


















































































































































































nominal 3 m sec. time lapse following writing of the last word 
on tape, an automatic stop of tape movement is made. Tape movement 
is �~�t�a�r�t�e�d� automatically, when the transfer computer-+buffer is 
initiated by an EF "Write Buffer" instruction. 

If the block written on tape was the last block and the automatic 
stop occurred an EF "Stop Tape" will cause a permanent halt of 
tape movement. 

The following example will illustrate the situation completely. 
Assume you write in Free Run via buffer 1. You send the first block to 
the buffer, and writing on tape is started. This takes 36 m sec., if a 
,density of 200 lines per inch is selected and 12010 words are written. 
The program naturally uses this time for other operations. Assume 
further, �~�h�a�t� 50 m sec. elapse before you initiate the next transfer 
�c�o�m�p�u�t�e�r�~�b�u�f�f�e�r�.� What happened? After 36 m sec. tha last word of 
the first block was wri tten on 'tape. Now the block space is inserted. 
If 1.2" are selected, it takes 12 m sec. to pass this space. However, 
after 36 + 3 = 39 m sec. the Tape Control realizes that the next block 
is not being transferred from computer to buffer 1. It, therefore, 
initiates the automatic stop of the tape. Just imagine for a moment 
this would not be so. In this case the tape would require the first 
word of the second block not later than 48 m sec. after the start of 
the writing of the first block. Since it was assumed that 50 m sec. 
pass this example would cause troubles for the programmer. Therefore, 
keep in mind: you can never be too late during Free Run operations. 
"Too early" is naturally a different situation. Properly programmed 
MJ's (j = 4 or 5) prevent a too early reference to a buffer. 

K) Some Timing * 
a) Transfer Buffer �~� Tape 

The tape moves with a speed of 100" per sec. Therefore, the transfer 
of 12010 words with 200 lines per inch density requires 36 m sec. 

b) Spaces 
To pass a block space of 1.2" or 2.4" a time of 12 m sec. or 24 m sec., 
respectively, is required. Similar for Blockette Spaces. 

c) Transfer Buffer �~�C�o�m�p�u�t�e�r� 

�B�u�f�f�e�r�~�C�o�m�p�u�t�e�r�:� If repeated ER's are used one word is transferred 
every 16 �~� sec. 12010 words are, therefore, placed 
into the computer withIn approximately 1.9 m sec. 

�C�o�m�p�u�t�e�r�~� Buffer: If repeated EW's are used one word is transferred 
every 20 JA sec., 12010 words within approx. 2.4 m sec. 

For more timing refer to t'l105 Prog. �r�~�l�a�n�u�a�l�t� U 1513". 
(& See "Pre 1 imi nary Prograrnmi ng rllanual for the 1105 Computer" t 

US 108, page 20 and 21 
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L) Faults 

All faults occurring during Buffer operations are "Bft 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. 

"IO-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 12010 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 lOT, while the first word is still there. 
An "Address Fault" (see below) will automatically select an "Io-Fault". 

nAddress-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. 

'tTransfer Faul ttl: 
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. 

M) Sample Programs (for Bit Assignments see Appendix) 
1) Write one block of numbers stored at 20000, 20001, ••• on Uniservo 5, 

TCO 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 I is inactive. 
a+l EF 00000 b Select "Write into Buffer 1" 
a+2 RP 10170 a+4} Send 12010 words 
a+3 EW 10000 20000 to Buffer I 
a+4 EF 00000 b+l Write on tape 
a+5 NI 

b 00 
b+l 01 

10000 00400 
00646 50000 

Constant 
Constant 
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Notice how we accomplish the waiting for a previous buffer ~tape 
operation. (a) is an MJ 40000 a. This means: as long as Buffer 1 
is active, we jump to at 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. 

2) Read forward one block from Uniservo 3, TeU 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 \Vait, until Buffer 2 is inactive 
a+I EF 00000 b Read Tape into Buffer 2 
at 2}available for computation; 

: at least about 46 m sec. 
a+n~l may be used 

a+n MJ 50000 a+n Wait, until Buffer 2 is inactive 
a+n+I MJ 70000 a+n+3 Test for Read Error 
a+n+2 RJ u v Return Jump to Error Routine 
a+n+3 EF 00000 bTl Select "Read from Buffer 2" 
a+n+4 RP 10170 a+n+6} 
a+n+5 ER 10000 10000 Buffer 2 -+ Computer 

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

3) Write one block of data consisting of 1910 words on Uniservo 1, TeU 2, 
in Variable Block Length. Assume Buffer 2 is ready for the operation. 

a EF 00000 b Select "Write into Buffer 2" 
a+l RP 10023 a+3 \. Send words to Buffer 2· 
a+2 EW 10000 05000} from 05000, 05001, •••... 
a+3 EF 00000 b+l Switch Buffer 2 to "unload" 
a+4 EF 00000 b+2 Write on Tape 

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

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 ~ord is read as first word into the buffer, the word which was 
recorded as first word (word ~l) 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 essentiall.L transfers all 
words of a block to the comDuter in exactly the same order as they were 
written on tape, if a buffe~is u·seLi! 
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VII) The_l..!03A ~n~ l.!O~ I.!!..terr~!.. ~~t!!.r.~ 
A) General Explanation 

The Program Interrupt Feature of the 1103A/Il05 permits an external 
equipment to interrupt the computer program automatically, when the 
external equipment is ready to communicate with the computer. Proper 
progra~ing can interrupt the computer program upon occurrence of 
the following situations: 

Data sent to lOB or IDA by an ext. equip. have to be picked up by 
the computer. 
Data have to be sent to lOB or lOA 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 generat~ 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.!!.Wt 
~ is placed into lOB and lOA the Card Unit emits a signal thus 
informing the computer that data are available in lOB and lOA. 
This signal is the Interrupt Signal. t~at is the situation now? 
The computer is operating, i.e. it is either picking up a command 
from storage (f.1P 6 and 7) or executing a command (MP 0 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 nas to wait, until the 
computer executed a command completely or 
until a llepeat 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. In this case the Interrupt Signal becomes 
effective, after the command at address F} has been completely 

* To be precise: until the '1Iold 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 TP h h.4. 1 
OJ AI I .A 

a+1 RA a b 
a+2 RP 10100 a+4 
a+3 TP b+2 c 
a+4 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 a+3 has been 
executed 5 times. r\ow the interruption is delayed not 
only until the TP at a+3 is executed 1000 times, but 
also, until the command at Fl is executed completely. 
(See under "Repeat Command" for details regarding the 
execution of an RP jn w) 

2) Modification of MP 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 wi th f,IP 6, i. e. the computer 
tries to pick up the next co~~and 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 r.ip 6 
and flIP 7). The Interrupt modifies this MP 6 in the following way: 

--T---~ 
Essentially SAn is set to address F3"= 00002, 
and the word stored at this location is 
placed into X. 

~IP 6, as 
modified 
by the 
Interrupt 

Set S).l~ 

to F3 

I nit i a "t e :1 e ad: 
Clear X 

I:ai t 1n£. f:ef. 1 _______ '--' ______ -1 

This is ~ade ldthout chanoing or using 
the adJrcss currently held in PAK. 

Example: Assume the InterruDt is generated Juring the execution of 
(06235) = TP A Q. At this tj;:-:(? 1'/J: = 06236. At the end of the 
execution of the TP, the Interrupt bcco~es effective. This ~eans that 
the next cO::l.'1and to be executed is e~:tr3ctec frc:-:1 0000:2. PAI{ is left 
unchanged and reads 06230 at the beginnicg of the execution of (00002). 
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3) Program~ing Consequences 
The above example shows th;]t the steps the CO::iputer h;]s to follow 
after picking up (00002) entirely depend upon the cormnand stored 
there. There are two possibilities: 
~) (00002) is not a jump co~mand 

In this case (00002) is executed and the computer p~oceeds ~ith 
extracting the next CO::'L":1and fro::1 06230, since PAl{ has not been 
changed. 

f) (00002) is a ju:np cO:":l."Jand 

!-lere Pi~r~ is erased by the new adJress to which ti~; jUr:1P, and the 
computer proceeds there. On the other hand it is obvious that we 
want to cooe back to our ~ain program sooner or later, and especially 
w the point, where v;e left it (06236 in example). l':e also want to 
accomplish by the interruption a communication with external equip., 
i.e. starting at 00002 there has to be a small subroutine ~hich has 
to I rform the comr:mnication. Bow can we do this? We have to save 
the address of our main program held in PAK, and must execute a 
jump, since the above mentioned subroutine hardly consists of 
(00002) only. 

