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SUBJECT: The Exchange Machine Definition 

The input-output communications system for  the Delta 
Computer is called the Exchange. It is a logical entity separate  f rom 
the Delta Computer. Under control of the Computer, it will effect the 
t ransfer  of data between the Main Memory and the peripheral  equipment 
and otherwise control the operation of the peripheral  equipment. 

The system as proposed herein, is intended to provide 
the communication for  a l l  of the intended peripheral  equipment with 
the exception of the proposed ultra-high-speed tape and ultra -high- 
speed disk. A la te r  definition will include the communicating facility 
for  this equipment, 
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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 size of which 
is 7 2  bits, 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 microsecond@. Execution of 
instructions by the computer is accomplished a t  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 1/0units. It also transmits control information to the 
peripheral units and monitors their operation. 

1.1 The Basic Exchange accommodates devices which operate on a 
serial  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 simultaniously. 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 ilbclude: 

a. Card Readers 
b. Punches 
c. Pr inters  
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 (Er ro r  Correcting Code) bits. There will  be 64 data bits rand 
probably 8 ECC bits, 

1.4 Data is transierred between the Basic Exchange and the I/O devices 
ser ia l  by byte. Each byte consists of 8bits plus one parity bit. 

mailto:microsecond@
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On Reading, the Basic Exchange assembles  the incoming 
8-bit bytes into full words using the data word storage provision for  
partial  word storage. When a full word is completed, it is t ransfer red  
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 f rom 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 o r  output device will contain such individual control 
c i rcui t ry  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 
i n  the logical organization of the Exchange. Specifically such circui t ry  
which is necessary to allow simultaneous operation of severa l  input- 
output devices would be included in  this category. The necessary circui t ry  
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  a lso included i n  the input-output 
control circuitry. 

1.6 After the initial instructions for  reading f rom o r  writing to  a 
selected unit is given, together with the initial memory address  of the 
first word i n  the block and the number of words in the block, the Exchange 
executes the instruction and monitors its operation until complete with no 
fur ther  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 1.2 either because of much grea te r  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 al l  256 units, 

1.7.2 Another extension of the Basic Exchange will ,be four input/output 
channels to allow simultaneous operation of four X1Q type tape units, 

1.7.3 If both 1.7.1 and 1.7.2 a r e  desired, the operation in section l, 'l.2 
must  presently be restricted to two X10 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 pertain8 
to an  input-output device, the Computer sends the instruction to the 
Exchange, af ter  which the Computer is f r ee  to go on to the next instruction. 
The Exchange does the final interpretation and execution of the instruction 
independently of the Computer. 

2 .2  INSTRUCTIONS 

The format of each instruction sent to the Exchange is 

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 

a n  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 addrees 

o 2 . 2 . 2  READ INSTRUCTION 

The read instruction t ransfers  data f rom an input unit 

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


a)  1 bit Read 
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 
b) 9 bits 1/0 unit address  
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1

2,2.4 COPY CONTROL WORD INSTRUCTION 

T h h  instruction tranrfere an 1/0unit'r control word 
. froq exchange memory to main memory, The format of the inatru-

tion osnt to the Exchange irn 

8 )  1 bit Copy control word 
b) 9 bits 1/0unit address 
4 20 bite Control word addrses 

%,2.5 CONTROL 110 UNIT INSTRUCTION 

This inetructien transfers control data from main memory 
to an l /O unit. The control data i s  intarprated a s  a control instruction 
by the 1/0unit, The control X/O unit instruction sent to the Exchange can 
have either of two formats. If the control data is no more than 20 bite, 

i t  irs part of the instruction word and the format is: 

a1 P bit Control a/O unit 
b) B bit Control word addreer ilrs data 
d 9 bit8 1/0ubit addrese 
4 20 bit$ Control data 

If the control data Le m0re than 20 bits, it be not part of 

the inatruction word and the format i s :  


a)  1 bit Control I/O unit 
b) 9 bits I/Q unit addrese 
4 20 bite Control word addrees 

