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SUINECT: PRINT I -~ An Interpretive Routine for Printing Fumerical
Output from TX-0

DATE: 9 Februsry 1960

General Description

PRINT I is available either &8s & sudbroutine to be converted,
or as & utility tape which can be put in memory at & pre-specified
location. It is 746, registere long, 2nd with it & programmer can
print out several kinds of numbers, in various formats, &s desired.

Enteggrative Routines

A gtandard TX~-0 program contains & series of Instructions
stored in memory. The computer is designed to interpret thess instructions
in various ways. "Add x", for example, tells the computer to a&dd the con-
tents of x to whatever number is in the accummlator.

4An interpretive routine is quite similer in design. You still
heve & geries of orders stored in memory, but these orders are never
placed in the memory buffer register. Instead, they are examinsd by
enother prograxm, step by step, and the end result is that the computer
seams to obey &n entirely different set of instructions from those it
i@ accustomed to sesing. Terms such es "cla", ¥tra x", and "pna® are no
longer carried cut, but terms such as "pem", Bfl n", "plv x" are inter—
proted properly..

" Eow To Use The Program

Entering the program is accomplished dy typing the m&cro
jnatruction "print”. This occupies only two registers and is defined
clsewhere in this memo. After typing "print', you may now use a nev set
of symbols, describing the mamner in which you want data printed out.
Yhen you have finished using the print command, the psuedo-linstruction
“ply x" will cause control of the computer to be transferred uncondition-
ally to register x, with & cleared accumulator.

Drders Availeble in FRINT I

After typing "print® followed by & carriage return, you may call
Tor any of the following orderas

ped X The contents of the bank of registers
from x to y will be printed cut, hori-
zontally, just as UT-3 does, except that
initial zeros will be suppressed with
gpeces, and the numbers will be signed
QGCi.ma»l ° ‘

to ¥

(print Space suppressed
decimal)
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initial zeros are always suppressed by all these orders, but
you have & choice of how you want this done.

pnd x These orders print x to y as decimal
to y numbers, but the numbers will be typed
imrediately, and initisl zeros will be
jgnored completely rather than

\Rrint po space suppressed with spaces.

supprossed decimal)

pso x print gpaced suppressed (signsd) gctal
to y

pno x print po spece supprsssed (signed)
to y octal

psu X brint spaced suppressed unsigned octal
to ¥

pnu X brint no space sﬁppreseed unsigned octal
to y

psg x print space suppressed unsigned decimal
to 'y

png X Drint po space suppressed unsigned
to y decimal v

pfr =z print, a8 decimal signed fractioms, x to

Yo assuming the binary point to the right
of bit zero. Bit zZero is the sign bit,
and the sign is changed by complementing
the whole number. NHormally, six figures
to the right of the decimal point are
typed. Ths last figure is not rounded
off. That is, 3584289 would appear as
2358428 to six place accuracy.

to ¥

-
p)
e
gm
L d

g,ﬂ

¥hen 2 command such &s
| pso X
to ¥y
i3 given, the flexowriter does the following:
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1. Prints csrrisge return.

29 Print x'p-——onlo—onz _’BB e -—g,na

3. Does another carriege return, prints
‘(2+8)l ......p,ng ....g,nlo """n11° etc.

4, When the last register is printed out, a carriage rsturn
is made and PRINY I looks at the next order, the ons after
"to y"e :

The format can be modified in meny waya. Above, 10g columne
wvere printed out. The order

: pem n (print column)
changes the counter criteria, and now only n columns will be printed.
This will rem&in so until enother pem order is provided, or until the
PRIND I program is read in again, in vwhich csass 108 columns will be
printeds Do not let n be greater than 108.

The order

pbp (print by paes)

will by pase the program section that types signatures on the format., If
this order is given, the vory next time & formet is specified there will be
no rogister ldentification at the left hand sida. The normal format pro-
€raz le sutometically restored when this particular forme&t has been com=-

" pletoly printed.

1f one wishes to by pass all of the formet, the following pro-
cedurs is uged:

pPso x

PEo ¥y
to 2

The important order hers is P80 X. I is not followed by a
“to y* order, but rether by an entirely new order. Whenever a printout
is rsquested, FRINT I looke at the next order to see if it is &n instruc~
tion. If anything but & "to y" order ic in the mext register {in thie
cas3, pso y is conteined there), the Print subroutine will immedistely
tye2s out Just the number without any cerriage returnz or tabs befcrs or
after. In the above cese, the contents of x will be typed as a signed,
spece zZero—-suppressed cctal number.

