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-1 GENERAL SPECIFICATIONS 

The specifications which must be met by the Exchange 
a r e  directly related to the operational characteristics of the Delta 
system.- The system employs a core memory the word s h e  gf-which_ -
is72 b@, of which 64 a r e  data and 8 a r e  e r r o r  detection and correct-  
ion information. The memory cycle is 2 microseconds. Execution of 
instructions by the computer is accomplished at  a speed which is 
comparable to the speed of the memory. A salient feature of the 
system is the ability to simultaneously Read, Write, and Compute. 

The Exchange provides the facility for data word transfer 
between the main memory of the computer and the peripheral bulk 
storage and 1/0 units. It also transmits control information t0 the 
peripheral units and monitors their operation. 

1.1 The Basic Exchange accommodates devices which operate on a 
ser ia l  by byte basis with 8 bits per  byte. The devices a r e  connected to 
the Exchange through a magnetic core crosspoint switch. Sixty-four 
medium speed input/output devices can be connected permanently to the 
Exchange through the crosspoint switch. Any 8 of these devices may be 
operated simultaneously. Storage is provided within the Exchange for 
a data word and a control word associated with each unit. 

1.2 The types of units accommodated by the Basic Exchange include: 

a. Card Readers 
b. Punches 
c. Pr in te rs  
d. Direct Access Disks 
e. Communications Tape (727 type) 
f.  Document Readers 

1.3 Data is transferred between the main memory of the Computer and 
the Exchange on a full word basis. The full word consists of data bits 
and.ECC ( E r r o r  Correcting Code) bits. There will  be 64 data bits and 
probably 8 ECC bits. 

1.4 Data is transferred between the Basic Exchange and the I/cP devices 
ser ia l  by byte. Each byte consists of $bits plus one parity bit. 
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On Reading, the Basic Exchange assembles the incoming 
8-bit bytes into ful l  words using the data word storage provision for 
partial word storage. When a full word is completed, it is transferred 
to the main memory a t  the address specified by the associated control 
word. 

On Writing, the Basic Exchange obtains the data words 
to be written from the main memory a t  the address specified by the 
associated control word. The data words a r e  broken up into 8-bit bytes 
which a r e  sent to  the selected output unit. 

1.5 Each input or  output device wil l  contain such individual control 
circuitry and data handling circuitry which is unique to the device and 
cannot be reasonably included a s  common to all input o r  output devices 
in  the logical organiaation of the Exchange. Specifically such circuitry 
which is necessary to allow simultaneous operation of several input- 
output devices would be included in  this category. The necessary circuitry 
to allow packing of the data into 8-bit bytes for input units and utilization 
of packed 8-bit bytes by output units a r e  also included in  the input-output 
control circuitry. 

1, 6 After the initial instructions for reading from o r  writing to a 
selected unit is given, together with the initial memory address of the 
first word in  the block and the number of words in the block, the Exchange 
executes the instruction and monitors its operation until complete with no 
further control by the Computer. 

1.7 Extensions of the Basic Exchange. 

Additional sections of equipment can be added to the Basic 
Exchange to provide the facility to accommodate devices which differ 
f rom the devices limited in section I. 2 either because of much greater o r  
much lower information rates o r  because the mode of operation is inherently 
different. 

1.7.1 Low Speed Channels. 

One input and one output channel may be added to accommo- 
date up to 256 low speed devices and inquiry stations. The system will be 
able to accommodate simultaneous operation of all 256 units. 

1.7.2 Another extension of the Basic Exchange will be four input/outpu& 
channels to allow simultaneous operation of four X10 type tape units, 

---I+. ~ 

1.7.3 If both 1.7.1 and 1.7.2 a r e  desired, the operation in section B.7',2 
must presently be restricted to two X l Q  tape units, 
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2.0 MACHINE OPERATION 

2.1 GENERAL 

The basic  purpose of the Exchange is to control the t ransfer  
of information between the external input-output devices and the main 
memory which is common to both the Exchange and the Computer. 

Operation of the Exchange is under control of the Computer 

where the initial ...-"-__--_-decoding of instructions is done.
---_ If an  instruction pertaine 
to an  input-output device, the Computer sends the instruction to the 
Exchange, a f te r  which the Computer is f r ee  to go on to the next instruction. 
The Exchange does the final interpretation and execution of the instrrAction 
independently of the Computer. 

2.2 INSTRUCTIONS 

The format of each instruction sent to the Exchange ia 

listed below along with a brief description of the instruction. 


2 . 2 . 1  WRITE INSTRUCTION 

The write instruction t ransfers  data f rom main memory to 

an output unit. The format  of the instruction sent to the Exchange is: 


a )  1 bit Write 
b) 9 bits 1/0unit address  
c) 20 b i t s  Control word address  

I 2 .2 .2 READ INSTRUCTION 

The read instruction t ransfers  data f r o m  an input unit 

to main memory. The format of the instruction sent to the Exchange irs: 


a)  1 bit Read j ) 

b) 9 bits 1/0unit address  
c) 20 bits Control word address  

2.2.3 INTERROGATE 1/0UNIT STATUS INSTRUCTION 

This instruction t ransfers  the status of an 1/0unit f rom 

exchange memory to the Exchange is: 


a)  1 bit Interrogate I/o unit status 

a b) 9 bits 1/0unit address  
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2,2.4 COPY CONTROL WORD INSTRUCTION 

