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PAFER ‘fAPE SUBSYSTEM

'Pﬁa paper tape subsysten conskate of two mechanicelly-independent units: a
-mechanism for reading tape at a rate of 250 or 1000 characters per second, and
& mohamial for punching tape at 110 characters per second. The reader and punch
‘, are Qapable of reading and punching 5~, 6=, T=, and 8-channel tape.

subsystem roooives input from and praovides output to the central prooesaor by F
ns of reading -and punching peper tape on line under program control. Access to
and from the central processor and main memory ims via the A and N registers as ;
' for the console typewriter, System operations using the A and N registers must
"GtOp during paper tape date transfer, but all other operations, including
computation and other input/ output peripheral operations oan continue.

- PA#CR TAPE READER _

N peper tape reader consista of a photoelectrio reading mchan:.sm and the

‘reader control logic. The reader control logic interprets commands from the

. .central processor and controls the reader mechanism, and handles parity checking,
*co&e level selection, special character control, and leader and trailer inhibit.

Tapa speoifications are listed under the heading of "Cbnra,cterietios of Paper Tape.”

: n.rt .‘m porformed when information is detected photoslectrically as perforated ,
passes batween nine photodiodes and & light source. -The photodiodes are - %
d with the eight information channel positi ons and the sprocket position of 4

\ etapu of a. read operation are described under. the head:!.ngs of the applicable i
progzmn instruotiom as follows: , O

| . . R
1 Raadar On (ROR)--When cxeéuted RON turns on power to the reader, §
.+ olears the ¥-register, removes power from the paper tape punch and
typewriter, and disconnects all other N-register peripheral unita,
It places the F-register in a not-resdy status. A delay of 200 ms.
must be progremned before ah RPT instruction is given,

Read Paper Tape (RH‘)-—~Thie instruction causes the drive roller to
press tape againat the rotating capstan, causing the tape to move.

As soon as the light source passes through a punched hole in the

tape, the photodiodes route the information to the Neregister. Tape
continues to move and information continues to be read until a Halt
Papsr Tape signal is receiveg, or until one of the following conditions
is emountsredx '

*a. The system is put into the manual mode during paper tape reading. R
b. There is a card reader alarm.
¢. There is a card punch alarm.
d. There is a parity error connected with either memory or the
 F-register when the STOP ON P:RITY ALARW/NORM switch on the

computer console has been set to STOP ON PARITY ALARi.
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The paper taps subsysten conskale of two nechanically~independent units: =
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The paper taps subsystem conskate of twoe mechanically-independent units: @
moechaniam for weading tape 2t & rate of 290 or 1000 characters per second, and
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are capeble of resding and punching 3, &=, 7=, and 8echannel dape.
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3. Halt Puper Tape (EP?)——Tais ipstruction terninctes reading anﬂ stops
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PAYKY TAPE CODES ARD COLT COMTWRIIGH
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3 12 78 13 14 15
3rd 20d 18t
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‘~rerister shown above would contain the folicwing configuretion aiter an 53N &

Tantructions

~Rogistor
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Since infomation tramsfer differe sccording the cods level used, each tupe

is described and illusirated seporatel; {axcepy for S=level code, which

fownn G
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Svamary of 6-Level Cede Pynchines

In 6~level code punching: e e

. Six channelc ame punched in paper %ape a8 is shown in Figure §.

2. The paper tapec puach feads tape to crounte a leader or a trailer
/ * ¥, 2
(sprocket hole only) wien the F-rogistar contains 111111

3. There is nc parity chack.

4. Thers is no delets codes
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coneisting of 1-bits (111111) sent $o the N-register is punched &s
a chanaol 8 puuck only. Figure 8 illustrateés this special character
'i,ransfer. Yo parity bit is invelved in the traunsfer.

20 4 zerc is punched in ths normal mode as a parity punck only.

3. The highest number which can be punched in the normal mcde is a
single punch in channel 8 which is octal 100.

4o It ie not possible to progrum the punching of g lesder or a trailer
(sprocket hole only).

Transferred
Charactsr- >i

12 345 6 78 910111213141516171819
X iRz

lzlz xlxi oJo]1] 1;1&«11
SAN 6

2 3 4 :
TeTe T 1) )
r 3

F=keginier

Figure 7 = Punching T=Lsvael Paner Tapo

Transierre
Character

S 123456 78 910711213141516171819
4~Rog. BEREBAEBEIBEEEREBIERNE

3
kSAl‘ié
{‘9‘1 2 34 56 !
F-Ragieter 1111{1‘1“{ ﬁ «\)

g WPT

& e aumal

Paper Tapa|g v & 5 453 2

Figure 8 - Speeial Charecizr Punching S=Level Code




wabor ol one~bits in the roorczentotion wn
¢or namerie (dats) input. There iz un po

oy thore must be a ¢oda convorsion:
ceransasg in octal the informatiorn o

%ne* tavnz codes dacause
suingr, devonding upoh
or lower case by a
prezranm, the nrogvammer

“w“adr 5l papar t&pe cote is
: unchsd conrigay ;
Vhoetngr e meaokhine |l
EESERNEE S 3 Rete) To &