18,3 EXCHANGE COMPONENTS AND FEATURE$ 

To execute tha above bnetructiona, the Exchange cant& 

taine the following component8 and features , 


2.3 .  I EXCHANGE MEMORY 

The exchange memory be a 1,microescond core memsry, 
The word length ir 79  bits, The memory is divided into two sectionsi 
one %cardata words and one f o t  control woada, Each inputwoutput unit hag 
a particular data word location and e) particular control word location 
sneiaokiaterd with tt, The data word addrere is the 8axna a$ the input-output 
unit address. The control word addresa be the bnpub-output unit addreas 
plus the hiah order addrabae bit. 
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2.3.2 DATA WORD 

The format of the data word stored in the exchange 

memory ie a s  follows: 


a) data 64 bits 
b) check information 8 bite 
c) byte count 4 bits 
d) select for read flag 1 bit 
e) select for write flag 1bit 
f )  select for control flag 1 bit 

Qnly the data and check information (72 bits) a r e  trans- 
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 re  received from 
the input unit a byte (8 bits) a t  a time, Each time a byte $8 received 
the unit's data word is read from exchange memory and shifted left 
8 bit positions. The byte is 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 assembled 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 (8 bits) 
are sent to the unit. The data word i r r  shifted left 8 bit positions 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 rom the above description it can be seen that each data word 
I storage in conjunction with the exchange memory word register and 

shifting circuitry is in effect a shifting register fo r  i t0  associated input- 
output unit, 

I 

b) Checking Information - The 8 bits of checking information con- 
s is t  of 8 e r r o r  correcting code. (ECC)bits, These 8 bits provide single 
e r r o r  correction and double e r r o r  detection. A more detailed explanation 
of checking i a  given later, 

c) Byte Gount - When reading, it is necessary to sense when a 
dull data word haa been assembled f rom an input unit, This is done by 
examining the byte count which is atored 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 s  read out of' exchange memory and a new byte added to it the byte count is stepped 



minus Onee When the byte count i s  m r o  the 72 bit data word is sent to 
main memory under control of the control word, 

When writing, it is necessary to eense when a complete data 
word has been sent to an output unit, Thie is done by storing an 
initial byte count in the byte count section of the data word before #ending 
the first byte to the output unit, Each time that the data word i s  read 
out of exchange memory and a byte is removed and sent to the output 
unit, the byte count is stepped minus one, When the byte count is ~ i e r o ~  
a new data word is obtained from the main memory under control of the 
control word, 

d) Select for Read Flag - When an input unit which iril connected 
to either the byte or  word crosspoint switch ia aelected for reading, a 
#elect for read flag bit is etored in the unit's data word until an input 
channel is assigned to the unit, Lf a channel is immediately available 
when the instruction is given the flag bit is not stored in the data word, 

For low speed units that a r e  connected to  the Exchange via the 
low epeerd channels, the select for read flag bit eervee a s  a method of 
selection a8 explained in section 2.4. 

a) Select for Write Flag - When an output unit which is connected 
to either I.at byte or  word crosspoint switch is selected for writings 
eelect for wri te  flag bit is stored in the unit's data word until an output 
channel is assigned to the unit. If a channel is available when the inetruc-
tion is given, the flag bit is not stored in the data word. 

f) Select for Control Flag - When an input o r  output unit which i e  
connected to the Exchange via a croespolnt hiwitch ie selected for control, 
a aelect for control flag ia etored in the unit's data word until an output 
channel iar assigned to the unit. 

Fo r  low speed unita that a r e  connected to the Exchange via the law 
speed channels the @elect for control flag bit # e w e s  aa a method of 
$election as,explalned ip rrrecticm 2.4, 

2 .3 .3  CONTROL WQRD 

The, control word contains the information neeeseary for 
the Exchange Qocontrol the operation of an input-output unit independently 
of the Computer, A control word in exchange mcxnnory contains the 
following information: 

a) control word addreas 20 bits 
b) word count i 5  bits 
c) data word address 20 bits 
d)  grouping/dir tribution flag 1 bit 
e) E G G  hdlcator B M E  
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f) check information 8 bits 
g) unit status 8 ,bits 

a) Control Word Addrerss - When reading the control word 
address is used in conjunction with the grouping/diatxbDs~~bon flag for 
distributing successive sections of a record read from an input unit 
to varioua blocks 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 memwy, The control word address specifies the main 
memory addreea 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 trans-
ferred to main memory the word count i a  decreased By one, Reading 
from the input unit i s  eqded when the word count reaches m r o  and there 
‘isno grouping/distribution flag o r  when the end of record 4s reached in 
the input unit, which e v w  occurs first. I 