I 

Thta instruction tranrferrs an I/O unWr control word 
1 

, from exchange memory to main memory, The format of the Lnstru- , i '  

tion'esnt to the Exchange iro i 

6 )  1 bit Copy control word ' , i 
(1 

b) 9 bite 1/0unit address 
c) 20 bite Control word addreers 

2.2.5 CONTROL 110UNIT INdTRUCTfOM 

This inatructim t r ande r s  control data from main memory 
to an I/Q unit. The control data is interpreted a s  a control instruction 
by the 1/0unit. The control 3 / 0 unit inetruction sent to the Exchange can 
have, either of two format$. If the control data i e  no more than 20 bits, 

it is part of the inetruction word and the format fa: 

a) P bit Control 810 unit 
b) B bit Control word addresr bs data 
4 9 bits 1/0uhit addreee 
4 20 bits Control data 

c> If the control data be more than 20 bits, it baa not past of 
the instruction word and the format i s r :  

a) 1 bit Control H/O unit 
b) 9 bits I/Q unit addresa 

20 bite Control word address 

2,s  EXCHANGE COMPONENTS AND FEATURE8 

To axecute the above inratructbonas, the Exchange m n t c  
Itaiae the following component8 and features. 

2.3, II EXCHANGE MEMORY 

The exchange memory i s  a iCFQ.r@Q(CQiXdCQFbl XXleEnOry, 
The word length I$ 'l-9&&@. The memory iVidf$d $nt0 $ectiQnSj 
one for data wsrde and one for control worde. Each input-output unit has 
a particular data word ]Locationand B particular control word location 
arseokiated with. it, The data word addresrs l a  the name a@the input-output 
unit addresrs, The control word addrema is the input-output unit taddseerjl 
plug the high order addreso bit, 

mailto:'l-9&&@


2.3.2 DATA W O R D  

The format of the data word etored in the exchange 
memory i e  a s  follows: 

a) data 64 bits 1 
b) check information 8 bits 
c) byte count 4 bits 
d) 
e) 
f )  

select for read flag 
select for write flag 
select for control flag 

1 bit 
1 bit 
1 bit I 

Only the data and check information (72 bits) a r e  t rans-  
ferred between the exchange memory and the main memory. The 
remaining bits a r e  inserted by the Exchange. 

a) Data - When reading, the 64 bits of data a r e  received f rom 
the input unit a byte (8 bits) a t  a time. Each time a byte i s  received 
the unit's data ward is read f rom exchange memory and ahifted left 
8 bit position@. The byte i s  inserted into the right end of the data word 
and the data word is written back into exchange'memory cycle. When 
a full data word has been asaembled from the input unit the 64 bits of 
data and the 8 checking bits a r e  transferred to main memory. 

When writing, the 64 bits of data and the 8 checking bits a r e  
transferred from main memory and stored in exchange memory a t  the 
data word address of the unit, Each time the output unit requires data, 
its data word is read from exchange memory and the left byte (43bits) 
a r e  sent to the unit. The data word i s  shifted left 8 bit poaitionsr and 
written back into exchange memory during the same memory cycle. When 
the data word in exchange memory is empty, a new data work is obtained 
from main memory. 

F r o m  the above description it can be seen that each data word 
storage in conjunction with the exchange memory word register and 
shifting clrcyitry is in effect a shifting register for its associated input- 
output U d t ,  

* 

b) Checking Pnformation .. The 8 bits of checking information con- 
sist of 8 e r r o r  correcting code ( E G G )  bits. These 8 bits provide sing10 
e r r o r  ccmrrectlon and double e r r a r  detection. A more detailed explanation 
of checking i s  given later. 

c) Byte Count .. When reading, it is necessary to Bense when a 
full data ward has been assembled f rom an input unit. This is done by 
examining the byte count which is stored with each data word. An 
initial byte count is stored in the byte count section of the data word before 
receiving the first input byte. Each time that the data word i a  read out sf 
exchange memory and a new byte added to i t  the byte count is atepped 

mailto:position@


_-minus one, When the byte count 4s zero the 72: bit data word is sent to - I 
main rnsmory under control of the control word. 

When writing, it i s  neceseary to sen86 when I completer data 
word has been sent to an output unit. This is done by etoring an 
initial byte count in the byte count section of the data word before sending 
the first byte to the output unit, Each time that the data word is read 
out of exchange memory and a byte i a  removed and sent to the output 
unit, the byte count is stepped minus ones When the byte count imr------.Berob 
a new data word is obtained from the main memory under control of the 
contr01 word, 

d) Select for Read Flag - When an input unit which i$ connected 
to either the byte or  word crosspoint switch is selected for reading, a 
aelect for read flag bit is stored in the unit's data word until an input ? ,
channel isr aseigned to the unit, If a channel is immediately available 

i 

when the instruction is given the flag bit is cot stored in the data word. 

For low speed units that a r e  connected to the Exchange via the 
low speed channels, the eelect for read flag bit Berves a8 a method of 
selection as explained in section 2.4, 

e) Select for Write Flag - When an output unit which Ps connected 
40 either a.2 byte or word crosspoint switch is selected for writing;a 
eelect for write flag bit is stored in the unit's data word until an output 
channel is assigned to the unit. If a channel isl available when the instruc-
tion is given, the flag bit i s  not stored in the data word, 

fb Select for Control Flag - When an input o r  output unit which ir 
connected to the Exchange via a crasspoint switch is selected for control, 
a @elect for control flag is stored in the unitla data word until an output 
channel ier aarsigned to the unit. 

For low speed units that a r e  connected to the Exchange via the law 
speed channels the $elect for control flag bit serve8 as a method of 
eelection a8 'explained ip section 2.4. 