CaLTowln owhe Tiasg ‘?;w'r‘ oodsuignnba ueper cane, and the
I G gt b g AP ek o 5 1
oosn i Jruﬁ v\ NIPRIT:S Lesl Gnvida JL'.S-JC a8 with tllg

wann tuat every characlier
2 ohiit is wiven  Likoewise,

cope uniil the urper caee snil,
rroner time couces eryors in the

oL Tymes ML, &

swatg e used by the Undversity of Qo s1ond Cewmputer Czutre is
. A1l the digits and smw wnzed sl raetera +, = and - has
Azp t0 aid checking by p~og?am
chaoring on H-chanpel tapoe

oarersaon of 80D o S5=Uhonnel Tone Cubput

N D

Lon calormaticon inomsoory L8 o s o Beebnpnel tnape in thes S-clunnsl
w30 contzins ths output ecode which
smet te in the Heppoiaster ir binery to

acr the epsoified opsracter. e [olloring ewssple 1lluetrates the wvso of tha

srohlems If the numeral 3 iz e be punched on S5-channel tape, what
configuration must he arnt %0 the Heregister to punch the 37

~oiviions The fivet coluan for lower case codes in Figove 10 contuing
the pumber 3. Opposii in the next column 4o dhe vight
igs the octal reprossubaition For the B0D emmory ccde for
This is 03. which %ﬂpxeaaﬁéa o binary Q00011 in menory.
the mext column to the wigidh iz the ochal represertation Tor
toe S5-level code. This cele iz 23, vhieh reprssente 10017 in
the Neragister. It inust be remem ared thet only K2 throngh i3
sre used.  In order 4o nunch u3c the azmory configuration
000011 must be cunverted to 1CCT1T prior fo eending it to the

Herogiotar, apd Lbha previcus 18t character must have been
& ;iguAa ﬁhlft» Thir sorversicn is normelily dowe by the

eoutipe WPD,
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COIVERBION
If infoma tion from S=chunnel tape is to e used in nemory along with othar
remory informetion {infurmaiion not read fzom paper tape ), bGape information
muzt bz converted to tie confxru"uv on of memory BCD characters. Likewise, if
information from S~chantel taps in to De used in scme ciher form of output,
for example as printsd cutput, it must zlsc be im the configuration of msimory
BCD cheracters. Figums 10 liste the codea ured when reading tape.

Arn ezample of the use of the tablec follauss

Proplens  When e letisr 8 12 read from paper +agw inta memory, whet
mast the aemory cvnliguretion Lo to 9*1: the letter 5 on

the niglecpeed pr¢hter:

Soluticn: 1 10 that the latier 5 ia im the
"1 gnd aumt hava been precsded
vy ho fourth column of the table
ok ynonkztion of the letter 3 (oppesit
S % ’Te Thio mweans that 10011 is sout
to the I attar S i read from P par fupe.
) AR N

o indicetes that ootal B2

code requiroa in wemery tO repreassnd
pliguretion for the character must
the letisr 3. This conversion im

repzaeeﬁte the
the letter 5.
thexefore he
noriwally dons

DATA TRANSFER-PUNCHING

The first step in punching paper ispa is %o vosition characters in Lhe A-regiecter.
The following illustrstes the A-vesisicr, which hao three characters right~—
Justified and labelad ir $he ovdsw in wiiech ithe charascters will be puncheds

S 12 3e—y 3 {)<—~-»---—>;:2 4 15¢
TATFL T S
i
|
H

49

i=-Regiater
& x!{x |0 {Characten| C

b
S

Notice that bit positions 2, 8, end 14 contain gero Cheraeters are kept in
C=hit corfiguration to faeilitato corvevsinna to DG D mamory code or cthsr codss
vrieh raquire 6 bits per char 1ctar~ Actually, no sonfusion would result 1f
tebits ware in poniticns 2, & end 14 of the A-register. Information {rom thess
vositicos trans fers from the A-register e the E—,kg gter dut does nct travsfer
om N1 oto paper tevo. The sign hid in tho L-reglater doag net shift and does

oc’ ohaiwe ag oharactera are shifved out of 4. Vacated pesiticne iu b onre F1liod
wiih C-bate 1f the ailgn iv positive end with i-bits 1f the bluh iz negative. The
i1dustrated wonld cc;t in after the exazculion

Yotlewing ie whel dhe A-regigier jus?

- -y Fad A
he aixn el A wan oeno hitre,

3
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The followipng list summarizes information which applies espscially to punching
~lgvel paper tupe codes

1. The paper iape punch pumches only sprocket holes to create a leader
or a trailer when the F-register contairas 000000 at the time WPT is
executed.

2. No parity bit is on psper tape and no parity check is mads.

3. Any configuration in ¥2 - N6 is punched by execution-of WPT (there
ave no invalid codes).

4. The higheet number which can bte punched is octal 37.

5. A lette? shift or figure shift code must be used to differentiats
between upper sné lower casa codes.

DATA TRANSFER-READING

Yhen five bits of information ar- transferred into the N-registexr from a paper
tape character, a zerc automatically fills the first position of the register:
Three tape characters can then be placed ir the A-register in the following
configuration by use of the succassive ghift instructions SMA 7, SNA 6, and

SH4 6. Each time, all six bite including the zero shift from N. This
configuration facilitates convercicn of 5-bit tape codes to 6~bit BCD characters.

S 1234«—378 9&—13 1415 «——19
3rd Tape 0 zrd Tape 0 13t Tapo
Charecter| [Character Craraciel

A~Regicter x|010

The SRA instruction does not shift informaticn into the sign position of the
A-rogister’. Unlesr the A-register was cloared to zero before its used, the
gign remains unchanged from its previous use., The format of & word which hase
only one paper tepe character plazced ir the A-register by an SMA. 19 iastruction
is =o follows:

31— o~ 13 1fe—>-19
A-Reggieter x| 0 - >0 |0 Chgggzter
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The transfer of iaformation from paper tape to the A-register via the N-register

during the reading of 5-level tape code is illustrated in Figure 12. Transfer to
the Neregister is initiated by a Read Paper Tape instruction. Trannfer from the

¥-rogister to the A-register is made by a Shift N and A Right instruotion.

