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THE ELECTRICAL INTER-CONNECTION AND PROGRAMMING FOR DEVICES 
CONNECTED WITH PDP-S 

Introduction 

This is a discussion of the e lec t r i ca l ,  physical, and programming 
aspects of devices connected t o  PDP-1. 

The PDP-1 i s  composed of standard DEC building blocks whose 
logical character is t ics  and capabil i t ies  are discussed in  DEC l i te ra ture ,*  
The following comments on the inter-connection of equipment w i l l  
assume the reader has a f a i r l y  basic knowledge of Boolean Algebra 
and has vaguely perused the DEC Logic Handbook, A-400-B. The reader 
should also be familiar with the regis ter  layout of the PDP-1 and i t s  
programming as  described i n  the Programmed Data Processor manual, 
F-15A. 

Information and Control 

Two general types of signal flow are i n  PDP-1. These are fo r  
information t ransfers  and fo r  control pulses. An example of an 
information t ransfer  i n  PDP-1 is when the contents of the Memory 
Buffer regis ter  (MB) are read in to  the Accumulator (AC).  In  t h i s  
case, when the  t ransfer  is made, a whole regis ter ,  o r  18 b i t s  of 
information, is transfered simultaneously. The command tha t  the 
Memory Buffer regis ter  is t o  be placed in  the Accumulator i s  done 
by a single l i n e  which i s  called a control l ine.  That is,  the 18 
b i t s  of the Memory Buffer regis ter  go to  the Accumulator, and the 
control l ine  "samples" these l ines  a t  an appropriate time. 

Basically, external information controls are handled i n  the 
same manner. Information is presented to  external devices, and 
the device is given a control signal under program control which 
says t o  take the  inforrr.ation and proceed. A symbolic language 
program may be written for  the paper tape punch t o  perforate one 
l i ne  of paper tape: 

character 77 ,code t o  be punched on tape 

. 
l i o  character ,contents of "character" replace 

In Out regis ter  
PPa ,cormnand t o  punch one l i n e  of tape 

In the above program, i f  the program is s tar ted  in  regis ter ,  
"punch", the instruction, l i o  character, would place the octal  



77, in  the In Out register  (10)- The ppa or  punch paper alphanumeric 
instruction would t ransfer  the l a s t  8 b i t s  of a character, 00 111 111 
(77), t o  the punch logic. The punch would then perforate a l i n e  of 
the tape. Infornation i s  transfered t o  paper tape jus t  as  information 
i s  transfered from a memory location t o  the arithmetic element. The 
character 00 111 111 would correspond t o  the infdnnation and any 
control signals generated by the command punch paper alpha (ppa), 
being given would consti tute the control t o  the punch logic. 

The in-out t ransfer  command has the operation code 72XXXX. The 
address portion of the command has special meaning. The s ix  b i t s ,  
12-17, address one of 64 devices. B i t s  5 and 6 control synchronization 
and b i t s  7-11 may be used,for  special  purposes. 

The in-out t ransfer  command is the basic method of transfering 
information between PDP-1 and other devices, 

There are several methods (some of which are special  options) 
of transfering information tha t  rel ieve the program of the deta i l s  
associated with the t ransfer ,  Logic within a device may request 
that  information be transfered d i rec t ly  from core memory while the 
program is running. That is, the program is momentarily interrupted 
while data are transfered, This i s  called a high speed data channel, 

The Sequence Break System permits a program sequence t o  be 
interrupted a t  a time a condition has been sat isf ied.  The Sequence 
Break relieves the program of the de ta i l s  associated with the s ta tus  
of input-output devices. 

Fundamental Transfer of Information 

Fundamentally, information can be transfered between one regis ter  
and another regis ter ,  as  shown i n  figure 1, This method, which 
involves only one step is known as a jam transfer,  Figure 1 shows 
the j t h  fl ip-flops for  regis ters  Y and X, A t  a given time, 
information is t o  be transfered from regis ter  X t o  reg i s te r  Y. The 
control event is en t i t l ed  "C(X) = C(Y)", o r ,  the contents of register  
X replace the contents of reg i s te r  Y. A pulse on the control l i ne  
w i l l  t ransfer  the  information from regis ter  X t o  reg i s te r  Y by 
"sampling" the output voltages of regis ter  X, This process may 

'a lso be referred t o  as "strobing" , "sampling", "transfering" o r  
"reading in". 

If regis ter  X contains a one, then the t rans is tor  "and" gate 
labeled 2 w i l l  conduct when the control pulse is given causing the 
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set one input  t o  be pulsed. Trans i s to rs  1 and 2 act as "and" gates.  
The new contents  of Y do not  depend on the  previous ,contents .  The 
con ten ts  of X a r e  unaffected by the  information t rans fe r .  The 
l o g i c a l  conventions of f i g u r e  1 w i l l  be used throughout DEC PDP-1 
diagrams. 

Figure 2 shows t h e  two s t e p  method of t ransmit t ing information 
between two f l i p - f lop  r e g i s t e r s ,  By allowing the t r a n s f e r  t o  be 
e f f ec t ed  i n  two s teps ,  t h e  number of "and" ga t e s  has  been halved. 

F i r s t ,  each b i t  of  t h e  r e g i s t e r  is  set t o  zero, A sho r t  t i m e  
la ter  (0.2 microseconds f o r  5 MC l o g i c  and 2 microseconds f o r  500 KC 
l o g i c ) ,  a second pulse  t r a n s f e r s  ( s t robes ,  o r  reads i n )  t h e  information 
i n t o  the one s i d e  of the f l ip-f lops .  Using th i s  system, information 
need only be spec i f ied  by t h e  p o l a r i t y  on a s i n g l e  l i n e  r a t h e r  than two 
lines, 

The U s e  of In-Out Transfer  Commands For Control Purposes 

The PDP-1 uses t he  address of i n  o u t  t r a n s f e r  ( i o t )  i n s t ruc t ions  
t o  select various devices. Actually,  the  decoding f o r  t h e  ins t ruc t ion ,  
72XXXX. is a s  follows: 

B i t s  - U s e  - 
0-4 11101 Ins t ruc t ion  b i t  code f o r  i n  o u t  t r a n s f e r  
5-6 Used f o r  device synchronization 
7-11 Unused - May be anything 
12-17 Addresses 1 of 64 devices 

The address decoding scheme w i l l  be described i n  g rea t e r  d e t a i l  
i n  the following sect ions.  One of 64 pulses  w i l l  be emitted on a 
p a r t i c u l a r  w i r e  corresponding t o  the address o r  l a s t  6 bits  of t h e  
i n  o u t  t r a n s f e r  ins t ruc t ion .  

Really, 64 pulse p a i r s  may be formed. The pu lse  p a i r ,  which 
corresponds t o  an address is s e n t  on two separa te  w i r e s  and provides 
the following: 

1. 2.5 microseconds a f t e r  t he  command is  given,  a pulse i s  
ava i lab le  f o r  c lea r ing  a r eg i s t e r .  

2. 2.5 microseconds l a t e r ,  o r  5 microseconds a f t e r  t h e  beginning 
of t h e  coumand, a pulse  is ava i lab le  t o  t r a n s f e r  the information. 
Thus, the two s t e p  t r a n s f e r  method may be used. 