2 .3 .3  CONTROL WQRE) 

The, control word contains the Bnfsrmation neceeaary for 
the Exchange to control the operation 0f an input-output unit independently 
of the Computer, A control word in exchange memory contain8 the 
tollswing information: 

Ia) control word addressr ZQ bits 
b) word count P5 bits 0 

c) data word addreole 20 bite 
d) groupingldisEFibution flag 1 bit 
bf) E G G  indicator g bit 



i 

- 7 - 


f) check information 8 bits 
g) unit status 8 bits 

a) Control Word Address When reading the control word 
address  is used in conjunction with the g roup ing ld i s t r8b~~~onflag for 
distributing successive sections of a record read from an input unit 
to various blocke in main memory, When writing the control word 
address  is used in conjunction with the grouping/distribution flag for  
grouping various blocks of data contained in main memory into one 
record a t  the output unit, Each block requires a new control word 
from main memory, The control word address apecifies the main 
memory address of this new control word, 

b) Word Count - When reading, the word count specifies the 
number of words to be read from the input unit, As each word is t rans-
ferred to main memory the word count i s  decreaaed by one. Reading 
from the input unit i s  ended when the word count reaches and there 
' is  no grouping/distributioa flag o r  when the end of-&ord f8reached in 
the input unit, whfcb everr occurs first. 

When writing, the word count specifies the number of words to 
be sent to the output unit. As each word is transferred from main 
memory, the word count is decreaaed by OW. Writing to the output 
unit is ended when the word count reacher3 acme and thera is no grouping! 
disrtribution flag bit o r  when an, end of message signal $8 received from 
the, output unit. 

c) Data 'Word Addrsse - The data word addresa apecifies the 
main memory address when a data word is transferred from o r  to 
main memory, The data word addreas is increaeed by one each time B 
data word is transferred between the &change and main memory, 

d) Grouping/Distributiora Flag - The grouping/distribution flag
signals theaxchange to obtain a new control word from main memory 
when tha word count reaches mro, "She address of the new control word i a  
specified by ,&hecontrol word address, The las t  control word used in 
seading o r  writing a record should not contain a gsouping/diatrIbutian flag, 
thue allswing the read or write operation8 to end, 

6 4 )  EGG Xndicatss - When writing, the ECC Indicator signah the 
Exchange to send the 8 ECC bite contained in each data word to the output 
unit. If these I s  no ECC Indicator, the 8 EGG bits are diacarded and ' 
o n ~ ythe 6..a i ~ f O Biter~ in eacht data word~ ~ a r e  mnt  to the output unit,~ ~ 
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 f )  Check Information - The 8 checking bits consirst of 8 e r r o r  
correcting code (ECC)bits. 4 

g) Unit  Status The following eight bite represent the $tatu;B of 
ut unit and a re  sent to the Computer when"& inBlrictiop 

responae to an interrogate I/O unit status instruction 
andbphen an end of message signal is sent to the Computer, 

1) I/Q Unit Not Ready - Indicate8 that, the unit is not 
mechanically ready, 

2) X/O Unit Busy -)Indicates that the unit irs still busy a8 
the reault of a previous instruction, 

3) I/Q Unit a t  End of File - Indicates that the unit has 
reached the end of taps, etc, 

4) 118 Wnft R/W E r r o r  - Indicates that the unit had made 
i 4 i  a read o r  write error ,  , 

5)  1/0 Data Transmission E r r o r  - Xndicatss a data e r r o r  ~ 

0 
was detected between the input unit and the input regisrter o r  
between the output register and the output unit. 

6) Exchange Data Handling Error - Indicates the data 
word i c s  incorrect in the Exchange, 

7) Control Circuits E r r o r  - Indicates e r rors  such a8 no 
rsrervice requebt from the unit, atem An$thing attributable to the 
rnalfune$ion of control equipment. 

-8) 'Exchange Control Word E r r o r  - Indicates the control 
word is incorrect in the Exchange. 

2.3.4 UAQNETIC CORE CRQSSPOINT SWITCH 

The magnetic core crosspoint switch provides for  pes-
medium @*pe-?dinput-output units to the 

Exohange, The c,roespa$& switch provides the facility for connecting 
any one 04 the 64 unit0 te any one of 8 input OF 8 output channels, thereby 
providing an information and control path between the inputmotatput unit 
and the Exchange, Any_@of the input-output unita may be operated 
s&rnultaneously, 

6% manently connecting up to 
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The crosspoint switch is divided into an input section 
which contains 8_- input channels and an output section which contains _._ 

8 output channels. Uni t s  that can read and wri te  a r e  connected to the 
input crosspoint switch and the output crosspoint switch. Units that 
can wr i te  only a r e  connected to the output crosspoint switch. Uni t s  that 
can read only a r e  connected to both switches, since control instructinns 
a r e  sent to the units via the output crosspoint switch. 

The two crosspoint switches a r e  8 by 64 matrices. A t  
the intersections a r e  multihole ferr i te  cores. These cores have the 
property that storage is possible only when they a r e  in a selected state 
resulting f rom a particular flux configuration. An intersection (core) 
is selected by coincident current on a column and a row. The crosspoint 
cores  in  a column a r e  common to a particular channel! the crosspoint cores 
in  a row a r e  common to a particular input-output unit. 

2.3.5 CHANNEL ASSIGNMENT 

The instructions Read, Write or Control require that a 
channel be assigned to an input-output ur$t. If the instruction is Read, 
an  input channel is aasigned to this unit3 i f  the instruction :is Write o r  
Control, an  output channel is assigned to  the unit. 