¢

F-Regieter |0 [1]1]O] Ol 2
5 SNA 6
ol1hh loJo[+ [ zlxxlx[x[x[=xl=x|x]x|=|=]|x|
A-Reg. L{stlT“LQJTJZ WJ1‘1112L31731141J377 1’8‘79! )
Tranaferred
Character

vhie following liat summarizes information which applies especizlly to reading
5-level paper tepes

1. The reader sends 0C0CO0 to the I~ragister when only & sprocket hcle
(as in the leader or trailer) is sensed.

2. No parity check is made and no perity bit is on tape.

3. Every configuration on paper tape is considered valid and is
transferred to the MN-register.

4. Thse highest number which can be recd iz cotal 37.

5. A letter ehift or figure chift musi be uged to difforentiate betwoon
uppexr and lower caes coles.
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SPBCIAL CHARACTERS: | B.C.D. PAPFR TAPE 5-CHANNEL
T ME:.ORY F1GUKE SHIFT [LETTER SHIFT
(0CTAL)
SPACE 60 34 34
- 40 13
+ 20 32
/ 61 27
* 54 03
. 33 15
R 73 17
= 43 12
( 14 05
) LY 06
~ 15 29
off 16 ok
£ 53 22
J 4 24
é 16
230
A 14
@ 4
% 17
CONFROL CHARACTERS:
FIGURES 33 33
LETTERS 36 36
C.R./L.F. 37 35 35
BLANK/DELAY 17 00 00
ERASE 37 31
PRINT RED 12
PRINP BLACK 15
TAB 16
CORG 37
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PAYFR ‘CAPE SUBSTSTEM

The paper tape subsystem conskate of two mechanically-independent units: a
-mechanism for reading tape at & rate of 250 or 1000 characters per second, and
_a mschanism for punching tape at 110 characters per second. The reader and punch
are capeble of reading and punching 5, 6-; 7=, and 8=channel tape.

The subsystem receives input from and provides output tc the central processor by
means of reading and punching peper tape on line under program control. Access to
and from the central processcy and mein wemory is via the A and N registers as
Y for ths console typewriter, Systen operations using the A and N registers must
stop during paper tape date tramsfer, but all other operations, including
. computation and other input/output peripheral operations can continue.

PAPER TAPE READER

The paper tape reader consistas of a photoslectric reading mechanism and the

readsr control logic. The reader contzrol logic interprets commands from the

3 central precessor and controle the reader mechanism, and handles parity checking,
code level sslection, special character contrel, and leader and trailer inhibit.
Tape spedéificetions are listed under the heading of "Characteristics of Paper Tape.”

Readin~ is porformed whon informmation is dotccted photoelectrically as perforaied
L : tape passes between nine photodicleos andk 2 1ligkt source. The photodiodes are
F%!::}; aligned with the eight informaticn chounel nositions and the sprocket positicn of
‘ " the tape. ’

The steps of a_ read operstion are doscribed unisr the headings of the spplicable
progrem ipstructions se follows:

1. Reader On (RON)--¥ihen czoguied ROF turns on power to the reader,
clears the N-register, removes powver from the paper tape punch and
typewriter, and disconnscts zll oihor Feregimter peripheral units.
It plsces the H-registor in a not—ready etatus. A delay of 200 ms.
must bs programmad beforg ak RPT instruction ie given, ‘

2. Rezd Papsr Tape (RPT)-~This insiruction causes the drive roller %o
press tape against the roctating capstan, causing the tape to move.
As soon as the light source pusses through a punched hole in the
tape, the photodicdes route the information to the Neregister. Taps
continues tec move and indoimation contimues to be read until a Halt
Papar Tape signzl is recelved, or umtil one of the following conditions
is encounterod: ' '

‘ 2. The system is put irto the manual mode during paper tape reading.

_ b. There is a card rsader alarm.

o ¢. Theore is a card punch alarm.

Pg) d. There is a parity corror coannwctesd with either memory cr the
N-register when ths ST0P ON P:iRITY ALARM/NORY switch on the

computar console has baen set to STCP OF PARITY ALARM.
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3. Halt Paper Tape (HPT)=—Thia imstruction terminates reading and stops
tape movemeni. It does this by rsleasing the pinch roller and by
activating the brake. ‘Vhen reading at a speed of 250 characters per
second, the tape stops on the lagt character read. When reading at
a speed of 1000 characters per cecond, at least two characters pase
the read station before tape stops.

S

Wl

PAPER TAFE PUNCH

The paper tape punch consists of the tape punckhing mechanism and punch control
logic which interprete commands from the ceniral grocessor and controls the
vunching operation. The punch is capable of punching S—-channel, or 6=, 7=, and
8~channel tepe at & maximum rate of 110 charscters psr second. The sprocket hole
(feed hole) channel and a maximum of eight information channele (or seven plus a
parity channel) can be punched urder progrem cordrol. Information is fed from
the 6-bit N-rogister to the punci mechanism. The steps of a punch operation are
deacribed under the headings of the apnlicable program instructions as follows:

1. Punch Power Cn (PON)=-When ezscuied by the central processor, the
instruction connscts ths papsr fass punch o the F-register and

E dlsconnscts all other F-rogisier veripheral urniits. A delay of 500 no.

must be programmed befors icsuing 2 YT comnznd.

2, Write Paper Tape (WPT)--Thicr instructicn ie given for each charaoter:
(Ti)“ " to be punched because the punch rurchiss one chavacter ard halts, Ths
instruétion causes the informstiocn in the N-register to be channeled
to the punch magnets. Thz iaformetlon is then punched and the tape is
} fed forward cone position, o the next sprocket hole positions

3. Input/butput Power Off (O¥F)--Thiez instruction disconnects the paper
tape punch from the H-rsgister, turne off vower to the punch, end
vlaces the N-register in & noi-rezdy condliion.

