a detailed desceiption of some of Lhe integral units which cone

stitute the Central Processor should prove benefic Lal(.

Arith, Unit

?
1 ot
¥ N * High-Spoed =3
ek ,-~§>‘ Pt
gt o n L7 Hemory ]
/ A ] - i ommnll £
i Tl ot 2
& fnput Euifers ! : £
vt :
At . .
(it ‘:“'n V t :.;L
e = Output Buffers '
x-: € A
Saf ] .
{7 by ) k
g
5] B N l «
e o R
R S R

Censo le

% g 7-Blexcariter

e s a0

Figure 1

1 shows a block diegram 5’.‘ the Central Processer and peri-

nioval cgulpmont. lines compecting any undt with any other wnidd repre-

el e
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sent vaths of deto £loy. In some instonces {i.e.. srithwmetic Unit and
Control Unit) the deta flow lines are bi-directional indicabing datu £low

. o,

in cither divecilion beltween these units, Figure 1 also indice

1
Console ezercises control ¢ver the entire s 3‘tcm he 38en :Z_n Figure 1,

the Central Processor is divided iwmbo three basic units with the Memory
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ocal Register being a sw p},mea{. b0 the High-Sneed Mewory.



L. HIGH-SPERD MEMORY ‘
The High-Speed Memory contains 2000 locations each capable of handling

one H2-bit DaTamatic word. Within the DeTematic System a word is defined

25 the smallest group of information that is handled as a anit, The DATA-
pavic word consists of L8 binavy digits (bits) and b veight count or check
bits. The word can be further subdivided into 12 mzrerics, 11 numsricsplus
sign, 8 alph&ﬁetic characiers, cr any combination of alphabetic characters
and mmeric digite which make up 48 bits. All imsbructions and data must en-
ter the nemory Trom the inpub tuffer and exit via the outpub buifers with the

exception of words inserted cr read directly via the Flexowriter,

The Memory Iccal Register is an additiconal one werd register (ﬁonwaderSG
sable) which easenbially is a tamporary storage location for all words prior
vo being wrivten into memory or immediastely after being read out of memory and
pricr to being send to either the Arithmetic or Control Unit. & more complete

deseriotion of the Memory local Register will be found under Special Heglaters.

arithmetlic computations for the sys-

also other aubto-
These cperatlions

determine the

rocts the exirastion of the next instruction from the

L ST

High-Speed Hemory, interprots cperation codes end generally controls the act-

ivity of the Central Processor. as expected, the Control and sarithmetic Units

ane can Aivide the two wniise



ITT.

TIMING THE DATimetic 1000

A, Pulse Rate

The heart of the timing system is a crystal-controlled oscillator
operating et a fundamental frequency of 2.22 megacycles. (2.22 million
cycles per second.) Successive pulses come at this 2,22 megacycle rate

and hence the puises arve 0.L5 micrcseconds apart.
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Figuore 2

‘hese pulses are amplified and distributed throughout the high<speed
1

porticns of the Central Processor. Thus the Computer is internally

i
timed by a nover-ending stream of pulses from the crystal-controlled
1

B. Timing Closk

I

Establishmont of a definite starting or refercnce point is accome
plished with & timing clock and associated logical circuits which dis=
tribube the time clock pulscs., Basically the timing cleck snd the time
clock distributor establish word cycles w ich ave S pulses in duvabion,
zach pulse belng at the 2.22 megacycle rate. {(lycle time equals
6y % 045 = 30 { = 28,8 microseconds. ) The timing clock initiates the

K

start of cech cyele and the time clock distributor supplies pulses to

specified logical funchions as defined by the instruction.
i:_‘,u rag srnetion . ‘““’"l,

Hach instruction consisis of a number of word cycles. Theve are in
all eight discreet word cycles, Certaln instructicons utilize all cight
1

ile obher instructions use only a porbion of the eight zynles,



Ay

511l other instruchions consist of a repetitive use of a particular
‘cycle so that the ontire instruction takes longer than eight word

cyeles.

To time an instruction, one need only multiply the number of cycles
times 28.8 microscconds (cycle-time) do arrive at the answer.
For example: 4DD A BC (8 cycles) 230 .1 microscconds

Tis & 16 L + n cycles 576 microseconds
(n=16) '
Cycle times for each instruction may be found on the jastruchion sume
mary sheet (sece Lppendix n)
AR

TV, TFUHECTION OF SPECIAL DEGISTERS
0f the 2000 registers within core memory, s e perform special funcitions

n ordsr to .m?“lc., ent an instruction. In additien to this. there are several

-
Pelarapalaie:

SAP S

regilsbors which perfomm gprcial functicns. A summary

{:i~ portent to the Console) cutlining their specific
order to facilitete the understending of Console

The Sequence Hegister is a 52-bit register containing the address

of the nexbencrrally exccubed idstructicn. The addvess cire Taws Thmugn
this vepister so thab on cycle 2 the address sppears in the A subaddress
position, The memory designator blt however sppesrs in the B position or

3

&

cguence Reglster

&

it £O (d.e., location G352 would be represented in the
BCO 352 000 C00), The

€
prime funchion of the Sequence Register is to dictate where the next nor

Le-he

G’ﬁ

s3 800 352 00 00 and locabion 1352 would b

c

wmal instrueticon is locabad,.

C¥ritton  inte or iwberrogated via the
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Flezcuriter, This facility is extremely importont in cnerE roncy situations

LSS e R DS

DEOETeln 8I0LS GO0 W 8Lt Al PR RN AR NSS4 HGH SOaruSe




B, Comntrol Register

The Contrel Register {(19$0) is a ons-word register containing the
instruction currently being performed, It directs the selection of the

cperands from memory and controls where bo place the result in memory.

Puring the execution of an instiuction, the addresses of the in-
gbruction in the Coubrol fegister ave permutated. The memory designator
bits and the 0o Code are not permuted, Thus, at the cumpletion of an
instruction, the addregses gppear in 1990 in the permuted sequence of
C & ather than in the original & B C corder. Furthermore, during the
execution of cw’ ain mstmctm‘w, the contents of the Centrol Hegister

or cxample, during a trwgfer iasstrection the A operand

'y

gre nodified, ¥
i3 modified by one cach bime & new word m ul"&l“iﬁ‘i(“:"f@d In the execution
of ghift instructions the B address is mod;.fled as Gir.uh bit is shifted
unhil the desired mmber of bits are shifted,

In general, the Control Heglster is the nevve center of each in-
svructions This vepgister can also have data inserted mamially or be
interrogated vis the Flexowriter making it a very waluable aid in de=
termining the cause of a program falluve, Programs can be restarted by
entering an instivction directly into the Control Hegisﬁer and depressing
the eppropriate butten on the Comsole {i.e., START AT CONTROL REGISTER
Baboon ),

3 T A

Yo Memory Local Hegister

The Memcry Locsl Register is a che-word non-addregashle tomporary
storsge reglsier. 411 werds which pass inte or cut of High=Sveed Mem-

ory pass throngh the Pemory Yocal Hegicter

To further qualify this, it is'noted that wovrds ave read in and oub

£

oy

of memory in a parallel fashien, and tramsferred to Wuffers and intern-
aliy within the Central Prccessor on & serial bagis. Therefore, prior ie

n o e S 4% e et w A . LT
converting serinl do parallel or vice versa, the word 3 norarily stor
p - B o e T P O T, o A
ed in the LTmOTy Lonal of this TEELELOY T8 Gone




D,  Operation Code Register

One of the first things that must be determined with every in-
structicn is the operation that the Computer is to perform. When
the instructicn reaches the Control Register, the eight bits comprise
ing the operaticn code are immediately transmitted to the elght-bit
Operation Code Register.

These eight bits are decoded, producing specific trains of pulses
uhich establish for the Control Unit the particular operation to be

carried out.

the Cperation Code Register visibly displays this information on

*

the Gonsole eb all timss; for the present itime it is sufficient to say
that the Op Code display will always show tie current instruction be-
ing performed. Thus, in case of a program error, the contents of the
Op Cede Register are observable for determining the type instruction

wihich caused the error.

E, Current Instruction Repister

The Current Instruction Register (19%9) stores two types of infor-

ion depending upon the instruction being processed end which of the

eizht instruction cycles (see paragraph VI, Instruction Cyc]~") is be-
ing perlormed,
Instrustion ered in normal seguence,
Cycle 1 lh:augn 7 « address of instruction being executed.
Cycie B « Imshruntion just oxecuted.

Cyele 2 throvgh 7 - Provious instruchion.
Cycle 8 = Instruction just execubed,

T ES

Wien the Current Instruction Register containg the address of the

BT . N o~ - - e, A R ST - - o2 1 P -
westrcotion being execuied, the gubaddress norticn of this addrecs 3

located in the L subaddress pesition. However, the bank designater for

G_y



this address resides in the B bank designater position, all other bit
positions being zerces. When the Current Instructien Register contains
the instruction just executed, the address positions of the instruction
are in the order C 4 B rather than the nomal A B C. Thus, the address
of the instruction teing executed resides in the same tit positions (a4
address) whether it is a programmed C address or a normal instruction
sequence address,

Since this register contains the address of the instruction being
processed or the instruction just execubed {Cycle 8) its importance can
not be underestimated and should be understood completely and used to
the fullest extent if a program fails. .

1o duwrilisry Register - The Auxiliary Register is a one-word re-
gister which can be written into and monitered via the Flexouriter.
There is no spreific address asgsociated with it and it is selected
by the Hemory Hegister Selector of the Console typewriter simply by
depresaing the bubton coded AR, During the execution of an instruc-
tion, Cycles 2 through 7, the AR is used by the arithmetic and Con-
trol Units to stere information or partial results pertaining to the
instruction. During Cycle 8, the address of the instruction just
processed is in the AR, The previous insitruction is stored in AR

doring Cycle 1 of a normal instruction.

2. tccumulator - The Accumulator can be monitored only by the Con=
sole operators I4s cuntents ere dependent upon the instruction be-
ing performed and the cperabion cycle in which it is interrogated.
ALYl arithmetic operations make use of the Accumulator. In cass of
machine malfunchtion, the ab ity to monitor the heccumulator can be
extremely hilpful in trouble-ghooting. This facility is of consicer

able value to the Field Service Engineer,

. SEQUENCE OF CPERATI
Once a progeem is loaded imbo High-Speed Hemory end started under sutomabic
Control, a well-definsd sequence of events take place ac each instruvetion is sx-
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This process continues in a normal sequence step=ty-step until either
the program is complete and steps or the program itself causes a deviavion.

A Qeviation is one in which there is a sequence change or & sutsegquence call.

In the case of a sequence change, part of the operation as dictated by
the Control Register is the placing into the Sequence Fegister of an address
other than that contained by it. Thus, ab the start of the next instruction,
the Sequence Register causes the address Selector to read a memory location
specified by the previcus imstruction. In precessing the new ovder, all siueps

&

described previcusly arc repeated.

The Subseguernce Call is simply an interrupbion of the normal sequence.