The input-output unit is determined by decoding the Z/O 
unit address register. The channel is determined by circuita in  the 
Exchange which indicate the next available input channel and output 
channel, 

If a channel i o l  not available when the instruction i s  
received f rom the Computer the control word is transferred from main 
memory and a select flag bit (either Read, Write o r  Control) is stored 
in  the unit's data word, When a channel becomes available it i s  assigned 
t0 the unit and the select flag is removed f rom the unit's data word, 

An available channel i s  aasigned to an input-output unit 
by putting half current on the vertical channel line and half current on 
the boriaontal line common to the unit. The unit is specified by the I/O 
unit addreas register. The crosspoint a t  the intemection of the two 
currents i a  turned on, thus providing an information and control path 
between the unit and the Exchange . The aelacted croaapoint core is also 
a buffer register between the unit and the Exchange, 

2.3.6 CHANNEL SERVZCING 

a)  Input Channels - Each input channel contains the following: 

1) Available Trigger - This trigger irr on when the 
channel ier available and off when it i$busy. 
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2) Address Register - The address register contains the 

address of the unit connected to the channel. When the channel 
is serviced, this register determines the exchange memory address. 

3) Service Request Trigger - When the unit sets 8 byte 
into the crosBpoint core it also turns on the channel service requeet 
tr igger to indicate to the Exchange that the channel containls a byte 
of data and therefore requires servicing. 

4) Control Word Modification Trigger - This t r igge r  i$ 
turned on by the Exchange when a complete.data word has been 
assembled from the unit. The on condition of this trigger signals 
the Exchange to modify tha control word and to transfer the full 
data word to main memory, 

5) Read Amplifiers (9) - Amplifies the signals received 
f rom the crosspoint cores in that channel. 

6) New Control Word Trigger - This t r igge r  is turned on by 
the Exchange if the word count reaches zero and the control word 
contain0 a distribution flag bit. The on condition of this trigger in- 
dicates to the Exchange that a new control word should be obtained. 

7) End of Message Trigger This trigger is%urned on by the 
unit when it reaches the end of message, 

8) End of File Trigger - This trigger is turned on by the 
unit to indicate that it has reached the end of file. 

9 )  E r r o r  Trigger - This trigger i s  turned on by the unit 
to indicate that the byte being sent is in  error .  

After a channel is assigned to a unit a s ta r t  signal is sent 
to the unit, When the untt receives the s tar t  signal, it proceeds to get up to 
speed or to otherwise search for the first information contained in the record. 
When the unit reads the first byte, it sends the byte into the input crosspoint 
switch along with a service request signal. The byte consists of 8 informa-
tion bite and a parity bit. The circuits at the input crosspoint switch attempt 
to write $he byte into all  crosspoint cores common to the unit, but only the 
selected core stores the byte. The aervice request signal a lso passes 
along'the horizontal line common to the unit, but only the selected core paaees 
the signal up the channel to turn on the channel eervicrsr request trigger. 
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A channel scanning device is continually scanning the channel 
service request triggers and stops on the channel whose service request 
tr igger is on. The Exchange services the channel marked by the channel 
scanner. If more than one service request trigger is on, the channels 
a r e  serviced in sequence. 

To service an input channel, the Exchange executes a 1 micro- 
second input data subcycle. During an input data subcycle the Exchange: 

1) Reads the unit's data word from exchange memory. 
The address of this data word i e  the address of the unit which 
is contained in the channel address register, 

2) Shifts the data word left 8 bit positions. 

3) Reads the byte from the crosspoint core into the 
input byte register. 

4) Steps the byte count - 1, 

5) Writes the data word back into exchange memory. (The 
input byte register conditions the right 8 bit positions of the data c- word). 

6) Turns off the channel service request trigger. 

During the above cycle, 8 bits a r e  added to the data word, 
The input unit Beta another byte into the crosspoint core in approximately 
40 microaeconds, In the meantime, the Exchange is servicing other 
channels. Each time the unit sets  a byte into the crosspoint core, it turns 
on the channel service request trigger signalling thd Exchange to execute 
an input data eubcycle to service that channel. 

b) Output channels - Each output channel contains the following. 
Note that an  output channel is eimilar to an input channel sxcapt that the 
fhformation flow is in tha oppoaite direction. 

1) Available trigger - This triggar is on when the channel 
i s  available and off when St i s  buay, 

2) Addreser Registsr The addrese register contains the *I 

address of the unit connected to the channel, When the channel i s  
8erviced, thie register determines the exchange memory address. 



3) Service Request Trigger - When the unit remove8 a 
byte from the crosspoint core, it also turns on the channel s e r -  
vice request trigger to indicate to the &change that the channel 
r equt re8 se rvicing , 

4) Control Word Modification Trigger .- This trigger ie 
.turned on by the Exchange when a complete data word has been sent 

to the output unit. The on condition of this trigger signals the 
Exchange to modify the control word and to transfer a data word 
from main memory to the Exchange. 

5) Write Drivers (9) - Writes the byte contained in the 
output byte register into the crosspoint core. 

6) New Control Word Trigger - This trigger is turned on 
by the Exchange when the word count reaches zero and the control 
word contains a grouping flag bit. The on condition of this trigger 
indicates to the Exchange that a new control word should be obtained 
from main memory, 

7) End of Message Trigger - This trigger i s  turned on by 
the unit to indicate that it has reached the end of the message.. 

8 )  End of File Trigger - This trigger is turned on by the 
unit to indicate that it has reached the end of file'. 

9 )  E r r o r  Trigger - This trigger is turned on by the unit to 
indicate that the byte received ,ie in error.  

