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SUBJECT: Preliminary Revised Chapter on Exchange

Attached is a preliminary revision of Chapter 2 of the Harvest Manual,
which is intended to lead to a programmer's manual of the B-S-H sys-
tem, Descriptive material and sections on the external units themselves
have been omitted,

Also attached is a diagram showing the latest thinking on instruction and.
index word formats. The control word follows the index word format,

It should be noted that the Clags and Operation bits (9 bits) are currently

undergoing further re-definition, but this does not affect the remaining
format.

Please circulate your copy among your groups and bring any suggestions

for changes to my attention.
/ //7’ ey
WB/pkb ' W. Buchholz (

Encls,
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1. Exchange and External Units

‘ The function of the Exchange is to direct and control the information
: - flow between many input-output units or external memory units on the
one side, and the internal memory on the other side. In addition, the
Exchange provides a number of common control facilities to be time~
shared among the external units, thus keeping these units as simple
as possible,

The basic Exchange permits up to 32 external units to ba connected im-
mediately to the system. These units are of the kind which operate

. serially, one byte at a time, at any reading or writing rate which does
not exceed 67,000 bytes per second. A number of units may operate
simultaneously through the Exchange, either reading or writing, the
number depending on the speed. :

High-spead tapes and disks follow the same philogophy of control as
the basic Exchange, but separate equipment is required bacause the
higher speed does not permit as much time~sharing.

A further extension of the basic Exchange is contemplated which will
allow a great many more units of much lower speed to be accommo -
dated simultanecusly. Among these units will be manually operated

devices and low-speed data links. Specificatione for this aeeticn are
not complete and it will not be provided initially,

The Exchange provides a general method of connecting many different
kinds of unite to a computing system. This will include direct input
from remote sources, output to remote stations, communication with
other computers which are not a direct part of the system, emd input«

output units using techniques still under development.
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matmctien G»ontrol of External Units

The methed of program control to be deacribed in this gection appliea
to all external units.

When instructions apply to external units, the computer executes all
address modification. It then sends the addresses and the decoded
operation t"o the Exchange, which completes the execution of the ing~
truction by obtaining the operand (control word) from memory and
starting the external unit. This procedure permits the Exchange,
before it accepte an instruction, to determine from its stored status
indication bits whether the unit is ready, and to sandwich into avail~
able time periods the extra cycles necessary to start an operation,
If the unit is not ready (for instance, if the operator has stopped the
unit manually for an indefinite time), the Exchange rejects the ins-
truction and sends a signal to the program interrupt mechanism.

The computer waits until the Exchange has signalled that it has agcep-
ted or rejected the instruction, If the Exchange happens to be quite
buay. the computer may have to wait some tens of microseconds he~
cause it is more flexible in its operation than most external units.
which cannot wait. ’
’I‘he ccmputorﬁnow-ra waits for the external unit to respend or to ﬂnilh
the operation, which may take milliseconds to minutes. The Exchange

takes over full control and signals }a mputer when the operation is
‘completed. The Exchange absorb ér‘i‘i

ar st ing delays

and operating times, but it also waita for a tape unit to rewind or apace
ever a bleck, for a printer to skip lines, etc., before initiating a new
operation. Thus an instruction which has been accepted by the Exchange
may remain in the Exchange for some time before the operation can ace

tually begin,

O’K.?,( w&% St :
The basic principle is that the Exchange can agcept ad instruction from
the computer just as soon as the previous oparation for the same unit

has been completed, This permits the computer program to continue

without being held up by any delays which must be expected with external
units. An instruction will be held, if necessary, while a tape unit is re-
winding, etc., The Exchange cannot, however, accept more than one

Ainstruction for a given unit at a time., Any attempt to do this results in

2 program interruption,
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‘ Capacity of Basic Exchange

The Basic Exchange can accommodate 32 external unit controls or
"adapters'. With more than one unit per adapter, the number of
units may go above 32,

Usually, each adapter serves one extermal unit, but some adapters
may have two tape units attached, 8¢ that one can operate while the
other is being rewound and loaded, Only one unit at a time is logical-
ly connected to its adapter and capable of responding to computer ins~
tructions; no two units connected to the same adapter can operate
simultaneously. - LOCATE instructions permit awitching the adapter
from one unit to another between operations.