When writing, the word count specifies the number of words to 
be nent to the output unit, Aa each word is transferred from main 
memory, the word count irr decreased by one, Writing to the output 
unit i e  ended when the ward count reaches Ptero and there is no grouping/ 
diatribution #lag bit o r  when an end of meseagct aignal irs received from 
the autput unit. 

1 c) Data .,Word Address - The data word addrees apecifiea the 
main memory address when a data word ia  transferred f rom or to 
main memory, The data word address is increased Ijy one each ti& CL 
data word is tranaferred between the &change and main memory, 

d) GroupinglDistribution Flag - The, grouping/distribution flag 
rrignalsl theaxchange to obtain a new control word from main memory 
when the word count reaches mro .  The address of the new control word is 
specified by the control word addrses, The last  control word used in  
reading o r  writing ia record whould not contain a ~roupinl3/dietribution flag, 
thura allawing the read or  write operations to end, 

e) EGG Indicator - When writing, the ECC Indicator signals tha 
Exchange to send that 8 ECC bit8 contained in each data word to the output 
unit. If there i s  no ECC Xndicator, the 8 ECC bits are  diercarded and 
only the 64 information bits In each data word are eant to the output: unit, 
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f) Check Information - The 8 checking bits consist of 8 e r r o r  
correcting code (ECC) bits, I 

g) Unit Statue The following eight bits represent the status of 
the input-autput unit and a re  sent to the Computer when an instruction 
ia  rejected; in responee to an interrogate I/O unit atatue instruction 
and when an end of message signal is sent to the Computer, 

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

2) I/O Unit Busy *\Indicates that the unit ia  still busy as 
the result of a previous inatruction, 

3) 1/0Unit a t  End of File Indicates that the unit hasC. 

reached the end of tape, etc. 

4) 1/42 Unit R/W Erro r  - Indicates that the unit had made 
a read o r  write error ,  

5)  X/O Data Transmission Er ro r  - Indicatse a data error 
was detected between the input unit and ther input register o r  
between the output register and the output unit, 

6) Exchange Data Handling Error - Indicates the data 
word irs incorrect in the Exchange, 

7) Control Circuits E r ro r  - Indicates e r rors  such a8 no 
service raquedlt from the unit, atc, Anvthing attributable to the 
malfunction of control equipment, 

8) 'Exchange Control Word Er ro r  - Indicatea the control 
word i s  incorrect in the Exchange, 

2.3.4 MAGNETIC CORE CROSSPOINT SWITCH 
4 

The magnetic core croerspoint switch provides for per* 

manently connecting up to 64 medium speed input-output unit# to the 


. <Exahange, The cperapoint switch provides the facility far  connecting 
any one of the 64 unita to  any one of 8 input OF 8 output channels, thereby 
providing an information and control path between the, inputmatput unit 
and the 'Exchange, Any 8 of the input-output unite may be operated 
sli.multansously, 
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The crosspoint switch is divided into an input eection 
which contains 8 input channels and an output section which contain8 
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 write only a r e  connected to the output crosspoint switch. Units 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 interaections 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 from a particular flux configuration. An intersection (core) 
i s  selected by coincident current on a column and a row. The crosspoint 
cores in a column a r e  common to a particular channel8 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 o r  Control require that a 

channel be assigned to an input-output udt .  If the instruation is Read, 

an  input channel ie assigned to this uniti i f  the instruction :isWrite o r  

Control, an output channel is assigned to the unit, 


The input-output unit is determined by decoding the X/O 

unit address register, The channel is determined by circwita in  the 

Exchange which indicate the next available input channel and output 

channel, 


If a channel i s  not available when the instruction i s  

received f rom the Computer the control word is transferred from main 

xparnory and a select flag bit (either Read, Write o r  Control) is stored 


-r in the unitla data ward, When a channel becomes available it is assigned 
to the unit and the aelect flag ie removed from the unit's data word, 