This can be done by one co~mandt the RJ uv. Therefore: 
If the Interrupt Feature is to be used, then 

(00002) = ~J 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- co;rt;'TIan::L 

Its execution is made in the way: 

P r\K --4- U. r 
~ 

v ~PAK 
Following our example and assuming the subroutine to be executed after 
an Interrupt starts at 05000 and end at 05500, we have to write: 

(00002) = rrJ 05JOO 05000 
\d th (05.500) = r.:J 00000 30000. 

In thi s case 06236 --7 05S00v so that now 

(05500) = ~J 00000 06236. 

Ther. 05000 ~ l-'.i.K, i. e. a j U:lp to 05000 is made. After executi on of 

the \':hole subroutine i';C ('.0::18 to 05500, \dlich brings us back to our 
8a1n proGru~, nil~cly 06230. 

So fur \':e have e;~plaincd hm·; to S'.l\'e tIll:; address of the main progra:n 
t 0 L' hie h \.: r: i n t;; n ,J tor e t t1 r !l. 2 r d h 0\',' t 0 j u::: p tot h e sub r 0 uti new h i c h 
has to be excc:..:tcd. ECi,C'\'Cr- I you can see th()t this subroutine probably 
uses A anJ 0 uuri~a tile exec~tion of its cO~8ands. On the other hand 
valuable nu~bers ~icllt ~e left in A and 0 at the moment the main program 
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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 (Aa) ....I)WS 

(V+I) = LT 00000 ws+l (AL)-+ws+l 
(v+2) = TP Q ws+2 (Q)--+ws+2 

} Program which actually 
performs the communication 
with ext. equip. 

I 

(u-3) = TP ws+2 Q Restore Q 
{u-2l' = SP ws+1 00044 Restore ~ 
(u-l) = SA ws 00000 Restore AIl 
(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)i, performs its specific job, and restores (A) and (Q). 

C) 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 (v7 = 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 lOB 
and IDA contain data from one row, i.e. one row is ready to be picked 
up froi!! lOB and IDA. This means that the subroutine to which the 
program jumps has to read lOB and IDA as explained under "Bull~ Card Uni t. " 

Punching of Cards: 
tllien cards are punched the Interrupt Signal is emitted at the time the 
card unit requires new data for one row in lOB and IDA, i.e. the 
subroutine has to send data for one row to IDA and lOB 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 hses for other computer operations between 
successive rows. The Interrupt Sianal automatically "informs" the 
computer that either (lOB) and (IDA) have to be picked up (reading) 
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or data have to be sent to lOA and lOB (punching). ThiS'· means that 
now these operations cannot be made too late. On the other hand 1t 
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 • 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 iit v24 = 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 bf 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 ~ mean that 
the computer ~ to perform a buffer~computer transfer, since even in 
Free Run the Automatic Tape Controller would stip the tape, if the next 
reading or writing is not initiated in time. With other words, the 
Interrupt for the Buffer System mere~l 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 ~ buffer at a time, no 
MJ with j = 4 or 5 need to be executed after the jump to the subroutin~. 
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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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: 

The Interrupt may also be selected for a "Move n blocks" operation. In 
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 ope.ationsl) 

3) 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. 
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VIII) The 1I03A/l.!.O~ FJ.o~tin~~i~t_Sls..!:e~ 

A) Representation of Numbers 

A decimal number N is represented in the form 
'\' _, ")c ,'-.!. m-,--

\\'Jle r ~ ~ , ;n < 1. 

~ith this restriction for m, there exists one and only one value 

for c. 
J:1 is called fti:1antissa", 

c is called "characteristic". 

Since botl}t 83ntissa and characteristic, are to be plnced into one 
J()-t:it r2Qister, the follm':ing fori:1at has been chosen: 

I 

I 
27 bits 

'\ 
:-:-:untissa 

tit Cl1ar:1cteristic 

0.) ~;cpr'~'Se)]tatior: of positive :;u~lbers c:> 0) 

T;; e ~ a;; tis s a i s p 1 ace d i I: tot 11 e riC' h t::l0 s t 2710 bit s 0 f the r e IJ j s t e r 
s u (' 1: t l' 3 tit S 'j;:; c i ,.." 31 poi:: t j S 3 S S U~:t edt 0 be bet \ '.' e e n bit i 27 and i 20 ' 

i.e. all 27 bits are fractional bits with the leftmost bit (i26) 

,\s sr~cvn i~l the above fifJure the G bi ts reserved for the character­

istic actually represent the so-called "biased'! characteristic C , 

c = c + 128'r\. 
lv 

lit: r':JSOII for this r:1cthoc1 is th~ follm';ir;g: 

::lC L bi ts resert;ed for the characteristic car. lie bet\' .. een 00 000 coo 
III (tdr:ary). It is, ]~oLever, obvious tflt:lt ;:;: positive 

lj 0 S ~ C S san e cat i vee 11 a rae t c r j s tic t a s e. (1. )4./ = ! S • i) ... - 1 
.....J ,J ... , 

;~:';C;(jtiv:; e~:PG;~crjts for a positive nU:7lbcr. If \':C ;}s~ur~e t!li::lt 00 COO coo 
~'::,rTCSC'~-;ts () c = 0, \','e can~ot represent G. C <Cl, u:~les~, 1':(; aSSi(Hl the 

le~t~o~t cf these [ bits the fUIictio~ of a sign for the charact2ristic. 
T:~is. 11m';e\,CY, h'ould over-cor:1p1icate the tdlOlc matter, sinrr he then 

:: d. ~ C 'F: :.ll :,. i t 11 H: 0 s i (F bit s i Lon e r c' C1 i s t r,;~' • 

-' ;. l r f 0 :;,- ...: I t L c f 0 1 1 c; d 1"', 9 r ,-' p r i ... • 5 en tat i or for the c ! 1 (} r ::1 c t t.' r i s tic h ~ s 

G bits 10 OOU 

ccrr,-spor;ds to c 

= '")1\'1 
_~"/Vr 

v 
1 "e' ':'10 



Then: 
10 000 001 = 2018 
10 000 010 = 2020 

10 000 all = ')r'} ... ~Lle 

11 III III = 377[; 

01 III III = 177e 

01 III 110 = 1768 
01 III 101 = !75a 

00 000 coo = 0 

represents 

represents 

represents , 
• , , 

represellts 

represents 

represents 

repr<:sents 

C := 
, 
1 

C == 2 
c == .') 

,J 

c == 12710 

c - - 1 

c = --2 
C := ;-;) . . 

l 

App1yi Jig til is me til od \','e are aD Ie to repres en t exponen ts c in the range 
"- L-

-12010 :: c :: + 12710 

Thus all numbers j, >0 in the r<::trJg(; 

2
-129 .&. 1\; / ')127 

!, " '-

can be represented usi~p this "Floating Point" FOf::1at. (The range in 
deci:r.a1 is roughly 10-0G~ i\ ~lO+00 ) 

::':xa:-:1pl(-~s : 

:\ = 3: 

Since 

') -v - 2/J . i . l' • ...", - 'J/ I 
• " - oJ -.i, c .:;,;. 2 . 

3/1 == G/G == .6[.:.· l102 , \I:e have: 

3 = 0 ~90 CJl~ ...1 10 < V" )(2..-

Si~il17 C mantissa, 27 bi ts 

In octal we have: 3 = 202 60( )0 

~\: = >4: 
Sin c e ~4 == !'2 . :2 - 1 , \\. e 0 b 1<1 i n :r. = ~2, c == - 1. 

':ill ere f or e, };i = 0 01 III III 1 () ~~ U ( bin a r y ) 

or, 177 40~40 
~ 

~,~ntisSLl. 