Othoy Orders

psf n epecifies the number of gignificant figures used in
frections. n must be an octal numbor. This order permenently changes
the program when given, until, of course, enother psf order is givan.
If ike psf instruction ie not used, 8ix figures will be typed.

DOZ is gperete zero. This order doss nothing, it is merely &
epace filler to enable one to modify his progrem by inserting or rs-
woving orders. _ :
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pfl n (n is en octal numbsr) n flexo triplets will be typed.
The triplets must be stored immedietely following the pfl order:

pfl 4

flexo thi

flexo 8 &

flexo s 1

flexo t.

<

yields: this is 1to&}
when the program is runs

Ervers

Once PRINT I is properly entered it has geveral featurss built
in so that it cannot destroy itself if given en illegal order (for example,
clz). If an 11legal order is given, the flexowriter will type ipi,
(illegel print instruction) end the computer will stop. The accumulator
will contain, as an add instruction, the register which contained the
bad order. Preesing restart will cause the interpretive routine to skip
the illegal instruction and look at the next one.

Surmary of Orders 4vajleble

decimal: signed ped (spaces for initisl zeros)
pnd (pothing for initial seros)
unsigned psg (space)
pnd (nothing)
octal: signed pso (ditto)
pno
unsigned psu

pnu
fraction: pfr (decimel fractions)
significent figures
in fraction psf n (n is octel)
40 nothing poz

flexo cheracters pfl n (n is octal)
followed by the flexzo triplets
column modify pen n (octal n)

by pass address ,
elgnature pbp

leave subroutine plv x (computer comtrol goes to x)



Setting Up The Program

PRINT I ie availabdle ag a binary tepe, occupying registers

30g to 7768o Une should make sure that his Program does nct use these

registera.

beginning:

may call f

convert an
following

FRINT I must be reed in along with the user's progrem.

In typing the macro tape one should type the following at the

define
print
1llr .
tra 30
terminate
psd=20000
prd=&0000
peo=60000
Pno=100000
pau=120000
pnu=140000
P£1=160000
pbr =200000
Peg=220000
Prz=24C000
pfr=260000
0J.v=300000
Pem=320000
poz=340000
psf=360000
to=0

The programmer may now use eny or all of the print orders, and
or “print® @s meny times & he wishes.

FRINT I ie elso availadble as a subroutine which the user may
d store whersver ho chooses. The subroutine defines the
symbols:

define print
1ir
tra pit
terminate,
all the orders (such as pso, pnd) defined ebove,
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and &lso:
rit (starting addreas)
pie (finishing address).

Pit and pie are the only flads used in the program, and since
PRINT I defines so few symbols, it nay be more convenient for the pro-
grammer to use the English tape. "Print® is the only macro instruction
defined, "constants” is used onco. "And" is defined &s opr 305. Thie
will be changed whsn the new computer code is instelied. The English
tape contdins its own title and ends with the order “start pit". It
does pot defins a starting address, and it cannot be the very firat tape
of a series of tapes converted. Ths readsr ie urged to use the macro
nmeno to ses how to convert more than one tape on one run of ¥ACRO II.

Attached is an example of a program written to use PRINT I
Registers 4000 to 4033 contain arbltrary numbers to be printed out.

Signed
P, T. Brady

FrB/anh Approved % &WM_

J. B. Dennis




ADDITIONS TO THE PRINT I MEMORANDUNM OF 3 MARCH 1960 P. Brady

Since the first writing of the memo on PRINT I, the program has
been revised and contaeins a few new orders. The following orders may now
be used:

ped n
pm8 X
to y
pn X
to ¥y
These orders print mized numbers. A mixed number is formed by

setting & binary point in & register, calling everything to the left—, except
bit zero, the integer, and everything to the right a fraction.

O O @ @ 00 @ 0 O,0 © 6§ ® @® O o ©
212017161514131&11T10?65#321 0
Small nnﬁbers
indicate binery
point position

Sign bit,

in this case + Binary Point «

In this case 2t 11

The number shown in the example is read as follows:

Left of the binary point is
144 (octal) = 100 (decimal)

o5

25
/125
0625
03125
+ 2015625

-984375

Right is 770 (octal)

The total number is
100.984375, decimal.

Complementing the entire number chenges its sign.
The order psb n sets the binary point. The programmer must indicate

this point before giving either of the other two orders. If he does not,
PRINT I will assume the point to be 2t 1l.
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peb set binery point at n
pms print mixed, suppressed with spaces
pum print mixed, Suppressed with nothing

pus will also align decimal points in & column.