An available channel i s  assigned to an input-output unit 

by putting hqlf cyrrent on the vertical channel line and half current on 


. the horizontal line common to the unit. The unit i s  specified by the I/O 

unit addresa regieter, The crosapoint a t  the intersection ok the two 


, 	 current8 i e  turned on, thus providing an information and control path 
between the unit and the Exchange . The selected crosspoint core is also 
a buffer register between the unit and the Exchange, 

2.3.6 C-NNEL SERVICING 

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

1) Available Triggar - This trigger i s  on when the 
. channel i a r  available and off when it Zs 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 addrees. 

3) Service Request Trigger - When the unit sets a byte 
into the crosspoint core it also turns on the channel service request 
trigger to indicate to the Exchange that the channel contains a byte 
of data and therefore requires servicing. 

4) Control Word Modification Trigger - This trigger ie  
turned on by the Exchange when a completet data word has been 
assembled from the unit. The on condition of this trigger signale 
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 
from the crosspoint cores in that channel. 

6) New Control Word Trigger - This trigger is turned on by 
the Exchange if the word count reaches riero and the control word 
containe 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) Error Trigger - This trigger i s  turned on by the unit 
to indicate that the byte being sent i s  in error .  

' 

After  a channel i s  asarigned to a unit a s tar t  signal i s  sent 
to the unit, When the unit 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 reade the f i r e t  byte, it sends the byte into the input crosspoint 
switch along with a service request signal, The byte consists of 8 inforrna-
tion bite and a parity bit. The circuits a t  the input crosspoint switch attempt 
to write the byte into all crosspoint cores comrnon to the unit, but only the 
selected core stores the byte, The service request signal also passes 
along'the horiaontal line common to the unit, but only the selected core passes 
the signal up the channel to turn on the channel service 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 
trigger ier 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) Read8 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 conditbna the right 8 bit pO8itiOnS of the data 
word), 

6) Turne off the channel service request trigger. 

During the abova cycle, 8 bits are  added to the data word. 
The input unit ~ e t s  another byte into the crosspoint core in approximately 
40 microseconds, In the meantime, the Exchange is servicing other 
channels. Each time the unit Bets a byte into the crosapoint core, it turns 
on the, channel aarvics request trigger signalling thd Exchange to execute 
an input data subcycle to service that channel, 

b) Output channels * Each output channel contains the following. 
Note that an output channel is aimilar to an input channel except that the 
fhfoxmation flow is in the oppoaite direction. 

1) Available trigger - This trigger is on when the channel 
ier lavailabls and off when It i a  busy, 

2) Addrsscrs Register - The address register contains the 
address of the unit connected to the channel, Wketn tha channel is 
8ervScad, thira re8ieter determines the exchange memory erddreea. 



3) Service Request Trigger - When the unit removes 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 
requhes servicing. 

4) 	 Control Word Modification Trigger This t r igge r  is8-

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 t r igge r  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 t r igger  
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 t r igger  is turned on by the 
unit to indicate that it has reached the end of fils', 

9)" Erro r  Trigger - Thilr trigger is turned on by the unit to 
indicate that the byte received in error. 

After an output channel is asaigned to a unit, a start  signal 
i a  sent to&e unit, The output unit sends back a service request aignal in 
response to the etart signal, This service request turns on the channel 
oervice requeet trigger, indicating to the Exchange that the channel requires 
servicing. . , 

The an condition of the service request trigger cause8 the 
, 	 channel scanner to stop on thils channel and the Exchange executes a 1 

microsecond output data subeycle to service thia hhannel, During the 
output data aubcycle, 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. 
This 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) Generates a parity bit for the above 8 bits and eets it 
into the output byte register. 

4) The nine channel write drivers, which a r e  conditioned 
by the output byte register, send write current through all the 
cores common to the channel, but only the selected oore s tores  
the byte, 

5)  Steps the'bubcycle count - 1. 

6) Shifts the data word left 8 bit positions, 

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 causes 
the sbanner to move to the next channel that requires service. 