\0 tic <2: ~2 .J/0 

~ = 1/3: 1/'2. = ') j'"J} • 2- 1 
v '-1'- • i.e. ill = 2/3, c =-1 

In t his ca set he con v e r s ion oft h e dec i ,'Ti::i 1 III a r. t 1 S sa r:1 == 2/21 i n to bin a r y 

(or octal) is not m~de as simply as in the above examples, where the 

denominator ah::-.:ys Las 2)(' (x = 2 for r\~ = 0, x = 1 for :\ = Il0. Therefore, 

,';e hllVe to convert a deci::1Cll fraction to al1 octal fr3ctl0n by ~ultiplyinc 
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with 8: 
1/3 = .666 666 666 

.666 666 • 8 

E...J • 333 328 

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

.333 333 • 8 

~ .666 664 

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 5258 

Since the mantissa consists of 2710 bits we have to restrict ourselves 
to 9 octal digits. 

1/3 = 0 01 III III 101 010 101 010 101 010 101 010 1012 
or / 1 3 == 177 525 252 5258 

Representation of negative Numbers N<O. 

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

Example: 

N=-3 

Since + 3 = 0 10 000 010 110+------).0, we obtain 
3 := 1 01 III 101 001~1 (binary) 

Notice: Sign bit, mantissa, and' characteristic are complemented. On 

the other hand, +3 has a characteristic c = 2, and -3 = -3/4 .22 has also 
a characteristic c = 2. nut nevertheless the 6 bits comprising the 
characteristic portion of a negative number are given by the one's complement 
of the true biased characteristic. 

at) Representation of N = O. 

The number "zero" is represented by 3610 "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 "norr.la1ized" and "packed". 

"r~ormalized" means: the most significant bit of the mantissa is in stage i26. 

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

S) Floating Point Coa~ands 
During all Floating Point arithmetic processes the programmer possesses 
the option to round or not to rou~d the rightmost bit of the mantissa of 
the result of such a process. This is handled by the command 
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f 1; j - (r loa tin gPo i n t ~: 0 u r ,j 0 ~~ t i 011 ) 

OctQl 0;\~:·<~:ic;-. 2IJ:;'? = '.,'. . .' 
Fl:!~C ti (;~': 

If j = 1: 

If j = 0: 

do ~ot round results of all follo~ing 
floating point operations 

from now on round again all results of 

This is also accomplished by a computer 
~aster Clear, i.e. rounding is the normal 
operation of the nachine. 

j is determined as in PU jv etc. 

FA uv (Floating Point Add) 

Octal operation code = 64 

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

Th e n ( u) + (v) -+ Q 

where (Q}f = normalized, packed and rounded (optional) Floating 
Point result. 

FS uv (Floating Point Subtract) 
Octal operation code = 65 

Funeti on: 
(u) - (v)--+- Q 

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

FM uv (Floating Point Multiply) 
Octal operation code =.66 
Function: 

(u) • (v)---+Q 

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

FD uv (Floating Point Divide) 
Octal operation code = 67 
Func ti on: 

11U ~Q 
(v) 

( u ) , ( v) a 11 d ( Q ) r are nor rna 1 i zed, pac ked n u nb e r s I and ( Q ) f i s 
rounded (optional). 
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(Floating Point Polynomial Multiply) 

Octal Operation code = 01 
Function: 

(u)o (Q)i + (v)--1Q 

(u), (Q)i' 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)i is rounded. Then the sum (u)· (Q)i 

+ (v) is rounded again. If no rounding is ~antedt neither the product 

nor the su~ are rounded. 
The usefulness of this comma~d is illustrated by the following example: 

compute r ~ 
. arxu + a- x' + a x + a Vi oeo •• I 0' 

h'herc 
(00100) = as 
(00101) = a .... t 

(O,)~02) = a6 
t 

! 
(00107) = al 
(00110) = an 

'and (00077) = x 

Solution: 
b TP 00100 0 

b+l r~p 10010 b+3 
b+2 FP 00U77 00101 
t~~0 ,'T 

IJ'V .' 1. 

PI uv (Fl03ting Point Inner Pror:uct) 

Oct31 oper3tio~ code = 02 
fl.lf;ction: 

eu)· (v) T (O)i -4 Q 

(u), (v), 3nd to)i have to be norm3lized and pncked. (Q)f is also 

nor ~ ali zed, r J C ~.~ c dan d r 0 U !1 de d ( 0 P t i 011 a 1 ) • As i nth e F P U \' t e i t 11 e r 

beth, product (u)- (v) and su~ (u). (v) + (Q)j, are rounded, or nei ther 

one is rounrled. 

~:oti:::e: LCCdtj on F ~ = (Vj00": is ::~{'Ii for te!"1POI'~rv stor')(1p of (Q)l'. ~ __ ~_I' __ J_U __ ~_,,~u_"_' ____ ~V __ j~'~fJ~_U~~ ___ u~, _____ ~_ 

TLis CO."!1:11and is useful for CO:-1putjng SUrrlS of products ;.IS e.g. 

L::t n = J ar:d 

( ., 1 
c,L, \ ..:.;.. '. 

V 
(J02UG) = bO 

l 1 I,J 1 ) = 81 (002')1 ) bl 

(COl C;:i ) = a~i (r;C:~(\5 ) = 1-.-,jJ 



s 
-

To develop the sum ~ ai hi = dO hO + 31 b1 + ---- + as bJ 
1.;.::0 

~e write the program: 

ao bO~Q 
compute 

c F~l 

c+l RP 
c+2 FI 
c+3 ~I 

00100 00200 
30005 c+3 
00101 00201 } aO bO + ---- + as b5 ~ Q 

UP uv (Unpack) 

Oct~l operation code = 03 

Functi on: 
Assum2 (u) is a packed, normalized Floating Point number, Unpack 
(u) in the~ following way: 

(u)m-4Um, sign bit u35 is also placed into u34 thru u27 

If (u) ~ 0: 

If (u) < 0: 

Definition: 

} 
v35 and v 26 thru va 

are all "zeros" 

(u)m is the mantissa part of the number 
(u)c is the characteristic part of the number 

U :-:1 means: 

Vc means: 

Example: 

bits u26 

bits v34 

(u)i = a 10 000 011 
... T' ..." 

101 O~(-~)O 
---""""---~ 

- + S = 8 · 2
3 

C 

Unpack (u) gives the result: 

(u)L' = 
1 

o 00 000 000 101 o~ )0 

(V)f = 0 10 000 011 0< 0 

(u)i = , 01 III 100 010 1< )1:: -5 = -i . 23 
.l 

Unpack (u): 

(u)f = 1 11 III III 010 l~ )1 

(v)f = a 10 000 all o( )0 

As you see: Lhcn unpacking (u) the rishtmost 2710 bits of (u)f (mantissa 
part) are ~qual to those of (u)i' but the other 9 bits are all sign bits. 

fiOl'.'ever, (v)f contains always the true biased characteristic of the 
number (u)i' This :neans thllt the characteristic part of (u)j (0 is at 
first co~plemented and then placed into the proper part of v (in above 

exa:rrple (u)i = -5: (u)c = 01 III 100 is complemented and 10 000 Oll--1vc) 
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NP uv (Normalize Pack) 
Octal operation code = 04 
Function: 
Assume{u)i is an unpacked mantissa, normalized or not, i.e. the binary 
point is assumed to be between u27 and u26' but the most significant 
bit of the mantissa mayor may not be at u26. 

Assume further that (v)i contains an unpacked ~ biased characteristic 
in the characteristic part. 

Normalize and pack in the following way: 
(u)i is normalized and rounded (optional) such that now 

the mantissa is in urn-

(v)i is adjusted according to the number of shifts which were 
needed to normalize (U)i, and sent to uc • If (u)i was 
negative, complemtnt (v)c and then send it to uc • 

As you see: (u)i contains a mantissa which mayor may not be normalized. 
However the binary point is assumed to be between u27 and u26. Therefore, 
if e.g. the most significant bit of the mantissa was in u26, two right 
shifts are needed to bring it into u26. This is equivalent to a multipli­
cation with 2-2. Therefore the true biased characteristic is increased 
by two. Then the machine determines~~ether (u)i is positive or negative. 
If positive the adjusted characteristic is sent to uc • 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)i = 000 000 101 0 0 = m 

.j . 
bInary pOInt 

(v)i = 010 000 001 0 0 

Normalizing (u)i means: shift it 3 places to the right, i.e. 
multiply mantissa. with 2-3• Now (u)i = 000 000 000 101 0 0 
contains m.Z--3• Therefore a ~" is added to the biased character­
istic in v: (~)f = 0 10 000 100 0-----0. 

