













































































































































































































































































L) Faults

M)

All faults occurring during Buffer operations are "B" Faults. The
following classes of faults are possible:

"Select Fault":

This fault occurs in either one of the following two cases:

a) Buffer is in the "load" state and inactive,
but an EF "Read Buffer" is executed.

b) Buffer is in the "unload" state and inactive,
but an EF "Write Buffer" is executed.

"I0-Fault":
This fault occurs, if a reading of tape is attempted, but the buffer
is already filled.

Examples: Reading of a block of more than 120y words.
EF "Read Tape" and Buffer is in "unload" state.
The above fault is generated at the time when the second word from
tape tries to enter I0T, while the first word is still there.
An "Address Fault" (see below) will automatically select an "I0O-Fault".

"Address-Fault":

As a checking device a buffer counts the words as they enter the buffer.
If a word has not been stored in its proper buffer memory location the
"Address Fault" is generated.

"Transfer Fault":

Each "B-Fault" generated during computer and/or buffer operations is
sent to the Tape System where it generates a "Transfer Fault" which

will stop tape movement in the next block space.

Sample Programs (for Bit Assignments see Appendix)

1) Write one block of numbers stored at 20000, 20001, ... on Uniservo 5,
TCU 1 using high density, 1.2" Blockette Space, 1.2" Block Space,
Fixed Block Length. At first test for Buffer Activity. If Buffer 1
is active wait until it is available. (It is assumed that the operation
of the buffer is a "Write on Tape" operation. If buffer is inactive you
know that it must be in the "load™ state.)
a MJ 40000 a Wait until buffer 1 is inactive.
atl EF 00000 b Select "lrite into Buffer 1"
at2 RP 10170 a+4 Send 120, words
at3 EW 10000 20000 to Buffer 1
at4 EF 00000 btl Write on tape
atd NI

b 00 10000 00400 Constant
b+1 01 00646 50000 Constant
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2)

3)

Notice how we accomplish the waiting for a previous buffer -y tape
operation. (a) is an MJ 40000 a. This means: as long as Buffer 1
is active, we jump to a, i.e., to the same command. In the moment
the buffer is inactive, no such jump will occur, but we now continue
in sequence and perform the buffer and tape operations.

Read forward one block from Uniservo 3, TCU 2, into 10000, 10001, ....
Fixed Block Length. Test for Buffer Activity first and wait, if not
available. (It is assumed that a previous operation leaves the buffer
in the "load" state.)
a MJ 50000 a Wait, until Buffer 2 is inactive
atl EF 00000 b Read Tape into Buffer 2

a+2| available for computation;
i pat least about 46 m sec.
atn-1J may be used

atn MNJ 50000 atn Wait, until Buffer 2 is inactive
atntl MJ 70000 at+nt3 Test for Read Error
atn+2 RJ v Return Jump to Error Routine

atn+4 RP 10170 a+n+6
atnt> ER 10000 10000

b 02 00602 30000 Constant
b+l 00 20000 00200 Constant

u
atn+3 EF 00000 b+l Select "Read from Buffer 2"
> Buffer 2 -3 Computer

Krite one block of data consisting of 19jp words on Uniservo 1, TCU 2,
in Variable Block Length. Assume Buffer 2 is ready for the operation.

a EF 00000 b Select "Write into Buffer 2"
a+tl RP 10023 a+3 Send words to Buffer 2
at2 EW 10000 035000 from 05000, 05001, ......
at3 EF 00000 b+l Switch Buffer 2 to "unload"
at4 EF 00000 b+2 Krite on Tape

b 00 20000 00400 Constant
b+1 00 20000 01000 "
b+2 02 00666 10000 "

Notice the EF "End Transfer" at a+3 which accomplishes a switching
of Buffer 2 from "load" to "unload".

Remarks: During a "Read Backwards" operation the word which was recorded

as last word is read as first word into the buffer, the word which was
recorded as first word (word #1) is read as last word. However, when
reading this block from buffer -» computer, word #1 is picked up first etc,
This means that a "Read Backward" operation essentially transfers all
words of a block to the computer in exactly the same order as they were

written on tape, if a buffer is used!
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A) General Explanation
The Program Interrupt Feature of the 1103A/1105 permits an external
equipment to interrupt the computer program automatically, when the
external equipment is ready to communicate with the computer. Proper
programming can interrupt the computer program upon occurrence of
the following situations:

Data sent to IOB or IOA by an ext. equip. have to be picked up by
the computer.

Data have to be sent to IOB or IOA by the computer, because the
external equipment is ready to receive them.

Either (or both) of the Buffers of the 1105 is ready to communicate
with the computer.

There is also the possibility to interrupt the computer by manually
pushing two buttons on the computer console.

Both the manual and the program controlled interruption generate a
so-called "Interrupt Signal" which results in a modification of the
normal sequence of steps the computer follows. This modification
affects Main Pulse 6 and is explained in the following paragraph.

B) Modification of the Computer Program by an Interrupt Signal and

Programming Consequences

1) When does the Interrupt become effective?
As already said: the Interrupt is nothing else but a signal (pulse)
Assume data are read into the computer, say from cards. After gne
row is placed into I0OB and IOA the Card Unit emits a signal thus
informing the computer that data are available in IOB and IOA.
This signal is the Interrupt Signal. What is the situation now?
The computer is operating, i.e. it is either picking up a command
from storage (MP 6 and 7) or executing a command (MP O thru 5).
The Interrupt Signal arrives at any of these Main Pulses, and the
question is: will it be effective at once, or will it have to wait?
The answer to this question is: '

The Interrupt Signal has to wait, until the
computer executed a command completely or
until a Repeat Sequence is terminated completely. ®

To make this absolutely clear: we have to distinguish between
two situations:

Either the interruption is attempted at a time a Repeat Sequence
is being executed. 1In this case the Interrupt Signal becomes
effective, after the command at address Fy has been completely

* To be precise: until the "Hold Repeat FF is 0" (refer to "Repeat Command")
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executed or a jump has been performed during repetition of an EJ or TJ.

Or the interruption is attempted and no Repeat Sequence is being
executed. In this case the Interrupt Signal becomes effective after
the execution of the command which the computer is operating on.

The following program might illustrate this:

a TD h il
-~

atl RA b

a
at2 RP 10100 a+4
at3d TP bt+2 c
atd NI

First case: The Interrupt Signal arrives during the execution of
the TP at a. In this case it has to wait, until this
command is executed completely. Then the signal is
effective and results in a modification of steps as
explained later.

Second case: The Interrupt Signal arrives during the execution of
the Repeat Sequence, say after the TP at at3 has been
executed 5 times. Now the interruption is delayed not

only until the TP at at3 is executed 100g times, but

also, until the command at Fj is executed completely.
(See under "Repeat Command" for details regarding the

execution of an RP jn w)

2) hNodification of NP 6 by the Interrupt Signal

Now we are ready for the discussion of the modifications performed

by the Interrupt Signal. At the moment this signal becomes effective
the computer is actually ready to continue with [P 6, i.e. the computer
tries to pick up the next command from a storage location given by

PAK. (Refer to "Program Address Counter"”, page 2 of this manual. There
is the discussion of the computer operations performed during MNP 6

and NP 7). The Interrupt modifies this KP 6 in the following way:

lear PCR . . .
¢ T Essentially SAR is set to address Fq = 00002,
and the word stored at this location is
MP 6, as Set SAR d M s d this
modified to F3 placed into X,
by the his is made without changing or using
Interrupt ~L: the address currently held in PAK.
Initiate Read:
Clear X
tvait Int. nef.

- o e e - - -

Example: Assume the Interrunt is generated during the execution of
(06235) = TP A 0. At this time P/H = 06236, At the cnd of the
execution of the TP, the Interrupt becomes effective, This means that
the next command to he executed is extracted frem C0CC2, PAK is left
unchanged ard reads C&235 at the beginning of the exccution of (00002).
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3) Programming Consequences

The above example shows that the steps the computer has to follow

after picking up (00002) entirely depend upon the command stored

there. There are two possibilities:

&) (00002) is not a jump command
In this case (C0002) is executed and the computer proceeds with
extracting the next command from 006236, since PAK has not been
changed.

f?) (00002) is a jump command
Here Pak is erased by the new address to which we jump, and the
computer proceeds there. On the other hand it is obvious that we
want to come back to our main program sooner or later, and especially
to the point, where we left it (06236 in example). lie also want to
accomplish by the interruption a communication with external equip.,
i.e. starting at 00002 there has to be a small subroutine which has
to ; rform the communication. Illow can we do this? We have to save
the address of our main program held in PAK, and must exccute a
jump, since the above mentioned subroutine hardly consists of
(00002) only.