. 	 The turning off of the service request trigger alaa generates a 
"character available" signal, to the output unit, This signal is used 
by output devices which do not operate on a fixed information rate, but 
can accept bytes a8 fa& as,the Exchange can supply them, 

2.3.7 CONTROL WORD MODIFICATION 

Each time a data word i s  t~ be transferred between the 
main nneamcar~and the Exchange, its associated control word i s  first 
read from exchange memory, The control word i s  read from exchange 
rn%morybmadified and written back during a 1 micrcascond control word 
modification cycle. During B control word modification cycle, the Exchange: 

1) Reads the control word drom exchange memary, 

2) S'etts the data word address into the main memory address 
' regletere This regiates specifies the main memory addrerso when a 
word i r a  transferred 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 addrese 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 carry circuits to minimize car ry  
propogation time. 

5 )  W r i t e a  the modified control word back into .xchange 
memory. 

Following the control word modification cycle, the associathd 
data word ie 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 is 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 input/output unit is not interrupted. 

The newJl control word is not obtained immediately, but instead 
the channel llnew*control wordll t r igger  is turned on to remember that the chan- 
n i l  (actually 1/0unit) requires a new control word, The Exchange &en advances 
to other channels that require servicing, After all channels have been serviced, 
the channel scanner scan$ the channel "new control word" triggers, The on 
condition of a Itnew control word" trigger causes the Exchange to stop on 
the channel and read the aseociated control word from exchange memory, 
The control w.ord addreaa is set  into'tha main memory address register 
and the Exchange requests accese to main memory, When the control word is 
received, it replaces the old control word in exchange memory, 

A new control wordiie not obtained immediately because 

it would require the Exchange to dwell on the channel for  an  ad.ditiona1 

1 microseconds, Thirr would reduce the number of units that the Exchange 


' 	 could service eimultansouely, By coming back to the channel after all  
other channels have been serviced, the Exchange makes use of what would 

' otherwise be idle cycle$, With the above arrangement, the Exchange 

never dwells longer than 2 microseconds a t  a tima On a channel, 
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, 2 e  3 e 9  DISCONNECTING AN INPUT/OUTPUTUNIT 

I f  the word count reaches zero and the con,sol wor~ 
does not contain, a grouping/distribution flag bit, the unit is discon-
nected from the Exchange, The unit is disconnected by sending reset  
current down the channel assigned to the unit. This current turns off 
the crosspoint core a t  the intersection of the channel and the unit. The core 
going from the on to the off state generates a disconnect signal to the 
unit, An end of message signal is also sent to the Computer along with 
the address and status of the unit. 

An end of mesarage signal from an input-output unit can 
also cauBe the unit to be disconnected from the Exchange. If an end of 
message rsignal i~ received from a unit that is reading I 

the, information in  the data word i s  aktifted to the left end of the data 
word and transferred to main memory, The unit is then disconnected a s  
daecxibed in the above paragraph, If an end of message signal. is received 
from a unit that i s r  writing,, the unit is disconnected immediately a s  described 
in the above paragraph, 

2,4 LOW SPEED UNITS 

2.41. GENERAL 

Low speed units may be defined as those units which 

operate in the speed range of 0 100 bytes per rjecond, Many units of
c 

this type may be handled simultaneously through a single channel in the 
Xxchange, The maximum complement of low speed units has been set  
a t  256 unita, 

Low speed units time .share one channel on a byte by byte 

basie rather than being connected for an entire record a s  is the case with 

medium apeqd u n h .  Each complete pasp of the channel Bcanner will find 

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

unit i s  sent to the Exchange with each byte of information in order that the 

correct data wnd contra1 words may be located, 


These may be 8 wide variety of low @peed units, which in- 
dicaters these will be slight dltfferencers in the method of handling various 
types 95 units, The two barge categordssl will be input units and output 
unit@, The input unit$ can be further cllaajrified as to interrogation and non- 
interrogation types, Interrogation type input units a r e  those that may re-
gusdst relaction by &he C~mpu&a,u, Non4ntsrropation type input unit8 will  
deliver input information upon demand by the Computer, 
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2.4.2 LOW SPEED INPUT CHANNEL 