Then (v)c ---7 uc: 
(u)f = 0 10 000 100 101 ° 0 

c: 1010 

What we actually produced was this: 
We have m and C = 2018, i.e. c = 1. 
The number we are looking for is, therefore, m ~ 2 9 

But m was not in the range t ~ m" '1, since it was = 5. As a 
resul t m • 2-3 = twas produced. However, in order to keep the 
value m·2·, we now have to add 3 to the characteristic, since 

m. 2' = m· 2-3 • 2!:tl. . . 
...l.... ~ ~ characterlstlc 
2~ ~ mantissa -'1 
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C) Some Remarks on Machine Operations occuriing 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 maDtissas 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)i is destroyed, whereas (A)f contains 
the mantissa of the result such that the most significant bit 
of the mantissa is in A62 (i.e. m is given by the rightmost 27ro 
bits of ~). If a result is a "zero~, then (A)f = 0, (Q)r· 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. c would be > 12710• 
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. e would be 
(--128. In this case the result is replaced by "0", i.e. A and 0 
are cleared. 

D) 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 uv EJ uv 
TN uv TJ uv 
TN uv SJ uv 

ZJ uv 

Examples: 
Assume (u) cOlO 000 011 101 0--0 - + 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 (u+l). 

Then: a TP u A 
a+l EJ u+l 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)f contains the resulting mantissa and naturally Sign bits. 
In order to find out whether the result is t~", just give a ZJ uv, 
since (A)f has to be = 0, if result = O. 
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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 advancing 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 

EF-v 

~j~ ~j:~~} 
ERj v (j=l) 

EF-v 

EF-v 

EF-v 

EF-v 

(v) = 40 00000 00004 
(START, PICK READ CAP~) 

(v) = 40 00000 00005 
(ST .. \RT, PICK READ CARD. READ ) 

1 cycle 

I cycle 

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

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

(v) = 40 00000 00000 
(START) 

(v) = 40 08000 00000 
(START) 

(v) = 40 00000 00000 
(START) 

(v) = 40 00000 00000 
(START) 
(card read now placed in receiving 
stacker) 

1 cycle 

1 cycle 

I cycle 

I cycle 

C This means (here and in folloKing tables): After you read one 
row and used already 27.8 m seC. you may give the first En 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,informati?n fr?m,n consecutive cards, without selecting 
the FREE nu~~ Dit, a routIne Slffillar to the one above for READ SI~~LE CARD 
is executed: 

EF-v 

EF-v 

(v) = 40 00000 00004 
(STiU1T, PICK READ CARD) 

(v) = 40 00000 00005 
(START, PICK READ CARD, READ) 
Within 140 ms. of the execution of this 
instruction the execution of the following 
three instructions should be initiated: 

ERjv (j=O)} Repeat for each card row, each repetition 
ERjv (j=l) being initiated not later than 10 MS. after 
ERjv (j=l) the beginning of the corresponding row point. 

EF-v 

I 

ERjv 
EHjv 
ERjv 

(j=O)} I 
(j=l) i 
(j=l) ! 

I 

EF-v (c 

EF-v 0 

EF-v 0 

EF-v * 

(v) = 40 00000 00005 
(ST~1T, PICK READ CARD, READ) 

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

Repeat for each card rm~eachrepetition 
being initiated not later than 10 ms. after 
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 •. 

(v) = 40 00000 00000 
(STAHT) 

(v) = 40 00000 00000 
(STAnT) 

(v) = 40 00000 00000 
(STAnT) 

(v) = 40 00000 00000 
(STM:T) 

I cycle 

I cycle 

n-l cycles 

1 cycle 

1 cycle 

1 cycle 

1 cycle 

At the conclusion of the above program, the nth card (or last card read) is 
found in the receiving stacker; an (n+l)th card is in the first reading station 

* 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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TABLE III 

B. Free nun ~,~ode 

.".'':;1:, The co:nputer instructions belO\v wi thdral'i n+l cards fro:;1 the read card feed 
hopper, one at a ti~e, position n of them for reading and trans~it their 
information content to tile co~puter, and continue advancing these n cards 
through the read channel ur.til the last caru reaches its final position in 
the receiving stacker. (The n~lst card is left in the first reading station.) 

I , 
I 
I 

I 
I 

EF -v (v) = 40 00000 0000·1 
(ST/;.~T , PICK Rr::;J) CJ··.r~D) 

EF-v (v) = ··10 00000 000:15 
(ST;~~T , FriS: r~u;\ , PICK RE,'\D CA;~D, m:,;!) ) 

i 
'~,'i th in 1~10 !11S. of the execution of this 
instruction, the execution of the following , three instructions should be initiated. 

:::jv (j=O) } i Repeat for each curd rOl',' , each repetition 
L;jv U=l) ! being initiated not later than 10 ros. after 
E2jv (j=l) : the beginning of the corresponding row point. 

t (A series of card cycles is initiated.) 

I 170 ms. from the cO:7lpletion of the External 

! Head Instruction for rO\'.- 12 of the previous 

! care cycle, execution of the following three 

! 
ins truc ti O!lS should be initiated. 

Err'v (' 0)'; Hepeat for each card each repetition J= I ( rm,,' J 
ERjv (j=l) ~ ~ beinG ini tiated not later than 10 ms. after 
EHjv (j=l)) r the beginning of the corresponding ro .. : 

, point: 

Sane procedure for next (n-4) cycles 

170 ms. fro~ the completion of the Exterjal 
nead Instructions for ro~ 12 of the last 
previous card cycle, ex~cution of the follo~­
ing three instructions is initiated. 

El:jv (j=O) }:, Repeat for each card ro~':, each repetition 
SP.j\r (j=l); being initiated not later than 10 ms. after 
E~jv (j=l) , the beginning of the corresponding row point. 

EF-v (v) = 40 00000 00020 
(ST.';~:T, 370r) 

This i[struction ~ust be executed ~ithin 
10 ~S. of the beginning of ro~ point 12 
of this cycle. 

co;~ 'T. 
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I 
i 
i 

I 
r 
I 

! 

I 

1 cycle 

1 cycle 
(first 
free run 
cycle) 

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

I cycle 
(the next to 
last cycle 
of free run) 



ERjv (j=0) 
EHj v (j=l) 
EI1jv (j=l) 

EF-v * 

EF-v ... 

EF-v ::: 

EF-v ". 

TABLE III (Continued) 

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: 

Hepeat 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 dr0pped.) 

(v) = 40 00000 00000 
(ST~i~T ) 

(v) = 40 00000 00000 
(START) 

(v) = 40 00000 00000 
(START) 

(v) = 40 00000 00000 
(STArlT) 

1 cycle 
(last cycle 
of free run) 

I 1 cycle 

I 
! I 1 cycle 

1 cycle 

1 cycle 

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



I 
i 
! 

1 

I 
t 

I 
I 
I 
i 

I 
I , 
! 

I 
! 

TAI3LE I\, 

PV:\CH Sl\GLS eM lDS 

The computer instructions belm\' wi thdraw tl':o cards from the punch 
card feed hopper, position the first card for punching and punch infor­
~ation in it, and continue advancing it through the punch channel until 
it reaches its final position in the receiving stacker. (The second 
card ~ithdra~n fro~ the hopper is left in Station 1.) 