The Basie Exchange permits a number of external units to read or
write simultaneously, the number depending on the speed of each
unit operating. The units are placed into three apeed classes, each
claas havtng a ''weight" attached to if:

Speed Class 1 - 60 microseconds per byte or slower -
weight of 1,

Speed Class II - 30 to 60 microseconds per byte ~
Weight of 2,

Speed Class III - 15 to 30 micvosecends per byte -
weight of 4. ,

The Exchange keeps a total of the weights of all units operating, and
this total cannot exceed 32, If a read or write operation would result
in the total exceeding 32, the Exchange vejects the ingtruction and
gives an Exchange Busy indigation. The instruction must be repeated
at a later time after one or mere mwunely operating unite have dis~
connected.
Thu#the Exchange can simultaneously agcornmodate:
| " 32 units of Speed Class I,
‘of 16 units of Speed Clibs 11,
or 8 units of S8peed Class III,

or & suitable combination of
fewer units of sach class,
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4

Reading and’ Writin&

-

The basic reading and writing 0pe"1"ation proceeds as follows: A READ
or WRITE instruction is given by the program to initiate the operation,
The instruction specifies the external unit and a '"contrel word" location

in memory, These two items are sent to the Exchange, and the compu=

ter program advances to the next instruction.

The Exchange then obtains from memeory the control word whie 'gleﬂnea
the beginning and end of the memory area to be used for reading, writing,
The desired unit is then started and reading or writing proceeds until

the entire memory area has been used, as indicated by the contrel word.

There are three variations of this operation:

(a) The external unit may terminate reading or writing if it reaches
the end of a block before the entire memory defined by the con~
trol word has been used, READ and WRITE terminate by which«
ever of these two conditions happens first.

(b) I the instruction READ MULTIPLE or WRITE MULTIPLE is
used instead of READ or WRITE, operation always continues
until the specified memory area is exhausted. Thus more than
one block may be read or written with one instruction., The only

exception is if the external unit is stopped by some otheyr condi-
tion, such as end of file,

(c) After the memory area defined by a control word 1s Qxhauutod.
it is possible for ths Exchange to substitute another control
word and continue, without stopping, in the memory defined
by that control word. This feature, called '"scatter-read" or
"gcatter-write' ig described below.
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P

5, Control Word

. | 5,1 Data and Limit Addresses

READ and WRITE instructions include the address of a control
word in memory to be used by the Exchange in executing the operation.
The control word, as stored in memory, contains the address of the
first data word in memory., Subsequent words are sent to consecutive
higher memory addresses which the Exchange obtains by repeatedly
adding one {6 the data word address in the control word, This conti-

'Z nues until the Limit, specified in the control word, is reached. «
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Basically, the control word follows the same format as the index 'S [¢ff MMM}C‘
words used by all instructions. Thus the same word may serve as a «
control word while reading a block of data, as an address modifier

giving the ‘base address of the block while computing, and again, as a

control word while writing that block, :

The data word address is contained in the word address portion
of the Value field. The Exchange ignores the bit address and sign por-»
tions of the Value field.

The word address portion of the Limit field determines the end
of the data tranafer (if it has not been terminated by other means, as
explained below). The number of words transferred is then the diffe-
rence between the word address in the Limit field and the initial data
word addreass, ignoring signs and bit addresses. Thus the Limit is 7
one word address higher than the last address actually used in memory.

AN

The Exchange can only handle and address blocks of information
starting at the left end of a full word in memory and contalning an inte-
gral number of words (i.e., a multiple of 8 bytes). An external unit -
may, however, terminate operation at any time before the Limit ad-
dress {s reached. If, during reading, the last word has net been com-
pleted, the Exchange finishes the shifting process, filling in zero bits |
on the right of the last word, before sending the word to memory, -

5.2 Control Word Interrogatidn

Normally, the Exchange operates with external units independently
of the computer program, from the time the program initiates an opera~
tion until the time the Exchange signals to the computer the end of that

- operation, ag described below, At that time, it is possible for the com-
puter program to interrogate the contrel word to obtain more information,
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EXxTRACT (owTRIL WARD
The instruction FRANSMIP~FRONM~MHGHANGE specifies an external -
unit whose current control word is transmitted to the memory address
also specified by the instruction. By the same procedure the program
may at any other time, if desired for special procedures, monitor the
progress of the operation.