5 case, the combents of the Sequernse hegister are not interrogated or
altered in eny way. In precessing an imsbruction which contains a Subsequence
Call, the Control Register designetes where in memory the next instructien

locabed. During the Subseguence Call, +1 is not added to the Sequence Re-
gister and therefore it will be set to designabe the next novmal instruction
e

when the normal s¢

In susmary then., the sequence of operation is controlled by the Sequence
Hezister which is incromented at the begilnning of each instruction. The Con-
trol Register then takes over and implemente the instruction. This instruet-

E R sy myme , $n - (O | o 3 4
alter the Sequence Hegister, or cauge the next instructiocn te

VI, INSTRUCTTCN CYCLES
To fecilitole an uwnderstending of imbernal cnersbions which are

necensary Lo cErry out an instruciion, a lnewledge of individual instruction

o £ 23 g T S b T R S, AU A 5 2 g
As was mentioncd previonsly, ail instruchions cavried cut on the Dathe

Vg «,. -, b oo g e en AT I P | e ea - o ] P P N

mabie 1000 roequire varying numbers of word cycles. There are iu total eighi
F si‘mﬂwmﬁw ey rw?e 1 ag m-r*m?ﬁ rey el adshh | oo plld e
< 2 aioht, or 3l ping

S epen © g e . JUNUE. S U UGN PR S 1 S
TEReTLLLVe uBe of sowe cycles are needed Lo caryy oul tho




DiTAmatic instructions. For exsmple. addition requires all eight cycles

while an internal wransfer of one word requires five word cycles.

Same cycles are basic and arve used regardless of the instruction while
other cycles may be skipped completely by some instructions. Tdentical cy-
cles need not cerry out the same internal operations. That is, the Central
Processor will perform completely unrelated or independent operations during

a particular cycle depending upon the type instruction being executed.

A, Cycle Description

The FTollowing descripiion of fundomental cycles is provided to fuye

ther gualify the operation of instructions within the DaTAmatic 1000.

CICLE 1

The opevations carvied out during Cycle 1 are dependent upon whether

or nobt a check condition is sensed (i.ec., overflow, end of tepe, TWC, ete. ).

If it is, a special version of Cyecle 1 is entered,

1. Seguence Register sendsaddress of iusbruction to be processed

a + PRTRRY ) Py 5 y )

1%, Check condition sends special wddress to Address Selector (spe-
to hocuwanlator where it ds incrauented by one,

agister vecesives instructicn to be processed,

e Current Instruchion Bepister receives acdress of instruction




CYCLE 2

3.  Incremented addrese io sent from Lccumulator to Sequence

Register.

If Cycle 2 is entered from Cycle 8 or via an zutomatic Subseguence
Call, Cycle 2.3, is omibbed.

H

2o Operation Code Begister receives aznd decodes Op Code.

3.  huxiliery Reglster 1 ig reset to goro.
CYCLE 3
1.  ESclect and precess first operand < During a transfer instruce—

tion, Cyoele 3 is reposted gach tike a new word is transferred, It
is performed 28 meny times a8 necessary teo complete the transfer,
tion in the Control R@giscer i3 modified each

tine a2 word i vransferved. The moedification consists of indexing

& B 3T n 1 e L o o~y 3 Dy om, ,..
the A sddress by one as sach word is twvansferrved.
TS T
creLe |
T 'f @m‘ oy Trraoam e Y R AT T T B SV e 3
LA S0 PrOCess LS Eecondl gparand,
T ] ) B P 3 ey oyl 5
2. ¥ a Secwvence Change instruction, shart prepsring to change
[») - PO LR N
Seguence Hegister,
"% [ T P R R Jre R Vs A1y
3. Pass covders, if nesded, ave goererated during Cyele b.
VY
GICLE
S I S R T TR Y o]
w SLBOY D CGLRDEN,
2. Ixecube arders,
el £ 3 37 PRENN 1 N &
3 it a instrochion, conbi gtarted in




o £
aveny

CYCLE 6

avithmetic type orders (resulis ave genevated).

¥ Ve

1. Prepare to deliver result of arithmetic type instiuctions

h-Speed Memory,

YCIY 8

d Bosoelis of arithmelic type insgiructions sent to High-Speed

FeBEOYY .

=

.
fer

ccelves contents of Cuvvent Instruet-

notruction jush processed goes to Curvent Instruction He-

sensed for subseguence {Mormal go to

” S P N P SR 3 o
1 G address {next i

(1590} and go to Cyele 2.2, If

aubomabic to Cyele 1.

I
R ]
SHOTGT




CYCIE 1 - Normal (No Subsequence)
Control Register (1990) - New order

Sequence Register = hddress of order to be processed
Label Register (1999) = Address of order to be processed
Auxiliary Register = Order just processed

CYCIE 8 - Normal (No Subsequence)

Control Register (1990) = Original order

Sequence Register - = Incremented by 1 in cycle 2
Label Register (1999) <« Order just processed
Auxiliary Hegister = Order location

CYCLIE 8 - Subsequence Mode
(Cycle 1 is omitted in a subsequence)

Control Register (1990) - Contains new order specified by "C" address

Sequence Register = Remains unchanged
Label Register (1999). - Order just processed "CsB"

Auxiliary Register = Order location prior to subsequence or address
of subsequence instruction if more than two
Sw-mere consecutive instructions are made in

subsequence mode -

Cycle 1 « Control Register - ABC
Cyr.le 2 - Control Register =- 4BC
i1 3 . 13 n o BC A

" l‘ n L] == iB
ft 5 - i &I = O 4B
n 6 - L3} n == CiB
n 7 - n n == OB
n 8 - n 1" == HB



should be aware of which memory locations he cun interrogate for per-
tinent information. In additicn, it should be noted thai the Memory
Local Register may be a source of valuable informetion, 3t will have
as its contents the lust word transferred betucen memory and Central

0

Processor or buffers be it a transfor into o out of memory.

Finally, it should te noted that at the completion of an instruce

tion, Cycle 8, the following are ey lccations within High-Speed temory:

Iocation Sontente

Ayxiliary Hegister oo 1L location of ingtruction just processed

Sequence Begister Tovation of next instruction in normal
BEGUENoe '

Current Instruesion Peg. Instruction just processed

h 3

Control Begister Dopendent wpon instruction just prozessed

0t - - e -4 I 3 o -.-L»«;‘. e 3 o P
Figure 3 is a yhion of how instructions ave implemented
on the DATamatic 10CQ,

~

{80C) + 3, R,
~ I no 8, 3. Inatruciion
s I B,
= O Cede o O g

Code Repisher &

it X m Y
Lgeotad

Uyeie 2

{S.,R, Y = &80 g _ \\ Comtonts of Sub-
. 1 added | e é« 8.5« lceguence Address
. e Y JTplaced in Gontrol
é i ). v Register
' H AN A

Fragem D = I T
Tyele £, 2, wele 8,3,



On the Congole penel there is & cycle counter which enables the
operator to determine at a glante on which cycle an instruction sitop=
ped. In general, instruchions go to Cycle 8 with the folleowing ex-

ceptions:

1. Stops on Cycle 3 of truisfer orders when a TWO occurs and
FRROR SUBSEQUENCE switch CFF.
o

2. S

=5

23 on Cyole 7 of arithnetic type instructions in the

vent of invalid cpevands (unsigned mmbers ).



SECTION IX

FUNCTIGH (OF THE CONSOLE

The DaTimatic Console provides complete supervigory and monitoring
facilities over the cperation of the entire electronic data processing in-
stallaetic All activities pertaining to the reading, processing amd writ-
ing of daba ave controlled &t the Congole. At the Console, the operator
selects tapes to Le read from or written upon, loads the progream, initiates
starts, perfoxms marmmal intervention and checks oul new programs. It is
algo evident that the Congole is the scole on=line link of communication be=
tween the elecivenically-conbroliled processing of data snd the outside world,

"

Cane of the important functions of the Console is iis ablllty t0 com=

municate with the operguor. It is evident thav when a progrem is operating
at electronic speeds, the precess should net be interrupted. However, in

the ovent of maching error, the Console should relay to the cperator the nee

ceasary information to allow him ©o restard the nrapram &8s spon as pessible.

Ky s

In most cases, it is possible to distinguish between a machine check

e

-

stop and a pregram crrov. If a program erver, the iatervogation of the key

iocations oftor leads o the cpotbing of evrors and allows for an immediate

correction., If the cperaster definiiely ascertaine a maochine chec k stoD, &
engineer should be called prompily, Th@?éf@f@;viﬁ trouble=shooting a

mechine chock or a gfcg?vw.ing error, the ability to interrogate registers
end manual%yins@"t iata is very jmporiant,

o g P Lt *
o sumierize, the Cons

ole dérecﬁs the overall processing operation,; forms
Precessor and the programey to allow for manual

5 wmyie amate - PPy v R S 2.3 - 3 <4 o7 ey e Lad - o T
intervertlon and relays infermaticn in the event of crrors to determine uwhether

the progran stopped due 1o a programming error c¢r & machine check shop.



SECTION 11X

DESCRIFTION CF THE CONSOLE

The DATAmatic 1000 Console hss two basic main sections, One sectvion
houges the active controls which allow control over starting and stopping
the Cemtral Processor and maneal inacrbion of data via the Flemowriter, The

= )

set of display lights which allow for a pessive

om

second section comprises
communiestion freom the machine to the operator. In essence; the display
lights relsy to the operator the current status of the DaTematic 2000 as it
rroceeds throush & problen, ¥Yoith the azctive controle and the display lights
represent a powerful teool which are used effertively in determining errors
in programs end mechine check funchions. |

Thae zcobive controlis iuclude four independent stavting switches which

s

in & number of ways. *n general, two of the steris are re-
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served for automatic ve-vuuns in the event that some unexpected error occurs.

Userators should be coreful when initdabting prograws since depressing the

incorrect start bulton covld conceivably destroy valuable information thus

idea the faecility for either wmameally

n AUTQMATIC
stepping through a progran, moniltoring 1t instructlion<by-instruction or auvbo=

matically threugnh & prograa al wec:ine speeds,

nravided with on sreay of OPPIOHAYL STOP EREAKPOINT C(ONe-
' v of OPTICHATY 8T FRERKPOTE 4
Y PR . ik ame o o, o5y £ T am iyt
when checklog out new programs. Clear concise
instructions should accompany all prograas describing the procedures to be

v b 2 N el
“onaoleo ara o seh of

Do pmemmzaeta o
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The Flexowriter, one of the components of the Console, is that unit
which implements the interrogation and inserticn of data into High-Speed
Memory.

The display lights basically represent the current status of the Com-
puter, During autcmatic operation these lights change too rapidly to indi-
cate any particular condition. During a stop, however, these lights become
an imporitant scurce for deteymining the cause of the step., In general, if
a stop occurs, it is the operajor’s function to determine whether the machine
ston was due to an opitional stop instrucition, a transfer weight count error,
a machine check functicn, ete. The display lights can, in nost cases, yield
this information., +or mere specific information, the active controls would

now have to be whilized,

In suwmmary, the sctive controls on the Conscle used in conjunction with
the Flexowriterand its associated Momory Register Selector permit manual con=
rol of operations on the DuTimatis 1000, They afford control over starting

and stopping the machine and mamuzl insertion of data.