After an output channel is assigned to a unit, a start  signal 
i a  sent tothe unit. The output unit sends back a service request signal in 
response to the start  signal, This eervice request turns on the channel 
service request trigger, indicating to the Exchange that the channel requires 
servicing. , 

The on condition of the service request trigger causee the 
channel wanner to stop on thirr channel and the Exchange exctcutea a 1 
microsecond output data subcycle to service thier "rannel, During the 
output data eubcycle, the Exchange: 
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1) Reads the unit's data word from the exchange memory. . 
The data word address is the same a s  the address of the unit. 
Thie address was set  into the channel address register when the 
channel was assigned to the unit. 

2) Sets the left 8 bits of the data word into the output 
byte register. 

3) Generatea a parity bit for the above 8 bits and sets  it 
into the output byte register, 

4) The nine channel wr i te  drivers,  which a r e  conditioned 
by the output byte register, send wri te  current through all the 
cores  common to the channel, but only the selected core s tores  
the byte. 

5) Steps the'bubcycle count - 1. 

6) Shifts the data word left 8 bit positiQns, 

7) Writes the data word back into axchange memory, 
(It no longer contains the 8 bits sent to the output unit.) 

8) Turns off: the service request trigger, which cauaes 
the Ijdanner to  move to the next channel that requiree service. 
The turning off of the service request trigger also generates a 
%haracter availablefll signal, to the output unit. Thb signal i s  used 
by output devices which do not operate on a fixed information rate, but 
can accept bytes ae faet as , the  Exchange can supply them, 

2e3.7 CQNTRQL WQRD MODIFICATION 

Each time a data word is to be transferred between the 
main meanor? and the Exchange, its associated control word is first 
read from exchange memory, The control word i s  read from exchange 
mexnmary, modified and written back during a 1 rnicroescond control word 
modibicathn cycle. During BI control word modification cycle, the Exchange: 

1) Reads the control w0rd from exchange memory. 

Z) G'ets the data word address into the main memory addresa 
regiates,, Thie register speeiflieer the main memory addreas when a 
w0rd i s  tramafsrsed between main memory and the Exchange, 
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3) Steps the data word address t 1. The device 

used for advancing the data word addresa is essentially a 
simplified parallel adder with one set  of inputs and special 
car ry  circuits to minimize car ry  propogation time. 

4) Steps the word count - 1, The device used for de- 
creasing the word count is a simplified parallel subtracter with 
one set  of inputs and special car ry  circuits to minimize car ry  
propogation time. 

5 )  Writes the modified control word back into xchange 
memory. 

Following the control word modification cycle, the associathd 
data word is transferred to or  from main memory. The modification of the' -
control word and the transfer of the data word require that the Exchange 
dwell on the channel for a 2 microsecond period, which i s  the maximum time 
that the Exchange ever dwells on a channel. 

2.3.8 OBTAINING A NEW CONTROL WORD 

If the word count reaches zero and the control word contains a 
grouping/distribution flag bit, a new control word is obtained from main 
memory. Operation of the inputloutput unit is not interrupted, 

1 

The new control word is not obtained immediately, but instead 
the channel ttnewdcontrol word'' trigger i s  turned on to remember that the chan- 
nel (actually 1/0unit) requires a new cantrol word, The Exchangehen advances 
to other channele that require servicing, After all  channels have been serviced, 
the channel scanner scans the channel "new control wordt' triggers. The on 
condition of a Itnew control: word11 trigger causes the Exchange to stop on 
the channel and read the associated control word from exchange memory. 
The control word address is set  into the main memory address regiater 
and the Exchange request8 acces8 to main memory, When the control word is 
received, it replaces the old control word in exchange memory. 

A new control wordiis not obtained immediately becaus e 
it would require the Exchange to dwell on the channel for  an  ad.ditiona1 
1 microseconds, This would reduce the number of units that the Exchange 
could service simultaneously, By coming back to the channel after all  
other channels have been serviced, the Exchange makes use of what would 
otherwise be idla cycles, With the above arrangement, the Exchange 
never dwells longer than 2, microseconds art a time on a channel, 
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2 , 3 . 9  DISCONNECTING AN INPUT/OUTPUT UNIT 

If the word count reaches zero and the control. word 
does not contain a grouping/distribution flag bit, the unit is disacon-
nected from the Exchange, The unit i s  disconnected by sending reset  
current down the channel assigned to the unit. This current turns off 
the crosspoint core at &ha intersection of the channel and the unit. The core 
going from the Q X ~t~ the off state generates a disconnect signal to the 
ud t .  An end of measage signal is also sent to the Computer along with 
the addresa and status of the unit. 

An end of message signal from an input-output unit can 
also cause the unit to be disconnected from the Exchange. If an end of 
message signal %B received from ii unit  that is reading 
the information in the data word i s  ardftedl to the %eft end of the data 
word and transferred to main memory, The unit is then disconnected as  
described in the above paragraph, kf an end of message signal is received 
from a unit that Pe writing, the unit is disconnected immediately as described 
in the above paragraph. 

2.4 LOW SPEED UNITS 

2.41. GENERAL, 

Low speed units may be defined a s  those units which 

operate in  the speed range of 0 - 100 bytes per second, Many units of 

thia type may be handled simultaneously through a single channel in the 

Exchange. The maximum complement of law speed unit8 has been set  

a t  256 unite, 


Low epeed units time ahare one channel on a byte by byte 

basisl rather than being connected b ~ r 
an entire record as is the case with 

medium ape& unite, Each complete pasp of the channel scanner will find 

a different unit connected to the low speed channel. The address of the 

unit is sent to ths Exchange with each byte of information in order that the 

correct data and control words may be located, 


Ths3re may be a wide variety of low speed units, which in- 
dicate$ there will be $light differences da the method of handling various 
typee ~f units, %he two barge catagordesl will  be input units and output 
units, The input units can be further c%as$ified as t0 interrogation and non-
interrogation types, Interrogation type input unite a r e  those that may re-
guort selection by &he Computer, Non-Hntermgation type input units will  
dsllives input information upan demand by the Carnputer. 