, 





For example, an in-out t ransfer  command, turn on ( ton) ,  may be defined 
i n  the program assembly language and connected within PDP-1 with the 
operation code 72 0010. Now, each time a program gives a ton command, 
a pulse of 0.4 microseconds duration and 3 vo l t  amplitude w i l l  be 
emitted on a l i n e  labeled "ton". Similarly, a turn  off pulse may be 
emitted fo r  a tof command (code 72 0011). The following program with 
figure 3 forms a 50 KC square wave generator: 

on 72 0010 , se t s  the f l ip-f lop t o  a one s t a t e  
jmp off ,dummy instruction - goes t o  next 

, instruction 
off to£ , se t s  the f l ip-f lop t o  the zero s t a t e  

jmp on ,returns t o  the register  labeled begin 
, for  repeating the sequence 

A pulse appears on the ton l i ne  a t  some time, Five microseconds 
elapse as  the "jmp off"  command is effected, Five microseconds l a t e r ,  
tof occurs and a pulse clears  the flip-flop. The jmp instruction 
requires 5 microseconds and the process repeats. Every 10 microseconds, 
the f l ip-f lop e i the r  ge ts  s e t  o r  cleared, Thus, output of the f l ip -  
flop i s  a square wave with a period of 20 microseconds. The times 
fo r  an on or  an off level  can be varied i n  5 microseconds intervals. 

TRANSMITTING INFORMATION TO A DEVICE WITH THE PROGRAM 

One of the most common devices tha t  can be connected t o  the PDP-1 
is  a fl ip-flop regis ter  of up to  18 bits, The regis ter ,  fo r  example, 
might drive a d ig i t a l  t o  analog decoding network t o  supply an analog 
voltage, o r  a ser ies  of relays, o r  a visual display buffer from which 
decimal numbers are decoded and viewed, etc. 

Given, there is  18 bi ts  of information i n  the in-out register ,  
we wish t o  t ransfer  these bits (information) t o  an external register.  

Figure 4 shows information of the In-Out reg i s te r  B i t - j  being 
transmitted t o  the 18-bit external buffer reg i s te r  (EB) . To transmit 
information t o  External Buffer Register, an i n  out command address 
i s  assigned which we w i l l  c a l l  teb,  with operation code 72 0010. The 
one's side outputs of the In-Out register  (10), are  sent t o  EB. When 
a b i t  of the I0 is a one then the respective l i n e  is  0 volts ,  and,when 
the I0 register  b i t  i s  a zero; ..the.'.line is a t  -3 volts. When the 
program gives the teb,  two things happen: 

1. 2.5 microseconds a f t e r  the command begins, a positive pulse 
clears  EB. 





2. 2.5 microseconds l a t e r ,  o r  5 microseconds a f t e r  the beginning 
of  teb, t h e  information from the one ' s  s i d e  outputs  of t h e  in- 
o u t  r e g i s t e r  is  read i n t o  ( o r  t r ans f e r ed  t o )  EB. Thus, 5 micro- - - 

seconds a f t e r  t h e  beginning of teb, EB conta ins  the same information 
a s  10. 

A block diagram of  t h e  connection is  shown i n  f i g u r e  4B. There 
a r e  18 l i n e s  of  In-Out r e g i s t e r  information, and 2 con t ro l  pulses .  
Each of  the con t ro l  pu l s e s  requ i res  e i t h e r  a coax ia l  cab le  o r  a p a i r  
of w i r e s  which a r e  twis ted ,  thus ,  a t o t a l  of  22 w i r e s  form the i n t e r -  
connecti on, 

RECEIVING INFORMATION FROM A DEVICE WITH THE PROGRAM 

When information is received from a remote device,  the r o l e s  of  
t r a n s m i t t e r  and r ece ive r  mentioned above a r e  reversed. A register 
of  information must be t ransmi t t ed  t o  PDP-1, a s  i n  t h e  case  o f  an 
analog t o  d i g i t a l  conver ter  a t tached t o  the PDP-1. 

Figure 5 shows how one b i t  of information would be read i n t o  
t h e  in-out r e g i s t e r  under program command. I n  t h i s  case,  a s w i t c h  
p o s i t i o n  i s  t o  be sampled, and 18 switches form a r e g i s t e r .  I n  
t h i s  case,  a program executes a command which emits  pulses  t h a t :  

1. Clear  the in-out r e g i s t e r .  

2. Sample t h e  information and p lace  it i n t o  the in-out r e g i s t e r .  

The mechanism f o r  t h e  information ga t i ng  is shown i n  f i g u r e  5. 
That is, a l e v e l  enables  a capac i to r  diode ga t e ,  then a con t ro l  pu l se  
"ands" w i t h  t h e  l e v e l  t o  cond i t iona l ly  form a pu l se  f o r  each 
information b i t ,  thus ,  the I0 r e g i s t e r  f l i p - f l o p  is s e t  t o  a one 
i f  t h e  g a t e  i s  enabled. 

The Connection of An Analoq To D i q i t a l  Converter W i t h  PDP-1 

The connection of a 1 2  b i t  analog t o  d i g i t a l  converter  t o  opera te  
w i t h  PDP-1 i s  shown i n  f i g u r e  6. The l i n e  l abe l ed  " s t a r t  convert"  
i s  a con t ro l  pulse  t o  the converter  t h a t  commands a conversion. From 
t h e  t i m e  the command i s  given, t h e  conver ter  r equ i r e s  40 
microseconds t o  determine .a 12-bi t  d i g i t a l  number propor t ional  t o  
the analog i npu t  vol tage.  The convert  command, cnv, has the 
opera t ion  code 72 0041. 
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The d i g i t a l  number i s  t r a n s f e r e d  from t h e  conver ter  t o  t h e  In- 
Out r e g i s t e r  under program contro l .  The command, read  converter  
bu f f e r ,  (rcb = 72 0031) reads  the converted bi ts  i n t o  t h e  1 2  most 
s i g n i f i c a n t  b i t s  o f  t h e  In-Out r e g i s t e r .  

Figure 6 shows t h e  decoding wi th in  PDP-1 necessary f o r  cont ro l .  
The information i s  read i n t o  the i npu t  mixer (which sets the In- 
Out) and three pu l se  l i n e s  a r e  decoded which: 

Clear  the in-out r e g i s t e r  ( c l e a r  por t ion  rcb) . 
2. Sample t h e  converter  b u f f e r  outputs  t o  set the various 
in-out b i t s  (sample po r t i on  o f  rcb) . 
3, S t a r t  the conversion (CNV) , 

Pulse (2 )  occurs  2.5 microseconds after pulse  (1) above. 

The following subroutine uses  the analog t o  d i g i t a l  converter ,  
and is c a l l e d  by the command " j s p  f i l l v .  The subroutine i n  symbolic 
assembly language samples an analog inpu t  512 times a t  a 20 KC r a t e ,  
and s t o r e s  the r e s u l t s  i n  r e g i s t e r s :  "function", "funct ion & l " ,  . . . . . . . . . ., " f ~ n c t i o ~  & 511". 

,Subroutine t o  sample a continuous vol tage  512 times, each 50 
,microseconds and s t o r e  i n  "funct ion" t ab l e .  The subrout ine  s t a r t s  
, a t  r e g i s t e r  " f i l l " .  