T4PE SPRCIFICATIONS
Paper tape must have a hard, smooth, éull finish, and be oil impragnated. It

should he opaque and as free from extrenscus and unbesbten fivere as posaible.,
The following is & list of the exact taps srecificationss

1. Width: S-channel, 11/16 inch
6~-, or T-channel, 7/8 inch
8-channel, 1 inch (ogp-inch $aps may 2lso be used for &-,
or T-channsls)
F, : 2. Punching density: 10 characters per linear inch
3~ Spacing across tape width:s 0.7 inch from hole cenler to hole center
4. Code holes 0.072 inch dizmeter )
5. Sprocket holes (.046 inch diasmeter
6. Thickness: 0.0040 (¥0.0003) inch
SR 7. Optical transmittance: A40% maximum
; 4 8. Colour: bleck, blue, gresn, gray, or nink.
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PAPER TAPE CODES AND CODE COMERSION

Channels in paper tape are the longitudinal rove where holes may be punchsd elonz
the length of the tape. These channels are ususlly referred to by mumber, ag is
indicated acroms the top of the tapes in Figures 1 and 2. Informaticn is

racorded in each channel by eithar punching a hole or leaving ihe position
unpunched. Each hole in the tape represents a i=bit sent to or from the W-resgister
of the central processor during tape reading or punching. A code charactor is
read from sach frame in the tape. A Iramwo s the combiration of holes &nd spaces
in a transverse column of one or more chautnelae

In many cases it is sufficient to identify tape frames by specifying the location
of punched holes corresponding to channel numbers. Howsver, the identificstion
of punched information is often faciliteted by reading tape frames in the octal
interpretation of the punched birary code. I'or examplo, & "one" punch represonts
sn octal 1, a “two" punch represecnts an oetzl 2, and a "ope,thres" punch
represents an octal 5. In 6-channel code, holes from Tows 1, 2 and 3 {eze

Figure 2) are read im bimary to obinin the least significant occtal digit, ard
holes from rowe 4, 5 and 6 are read in binary to obtain the most significant

cctal digit. The sprocket hole is ignored in zzading tape.  The following Irame
1llusirates the S-channel punchod configuraztion of an cctal 25,

655z wE <2 — Chawnne!

@ o 2
R P ot
N
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There are a few basic comsiderations regarding tape codes. These are:

1. A tape user must slways krow which code ias used in reading or punching.
There should never be any doubt sbout the meaning of a particular
configuration either on tepe, ik ths Heregicter, or in computer memory.

2. Tape codas may have to agrss with other codee used in memory., Ths moet
common memory code is thes bimry—coded decimal (BCD) cheracter code.
It is only necessary that tape codee be converted 4o agree with othor
memory codes if there is some joeint uss meds of the informatioun, as
whan there are calculations or comparisons of information.

3, Tape ccdes may have to be converted to another ceds if thers is output
of paper tape information to a zubsystem cother than the paper taps

punch. For exzmple, the high ecpeed printer information is intelligidle
only when it is in ECD form.

Conversion of paper tape codes during either inpul or output of information is
relatively eimple, for there are utility routines t¢ perilorm the neosssary
convarsions.
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FIVE-LTVEL CODE. Although *there rzy he great flexibility in use of paper iape
codes, there ars some codee which are considersd to be more or less standard.
Gne of these codes is the 5-loval code wiich hns heen umed im the communicetion
field ever since the cods wae introdiuced in 1870.

SEVEN= AND EIGHT-LEVEL CODE. The tapes for 7= and E-channel codes are identicul
with the exception. that G-chamnel tape hes a carriage return code (octel 100).
The 7- and 8-level codeos heve an exvor—checiing feature (the parity bit) which
rermits detecting parity errcoras ariaing durins input and output. Another
advantage of T~ ard 8=leval code cver 5-isvel code is bvhat ro figure or letter
shift characters meed to bLe used.-

Parity Generation and Error Deteciicn

Parity is generated and dotected on 7= and 3~channel tape, but not on 5- and
6~channel tape. V¥hen information is punched cn 7= or 8-channel paper tape, an
odd parity bit is punched in ohannel 5 as necessary to produce an odd
oonfiguration of f=-bite in a frame. ¥hen deta is read, each configurstion is
checked for the propsr parity. The parity bit, when present., does not enter the
N-register, but ths detsction logic ¢f the puapsr tape subsystem acnees whether

a parity bit should or should not leve been deiteeted or gererated.

¥hen a parity error is detected Zuriug th: rnading of psper tape, 8 signal ie
sent to the certrel procassor which lluuu tha PARTTY alarm indicator on the
GE 225 control conscle. Contral DEOEEBOOT and or tape reader oporations hkalti
on detection of a parity exror iF $hs STGH OF PARITY ALARM/NORM ewitch was set to
STOP ON PARITY ALARM or 1f the prog-amwer has prograwmed a etop on paxrity 2larm.
therwiae, the parity error will heve no affect on the continuation of paper tane
operations,

R

Because channel 5 is reserved for the parity bit, the octal interpretation of
tape charaotors muct %ake channels 4, 6, aai 7 Jor the most significant octal
digit, as is illustrated in Figure 3.

T ——— T — e
76543321; 7548320
08 oe O XX
¢ 9 o9 °e

’ 5 | , S

~-

Fic.3 - 7—0hcnnei+qpe.

