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This document i an introductior to the concepus . philosophy and oper.
ation of the I/0 portions of the 1200 System I 13 dintended as &

on .

2

companion document to the 3200 Syrtems desoript

The docurent iz not & specificstion.  Any rreciiae anformation on oon-
figurability, formats, encoding, etc., should be cbhtained from Lhe
appropriate functional specitications.
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3200 INPUT/QUTPUT PHILOSOFHY

resia agemeame fn

INTRODUCTION

Two fundamental elements of the 3200 System Pnilcsophy are the
creation of a division between date and procedure and the mechaniza-
tion of multitasking., The 3200 I/C System, an inteqgral part of the
3200 System concept, has made consistent use of the fundamental ¢ige

wents

The basis function of the 3200 Input/Cutput Subsystem iz to allow
several independent peripheral processes to operate concurrently with
one or more central processor operations. Further, the shared zcceas
vo main memory by central processor{s) and 1/0 can&rmllﬁr{s}yx$ js} iy
posed as the limiting factor in system throughput Practically. the
mechan:sms which initiate and terminate rulriple access Lo main mem-
ory also prove to be factors in system throughput Rowever by pro-
viding many independent mechanisms to conduct the initlatlion anu Lerm-
ination functions, the amount of direct central processor involvenmen

¥

idt periphers. operations .s minimized

The 3200 System consists of 2 main memory with ports to each of
one or wore central processors or input/output -cgntrolliers (I0C), The
purpose of the I0C is to axpand its single port LO MALA MEemOrV §0 Lnab
it may be employved by several peripheral devices simultaneousiy. add
iticonally, because individesl I/0 data transfer rates are slow (mostly
consderably so}, but collectively may exceed the capacity of ths men-
ory port, the 1/0 subsystem must ranage prioirities of each peripheval

access Lo main memory

1/0 Operation

»

The central processor initiates and must be aware of all input)
cutput activity. System design places responsibility upon the central
praocessor tasks {(programs) to issue those instructions which start

I/0 activity., If the initiation satisfies systems reguirements in .
terms of availability‘cf system resources and security restrictions,

a

g
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rez;onsxbflzty for completion of the 1/0 yrocess is relinguished to
an X/0 pregram under control of the I0C. The 1/0 program consists of
an array of 1/0 commands, the structure of which besr no resemblance
to theiy counterpart central processor instruct;mhsu

Arter completion of Jdata transfer or control cperations, ths I/0
comrran<d array notiiies and returns control to the central process:. .
Needless to say, two I/0 command arrays operating concurreniily havo
no means of mutual communication and must rely upon the central procea
sor for control of any mutual sctivity (data transcription}.

Central Processor 1/0 Facilities

Two levels of 1/0 control exist within the central processor !
self While individusl tasks may issue I/0 instructions, a systans
monitor or supervisor (gollection of tasks) must overses the asaigd
ment of L7G facilities as well as asgsign priorities, assure secus: .
and monitor completion and interruption signals from the {relatnively;
free running 1/0 command array programs. System elements such as Lhe
device specification table, traffic registers. simulteneity tablias,
trapping mechanism and 1/0 start array provide the means [or & sygtems

monivor Lo carry out its responsibilicy

The device specification table maintains information relative ro
every device attachad to the system. In addition to transfer rate
énﬁ individual logical status 1t contains directions for trapping o
re ;ection of I,/0 inctructions based upon device status or cother so-
tors The traffic registers and simultaneity table autcomatically cheok
to see that neither transfer capacity nor maximun level of simultaen-
eity 15 exceeded esch time an I/0 instruction is attempted The trapp-
ing mechanism and instruction rejection are used to terret out in-

structions which represent exceptions to normal cperation.

‘ The I/0 start array is the prime vehicle for communication from
the peripheral devices to the central processor. It provides the
centrel processor with an integrated hardware-scftware-contrelled
ability te distinguish among a large variety of device-generated sig-

2 -
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nal : The mechanism steers the central processor to a task specialized
tor es:ch wignal, & task which can handle =11 Cignals or any level be.
rween Lhe two extremes Each device can conceivabley del.ver up to

“56 d.ncernanle cignals.

Torfigurabrlity

- The multiprogram (via task swapping, I/0 startu array). multai-
;fdceﬁ( (via concurrent processing of 1/0 command array programs)
arrroach to I/0 system design provides much flexibility. The degree
of flexability is governed in large part by system configurability
Heth i1n hardware and software

The basic hardware configuration of the system rélative to I/

coerat von L depicted as follows:
A
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FIGURE 1 BASIC HARDWARE CONFIGURATION

The input/output controller, peripheral processor #nd periphsral
device are these physical system facilities whose scle purpose is to
conduct input/output operations. The numbers of I0C's, Peripheral Pro-
cessors and devices which can be attached to the system or operated\

-3
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sirultarecusly ies the subject of detailed system specifications. Al-
though IOC s are functionally identical, peripheral processors, and
dev:.ces will differ according to the media with which they deal, In-
formation on primary and secondary busses also may be found in other
specifications Central processor facilities such as device and sim-
ulfaneity tables and traffic registers will be available consistent

with actual I/0 facilities.