1 

f i l l  

loop 

exit  

storsam 
i 

f test 
funct ion  

dap e x i t  
l a w  funct ion  - 1 
dap storsam , i n i t i a l i z e  
cnv , s t a r t s  converter  = 72 0041 
noP 
idx  storsam 
sad ftest 
jmp , exit loca t ion  
rcb ,rcb = 72 0031 p l ace  vol tage  sample 

, i n  I0 
d i o  , s t o r e  sample 
jmp loop 
d i o  funct ion  + 1000 
0 ,first sample 

. . 
funct ion  +777 0 ,10008 sample 





OPERATION OF THE STANDARD I N  OUT EQUIPMENT 

synchronization and Prosrammins 

The s t r a i g h t  forward use  o f  the in-out t r a n s f e r  commands, e.g., 
t h e  connection of analog t o  d i g i t a l  o r  d i g i t a l  t o  analog conver ters  
has been described above. I n  these cases ,  the t r a n s f e r  of  information 
took on a very simple form s i n c e  t h e  program con t ro l l ed  t h e  information 
t r a n s f e r s  r e l a t i v e  t o  t h e  a c t i o n  of  the device. 

Q u i t e  o f t en ,  input-output opera t ions  must be synchronized. That 
is ,  information is t r ans f e r ed  c e r t a i n l y  and e f f i c i e n t l y ,  which may 
cause t h e  computer ( o r  a device)  t o  "wait" ,  and then proceed i n  
synchronism. I n  o the r  cases ,  when s eve ra l  in-out devices opera te  
simultaneously, the synchronization is e s s e n t i a l .  The synchronization 
of  t h e  s tandard in-out equipment (o sc i l l i s cope ,  paper t ape  punch, 
pho toe l ec t r i c  t ape  reader ,  and typewri ter )  is done simply and t h e  
con t ro l  f o r  t h i s  synchronization is coded i n  each in-out t r a n s f e r  
command. Appendix I1 conta ins  a cu r r en t  l i s t  o f  t h e  assigned in-out 
t r a n s f e r  commands f o r  t h e  PDP-1 equipment. 

Bacally,  the  program must always opera te  faster than a device. 
Thus, a program can h a l t ,  then  continue i n  synchronism w i t h  a device. 
For example, t h e  command t o  punch a l i n e  o f  paper t ape  is given, the 
paper t ape  punch effects the punching when able ,  then s i g n a l s  t h e  
wait ing computer t o  proceed. Sometimes it would be de s i r ab l e  f o r  
t h e  computer t o  g ive  t h e  command t o  punch a l i n e  of paper t ape  and 
not  s t op  bu t  continue ca lcu la t ions .  This  method i s  c e r t a i n  unless  
a second command is  given before  the punch has f i n i shed  the previous 
task.  

A sa f e  method would i s s u e  a command, proceed w i t h  a safe number 
of ca lcu la t ions ,  then i s s u e  a wai t ing  command which re-synchronizes 
t h e  completion of t h e  in-out t r a n s f e r  and the program. The re- 
synchronization t akes  p lace  i n  5 microseconds i n t e rva l s .  

The decoding f o r  the in-out t r a n s f e r  command which allows various 
p o s s i b i l i t i e s  is  shown i n  Table I: 



TABLE I 

In-Out Transfer  Wait f o r  Completion Pulse ~ n a b l e / ~ i s a b l e -  
Command B i t s  f o r  R e s t a r t / ~ o n t i n u e  Completion (Done 
5 6 without wa i t  Pulse Signal 

0 0 Continue, no wai t  
0 1 Continue, no wai t  
1 0 Wait, then  continue 
1 1 Wait, then continue 

Disable 
Enable 
Enable 
Disable 

B i t  5 of the in-out t r a n s f e r  command d i s igna t e s  whether t h e  program 
is t o  wait  f o r  a completion pu l se  before  continuing. The exclusive 
o r  of  b i t s  5,  6 of t h e  command spec i fy  whether the completion pu l se  
r e t u r n  s i gna l  i s  t o  be enabled o r  disabled.  

Point  P lo t t inq  Osc i l l i scope  

Figure 7 shows t h e  diagram of the scope inter-connections t o  
PDP-1. The o s c i l l i s c o p e  opera tes  on a po in t  by p o i n t  b a s i s  and i s  
ac t i va t ed  by t h e  computer g iv ing the command, "display" ,  i o t  7, o r  
72 0007 ( o r  73 0007, e tc . ) .  The d i sp lay  command first c l e a r s  a 10  
b i t  X coordinate buf fe r ,  a 10 b i t  Y coordinate b u f f e r  and 2.5 micro- 
seconds l a t e r  reads  t h e  contents  of  the 10  most s i g n i f i c a n t  bi ts  of 
the Accumulator and In-Out r e g i s t e r s  i n t o  t h e  X and Y bu f f e r s  and 
then i n t e n s i f i e s  the point .  The p l o t t i n g  of a s i n g l e  po in t  requi res  
50 microseconds. The cathode r ay  tube has a P7 phosphor, thus  the 
p o i n t  p e r s i s t s  f o r  a r e l a t i v e l y  long t i m e .  A t  the completion of the 
p l o t t i n g ,  a pu l se  w i l l  be emit ted  on the r e s t a r t  l i n e  t o  PDP-1 which 
i s  used f o r  t h e  computer r e s t a r t .  The r e s t a r t  pu l s e  occurs 50 micro- 
seconds a f t e r  the d i sp lay  command is given. 

The following program shows how the var ious  in-out  t r a n s f e r  
commands a r e  used t o  effect savings i n  t iming,  and handle synchronization. 
The first program d i sp lays  a hor izon ta l  l i n e  at some Y coordinate,  
1 /2  the width of the scope. The l i n e  c o n s i s t s  of  512 po in t s ,  and 
is p l o t t e d  s t a r t i n g  a t  t h e  po in t  X = 0 going r i g h t  t o  t h e  po in t  
X = 3778. The program r equ i r e s  (50 + 20) x 512 microseconds. This  
program uses t h e  most s t r a i g h t  forward in-out t r a n s f e r s .  The "display" 
command, 73 0007, i s  given and the computer wai ts  u n t i l  t h e  po in t  is 
displayed before  the machine r e s t a r t s  and continues ca lcu la t ions .  





,Display a horizontal l i n e  of 512 points 
, l ine  plotted center t o  r ight  edge - height of Y 
s t a r t  l i o  y ,y holds height a t  l i n e  

c l a  
loop 730007 ,display a point and wait till done 

add increment 
sma 
jmp loop ,return un t i l  ac = 400000 -- , done 

increment 400 ,increment of l i n e  
, y coordinate 

The following program computes while the point is plotted: 

s t a r t  

loop 

l i o  Y 
c l a  
jmp loop & 1 
730000 ,dummy - ha l t s  till previous completion 
724007 ,displays a point/computer proceeds 
add increment . ,display completion enabled 
sma 
jmp loop 

The above program plots  the 512 point l i n e  i n  (50 + 5) x 512 
microseconds. The program commands a point t o  be displayed, (without 
disabling the completion pulse),  proceeds with the calculations, 
then f ina l ly  gives a synchronizing "wait" instruction which synchronizes 
the display. 