The binary point is restricted to lie within the renge 21.=n 0.
A very wrong answer will result if n goes out of thls range.

In printing mixed numbers, only four columns (or lees) may be
prirted. The order “pom 0&n<4" should be glven before & pme or pmn order.
1f rot, the computer will halt on an in-out stop. You may restore eight
columns afterwards if you wish. ‘

If you have forgotten to do this, and you are using the binary tape,
stop the computer and store "3* in register 176.

The PRINT 1 program iteelf 1s & little longer after revision. In its
binary form it occupies 30, to 1020g. The English tape varies in length because
of the way the constants table is assembled, but should not exceed 10008 registers.

The Bnglish tape no longer defines anythingl A seperate table consisting
of definitions is aveilable in the same box as the XBinary tape and may be used

with either the English or binary tape.
The following procedures are reccrmended when converting:

Using binary tape: l. Read in & title tape of your program.
2. Read in "Print define".
3. Read in your own tape.
4. Be sure your own tape defines pit=30 and does not
occupy registers 30 to 1020, inclusive.
Usirg English tape: 1. Read in & title tape of your program.
2. BRezd in "Print define”.

3. If you read in "PRIN® I English" now, your title
tepe pust contain & starting eddress. If your own
tepe is read in now, followsd by "PRINT I English"®,
this 48 not necessary.

4. The English tepe defines "pit" for you. It also
defines "ple" as the last address.
The additional commands are: peb = 400000
pms = 420000
pon = 440000

In programming with PRINT I, you may program & series of orders
sucl as:



pfl n

(n registers of flexo)
penm 3

pso'ﬁooo

to
5000

png 3000

to
3017

When this is put into operation, you may euddenly decide that you
are not really intereated in the contente of 4000 to 5000 and you would
prefer to skip to the pso order.

This 1s accomplished by pushing test, with tbr eet to “trn pit+6"
(trn 36 if ueing binary tepe). If the flexo types "ipi" when you do this,
1gnore 1t and push either restart, or test, again.

Tou may think of & series of print orders as a stack of records on
& racord changer. They must be played in order, and you cannot skip any,
but you mey push "reject” whenever you wish. .

This will not work if you are in the "pfl" mode. It is very
_importent that you do not try this if the typewriter is printing flexo
charactersa.

1t is immateriel to this program whether "$ype in" is on or off.



Here are the contents of 3000 to 4034-

5000f 1
197777
776545
53
=53
i
5010, O
-0
1
333
I? 545

1
decimal

12
10
19
1

0
.,o .

87389
128921
octal

5030 200000 fraction, .5
| 100000 .25
~20000 -5
-400000 | =.25

Aasume you want these numbers printed out in a variety of ways, A possible
format would bem as entered from your program, as follows:*

XXX
EXX
XXX

pf1(5
flexo reg
flexo 1st
flexo 40
flexo 00

flexo =
pnd 4000 |here 1t will print the contents of 4000 as a decimal

number suppressed with no spaces. Since this pnd
order is immedlately followed by another order, no

format will appear,

print

psd 4000

to 4000

pso 4000

to 4017

pno 4000

to 4017

POz | will do nothing here
£1 4

lexo che

flexo ck

flexo pt



flexo 1

pfr 4030

to 4034

pbp | by pass the format signature
pno 4000 ,

to 4017

| notice that the signatures will be printed after this
instruction, as this part~of the program is automatically

regtored,
pem 4 ‘
pso 4000
to 4017
psf 3
pfr 2030
to 403

cla this 1s an illegal order. Restart must be pressed to

continue the program,
pem 10
psf 6
pfr 4030
to 403
plv .+1 | leaves the interpretive routine
XXX
XXX
XXX
Here are the results from the on-line printer-

retist 4000 = 1

& :

1500 1 12 = 0 - 1232 53
301 o - o 1 - 1 3333
400 1 12 STTTTT?  =1232 53
504 0 -0 1 -1 3333
check pt i
4030|  .500000 ,250000 =,500000 =,250000  .015373
0 -0 1 -4 3333
4000 1 12 =~ 0 =~ 1232
400k 53 ~ 53 = 773 545
4010 0 - 0 i - i
1012 3333 - 1232 1 A
4030] .500 .250 - -,250
Jdozd 015 |
fbsq .500000  ,250000 ~-,500000 =-.250000 045373

(Program is finished,)

- 53 = T73 545
- 1232 1 1

53 =773 545
~1232 : 1 i
~53 -773 545
-1232 i i
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