This can be done by one command, the RJ uv. Therefore:
If the Interrupt Feature is to be used, thenm
(00002) = LJ u v,

where v denotes the entrance of the subroutine, u denotes its exit.

Here you see the importance of a complete understanding of the RJ- command.
Its execution is made in the way:
PAK — U,
v —> PAK
Following our examnle and assuming the subroutine to be cxecuted after
an Interrupt starts at 05000 and end at 05500, we have to write:
(G0002) = J 05500 05000
with (03500) = }1J 00000 30000,
In this case 006236 —» 05500, so that now
(05500) = 11J 000CO 06236.

Ther 05000 =) PAK, 1.e. a jump to C3000 is made. After execution of
the whole subroutine we come to 03500, which brings us back to our
main progranm, namely G0206.

So far we have explained how te save the address of the main progran

to which we intend to return, =2nd how to jump to the subroutine which
has to be exccutcd, f[ici.ever, vou can see that this subroutine probably
uses A and § suring the execution of its commands. Cn the other hand
valuable numbers micht be left in A and 9§ at the moment the main program

-
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c)

is left. We certainly cannot afford to lose these numbers. Moreover,
before returning to the main program we have to restore A and Q such

that they contain the same numbers as at the mement we left the main
program. The result of these considerations is the following:

(00002) = RJ u v

(v) =TP A ws (AR) —Ws

(vtl) = LT 00000 ws+l (A )—»wstl

(VTZ) = TP Q ws+2 (Q) —> ws+2
E E Program which actually
\ ' performs the communication
: : with ext. equip.

(u=3) = TP ws+2 Q Restore Q

(u-2) = SP wstl 00044 Restore Ap

(u-1) = SA ws 00000 Restore Ag

(u) = MJ 00000 30000 Exit

The above program is a typical example for a subroutine which has to
be executed after the generation of an Interrupt Signal. It stores
(A)i and (Q);, performs its specific job, and restores (A) and (Q).

The Program Controlled Interrupt
1) The "Bull" Card Unit
The Interrupt Feature can be selected in connection with the on-line

card unit. One bit (v = 1) included in (v) of the EF-v which selects
a card unit operation enables this equipment to emit the Interrupt Signal.

Reading of Cards:

When cards are read the Interrupt Signal is emitted at the time IOB

and IOA contain data from one row, i.e. one row is ready to be picked

up from IOB and IOA. This means that the subroutine to which the

program jumps has to read I0B and I0A as explained under "Bull Card Unit."

Punching of Cards:

then cards are punched the Interrupt Signal is emitted at the time the
card unit requires new data for one row in IOB and IOA, i.e. the
subroutine has to send data for one row to IOA and I0OB as explained
earlier.

In either case it is important to understand that the interruption is
made for each row of a card.

The usefulness of the Interrupt Feature in conjunction with the card
unit is evident. It eliminates the task for the programmer to carefully
calculate the time he uses for other computer operations between

successive rows. The Interrupt Signal automatically "informs" the
computer that either (IOB) and (I0A) have to be picked up (reading)
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or cata have to be sent to IOA and IOB (punching). This means that

now these operations cannot be made too late. On the other hand it

also means that the programmer need not initiate these operations

too early and, therefore, "hang up" temporarily thus wasting valuable
computer time,

It is, however, pointed out that the main program may not contain any
Repeat Sequences which need more time for their executions than 1.5 m sec.

(if Interrupt for punching is used) or 10 m sec. (if Interrupt for
reading is used). These are the so called "receptive times" for the
card unit, i.e. time which may elapse between the beginning of -an
input or output cycle and the execution of the first EW or ER.

2) The 1105 Buffer System
The Interrupt can be used in connection with the 1105 Buffer System.
It is possible to select the Interrupt for either buffer or both buffers,
This selection is made by including Bit voy = 1 into (v) of one of the
following instructions: EF "Read Tape", EF "Write Tape", EF "Move Tape",

Reading from Tape via a Buffer:

The Interrupt Signal is generated at the time a whole block has been
transferred from tape to buffer. Actually the interruption is made by
the "end of block" signal, and at the same time the buffer is switched
from "load" to "unload”. The subroutine to which you jump because of

the RJ uv at 00002 can, therefore, perform the transfer buffer —computer.

Writing on Tape via a Buffer:

In this case the Interrupt Signal is generated, after the content of the
buffer has been written on tape and the buffer has been switched to the
"load" state. The subroutine to which you jump because of the Interrupt
can, therefore, perform the transfer 6f the next block from computer to
buffer.

In both cases you see that the Interrupt only means: A previous tape ¢
buffer operation is completed. Therefore, the buffer is ready to commun-
icate with the computer. However, the interruption does not mean that
the computer has to perform a buffer<—scomputer transfer, since even in
Free Run the Automatic Tape Controller would step the tape, if the next

reading or writing is not initiated in time, With other words, the
Interrupt for the Buffer System merely prevents the computer from waiting
for Buffer Inactivity. Thus it gives the programmer the possibility to
make the most efficient use of the time needed for tape ¢-buffer transfers.

As long as the Interrupt is chosen for use with one buffer at a time, no
MJ with j = 4 or 5 need to be executed after the jump to the subrouting,
because such a jump means that the buffer is inactive. However, if the
Interrupt is selected for both buffers simultaneously, these MJ's have
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3)

to be executed in order to detect which buffer emitted the Interrupt Signal.
After the main program is interrupted once, all subsequent Interrupt Signals
initiated within 0.5 m sec are ignored.

Moving the Tape:

Tho ITntorront m
43T afivCadupe

this case the main program is interrupted after the tape has been moved
the specified number of blocks. (This does not apply for Bypass Mode
Move opesations!)

Other Equipments

The Interrupt may also be chosen for other equipments as e.g. the Ferranti
Tape Reader and the On-Line High Speed Printer. A discussion of these
operations is omitted. The existence of these possibilities is merely
mentioned here.



VIII) The 1103A/1105 Floating Point System
A) Representation of Numbers

A decimal number N is represented in the form

N =4 m2°

where % € m < 1.

With this restriction for m, there exists one and only one value

for c.
m is called "mantissa”
¢ is called "characteristic"

|

Lt b bhits | 27 hits
/ | T
Sicn "higsed” muntissa
Fit characteristic

=c T 1381n

&) Tepresentation of positive Numbers (112 0)

csa i placed into the rightmost 2

Since both, mantissa and characteristic, are to be placed into one
30-bit register, the following format has been chosen:

T1g bits of the register
~hoth al point is assumed to be between bit is- and iGQ
i.e. all 27 bits are fractional bits with the leftmost bit (iog)

The reusen for this method is the following:

¢ obi 25
and 11 111 111 (binary). It is, however, o
;c8¢ess a negative characteristi
This means that we have to b
negqutive exponents for a positive number.

bt P

wrresents a ¢ = 0, we _cannot represent &
se E bits the function of a
ver, would over-complicate the wh

L O
bty
ot
qw

te ucal with two sign bhits in one reqis

N s PATT ~red - . e e : r
iore, the iollgowlng reprosentation ior

corresponds to ¢ = O,

erved for the characteristic can

bvicus that a p

c, as e.q.

e able to repre

If we gssume th
¢

c €0, unless we
1

sign for the ch
ole matter, sin
ter.