The only case not included above, but mentioned i n  Table I, is 
the case of b i t s  5 and 6 both zero. Here, the program does not ha l t  
and the completion pulse of the device i s  disabled. Thus, the program 
must only ref ra in  from giving the display commands too frequently. 

The technique of inhibit ing completion is  used when several 
devices are operating concurrently. The inhibi t  command completion 
i s  used with the sequence break system. 



Paper Tape Punch For PDP-1 

A block diagram of  t h e  paper t ape  punch l o g i c  i s  shown i n  f i g u r e  8, 
The punch ac t ion  is s i m i l a r  t o  display.  Two separa te  commands a r e  
given which t r a n s f e r  information t o  a b u f f e r  r e g i s t e r  f o r  t h e  paper  
t ape  and they are:  

1. Punch paper alphanumeric format, (ppa) 72 0005, ( o r  73 0005). 

2. Punch paper b inary  format,  (ppb) 72 0006, ( o r  73 0006). 

When e i t h e r  the '  ppa o r  ppb command i s  given, a pulse  f i r s t  c l e a r s  
t h e  punch f l i p - f l o p  bu f f e r  r e g i s t e r  then 2.5 microseconds l a t e r  a pu l s e  

, w i l l  occur  on e i t h e r  t h e  punch paper alpha l i n e  o r  t h e  punch paper  
b inary  con t ro l  l i n e  and t h e  punching ac t ion  i s  i n i t i a t e d .  Alphanumeric 
information c o n s i s t s  of  in-out r e g i s t e r  b i t s  10  t o  17 f o r  the 8 h o l e s  
on paper  tape. The ppb command always punched ho l e  8, ignore information 
f&r hole  7 ,  and punched I0 bi ts  0 - 5. A pu l se  occurs when t h e  punch 
has f i n i shed  an assigned t ask .  This may occur wi th in  4.0 mi l l i seconds  
a f t e r  t h e  command i s  given. 

The paper t ape  punch is  synchronous, and only  during c e r t a i n  i n t e r v a l s  
can a charac te r  be punched, This  condit ion is sensed by t h e  con t ro l  
l o g i c  when t h e  punch cams reach a " s t a r t "  pos i t ion .  I f  a cha rac t e r  
is t o  be punched, information must be s t a t i c  f o r  4.0 mil l iseconds 
a f t e r  t h e  " s t a r t "  punch p o s i t i o n  and solenoid d r iv ing  cu r r en t  a r e  
enabled. The completion pu l s e  i s  re turned when t h e  punch bu f f e r  i s  
f r e e  t o  rece ive  t h e  next  charac ter .  Thus, i f  a punch paper command 
i s  given and it appears a t  t h e  co r r ec t  time, t h e  punching appears 
t o  r equ i r e  only 4.0 mil l iseconds.  I f  a punch command is given and t h e  
punch.. has j u s t  passed " s t a r t " ,  ( t h e  synchronizing pos i t ion)  t h e  
completion pulse  may r equ i r e  4.0 + 15.8 mil l iseconds.  

T y p e w r i t e r  f o r  Output of  Information 

The input-output typewr i t e r  f o r  PDP-1 i s  shown i n  f i g u r e  9. 
The typewri ter  is best explained by separa t ing  t h e  l o g i c  i n t o  ou tpu t  
and input .  For typing ou t ,  the typewri ter  a c t s  l i k e  the d i sp lay  o r  
$he punch. The type o u t  command, tyo  o r  720003, ( o r  730003) f i r s t  
c l e a r s  t h e  typewr i t e r  b u f f e r  then 2.5 microseconds later, t h e  information 
of I0 b i t s  12-17 is read i n t o  t h e  typewr i t e r  bu f f e r ,  and t h e  typing 
ac t i on  i n i t i a t e d .  
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The procedure fo r  typing a character would be: 

1. Load the in-out reg i s te r  b i t s  12-17 with the code f o r  the 
character t o  be typed. 

2. Issue the command tyo. 

The typeout portion of the logic has a completion pulse which i s  
emitted when a character has been typed. The typewriter output r a t e  
i s  9.5 characters per second, thus, the typeout completion pulse occurs 
approximately 105 milliseconds a f t e r  the tyo is given. 

The typeout completed signal czn be used t o  r e s t a r t  the program 
i f  the typewriter is used synchronously within a program. The 
completion pulse, of course, can be used i n  the same manner discussed 
with the display system. The time saving i s  emphasized more i n  the 
case of the' typewriter because the 105 m s  interval  between characters 
w i l l  allow up t o  20,000 operations. 

Typewriter Input 

The typewriter input logic is also shown i n  figure 9. This logic 
i s  similar t o  the sampling of an analog t o  d ig i t a l  converter. When 
a key i s  struck, a pulse is  emitted on the l i n e  labelled "A key has 
been struck". This pulse is wired t o  s e t  program f lag  1. A 6 b i t  
buffer (the same used fo r  type out) holds the code fo r  the character 
struck. When f lag  1 is s e t ,  the  program may give the command, type 
in ,  t y i  = i o t  4 (72 0004) never 73 0004. The command, t y i ,  f i r s t  
c lears  the I0 then reads the 6 information b i t s ,  which code the character 
typed, and the type i n  sense level  into I0 b i t s  11-17. Tyi first 
clears  the in-out regis ter ,  then 2.5 microseconds l a t e r  the 7 levels  
of the typewriter are read in to  the 10. 

The t y i  command no t i f i es  the typewriter logic tha t  the character 
has been accepted by the program. The type i n  acknowledgement resets  
the type i n  sense l i ne ,  thus, i f  another character is not typed and 
the program gives the type i n  instruction, b i t  11 w i l l  be a 1 instead 
of 0. I n  t h i s  way, a program can t e l l  if the same character has been 
read more than once. 

t 

The following program excerpt uses ty i .  The program begins i n  
regis ter  "looku. 



look szf * 1 
jmp look 
t y i  

,650001 skip on flag se t  
,repeat look, look + 1 till key struck 
,720004 I0 contains code for key strucl 

Instructions "look" and "look + 1" are repeated over and over 
again u n t i l  the program flag 1 is s e t  by a key being struck, When 
the key is  struck, the program flag 1 i s  sensed and the instruction 
i n  look + 2 i s  obeyed, t y i ,  and the 6 b i t  code for  the character 
typed is placed i n  the in-out register. I f  the key typed was a 
carriage return, then an octal 77 would appear in  the 10. I f  a 
second t y i  command is given before a new character is struck, the 
in-out register would contain the code 177. 

The Photoelectric Tape Reader 

The logic for  the photoelectric tape reader is shown in  figure 9, 
Five, 6, 7 ,  or 8 hole tapes are read a t  a 400 l ine  per second rate,  
The paper tape reader has an 18 b i t  buffer which holds the information 
that  is gathered from tape, There are two modes of operation, read 
paper alphanumeric (rpa) and read paper binary (rpb) , When the 
command rap 720001 or  730001 is  given, one l ine  of tape is read, 
A l l  eight holes of the l ine  go into the right 8 b i t s  of a buffer, 
When the 8 b i t s  are assembled i n  the buffer, a pulse appears on 
the l ine clear the In-Out register,  then 2-5 microseconds l a t e r  
the completion pulse reads the reader buffer information into the 10. 