IT-v (v) = 40 00000 00010 1 cycle 
(ST;"~T , PICK PU~\'CH CArrD) 

EF-v I (v) = .10 00000 00010 1 cycle 
J 

(STAi~T , PICK PU;~CH CARD) 
: 

Sf-v I (v) = 40 00000 00002 1 cycle 
(, ...... ;:-0'1' 

..,lru\.J.. t PUf\CH) 

Within 140 ros. of the execution of this 
instruction, the execution of the following 

I three instructions should be initiated: 

E'.j v (j=O) ! }epeat for each card row, each repetition ! 
L.jv (j=l) i ~ . initiated not later than 1.5 ms. after ! 0elng 
r:::.jv (j = I) I the begir.ning of the corresponding row point. e: 

I 

i 
! 

EF-v i (\' ) = 40 00000 00000 I cycle 
r (STr'.~~~ ) l 
I 
; 

~ 

~ (Card is punched in this cyclEd 

! 
EF-v i (v) = 40 00000 00000 I cyc'Ie 

I 
(ST:.~T) I 

EF-v (~; ) = 40 00000 00000 I cycle 
f 1..-"'" r,..,... '\ 
1...) ... ..-._.1 j 

t,; See re;,j;}r:~s 0:; Tablt: 1 
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TABLE V 

A. SINGLE CARD MODE 

To punch n cards without selecting the FREE RUN bit# 

EF-v 

EF-v 

EF-v 

EWjv (j=O) 
EWjv (j=l) 
EWjv (j=l) 

EF-v 
EWjv (j=O) 
ElVjv (j=l) 
E1'!j v (j= 1) 

EF-v 
EF-v 
EF-v 

(v) = 40 00000 00010 
(STAHT, PICK PUNCH CARD) 

(v) = 40 00000 00010 
(START, PICK PUNCH CARD) 

(v) = 40 00000 00012 
(START, PICK PUl\1CH CARD, PUNCH) 

Within 140 ms. of the execution of this 
instruction, the execution of the follo\\,­
ing three instructions should be initiated. 

Repeat for each card row. Each repetition 
being initiated no later than 1.5 ms. after 
beginning of each row point. 

Execute the above sequence of instructions 
n-l times. Each sequence starting with the 
EF, and given no later than 170 ms. of the 
previous row point. 

(v) = 40 00000 00002 
(START PUNCH) 

Timing as above. 
nth card punched in this cycle. 

(v) = 40 00000 00000 
(START) 

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

1 cycle 

1 cycle 

(n-l) cycles 

1 cycle 

3 cycles 

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 HUN MODE 

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

EF-v 

EF-v 

EF-v 

EWjv (jED) 
EWjv (j=l) 
EWjv (j=l) 

EWjv (j=O) 
E\~jv (j=l) 
EWj v (j=l) 

Et'ij v (j =0) 
EKj v (j =1) 
E\\j v (j=l) 

EF-v 

(v) = 40 00000 00010 
(START, PICK PU~~H CARD) 

(v) = 40 00000 00010 
(START, PICK PU~~H CARD) 

(v) = 40 00000 00052 
(START, FREE RUN, PICK PUNCH CARD, PUNCH) 

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

Repeat for each card row, each repetition 
being initiated not later than 1.5 ms. after 
the beginning of the corresponding row point. 

(A series of card cycles is initiated.) 

170 ms. from the completion of the first 
External l';rite Instruction (j=l) 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 initiated not later than 1.5 ms. after 
the beginning of the corresponding row point. 

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

170 ms. from the completion of the External 
Write Instructions for row 12 of the last 
previous card cycle, execution of the f011m','­
ing three instructions is initiated. 

Repeat for each card row, each repetition 
being initiated not later than 1.5 ms. after I 
the beginning of the corresponding rOl\' point. i 

(v) = 40 00000 00020 
(START, STOP) 
This instructi on must be executed \d thi n 
10 ms. of the beginning of ro~ point 12 of 
this cycle. 

CO\ 'T. 
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1 cycle 

1 cycle 

1 cycle 
(first free 
run cycle) 

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

1 cycle 
(next to 
last cycle 
of free run) 



T {~.B ~= \,1 (C 0 r: tin u e d ) 

f 

1 cycle 

! 
I 

170 ms. from the co~pletion of the External I 
i.,'ri te Instructi ons for row 12 of the previ OUS 

card eyelet executio~ of the following three 
instructions is initiated: 

(last cycle 
of free run)1 

I 

EWjv (j=0) I 
EWjv (j=l) " 
EWjv (j=l) 

I 

EF-v sc: 

EF-v c: 

EF-v • 

Repeat for each card row, each repetition 
being initiated not later than 1.5 ms. after 
the beginning of the corresponding row point. 

(FREE RU~ seleations are dropped) 

(v) = 40 00000 00000 
(START) 

(nth card is punched) 

(v) = 40 00000 00000 
(STAnT) 

(v) = 40 00000 00000 
(STA.RT) 

(nth card put in punch receiving stacker) 

(v) = 40 00000 00000 
(START) 

,t 
(n + 1) Card is put in recei vi ng stacker 

1 cycle 

1 cycle 

1 cycle 

1 cycle 

• Execute these instructiens within 10 ms. of. row point 12 of 
the previeus eard cycle to obtain continuous card cycles from 
the Card Unit. 



TAI3LE VII 

hI:AD A:\D PU~~CH 51 ;,:CLTA.\EOUSLY 

The co~ruter instructions belo~: 

1) \;ithdraw t~o cards, one at a time, fro~ the punch feed hopper; the 
first card withdraKn is punched and placed into the output stacker; 
the second card withdrawn is left in Station 1. 

2) ~ithdraK two cards, one at a time, from the read feed hopper; the 
first card ~ithdrawn is read and sent to the receiving stacker; thp 
second card \d thdra\\'n is left in Station 1. 

I EF-v (v) = 40 00000 00010 
(START, PICK PU~CH Ck1D) 

1 cycle 
t 
! 

EF-v 

EF-v 

EWjv (j=O) 
EWjv 0=1) 
E\~j v U=l) 
ERjv (j=O) 
ERjv (j=l) 
ERj v (j=l) 

EF-v 

EF-v 

EF-v 

EF-v 

(v) = 40 00000 00014 
(STAi1T, PICK PU~~CH CARD, PICK READ CARD) 

(v) = 40 00000 00007 I 

(STAnT, PUNCH, PICK READ CARD, READ) 
i 

Within 140 ms. of the execution of this J 

instruction, the execution of the following I 
six instructions should be initiated: I 
Repeat for each card row, each repetition t 
being initiated not later than 1.5 ms. after t 
the beginning of the corresponding row point. ! 
(READ CARD read in this cycle) 

(v) = 40 00000 00000 
(STAt'?T) 
(PUNCH CARD punched in this cycle) 

(v) = 40 00000 00000 
(START) 

(v) = 40 00000 00000 
(START) 

(PUNCH CARD put in punch receiving stacker) 

(v) = 40 00000 00000 
(START) 

(READ CARD put in receiving stacker) 

I 
I 

1 cycle 

1 cycle 

1 cycle 

1 cycle 

1 cycle 

1 cycle 

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

1103A and 1105 

Octal Magnetic Tape Functions 

1103A 

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

02 00000 00000 

00 00000 10000 
00 OO<?OO 20000 

00 00600 70000 
00 -00001 -00000 

00 00001 20000 

00 00006 00000 
00 00016 00000 
00 00000 _ 00000 
00 00020 00000 
00 00040 00000 
00 00000 00000 
00 00100 00000 

00 00002 00000 
00 00012 00000 

00 00600 00000 

00 00004 00000 
00 00014 00000 
00 00000 Oxxxx 

00 00200- 00000 
00 00400 00000 

00 00001 50000 
00 00001 60000 
00 00001 70000 

00 00060 00000 

00 00010 00000 

Examples: 

Select Magnetic Tap~ ("~aster Bit") 

Uniservo:Number 1 
" "2 

" " 
" " . 
" " 

, , 

t 
8 

10 

Write in high density I 
\'Jri te' in low densi ty 
0.0" Blockette Space 
0.1"" " 
1.2"" " 
1.2" Block Space 
2.4"" " 

Read forward 
Read backward 

Wri te in low densi ty' } 1105! 
Write in high density _ 

Stop <-after "Read" or "Wri te" operation only) 

Move forward 
Move b~ckward 
XXX)( = Number of blocks ("Move" operation only) 

Rewind 
Rewind with iRterlock 
Set '~ead Bias" to Normal 

" It 

It " 
" 
" 

"Low 
" High 

Select Var. Bl. Length.2!.. Cont. Data. Input 
Change Mode 

\~it~ in high density on Uniservo 3 using Free' Ru~, 1.2" Bleekette Space. 
1.2" Block Space: 

(v) = 02 00046 30000 

Write- in low density .2.!:!£ block on Uniservo 9 using 0.0" Blockette Space, 
2.4" Block Space: 

(v) = 02 00717 10000 
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TABLE VIII (Continued) 

Read forward in Free Run from Uniservo 6, Fixed Block Length: 
(v) -'S 02 00002 60000 

;.love baclrward Uni servo 8 1910 blocks; Fixed Block Length: 
(v) = 02 00015 00023 

Reed forward from Uniservo 4 in Var. Block Length: 
(v) = 02 00062 40000 

1105 

a) plpas~ E<?.d.~ 
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 riiode are now selected as explained. for 1103A 
with the addition, that 
i31 = 1 is Master Bi t for TeU 2, 
i30 = 1 is Master Bit for TeU 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) = 01 xxxxx xxxxx. 