[N

the character:

lie between 00 CGCU

08§

9]

o]
&}



Then:

10 000 001 = 201y represents ¢ = 1

10 000 010 = 2025 represents ¢ = 2

10 000 011 = 203, represents ¢ = 3
o g

11 111 111 = 377, représents ¢ = 127y

01 111 111 = 177y vrepresents ¢ = =1

01 111 110 = 176g represents ¢ = —-2

01 111 101 = 1755 represents ¢ = =3

00 00O €00 = O représents ¢ = =126

10

Applying this method we are able to represent cxponents ¢ in the range
A < -

Thus all numbers N>0 in the rangc

can be represented using this Floatlng Point" Format. (The range in
decimal is roughly 107°V£& N £10 ot
Zxamples
N = 3:
lere, 3=2C/1 2% i.c. m=3/4, ¢ =2,
Since 3/41 = 0/6 = .6( = 1109, we have:
/;fiaO 10 000 C19, 110€—3(0
w._—/\‘_y__—__—/

Sign C mantissa, 27 bits

In octal we have: 3 = 202 60&~—>0

Since I = 1§ - 2‘1, we cbtain m =1Lk, ¢ = —1.

herefore, 4 =0 01 111 111 10&——0 (binary)
or, LEITT 106—230 (cetal)
e

mantissa,
Notice: ¥ = 4/0 = g

No=1/5:

1/2 = 2/3 - 271 dile. m=2/3, ¢ =-1
In this case the conyersion of the decimal mantissa m = 2/3 into binary
(or octal) is not made as simply as in the above examples, where the

. X . e a
denominator always was 27 (x = 2 for N = 3, x =1 for N = 1/4). Therefore
we have to convert a decimal fraction to an octal fraction by multiplying

*
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with 8;
1/3 = 666 666 666 ,...

L6606 666 . ©
5 [.333 326

you see: the result is actually 5.333 333 ...... Therefore, we go on with

.333 333 - 8
2 | .666 664

ne——

Here the result is 2.666 666 ..... This means we have to go on with .666 666...
which brings us back to where we started. Thus
2/3 = .525 252 525 525
Since the mantissa consists of 27yg bits we have to restrict ourselves
to 9 octal digits.
1/3=0 01 111 111 101 010 101 010 101 010 101 010 101,

°F 1/3 =177 525 252 525

) Representation of negative Numbers N <O.

A negative number is given by the complement of all 36 bits of its
absolute value. '

Example:

Since + 3 =0 10 000 010 110e—0, we obtain
- 3=1 01 111 101 00l¢&——1 (binary)

Notice: Sign bit, mantissa, and characteristic are complemented. On
the other hand, +3 has a characteristic ¢ = 2, and -3 = =3/4 '22 has also
a characteristic ¢ = 2. DBut nevertheless the © bits comprising the

characteristic portion of a negative number are given by the one's complement
of the true biased characteristic,

a‘) Representation of N = O,

The number "zero" is represented by 36;4 "zeros", i.e. all 36 bits of
the register are zeros.

A number N being represented in the above mentioned format is said to
be "normalized™ and "packed".

"Normalized" means: the most significant bit of the mantissa is in stage iog.

"Packed"” means: mantissa, biased characteristic, and sign bit are placed
into one register in the 1—8—27 format.

B) Floating Point Commands
During all Floating Point arithmetic processes the programmer possesses
the option to round or not to round the rightmost bit of the mantissa of
the result of such a process. This is handled by the command
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Fi j- (Floating Point llourd CGrtion)

do not round results of all following

.
1
s

floating point operations

If j = 0O from now on round again all results of
all subsequent floating point operations.
This is also accomplished by a computer
Master Clear, i.e. rounding is the normal

operation of the machine.

J 1s determined as in PU jv etc.

FA uv  (Floating Point Add)
Octal operation code = 04
Function:

(u) : normalized, packed Floating Point number
(v) : normalized, packed Floating Point number

Then (y) + (v)—0Q
where (Q)y = normalized, packed and rounded (optional) Floating
Point result.

FS uv  (Floating Point Subtract)
Octal operation code = 65
Function:
(u) — (v)—™Q
where (u), (v), and (Q)f are normalized, packed numbers, and (Q)f
is rounded (optional).

FM uv  (Floating Point Nultiply)
Octal operation code = 66
Function:
(u) « (v)—Q
where (u), (v) and (Q)s are normalized, packed numbers, and (Q)¢
is rounded (optional).

FD uv  (Floating Point Divide)
Octal operation code = 67
Function:

{u)
(v)

(u), (v) and (Q)f are normalized, packed numbers, and (Q)¢ is
rounded (optional).



FP uy  (Floating Point Polynomial Hultiply)

Octal Operation code = 01
Function:
(W) (Q); + (v)—Q
(u), (QJ;, and (v) have to be normalized and packed Floating Point
numbers. (Q}f is also normalized and packed, and it is rounded
(optional). This rounding process is performed in the following
way: At first the product (u).(Q); is rounded. Then the sum (u)-(Q);
+ (v) is rounded again. If no rounding is wanted, ncither the product
nor the sum are rounded.
The usefulness of this command is illustrated by the following example:
Compute o - :
TagxY +oan XUt ... a; X + ag,

where

(00100) = ag
(00101) = a
(00102) = ag
(00107) = ay
(00110) = an
‘and  (0007T) = x
Solution:
b TP 00100 ) ag — Q

1 &P 100iC  b+3 levelop
2 Fp 00077 00Ol f A + a5 —Q
124
J

T

4

FI uwv  (Floating Point Inner Product)
Gctal coperation code = 02
Function:

(wi-(v) = Q) —0Q
(u), (v), and (Q)j have to be normalized and packed. (Q)¢ is also
normalized, packed and rounded (optional). As in the FP uv, either
beth, product (u)«(v) and sum (u)-(v) + (Q);, are rounded, or neither
one is rounded,.

-

otice: Leocation F, = 00003 _is used for temporary storage of (Q);.

This command is useful for computing sums of products us e.q.

/L
22:31 by

&z g
“xample: Let o = 5 and
(010 = g (00200) = by
ool = ey (CO201) = by
(GO103) = az (00205) = b



b3
To develop the sum Z oai b; = ag ho + a; bl + ---- + a5 b
” =
we write the program:

¢ Fam 00100 00200 ap bp—0Q
¢+l RP 300CS c+3 } compute
c+2 FI 00101 00201 a0 by + ---- + ag bs—sQ
ct3 NI

UP_uv (Unpack)
Cctal operation code = 03

Function:
Assume (u) is a packed, normalized Floating Point number, Unpack
(u) in the following way:

(u)m-—eum, sign bit ugs is also placed into ugy thru usy

If (w2 0: (We—ov, v35 and v, thru vy
} are all "zeros”

I1f (u) € O: (u)é._;vc
Definition:

(u), is the martissa part of the number

(u), is the characteristic part of the number

u . means: bits Uog evens uO

Ve means: bits Vay seoes Vo7

Example:

(u);

O!.O 0CO 011 101 e—0 = + 5=%' 2
C m

Unpack (u) gives the result:

(u)e = 0 00 COO 000 101 0e—0
(v)¢ = 0 10 000 011 Oé————0

(1) = 1 01 111 100 010 le——1= -5 = < - 23
Unpack (u):

(W = 111 111 111 010 le—>1

(v)f = 0 10 000 011 0e——>0

As you see: hen unpacking (u) the rightmost 2719 bits of (u)y (mantissa
part) are equal to those of (u);, but the other 9 bits are all sign bits.

lowever, (v)¢ contains always the true biased characteristic of the
number (u);. This means that the characteristic part of (u)j €0 is at

first complemented and then placed into the proper part of v (in above
example (u); =-5: (u), = 01 111 100 is complemented and 10 000 011 —v.)
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NP uv  (Normalize Pack)
Octal operation code = 04
Function:
Assume(u)j is an unpacked mantissa, normalized or not, i.e. the binary
point is assumed to be between Ug7 and U, but the most significant
bit of the mantissa may or may not be at ugg.
Assume further that (v);j contains an unpacked true biased characteristic
in the characteristic part.
Normalize and pack in the following way:
(u)j is normalized and rounded (optional) such that now
the mantissa is in up.
(v); is adjusted according to the number of shifts which were

needed to normalize (u)j, and sent to u,. If (u); was

negative, complemtnt (v). and then send it to ug.
As you see: (u); contains a mantissa which may or may not be normalized.
However the binary point is assumed to be between use and Upg . Therefore,
if e.g. the most significant bit of the mantissa was in uog, two right
shifts are needed to bring it into upq. This is equivalent to a multipli-
cation with 2-2, Therefore the true biased characteristic is increased
by two. Then the machine determines whether (u); is positive or negative.
If positive the adjusted characteristic is sent to u,. If negative the
complement of the adjusted characteristic is sent to uc. In any case
(u)f is a normalized, packed and rounded (optional) Floating Point number.

Example:
Let (u); = 000 000 101 O————0 =m
binary point
(v); = 010 000 001 O=—0

Normalizing (u)j means: shift it 3 places to the right, i.e.
multiply mantissa @ with 2-3, Now (u)j = 000 000 000 101 O 0
contains m-2—3, Therefore a "3" is added to the biased character-
istic in v: (v)g¢ = 0 10 000 100 O 0.
Then (V)¢ —> uc:
(w)g = 0 10 000 100 101 O
= 1030

0

What we actually produced was this:

We have m and C = 20lg, i.e. ¢ = 1,

The number we are looking for is, therefore, m * 2!