Delete Code

The delete code (octal 77) is used to vcid intormation on the tape by preventing
any of the data from going to the FN-registsr. It can be used with cither T~ or
B~lavel tape. When this octal 77 code ia rhqi, no informetion is sent to the
B~register.
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Spoocial Character Contrel

4 ppecial character in the nomal mode is the single punch in channel 8 (octal 100).
This, of course, is found conly cn 8-channel tspe. The 8-punch is sensed by the
gpecial character control logic of the paper tape subsystem, amd causes eix 1~bits
to ve sent to the N-register. Parity is not involved, since the parity checking
logic is disabled. Only with 8-channsl %zne c¢an an octal 77 be sent to the
T-register in the normal modae.

Tape Leader and Trailer Inhibiti

The leader and trailer portions of tape have sprocket holes but have no nther
punches representing data. In 7= and S8<level %ape, the paper tape reader detects
the presence of sprocket holet without data punchee« When it doee this, it
provents the Neregister from bscoming resdy and thersby prevents informetion frow
veing shifted into N. The net 2ffact e sn ignoring of the portions of tape
which have only sprocket holes. %nen a 721¢ i rapresented on T— and 8-chennel
tapo, a parity bit ie present. It ilm the zanity bit which differentiates belwoen
i frame on the leader or treilor »d o Zerr.

TIMINC CORSIDERATIONS

fthen reading of paper tape is iraitia 2o FPT instruction, there is a
continuing flow of irformation 7roa 9o oa 50 the Neregister. Information
is transmitted each ¢ime a frame with cns cw more punched holes pasaes the raud
gbation. The timing of the flow of ipfcoxmznticon 1a conirovliled by the sprocket
hole of the tape as follows:

1. Fach time the light source of the reader detecis the leading edge of
a sprocket hole, it triggesrs the sending of information from that
frame on the tape %o the F~rogzieisr, Tho infcrmation goes tc R
whether N is ready or nct, and vhothor X ie full or empty. This
megnag that the prograem smst ampiy the Feregieter before the leading
edge of the next sprocket hole 1z deiected by the reader. If N is not
enmptied in time, a character moved into N will overlay the previous
charaster, and the cverlald characier will Ye lost. Parisy errors
algo ocour as informsticn xe overlsid. 'The time intervsl tetwasn

~aprocket holes, during which ihc Meragigitor must be empiizd befors the
next character from vaper fape enbtors the register, is 2 milligeconds
when reading is at the rule of 250 chavactare per sscond. It is 300
microseconds whon reading is ot 1000 chsractere per esegond.

2. The detection of the traliing edge of the sprocket hole lulie the
tramsfar of that frame of information o the F-register.
3o Ths detection of the trzilinz efge ¢f the syrocket hole also czusces

the Neregistar to become neady. The ready comdition irdicates that ¥
ig fully loadod and one frams heo heen read from paper tape. Thie
cordition can be toated Ly the prosvam and cati U2 sosn on the conscle
of the contxal procsszoer vhen ¥ KX EMADY glovs grean.
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1% should be noted that the sprockst Lols 72an oreate a ready condition but i%
cannot cause a return of the N-register to s not-ready condition. A shift W

and A Right (SMA) instruction is required to cause the F-register to become not
7eady. This SNA instruction should be given ne scon an the N-register becomes
ready. When this ie done. there will be no N-register overlay. Care ehould be
token after the shift to limit any proceesinz loops (such as character validity,
and parity checks) to lese than the alloweble tims interval. The HPT imstructics
must be given to stop paper tape movemsni.

DATA TRANSFER DURING READIRG

During a paper tape reading operation, information is tranzferred without a
parity bit from tape to the Neresivier. An RPT instructicn initiates the resding.
Information is then transfarred from the Nersgister to the A-register by an SEHA
instruction. If information cead into N i $o he immediately typed out or punched,
the B~ to A~-ehift ig not nscesaxry. The relative bit positions of a character con
pager taps ave unchanged when the character is read from taps to the Reregister,
and shifted into the A=~register. The informstion in the A-register is stored by
an ST4 instruction after one, itweo, ¢r three paver tape characters are transferred
from N tc A, depending upon the progrummer’e ciacice of wenory word format. If

t4a shiftes from the Feregister {o tus A~rezizisr are performed in the normal mede
cn three successive paper iape cherzciers vy 514 7, SFMA 6, and SNA 6, or an SHA 6
three timee followed by an SHA 4, tue word iomeat from 6=, 7—, or 8-channel tape
would be the following

4 Regiatow

512 > 8 >13 14 -39

X{0 | 3rd Tape 2nd Tapa 18t Tape
Character | Charvacter | Characier

1nfermation cannot be tranaferred into the sign position of the A-register by use
of an SNA instruction. Unlees the A-register was cleared before its use, the sign
roueing unchanged from its previcusz use. When three paper tape characters are
positioned in A{2-19) ss illusirated, a zerc sutcmmtically enters bit position 1

et the time of the last shift. The foxma’ of z word whick has only one paper tape-
character is most often sa followe (%ho shift from the N to the A regismter in this
cage is SHA 19).

S 1 | 13 14 13
A Register ‘ | ' Tape
x|0 " 0| Character

Since information tramefer from pzper tape tc tha N-register differs sccording to
the code level used, each taspe format is doserived ard illustrated epd ite special
characteriastice listed (oxcept for S5-level urds, which is deacribed separately).
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ummary of 6A=Level Cods Readi

In 6-1avel cods resdingt

".

2
3.

4.
5#
6.

All six information channels from papsr tape enter the F-rogister us
shown in Figure 4,

There are no illegzl code ccmbinstions

Six zeros are reed into the N-register when a sprocket hole of &
leadsr or trailer is sensed.

There is mp perity owds.

There is no delete code.