The control word thus obtained contains information as to the
status of the external unit and the operation performed. These "status
bits' are placed by the Exchange in the 14 positions corresponding to
the bit address and sign portions of the Value and Limit fields. The
status bits are listed in a later section,

In addition, the control word will contain the next data word ad-
dress to be used, All previous addresses are then known to have been
used already and to be available for further opéerations, except that it
must be realized that some kinds of errors are not detectable until the
end of the block ia reached,

5.3 ] Scatter~Read and Scatter-Write
- (hain v
The B8 bit in the index word defines whether one or more than
one COnttol word is to be used,

(Aaia
. If the B bit is 0, the present control word is the last one.

Chat'a |
/ If the 3wt bit is 1, and the limit in the present control word has

- been reached, the Exchange automatically obtains another contrel word,

To do this, each control word contains a Chain address which is the ad-
dress of the next control word to be used. The last contrel word in the
chain must contain am # bit of 0 to stop the operation, unless it is
planned to have the external unit determine when to stop.

This technique is used to permit scattering of portions of a bloek
of information in different areas of memory,

The scatter~read and scatter-write feature is not available with
high-gpeed tapes and disks because of time limitations.
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Instructions

The following 2 instructions are all that #® needed to control any external
unit regardless of speed. The computer and Exchange de not differentiate

‘between different kinds of units which have different operating characteris-

tics. The exact interpretation of how a ‘unit responds to each instruction
is a function of the design of the external unif and will be described in con~-
nection with each unit,

6.1 READ
’ WRITE

These instructions initiate a reading eor writing operation. The Se~
cond Address specifies the external unit and the effective Word Address
specifies the first control word to be used, The control word, in turn,
supplies the information defining the data addresges in memory, Janmwes

deate-addersoringammayavei-bonood:,

Information transfer is terminated either by a signal from an ex-
ternal uait or by the data address in the last control word reaching the
specified limit, whichever happens first. - If termination by limit occurs
before the unit has reached the end of a block, the unit continues to the
end by itself, independently of the Exchange, before permitting another
operation to start. On reading, any partly filled word at the end of a
bloek is completed automatically by filling the remainder of the word with
zeros before storing it in memory,

6,2 READ MULTIPLE
" WRITE MULTIPLE

‘These instructions are the same as READ and WRITE, except that

“information transfer is permitted to continue beyond the and of a block

on the external unit, Information transfer is terminated when the last

- control word reaches its specified Hinit or when the external unit reaches

the end of flle when AN €rror sce wrs,

- Each time the external unit signals the end of a block, a new word
is started in memory, When reading, any remainder of the last word of
each block is filled with zeros before storing it in memory and procead~
ing to the beginning of the next block, ‘
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6.3 CONTROL

The effective Word Address is sent as control information to the
external unit specified by the Second Address,

The control Information is decoded by the external unit to per -
form such functions as:

Rewind tape

Backspace tape

Space or skip on printer carriage
Turn on RESERVED light

Turn off RESERVED light

A single byte at the left end of the Word Address is sufficient to
specify control for most units; the remainder is then ignored by the
unit,

6.4 LOCATE

The effective Word Address is sent as an address to the external
unit specified by the Second Address, :

This instruction is used to set up external addresses on disk units,
electronic printer~plotters, automatic tape cartridge changers, and si~-
milar devices, It is also used to selact one of several units connected
to a single unit adapter prior to the first time an instruction is given to
that unit, Access to the specified location or unit is initiated, but the
READ or WRITE instructions may follow at any time, whether access
has been completed or not,

6.5 BesmmmwEey RELFASE
RELEASE

The Exchange will accept a W instruction while another
: T e s e instruction is still in progress ks
for the external unit speciﬂed by the Socond Address of the RISEEMMEET LELEATE
instruction. Any operation involving that unit is terminated i.mmodutoly
and the Exchange is released, The unit continuu by itself to the end of
its blogk, LELEAIE alre resefyr albh sdadias bifs in dha rmkwl o
2xcept Bt 3 (wo¥ READY),

This ingtruction parmits the program to free Exchange and memory
facilities when the program has determined that the external unit should
not or cannot complete a transfer of information, sterted-by-sr-RiAL-0r
WRFRE-instsvotion,
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6.6 EXTRAGT CONTROL WORD

The current control word corresponding to the external unit
specified by the Second Address is sent to the location specified by
the effective Word Address. Bit addresses are ignored.