But m was not in the range-%>é m €1, since it was = 5. As a
result m + 2=° =-g—was produced. However, in order to keep the
value m-2'. we now have to add 3 to the characteristic, since

' = . -3 . ]3_*;3.'
i 24 @\3" 2 \———» characteristic
%‘ = mantissa €1

¢
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C)

D)

Some Remarks on Machine Operations occurting during Floating Point
Arithmetic Processes.

Assume we give the command FA uv. In order to add (u) and (v) the machine
obviously has to unpack both numbers, align the mantissas according to the
difference of the characteristics, add the mantissas, round the result
(pptional), and normalize and pack the result in Q. Without going into
details the following is stated: .

During Floating Point Arithmetic operations the Accumulator is

used. This means that (A)j is destroyed, whereas (A)s contains

the mantissa of the result such that the most significant bit

of the mantissa is in Agp (i.e. m is given by the rightmost 2710

bits of Aj). If a result is a "zero?, then (A)f = 0, (Q)g = O.

During the "unpack” prodedure the two characteristics are saved in two

special registers, C and D. The characteristic of the result is developed
in another register, called S-register.

Since there is no room for going into details of sequences of Floating
Point commands, the use of A and Q as operands and the results of such
operations are not explained here. It is, therefore, pointed out that

the reader may check the appropriate literature on the Floating Point
System before using A and/or Q as u and/or v in these instructions.

During addition, subtraction, multiplication, division, and normalizing,
one of the two following situations may occur:

1) The characteristic of the result is too large, i.e. ¢ would be > 127,4.
If this is detected, a computer "A" Fault is generated, and the
"char. overflow" light on the console is illuminated.
2) The characteristic of the result is too small, i.e. ¢ would be
<—128. 1In this case the result is replaced by "0", i.e. A and Q
are cleared.

Use of "Transmit™ and "Compare"” Instructions for Floating Point Numbers.

Because of the format chosen for the representation of numbers in Floating
Point, the use of the following instructions is preserved for operations
with Floating Point numbers:

TP wv EJ uv
™ uv TJ uv
T™N uv SJ uv
ZJ uv

Examples:

Assume (u) = 010 000 011 101 O———0 2= + 5
After TN u v we have ’

(v) = 101 111 100 010 1} 1=-5
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Assume you want to compare (u) and (utl).

Then: a TP u A
atl EJ utl v

Assume you performed an arithmetic operation in Floating Point. In
order to find out whether or not this number is positive, just give

a SJ uv without transferring the result from Q to A. This is possible,
because (A)y contains the resulting mantissa and naturally Sign bits.
In order to find out whether the result is "0", just give a ZJ uv,
since (A)f has to be = 0, if result = 0.
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TABLE I
Sample Card Unit Routines
READ SINGLE CARDS

The computer instructions below withdraw two cards from the read
card feed hopper, position the first card for reading and transmit its
contents to the computer, and continue ddvancing it through the read
channel until it reaches its final position in the receiving stacker.
(The second card withdrawn from the hopper is left in the first station.)

EF-v (v) = 40 00000 00004 1 cycle
(START, PICK READ CARD)

EF-v (v) = 40 00000 00005 1 cycle
(START, PICK READ CARD, READ)

Within 140 ms. of the execution of this
instruction, the execution of the follow-
ing three instructions should be initiated:

ERjv (j=0) Repeat for each card row, each repetition
ERjv (j=1) being initiated not later than 10 ms. after
ERjv (j=1) the beginning of the coreesponding row
point., ‘

EF-v (v) = 40 00000 00000 1 cycle
(START)

EF-v (v) = 40 00000 00000 1 cycle
(START)

EF-v (v) = 40 00000 00000 1 cycle
(START)

EF-v (v) = 40 00000 00000 1 cycle
(START)

(card read now placed in receiving
stacker)

* This means (here and in following tables): After you read one
row and used already 27.6 m sec. you may give the first ER after
an additional 10 m sec. However, as you probably see: do not try
to do this for each row again and again, because these additional
m sec. will soon increase such that a "B"-Fault has to occurl
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TABLE II

READ CONSECUTIVE CARDS
A. Single Card Mode

To transmit information from n consecutive cards, without selecting
the FREE QUN bit, a routine similar to the one above for READ SINGLE CARD
is executed:

EF-v (v) = 40 00000 00004 1 cycle
(START, PICK READ CARD)
EF-v (v) = 40 00000 00005 1 cycle

(START, PICK READ CARD, READ)

Within 140 ms. of the execution of this
instruction the execution of the following
three instructions should be initiated:

Rjv (j=1) being initiated not later than 10 ms. after

ERjv (j=0) } Repeat for each card row, each repetition
ERjv (j=1) the beginning of the corresponding row point.

EF-v (v) = 40 00000 00005 n-1 cycles
(START, PICK READ CARD, READ)

Execute this instruction within 10 ms. of
the beginning of row point 12 of the previous
cycle. Within 170 ms. of the execution of this
instruction, the execution of the following
three instructions should be initiated:

ERjv (j=1) )i being initiated not later than 10 ms. after

ERjv (j=0) [ | Repcat for each card row, each repetition
ERjv (j=1) the beginning of the coreesponding row point.

Execute this same instruction (n-2) more times,
initiating each execution with 10 ms. of row
point 12 of the previous card cycle. After
each such instruction is executed, initiate
execution of its associated External Read
Instructions within 170 ms.

EF-v * (v) = 40 00000 00000 1 cycle
' (START)

EF-v * (v) = 40 00000 00000 1 cycle
(START)

EF-v # (v) = 40 00000 00000 1 cycle
(START)

EF-v * (v) = 40 00000 00000 1 cycle
(START)

At the conclusion of the above program, the nth card (or last card read) is
found in the receiving stacker; an (n+1)th card is in the first reading station
sSEmTTESnRN—
* Execute these instructions within 10 ms. of row point 12 of the previous
cycle to obtain continuous card cycles from the Card Unit.
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B. Free lun lode

TABLE 111

The computer instructions below withdraw n+l cards from the read card feed

hopper,

one at a time,

position n of them for reading and transmit their

information content to the computer, and contirue advancing these n cards
through the read channel until the last card reaches its final position in

the receiving stacker. (The n+15t card is left in the first reading station.)

EF -v (v) = 40 C0000 00CC. 1 cycle
( T T\" rlch QA‘;;D C:;.xD)

EF-v (v) = 40 00000 00045 1 cycle
(START, FREEZ RUN, PICK READ CARD, READ) (first
vithin 140 ms. of the execution of this free run
instruction, the exccution of the following cycle)
three instructions should be initiated.

Znjv (j=0) Repeat for each card row, each repetition

Cijv (j=1) being initiated not later than 10 ms. after

Eijv (j=1) the beginning of the correspording row point.

(A series of card cycles is initiated.)

ERjv (j=0)
T‘PJV (J 1)
ERjv (j=1)

)i

J

170 ms. from the completion of the External
Read Instructicn for row 12 of the previous
card cycle, execution of the following three
instructions should be initiated.

Repeat for each card row each repetition
being iritiated not later than 10 ms. after
the beginning of the corresponding row
peint

Same procedure for next (n-4) cycles

(n-3) cycles
(intermediate
free run
cycles)

Enjv (j=0)
ERjv (j=1)
ERjv (=1)

EF-v

B R

170 ms. from the completion of the Exteraal
llead Instructions for row 12 of the last
previous card cycle, execution of the follow-
ing three instructions is initiated.

Lepeat for each card row, each repetition
being initiated not later than 10 ms. after
the beginning of the corresponding row point,

= 40 00005 00020
nT, 5T0R)

(v)
(STA
This irspruction must be executed within
1C ms. of the beginning of row point 12
of this cycle.

1 cycle

(the next to
last cycle
of free run)

con'T.
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TABLE III (Continued)

ERjv (j=0)
Eijv (j=1)
ERjv (j=1)

170 ms. from the completion of the External

Read Instructions for row 12 of the previous
card cycle, execution of the following three
instructions is initiated:

Repeat for each card row, each repetition
being initiated not later than 10 ms. after

the beginning of the corresponding row point,

(nth card read during this cycle and free
run selections are drepped.)