Ffrthe nyre, the indicator lights reprewen% a passive communication
> in that they display & conbinucus plcture of the status of the DaTa-
matic 1000 a5 it processes a program instructiocn-by-instruction. This pro=

nerty, in particuvlar, is an excepbionally useful diagnostie tool for program



lay light 1

SECTION IV

DETATLED DESCRIPTION OF CONSOLE

segtion contains a deballed description of the function and use

switches and display lights on the Central Console. as each swiich

s described, reference should ve made to Figure L. The

. . 3 s,
)

ion is dn fwo pavts; ithe active controls, and the display lights.

QPERATOR CONTROL SWITCHES

1‘3 ke

CLEAR Butbons

i, GLEsR ?

(34

= The CLEaR BUFFER switch will cause the

cutput bu High-fpeod Memory location 1592 to be filled
with 48 zero bib words with the appropriate weight counts. It

also resels aonnter,

fage Thm B v omde ymn e S sy s . o
CUSE: Before sterting new progrem.
§ brog

CHINE OTEsR btuvion resets all

&
ad

g, 5 arn e - PP -~ 3 T £ e "A 4 .
error intarlocks vhich have csused the DaTmmatic 1000 to stop.  The
3y, IS e —— - e - i o) o
~3poed Hemory and heownmlators are not changed.
USE: Hefore sterding
TY s & s P R LI Js KN R
Before restardin hes stopped due o interlock

SO0,

STAHY Buttons

1. CONTROL I

initiste the

ubton will

seitioned in
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84 2 1 8 4 21 8421
84 2 184218421 .
8 4 21
P B 84 21 8421 842 |
cy T 4 84 2184218421
F O i
T o VH- 8 2 MEMORY LOCAL REGISTER
: va
BE BE CYCLE 4
TC TC co 7
COUNTER
R L R L CE
E R E R DG 6 4 8 4 2 1 8 4 2 |
S N SN PR: s
ss s s oK - OPERATION CODE
PROGRAM CONTROLS CHECK FUNCTIONS
0s
16 16 .
8 8 _
TWC 0o 0¢ C 4 4
TW¢2 O 0CO I
| i -
MM BF RW
AU CuU 8 pDWC 8 4 2 | D-1000
MANUAL CONTROLS WEIGHT COUNT PROGRAM COUNTER OPERATING
SUBSEQUENCE START AT
TRANSFER CHECK BUFFER MAGHINE CONTROL SEQUENCE o
CONTROL SUBSEQUENCE CLEAR CLEAR 1o REGISTER REGISTER ON  ON ON ~ON ON ON ON ON ON ON  ON  grpp
' ARE
OO O0H o oBHHEHsHETsE=T
PROCEED
tcooo) (1982) -—/] MANUAL l 2 3 4 5 € 7 e 9 10
AUTO RERUN START CONTROLS OPTIONAL STOP BREAKPOINT  CONTROLS

Figure 4.
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the Control Begister. If the AUTOMuTIC-MaNUAL switch is in the
AUTOMATIC position, the progrem will continue to operate under
control of the stored program., If the AUTOMATIC-MaNUAL sw *ch
is in the MANUAL position, the instruction in the Control Rew

gister will be cxccuted and the next instruction selected will
be placed in the Control Register, The Dalematic 1000 will the

stop.

7.,  SFOURICE BEGISTHR Eutton = Pressing this button causes the
machire to place in the Control Begister the instiruction vhose
address is in the Seqguence Register. If the AUTOMATIC-MaNUAL
switch is in the AUTMMATIC positicon, the DaPawmetiz 1000 will con
inte to operate under condrol of the stored program, If the
AUTCHMATIC=MANUAL switch is in the MANUsL pesition, the Ccﬁputer

will stop with the instruction in the Control Register but the

-

insbruction will nok have been exscubted.

1t

. TRAKSFeR CONTROL Putton - Pressing the THANSFER CONTROL but-
ton will cause the IRTAmabic 1000 to place the inatruction at lo-
ation 0000 into the Control Register, If the AUTOMATIC-MANUAL

switch is in the AUTCMATIC positicn, the “amputer will continue
to cpersie under control of the stored program. If the sUTOMATIC-
position, the Compuiter will stop
with the instruction frem location OCO0 in the Control Hegister,
but the instruction will not have been emscuteds |

cton - Depressing the SUBSHOUENCE 1682
to subsequencze to location 1982, The
TIC-MsHUAL awiteh will have the same effect

T

shove under TAxNSFER CONTROL except

4

-+ Y

come from lecation 1982 in the subseguenge

LAHBFER COMTROL and SUBSHIUEHCE 1982 are




€, STOP Rubtons

1.

the lower right section of the Consols are the OPTIONAL STOP
17 CONTROLS,

CQIPeRE, FHCCEED option of this instruction,

ERFAKPGL

B

OPTIONAL STOP FREAKPOINT CONIROIS - The eleven switches in

The rightmest switeh deternines the STOP,
The remaining 10

switches define the possible dptional stop selections. The opticnal

stop is dependent unon three conditions namely:
si
the applicable breskpoint switches.,
pendent optic

execubin

tiong

setting of the conditional atop switch,

nal stops.
~
4

g an cptiona

The Console

the position of
alljows for 10 inde=
Ezch time the Computer halts as a result of

stop instructions register 1990 will contain

ingtruction campo-

he next instruction %o be execuied. The optional stop imstruction

will be in one of two locstions depending upon whether or not the

instruction has a Subsequence Call,

&
e

Mo Subsceuence Call « Stop on Cyele }’instruction in AR

bsequencze Call - Stop on Cyele Ef, instruction in 1999

Firure § and Figure & illusirate the resulis of various set=
A 5 :

tings of the conditional and breakpoint swivcnes.

gt N ¥ T
gt b B@ By a
o . r_w oo, ] /___m_‘:w&w,.,,\ P i o e L\
X £ X X X ¥ X X 1 X ¥ tX¥
Rame Not B. B, B B B, B, B, B |
L 2N L3 &5y o EX b ﬁ }3
Used 172 "3 u 5 "6 7 7B 9 g i s
/? e ’,
1 . .
Function Arbi= Ipeimt swltches on the h Stop
trary ‘Conscle if L

Figure 5 T e




BS B Condivional EBreakpoint
€ Stop Switch Switch Result
1 * * * Stop
0 1 * ¥ Proceed
0 0 Stop i Stop
0 0 Prozeed * Proceed
0 0 Compare At -
* has no effeet
% co;nriacn:e of z binary one in bit positions B, to
end an G of the @crrespgnding breakpoint Ewitch
w¢?l stop the machine
Figure &
D,  CHECK SUESHOURNCE Switch

o TWC Check = During the transfer of each word within the
DaThmatic 1000, the weight covnt is recomputed and compared,
If a weight count ervor is detected at any time except when
reading from the buffers, the DaTimatic 2000 will stop. This
insures valid cperations and data transmission within the Cen-
tral Processor at oll times.

If a weight count error cecours when reading from a buffer
and the CHECK SUESIUUBNCE swibtech is 8, the Computer will auto-
matically take the next instructicn from location 1987. If the

~

CEEEK SUBSEJUENCE switch is OFF, the machine will stop and ap=
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Magnetic File Unit (MFU) Switches and Displayrlights

1. DEMAND-RELFASE Switches - Along the top of the Console are
gwitches and display lights which correspond to the variouvs Mag-
nevic File Units (see Figure 7)., kach switch correspcnds to a
parvicular Magnetic File Unit end is refevrred to &s the DEMAND-
RELEASE switch, In the DEMAND position, the Central Processor
has absolute control over the désignated Magnetic File Unit re~
erdless of ary subseguent ottempt by peripheral equipment to use
it, If the switch is in the RELEASE position, any peripheral unit
carr use the MFU, Changing the switch position from RELFASE to DE-

HMAND will not necesserily give control to the Central Processor.

File Uni%
Number

RPEnd ;;:ZEQ

Check R

hds

x o

If the File Heference Unit is using the designated MFU, it will
2CEISOT, cheverg if anmy other piece of

rveripheral eguipment is using the MFU, the Central Procssgsor will

i
not have control until that periphersl unit relesses it.

2. HFU Lights - fsscclated with each MFU sve five status lights
which indicate various opervabting conditions of the MFU, The File
Unit wumber indicates the address by which the MFU is recoguized
by the Cenmtral Frocessor. An arpropriahe inéicaticn is also dis-
vlayed indicating whether any pevipheral unit is currently using

an MFY, Tor exempl&, if the Input Converter is using an MFU, the



The MOTICN Jight when ON, indicates thet an MPU is moving
because of?arive command stch as Read, Write. or Hewind., Thus,
if the Computer has come to an agparent stop with a read or
write operation code in the Op Code iegister, it would be wiss
to check the MOTION iight., If it is ON and not flickering,
rore than likely the vead or urite order is walbing for the

previcus drive comiend to be canpleted.

It is ivtevesting to note that the MOTION light is an sna-
log cdevice, That is, the brighter the light glows, the more
contimous the motion of the tape. Therefore, a good indication

of the efficiency of & prograw is the relative brightness of the
MOTION lights.

The E4D idght is ON when the tape is rewound to its physizal
beginning, The RP light OM indicstes thet the designated MFU is
now operating in the Kun Protected Mode, i.e., the tspe may te
read from. bub not written upon., 1f en attempt is made to write
on a2 "provected tape", the writing will riot take place, the tepe
111 advance by one block and unsatisiied checks will cause the

DATEmetic 1000 to stop the next time the tape 1s addressed.  Swi-

ching to and frow the RHun Frotected status is accomplished by a

suiteh at the MU znd ned at the Consoles
The CHECK 1ight for each Magnetic File Unit indicates ON when
an instruction to the file unit wes executed incorrectly. The Come

puter will nob stop immediatelyv, but rather will continue operabing

£

Unit receives a subsequent instruction,

until the s

Tn the event & Read Forward instruction is interpreted as Read

the huffer ionfovmation is

Backward, & TWC error i

subsequently transferred into mnew Befove a corvective position=

St i

L OTEER bubton must be de-

Lt

e Yo o Ve e R TR R |
ing procedure can be initlateuq,

pec)
prassed fo elear the intevinnbs



IT. CONSOLE DISPLAY LIGHTS

On the displsey ranel are li:hts where an opefator can observe the
status of a problem being solved, The principal use of these displsy
lights are for error detection in new problems snc machine trouble analysis.

&, MEMORY LOCAL REGISTER
In the upper right corner of the display ranel is a set of 52
lights representing the MEMORY IOCAL REGISTER and grouped as shown

in Figure 8,

8h21 8421 8L21
821 8L21 8L21
8L21 8L21 8L21
- 8Lei 8421 8L21

8421

Figurs 8,

The lefimost Light (8) in the top row represents the 52nd bit of
a DaTamatic word, the next light the Slst; ete. The numbers represent
the essigned weight for eash bit position., The four rightmost lights

are the weight count biis,

When a machine stop occursg, the MEMORY LOCal REGISTER will contdn
the last transferred word gither into or ou’ of High-Speed Memory, If
the Computer stops due to a TWO ervor when transferring into memory from
the buffer, the invalic¢ word with its incorrect weight count will be in
the MEM{ORY LOCAL REGISTER.