The command read paper binary, or rpb = 720002 or  730002, etc,  
reads three l ines  of paper tape into the reader buffer and then returns 
a completion pulse. For a l ine  of tape t o  be recognized in  t h i s  
mode, the eighth hole must be punched while the seventh is ignored. 
The information is  packed in  the buffer as three 6-bit characters. 

If  the sequence break system is "on" the completion pulse s t i l l  
occurs, but the In-Out register is not cleared prior t o  the completion 
pulse. In th i s  case, the reader buffer contents may be transfered 
t o  the I0 by the command read reader buffer, rrb = i o t  31. The 
sequence break system w i l l  be discussed below. 

Computation can proceed during the 2-5 or  7.5 milliseconds an 
rpa or  rpb i s  being carried out, Synchronization must be handled 
as previously described, 





THE GENERAL CONNECTION OF PROGRAMMED IN-OUT TRANSFERS 

Outsoins Information 

Lines are available from the In-Out register output fo r  transfer 
of information t o  a device. The individual l ines  of each b i t  of a 
register form a bus t o  which connections may be made. Appendix I 
describes the loading restr ict ions of these lines,  

The In-Out register may connect with output devices, The 
scheme for affecting th i s  connection to  the output bus is shown in  
figure 11. Here, each b i t  of the In-Out register,  i.e., the one's 
side output is available a t  a taper pin connector block, being 
suitably buffered with a bus driver. This taper pin block allows 
connections t o  be made i n  paral lel  t o  devices which desire information. 

Incominq Information 

A similar taper pin block arrangement is available for connecting 
the outputs of a device t o  the inputs of the In-Out register mixer. 
The In-Out Mixer reads i n  the various information b i t s  t o  the In-Out 
register. The input levels and" with program in  out transfer pulses 
t o  form a pulse whi'ch is  mixed with similar pulses through an "OR" 
circuit .  One b i t  of the In-Out register  Input Mixer i s  shown i n  
figure 5. Eight taper pin inputs exist  for several devices. The 
specifications for  the input mixer are summarized in  Appendix I. - 
Formation of Prosrammed In-Out Transfer Pulses 

A pcrtion of the In-Out Transfer Control block schematic i s  
shown in  figure 12.  This diagram shows the formation of the standard 
In-Out transfer pulses, (of i n  some cases pairs of pulses). These 
include rpa, rpb, tyo, ty i ,  etc., i.e., a l l  those pulses discussed 
above which communicate with the conventional equipment. 

.. A~pendix I describes the Memory Buffer Lines which constitute 
the basic decoding for  the in-out transfer pulses. In general, the 
levels are not needed externally. The l ines,  MBD w i t h  subscripts, 

% A ,  B, C ,  and D,  and superscripts 0 - 7, refer  t o  the decoding of the 
Memory Buffer octal digits,  MBD, o r  Memory Buffer Decoders. Decoder 
A is connected t o  b i t s  15 - 1 7 ,  decoder B t o  1 2  - 14, etc. The 
superscript number refers to the decoder output lines. 
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Two pu lse  l i n e s  a r e  used t o  form basic in-out t r a n s f e r  pulses.  
They a r e  c a l l e d  tp7-4 and tp10-4. These l i n e  pu l ses  a r e  f ixed  
r e l a t i v e  t o  the computer's memory cyc le  t i m e ,  w i t h  tp7-4 and. tp l0-4  
occuring 2.5 and 5.0 microseconds a f t e r  the beginning of a memory 
cycle.  The -4 i nd i ca t e s  t h a t  the pu l se  is a DEC 0.4 microsecond 
pulse.  The i o t  i n s t r u c t i o n  l e v e l  is shown and is a one when an 
In-Out t r a n s f e r  command is  given,  

The pu l se  formed by "anding" tp7-4 ( o r  tp10-4) w i t h  the In-Out 
t r .ansfer  command is again "andedB1 w i t h  MBDB of  f i g u r e  12a . to  form 
8 b a s i c  p a i r s  of  pulses.  

The 8 by 8 decoding scheme al lows up t o  64 addressable pu l ses  
( o r  p a i r s )  t o  be e a s i l y  formed. Any o r  a l l  of  these pulses  may 
be f u r t h e r  subdivided by using MBDc o r  MBDD. ~ h u s ,  a p a r t i c u l a r  
i o t  may be connected t o  an add i t i ona l  8 by 8 a r r ay  t o  g ive  s i z e  t o  
64 sub-orders. If t h e  phys ica l  space l i m i t a t i o n s  are somehow 
circumvented, 4096 d i s t i n c t  in-out i n s t r u c t i o n s  can be implemented. 
A l i s t  of  the in-out t r a n s f e r  commands i s  given i n  Appendix 11. 

The i o t  con t ro l  pu l se  amplifier l abe l ed  "read paper alpha" e m i t s  
a pu l se  when Memory Buffer Decoder A is a 1, (MBDIA, t h e  3 l e a s t  
s i g n i f i c a n t  bits i n  t h e  In-Out t r a n s f e r  i n s t r u c t i o n  a r e  001). and 
when MBDQ ( o r  the 3 next  least  s i g n i f i c a n t  bi ts  a r e  000) and when 
an i o t  command is given. 

Synchronization of  Device Completion and Computer Res ta r t inq  

The computer must synchronize w i t h  some in-out devices,  T h i s  
synchronizat ion is determined by the use of  bi ts  5 and 6 ,  i n  the 
i o t  command (see page 8) .  The implementation o f  th i s  funct ion is 
shown i n  f i g u r e s  13a and b. A f l i p - f l o p  is used as a switch f o r  
each device which is t o  opera te  i n  th is  mode. Thus, the var ious  
r e t u r n  pu l ses  (completion pu l ses )  may o r  may not  affect the r e s t a r t  
ac t ion .  

Res t a r t  synchronization need no t  use the f l i p - f l o p  s w i t c h  
arrangement. I n  this  case ,  a r e s t a r t  pu l se  can go d i r e c t l y  t o  the 

' in -ou t  t r a n s f e r  done, pu l se  amp l i f i e r  t o  r e s t a r t  the machine. 

The  a c t i on  of b i t  5 t o  i n d i c a t e  a w a i t  words on any i o t  
i n s t ruc t i on .  The enable/disable f e a t u r e  of  the completion pu l se  



i s  only  app l icab le  t o  devices having the e x t r a  l o g i c  o f  f i g u r e  13a, 
The s tandard  devices ( reader ,  punch, and typewri ter  output )  have 
t h i s  fea tu re .  The o s c i l l i s c o p e  d i sp lay  has  this  f ea tu r e .  

If  t h e  Sequence BreaX System i s  included, t h e  device completion 
pu l s e  may a l s o  go t o  an appropr ia te  SBS channel, 

Cer ta in  i o t  commands w i l l  never use the w a i t  f e a t u r e  and thus  
the completion enable/disable need not  be included. I n  such a case,  
b i t  6 of  the command may be used i n  the same manner a s  b i t s  7-11. 

Specia l  Levels and Pulses 

Appendix I descr ibes  s eve ra l  connections which are use fu l  f o r  
input-output equipment. 