1 cycle
(last cycle
of free run)

EF-v * (v) = 40 00000 00000 1 cycle
(START)
EF-v * (v) = 40 00000 00000 1 cycle
(START)
EF-v * (v) = 40 00000 00000 1 cycle
)
EF-v (v) = 40 00000 00000 1 cyele

(START)

* [Execute these instructions within 10 ms. of row point 12 of
the previous card cycle to obtain continuous card cycles from
the Card Unit.




PUNCH S1:

N8
NAT el

TABLE IV

T
CACLLD

The computer instructions below withdraw two

cards from the punch

card feed hopper, position the first card for punching and punch infor-

mation in it,

and certinue advancing it through the
it reaches its final position in the receiving stacker.

card withdrawn from the hopper is left in Station 1.)

punch channel until
(The second

EF-v (v) = 40 00000 00010 1 cycle
(START, PICK PUXNCH CARD)
EF-v (v) = 40 00G00 00010 1 cycle
(Sln xT PICK PURCH CnnD)
CF-v (v) = 40 0G0CO 00002 1 cycle
(START, PUNCH)
Within 140 ms., of the execution of this
instruction, the execution of the following
three instructions should be initiated:
Zugv (3=0) Zepcat for each card row, each repetition
glv (i=1) being initiated not later than 1.5 ms. after
Ciujv (j=1) the beginning of the corresponding row point.*
CF-v (v) = 40 00000 06000 1 cycle
(STalT)
§ (Card is punched in this cycle)
i
Ef-v (v) = 40 00000 00000 1 cycle
(STanT
EF-v {v) = 40 00000 00000 1 cycle
\ST;"x J
* See remaris on Table 1




TABLE V

A. SINGLE CARD MODE

To punch n cards without selecting the FREE RUN bit,

EF-v (v) = 40 00000 00010 1 cycle
(START, PICK PUNCH CARD)
EF-v (v) = 40 00000 00010 1 cycle
(START, PICK PUNCH CARD)
EF-v (v) = 40 00000 00012
(START, PICK PUNCH CARD, PUNCH)
Within 140 ms. of the execution of this
instruction, the execution of the follow-
ing three instructions should be initiated.| (n-1) cycles
EWjv (j=0) Repeat for each card row. Each repetition
E¥jv (j=1) being initiated no later than 1.5 ms. after
EWjv (j=1) beginning of each row point.
Execute the above sequence of instructions
n-1 times. Each sequence starting with the
EF, and given no later than 170 ms. of the
previous row point.
EF-v (v) = 40 00000 00002 1 cycle
EWjv (j=0) (START PUNCH)
EWjv (j=1)
Eljv (j=1) Timing as above.
nth card punched in this cycle.
EF-v (v) = 40 00000 00000 3 cycles
EF-v (START)
EF-v

Each EF within 10 ms. of row point 12
of previous instruction

At the conclusion of the above program a single card is left in
Station 1, and all cards punched are in the stacker.
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TABLE VI

B. FREE RUN MODE

The computer instructions below withdraw nt2 cards from the punch feed
hopper, one at a time: the first n cards are advanced through the punching
channel, punched and sent to the receiving stacker; the (n+1)St card is
advanced to the Stacker; the (n+2)nd card is left in Station 1.

EF=-v (v) = 40 00000 00010 1 cycle
(START, PICK PUNCH CARD)
EF-v (v) = 40 00000 00010 1 cycle
(START, PICK PUNCH CARD)
EF-v (v) = 40 00000 00059 1 cycle
(START, FREE RUN, PICK PUNCH CARD, PUNCH) (first free
run cycle)

Within 140 ms. of the execution of this
instruction, the execution of the following
three instructions should be initiated:

EWjv (j=0) | Repeat for each card row, each repetition
EWjv (j=1) | being initiated not later than 1.5 ms. after
EWjv (j=1) | the beginning of the corresponding row point.

(A series of card cycles is initiated.)

170 ms. from the completion of the first (n-3) cycles
External Write Instruction (j=1) for row 12 (intermediate
of the previous card cycle, execution of the free run
following three instructions should be cycles)

initiated:

EWjv (j=0) | Repeat for each card row each repetition
EWjv (j=1) | being initiated not later than 1.5 ms. after
Ejv (j=1) | the beginning of the corresponding row point.

(Same procedure for next (n-4) cycles)

170 ms. from the completion of the External 1 cycle
Write Instructions for row 12 of the last (next to
previous card cycle, execution of the follow- last cycle
ing three instructions is initiated, of free run)

Ejv (j=0) | Repeat for each card row, each repetition
EWjv (j=1) | being initiated not later than 1.5 ms. after
EWjv (j=1) | the beginning of the corresponding row point,

EF-v (v) = 40 00000 00020 |
(START, STOCP) i
This instruction must be executed within

10 ms. of the beginning of row point 12 of
this cycle. i

CON'T.




TABLE VI (Continued)

Evjv (§j=0)

170 ms. from the completion of the External
frite Instructions for row 12 of the previous
card cycle, executiorn of the following three
instructions is initiated:

Repeat for each card row, each repetition

1 cycle
(last cycle
of free run)

Ehjv (=1 being initiated not later than 1.5 ms. after

wjv (g=1) the beginning of the corresponding row point,
(FREE RUN seleetions are dropped)

EF-v ¥ (v) = 40 00000 00000 1 cycle
(START) ‘
(nth card is punched)

EF-v # (v) = 40 00000 00000 1 cycle
(START)

EF-v * (v) = 40 00000 00000 1 cycle
(START)
(nth card put in punch receiving stacker)

EF-v * (v) = 40 00000 00000 1 cycle

(START)

st
(n + Y card is put in receiving stacker

* Execute these instructions within 10 ms. of row poiat 12 of
the previeus card cycle to obtain continuous card cycles from
the Card Unit.




TABLE VII

The computer instructions below:

1) Withdraw two cards, one at a time, from the punch feed hopper; the
first card withdrawn is punched and placed into the output stacker;
the second card withdrawn is left in Statien 1.

2) Withdraw two cards, one at a time, from the read feed hopper; the
first card withdrawn is read and sent to the receiving stacker; the
second card withdrawn is left in Station 1.

EF-v (v) = 40 00000 00010 1 cycle
(START, PICK PUNCH CARD)

EF-v (v) = 40 00000 00014 1 cycle
(START, PICK PUNCH CARD, PICK READ CARD)

EF-v (v) = 40 00000 00007 1 cycle
(START, PUNCH, PICK READ CARD, READ)

Within 140 ms. of the execution of this
instruction, the execution of the following
six instructions should be initiated:

EWjv (j=0)

E?QV EQ:%; Repeat for each card row, each repetition

Eggx (3=0) being initiated not later than 1.5 ms. after

ERjv (j=1) the beginning of the corresponding row point.!

ERJv G=1) | READ CARD read in this cycle)

EF-v (v) = 40 00000 00000 1 cycle
(START)
(PUNCH CARD punched in this cycle)

EF-v (v) = 40 00000 00000 1 cycle
(START)

EF-v (v) = 40 00000 00000 1 cycle
(START)
(PUNCH CARD put in punch receiving stacker)

EF-v (v) = 40 00000 00000 | 1 cycle

(START)

(READ CARD put in receiving stacker)

Simultaneous Reading and Punching of n cards can be done by applying a
similar method, either in Single Card Mode or in Free Run!
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TABLE VIII

1103A and 1105

Octal Magnetic Tape Functions

1103A

The table given below shows the octal equivalent of the bit assignments
for the selection of Magnetic Tape operations:

02

00
- 00

23

8888888 8

S8 83888 888 8 88

00000
00000

00000

.
.
.
.

:':.