B,  OPERATION CODE REGISTHR \
The OPERATION CODE REGISTER has a set of assccisted display lights,
grouped directly below the MEMORY LOCAL REGISTHR (see_Figure 9). This

8421 821

MTIY s S I o Wk g S W
CPELTION o0by

Figure 9.



eignt-bit register displays in hexadecimal notation the operation
code of the lest instruction perfomed provided a normal halt is en-
countered in Cycle 8 or Cycle 1. In the event the stop is between
Cycle 2 and Cycle 7, the Op Code of the current instruection being
performed is in the OPERATION CODE REGISTER.

C. OPTIONAL STOP Light
The 0S light located below the Operation Code Register will be
OM only if the machine hes stopped on an Optional Stop- instruction

(see Figure 10).

Figure 10,

D. D=-1000 OPERATING ‘
The D-1000 COPERATING light {see Figure 11) is ON when the DaTa-
matic 1000 is operating in the utomatic mode. It is OFF during the

manual operation except for an occasional flicker during a cne-shot
Print instruction. It is also OR when instructions ars entered via

the Flexowriter,

B-=1000
OPERATING

Figure 11.
B, CYCLE COUNTER

The CICLE COUNTER displey lights {see Figure 12) are located in

the center of the Console panel snd reflect successive cycles in the

performance of a particular instruction., In the event of a stop, these
lights will indicate the last completed cycle., Instructions which make
repevitive use of the same cycle; such as transfer instructions, may not

complete all the repetitions of this cycle when the computer stops, For



8 2
. CYCLE .
i countm

6 L
5

Figure 12.

exemple, & TWC error during a transfer in operation will stop the
Computer curing Cycle 3 if the CHECK SUBSHGUENCE switch is OFF,

F.,  PROGRsM COUNTER

Birectly bdelow the CYCLE COUNTEH is a series of lights reflect-
ing the status of the PROGUM CUUNTER {see Figure 13). The PROGRAM
COUNTER is used curing the execution of instructions which make repe-

titive use of particular cycles, For example, during an n-word trans-
fer, Cycle 3 is repesated for each word until the entire transfer has
teen completed, Tnzs counter is a five-stage binary counter. In the

16 16
8 8
bk
22
11

PROMuM COUNTER

Figore 13,

exesution of an n-word transfer instruction, the program counter ine
itlally hes 32-n (binary 32 = 00000} as its contents. Hach time a word
is transferred, the FROGRAM COUNTHA is 1ncrcmenteé by one. VWhen the
last word is itransferred, the ccunte' is auuomatiually reget Lo 00000,
In the event & transfer weight count error stops the ComLuter, CHECK
SUBSEQUENCE switch OFF, the mumber of words being transferred m;nus the
32%s complement of the FROGRAM COUNTER is the word with the incorveci

weight count. See example next page.



hgssume 10 word transfer,

PROCRsM CCUNTER starts at 32-n = 22, It then transfers the first

word and is inecremented to 23.

Therefore. ‘ . _
PROCGRAM COURTER Hords Transferred FROMsM COUNTER
Start Finioh

22 1 23

23 2 2L

28 7 29

31 . 10 0

0 -

Agssume the seventh word transferred . is the incorrect word. If the
CHECK SUPSINUENCE switch is OFF, the Computer will stop with the
PROGRAM COUNTIR « 29.

Therefore,
(3a~29) 10«3 =7
or in geverel, N + P,0., - 32 = bad word

where N = mumber of words to be transferred,

The PROELM COUNTIR is elso uged in wultiply and divide instructions

and also the shif% instructions.

In genersl, it is far ecesier to determine the incorreci word by monl=

tering the contents of 1990 and 1599,

d,  WELGHT COURY Checks
Po the left of the PRCEWUHM COURTER lights are three WEIGHT COURT

checks {gee Figure 1h). Each word, be it en instruction or data, is

2

zhecked for a valid weight count every time it is transfsrred within
the Central Processor. The transfer weight adders verifies the valide
ity of each vord generaving a new welght count and comparing it wilth

the original,



The TWC is arramged so that a remainder of six indicates veri~
fication from the addition of bits § through 52 reduced modulo 9.

(13 minus weight count bits 1 - 4) + (weight count bits § - 52) 6
9

Therefore, whenever a word is transferred, 0110 must exist in
TWC1l and TWC2, or the Computer will indicate a weight count error,
Because of the duzl iransmission circuitry in the DsTAmatie 1000, it
is entirely possible to be transmitting twe completely independent
woirds and therefore, the use of the two transfer weipght count checks
is required., TWC1 represeunts the High-Speed Bus. TWC2 represents
the Auxiliary High-Speed Bus.

The row of lights directly below labeled DWC refers to the De-
Soded Welght Check. The binery displey of 0110 of the Decoded Weight
Cheeck verifies that each address to be processed in a given operation
has been accurately selected and utilized. 11‘ the display ig other

than 0110, the machine will stop on & DWC error.

TWCL 0000
T2 0000
oW 8L21

Figure 1h

These three rows of lights ave arranged on the Console panel so
that the two center lights are green and the end lights are Yed. Thus,

the green 1ights indicate all checks have been satiefied and a red
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H, CHECK FURCTIORS ‘

Directly shove the WELGHT COUNT checks sre the CHECK FUBCTION dig-~
play lights, Their prime use is for disgnostic procedures in case of
machine malfunction. Delow is & description of the CHECK FURCTION lights.




Check Fumotion

VH

Vi

Ch

Sy
e

Tiwing Clock Check iz normally ON, OFF

when the Timing clock, which supplies
the necessary pulses for timing the per-
formancse of each individual phase of ma-
chine cperation, falls to function pro-
perly.

Void Transmission. High-Speed Bus is nor-
mally ON. QFF if the transmission circuit
through the High-Spsed Bus is opened and
an invalid {weight count of zerc) word is
ransaitted, t TWEI and TH02 will still
te C1i0.

Vold Tranemission, Auxiliary Bus is nowrm -
ally O, O is the transmission circuls
through the suxiliery Bus is opened and an
invalid {weight count of zero) word is trans-
mitted, but TWOl =nd TWCS will still be 0110.

Uperation Code is rormally OW, OFF if ine
valid cperation code is detected in the
Uperation Code Register. ’

Clocking Erver is normally OFF, On if

vulsing clock essocistedwith the writing

of infermation from the Output Buffer onteo
gpe incure & malfunciion.

lication Good is nomally OMN. Will be
L the duplication circuits which cheek
fey control devices, such as the Sub=-

& i

we or Sentinel Cireuits, walfunction.

qugggg will be ON if, when proceeding autoe
matically, the machive is set Lo perform the
next insvruction. This Jight will be OFF in

the event of any wype of FLOD o

Okgy will te ON only if the machine is opera=
ting tnder asutomatic mode of operation.
Fiickers when entering data from the Flexo-
vdter,

a bank of lights
2 a means for de-

They zre described



Program Control

PB

cy

FO

RL

i

I MahUal, CONTROLS

Lescription

Printer Busy. ON when the Flexcwriter is
in use,

Cycle Counter will be ON if a malfunction
is detected in the Cycle Counter Circuitry.
For example, if two cycles came up at the
same time in the execution of an order.

False Overflow will flicker ON if an over-
flow oceurs in a DIV instruetion, i.e.,
when the numerator is grester then the de-
nominator in absolute value. This light
will also flicker during the execution of
an aDD or SUB instruction under certain
conditions.

True Overflow flickers ON when during an
ADD ox SUB an excessive accumulation re-
sults, and the machine capacity is exceeded.

Buffer Error will be ON only if an error
occurs in the Inpnt Buffer circuitry.

Trensfer Control flickers ON when the cone
tents of the Sequence Register are replaced
during a transfer of control,

Ready Line, ON when the tape called for in
a Head, write, or Search instruction is
available,

Error Subsequence to 1987 flickers ON only

if the ERROR SURSHUENCE switch is ON and
& sutsequence is nade,

Sentinel flickers ON when a Sentinel is
sensed.

Subsequence, O when machine is in subse-
quence mode of operation,

Directly below the FROGRAM CGrTROLS in the lower left corner are
five displey lights celled MaNUAL CONTROLS (see Figure 15). The MAH -~



AL COMNIROL lights 1«9rc ent a set of imterisccks on the AU (arithme-
tie Unit), CU (Control Unit), MM (High=Speed Hemory), BF (Input or
Cutput Buffers), KW (Read-irite Switching Rack). If any of the manval

switches in eny of these units huve been mispositioned, the apiroprisate

interlock will be set and the corresponding light will be turned OFF.

AU CH MM BF RW
MaNUsL CUNTROLS

Figure 15,

Je Flexowriter

e g 05 NN, GO I

o

The Flexcwriter is the link which facilitates communication with
the Computer, Iis mein funciior is to insert deta end monitor specific
memory locavions and aleo to be used es an intermedizie on-line printer.
Directly belew and in front of the Flexcwriter kejhadr are eight con-

L TR RN N
trol gswitches

esserbial ontrol the type of

Cbyint erdevs, It is only effective uben regding or wyii=

B and frem momorve

&.  Alphsbetic
Lesding
st gats o} e an 7 v ogaygeel o g Ted A g RV
rasks compuver word into H-bit groupings

A throuvgh 4 and
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insevting
LNZereing
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Figure 16. Flexowriter Switch Panel



SWITCH OR BUTTON

PROGRAMMED PRINT ORDERS

MANUAL PRINT—OUTS

NUMERIC |ALPHABETIC |INSTRUCTION ALPHABETIC |INS TRUGTION | Nu»
SET TO SET ToO SE
. D —— —_—
PRINT STYLE INAGTIVE NUMERIC| ALPHABETIC | INSTRUCTION| NU
AUTO INSTR. SET ToO SET ToO
PRINT INACTIVE “OFF " "oON"
' FoO
PRINT GLEAR €—"""""FOR EMERGENGCY USE ONLY l
SPAGE SUPPRESS | OPERATIVE ™|INACTIVE [ —OPERATIVE —®|% -
SPEGIAL SYMBOLS € OPER->| INACTIVE |*— OPERATIVE—"|INACTIVE |[*OPERATIVEY <
EXTRA LINE <«—— OPERATIVE >
INTERVAL SET
EXTRA LINE « OPERATIV
INTERVAL CLEAR
LOAD MEMORY
- INACTIVE
ENTER ORDER
MANUAL REG'STER4— INACTIVE > | OPERATIVE
AUTOMATIC

COMMENTS

OPERATION

IMMEDIATE OPERATOR

MANUAL OPERATION UN

CHART | —— CONSOLE FLE



MANUAL WRITE—INS

LOAD MEMORY

ENTER ORDER

ERIC

ALPHARETIC [INSTRUCTION [NUMERIC ALPHABETIC{INS TRUCYION|NUMERIC [ ALPHABETIC INSTRUGCTION
r 1'0. SET TO SET TO SET TO SET TO SET YO SET TO { SET TO SET TO
IERIC | ALPHABETIC ‘lNSTRUOTION NUMERIC [ALPHABETIC/IINSTRUCTION|NUMERIC| ALPHABETIC|INSTRUCTION
— INACTIVE —
! CLEARING FLEXOWRITER
N THE EVENT OF TYPING <%———  FOR EMERGENCY USE ONLY -
f RONG CHARACTER
- INACTIVE >
— INACTIVE —
- INACTIVE -
E »
SET TO SET TO
"LOAD MEMORY" “ENTER ORDER "
»| OPERATIVE FOR <«— INAGTIVE — =
INITIAL LOCATION
DE R MANUAL OPERATION UNDER
CONTROL PAPER TAPE CONTROL

(OWRITER CONTROLS



ry oot

“3he

HoLe thal more then the specified number of char~

ters or mumbers will clesr the board and cause

an auwtametic reset.