Accumulator Outputs: The Accumulator b i t s  0-11 outputs  are 
ava i l ab le ,  The d r iv ing  power o f  the AC is limited and loadings 
should be c a r e f u l l y  observed. 

' Memory Buffer and Octa l  Memory Buffer Decoders :. The various 
Memory Buffer Octal  d i g i t  l e v e l s  and Memory Buffer l e v e l s  are 
ava i l ab le ,  When i o t  commands a r e  given, t he se  may be used e i t h e r  
f o r  information o r  add i t i ona l  decoding. 

Proqram Flaqs: -An ex t e rna l  device can set a program flag.  
E i t he r  o f  two inpu t s  may be used. The ou tpu t  of  the program f l a g  
i s  ava i l ab l e  f o r  con t ro l  purposes. 

Prosram Counter: A pu l se  can add one t o  t h e  program counter. 
I n  th is  way, an i n s t r u c t i o n  could be skipped i f  an in-out condit ion 
is n o t  m e t ,  

Synchronization Pulses:  Timing pu l ses  a r e  ava i l ab l e  which may 
be used t o  synchronize e x t r a  equipment. The time pu l se s  occur a t  
1 , 2  ,5 and 5 .0 microseconds a f t e r  the s tar t  of a memory cycle.  The 
s t a r t  and s t o p  pu l ses  a r e  ava i l ab l e  and occur when the console s t a r t  
o r  s t o p  keys a r e  pressed. 

BASIC SEQUENCE BREAK SYSTEM 
\ 

Proqrammed In-Out Synchronization 

When a device communicates i n  a random fashion w i t h  PDP-1, a 







means is required t o  sample t h e  device 's  readiness ,  then t o  synchronize 
information t r ans fe r s .  The program f l a g s  may be  set by external  
devices and sensed by program. I f  t he  machine mus.t always "wait" 
f o r  device completion ( o r  a c t i o n ) ,  before continuing a sequence, 
per iod ic  sampling of  the  program f l ags ,  o r  any o t h e r  external  s t a t e s  
(e.g., f l ip - f lops)  must be affected,  

On page 1 2 ,  a program loop was given which cont inual ly  checked 
the typewriter  input  f l a g  (program f l a g  1) . When a character  has been 
typed, a program sequence can continue, handling t h e  character ,  The 
l i m i t a t i o n s  of this technique are: 

1, Operating time is consumed sensing and waiting f o r  f lag .  

2. p r i o r i t i e s  among devices must be e s t ab l i shed  by the  program, 
This o f ten  requires  ca re fu l  considerat ions,  

3. A program loop ( loop contains one sense f l a g  ins t ruc t ion)  
can be no longer than t h e  r e p e t i t i o n  per iod of  a device. 

Automatic Prosram In te r rup t ion  

The Sequence Break System (SBS) enables a program sequence t o  
be in te r rup ted ,  i.e., t he  sequence of i n s t ruc t ions  broken, each time 
a device needs a t t en t ion ,  Thus, a program loop need not be used t o  
sense a condition, bu t  r a t h e r  ca lcu la t ions  may proceed, and a r e  only 
in te r rup ted  when communications need e x i s t  (e.g,, da t a  t r ans fe r s )  
between t h e  machine and a device, 

The bas i c  Sequence Break System has provis ions  f o r  12-level 
inputs .  Thus, when any of the 1 2  l e v e l s  are presen t ,  ( a  one) an 
in t e r rup t ion  occurs, This program in t e r rup t ion  t akes  t he  following 
form: 

1. The contents  of t h e  AC a r e  s to red  i n  r e g i s t e r  0 .  

2. The contents  of t h e  program counter  (and memory f i e l d  
information) a r e  s to red  i n  r e g i s t e r  1. 

3. The contents  of I0 a r e  s to red  i n  ~ e g i s t e r  2 m  

4. The program resumes i n  r e g i s t e r  3,  



The above s teps  require 3 x 5 microseconds. Since one of 1 2  
devices may cause t h e  interruption,  a program must f ind  the device. 
The command, check s t a t u s  bi ts ,  cks, 72  0032, causes a s e t  of s t a t u s  
bi ts  t o  be read i n t o  the  10. By examining the  various I0 bi ts ,  the  
appropriate device may be found. While s t a t u s  b i t s  0-4 are  taken with 
conventional i n  out equipment, the  remaining b i t s  may be f r e e  f o r  use. 

When an interrupt ion occurs, t he  action of o ther  devices connected 
t o  other SBS inputs a re  ignored, u n t i l  t he  break is terminated properly. 
This i s  accomplished by restoring the C ( A C ) ,  C ( I 0 )  and returning t o  
the previous sequence. This termination may be affected by the  following 
program: 

l a c  0 
l i o  2 
jmp * 1 

The l a s t  ins t ruc t ion ,  61 0001, is the one which actually a f f e c t s  
the  termination, and must be given exactly as shown above. Two 
addit ional  ins t ruc t ions  turn on o r  turn  of f  the  sequence break mode. 

1. Enter sequence break.mode, esm, i o t  55 .  

2. Leave sequence break mode, I s m ,  i o t  54. 

When the  sequence break mode is o f f ,  no interrupt ions may occur. 

The sequence break mode can be turned on o r  of f  by the  console 
" s t a r t "  switch, e i t h e r  by being pushed up f o r  on o r  down f o r  o f f .  A 
block diagram of t h e  sequence break inputs is shown i n  f igure  14. 

The program f l ags  may be wired t o  a c t  as inputs t o  the  SBS 
System. 

TYPE 20 - 16 CHANNEL SEQUENCE BREAK SYSTEM 

This system allows 16 devices t o  operate simultaneously, and 
i n  a preassigned p r io r i ty .  The 16 separate channels allow a device 
t o  in te r rupt  t o  1 of 16 unique locations ( instead of one f o r  t h e  
basic  break system). Thus, 16 x 4 memory locat ions  a re  assigned t o  
t h i s  sequence break. The channels a re  arranged i n  a p r i o r i t y  chain. 

The block diagram f o r  the  system is given i n  f igure  15. I n  
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th i s  case ,  a pulse  o r  a negat ive  t r a n s i t i o n  can cause a break t o  a 
sequence. Program commands may cause these pu l s e s  t o  be ignored, 
i.e., a channel may be "on" o r  "off" .  Since the 16 channels a r e  i n  
a p r i o r i t y  chain,  a h igher  p r i o r i t y  break may i n t e r r u p t  t h e  sequence 
of  a lower one. The following ac t i on  occurs i f  a pu l s e  en t e r s  
the a channel input:  

1. C(AC) = C(4i)  
2. C(PC) = C(4i  + 1) 
3. C ( I 0 )  = C(4i  + 2) 
4. Program resumes i n  4 i  +3 by a jmp command. 

where i = 0, 1, . . . . . . . . 178 

The  break is terminated by the following: 

l a c  4 i  
l i o  4 i  + 2 
jmp * 4 i  + 1 

The terminat ion i s  a f f e c t e d  by the l a s t  i n s t ruc t i on .  