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

a) Unit Address; Register 
b) Data Register 
c) Ready Trigger 
d) Select Request Trigger 
ce) Service Request Trigger 

a f), Control Word Modification Trigger 
g) End of Message Trigger 

t h) Cancel1 Metasage Trigger 

a) Wnit Addressl 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  well a s  for 

, selection purpoees when the input unit requeats 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 
in the Exchange, 

(6) Ready Trigger - The ready trigger receives the ready signal 
&om the input unit and feed8 this condition to the Exchange for storage 
a4 part  of the status of the unit, 

d) Select Requeat Trigger - The select request t r i gge r  is used 
by tnltersogation type input units. The unit request8 selection by sending 
B signal whllch turns on ther select request: t r igger ,  The: output of the select 
rsquerrt tr iggerr B B  well as the unit address, is sent to the Delta computer 
where ralection takes place under program control, 

9) Oervice Request Trigger - The service requeet trigger is 
turaed on by a rsignal frwn the input unit to indicate that a byte of infor- 
mation be available Sn the input data register, 

a) Control Word Modification Trigger - The control word modi- 
fication trigger i s  turned on by the Exchange when the data word for a par-  
tdcular unit i e  fully loaded, It indicates that a control ,word modification 
cyels rbould be taken in-orderto gat the data word address for  storage 
o# tka cornplotad data word in main memoryI 
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-g) End of Message Trigger The end of message trigger is turned 

on by the input unit a t  the end of the record. The Exchange uses this indi-
'cation to deuelect the unit and indicate to the Delta computer that the record 
ia complete, 

h) Cancel1 Mssaage Trigger - Thie t r igge r  receives a cancel1 
Bignal from an inquiry unit when the operator desires to cancel1 a record 
inatead of letting i t  be processed by the computer. 

2d4.3 LOW SPEED OUTPUT CHANNEL 

The low apeed output channel in the Exchange is made up 
of the following registers and control triggere, 

a) Unit Address Register 
b) Data Register 
c) Ready Trigger 
d) Service Request Trigger 
e) Control Word Modification Trigger 
f) End of Mssaage Trigger 
g) Prepare for Control Trigger 

, a) Unit Address Register - The unit addreee register receives 
the addresar of the particular low apeed output unit currently connected 
to the channel, Thira addreas is ueed to locater the proper data and con- 
trol  worda for Iparvicing the particular unit. 

b) Data Regieter - The data register accepta byterr af informa-
tion from the Exchange to pas@ along to the Qutput unit currently connected 
to the channel. 

c) Ready Trigger - The ready t r igger  for output units mrvea the 
$&me4function ae for input unita. ]It receives the ready signal f rom the 
output unit and sends this canditian to the Exchange for etorage a s  part  of 
dha status of the unit, 

, d) Service Requsat Trigger - The slervice r eqws t  trigger i s  
turned an by a sliqnaX from the output unit. It indicate8 that the output 
unit i l a  ready for the next byte if it $63 Sn operation, When not arelsctad, 
the low speed output units always send service rhtqucfBtrr which a r e  ignored 
until the unit i s  eeliected, # 
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e) Control Word Q&d. 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 addresti, 


f )  End of Message Trigger - The end of message 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 - Thiei trigger ia turned on by the 

Computer when control data i a  sent to the unit, The on condition of 

this t r igger  signals the unit to’interprst the data as  a control instruction. 


2.4.4 SELECTION OF LQW SPEED UNITS 

Al l  selection of unit$ is done under prograrrf control, 

Hawever, intevsogation type input unitrt 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. 


Interrogation type input units signal the Computer, under 
operator control, when selection i e  desired. TMs signal turns on the 
sele,ct request trigger i n  tha low speed input channel at the Exchange when 
the particular unit is connected to the channel, The Exchange sends the 
select requswt and unit addreere to the Delta computer wbare selection 
i e  made under program control, The input unit is lacked out until selection 
is completed, Reject wignals are sent to the unit each time ft appears on 
the channel until the select fo r  Read flag bit is present in ita data 
word. When the Computer finally selettra the unit, a reyponse signal is sent 
to the unit the next time it is connected to tha channel, Thia seeponse un- 
lockstths unit and allowe the input data to ha araterred a t  will. 