Bumeric

are O through ¢ and

%
]
¢
=
[
p
pa
I
43}
&
=3
e
i~
[t¥]

-t

3

[

s

for]

ri-

(‘\

tad <f4
%

1...1

& ¢hodce of special symbols for the six non-decimal

configurations.

£1%cws insertion into mamory of all 16 fourw

bit configurations, In the event an alphabetic char-

acier is accidently ﬁgpu,tqe S5th bit from the right is

< .
tested,
o aa s

Lf it and

o

is « one, it replaces the Lth bi

cv

o g

4]

b

%

c+
b

most four bits, 8z corrvected are vrelained,

If the 5th bit is & zevo, however, the Lih bit is un~

chenged and the rightmost four bits are again retained.

En fercd‘

Alphabotic Binzxy Hexadecimal
letber Typed guration Fauaielent

1001
1010
011
13100
1101

1110
1131
1000
001
CoGlL
0oL

(011
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D OCD aAD BD € WG,
5 a c

b
Example,
FRA 0250 www = {Contents of 0250 aADD €032 1115 0116)

0250 1010 1110 1110 0000 0OLL 0610 GOOL GOOL 0101 0001 0001 0110
(03 I F F co03 2211 1 3% 01 6
Buto~ Instre { opp Bl. Fl. Bl s Bl E m. F

As can be observed from the above example any time a six~bit cone
figuration dees not correspond to a type key a blank space will be

printed,

3. PRINT CLE4R Botton = The FRINT CLEAR button is for emergency
use only. For example, if a wrong character is typed or if the
keys jam, the FRIUT CLELR button should be depressed,

=

. SPACE SUPPRESS Switch - The SPACE SUPPRESS switch has two poe
sitions as described below. The SPACE SUPPRESS position is effect-
ive only for manual rsading‘and prosramacd primﬁ orders in the nunm-
eric or alrhabebic mode. The spacing descriled under normal will

. L
Mplwl qu¢39 “_’ wretin g Q Progremme

aluays cccur when weksips is done from the Console or when a§%1n=

d pront

o /‘s ex;—cuf‘d

an Nermal Specing is as shomms depending upon the uword type.

Nemeric: DD DD DDD DD v £0C, w C
. sy / L ‘4\:‘.;) AR

Alphabelbic: Ak hb AL AR

Kren S A

o = & N - PR v e vy T e .
Instruction: AL 00, 00, D s A A D BB BD oo <, e
bl uios g Phivdniined s 1 o Van ey bmh Rt »

b. Space Suppression causes charscters to be typed ip se-
L]

manvol er  peagremmsd ..
» The weight count and

wiite in with Spece Supe




S SPECIAL SYMECLS Switch - This switch is effective when reading

or wriving in the instructlon or numeric mode either manually or

-

sutomatically {under progrem contiol). It has two positions.

2, Noymal will cause the hezadecimal representaticns 10

through 15 to be printed as al;habetic characters B through

o

b  Epecizl Symbols will cause the hexadecimal representa-
wiong 10 through 15 to be printed as below. In this position
it will also cause the four-bit code 1101 in P52 through Ph9

to print as + (plus)} end 0101 to print as - {(minus).

(10) dollar sign $
(11) comma 5

(12) decimal point o

(13) plus sign +
(L) blank
{15} asterisk %

6.  EXIBa LINE INTERVAL COUNTER SET Switeh - This switch deter-
mines the mumber of lines v ich ave rrinted consecutively before
& space botween lines is emitteds It is conly active during pro-
gramzed print instructions. (The number of lines already counted
in & block ds indicated in lights around the switch,) 48 many as

ten Iines moy be printsd Letueen spaces.

T.  ETRA LINE INTIRVAL COUHTER CLEAR Button - This nuﬁtén mey

be depressed et any time 1F nscessary. It veseis the line counte-
er to zero,

8¢ IOsD M - EHPER ORDEE Suitch - The 104D MEMORY-EMTER CRDER
switch is only cctive durinz paper e In the load Memory
Eode vp to 2000 words may be divectly in memory from the

ok N SRR S SR - P
15 oinier "’Q"”' ion of the mognaal upes‘aé,wn igeatures
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cedas on bape drdicate the and oY & word end the end of Tepe.
The Hanual Heglister Selector speecifiss where the (irst word is %o

be pleced in memory.

In the Enter Order Mode; sll data on punched paper tere will be

entered as instructions, fach instruction will be placed in the
Control hegister and carried out before the next one is entered.

The pext instruction always comes from the p
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a8, ADDRESSED REGISTES Button - An adding machine type
keybosrd is available with wnich any address 0000 through
1999 may be specified,

b. UNALTRESSED REGISTHRS Button - Since the machine cone=
tains three unaddressed registers whose contents could be
¢cf interest to the operator, three buttons ave provided to

hardle the selection of these locations,

.Sequence Begister can be monitored wnd written into,

It can aiso be cleared L0 2876

ruxilisry Replster No. 1 can be monitored and written

inbo,

Sdceumuletor can be monid sored only. No provisicn is

mmm

nade to insert data mamually into the sccurmulabtor,

. CLEAR Bubien = A button permits clearing the MRS key-
board in the event ¢f a human ervor., Xormally, the key-

bosrd is cleared sutomatically each time it is weed,

A, AEAD Potiten - fsscocisted with the MAS and the Flexo-

yriter iz a bubtbor cerving the following funciions.

> reeding of the desired register to the

lights, the Flexowriter and the Tepe

Lctuate the Flepovriter control cirvcuits to execute

its printing, and perform a line feed and carriage re-

turn in enticipation of its further uses

Clgay the MES in anticipation of its further use.

Ao o i

= WRITE Putton ~ Associoted with the MRS and the Flexde

1

writer is a bution serving the &0‘1& sing functions.



e

Initiete the writing into the desired register or
nepmory location of the data inserted via the Flexo-

writer,
Acmuate the Flexowriter control circuits to perform
a line feed and carriage return in anticipation of

its further use.

Clear the MBS in anticipation of its further use.

11T, USE QOF THE FLEYOWRITER

Ao

Programmed Print Inst?uctions

1. Function Description - These orders are incorporated in a
preperad pyogr&m ané cause the prin, out of any memory location

avtematically, “ome format control is available at the Console

as jtemized in Chart 1,

Hote that an Instruction siyle print out occurs when a PRA ordex

is piven and the sUTO INSTRUCTION PRINT switch is ON,
2. Operavion Procedure —

a, Por Mumeric Print orders no operation action is ne=

Cessary.

b. For Alphabetic Print crders, set AUTO INSTRUCTION
PRINT s i% h QFF,

Co truction Print orders, set AUTO INSTRUCTION
PRIEY switch ON, This switch controls whether a PRA or-

er is interpreted alphsbeticaliy or instrucvionally, as
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d. The PRINT CLEAR button should be used only in the
exceptional case of some type of Flexowriter malfunction-
ing where clearing is necessary; for example, if the
typing mechanism jams , Otherwise, it should not be dis-
turbed.

es Spece Suppression is usable as shown., (see Chart 1)
f. Special Symbol control is usable as shown, (See

g- Thoe EXTRa LINE INTERVAL COUNTER SET switch can be
set as desived. HNote value of lines already counted in

indicator lights arcund switche

h, The FXTRA LINE INTKREVAI .GODAT“R CLEAR button may be

:zed 1f necessary.

o}

arin g Automatic Operation the operator should be constantly

aware that he comtrols the following funcitions:

’ 3 -

a) "alphavetic” or "Instructional' interpretation of the

PRA command,

{2} The use of Space Suppression subject to the defined

rules.

The use of Special Symbols subiccet to the defined

A} The Bezira line Interval combrols,

The equipment is de slghed so that controle shown on Chart 1

es "not effective” sre litervally that, and con be moved at will

or

with no effect whatever on the print outs. Similerly, control

é

switches such es are mentioned above will cosmlete the previously



B.

c.gi B

defined acticn if they are changed during a print out, and
will not teke effect until the next completeprinting. There-
fore, all scheduled controls should be carefully anticipated
to prevent oversights, bearing in mind that a minimum of one
full print time exists (about 2% seconds ) vefore a change can
be accomplished, The Extra line Interval controls can be set
at any vime other than during the small fraction of a second
{about 1/3 second) while a Carriage Rc»urn is taking place,
During this time it should net be touched,

Manual Print out

1. Function Pescription - This vechniques is used when the

Central Processer is not cpersting, and the operstor wishes 0

examine the contents of any locstion in the nemory {addresses
0000 through 1999) or the scevmulator, Sequence Register or the
friliery Register Mo, 1, The format is controlled entirely by
the Corsole controls {see Chart 1)e RKote that addresses sre

"
o

printed when manusl zeadout is done except when Space Suppression

be  AUTC INSTRUCTION FRINT switch hes no effect during

nawual operaticn,

c.  FRINT CLEAR bulion has no effect curing menual opera-
tiﬁno
é

PN ‘ o ¥ vt B m e %Y e T Gy me o3 = 3
. Set SPACE Qbﬁ.ﬁQJb gwitch OF or OFF as desired,

Go Sev SPELIAL & UGN or OFF es desired.
2 o <& PR S £ o Wi e PN o 3. 2
¥ Extra line Interval Counter controls have no effecth



g. Set desired Address or Register into Mamual Re-
gister Selector (MRS).

h. Press READ key on MRS, Printing will take about
three seconds, Characters will be in bleck and address
will or will not be printed depending upon the SPACE SUP-
PRESS switchse

The same vemarks made above regarding interlecks and switch chang-
ing are applicable here; however, there is one interesting point to be
made. Since the very nature of the operation is manual, then certainly
if the operator realizes that he has set a switch incorrectly, he merely

corrects his oversight and repeats the procedure.

€, Manual Write-~In

1, Function Yescription - Manual Write-In permits insertion by
hand of new computer words via the Flexcwriter keyboard. Address
Jocations are handled identicsally as in the Manual Print outs
with the single exception of the Accumulator, into which no writ-
ing cem be done

2. Operation Procedure -
a8, Set PRINT STYLE switch as desired.
b. AUTO INSTRUCTION PRINT switch is nov effective.
S SPACE SUPPRESS switch is not effectivee
d., SPECIAL SYMBOLS switch is not effective,

&, Brira Line Inberval Counter conitrols are net effective.