Flip-Flops of  Type 20 Sequence Break 

There a r e  16 x 4 f l i p - f l o p s  which have s i gn i f i c ance  and a r e  
v i s i b l e  t o  t h e  user.  The f l i p - f l o p s  are:  

1. Channel ON 
2. Break Synchronize 
3. Waiting Break 
4. Break S t a r t e d  

Channel On is used a s  a switch and must be i n  t h e  "one" s t a t e  
t o  al low device completion pu l ses  t o  set Break Synchronize. 

Waiting Break and Break Synchronize a c t  together .  Waiting 
Break is  set t o  a one when Break Synchronize i s  a one. Two 
microseconds a f t e r  t h i s  event ,  Break synchronize is cleared.  

Waiting Break provides a s i gna l  t h a t  a p a r t i c u l a r  channel would 
l i k e  an in te r rup t ion .  Th i s  i n t e r r u p t i o n  may occur provided t h a t  a 
break has no t  s t a r t e d  (Break S t a r t e d  = 1) f o r  the same o r  a higher  
channel and no higher  channel is  cu r r en t l y  Waiting Break. 



When a break occurs t o  a channel, Break Started is  se t  t o  a One. 
A t  t h i s  time, Waiting Break i s  cleared. ~ i g h e r  pr ior i ty  channels may 
interrupt lower channels. Break Started remains a one unti l  the break 
is dismissed by giving a jmp * instruction as previously discussed. 

The instructions for  Model 20 Sequence Break Systems are: 

1. esm, Enter Sequence Break System mode, i o t  55, (see basic 
sequence break), 

2. Ism, Leave Sequence Break mode, i o t  54. (See basic sequence 
break) . 
3. isb, Initiatesequence Break: Channel i is selected by 
b i t s  8-11 of the comhand, i o t  52. This command allows the 
program t o  i n i t i a t e  a break, o r  simulate an external pulse action. 
T h i s  break is not conditioned by "channel on". 

4. asc, Activate Sequence Break: Channel i is  selected by 
b i t s  8-11 of the command i o t  51. Allows channel i to be 
active, i.e., pulses t o  effect  breaks) . 
5. dsc, Deactivate Sequence Break, i o t  50, Channel i is 
selected by b i t s  8-11 of the command, i o t  50. A channel is 
turned off thus any incoming break pulses w i l l  be ignored. 

HIGH SPEED CHANNELS FOR DIRECT MEMORY DATA TRANSFERS CONCURRENT 
WITH COMPCPTATIONS 

A high speed channels feature is an option which may be used 
to transfer blocks of words between memory and an in-out device, 
e.g., a device such as magnetic tape, which is time consuming t o  
program on a character by character (or word by word) basis. 

T h i s  optional feature is  installed with tape control, Type 52 
o r  may be installed separately for  special applications. when the 
feature is added, the internal machine f a c i l i t i e s  for  three channels 
are available. The three channels are serviced on a demand basis. 

A common information transfer requirement is tha t  successive 
words go t o  or from the computer a t  high speed. The use of program 
flags, the sequence break, or  a program loop of in-out transfers, 
a l l  effect  the speed and efficiency of the transfers. I n  most cases, 



the  nunber of program steps required t o  t ransfer  each word is small 
with respect t o  the number of program steps over the whole period 
between transfers.  For high speed devices, such as magnetic tape, 
the reduction in  available time between transfers  makes it desirable 
t o  reduce the  t ransfer  sequence time and improve the r a t i o  of 
available computation time t o  t o t a l  running time. 

Each of the three channels are interrogated regularly a t  the . 

completion of each memory cycle, on a p r io r i ty  basis. The pr io r i ty  
i s  wired and fixed. The sequence break system has a pr ior i ty  jus t  
below the l a s t  high speed channel. I f  a channel has a word fo r  
memory, o r  requires a word from memory, a memory cycle interruption 
occurs. The diagram of one high speed channel (of 3 ) i s  shown i n  
f igure 16. 

The l ines  operate as  follows: 

1. The memory address and f i e l d  l i ne s  se lec t  the memory 
register  fo r  the device. 

2. Information 

a. Memory buffer outputs contain the information which i s  
t o  .be transmitted t o  a device, 

b. The high speed channel input mixer is similar t o  the 
in-out regis ter  input mixer and is used f o r  incoming 
information. 

3. Control 

a. Request - When the l ine  is a one, a memory interruption 
may take place. 

b. Transfer Direction Lines - This l i n e  specifies whether 
information is  t o  go t o  o r  from PDP-1. 

c. Transfer Done - A pulse occurs on t h i s  l i ne  t o  
acknowledge the  request completion. The request l i ne  must 
be removed t o  prevent another interruption, 

The timing diagram f o r  a high speed channel i s  shown i n  figure 17. 
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LIST OF I N  OUT TRANSFER COMMANDS 

I n s t r u c t i o n  Code Def in i t ion  

Pho toe lec t r i c  Punched Tape Reader 

iot** X001 Read punched t ape ,  alphanumeric 
forward d i r e c t i o n  

i o t  X l O l  Read punched tape ,  reverse  
d i r e c t i o n  

rPb i o t  XX02 Read punched t ape ,  b i -oc ta l  

rrb 

cks 

i o t  XX30 

i o t  XX33 

Tape, .Punch 

PPa i o t  XX05 

Read reader  b u f f e r  ( f o r  sequence 
break opera t ions)  

Check s t a t u s  bits.  Miscellaneous 
con t ro l  b i ts  a r e  read i n t o  10. 
B i t  0 - Displayed po in t  seen by 

l igh t  pen 
1 - Paper t ape  reader  busy 
2 - Typewriter busy 
3 - Typewriter key s t ruck  
4 - Punch busy 

Punch punched tape,  alphanumeric 

P P ~  i o t  XX06 Punch punched t ape ,  b i -oc ta l  

Typewriter 

tyo  i o t  XX03 Type o u t  

t y i  i o t  XX04 Type i n  

*Symbolic assembly mnemonic code. 
**iot  has the value  720000 i n  symbolic assembly language. 
X denotes o c t a l  d i g i t  may be anything. 
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Instruction - Code 

Display - Type 30 

~ P Y  i o t  XX07 Display one point on CRT 

 h he above commands, excepting rpr,  are standard fo r  a l l  PDP-1's)  