2.4,2 L O W  SPEED INPUT CHANNEL 

The low speed input channel in the Exchange is made up 
of the following registers and control triggers, 

Unit Address Register 
Data Register 
Ready Trigger 
Select Request Trigger 
Service Request Trigger 
Control Word Modification Trigger 
End of Message Trigger 
Cancell Message Trigger 

a) Unit Address Register - This register receives the unit address 
with each byte of data from low speed units. This address is used to locate 
the proper data word and control word in  Exchange memory a s  wel l  as for 

. selection purposes when the input unit requests selection. 

b) Data Register - The data register receives a byte of data f rom 
the input unit and holds it until i t  can be accepted by the input byte register

C’ bn the Exchange. 

C) Ready Trigger - The ready t r igge r  receives the ready signal 
from the input unit and feeds this condition to the Exchange for storage 
881 part of the status of the unit, 

d) Select Request Trigger - The select request trigger is used 
by intdrsogation type input units. The unit requests selection by sending 
Q eignall wbach turn8 on the, select requeet trigger, The output of the select 
rsqusrrt trigger, as well ae the unit addrees, is sent to the Delta computer 
wbare #election taka6 place under program control. 

a) 8ervice Request Trigger - The service requeet trigger is 
turned on by a rsignal from the input unit to indicate that a byte of infor- 
mation $8 available Sn the input data register. 

%) ConErol Word Modification Trigger - The control word modi-. 
fieation trigger i s  turned on by the Exchange when the data word for a par -  
tdcularr unit i@ It indicates that a contrsl .word modification fully loaded, 
cycle ebould bs taken in.order to get the data word address for storage 
0%the cornplatad data word in main memory. 
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g) End of Message Trigger - The end of message t r igge r  is turned 

on by the input unit a t  the end of the record. The Exchange uses this indi- 
‘cation to deselect the unit and indicate to the Delta computer that the record 
is complete, 

h) Cancell Message Trigger - This trigger receives a cancel1 
signal f rom an inquiry unit when the operator desires to cancell a record 
instead of letting i t  be processed by the computer. 

2.4.3 LOW SPEED OUTPUT CHANNEL 

The low speed output channel in the Exchange is made up 
of the following registers and control t r iggere,  

Unit Address Register 
Data Register 
Ready Trigger 
Service Request Trigger 
Control Word Modification Trigger 

C) 
End of Message Trigger 
Prepare for Control Trigger 

, a) Unit Address Regirster - The unit address register receives 
the address of the particular low slpeed output unit currently connected 
to the channel. This address is used to locate the proper data and con- 
trol worda for aervicing the particular unit. 

b) Data Register - The data register accepts bytes of informa- 
tion fram the Exchange to pass along to the output unit currently connected 
to the channel. 

c) Ready Trigger - The ready trigger for output units serves  the 
O ~ M Q  function a s  for input unita. It receivee the ready eignal from the 
output unit and sends this condition to the Exchange for storage a s  part of 
the etatua of the unit. 

d) Service Requeat Trigger - The service request trigger is 
turned on by a signal from the output unit. It indicates that the output 
unit i s  ready for the next byte i f  It is in operation, When not mlactad, 
the low speed output units always send service reque&tB which a r e  ignored 
until the unit i a  selected, 
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e) Control Word ‘Mod. Trigger - The control word mad. tr igger 
is turned on by the Exchange to indicate that the data word for the unit on 
the channel has been completed, A new data word must be obtained from 
main memory, therefore, a control word cycle must be taken to get the 
proper main memory addresa, 

f )  End of Message Trigger - The end of meseage trigger is 
turned on by the unit. The Exchange uses this indication to  deselect 
the unit and indicate to the Delta Computer that the record is complete. 

g) Prepare  for  Control - This trigger is turned on by the 
Computer when control data is sent to the unit, The on condition of 
this trigger signals the unit to’interpret the data a s  a control instruction. 

2.4.4 SELECTION OF LQW SPEED UNITS 

Al l  selection of unit8 is done under progranf control. 
However, interrogation type input units may request selection. To 
accomplish selection of any low speed unit, a select bit is inserted in 
the data word associated with the particular unit, 

Jnterrogation type input units signal the Computer, under 
operator control, when selection i e  desired, Th’is signal turns on the 
eele,ct request t r i gge r  i n  the low speed input channel a t  the Exchange when 
the particular unit ie connected to the channel, The Exchange sends the 
select request and unit address to the Delta computer wbcre $election 
is made under program control, The input unit is locked out until selection 
is completed, Reject signals a r e  eent to the unit each time! it appears on 
the channel until the eelect for Read flag bit is present in i ta  data 
word, When the, Computer finally selet te  the unit, a response signal is sent 
to the unit the next time it i s  connected to the channel, This response un-
lockstthe unit and allows ths input data to be entered at  will. 