£, Type in the desired d:ta {or instruction} on the Flexoc-

writer keyboard, using no speces and ne weight counts, Frint

either:
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(1) 12 characters for mumeric, or

(2) 8 characters fer alphabetic, or

(3) 15 characters for instruction.
Unless cxectly 12, 8, or 15 characters (depending upon style)
are inserted, the equipment will not operate. If too few are
used, the equipment will not cycle when the WRITE button (see
below) is depressed, If too many are inserted, the Flexo-=
writer will autcmatically Carriage Beturn and clear out the
characters which were being stored within the Console for transe
mission to the Central Processor.

g« The PRINT CLEAR button should be used in the event that

a wrong character is typed., fThe asction will Carriage Return

the Flexouriter and clear out the partial word, permitting the
operator 10 insert the word correctly. The PRINT CLEAR button
should also be used to permit unlocking interlocks if the opera-
tor reslizes the wrong word style has been used, The new sete
ting of the FRINT SIVLE switch becomes effective when the old
word is clewred out, permititing insertion of the word in the cor-
rect atyle. If reference words, such as notes or page titles,
are printed, use the PRINT CLEAR butiton to reset the Flexowriter

CarTiagc.
he Set the desired Address or Hegister into the MRS,

i, Pregs WRITE key on MRS. The word 1o be entered into the
High-Speed Memory goes in es the resuli of depressing the WRITE
key. However, many interlocks must be satisfied before actual

transmission takee place. They are listed below,

(1) 12 mmeric, 8 alphabstic or 15 instruction char-

acters must be inserted.

{2} If a memory address (0000 through 1969) is not set
in correctly (ome digit per column), the eguipment will
not operate,

(3} If a special wmaddressed register SR or AR {not AC)
is used, no address digits on the keyboerd should be de=

nregsed,
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Printing takes place in red when informstion is en~
tered intoc the Central Processor. Weight cdounts and ad-
dresses are alueys printeds Spaces between groups of

characters are always suppressed.

load Memory Operation from Faper Tape

1, TFuncblon Deseription = This permits the operator to insert
up to 2000 words directly imto the memory from the control con-
sole without interventiom of the manual operation features of the
machine. The paper tape (previously prepared) used for this pur-
pose is fed through the Tape Reader to the memory via the Flexo-
writor. The Flexowriter prints the date as it is ingerted. A1l
three styles of printing can be used. Special punched codes on
tepe mark the end of each word and the end of the tape. The mem=
ory address at which the joadmg is bo start is specified by the

use of the Mamual Register Selector keyboards
2. Operation Procedure -
S Prepare tape by punching peped in standerd computer

harecters in any one of the three stendard styles, After

ezch word {12, 8, or 15 chavacters) inmsert an Fod of Word

code on bepe. ATher the entire message and the last End of

Word code, insert a STOP code. Using the Tepe Feed key, &

convenient leader and trailer of tape can be prepared 10

facilitate bhandling. The Readex need not be started on the

lsader. These codes &re ccmpletely igmred b; the equipment.

o

The preparati @ should be dcne on an identical

;_:
O
]
L]
ot
g
()]
or
»"5

Flaxowriter. vemote from the Console Floyouriber,

be Set the TOAD MEMORY - ENTER ORDER gwitch to LOAD MEMORY,



d. The AUTO INSTRUCTION PRINT switch is not effective.

e. The SPACE SUPPRESS switch is not effective.

£, The SPOCIAL SYMBOLIS switch is not effective.

g. The PRINT CLEAR button should be used only in the event
of a mslfunction or to clear interlocks which would detect an
incarractly prepared tape (too few or too manmy characters per
word)e

he Extra,Line Interval controls are not effective,

i, lo=zd the paper tape onte the Reader unit taking care to
insure thet the tspe is resting in the guldes properly, and
thet the length of tape to be read will be free of snags or

unching as it feeds through the Reader,

j. Set initial location (memory location of the first woxrd
o be read) into address keys of the MRS,

Do not use READ or WRITE keys.

ke epress key on upper left side of the Flexowrliter labvelled

START READ,  Action will begin after the finger is removed from

Fouipment will cycle suntomobtically, ond no inmtervention should
be allowed., In ovder to insert mixzed groups of data such as groups
of numeric, alphabetic. and instructions, hendle each group separs
ately, i.e., placa a Stop Cods ab the end of each gvonn, When the
Stop Code is veod;y the equipment stops, the MRS kee pzng track of
sequential addreszes sbtops and is clearsd out, Thus, the next group

can be suorted by chenging to Print Style accowdingiy, seitiing a new

¥4

" P o o 3 peramones 4 d % Iny .
address in the MRS, and depressing the START READ button again, Ad-

i

rgsses are auvbtomatically printed.
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Enter Order Operation from Peper Tape

1, Function Description - This iz a facility whereby the data

read from the paper tape is entered as orders, one word at a time,
into the Control Register. After each order word is entered, the
order is cxecuted, then the Reader is automaticaelly started agein
and & new order is read in, Thie process continues to the end of

the paper tape.

& more meaningful way of describing this type of operation is
to say that the orders for the machine are sﬁpplied externally, from
the Tepe Reader. The next order always cames from the Tape Reader
regardiess of subsequences or transfers of control requested by the
current order, HNote, however, that if a transfer of.control is per«

1

formed, it will change the Sequence Register. This permits “preset=
ting" the Sequence Register ss desired prior to executing a'Start at
Sequence Registerh Theoretically, there is no limit to the number
of orders which could be used in tiis mode of operation, The paper
tape (previously prepaved) used for this process is fed throvgh the
Tape Reader to the Coniro} Register via the Flexowritsr. The Flexo=-
writer prints each word as it is inserted. Only cne type of primt-
ing, viz.. Instruction can be used, Special punched codes (same as
+those used for "load memory") mark the end of esch order word and the

end of tepe.

2, Operation Prccedure -
a, Frepare instructions on tepe in any desired print style;
using the End of Word code and the SIOP code lilte in the load
Hemory procedure,
be Set LOAD MEMORY - ENTIR ORDER switch to ENTER CRDER.
c. Set PRINT SuYLI¥ switch to chesen style.

do Press ST4RT READ Iuitton.

Do not use MRS,




e. All other switches are not effective,
f.. Print outs are in red,

g. The initials CR sppear in the addressiposition in-
dicating that the order entered the Control Register and
was there executed,

Interlocks gﬁarantee that all control actions were performed
properly. In the event that a ﬁape was prepared incorrectly .(too
few or tco many characters, an omitted End of Word code, etc.),
the equipment stops. The printed data‘and actual tape should bte
examined, The PRINT CLEAR button will always clear out the last
(incorrect) word (or order) before it is inserted (executed).

Hence, the tape sheould be noved back end started again from that .
point., These comments are applicable to both uses of the Paper Tape
equipment,



SECTION V
GENERALIZED STaRTING PROCEDURES

Prior to the runring of ary program on the Computer, a set of instruc-
tions should be drawn up so that the time spent on the Console for any part-
icular problem can be optimized, This may not be the duty of the Console
operator, but it should be his respohsibility to make sure thet all programs,
especially newly-written programs, have detailed operating procedures,

I. INITIAL SET-UP
The initial set-up of any run should include a description of the set-

ting of all switches on the Console and Flexowriter. This insures proper auto~
matic subsequence where applicable in the event of a TWC error, optional stops
will be executed correctly, and any machine printouts via the Flexowriter will
be carried out as expected. Precauntion must be taken to insure that all tape
addresses that are utilized by the program are free for the Console to use. A

careful check should be made to determine if the proper tspes are mounted.

II. ST&RTIRG
There are four ways a progrsm can be sterted. The correct procedure

should be outlined, including sutomatic re-run procedurss.

ITT, RURNING
Each optional and the aprropriate steps to be taken as each occurs should
be defined. In an emergency or unexpected stop, the Console operator should

have the contents of 1990, 1999, and S.R. printed on the Flexcwriter.

The following is an example of loading a progrem to be assembled.

load Assembly Frogram (aP) or Fixed 4ssembly Program (FAP) from Utility
Tape and operate them.

B0 -
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An Ini‘i’;i&l Set“"‘up

1., Mount Tapes

Utility Tepe on 07
Program to be assembled on Oi
Tape for Assembly output on 03

2. Switches
2. Console
CHECK SUBSHGUEKCE - OFF
AUTO-MaNUAY, - MANUAL
OPTIOHAL STOP 1 - OM
CPTIONAL STOP gwitch = CGHPARE
kba Flexzouriter
FRINT STYLE - Humerie
SPACE SUPFRESS « OH

SPRCIAL S¥MEOL - OFF
1OaD MFMORY - FNTER CRDER to LOAD MEMORY

B. load Bootstrap from Paper Tape

Insedt paper tape into Flexowriter
/977
., Set 3937 on Manual Hegister Selecter {HRS)

Depress START READ on Flexowriter
C. Sterting

1, Depress 1982 STaRT Bution
2 Switch AUTO-MAIUAL to aUTUMATIC
3, Depress C.R. button '

a, Central Processcr prints out "loed = PSC"

b. Central Processor stops



E,

output tepe, write BOO 000 207 COO in 1990 and start at C.R.

completion, write BCO 000 352 000 in 1990 --= Start at C.R.

loading Assembly

AUTO-MANUAL = MANUAL

Set 1963 on MRS

PRINT STYLE switch to Alpha
Type ASSEMBJJ

PRINT STYLE gwitch to Numeric
Type BOO 000 945 €00 in 1990
AUTC-MaNUAL to AUTO

Ptart at CR

Flexowriter prints - AP READY (for sP) or IN HSM (for FAP)

Cperate assembly or Fixed AP

Exrror S5 -« ON
Ioad progran search code into 1978

Start at (0000) to assemble ==~ If this is the first program on

Printout at completion of Assembly

ASSEMBLY COMPLETE === If assembly operation is to be halted before

CQHPLETE,

Fa

Go

Sumnary of loading Procedures for Assembly

Utility tepe on 07

Ioad bootstrap starting at igﬁé;(B words )
Press 1962 Printout load PSC. Machine stops
Write ASSEMBEY in 1963

Weite BOO GO0 9LS 000 in 1990. Press C.R.
Printout AP READY

Summary of Operating Procedure for Assembly

Program to be assembled on 01
Tepe for assembly output on O3
Error S5 ON

Ioadvpfogram search code in 1978
Start at G000

=== Printouts



The preparation, starting and running of all programs will be similar
in the over-all approach, FExact operating procedures for the other checkout

routines car te found in the Utility Manual.



SECTION VI

CONSOLE STOP COMDITICNS

I,  INTRODUCTION

4 Console operator must necessarily bvecome &s familiar as possible

with the varicus console conditions which can exist during the operation
of & problem., The most common condition should, of course, be one where
the problem is progressing in the autometic mode end no operator intervens
tion is necessary. 1t is the duty of the operetor to determine if a nya

blem is in a "loop", in which case the problem must be stopped.

The most iwportant conditions, howeve s are those in wrich the Computer
has come to @ helt, This indeed may te a prcgr&mmed stop and should have
been anticipated, thereby governing the schions of the operator, If, however,
an unexpected halt srises, the operator is respousible for determining the
reason for the hali, and taking necessary corrective steps to enable the pro-
gram to restart. Surely it will not alwaye be possible to start the program
again. In this event, suificient information should ba obtained via the Flexo«
writer so that the programmer will be eble to analyze the resson for this stop.
Tf the halt is due to a check function, the operalcr is resgonsible for obtain-
ing information which will enable the program to restart ab the most convenient

memory locabion,

IT. CPTIONAL OR PROCRAMMUD STOP

Cause: This type of stop, as implied by its nanme, is plenned by the

os]

programmer to cccur under predetemmined condiblons.