The highest mumber which cat be resd is octal T7.

©€545321

Paper ®

Tape

SHA 6

1]
3 [.4" Tk ! QE )
1‘3:’ uSian v"‘é
ﬁwmw

Figure 4 ~ T Resding b-Lovel Paper Tape

Sumnary of 7-level Code Reading

The reading of T-level code may be suumsrized as followe:

1-

N

In reading T=lsvel code 4in the normal mode, channel five of the paper
tape is not read into the H~register. The presonce or abssnce of tho
parity bit (P) is sensed by the conmtrol logic without reaquiring the
information from channel 5 to be trensferred. Informstion flow from
peper tape tc the six pomtz one of the N~register is 111L.ctrated in
Figure 5.

The psper tapzs resder .g:mres $te lesder and trailer ends of the {ape
(when only sprocket holes pass the read station). No inforpation is
transferred to the Ne-register.

A frams of paper tape having oniy a parity punck is read into the
K-register as all zerog.

Whan all seven chznnels mre vunched in a frame of paper tape, ths
normal mode of resading sende no infurmation to the ¥-registecr. This
all-1's configvration on tape is usel as e doleto code.
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$0 the Heregiester s tranzfarred

3.

5. The highest number which can be read in the normsl mode is octal T6.
6. Figure 5 illustrates the manmer in wbich information is read from
paper tepe into the N-register and shifted from the R-register to the

A-register,
Paper 76345321
Tepe 0 @ 0900
RET
N-Register SHA 6
A-Reg. [x ]1|O]O|1[1[1[x]xlx,x]z!x]zﬂxlx[x[x[x[x]
S12 3456 85 ﬂ3111213141516171819
%—Trans. Char:ﬂ .

Figure 5 ~ Reading T-Level Pape“ Tape
Summary of 8-level Code Reading

The reading of 8~level code may be sunmarised as Tollowe:

1. With few oxceptione. 8~level codc iz read in the seme way that T=level
code is resd. Channel 5 on iaps conlsing the parity dit. Thoe trensfer
of information in ths nomaal wmcde iz the same &8 is illustrated in
Figure 5 with one exception. The exception is the special charactor

ccontrol which senses a hole yunched only in channsl 8 and causee six
1-bite to be plsced in the H-regisier. TFigure # illusitrstes this
spacial charecter trgnsfor. No perity bit is imvolved in the special
character.

2, All codo combimations whidh contain an 8-shannel punch plus any other
channel nunch are conmsidorad invalid. Imvalid codes are not tramsmitted
to the N-register.

3. The paper tepe reader ignores ths lesder and trailer ends of the tape-

4. A frame of paper tape having cniy a parity punch is read into tho
F-register as all zeros.

5. When 8ll seven channelsz are nuncﬁrd in g frame of puper *%epe, no
information is sent to the M-rogister dvring the ncrmel mode of reading.
This all=1's ccnfipuration on ﬁqpu is used as a delete code.

6. The higheet number which can be resd in the normal mode is cctal 77-

['4 TRANSFER DURING PUNCHIRG

Dvring a paper tape punching opexation, characiers muast first be positioned in
the A-register., One character at a time is transferreé from the A-register %o
the ¥~register by an SAN instruction amd from the Neregimster to papex taps by =a
PP instruction. With ore excepticn, the relstive bit pesitione of & character
in the A-regieter are unchanged whon the character is ghifted from the A-roagister

fyom the Mereslicter teo puver tepo. The
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suception is that a pavity bit is added as noceesary to cause an odd number of

punchae when infometion is trangferred from the N-register in 7- and 8-level
codes.

The sign bit in the A-register does not shift and doss not change as characters
asre shifted out of A, Vacated positions in & are filled with O~bits if the sign
is positive and with 1-bits if the sign is negativse. If the A-register combains

three characters right-justified, s normal mode tratnsfer tc the N-regismter is in
the following orders

S 12 18 13 14 19

_ 3rd 2m ist
A-Regiater |y |x | character | Character Character

Lesuming thaé the sign is positive and the bi% in position 1 ies umnknown, the

A-register shown above would contain the follcwing configuration after an SAN 6
instructions

51 117 8 1344 19
A-Register [0(00000 0 "X[ 3rd 2na
{ Character | Character

Notice that the bit originally in position 1 remains unchanged as it shifts.
Since infomation transfer diffeirs sccording to the code level used, each tape

format is described and illusirated sepsrately (except for 5-level code, which
is described separately).

Summary of 6-Level Code Pynching

"Ih 6-level code punching:

(ot

1. 8ix channels are punched in paper tape as is shown in Figure 6.

2. The paper tape punch feeds tape to creste a leader or a trailer
(sprocket hole only) when the N-register containa 111111,

3. There is no parity check.
4. There is no deletes code.
5. The highest number which can be punched is octal T6.




Charaocter
, S 123456786 910111213141516171815"
s-Reg. [x]x[x]x][x] Lx[x[x]=]=[=lx]x]1]ofof1}1}1 |—

Transferra&]

SAN 6
12 345 6
N-Register 1Tofo} 111} 1§ 4
gm
L K ¥
Paper Tape @ sg Q¢ €
© 5 453 2 1 y

[{
3

Figure 6 ~ Punching 6-Level Papsr Tepe

Sunuary of 7-Level Code Punchings

The punching of T=level code may be nuwmsrizsed aa followss

7« The normsl mode of punching rcavscs a parity punch tc be added in
Ghannel 5 each time a parity check shows that the F-registsr corntains
an aven nugber of 1-bits. This mekes the total number of holes in a
paper tape frame odd. The use of channel 5 for parity prevents its

use for data; causing channsl € %o receive data from M2 and cnanngl 7
t0 receive data from N1. Thig iz illustrated in Figure 7.