00001

00001
00006

00016
00000 -

00020
00040
00000
00100

00002
00012

00004
00014
00000

00200

00400

00001
00001
00001

00060
00010

Examples: _
Write in high density on Uniservo 3 using Free Run, 1.2" Blockette Space,
1.2" Block Space:

02 00046 30000

Write in low density one block on Uniserve 9 using 0.0" Blockette Space,
2.4" Block Space:
02 00717 10000

(v) =

(v) =

00000

10000
20000

70000

00000

20000

- 00000

00000
00000
00000
Oxxxx

00000

00000

50000
60000
70000

00000
00000

Select Magnetic Tape ("Master Bit")

Uniservo:Number 1
” ” 2
' 1]
: . [
! : '
" '; %
” ': 8
" " io

Write;in'high density | Write in low densi?y’>no5!
Write in low density Write in high density
0.0" Blockette Space '

0.1" :

1 2" ” ™
1.2" Block Space
2.4" " ”

Read forward
Read backward

Stop (after "Read" or "Write" operation only)

Move forward

_Move backward

xxxx = Number of blocks ("Move" operatien only)

Rew1nd
Rewind with 1nterlock

Set "Read Bias" to Normal
” L 1] " ” LOW
y' 11] ” '»" High

Select Var. Bl. Length gg_Coht.'Data;Input
Change Mode '
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TABLE VIII (Continued)

Read forward in Free Run from Uniserve 6, Fixed Block Length:

(v) ¥ 02 00002 60000

niove backward Uniservo & 19 blocks; Fixed Block Length:

(v) = 02 00015 00023

Read forward from Uniserve 4 in Var. Block Length:

a)

b)

(v) = 02 00062 40000

1105

Bypass liode

In order to select tape operations without using a buffer, i.e. to
bypass a buffer, give an EF -v, where

(v) = 00 10000 04000 to bypass buffer 1

(v) = 00 20000 04000 to bypass buffer 2
Tape operations in Bypass liode are now selected as explained for 1103A
with the addition, that
ig; = 1 is Master Bit for TCU 2,
igp = 1 is Master Bit for TCU 1.
Either one of these bits can be used depending upon the buffer which
is to be bypassed (Both bits may not be specified!)

[}

Therefore:
If Buffer 1 is to be bypassed, EF "Tape" operations are selected

with a (v) = 0l XXXXX XXXXX.
If Buffer 2 is to be bypassed, EF "Tape" operations are selected

with a (v) = 02 xxxXXX XXXXX.

Normal (Buffer) Mode

Tape operations are selected as explained for 1103A, with the addition
that either one of the Tape Control Units can be specified (see under
Bypass lode)., Notice that "Write Density" for 1105 is reverse to 1103A.

Example:
Write in high density, Fixed Block Length, Unis. 3, Free Run,
1,2" Blockette Space, 1.2" Block Space,
TCU 1: EF -v with
(v) = 01 00C36 30000
The same for Unis. 3, TCU 2: EF -v with (v) = 02 00055 30000,

Interrupt Selection:
Bit voy = 1 in (v) of CF "Tape" instruction
Buffer operations

(v) of EF -v Function
00 10000 020C0 Clear Buffer 1 and switch to "load"
00 20000 (02000 " " 2 " " " "
00 100C0 01000 "ind Transfer”, Buffer 1 switch to "unload"”
00 20000 01000 " " " 2 " " "
00 10000 (C01C0 mrite Buffer™ 1 (similar for Buffer 2)
00 106C0  (C0250 "ead Suffer” 1 (similar for Buffer 2)
00 16000  0£016D iecad lord Counter of Duffer 1 into 10B,

0O 20000 00100 " " " " 5
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TABLE IX (Continued)

TAPE CPZRATION

DO

DON'T

liove Forward/

Designate in (v) of EF instruc-

Program a love Foriard/

N

Backward ‘ tion: Backward of more blocks
| 1) Magnetic Tape Master Bit than have-been recorded.
2) Move Forward/Backward Terminate a move opera-
3) Number of blecks to be tion with an EF Stop Tare
moved. instruction,
4) Uniservo Number
Rewind Designate in (v) of LF instruc--
tion:
1) Magnetic Tape laster Bit
2) Rewind
3) Uniservo Number
i
Rewind/ Designate in (v) of EF instruc- | Reference a uniservo
Interlock tion: rewound-with interlock

1) lagnetic Tape llaster Bit
2)

3) Urniservo Xumber

Rewind/Interlock

until the uniservo door
interlock switch has
been opened and closed.

. PR s

ey

i

Change Bias

s s mmen o

Designate in (v) of EF instruc-
tion:

1) Magnetic Tape ilaster Bit

2) Change bias level bits

Program a return to normal bias
level unless a computer liaster
Clear occurs which accomplishes
this.

i

Include any other tape
operation in the EF
Change Bias instructior.

Program two successive
changes to high or low
bias level.

t
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TABLE X

AVAILABLE COMPUTATION TIMES
Fixed Block Length Node

The following table shows the recommended programming times allow-
able for computation between tape operations., The safe times listed are
based on theoretical timing conditiorns and then adjusted to include a safety
factor, The safety factor takes into consideration fluctuations in normal
operating characteristics and unpredictable component variations. The
theoretical times do not include any execution time for the instructions
effecting the particular tape operation under consideration. DBecause of
possible adjustments on different machines, the theoretical times may vary
slightly from installation to installation,

Safe Time
Theoretical (based on the-
Situation Time oretical time)
READ OPERATION
Between EF Start Tape and first ER
1.2" block space 46.1 ms 31 ms
2.4" block space 56.9 ms 40 ms
. (See also leader and reversal delay) '
Between successive ER instructiens
at 120 lines per inch 468 us 350 ps
at 50 lines per inch 1200 s 900 ps
Across -the blockette space
1.2" blockette space 12 ms 9 ms
0.1" blockette space 1 ms 750-ys
Across the block space
1.2" block space 12 ms 9 ms
2.4" blockette spacc 24 ms 18 ms
Between last ER and EF Stop Tape
1.2" block space 3.75 ms l1ms®
2.4" Block space 17.25 ms 14 ms *

Ohservance of the stated time for this interval is important if reading
is continued. If the stop occurs too close to the first lines of the
next block, not enough time is allowed for the tape to accelerate before
the first lines arc encountered in the following reading operation.
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TABLE X

(Continued)

If this should be the case, the first lines will not be sensed from the
tape. For a 1.2 inch block space, a zero time delay would be recommended
if it were feasible, as this would stop tape movement such that the
read/write head would be positioned midway through the inter-block space.
Where other instructions must be executed before the EF Stop Tape instruc-
tion, it is recommended that the minimum time does not exceed the value
shown in the table. The 2.4 inch case is not as critical, but again it
is recommended that the value shown is not exceeded.

% Next Page

-

N

} Safe Time
; Situation Theoretical | (based on the-
Time oretical time)
WRITE OPLERATION
Between EF Stert Tape and first EW
1.2" block space 46.1 ms 31 ms
2.4" block space 58.9 ms 40 ms
(Sce also leader and reversal delays)
Between successive EW irnstructions :
. . '
at 128 lires per inch t 468 ps 350 us
at 350 lines per inch | 1200 ps 900 ps
Across the blockette space %
1.2" blockette space : 12 ms 9 ms
0.1" blockette space 1.0 ms 750‘ps
Across the block space |
1.2" block space E 12 ns 9 ms
2.4" block space 24 ms 18 ms
Between last EW and CF Stop Tepe |
1.2" block space é 12 ms 1 ms **
2.4" block space E 24 ms l.ms *#
|
LEADER Doo-¥
L |
Starting reading or writing from I
rewound positiorn %
i 1.2" block space i 1346.1 ms 1237 ms
i , , ' —
i 2.4" block space o 1350.9 ms 1247 ms
; REVERSAL DELAYS Q
{ Reading or writing in !
; from previous tupe mov [ oll.l ms 458 ms
L f




TABLE X (Continued)

*%* During writing, the limitation on this time is actually dependent
upon the block spacing. If the time allowed for block spacings
of 1.2 inch or 2.4 inch is exceeded, a No Information fault occurs.
For the sake of uniformity of block spacings, however, it is re-
commended that the time does not exceed one ms for either of the

tva cnnrince hatwaon hlanke
v Qtlu\l‘l‘uo My v wil MALUVUVAD ¢

afe Time
Situation Theoretical | (based on the-
Time oretical time)
REWIND INITIATION DELAYS
(preventing another I0OB to TCR transmission)
Previous forward direction 35 ms 22 ms
Previcus backward directicn 600 ms 450 ms
CHANGE BIAS DELAY
(preventing another. IOB to TCR transmission) -35 ms 22 ms
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VARIABLE BELOCK LENGTH KODEZ OPERATION