Whether selected or  notl al l  low @peed units send service 
lrequelnt sign 8 .  Theae service request signals cause the Exchange to 
obtain the data word associated with the unit, If the data word contains a 
eellecf flag bit, the unit i a  serviced in the normal way and a response signal 
be sent by the Exchange, If the data word doee not contain a select bitb the 
ecsrvica request i s  ignored and the Exchange sends a reject aignal, Once 
a unit is selected, i t  sends asrvics requeats only when service ba needed, 
Diaconnect occufp~when tha word count reaches i e r o  or when the unit 
@ends an  eqd of rnspltmget signal, Znd of massage will be sent to the Delta 
Computer in order thatl ths program may be informsd when a record is 
complete and ready for processing, 
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2.4.5 READING- AND WRITING WITH LOW SPEED UNITS 

Within the Exchange, 'reading o r  writing with low speed 
units proceeds in the same way a s  with medium speed, units. 

2.4.6 OPERATOR CONTROLLED MESSAGE REJECT13N 

If the operator makes an e r r o r  in  sending information 
from an inquiry station, the entire message may be cancelled by the 
operator. If a keying e r r o r  is realized by the operator during a message, 
the cancell key may be depressed. This key sends a cancell signal to the 
input channel. The Exchange u8es the cancel signal to remove the select 
bit from the data word and the unit is effectively disconnected. Since no 
end of message signal was received by the Computer, no action will be 
taken on the pa'rtial record. If the operator desires  to send the 
message again, a select request must be made first and the record can be 
started again. 

2.4.7 ERROR DETECTION 

c.1 A l l  information traveling between the Exchange and input- 
output unita will contain a parity cheek. Any single bit transmission e r r o r  
will  be recognized and indicated, E r r o r  correction wil l  depend on the 
program o r  operator hr  proper action in the case of low speed units. 

***** ***** 
2; 5 HIGH-SPEED-OPERATION 

2.5.1 GENERAL 

In order to provide information handling facility for the 
X10 magnetic tape, several channels can be provided through which in- 
formation flow i s  on a word rather than a byte basis, 

2.5.2 WORD CROSSPOINT SWITCH 

To provide the above facility, a word crosspoint switch is 
used which iec similar to ths byte croespoint switch described previously, 
except that it can switch 7 2  bits in  parallel rather than 9. Eight X10 

c? tape units can be permanently connected to the system. Four can be op- 
erated aimultaneously, either reading or writing. ThSs is in addition to the 
simuntaneoua operation provided by the Basic Exchange, 
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2.5.3 WORD CHANNEL SERVICING 

The 4 channels a r e  scanned by the same channel scanner 
used for the byte crosspoint switch. Operation is identical to the byte 
crosspoint switch with the exception that the words a r e  not routed 
through the Exchange memory but instead a r e  transferred directly be- 
twean the main memory and the word croespoint switch. 

Each time a service request is received on one of the 
4 full word channels, a data word transfer cycle is-taken wherein the 
word is transferred f rom the crosspoint switch to the location in  main memory 
specified by the data word -AdSeaa in the control word if reading; o r  i f  writing, 
a word is transferred from the main memory location specified by the 
data word address in  the control word to the proper intersection in  the 
crosspoint switch, 

The data word accumulation feature of the Exchange 
is not necessary since full words a r e  transferved giirallel by the bit. 
How'everj the control of the units attached to the word crosspoint switch 
by the Exchange i s  otherwise identical to those connected to the byte 
c ro ss p  oint . 

The 72 bit words transferred via the word crosspoint switch 
include ECC bit. Tha- word will be checked within the input-output unit 
and a t  a check station between the Exchange and main memory. 

2.6 CHEGKING FACILITIES OF THE EXCEWMGE 

Checking stations a r e  incorporated to provide the 
features of e r r o r  detection and correction, to facilitate unattended opera -
tion and to allow isolation of the e r r o r  to a specific location, Minimum check- 
ing is provided fo r  inputs to the w&mfrbmexternal sources not using e r r o r  
correcting codes. Moximum checking occurs for information generated 
within the system, where the w r o r  correcting code is recorded with the 
data, 
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The Exchange directly transfers to the Delta Computer 
words which contain the e r r o r  correcting code (ECC). The ECC for 
single e r r o r  correction consists of 8 bits added to the 64 bit word. 
Seven of these parity bits provide $he feature of single e r r o r  correction. 
By adding an overall parity bit, double-error detection, can be realizied. 
They a r e  incorporated to provide the Delta Computer with the flexibility 
of being able to perform single e r r o r  correction and double e r r o r  
detection on information at  arbitrary points in the system. 

2-60 1 CHECKING BETWEEN THE: EXCHANGE AND THE COMPUTER 
--_I 

Seventy-two bit words, 64 data bits and 8 ECC bits, a r e  
transferred between the Exchange and the main memory. There a r e  
either data words o r  control words for the 1/0 units. 

At the discretion of the programmer, the Exchange can 
operate in either one of two basic modes. The checking facilities provided 
for  information which circulates within the system a re  more extensive than 
for information used in conjunction with external systems not using the 
ECC. Recording of the ECC on all  1/0 devices used exclusively within the 
system is required, whereas it is assumed that the information which c 	 intercommunicates with other systems may contain no e r r o r  correcting 
code. The two modes of operation with respect to checking a r e  a s  follows: 

Mode I. 

When the information being communicated between the Exchange 
and the 1/0devices does not contain within itself, the ECC, the Exchange 
accumulates o r  disassembles a 64 bit data word. When reading, a s  
the data word is  transferred to the Computer, the Exchange generates 
8 bits of ECC along with the 64 bits of information to be routed to the 

* 	 main memory. In an  output operation, the Exchange sends only the 
64 bits of information to the output unit, The 8 bits of ECC a r e  discarded. 

Mode 11. 