,Whether selected or nat, all  low spetad unita Bend service 
requesit rrign a, Thaerca service request aignals cauae the Exchange to 
obtain the data word associated with the unit, If the data word contains a 
eellect flag bit, the unit i s  aerviced in the normal way and a response signal 
i s  sent by the Exchange, If the data word doe@not contain a select bit, the 
service ayqueat imr ignored and tha Exchange sends a reject aignal, Once 
a unit i s  aelfscted, it sand8 rseRvice requeratrrr only when service i s  ,needed, 

:Disconnect occur# when the word count reaches pier0 or when the unit 
sends an end of rnearasget signal,' End of mtssi8age will be arent to tha Delta 
computer in order that:the program may be infolcmsd when a record i a  
complete and ready for procaraing, 
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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 REJECTTDN 

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 uses 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 partial 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 

Al l  information "raveling between the Exchange and inpu -
output units will contain a parity check. Any single bit transmission e r r o r  
will be recognized and indicatedp E r r o r  correction will  depend on the 
program o r  operator hr proper action in  the case of low speed units. 

w*** w*** 
2; 4 HIGWSPEED-OPERATIQN . \ 

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 is 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 i s  similar to the byte crosapoint switch described previously, 
except that it can switch 7 2  bits in parallel rather than 9. Eight X10 
tape units can be permanently connected to the system. Four can be op-
erated simultaneously, either reading or  writing, ThSe i e  in addition to the 
simuntaneous operation provided by the Baeic Exchange, 



2.5.3 WORD CHANNEL SERVICING 

The 4 xzhannels a re  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 re  not routed 
through the Exchange memory but instead a re  transferred directly be-
twean the main memory and the word crosspoint switch. 

Each time a service request is received. on one, of the 
4 full word channele, a data word transfer cycle ie.taken wherein the 
word is transferred from the crosspoint switch to the location in main memory 
specified by the data word qddqess in the control word if  reading; o r  if 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 re  transferced piirallel by the bit, 
MoweveXrd the control of the units attached to the word crosspoint switch 
by the Exchange is otherwise identical to those connected to the byte 
c ro erupoint . 
2.5.4 ECC BITS 

The 72 bit worde transferred via the word crorrspoint ewitch 
inolude ECC bit, Thwword will be checked within the input-output unit 
and at  a check station'between the Exchange and main memory, 

2.6 CWEGKING FACILITIE8 OF THE EXCHANCJE 

Checking stations a re  incorporated to provide the 
features of e r ro r  detection and correction, to facilitate unattended opera- 
tion and to allow irsolation of the erzor to a opeeific locration, Minimum check- 
ing is provided for inputs to the w,&.iimfrhrnexternal sourcea not using e r ro r  
correcting codes, ' Maximum checking occurs for information generated 
within the system, where the PLrror correcting code i s  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 r e a h e d .  
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, 

2.6.1 CHECKING BETWEEN TWE: 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 1/0units. 

A t  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 1/0devices used exclusively within the 
system is required, whereas i t  is assumed that the information which 
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  disasaembles 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 $he information being communicated between the Exchange and the 
I /O device8 does contain within itself the ECC, the Exchange accumulates up 
to 72 hits 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 72  bits of information, which includes 

the ECC, a r e  sent to the output unit. The ECC bits a r e  recorded 

on the output media and are  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 ro r s  o r  multiple even e r r o r s  
and to specify the location and thus to correct any single error .  However, 
it is not possible to determine whether an e r ro r  is multiple o r  single when 
the number of e r ro r s  is odd. The ECC checking etation serves to check 
the validity of the information that communi,cates between the Exchange and 

’ the main memory as follows: 

a)  It executes single e r ro r  correction and double e r r o r  detection 

on all the control words and the data words as they a r e  being shipped from the 

main memory to the Exchange input register, 


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

The e r ro r s  will be indicated and recorded to facilitate 

maintenance. The recorded information conaists of: 