II

TAELE

SYNOPSIS OF

TAPE OPZRATION

00

DON'T

| Read Forward/

Designate in (v) of EF instruc-

Exceed allowable computa=-

backward | tion: tion time between the EF
1) Lagnetic Tape laster Bit Start instruction and the
. 2) head Forward/Backward lst ER, between successive
. 3) Uniserve Number ER instructions, or be-
{ 4) Variable/Continuous Bits tween the last ER and EF
: Stop Tape instruction,
. HKead and check content of I10A B
¢ before 108 is read; ther, read Irclude uniserve number
! 10A again or reac ICL. in EF Stop Tape instruc-
! : | tior.
i
Write Jesignate it (v) of EF instruc- | Exceed allowable -computa-
Ton: ‘ tion time between the EF
i) iagretic Tape dlaster Bit Start and lst EW, between
Z, Variable/Cortirnuous Bits successive EW's, and be-
) Unigervo Number tween the last EW and EF
L} wWrite Operstion Stop Tape instructions,
rrocram A ior ¢
cxct wors to be wriiven, | Include uniservo number
* in EF Stop Tape instruc-
prograz an EF Stop Tape instruc-{ tion.
¢ tion immediately after the
- last worc to be written in each
i block.
i
|
Stop f Designate in (v) of EF instruc- | Designate a uniservo
i

tion:
1) Magnetic Tape Master Bit
2) Stop Bits

pProgram an EF Stop Tape during
reading for all desired stops, !
except at end of record; during
writing, to terminate tape move-
ment and create block spacing.

in (v).
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TABLE XI (Cortinued)

TAPE OPERATION

DO

DON'T

Move Forward/

Designate in (v) of EF instruc-

Terminate Move Operation

Backward tion: with an EF Stop Tape
1) dagnetic Tape Master Bit instruction,
Program a Move Forward/
2) Mov? Forward/?ackward. Backward of more blocks
3) variable/Continuous Bits than are recorded in the
4) Number of blocks to be direction of the move-
moved ment,
S5) Uniservo Number
Rewind
Rewind
Enterlock See Fixed Block Length Mode Operation

‘Change Bias
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TABLE XII

AVAILABLE COMPUTATION TIMES
Variable Block Length Mode

The following table shows the recommended programming times allow-
able for computation between tape operations. The safe times listed are
based on theoretical timing conditions and then adjusted to include a
safety factor. The safety factor takes into consideration fluctuations in
normal operating characteristics and unpredictable component variations. The
theoretical times do not include any execution time for the instructions
effecting the particular tape operation under consideration. Because of
possible adjustments on different machines, bhe theoretical times may vary
slightly from installation to installation,

Safe Time
Theoretical (Based on the-
Situation Time oretical time)

READ OPERATION

Between EF Start Tape and first ER 50,85 ms 33 ms
(1.4" block space)

(See also leader and reversal
delays) ‘

Between successive ER instructions 468}15 350)13
(at 126 lines per inch)

Across the block space 14 ms 10 ms
(1.4" block space)

Between last ER and EF Stop Tape ]
Inter-block stop 7.0 ms 1 ms
Intra-block stop 468 s 250 yus

¢ (Observance of the stated time for this interval is important if read-
ing is continued, If the stop occurs too close to the first lines of
the next block, not enough time is allowed for the tape to accelerate
before the first lines are enceuntered in the following reading opera-
tion, If this should be the case, the first lines will not be sensed
from the tape. For a l.4 inch block space, a zero time delay would be
recommended if it were feasible, as this would stop tape movement such
that the read/write head would be positioned midway through the inter-
blotk space. Where other instructions must be executed before the EF
Stop Tape instruction, it is recommended that the minimum time does
not exceed the value shown in the table.

A19



TABLE XII (Continued)

Safe time
Theoretical {[(based on the-
Situation Time oretical time)
WRITE OPERATION
Between EF Start Tape and first EW 50,85 ms 33 ms
(1.4" block space)
(See also leader and reversal delays)
Between successive EW instructions 468 ps 350 ps
(at 126 lines per inch)
Across the block space 14 ms 10 ms
(1.4" bleck space)
Between last EW and EF Stop Tape 468 ps ¢ 250 ps
(1.4" block space)
LEADER DELAY
Starting reading or writing from 1550.85 ms 1240 ms
rewound position
REVERSAL DELAY
Reading or writing in opposite 615.65 ms 462 ms
direction from previous tape movement
{
REWIND INITIATION DELAYS
(preventing another 10B to TCR
transmission)
Previous forward direction 35 ms 22 ms
Previous backward direction 600 ms 450 ms
CHANGE BIAS DELAY
(preventing anether IOB to TCR
transmission) 35 ms 22 ms

% During writing, the limitation on this time is actually dependent
upon the block spacing. If the time allowed for the block spacing
of 1.4 inch is exceeded, a No Information occurs,




Special Remarks on the Buffer System

The following remarks dedicated to the design of the buffer system might,
at first glance, seem to be unnecessary from a programmer's point of view.
However, these engineering details (modified to "programmer's language" as
much as possible) affect the programming of buffer and tape operations to
a great extent. They are, therefore, presented here and might help to
clarify some peculiar programming situations occuring during 1105 magnetic
tape and buffer operations.

I. Handling of Buffer Activity and Inactivity

Each buffer possesses a so-called "Buffer Active Flip-Flop".
If it is in the "1" state, the buffer is "active". If it is in the
20" state, the buffer is "inactive".

a) Khich operations set a buffer to "active", and when?

A buffer is set to "active" in either one of the following three
situations:
1) "kiove Enable" from TCU
2) "lWrite Enable" from TCU AXD buffer "Unload FF" in its
"1" state (i.e. buffer in "unload” state)
3) "Read Enable"” from TCU AND buffer "Unload FF" in its
"0" state (i.e. buffer in "load" state)

Programming consequences:
A buffer is set to "active" by one of the following three instructions:

1) EF "Move Tape n blocks"
2) EF "Write Tape" provided the buffer is in the "unload" state.
3) EF "Read Tape" provided the buffer is in the "load" state.

(It is assumed that the buffer was "inactive™ upon execution of these
instructions, and that "Bypass hiode™ has not been selected.)

- - ——— —— —— e e . e P - G - Gh e G N G G - W e W W w = -

The "Buffer Active FF" can be set to "O", if and
only if a computer Hain Pulse 5 occurs.

This IiP 5 in conjunction with some other pulses twhich essentially

mean that the tape operation is completed, see below) set a buffer

to "inactive".
Programmning consequence:
Assume the computer stalled, i.e. hung up at one instruction such that no
I:P 5 can be generated by the machine. In this case a buffer cannot be set
to "inactive™, even if the corresponding tape operation which caused buffer
activity is finished!
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1) Read Tape operation:

Assume a tape is read (Free Rum or not). One block enters a buffer.
During this time the buffer is "active”. When is it set to "inactive"?

The buffer is set to "inactive" during the occurrence
of the first MP 5 which follows the detection of an
interblock space.

This is accomplished in the following way:
The above mentioned interblock space generates an End of Block signal
which in turn generates a "Stop™ signal in the Buffer Stop Control.

This sets the "Run FF" (which was set to "1" earlier, essentially at

the time the "Active FF" was set to "1") to "O". The fact "Run FF # 1
and Buffer in Unload State" means that the "Active FF" is set to "O".

When is buffer activity resumed, if we are in Free Run?

The buffer is set back to "actiye" after its content
has been transferred to the computer and the switch
from "unload" to "load" has been accomplished.

This is almost obvious because of a) #3. After the transfer buffer —
computer and the switching to the "load" state we possess the "Read
Enable" from TCU (because of the Free Run) and the "Unload FF = O"
pulse (because buffer is in "load" state). These two will cause a
pulse "Set Buffer Active", and activity is, therefore, resumed.

(At the same time the Run FF is set to "1" again, since buffer is in
"load" state again.)

2) Write Tape operation:
Switching of the buffer from "active” to "inactive"” and back to "active"
(if Free Run) during a Write Tape operation is accomplished in a manner
similar to that of a Read Tape operation.

The buffer is set to "inactive" during the occurrence of

the first MP 5 which follows the detection of a buffer

"Limit Count" (meaning: buffer is empty, i.e. BWK = 1 and
"Back BWK" pulse).

The buffer is set back to "active" (Free Run operation) after
the transfer of the next block of data from computer to
buffer and the switch from "load" to "unload".

3) Move Tape operation
Assume a tape is moved n blocks. The buffer connected with the same
TCU is set to "active™ at the start of this operation, as we saw earlier.
When is buffer activity dropped?