If Buffer 2 is to be bypassed, EF ''Tape'' operations are selected 
with a (v) = 02 xxxxx xxxxx. 

b) Normal (Buffer) Modd -- ----------
Tape operations are selected as explained for II03A, with the addition 
that either one of the Tape Control Units can be specified (see under 
Dypass ;ilode). r\otice that fll~rite Density" for 1105 is reverse to 1103A. 

Example:" 
\'Jrite in high density, Fixed Block Length, Unis. 3, Free Run, 
1.2" Dlockette Space, 1.2" Block Space, 
Te U 1: SF - v wit h 

(v) = 01 00056 30000 
The sar:1e for Unis. 3, TeU 2: EF -v with (v) = 02 0005,) 30000. 

Interrupt Selection: 
Bit v2~ = 1 in (v) 

Buffer operations 
(v) of EF -v 

00 10000 02000 
00 20000 02000 
00 10000 01000 
00 20000 01000 
00 10000 00100 
00 10000 CC;2!)O 
00 10000 OOlDO 
00 20000 00100 

of EF "Tape" ins true t ion 

Function 
Clear Buffer I and switch to "load" 

" " 2 " " " " 
"End Transfer", Buffer 1 switch to "unload" 
"II "2""" 

"~ ,r i t e B u f fer" 1 ( s i ~ i Jar for B u f fer 2 ) 
"::ead Luffer" 1 (si:nilc. .. ' for Buffer 2) 
:1cad ::ord Counter of Duffer 1 into IOSu 

" tt ,,1 n 2 ft " 
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r 
t 
I 

TAPE OPS1ATlm~ 

r.:ove F orwarJ / 
Backward 

Rewind 

aewind/ 
Interlock 

Change Bias 

TABLE IX (Continued) 

DO 

Designate in (v) of EF instruc-
, ti on: . 
i 1) Magnetic Tape Master Bit 
I 

2) ~love Forward/Backward 
3) Number of blocks to be 

moved. 
I 4) Uniservo ~umber 

! 

Designate in (v) of EF instruc-­
tion: 
1) Magnetic Tape ~.:as ter Bi t· 

>--. 

2) Rewind 

3) Uniservo Kumber 

Designate in (v) of EF instruc­
ti on: 

1) ~,;agnctic 'Tape r.:aster Bit 
2) 2e~ind/lnterlock 

3) r r: i s e r v 0 ., tt mb e r 

Designate in (v) of EF instruc­
tion: 

1) Magnetic Tape ~aster Bit 
2) Change bias level bits 

Program a return to normal bias 
level unless a computer ~aster 
Clear occurs which acco~plishes 
this. 
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DG~\' T 1 , 
1 

Program a :.:ove Fon;ar:J/ i 
3ac!n::ard of ::Jore blocks 
than ~ave~been recorded. J 

I 

Terminate a move opera- ; 
tion Kith an EF Stop Ta:e 
instruction. 

I Reference a uniservo 
I re\':ou~d ·wi th' i Iter lock 
: linti 1 the uniservo door 
I ir.terlock switch has 
; been opened and closed. 

I 
I Include any other tape 

I operati on in the EF 
Change Bias instructioE. 

I Program two successive 
; chancres to high or lo\\' 
! oJ 

: bias level. 
I 
! 



TABLE I 

AVAILABLE CO:,1PUTATIO~ TIMES 

Fixed Block Length ~ode 

The following table sho\\'s the recom~ended programming times allow-
able for computation bet~een 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, the theoretical times may vary 
slightly from installation to installation. 

Situation 

READ OPERATION 

Between EF Start Tape and first En 
1.2" block space 
2.4" block space 

. (See also leader and reversal delay) 

Between successive ER instructions 

at l2G lines per inch 

at 50 lines per inch 

Across ·the blockette space 

1.2" blocket te space 

0.1" blockette space 

Across the block space 

1.2" block space 

2.4" blockette space 

Between last ER and EF Stop Tape 
1.2" block space 
2.4" Block space 

I 

Theoretical 
Time 

46.1 ms 
58.9 ms 

46C )Js 

1200 JlS 

12 ms 

1 ms 

12 ms 

24 ms 

3.75 ms 
17.25 ms· 

I 

Safe Time 
(based on the­
oretical time) 

31 ms 
40 ms 

350 }Is 

900 )ls 

9 ms 

750 }S 

9 ms 

18 ms 

1 ms ~ 

14 ms ~ 

Observance 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 enouuh time is allm':ed for the tape to accelerate before 
the first lines arc encountered in the following reading operation. 
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I 

I 

! 
I 

I 
! 
i 

I 
1 

i 
I 
I 
i 

I 
i 

I 
I 
I 
! 
I 
i 
I 
I 

i , 
I 

I 
I 
I 
I 

TABLE X (Continued) 

If this Siiould be the case, the first lines \\"ill not be sensed fro~ the 
tape. For a 1.2 inch block space t a zero time delay would be rcco:!1l'nended 
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 reco~~ended that the ~ininun ti~c does not exceed the value 
shown in the table. The 2.4 inch case is not as critical, but again it 
is reco::lmcnded that the value shO\,"n is not exceeded. 

j Safe Time 
Situation I Theoretical (based on the-

Time oretical time) 

WRITE OPERATIO!\ 

BetKeen EF Start Tape ar.d first t:"" ..... f\ I 
1 ')tr block space I 46.1 ms 31 ms 
2 .1" block space i 58.9 ms 40 ms ."1: i 

(See also leader and reversal delays) I 
i 

Between successive EW ir.structions I 

128 
I I at 1 i I~e s per inch ! 468 )ls 350 y.s 

at 50 lines per inch I 1200 ys I 900 Jls i , i 
Across the blockette space I I 

1.2" blockette space 12 ms I 9 ms 
O. 1 tt blockette space 1.0 ms 750 ys 

Across the block space i 
! 

1.2" block $pace 12 ms 9 ms 
91 If 
..... "-j block space 2,~ ms 18 ms 

Between last rt,· and EF Stop Tape Lh 

1 fJ" block space 12 ms 1 ms ** ..... 
2.·1 " blocl.; space 24 ms 1. ms ** , 

I 

LSAD=f~ c: ~.-~l~ 
Starting rea:Jing or writing fro::! 
re~'\our:d pas i ti or: 

i 

1 ')" bloc k s~)ace ! 15"~6.1 ms 1 ')'1'" _v ( ms 
" I" block 155C.9 1247 ,.:, • '-i SrJJC (; ! inS IDS 

I 
i 

RE\'"EHSAL DEL\YS : 

; Eeadir.g or l'.T i t i:-1o in crr,Qsi te dircctjoL 
I 

fro~ prei'i ou S I. J r_,L:" ;:~~: :: t: :.-, ~_l;: t ! 011. 1 ms 45B ms 

...... :\ext PaGe 
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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 

Situation 

r.E\\I~\D naTIATI00; DELAYS 
(preventing another 1013 to TCR transmission) 

Previous forward direction 
Previous backward direction 

CHA~GE BIAS DELAY 
(preventing another lOB to TCR transmission) 
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I Theoretical 
Time 

35 ms 
600 ms 

-35 ms 

~afe Time 
(based on the­
oretical time) 

22 ms 
450 ms 

22 ms 



OP::~ t .. T1 O~ ~ 

I 
Read FOI"l\'ard/ 
5ackward 

~rite 

Stop 

I 

i 

l 

TABLE XI 

Syr-,OPSIS or 

r k1I ABLE BLOCh LE~GTH fLODE. OPERATI CI\ 

! 
I 
I 
j 

DO 
! 

i 
Designate in (v) of EF instruc- i 
tioD: ! 
1) ~a9netic Tape ~aster Bit 
2) F~ead For\'.'ard/Back~ward 
3) Cniservo f\umber 
4) Variable/Continuous Bits 

Read and check content of lOA 
before lOB is reaa; then, read 
lOA again or read IOL. 