Console Picture: e Oy 8

ficent light during this type of sto
is the 0S {Cpiicnal Stop) lightg 't will be ON only when this type of stop

occurs. The OP CODE lights will also displsy the code 18N & {(sce Figure 18).
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Corrective hction: The optional stop order is executed so thut the

next instruction to be performed‘will be taken either in sequence or will

be a subsequence call, The particular optiongl stop order executed can

be determined by the instruction itself and resides in either the Current
Order Register (1999) or the Auxiliary Register (AR 1) depending upon whether
there is a subsequence call or not., If there is a subsequence call, the in-
struction will stop on Cycle 8 and will be found in the Current Order Regis~
ter., Likewise, if there is no subsequence c&ll, the instrugtiqn will stop on

Cycle 1 and will be found in the Auxiliary Hegister 1.

This instruction is used in a program for some pé@i@ular reason or bee-
ceuse of the cccurrence of some special condition, etc. The operator is then
called upon toc teke some special action. In order %o minimize time at the
Console, a cleerly indexed sheet should be provided by the programmer which
defines in & concise manner exactly what steps the operator is to carry out
and the reason for the optional stop. Instructions should also be provided
which define which start button siould be depressed in order to resume the

problem.

111, TWC CHECK ST0P

Cauvse: There are two possible ways for the DaTamatic 1000 to stop due to
a transfer weight count erver. The first end most common 1s a transfer weight
sount error when entering data from the input buffer to the High-Speed Memory.
The second condition occurs when an internal transfer resulis in 2 word héving

an incorvect welight count.

Console Picture: (see Figure 19)

D=10C0 OPERATING 11 g.t will be OFF

TWC=1 or THWC-2 will have & ved light in either of the two end positions.

‘Operation Code = code of instruciicn whicn caused check stop. Ii (3,
instruction was a transfer from buffer; otherwise code not s significant,

Cycle Counter - Cycle 3 when transferring data from btuffer. Not sig-

nificant otherwise.
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Corrective iction: The most common weight count errors occur when en=

tering data from a buffer. If the ERROR SUBSHQUENCE switch is ON, an auto-
matic subsequence call is made to 1987 where the start of & corrective rou=

tine is located. This eliminates eny corrective procedure for the Console

operator.

In the event a weight count error is detected in transferring data with-

in High-Speed Memory, the Cemputer will elwsys come to a halt,  Nxperience has

roved thet this is an extremely rere condition and one which is not to be ex-
» 3

pected,

There is no clesr-zut way to re-svart in the event that this happens.

&4 possible corrective action could be the following.

Determine from S5 light if stop cccurred in rormal or subsequence mode.

Ay

ﬁg;mal Mode

1. Floce AUTOELTIC-MsNUAL gwitch in MANULL if Cycle 248

2. Print contents of Sequence Register on Flexcwriter

&

{address of next normal instruction).

8wit

3. Set up previous address on Flexowriter
b Weite into Sequence Register
5. Re turn switch to AUTOMATIC

5,

6, Start st Secuence Register
The @bove hsg the effect of repeating the instruction

7o If stop wes on Cyecle 1, simply reburn sUTOMATIC-MANUAL

ch to AUTOMATIC and start at Sequence Register..

8. If the dbove dees not work, it might be well to inspect the

contents of the sddress that hes the word with the incorrect weight

count. This can easily be determined by printing the Control Regisier

at time of error and noting woich address eppears in the A subaddress

portien of the imstruction., Inspect the contenis of t.is address for

incerrect weight count. If in error, the operator can follow one of

twe

CoUTBES.



B.

2. Re-ingert the same data in the appropfiate address
and repeat sppropriate steps to re-=start.

b. If necessary, look up hard copy and re-insert cor-
rect deta,

Subsequence Mode - SS Light ON

Cycle 2~ 7

1. Place AUTCMATIC-MANUAL switch in MaNUAL,

2. Print contents of 1999 (Current Order Register) on Flexo-
writer. This is previcus instruction of which C address is the
location of instruction currently veing performed.

Nota: Addresses in 1999 arg in form C A B
3. Print out on Flexowriter contents of C address,

L. Print on Flexowriter and write into Control Register (1990)
instruction ss it sppeasrs in step 3.

8. Return AUTOMaTIC-MaNUAL switch to aUTOMATIC.
6. Start at Control Hegister,

7. Ii stop wes on Oycle 8, contents of 1999 or 1990 will contain
instrection just processed. Therefore, the contents of suxilisary
Register should be typsd on Flexcowriter and steps 3, L and § at nor-
mal mode repeated, substituling suwxilisry Régiate? for Current COrder
Register {1999) in step 3.

If the @bove does not corvect the situstion, step & can be repeated

under Kormal Mode,



Again, it should be stated that the possibility of a word with
an incorrect weizht count entering the system and not being detected
is very remote. There is even less chance of a word with a correct
weight count being transferred and the newly-generated weight count
not being equal to the original.

If the occasion arises where a word with an incorrect weight count is
detected, when transferring in data from a buffer and it beccmes necessary
to determine which word it is, the following procedure should be used,

1L
2,
30
L.

5

Pogition tape

ERROR SUBSEQUENCE switch OFF

AUTOMATIC-MANUAL switch to MANUAL

Read block with incorrect word into a buffer

a. Type into CR - 836 206 000 000 -~ RFA 06 == ==

b, Depress START AT CONTROL REGISTER button
Transfer in first 31 words from buffer. If Computer does

not halt due to a TWC, transfer in next 31 words.

IV, DWC CHECK

Causqi

&, Type in 8G3 101™01G 000 -- TI4 0101 31 ==

b. = If no TWC 8Gy 131*01G 000 ~- TIA 0131 31 ==

When THC occcurs type out the Control Registexr

a. Assume type out is: -- B8G3 116 01G 000 -- The A eddress

will contain the location of where the incerrect word is to go.

(N.B., The incorrect word will not be in thst location nor

in the buifer.)

b, In the shove exemple it is spparent that the 16th word

is the incorrect word on the bloclk,

If the Decoded Weight Count check funciion stops the Computer,

it is due to the order not being execubed sccording to the original instruction.

D - T U e

* A address should be any svailable arez in memory
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The DWC check insures thuat each address is properly selected, the Op Code
properly interpreted and valid, and also detemmines if the next instruction
to be selected is correct. By far the most common occurrence of the DWC
check stop is due to a programming error in generating an address.

The Assehbly program will catch any invalid address or Op Codes prior
to a run. However, addresses w:ich are modified by the program or instruct-
ions entered via the Flexowriter may possibly be invalid (memory location non=
existent). This will result in a DX check.

Console Ficture: (see Figure 20)

D-~1000 CPERATING - QFF

DWC - either the 8 cr 1 or both ON

Op Code - only significant if invalid Op Code sppears

CO light under check functions will be OFF if illegal Op Code

Remaining lights are insignificanﬁ;‘

Corrective Action: Before any corrective action can be taken, the

underlying cause for the error must be understood, For this type of check
stop, the following steps should be taken.

1. AUTOMeTIC-MANUAL switch to MANUAL

2. Print cut contents of Sequence Register

'3, Print out contents of Comtrol Register (1930)

i, Print out contents of Current Order Register (1999)

An invalid Op Code or address will show up in register 1990; an illegal
Op Code will alsc turn the CC light OFF under check functions. If a new pro-

gram and the correction is apparent; the operator should:

1 Set up the instruction wvia the Flexowriter and enter it into 1990.
2. Return aUTOMaTIC=-MalUul switch to MahUalL.
3. Press STaRT T CTROL REGISTER button.
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If the original printout on the Flexowriter did not stiow sny inaccuracy,

repeal the instruction as cutlined under TWC Corrective sction.

V.  INVALID DATA CHECK

Cause: This type of stop occurs when attempting to perform arithmetic-
type operations on unsigned quantities. This will invarisbly be on a newly-
written program.

Console Picture: (see Figure 21)

D-1000 OPERATING - OFF

Operation Code ~ aArithmetic type order .
fadd (1h ), Sub (15 25), Mul (14, 13), Div (13 13))
Cycle Counter = 7

All other lighis are imsignificant

Corrective sction: In order to take proper corrective action when in-

valid data caused a mschine stop, one must fully rezlize that immediate cor=
rection may be impossible withoul the scurce document. The following pro-

cedures ¢ould be used.

1.  Put AUTOMATIC-MANUAL switch to MANUAL

2, Frint out via Flexowritsr the contents of:

a, Sequence HRegister

b. Control Register {1590)

T sddresses as distated by 1990

d. Current Order Register (1999)

e, Note whether in Normal ¢r Subsequence Mode

Conditions at the time may dictate whether or not to re-start. To re-
start at the following instruction, return switch to aAUTOMATIC and depress .
SEQUENCE REGISTER button.
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In general, it would be advissble to go to the next program vinbil the
) & g

error could be corrected,

VI, CHECK FUNCTION STOP

Caunse: Cc&nuter stops of this type «re brought about by the varico
. checks within the Central Precessor ned being setisfied., The various el
funotions are described in the Ssction entitled Detailed Description of e

Console.

Console Picture: {see Figure 22}

D=1C00 OFERATING = OFF

Cheek Functions: The light which represents the corresgonding check
function will not be in the normal state. This in general means thet one
of the check function iighis will be OFF, In Figure 22 the VH light is OFF

which spould always be Ok

Corrective Action: Unless the check is an i1legal Cp Code (GO light OFT)

44 is usuvally wise to call a Pleld Service Engineer to correct the trouble.

VI¥, SUMLRY
A vesume of the precseding section will indicate thet on any type of a
helt, the D-1000 OPER.TING light will be OFF. Therefareg the operator of the
Console should comstantly not '
While checking the D-1000 G PERATING light, the 0S light can be checked

sim&lt&nee&slg if both lighis &ve OFF; then & check of the THC lights and

¥
]

CP CODE lights should be mades alas, if the CIOLY COUNTER reads 3, the stop
is usuall; due Lo a trensfer of one type or suncther. If the THC lights are
0 K and the CYCLE COUNTHER reads T, then the error is probably one in which une

7
gigned ausbere were used in an aritimetic-type © neration.



Lo ]

—

[

_J
I

MOTION )
l RP‘ ENDII l
' l R
CHECK

MOTION

RP END

7

CHECK

o MOT!ON

R

m

z

(=]
m‘:__]o

CHECK

84 218421 842 |
84 2184218421
8 4 2 1
P B 84 218421842 |
cy
c o ™ \ 84 218421842 |
T 0 vH 8 2 MEMORY LOCAL REGISTER
_ va
BE BE CYCLE
TC TC co 7 3
L R L ce COUNTER
ER E R DG 6 4 8 4 21 8 4 2
S N S N PR 5
Ss s s oK OPERATION CODE
-PROGRAM CONTROLS CHECK FUNCTIONS
' 0s
16 16
8 8
TWC O ® e C 4 4
TWC2 O 060 2 2
D-1000
MANUAL CONTROLS WEIGHT COUNT PROGRAM COUNTER OPERATING
SUBSEQUENCE START AT
TRANSFER CHECK BUFFER MACH'NE CONTROL SEQUENCE
CONTROL SUBSEQUENCE CLEAR CLEAR .o REGISTER REGISTER ON ~ ON ON ON ON ON ON ON ON ON ON orgp
@ @ ON g | ! COMPARE
= O OO0 O O
(coo0) (1982) MANUAL l 2 3 4 5 6 7 e 9 10 PROCEED
AUTO RERUN START CONTROLS OPTIONAL STOP BREAKPOINT  CONTROLS

Figure 22,

-99-



“-167.5

As an operator becomes familiar with the Console, a quick scan of all
lights should give a complete picture of the status of the Computer, Once
an error has caused a halt, the Control Rerister (1990) and the Current
Order Register (1$99) are generally interrogated. 4fter which the condi-

tions that caused the stop dictate the corrective procedures to be taken by

the operator.