6.7 ENTER CONTROL WORD

This instriction is the same as READ (or WRITE) except that
the unit is never started and no data are transferred. The Exchange
merely sets up the control word specified by the effective Word Ad-
dress in the Exchange memory location for the external unit specified
by the Second Address. The status conditions controlling READ (or
WRITE) also affect ENTER CONTROL WORD in the same way.
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?‘ 7. Status of External Unit ' <

To permit the Exchange to control several external units, it must have
available information as to the precise status of each unit. This infore

mation appears in the control word in bit positions 18 to 24 and 55 to 61,

which correspond to the otherwise unused bit address and sign positions,

The status bits are also available to the program on interrogation by '
‘means of EXTRACT CONTROL WORD, ¢

The status bits have the following meaning:

Bit 18 -  SELECT FOR READ

Bit 19 - SELECT FOR WRITE

Bit 20 - SELECT FOR READ MULTIPLE

Bit 21 - SELECT FOR WRITE MULTIPLE

Bit 22 -~ SELECT FOR CONTROL

" Bit 23 - SELECT FOR LOCATE
These bits indicate that a corresponding
operation is in progress for that unit, _ o
- Bit 24 - INTERRUPT WAITING

This bit indicates that an interrupt condi~’
tion has not yet been sent to the computer, .

Bit'55 - END OF MESSAGE
This is the normal signal indicating that
an operation initiated for the unit has been
successfully completed.

Bit 56 - UNIT NOT READY
The unit is not in a condition to be operated
from the computer, This bit combines con-
ditions such as: out of material, stacker
full, operator stop, power off, control error,
and mechanical malfunctioning.

Bit 57 - UNIT BUSY
The unit is in the process of executing an
instruction previocusly given. This bit may
remain on even after the Exchange hag com«
pletad its part of the operation; e. g., the

- unit remains BUSY while it {8 rewinding

(tape), spacing paper (printer), positioning
the access mechanism (disk), etc. The
Exchange will accept a new {nstruction under
these circumstances, dut the new operation
is delayed until the unit ceases to be busy,
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o . Bit58 -« END OF FILE

"ﬂ/ : The unit has reached an end-of~file condition,

‘ Bit 59 - CANCEL »
The last operation initiated for the unit has been -
terminatéd without success. This status indica-
tion dees not include data error. One use for this
indication is with inquiry stations to permit an
operator to wipe out a partial entry by means of
a Cancel key., Fhis-bit-alic-cemesomefier-a-

RB I BASE rerrhret von Lodi
Lotd o ” }

Bit 60 - DATA ERROR
The last operation initiated for the unit has been
terminated by a data error, t
Bit 61 - OPERATOR SIGNAL
An operator's signal has been received from this
unit. This signal has no functional significance.
It is interpreted by programming, in whatevex
manner is desired, to establish gommunication
between the operator attending a unit.and the
computer,

Bits 18 to'23 are the Select Status bitas, They are turned on when the
corresponding instruction is accepted, They are turned off when the -

operation is completed or when a S instruction 1is given.
Iéit 24 relates to delayed interrupts which are discussed in a later
segtion, '

Bit 55 is the normal end~of-message bit which comas on when an.
operation is completed. It is turned off automatically when the next
operation is startéd, RELEASE also turns it off,

Bits 56 to 61 are the Exception Status bits. They come on when the
corresponding condition arises., Bit 56 (UNIT NOT READY) can
only be turned off by operator intervention to get the unit ready to
operate, Bits 57 to 6] must be turned off by a RELEASE instruction.
If any of the Exception Status bits are on, operation cannot proceed
and subsequent inatructions to operate the unit are rejected (see
EXCEPTION REJECT, below). ‘
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0, 8, Start of Operation .

When the computer sends an instruction to the Exchange, the computer .
must wait a few microseconds until the Exchange has interrogated the ~
status bits of the external unit and tested its own ''waeight" count to de=~
. termine that it can accept the instruction. As soon as the Exchange
signals the acceptance of the instruction, the computer proceeds nor-
mally,

If the Exchange rejects an instructien, one of three signals is sent to
the program interrupt*mechanism, turning on one of three indicators:

(a) EXCEPTION REJECT
An instruction was given for a unit which was not in conddtion
to be operated. One of the Exception Status bits (Bits 56 to 61) in the
control word is on,

(b) SELECT REJECT
An instruction was given for a unit which was still selected
as a result of a previous instruction, One of the Select status hits
(Bits 18 to 23) is on.