Jeslgnate ir. (\') of EF instruc-
ti on: 
1) ~a~netic Tape ~aster Bit 

;'ariablE'/C or.tir:uous Bi ts 
.:) L"r:ise!'vo \U1':1:>er 
l..j '..l~ te Ot>e!'ati on 
Prograr:1 -anEh instructior; for 
eact ~ord to be written. 

prograw an EF Stop Tape instruc­
tior. l~~ediately after the 
last word to be "7itten in each 
block. 

Designate in (v) of EF instruc­
tion: 
1) Magnetic Tape Master Bit 
2) Stop Bits 

Program an EF Stop Tape during 
reading for all desired stops, 
except at end of record; during I 

writing, to terminate tape move~ 
ment and create block spacing. t 
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DO~'T 

Exceed allowable computa­
tion time between the EF 
Start instruction and the 
1st En, between successive 
ER instructions~ or be­
tween the last EE and Ef 
Stop Tape instruction. 

Include uniservo numoer 
in EF Stop Tape instruc­
tior .• 

Exceed allowable "computa­
tion time between the EF 
Start and 1st EK. between 
successive EW's, and be­
tween the last EW and EF 
Stop Tape instructions. 

Include uniservo number 
in EF Stop Tape instruc­
tion. 

Designate a uniservo 
in (v). 



TABLE II (ec,r,tinued) 

TAPE OPERATI CI\ DO Om'T 

Move F orward/ Designate in (v) of EF instrue- Terminate Move Operation 
Backward tion: with an EF Stop Tape 

1) Magnetic Tape Master Bit instruction. 

2) Move Forward/Backward Program a Move Forward/ 
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. 
5) Uniservo Number 

Rewind 
I 

Rewind 
Interlock See'Fixed'Block Lengtb Mode Operation 

-Change Bi as 
J 
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TABLE XII 

AVAILABLE COMPOT AT! 00 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. 

Situation 

READ OPERATI ~ 

Between EF Start Tape and first ER 
(1.4" block space) 

(See also leader and reversal 
delays) 

Between successive ER instructions 
(at 128 lines per inch) 

Across the block space 
(1.4" block. space) 

Between last ER and EF Stop Tape 
Inter-block stop 
Intra-block stop 

Theoretical 
Time 

50.85 ms 

14 ms 

7.0 ms 
468 )Is 

Safe Time 
(Based on the­
oretical:time) 

33 IDS 

350 JS 

10 ms 

1 ms • 
250 }S 

o 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 encountered in the following reading opera­
tion. If this should be the case, the first lines will not be sensed 
from the tape. For a 1.4 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
block space. ~~ere 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. 
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TABLE XII (Continued) 

Situation 

~mlTE DPERAn Cl\ 

Between EF Start Tape and iirst EW 
(l.4" block space) 

(See also leader and reversal delaYI> 

Between successive EK instructions 
(at 128 lines per inch) 

Across the block space 
(1.4" block space) 

Between last EW and EF Stop Tape 
(1.4" block space) 

LEADER DELAY 

Starting reading or writing from 
rewound position 

nE\~RSAL DELAY 

Reading or writing in opposite 
direction from previous tape movement 

RE\n~~D INITIATIor, DELAYS 

(preventing another lOB to TCR 
transmission) 

Previou$ fon\!ard direction 

Previous backward direction 

ellA \lGE Bl AS DELAY 

(preventing another lOB to TeR 
transmission) 

I 

! 

Theoretical 
Time 

50.85 ma 

468 }S 

14 ms 

468 ys •• 

1550.85 ms 

615.65 ms 

- -

35 ms 

600 ms 

35 ms 

I 
I 
I 

j 
I 

I 

Safe time 
(based on the­
oretical time) 

33l1li 

350p 

10 ms 

250 IS 

1240 ms 

462 ms 

22 InS 

450 ms 

22 ms 

*~ During "Titing, 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 ~o Information occurs. 
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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 program~er'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 
.I10 t

' state, the buffer is "inactive". 

a) \'ihich operations set a buffer to "active"..!. and when? --------------------_ ..... - -----
A buffer is set to "active" in either one of the following three 
situations: 

1) "Move Enable" from TCU 

2) "Wri te Enable" from TeU A;\D buffer "Unload FF" in its 
ttl" state (i.e. buffer in "unload" state) 

3) "Read Enable" from TCU .fu~D buffer "Unload FF" in its 
"0" state (i.e. buffer in "load" state) 

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

1) EF nr,love Tape n blocks" 

2) EF '1\Jri te Tape" p~ovided 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 r\Jode" has not been selected.) 

b) ~ ...:vha.!_mea~_i! ~I!. 2~t!~e_~uf.f~~ 2~t_ ~o_ :~n~c_t!~e~'~ 

The "nuffer Acti ve FF" can be set to "Ot1, if and 
only if a computer hlain Pulse 5 occurs. 

This ~p 5 in conjunction with some other pulses lwhich essentially 
oean that the tape operation is completed, see below) set a buffer 
to "inactive". 

Progra:r..-:1ing consequence: 
Assume the computer stalled, i.e. hung up at one instruction such that no 
t:p 5 can be generated by the cachine. 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 Run 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 "I" earlier, essentially at 
the· time the "Active FFtt was set to ttlft) to ftO". The fact "Run FF :; 1 
and Buffer in Unload State" means that the "Active FF" is set to "0". 

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

The buffer is set back to "actile" 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~ 
I 

computer and the switching to the "load" state we possess the "Read 
Enable" from TeU (because of the Free fiun) and the "Unload FF = 0" 
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 ~1P 5 which follows the detection of a buffer 
"Limit Count" (meaning: buffer is empty, i.e. BWK = I anu 
"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 
TeU 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 ~ove operatiOn. 
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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 ~ 0, the buffer cannot be set to "inactive". But 
precisely at the time Bu\ = 0, the buffer "Active FF" is set to "0". 
As you see: BU'~ = 0 also means: Move operation is finished. 

Notice: Assume a moving of 3 blocks is attempted. Although n;u detects 
an Interblock Space after the first and second block, buffer activity 
is not dropped, since BLK ¥ O. 

c) ~e..e£.i!I_E..r~g.E.~if$_s!..t!!.a!.i~n!. <iu;:i!!92'~a.E!..n~ .!l~d_w-E!...t!.n.9: 

1) Writing on Tape 

As explained the EF "Write Tape" instruction sets the buffer connected 
with the same TCU to "active" only 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 "Wri te Tape rt is executed (Free Run or not). \~hat Happens? The 
tape movement is started, and within a certain time the TeU 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 \\lord. If the swi tch to 
"unload" is made, the buffer "Active FF" will now be set to "1" according 
to a) ~2. 
Bow much time is avai labl e between the 2F "Eri te Tape tI and EF fll~ri te 
Buffer" cannot be deternined exactly at the present time. It depends 
upon the start uelay of the Uniservo II plus the time needed for moving 
to the beginning of the block which is to be \'Jritten. However, 6 m sec. 
seem to be a safe time in any casco This time might be larger, but has 
to be determined by examining the appropriate literature, if available. 