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

2.6.2 CHECKING WITHIN THE EXCHANGE 
CI 

The Exchange is designed to be able to accept o r  distribute 
information either on a character basis or  an a word bads .  Byte-wise, 
the communication between the Exchange and the character type X/O devices 
consists of 9 bits. The ninth bit is an even-add parity bit for  the character. 
Fo r  those X / Q  units whose character size ie not a multiple of 8, it is 
necessary to have peripheral equipment to convert She characters to a standard 
8 .bit byte plus a parity bit. The peripheral equipment pre~rervss the 
continuity of the parity check. 
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Information circulated within the Exchange ie checked 


only by the parity bit, ChecMng stations a r e  located a t  three points, 


1) Input Byte Register 

2) Output Cross Point Switch 

3) Word Register. 


During input operation, either the byte car r ies  a 

parity bit, which will be checked both a t  the input unit and after reading 

out of the input crosspoint, o r  the byte does not carry a parity, in which 

cab868 a new parity bit is generated prior to sending the byte to the 

Exchange, A byte of information is checked by a parity cheekei a s  it i s  

transferred through the Input Byte Register to be accumulated. An 

e r r o r  would bs detected and recorded along with those indicated by the 

ECC checker each time a full word is transferred to the main memory., 

-Transmission e r ro r s  .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 $8 


dropped before the byte of information is read into the Exchange.memory, 


During an output operation, a parity bit is generated for the 

character that ie being transferred out of the Exchange memory, This 

byte of information, together with its parity bit a r e  sent to the output 

crosspoint, No chocwng is provided a t  the Output Byte Register, A parity 

checker will be inserted to check the validity of the information read out 

from the output crosplpoint. It serves to detect any tranamissian error 

o r  e r r o r  introduced a t  the output crosspoint, 


A l l  information that communicates between the Exchange 
memory and the word register i s  checked with respect to an overall 
wen-odd parity bit by a parity checker insertedrat the word ragister, 

' A n  error will ba recorded whenever the checking fails, The recorded 
information includes the word in e r ror ,  the Exchange type cycle, the time of the 
error and the I/Q unit address which aleo specifim the addresar of the word 
in the Exchanga. memory, 

The parity bit for the data word and the control word 

rPhould bet modified in accordance with the type of Exchange apetrationa 

executed. The modification of the parity bit falls into three forms: 


'a )  The byte count of the data word is atepped down by 1 during

each data word aubcycle, 


b) The word count section of the coptrol word is stepped down 

by ]I during each control word modificatlon Gycle. 




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 re  being added into the.data word during 
an input data word subcycle. The partially filled data word with the 
present byte count a re  checked a8 they a r e  read out of the Exchange 
memory into the word registor, A new parity bit is generated by making 
use of the original parity, the parity of the added byte and the present 
byte count before it is stepped down by 1, 

Eight~bits of the data a r e  being disassembled to the output 
register during an output data word subcycle, The parity bit for the partially 
disassembled data word is checked at the word register. A new parity bit 
for the remaining of the data word can a l e 0  be generated by making use of the 
original parity, the parity of the byte being 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 is’checked 
at the word regitlter during a control word modification cycle, Aa the 
data word address and the word count a re  being modified, a parallel opera* 
don ie carried out during which a parity for the modified control word is 
generated, It makee use of the original parity of the control word and 
those bits in  the word count and the data word address before they a i e  
modified. 

All  detected e r rors  will be recorded along with the time 
and the place of their occurrence. It will allow the rnaintthance group 
to pinpoint the location of the e r r o r  to a specific logical area. When 
the system operates a s  a closed eystem, almost complete e r r o r  detection and 
correction is available, 



c
c t I 


I .-



kFROM MAIM MEMORY-~USSES 

1 EXCHANGE 1 


ADDRESS DECUOER 

I 




0 0 

1 I 

r .-c t 

6 .  

OUTPUT 
BYT€ REG. 

I-f 1 
SPEED 

I 64x8 . . OUTPUT BIT€ TYPE 

CHANdEL INPUT 
moss PZ 

AM0 AMD 

CHANNELS L &A NAfELS 




1 


II 1 

Y 

t 

,/ 

1 