The buffer is set to "inactive" after the completion
of the hove operation,
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1)

2)

This is done in the following way: The "Move" operation placed the
number n (= number of blocks to be moved) into the Block Counter. As
long as this BLK # O, the buffer cannot be set to "inactive". But
precisely at the time BLK = O, the buffer "Active FF" is set to "O".
As you see: BLk = 0 also means: [iove operation is finished.

Notice: Assume a moving of 3 blocks is attempted. Although TCU detects

an Interblock Space after the first and second block, buffer activity
is not dropped, since BLK # O.

Writing on Tape
As explained the EF "Write Tape" instruction sets the buffer connected

with the same TCU to "active" omly if the buffer is in the "unload"
state. If the buffer is in the "load" state and such an EF-instruction

is given the buffer will not be set to "active". The tape, however,
starts right away.

Let us assume we have the following situation:

The buffer is in the "load" state (say, it is empty and inactive) and

an EF "krite Tape" is executed (Free Run or not). What Happens? The
tape movement is started, and within a certain time the TCU will require
data from the buffer. This means that the buffer must be filled with
data (from the computer) and must have completed the switch from "load"
to "unload"™, before the TCU requires the first word. If the switch to
"unload" is made, the buffer "Active FF" will now be set to "1" according
to a) #2.

[low much time is available between the ZF "krite Tape" and EF "Write
Buffer" cannot be determined exactly at the present time. It depends
upon the start delay of the Uniservo II plus the time needed for moving
to the beginring of the block which is to be written. However, 6 m sec.
seem to be a gafe time in any case. This time might be larger, but has
to be determined by examining the appropriate literature, if available.
Assume the ZF "UWrite Tape" is given, the buffer is in the "load" state,
and the program does not fill the buffer with the first block (to be
writteq}within the time available. 1In this case a No Information ("B")
Fault is generated in the tape system, when the TCU requires the first
word from the buffer (from I0T), and there is no word. This shows that
a programmer who gives an EF "lrite Tape" with the buffer in the "load"
state creates a timing problem for himself, (namely for the first block),
because before the first block is written on tape the Automatic Tape
Control will not be effective, i.c. will not stop the tapel! (Refer to
"Automatic Tape Control")

Reading of Tape
During reading magnetic tape a situation similar to that of writing on
tape can occur, i.e. an EF "Read Tape" is given at the time the buffer
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involved is in the "wnload” state (and inactive). As already explained
the buffer will not be set to "active”, but the tape movement is started.
This means that the program has a certain time (see: c) ¥1) to transfer
the content of the buffer to the computer. If this and the switch to
"load" is accomplished in time, the buffer will be set to "active”
because of a) #3.

If, however, the buffer content is not removed, before the transmissicn
from tape to buffer is started, an "IQ"-Fault occurs at the time the
second word tries to enter 10T, whereas the first word is still there.

This again creates a timing problem for the programmer, namely for
the first block to be read, since the Automatic Tape Control does rot
become effective before reading the first block.

II1.Selection of Buffer Operations (EF '"Buffer" instructions)

Serious trouble can occur for a program, if an EF "Buffer" instruction is
given during the time the buffer is "active". It is true that this situation
should never occur, because a programmer may execute a command referencing

a buffer, if and only if he knows that the buffer is "inactive”. However,
errors in a program might lead to such a situation.

a) How can the selection attempted by an EF "Buffer” instruction become

— — e — — o m— — — —— — o— . — - — = e e -

effective?

computer is now satisfied, i.e., continues with the next instruction in
sequence. The code word in IOB, however, is used to send pulses to the
Start Control of the buffer referenced which are to set up an operatiox
of this buffer,

If the buffer is "inactive", the selection is performed and IOB cleared
for further use.

If, however, the buffer is "active™, the selection cannot be performed,
and I03 will nct be cleared, but the program continues in sequencel

It is, therefore, very important that a programmer keeps in mind:

k)

A

An EF "Buffer" instruction can perform the selection, if and
only if the buffer is "inactive"” upon its execution. In any
case (whether the selec.ion could be made or not) the program
continues in sequence.

short explanation of how this is made in the buffer control is given below:

A pulse from "Buffer active FF = O" is used in the buffer Start Control to
allow the pulses from I0B to pass through the appropriate gates and initiate
those pulses which will set up the buffer for its operation. If the buffer
is "active", the "Active FF" is in its "1" state and the buffer Start
Control can, therefore, not initiate the operation.

On the other hand the Start Control initiates a "Resume" signal, if the
operation attempted could be selected properly. This "Resume" signal is
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used (via Buffer Command Timing Circuitry) to generate a "Clear IOB and

nesume" pulse. This means that IC3 can be cleared only if the operation

selected by the EF "Buffer" instruction can be performed. ' Gtherwise I(OB

continues holding the code, and any further reference of I(OB establishes

an 105 Lockout condition.

Illustrative Ixample:

The example below is a program which essentially is used after detection
ead e. it tries to accomplish the fellowing: lLiove batk one

, l.e.

Lead frrward one block; Test for Read Error; if none, place buffer

mputer and proceed. (TCU 1, Uniservo 2)

¢ Lf = b
atl 7 — b+l
atl g 4CCLC at2
ars L.J olGCC atd
atd B3 u v
ats IZF = b+2
aro P 10170 atl0
et? I 10000 c

20001
20000
60200

in -

is executed properly, i.e. the "love" code is sent to
be started. At the same time the buffer is set to

Tre I at aduress atl will now be executed to the extent that the code

T
terc

(bti)— 103, but not further, since TC.d is locked out because of the "iove"
operation., The computer, however, proceeds.

The JJ 4 at gt2 finds the buffer in its "active” state. It was programmed

to wait fcr the completion of the "Read Tape" operation, lowever, the
computer nou weits at this point, until the "iove" operation will be finished.

, the computer program continues at a+3, where
it tries tc cetect g Dead r. Since at this time reading has not even
been sturted, no j.cax Zrror can be detected and the program will proceed at
atJ. A4t the sanme time (brl) which was in I03 has been sent to TCR, where
it set up the "lead"” operation, i.e. the buffer is "active" again.
uted such that the code (b+2)—ICB. The proper
er operation ("Read Buffer") cannot be made because

is

AS soon as moving is complete

-

The Lrf
selection of the @
of the fact that the buffer

at atd is ex

.



The computer, however, continues at a+6, a+7. The first ER will, therefore,
hang up, since no word entered I0B from the buffer. This hanging-up
occurs at KP 1, i.e. no kP 5 can be issued! This in turn means that the
buffer never can be set to "inastive", and a permanent hanging-up is
accomplishedi

The above program is wrong because of the fact that another tape operation
was initiated at the time the buffer was still "active" with moving. The
instruction at a+l should be executed only if the buffer was found to be
"inactive" i,e. an NJ 4 between a and a+l would correct the program.

On the other hand you saw that the EF at at+l itself did not stall the
computer, not even the EF at at+5. Had we arrived at at3 at the time

when reading was finished, there would not have been any hanging-upl

Cnly the fact that (a+d) was executed during buffer activity caused the
computer to stall at the first ER.

The above example will certainly stress the fact that the programmer has
to test buffer activity first and initiate an operation which involves
this buffer, if and only if he found the buffer to be inactive. It will
also illustrate, how careful a faulty program has to be examined in order
to find the real trouble source.

111 The Autcmatic Tape Controller

It is well known that the automatic Tape Controller is used to stop tape
movement temperarily during '"Mead Tape" or "Write Tape" operations., The
following remarks are maue to define the exact situation which causes the
AIC to become vifcctive.
a) Head Tape rree iun
During this operation the ~TC becomes effective after the first (second,
third, ....) block has been read. If within approximately 3 m sec. from
the detection of the Znd of Block no EF "Regd DBuffer" has been cxecuteud,
ATC issues a "Stop" signal to TCU which causes a temporary stoep of tape
movemert. an ZF “Bead DBuffer"” will then cause the tape to start again.
b) urite Tape Free ifux
liere the .sutomatic Tape Controller becomes effective after the first
(second, third, ,....) block has been written on tape. If within approx-
imately 3 m sec. from the time at which the last word has been written on
tape an EZF “WriteBuffer" has not been given, ATC stops tape movement. An
EF "Write uffer” will then initiate the restart of the tape.
¢) Conseguences
Keep in mind: when you ficad Tape or Write Tape, ATC will not stop the
tape in front of the first block, since neither an "Ernd of Block" sigral
(during reading) nor a "Last lord VWrite" signal from TCU was present.

Guenther F. Paprotny

Ad-6 September 22, 1956