SECTION VII

OPERATCR'S FUNCTION sND RESPCNSIBILITY

L.  INTRODUCTION
The Console operator is chiefly responsible for the efficient opera-
tion of any Computer installation. He should well realize his area of re-

cponsibility and the framework within which he operates. Efficient opera-
tion of any installetion begins with efficient use of the Console, thereby
making it imperative that the Console operator know exactly what procedures
are to be carried out during normel operating conditions and especially dur-
ing abnormal conditions. In short, the Console operator must be an expert
8o that he may be in a position to give onmthewspot advice to programmers
who are checking out their programs on the Console, and also take immediate
corrective ection under any conditions that msy arise, Thié includes know=

ing when the condition warrants cslling in an engineer,

I1. EFFICIENT QOPERATION

The Censole operator in geveral is not responsible for the sched-
uling or re-scheduiing of problems. However, in many csases the opera-
tor assists in making oubt the day's schedule, Adjustments in a duily
schedule have to be made in the event of unexpected Computer downtime,
& small blackboard may be kept posted to inform interested persons as

to how clese the daily schedule is being adhered bo.

B, Coordination

Becoming familiar with the progrums that are run most Fraquently
will greatly improve running efficiency in the event thuet unexpected
conditions arise., Being ab%e t0 make on=the=-gpot decisions in unex~
pected situstions is & must for Console operators. The correct judge=
ment will often save valusble computer time and in some instences, if
the programmer is not present, cen only be made if the cperator is fam-

iliar with the most common compuber runs.

4=
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and the responsibility f=lis completely on

Jerping methods &re bozicelly the same. Separste logs

PY o

feen instellation will nave ite cun method of logging. However,
reirad, all
e mainteined for the Central Processor and for esch peripherel

£ -
Qemmle io

sheets ave shoun in Figeres 23 and 2L. The basic

]

hich wit) gevereldy eeply to ol logs wre the Yollowing:

33

3

1. log Housekeening - &n often shused rule, bubt its importance
shouid be cbviows, Make suve itodey’s date appears on the sheet.

midnight when the previous day's

Grrceptions way he just cite:
date way be more converndent to vee. Heke sure enough carbon cop=

ies ave made. (Ivstallation decision.)
2a Time = Time at which run is started. In general 2h<hour time
ig preferred in incresents of 1/10 of an hour (six minutes). This

ses the burden on the accounting deperiment.

3. Prcolem or Job Humber - This will identify to which urcblem

the time is charged.

Lhe  Running Time and Down Time - This secticn is one of the mest

f
s
3

important and gererslly the mest often igrored column of the en-
tive log sheeb, A1 {ime on a giv@n piece of cquipmewt should be
&

vime,  Down bime begins when
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a Service Request slip is filled out and an engineer is called
in, and ends when the engineer turns the machine back to the
operator, If the engineer can demonstrate that the program and
not the machine was at fault, there is no doun time.

5. Remarks = Include when applicable such comments as explena~

tion of run, progress made, etc.

In general, during a given shift the Central Processor is booked
s0lidly, and therefore the problem "off time" should be the same as
the next problem "on time". The,should be no unaccounted time between

problems.

E. Programmer Aids

1. Assembly Routine and Utility System Routines = A good Con-
sole operater should be able to give assistence to programmers
when first checking out new progrems. An understanding of the
usage of theﬂﬁssembly Routine and the Utility System Routines
available can be invalueble aids to programmers initially check-

ing out new programs.

Typical coding errors should be checked for in new programs,
sspeclelly with inexperienced progremmers. Testing techniques
should be fully understood by the programmer, but the Console opera-
tor is responsible for the instituting and completion of the pro=

gramwer's desires.

2. Diagnesiic Routines - Console operators should indeed know
basic machine testing techniques in the event machine errors oc=
eur in the course of runring a problem. There &re numercus Disg=
nostic Test routines wiich can check out every portion of the Come
puter,

There ave tests wriitten to check the arithmetlc Unit, the Con«
trol Unit, the High-Speed Memery, the Imput and Output Buffers, all

pairs of orders, Compariscn tests, Console tests, eto.
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In some instances, errors occur only when a certain con-
dition is met in the machine (i.e., a particular pair of orders
occurring together or particular patterns of bits within memory).
If a Console operator is able to récognize certain symptoms and
properly describe them, proper use of Diagnostic Test Routines
will be simplified.

F. Preventive Care

Preventive care can also be described as good operating technique.
Breakdown cannot be prevented, but by proper handling 6f'equipment and
supervising the operating techniques of others, some down time will be
averted., This obviocusly increases the efficiency of the entire Computer
installation, Knowing when to call an engineer and when not to is just
as importent. Exercising this proper judgement shoud come with exper-
ience.

G.  Responsibility

The Conscle operator should have éuthbrity over all peripheral
units as well as the Console. 4t is of the utmost importence the Con-
sole operator be certain that all tape units needed for the successful
operation of & problem at hand be at the Central Processor's disposal.
All eoperators of peripheral equipment should be directly respohsible to
the Console operator, and any chenges on any of the File Units should
not be made without first obtaining suthorization fiom the Console operaQ

tora_



SECTION VvIIX

EXAMPLES

The following illustrative examples are designed to aid the student
in determining why the Central Processor halts and what is to be done to
re-gtart. The section following the illustrations lists the reason for

the halt and the proper corrective action to be taken.

The student should study the illustrations and list the cause of the
halt and the proper corrective action to take before turning to the answers.
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EXPLANATION OF ILIUSTK4TIONS

Figure 25

The DATamatic 1000 has stopped on Cycle 7 of en ADD order. This is
¢learly indicated by the OP CODE lights and the CYCLL COUNTER,

Corrective Action

1. Depress MACHINE CLEAR button.
2,  AUTQHATIC-MaNUAL switch to MARUAL
3., Print out contents of 1990 on Flexowriter

Assume printout: BFF 306 306 101
L. Print out contents of 0306 and 1101

0306: EGO 000 000 000

11018 800 005 000 000

Errvor is that contenis of B address is en unsgigned quantity; +there-
fore, replece 110X with proper sign. ‘

5. Type in 1101 vis Flexouwriter
1103 +Q0 005 C00 000
6. Reconstruct order in 1990
Type in 1990: BFF 306 101 305
"7» Start at Control Register

Figure 26
In this example, the computer has sppavently halted except that the

D-1000 OPFRATIRG iight is O¥, Closer inspection indicates that the OF CODE
lights indicate a read instruction is teking plece. The Memory Local Regis=
ter shows that the instruction is RFA 0§ ==« <==, The MFU lights on the
Console indicate that tepe 06 is in wobtion and the cavse of the apparent hali
due either to a previcus READ, WRITE, or REWIRD order on the same drive not

being completed.



Figure 27 o
This stop is easily recognized as a TWC check stop. The operation

code and the cycle counter show that the computer stopped on Cycle 3 of
a transfer-in order, The program counter indicates how many more words
remain to be transferred in to complete this order. In this caée, 10.
The vemory lLocal Register contains the last valid word transferred in.
The fact that the error subsequence switch if OFF prevented the invalid
word from reaching the High-Speed Memory.

Corrective Action: The coﬁrse of action is dependent highly upon

what the programmer has in mind. Tﬁe Control Register will contain, in
the A address, the location where thé next word is to be transferred; i.e.,
(1990) DG3 482 0IF 000, Therefore, the invalid word would have gone to
1482 had it not been stopped. A re-start at the Control hegister would
plece the invalid word in location 14,82, but the Computer again would come
to & halt. At this point the correct or any valid word could be typed in
via the Flexowriter and re-stserting at the Conirol Register again will per-

mit the program to continue,

Note: Befers any corrective setion can be taken, the MACHINE CLEAR
button must be depressed to reset the interlocks which stopped

the machire.

Figure 28

The instruction theat hes stopped the Computer is a rewind instruction
as seen by the OP CODE 05. 4 check of the MFU lights shows that the CHECK
light is ON on the drive addres§es 05, Furthermove, the DEMAND-RELEASE
switeh is in the RELFASE position which indicates that the Console does not
have control of the MFU,

Corrective Action:

Place DEMAND-RELEASE switch in DEMAND positicn
Depress MACHINE CLEAR and RESTART AT CONTROL REGISTER buttons.
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Figure 29
The DATAmatic 21000 has stopped in the Automatic mode during the ex-

ecution of an ISL instruction. The most probebl.: cause for the check ston
is duve to on duvalid C address. The conteants of 1999 will yield the add-
ress of the current instruction, i.e., BOO XXX 000 COO or 800 XXX 0CC 0CO,
To further qualify this, the three least-significent digits appear in the
A suvaddress position, while the memory designator bit is bit position 50
or Dbu Since the instruction is generslly always nlus, either an 8 or B
will be in the Lefimost position of the Flexcwriter printoute Thus, if the
print cut were BOC 652 COD CC00 the register 1652 should be interrogated.

The restriction placed on the ISL instruction is that the extracted digit

plus the leest-zignificant digit of the C addvess be less or equal to 19.

Corr&ctivc LAction:

‘«'i_‘&. L (m.a o

L. A1l @ptiomal Stops should be described 'y the programmer outlin-

f X 5 LR N W, G, po SR 3 s,

2, To deterwine vhich ophionsl sicp caused “he halt
Y os, el v " ST ooy G A RN B we P Xy
s Primt oub AR T 1699 is shon 1s or Dyele 8




b,  The following table should be useful in ascertaining
which Breakpoint switch caused an Optional Stop,

Breakpoint Switch B Address
800

2 Loo
3 200
L 100
5 080
6 0L
7 020
B 010
9 008
ooh
COL

-]

: congleelion of sny Optional

SR " >SRN SR PP 4 v At oy g s eln P P D 3ot A T b opets . =3
SULR AnSeruceion, e comboris of the Counivol Reglsier will be the next

o & waight count check funciion

bnla

natruction, &3 indicated in the

an incorrect weight ount, The

dnvelid word sppeere as 2 word of all 's and can bo obzerved in the Memory
Iocal Register

1. Depress MACHUHE CLEAR buiion

2,  AUTOMATIC-MARUAL switch o MANUAL

3. Print cut Comtrol Begister
sgeume printout is 8EL 107 012 207

The addresses are permuisd bo the fowm o

therefore, the word in 0107 is invalid,



87~

L. Check word in 0107 via Flexowriter printout
a, If invalid, type valid word in via Tlexowriter

b. If valid, repeat instruction

Figure 32
Tae DaTénetic 1000 hes halted due to 2 programing error as indicated

by an illegsl dperetion cede in the OPERATION CODE register,

800 3

ot e

He

oy o s ey <y b g P e e g & s 3
wrogren sheet for corrcet iusbruction,
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