Assume the EF "r~rite Tape" is given, the buffer is in the "load" state, 
and the program Joes not fill the buffer wi th the first block (to be 
written)within the time available. In this case a No Information {"B"} 
Fault is generated in the tape system, when the n;u requires the first 
word from the buffer (from lOT), and there is no word. This shows that 
a programmer who gives an EF ttl/rite 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.e. will not stop the tapel (Refer to 
"Automatic Tape Control") 

2) ReaJing of Tape 
During reading magnetic tape a situation similar to that of writing on 
tape can occur, i.e. an EF "~ead Tape" is given at the time the buffer 
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involved is in the "\.:nload" state (and inactive). As already explained 
the buffer will not be set to "active", but the tape movel!lent is started. 
This means that the program has a certain time (see: c) ~l) to transfer 
the content of the buffer to the computer. If this and the switch to 
"load" is accoI!lplished in time, the buffer will be set to "active" 
because of a) ~3. 

If, hO\'Jever, the buffer content is not removed, before the transnissicrl 
from tape to buffer iss tarted, an "IOI'-Faul t occurs at the time the 
second word tries to enter lOT, whereas the first word is still there. 

This again creates a timing problem for the progra~~er, namely for 
the first block to be read, since the Automatic Tape Control does r.ot 
become effective before reading the first block. 

II.Selection of- Buffer Operations rEF "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) li0'!y ~~ ..!h~.!.e.!e£.ti on_ a..!: t~m..Eted J>l- a.E j:t.1l~f~r,: !.n~t!:..u£.t!.OE .!>~c~~~ 
effective? ------
The EF "Buffer" command sends (like any EF-) a 36-bit word to lOB. The 
computer is now satisfied, i.e. continues with the next instruction in 
sequence. The code word in lOB, hO\~ever. is used to send pulses to the 
Start COl~trol of the buffer referenced which are to set up an operatio;} 
of this buffer. 

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

If, however, the buffer is "active", the selection cannot be performeJ, 
and lOB will n~t be cleared, but the program continues in sequencel 

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

An EF "Buffer" instruction can perform the selection, if and 
only if the buffer i~ "inactive" upon its execution. In any 
case (\vhether the selec~i on could be made or not) the program 
continues in sequence. 

A short explanation of how this is made in the buffer control is given below: 
A pulse from "Buffer Active FF = 0" is used in the buffer Start Control to 
allow the pulses from 100 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 ~electe~ properly_ This "Resume" signal is 
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usei (via Buffer Command Timing Circuitry) to generate a "Clear lOB and 

~csu:::et' pulse. This means that 103 can be cleared only if the operation 

sclecteu by the EF "13uffer" instruction can be performeu. Otherwise lOB 
co::tL:ues holding the code, and any further reference of lOB establishes 
3.:1 ICJ Lockout conuition. 

~) Illustrative Exanple: 

:':12 eX3:::pL~ belO\~ is a program which essentially is used after detection 

J~ a ~~aJ ~rror, i.e. it tries to accomplish the following: Love back one 

:~:::;:; :.(',a..j fcrha:-j one block; Test for Read Error; if none, place buffer 

ceLt:.:';;! iI~to cO;7iputer and proceed. (TeO 1, Un~servo 2) 

..l _r - b 
3+1 ~. b+l 

J7:2 : .. J ~~CC~CC a+2 

aT0 : .. J ocoeo a+5 
oT~ 

Y. ,. 
U V 1 .. -.; 

a+~; rr"' b+2 ~t 

a-r-·) :.P 1 ':)170 a+10 
a-r7 .: i) IOCCO c 

t, 01 CC)O I-J 20COI 
bTl 01 OCoC:: 2DDOO 
~-() 
.L~ I _ I'C' 

Vv I (,:CiCC' G0200 

.-.t fi:::st glar;ce Lothir:g see::1S to be LTong. but careful examination reveals 

t!:dt th~ CC2?~te~ hill hang up continuously at the first of the 12010 En's 

:'l:e :-eascn is the follm-;lng: 

:LL; :=;-~ 6: LLl",!"eSS a is e:{ecuteu properly, i.e. the "i,:ove" code is sent to 

T·=~~ Q~.': ~o:ri~~; \~.-ill be sta:-ted. At tl12 sa~e time the buffer is set to 

:':·.s =: at ai.i . .:eS5 aTl will !lOt': be executed to the extent that the code 

(t)-r-l)--7' IGJ, but Lot further, since TC.~ is locked out because of the flr~Iove" 

operatIon. 1'11e cO::iputer, however, pl4oceeds. 

T::e :,:J -1 at 3-r2 fi nds tf'e buffer in its "acti ve" state. It was programmed 

to 1.'ai t fo:- t!~e co~;:;letion of the "uead Tape" operation, However, the 

cC:-:ipute: no:: :':Zli t5 at this point, until the "f,'ove" operation will be finished. 

As soon as ~ovi~q is c02pleted, the computer program continues at a+3, where 
it tries to ~2~cct a ~~ad Srror. Since at this time reading has not even 

bee~ starte~t no ~.ea~ :r:or can be detected and the program will proceed at 
aT.). ;.t the; S3:JS ti::J:~ (bTl) ~, .. hich was in lOB has been sent to TCR, where 

it set up the tI;~eaJ" orleratio!1, i.e. the buffer is "active" again. 

The EF at uT.j is ex(:cuted such that the code (b+2)~I(;D. The proper 
se1c;ctio[ of the buffer operatio;; ("Read Buffer") cannot be made because 

of the; fact tL.lt tl:e: t,~ff2r is "3ctive". 
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The computer, however, continues at a+6, a+7. The first ER lviII, therefore, 
hang up, since no word entered lOB from the buffer. This hanging-up 
occurs at hlP I, i.e. no ~p 3 can be issued! This in turn means that the 
buffer never can be set to "inaative", and a permanent hanging-up is 

_ _ .. ~. _ '1 __ 1. accompl..lSneUJ 

The above program is wrong because of the fact that another tape operation 
was initiated at the time the buffer was still "active tf with moving. The 
instruction at a+1 should be executed only if the buffer was found to be 
"inacti ve" i, e. an f,~J 4 between a and a+l flould correct the program. 

On the other hand you saw that the EF at a+1 itself did not stall the 
computer, not even the EF at a+5. Had we arrived at a+5 at the time 
when reading was finished, there would not have been any hanging-upl 
Only the fact that (a+5) 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 an~ only if he found the buffer to be inactive. It will 
also illustrate, ho~ careful a faulty program has to be examined in order 
to find the real trouble source. 

III The rl.lIto:natic Tape Controller 

It is well knm'm tl!dt the rlutooatic Tape Controller is used to stop tape 
move:nent t(;L:porarily Juring t';'eaJ Tape t' or "~':rite Tape" oreratiot;s. The 
followi~g remJr~s are ma~e to define the exact situation which causes the 
~TC to become effective. 

a) Gead Tane ?ree ~un ____ c ____ _ 
During tl1is operation the .~~TC beC0:12S effective dfter the first (second, 
third, .... ) block I1LiS b2~n reaJ. If idthiJi approxiodtely 3 m sec. fro:n 

the detection of the :':nJ of Block [.0 sF -Read Buffer" has been cxecuteu, 
Ate issues a "Stop" signal to TCU which causes a temporary stop of tape 
r.10vemcr.t. ,~n ~F "Read Duffer" \dll tben cause the tape to start again. 

b) t!Lt~ I.a2.e j'~ee_ iD-t12 
Here the nutomatic Tape Cm.troller becor.1Cs effective after the first 

(seconu, third, , .•.• ) block has been wri tten on tape. If wi thin approx­
imately 3 m sec. from the time at which the last word has been written on 
tape an Sf -rIxiteBuffer" has not been given, ATC stops tape movement. An 

EF if r i t e 3 u f fer" will the n i r: i t i ate the res tar t 0 f the tap e . 

c) (~ . .o!!.s.Eflu~!2.c~§ 
heep in mlftu.: when you hcaJ Tape or I:~rite Tape, xrc will not stop the 
tape in front of the first block, since neither an t'Er.d of Block" signal 
(Jur-ing reatling) nor a "Last \'.ord \';ri te" sign31 from TCU was present. 
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