2. The configuration of 111111 in the N-register causes a leader or =
trailer (sprocket hole only) %c bs punched.

3. A zero in the ncrmal moﬂe ig punched a8 a parity punch only.
4. ‘The highoot number whick can be piunched in the normal mode is octal 76.

5. Figure 7 illustratee tho manner in which information is ghifted from
the A-regiecter to the F-register and punched in paper tape.

Sunmary of 8-Level Code Punching

The punching of 8=level code may be sumsarizod as followe:

1. With few exceptions, 8-level code is punched in the same way that
(") T~level code is punched. 7The parity bit 1s punchod in channel 5.
Transfer of information in %he rormel mode is the mamn ze is illustrsted

in Figure 7 with ore excandion. Tha axcepsion is +hat a character
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consisting of 1-bits (111111) sent to the N-register is punched as
a channel 8 punoh only. Figure 8 illustrates this special character
transfer. No parity bit is involved in the tranmsfer.

2. A zero is punched in the normal mode as a parity punch only.

3. The highest number which can be punched in the normal mode is a
single punch in channel 8 which is octal 100.

4. It is not possible to program the punching of a leesder or a trailer
(sprocket hole only).

~TransPerred
. Charaoter»‘
S 12 349 6 78 910111213141516171819
A-Rog. Ix |x |x|x|xz|x|x|zlx|=z{=x{x[x]z]1 jolo1] 1 1}— ~
' | | 543 6
/
N-Regiater 3
$ WPT
Paper .
Tape /
Pigure 7 - Punching T-Level Paper Tape
Transierred
Character
S 123456 178 910111213941516171819
A-Rog.  [x|x[xx{x|x x|z |z]x[x|z{x{1]1[1]1]1{ 1}
' SAN 6
12 3456
R-Register L L R A 5
\ WPT
Paper'l‘apee7ss4§zsz~ )

Figure 8 - Special Character Punching 8-Level Code
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The S—channel paper tape code is the shortest of the paper tape codes dscause
seoh punched configuration may have two different meaningm, depending upon
whather the machine has been shifted into upper case or lower case by a
precediog code. To designate upper or lower case in a program, the programmer
sust uss the "letter shift" ccde (octal 36) to desmignate upper case, and the
“figuce shift" code {octal 33) tc designate lower case. Just as with the
Tuletyse or typewriter, a ghift to upper case means that every character
following the shift is upper case until 2 Jlover case shift is given. Likewise,
sverything following a lower case shift is lower case until the upper case shift
iz given. FPailing to give the shifts a2t the rroper time cauces errors in the
rntornresation of the data nunched or read.

5=Gharnnel Code

The nmods o used by the University of Qusensland Computer Centre is shown in
Pigurz 10- All the digits and the spacial charsoters +, - and . have an odd
nunber of one~bite in the representation in order to aid checking by program
for numeric (data) input. There is no parity checking on 5-channel tape.

Coaversion of BOD to 5=Channel Tape Oubput

1¥ BT informstion in memory is o hs purched on S5~channel tape in the S~channsl
code, there must be a code conversicn. Figure 10 contains the output code which
rgpresenis in octal the information whioh muet te in the N-register in binary to
punch the specified oharacter. The following example illustrates the uss of the
Figure 10,

Froblems If the numeral 3 is %o be punched on 5~-channel tape, what
configuration must be sent to the N-register tc punch the 3?

Soluticnt The first column for lower case codes in Figure 10 contains
the number 3. Opposite the 3 in the next column to the right
is the octal representetinn for the BCD emmory code far 3.
This is 03, which represents @ binary 000011 in memory. In
the mext column to the right is the octal rspresentation for
the 5-level code. This code iz 23, which represents 10011 in
the N-regioster. It must be remembered that only N2 through F5
are used. In order to pumch 03, the memory configuration
000011 must be converted to 1C011 prior to serding it to the
N-register, and ¢be previous shift character must have been
a figure shift, This conversion is normally done by the
routine WPT.
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CONVERSIOK CF S5~CHARNEL TAPE INPUT TC BCD

If information from S=channel taps is to be used in memory along with other
remory informetion (information fot read from paper tape), tape information

met be converted to the configuration of memory BCD characters.

Likewise, if

information from 5-channel tape is to be used in some other form of output,
for example as printad output, it must also be in the configuration of memory
Figure 10 lists the codes urced when reading tape.

BCD characters.

An example of the use of the table followss

Problems

v

the high~cpeed printer?

Solutions

When the letiser 5 13 read from paper tape into memory, what
.. must the memory configuration be to print the letter S on

It is first seen from Figure 10 that the letter S is in the

"letter shift" half of the table and must have been preceded
by 3 letter shift charactsr.

shows that the cctal reprasentation of the letter S (opposite
S in the first coluvmn) is 23.

to the N-regisier when the lettsr S is read from paper iape.
The third column of ths table indicates that octal 62
reprasents the 6-bit Lirery code required in memory to represent

the letter S.

normally done by the RPT S/R.

DATA TRANSFER-PUNCHING

The fourth column of the table

This means that 10011 is sent

The memory cobfiguration for the character must
therefore be 110010 %o priut the letter S.

This conversion is

The first step in punching paper tape is to position characters in the A-register.
The following illumtratese the A~register, which hes three characters right~
justified and labeled ir the ordeyr in wnich the characters will be punched.

A-Reginter

8 1 2 3¢&—37 8 9&—343 14 15¢—N9

S3cond Firet
x |x |0 |Charactesn| O [Character| 0 |Character

ThiTd

Notice that bit positions 2, 8, and 14 contain zeros.