(c¢) EXCHANGE BUSY
An instruction was given which weuld cause the Exchange to
exceed capacity, i.e., the total weight count would have gone above 32,

_ If the mask bit cerresponding to these indicators in the interrupt me-
chanism has been set to 1, an interrupt takes place to paxm;lt the pro~
gram to decide on a course of action,

If the mask bit for EXCEPTION REJECT or SELECT REJECT has
been set to 0, the computer merely proceeds to the next instruction
i without taking any action.

If the mask bit for EXCHANGE BUSY has been set to 0, the computer
waits until some other units disconnect and enable the Exchange to

handle this traffic, The instruction is then completed. This spegial
feature is provided to handle elementary situations, where the Exchange
Busy condition would be a rare occurrence, without special programming.
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End of Operation

~ When an operatioh concerning an external ynit has been c:ompfeted the
statug at the end of the operation is recorded in the status bits of the

corresponding control word, and the unit is disconnected.

If the operation has been successful, the END OF MESSAGE status bit .

(Bit B5) is turned on. It comes on when the information transfer has

been completed on reading and writing, or when the required address

or control information has been transmitted to the unit by a LOCATE or
CONTROL instruction, When this bit comes on, the Exchange is finished -
with the unit, although the unit may remain busy for some additional time
to do ite part of certain operations independently of the Exkhange.

If the operation is not successful, one of the Exception Status bits (Bits
56 to 61) is turned on. Again the Exchange is finished with the operation,
but the program must take suitable action to take care of the special
condition,

The External Interrupt Tag (XT) in the Control (Index) Word determines
whether any of these conditions are permitted to cause a program imters
rupt, If XT = 0, no further signal is given, The program must test fox
any special conditions, either by interrogating the control word or by
attempting a new instruction and looking for any instruction reject.

i XT = 1, one of two Indicators is set in the program interrupt mechanism,

when one of the above bits comes on, and at the same time the external
uniﬂu stored in a unit address register in the computer. Bit 55 turns on
the END OF MESSAGE indicator. Any one of bits 56 to 61 turns on the
EXCEPTION indicator; here the program must interrogate the centrol
word to discover which status bit is actually on. Once one of the indica~
tors is turned on, program interrupt will occur subject to the standard .
masking and disabling provisions. ‘

Interrogating the unit address register automatically resets the indicater

- and permits another external interrupt to occur, If an external interrupt

condition occurs before the previous external interrupt has been reset,
the Exchange turns on the INTERRUPT WAITING status bit {Bit 24),

The {oterrupt will be presented at a later time when the previeus one has
bean reset. Thus the computer dealu with only one &ntorrupt eonditibn at

a timae,
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." - w.; Baek«up Storaga for Contro‘l Word ' -

© To permit the program to back up and re~read or re-write the last
1 block with ease, provision has been made to store the initial control S
" word for each unit in a separate location in the Exchange memory, |

- Every time a new block is started, the current control word is placed
_in this back-up storage, When multiple blocks are read or written with
one instruction, this is done fpr every new block. If an error occurs, the
‘unit stops at the end of the current block. After programmed or operators-
controlled backspacing, it is possible then to re~start the block in error
and to continue to the normal end if the error does not recur. To do this,
the control word address in the read or write instruction is set to zero.
A zero control word address is always interpreted by the Exchange to ree
fer to the control word already stored there, _ T

" If desired, the instrnction ENTER CONTROL WORD can be used to Mt o
up a control word in advance of a read or write {nstruction which must
then have its control word address set to zero. This feature can also
~ be used to read or write in the same memory area without repeating the - .
~access to the same control word in main memory. ' ‘

- (The back-up storage feature is not available for low-speed unitu whic:h
occupy specia.l channels in addition to the basic 32,) ‘
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11. Initial Program Loading

0 . When the power comes on, or when an Initial Load key on the Exchange
is pressed, the Exchange will be set up to interpret the first Operator
Signal in a special way. R

The initial program can be loaded from any external unit, The operator,
after readying the unit, presses its Operator Signal key. The Exchange
automatically simulates a READ operation and a contrel word with

data address = 1 000 000 (decimal: 64)
. limit = 1 000 100 (decimal: 68)

This causes 4 words to be read from this unit starting at address 64 in
memory, '

On a Stawxt signal from the Exchange, the computer sets its Instruction
Counter to 64 and starts program operation. The Exchange then rewerts
to the normal status, interpreting all subsequent Operator Signals in the
narmal way,

The initial program may consist of the instructione READ mnd BRANCH,
followed by a control word to permit loading the next program block in
any desired manner,
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