This mode of operation allows complete e r r o r  correction and detection. 
When the information being communicated between the Exchange and the 
1/0 device8 does contain within itself the ECC, the Exchange accumulates up 
to 7 2  bits of information from the unit before it is transferred to the 
main memory. The las t  8 bits of information a r e  the ECC bits. 
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On output operation, the entire 7 2  bits of information, which includes 
the ECC, are sent to the output unit. The ECC bite a r e  recorded 
on the output media and a r e  read back a s  part  of the word. 

An ECC checking station is located on the buss lines 
betwenn the Exchange and the main memory. It is possible, with the 
proposed code system, to detect double e r r o r s  o r  multiple even e r r o r s  
and to specify the location and thus to correct any single e r ror .  However, 
it is not possible to determine whether an e r r o r  is multiple o r  single when 
the number of e r r o r s  is odd. The ECC checking station serves  to check 
the validity of the information that communicates between the Exchange and 

' 
the main memory a s  follows: 

a )  It executes single e r r o r  correction and double e r r o r  detection 
on al l  the contt.01 worde and the data words a s  they a r e  being shipped from the 
main memory to the Exchange input register, 

i> 

b) When operated in Mode 11, the data word is verified before 
it is transferred to the main memory. The Mode I Operation calls for the 
generation of 8 bits of ECC which along with the information, a r e  routed to the 
rhain memary, The generation of the ECC makes use of the same circuit 
a s  that used for checking and correcting. 

The e r r o r s  will  be indicated and recorded to facilitate 
maintenance. The recorded information consists of: 

1) The word in e r r o r  
2) The type of e r r o r  
3) The bit position in  e r r o r  for single e r r o r  
4) The 1/0unit address 
5) The input channel, and 
6) The time of e r ror .  

-2 .6 .2  CmCKTEIG WITHIN THE EXCHANGE 

The Exchange i s  designed to be able to accept o r  distribute 
information either on a character basis o r  on a word baeis. Byte-wise, 
the communication between the Exchange and the character type 110 devices 
consists of 9 bits. The ninth bit is an even-odd parity bit for the character, 
F o r  those X/Ounits whose character size i e  not a multiple of 8, i t  is 

c? 
necessary to have peripheral equipment to convert .the characters to a standard 
8 .bit byte plus a parity bit. The peripheral equipment preserve8 the 
continuity of the parity check. 



Information circulated within the Exchange is checked 
only by the parity bit. Checking stations a r e  located a t  three points. 

1) Input Byte Register 
2) Oztput Cross Point Switch 
3) Word Register. 

During input operation, either the byte carr ies  a 
parity bit, which will be checked both a t  the input unit and after reading 
out of the input crosspoint, or  the byte does not carry a parity, in which 
case, a new parity bit i a  generated prior to sending the byte to the 
Exchange, A byte of information i a  checked by a parity checkek a s  it is 
transferred through the Input Byte Register to be accumulated. An 
e r r o r  would be detected and recorded along with those indicated by t h e  
ECC checker each time a full word is transferred to the main memory., 
.Transmission errora  and e r ro r s  from the input unit a r e  differentiated by 
different e r r o r  triggers attached to the channel, The byte parity bit is 
dropped before the byte of information is read into the Exchange.rnernory. 

During an output operation, a parity bit i s  generated for  the 
character that is being transferred out of the Exchange memory, This 
byte of information, together with its parity bit a r e  sent to the output c -j 	 croespoint, No chocwng i s  provided a t  the Output Byte Register. A parity 
checker will be inserted to check the validity of the information read out 
f rom the output crosspoint. It serves to detect any transmission e r r o r  
o r  e r r o r  introduced a t  the output crosspoint, 

A l l  informatiw that communicates between the Exchange 
memory and the word register i s  checked with rospect to an overall 
even-odd parity bit by a parity checker inserted-at the word ragistsr, 

#An  e r r o r  will be recorded whenever the checking fails. The recorded 
information includes the word in e r ror ,  the Exchange type cycle, the tima of the 
e r r o r  and the X / Q  unit address which also Hpecifies the addreeSj of the word 
in the Exchanga memory, 

The parity bit for the data word and the control word 
should be modified in accordance with. the type of Exchange operatione 
executeds The modification of the parity bit falls into three forms: 

a) The byte count of the data word is stepped down by 1 during 
each data word raubcycls, 

b) The word count section of the cqntrol word is stepped down 
by P during each control word modification cycle, 



c) The data word address of the control word is stepped 
up by 1 during each control word modification cycle. 

Eight bits of data a r e  being added into the.data word during 
an  input data word subcycle, The partially filled data word with the 
present byte count a r e  checked an they a r e  read out of the Exchange 
memory into the word register, A new parity bit is generated by making 
use of the original parity, the parity Qf the added byte and the preeent 
byte count before it is stepped down by 1. 

Eight bits of the data a r e  being disaesembled to the output 
register during an output data word subcycle, The parity bit for the partially 
disassembled data word is checked at tho word register, A new parity bit 
for the remaining of the data word con ~ J B O be generated by making use of the 
original parity, the parity of the byte i s c h g  transferred, which is generated 
at the output.register, and the present byte count before it is stepped 
down by 1. 

The parity bit absociated with the control word iEt checked 
a t  the word register during a control word modification cycle. As the 
data word address and the word count a r e  being modified, a parallel opera* 

c’ don is carried out during which a parity for the modified control word is 
generated. It makes use of the original parity of the control word and 
those bite in  the word count and the data word address before they a h  
modified. 

Al l  detected e r rore  will be recorded along with the time 
and the place of their occurrence. It will allow the maintenance group 
to pinpoint the location of the e r r o r  to a specific logical area. When 
the system operates ae  a closed ~ y s t e m ,  almost complete e r r o r  detection and 
correction is available, 
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