Characters are kept in

6=bit configuration to facilitate corwversjons to BCD memory code or other codss

which require 6 bits per character.
1=bits were in positions 2, 8, and 14 of the A-register.

Actually, no confusion would result if

Information from these

pogitions transfers from tha A-register tc the N-register but does mnot transfer

from N1 to paper tape.
not change ae characters are shifted out of A.

with O-bite 1f the sign ie positive and with 1~bits if the sign is negative.

The sign bit in the A-register does not shift and does

Vacated positions in A are filled
The

following is what the A-register just illustrated would contain after the execution
of an SAN 6 instruction, providing the sign of A was negative.
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S 12 78¢ 1314 15 19

A-Register >haracter ° Characten

The tit which was originmally in position 1 remains unchanged as it shifte. If
the A~registior had besn cleared to zerc bofore characters were shifted intc it,
bit position 1 would contain & Zerc belore the sxecution of SAV 6 and bit position
7 would have a zerc aftor the execiuticn of SAN 6. The transfer of informaticn
from the A-register to paper tape via the H=register during punching is
iliuveirated in Figure 11. The transfer to the F-registor is made by a Shift A
and N Right inptruction. Tranefer from tho Neregister to paper tape ie made by

a Write Peper Tape instruction.

Transferved
CharactefAJ
7
812345678 21011121314 1516171819
K-Register|[x|x[x [x] x| x|z [u]=]z [=]e i z{=Jo]1 [0l T1] 1}—~
&s.u: 6
1 23 456
F-Register L—sfO[i[0[i]4] 1] N )
Wm-
LR R I A
Paper Tape (g ©Q ~_e‘ o\‘
‘s 4S3 2 ) )

Figure 11 - Punching S-leovel Paper Tape
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The following list summarizes information which applies especially to punching
5~level paper tape codes

1. The paper tape punch punches only sprocket holes to create a leader

or a trailer when the F-register contairs 000000 at the time WPT is
executed.

2. No parity bit is on paper tape and no parity check is madse.

3. Any coafiguration in N2 - N6 is punched by execution'of WPT (there
are no invalid codes).

4. The highest number which can be punched is octal 37.

5. A lette? shift or figure shift code must be used to differentiate
between upper and lower case ocodes.

DATA TRANSFER-READI NG

When five bits of information ar- transferred into the N-register from a paper
tape character, a zero automatically fills the first position of the register.
Three tape characters can then be placed in the A-register in the following
configuration by use of the successive shift instructions SWA 7, SNA 6, and

SMA 6. Each time, all six bite including the zero shift from N. This
configuration facilitates conversion of 5-bit tape codes to 6~bit BCD characters.

S 123€——78 9¢—313 1415 «—19
—Repd 3rd Tape 2nd Tape 18t Tape
A Regleter x |0 oCh:aracter 0 Character 0 C;b_arac%e.

The SNA imstruction does not shift information into the sign position of the
A-register. Unless, the A-register was cleared to zero before its used, the
8ign remains unchanged from its previous use. The format of a word which has

only ome paper tape character placed. in the A~-register by an SMA. 19 instruction
is as followss

S 1 - 13 1{e——-19
A-Register x| 0 - -0 |0 G&ﬁt oT
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The transfer of iaformation from paper tape to the A-register via the N-register
‘ during the reading of S~level tape code is illustrated in Figure 12. Transfer to
! the N-register is initiated by a Read Paper Tape instruction. Tranafer from the

¥-rogister to the A-register is made by a Shift N and A Right instruction.

} SNA 6

! xlof1]i Jo|o] ] x[x|=]=|x|x|x]|x]|=x|x]|x x|x|
A-Reg. I AABIAERIRPRUERNELAY

. /
nsferred
O : Character

The following list summarizes information which applies especially to reading
5-level paper tapes

1. The reader sends 000000 to the N-register when only a sprocket hole
(as in the leader or trailer) is sensed.

2. No parity check ie made and no parity bit is on tape.

3. Every configuration on paper tape is considered valid and is
transferred to the N-register.

4. The highest number which can be read is cotal 37.

5. A letter shift or figure ehift must be used to differentiate between
upper and lower caee codes.
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Pigu 1. Paper Tape Characters
Read in Octal

CHATNEL 5~Channel 6=, 12 nnel 7~Channel 8-Channel

§4Sqa2 1 £5453 21 16545321 89654532
PUNCHES 00000 200 %000 0000000 00000 «000

. ,” — .'Z-:' 7” PR
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Figure 2. Jlaper Tape Formats
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Letterss

HIZRNE S OWls

NN TSI wpmoszau,

B.C.D.
MNFMORY
(oomaL)

fe75 0y

s . g s S A, e

%t

IBTTER SHIFT

1 - o - .'

HeQul .
b 00T L) |
1 FYIGUE™ Sdle
i

- T A 4 S . W)

- - it

- Figoro 10, Undversity of Gussasland
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Lene Code




SPRCIAL CHARACTERS: | B.C.D. PAPFR TAPE 5-CHANNEL
MELORY FIGURE SHIFT [LETTER SHIFT
(OCTAL)
SPACE 60 k" 34
- 40 13
+ 20 2
/ 61 27
* 54 03
. 33 15
’ 173 17
- 13 12
( 14 05
) kY3 06
~ 15 21
- 16 11
£ 53 22
! 14 24
é 16
- 30
A 14
@ 14
% 17
CONTROL CHARACTERS:
FIGURES 33 33
LETTERS 36 36
C.R./L.F. 37 35 35
BLANK/DELAY 11 00 00
ERASE 37 31
PRINT RED 72
PRINI BLACK 75
TAB 16
C.R. 37
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