Card Reader - Type 41-523 

rac i o t  XX41 Read a card 

rsc  i o t  XX42 

raf i o t  XX32 

Card Punch - Type 40-523 

Pat i o t  XX43 

PSC i o t  XX44 

Row synchronize and c lear  
f i e l d  counter 

Read a f i e l d  of 18 columns 
and index f i e l d  counter 

Punch a card 

Row synchronize and prepare t o  
punch f i r s t  f i e l d  

Pag i o t  XX22 Punch a f i e l d  of 18 columns and 
index f i e l d  counter 

Basic Magnetic Tape - Type 51 

mcb i o t  XX70 Magnetic tape clear buffer 

mwc i o t  XX71 Magnetic tape write character 

mrc i o t  XX72 Magnetic tape read character 

mcs i o t  XX34 Magnetic tape check s ta tus  

msm i o t  XX73 Magnetic tape select  mode 

High Speed Magnetic Tape - Type 52 

mu£ i o t  kk75 Magnetic tape uni t  and f i na l  
address, kk specifies control 
in£ ormation 
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In s t ruc t i on  - Code 

m i c  i o t  kk76 

m e 1  

mes 

m r i  

i o t  kk35 

i o t  kk36 

i o t  kk66 

Def in i t ion  

Magnetic t ape  i n i t i a l  address  and 
command 

Magnetic t ape  examine l oca t i on  

Magnetic t ape  examine S t a tu s  

Magnetic t a p e  r e s e t  i n i t i a l  
address 

m r f  i o  t kk67 

Clock 

r sk  i o t  XX47 

rdk i o t  XX37 

T imer  

s t m  i o t  XX24 

Relay Buffer 

srb i o t  XX21 

Analog t o  D i g i t a l  Converter 

cnv i o t  XX41 Convert a vo l t age  

r cb  i o t  XX31 Read conver ter  b u f f e r  

Sequence Break System - Type 20 

e s m  i o t  XX55 Enter sequence break mode 

I s m  i o t  XX54 Leave sequence break mode 

asc  i o t  NN51 Act ivate  sequence break channel NN 

Magnetic t a p e  reset f i n a l  address 

R e s e t  t h e  c lock 

Read clock time i n t o  I0 

S e t  timer w i t h  I0 

S e t  r e l ay  b u f f e r  
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In s t ruc t ion  - Code 

dsc i o t  NN50 

isb i o t  NN52 

Core Memory Expansion 

cf d i o t  kX74 

cdf i o t  Xk74 

Line p r i n t e r  - Type 62 

lg0 i o t  X145 

l f b  i o t  X245 

l a p  i o t  X345 

Def ini t ion 

Deactivate sequence break channel 
NN 

I n i t i a t e  sequence break t o  
channel NN 

Change f i e l d s ,  Type 11 expansion 
kk s p e c i f i e s  new f i e l d  

Change data  f i e l d ,  Type 14 
expansion k  s p e c i f i e s  new data 
f ie ld 

Line p r i n t e r  go ( p r i n t )  

F i l l  l i n e  p r i n t e r  bu f f e r  

Space ( v e r t i c a l l y )  l i n e  p r i n t e r  
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LINE 

100-17 

A c ~  
A c l - 1 1  
*o-17 

MBDA- i o t  

m D ~  

m D ~  , D 
program 

f l a g  
100-17 

* 0-17 

Memory 
f i e l d s  

MA6-17 

4 e . S ~  

Computer 

program 
f l ags  

IN-OUT 

out 

out 
out  
out 

out  

out  

out  
out  

In  

I n  

I n  

In  

I n  

I n  

NUMBER 

7 

1 
1 
3 

8 

8 

8 
1 x 6  

1 

3 

3 

6 

6 

2 x 6  

POLARITY 

+ =  1 

+= 1 
+= 1 
+= 1 

-b 

+ = l  

*3i 1 
- = l  

* =  1 

* =  1 

- = 1  

-b 

-b 

-b 

SUGGESTED 
LOAD 

100 Type 4128 
etc. cap. diode 
gates - Less 
than 1000 f t .  
cable 
cap. diode gates 
cap. diode gates 
cap. diode gates 

cap. diode gates 

I 
DEC CIRCUIT 
AT PDP-l 

1685 

411 3 
4113 
1685 

4603 

4113 

4113 
1209 

4129 

4129 

4129 

4110 

4110 

4112 

REMARKS 

General programmed output t r ans fe r s  

For oscilloscope, but  avai lable 
For oscilloscope, but avai lable 
For I n  Out and High Speed Channel 
Transfers 
Used only f o r  forming i n  out  trans- 
f e r s  (2 s e t s  available, 2.5 and 
5.0 microseconds a f t e r  s t a r t  of 
cycle).  
Used only f o r  forming i n  out  trans- 
f ere 

For i o t  commands, sequence break 
For external level  output 

For incoming information, l eve l s  
must be present 2.0 microseconds 
(4 Wired and available w i t h  
additional 9 - 4129) 
For incoming information of High 
Speed Channels 

To se lec t  r eg i s t e r  f o r  High Speed 
channels 
Clear I 0  

Restarts computer when i n  out  
ha l t ing  

Any device may s e t  f l ag  



Basic 
Sequence 

Time Pul 

7.4 

I s t a r t  

\ , 
I 

Sequence 
Break 
Type 20 

Power on 
stop 

High Sp. 
Channel 
requests 
High Sp. 
Channels 
I n b u t  
High Sp. 
Channels 
Complete 

"" 
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DEC CIRCUIT SUGGESTED AT PDP-1 
REMARKS 

Advance program counter 

Any l eve l  causes Sequence Break 

Pulses must be buffered by 4603 
before driving separate l i n e s  
occurs 1 microsecond a f t e r  s t a r t  
of Memory Cycle 
occurs 2.5 microseconds a f t e r  s t a r t  
of Memory Cycle 
occurs 5.0 microseconds a f t e r  s t a r t  
of Memory Cycle 
occurs when power comes on 
occurs when console stop button is 
pushed 
occurs when console s t a r t  button is 
pushed 

Pulse causes Sequence Break, Type 20 
on1 y 

Requests a channel t ransfer  

Direction of a channel t r a n s f e r  

Specifies completion of t r ans fe r  



When a break occurs t o  a channel, Break Started is  se t  t o  a One. 
A t  t h i s  time, Waiting Break i s  cleared. ~ i g h e r  pr ior i ty  channels may 
interrupt lower channels. Break Started remains a one unti l  the break 
is dismissed by giving a jmp * instruction as previously discussed. 

The instructions for  Model 20 Sequence Break Systems are: 

1. esm, Enter Sequence Break System mode, i o t  55, (see basic 
sequence break), 

2. Ism, Leave Sequence Break mode, i o t  54. (See basic sequence 
break) . 
3. isb, Initiatesequence Break: Channel i is selected by 
b i t s  8-11 of the comhand, i o t  52. This command allows the 
program t o  i n i t i a t e  a break, o r  simulate an external pulse action. 
T h i s  break is not conditioned by "channel on". 

4. asc, Activate Sequence Break: Channel i is  selected by 
b i t s  8-11 of the command i o t  51. Allows channel i to be 
active, i.e., pulses t o  effect  breaks) . 
5. dsc, Deactivate Sequence Break, i o t  50, Channel i is 
selected by b i t s  8-11 of the command, i o t  50. A channel is 
turned off thus any incoming break pulses w i l l  be ignored. 

HIGH SPEED CHANNELS FOR DIRECT MEMORY DATA TRANSFERS CONCURRENT 
WITH COMPCPTATIONS 

A high speed channels feature is an option which may be used 
to transfer blocks of words between memory and an in-out device, 
e.g., a device such as magnetic tape, which is time consuming t o  
program on a character by character (or word by word) basis. 

T h i s  optional feature is  installed with tape control, Type 52 
o r  may be installed separately for  special applications. when the 
feature is added, the internal machine f a c i l i t i e s  for  three channels 
are available. The three channels are serviced on a demand basis. 

A common information transfer requirement is tha t  successive 
words go t o  or from the computer a t  high speed. The use of program 
flags, the sequence break, or  a program loop of in-out transfers, 
a l l  effect  the speed and efficiency of the transfers. I n  most cases, 