Software configurability will be contingent upon the creation of
tasks to perform all I/0 functions with efficient use of main memory
storage By means of central processor task swapping and task priority
pechaniems, it will be possible to use single tasks for many similow
devices in serial fashion, thereby creating a many-to-one ratio of de- -
vice: to tasks, The flexibility. however, enables the scitware Lo

configure itself as reguired

Proteciior

The main element of 3200 protective philosophy is the asllocation
of data storage by means of structors. The structor defines the loca.
‘tion. extent and characteristics ob e daty rield when instructiong
are used Lo acoeess ob operate on data, they reference the sirucoilu
racher than the location of fields themselves Provision of struc-
tors can be tightly controlled by & management facility such as an

cperating system.

Thiz concept is extended to the I/0 system by having 1/0 instruc-
tions reference structors just as the non-1/0 counterparts. The 1I/0
opevands are thereby afforded the same degree of protecticon as data
which resaides in menory. Hance,‘it is possible to draw an anaioyy
between the class:c move instruction which moves protected data from
one area of memory to another and the I/0 instriction which moves a
set of protected peripheral commmands to another protected ares, the

/0 subsygtemn.

& more explicit form of protection comes from the use of loglesl
mask and logical status. These form a part in every I/0 instruction.

.
HONMEYWELL PROPRIEBTARY - SERBYTIVE
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The intention of lbgical~ﬁtatus is to allow specification, within the
ynstruction férmat, of a logical peripheral element such as a file, &
voiume, a remote terminal, etc. Although a proper physical path may

ke esuiblished to a device, comparison of logicel status and logical

masgk restrict use of the device for the specific purpose of referenc-
inag a known 1cg1¢ai element apon which the device 18 to operate.

The lock and key mechanism is used to protect a device from un-
authorized access. A control mechanism such as a monitor or operat-
ing system can assign a device (via setting the lock) to a specific
taks (to which it supplies a key) and thereby prevent its use by
other non-proviledged tasks

Peripheral Processors

pe
At

The peripheral processor complements the centrasl processor and
input/output controliler in conducting input/cutput operations. BAs
the ability of one I/0 instruction to initiate processing of an I/G
command array, so has the peripheral processor inability Lo assgign one
wr several functicns to a single 1/0 command. The availability of up
to 256 individual device commands makes it possible to trade periph-
eral control between the 1/0 command array and péfipheral device. In
all cases. however, the central processor exercises ultimate control

over all L/0 operations, reqgordliess of complexity.

SYSTEM ELEMENTS

Undersztanding of the 3200 input/output subsystem rests in large
part on a familiarity with‘tarminmlcgy describing the system slements,
Although few completely new terms have been introduced, very explicit
new meanings have been attached to familiar terms. Table 1 summarizes
certain concepts and terms which appeared in the preceding section
while developing a consistent language for use in understanding the
system operation zs described in the following section.

Other terms have dbeen used within the document for descriptive
purposes which may connote specific operations in the context of non-
3200 systems., Such terms have been used liberally znd no attempt at

-5
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de*xnxtlon will be made, lest 1? cause need for addltlonai terms ocr

create t1ght definitions not really intended Such terms as facility,

resource, element, operatlon, pointer, interrupt, etc.. fazll into

this category.

TABLE 1
DEFIRITION OF TERMS

- TERM

DESCRIPTICN

e

BUS

CONDITION CODE

DATA PATH

DEVICE SPECIFICATION
TARLE

FLAG

& physical ccllecticn of wires destined to
earry signals between two points, normally
refers to the connection between the I0C and
a peripheral processor, sometimes called the
primary or I/0 bus. A secondary bus may con-
nect peripheral processors to peripheral de-
wviges. ‘

An eight bit field in the Procedure Index of
the Task Status Block containing status re-
lative to the I/0 instruction just completed,
The condition code should be checked follow-
ing each I/0 instruction.

A list of facilities (I0C, I/0 bus, Periph-
eral Processor, etc.) to be used in access-
ing a particular device. Depending upon the
configuration, either more than two devices
have the same eight bit address, or multiple
paths are available to the same device., In
Both cases, further gualification is given
by the data path.

A table in main memory containing information|
about each peripheral device connected tc

the systern. See Systems Operation, Device
Specification The entry is used during each
I/0 instruction.

A field within =ach entry in the device spec~
ification table giving the central procegsor
explicit directions to follow (trap, rejec-
tion, etec.) if certain conditions exist (de-
vice busy, no comparison of logical maak and
status, etc J.

{Continuad)

-
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1MALE 1 (Cont )

TERM

DESCRIPTION

- puiieyt m
- — " TS

"I/0 COMMAND

§
¢
i

4

|

i
:
f

’
i
i

I/0 CONTROLLER

I/0 INITIATED START

I/0 INSTRUCTION

170 SUBSYSTEM

LOCK~KEY

.

A structor which contains information direct-
ing a device to carry out a single operation.
The structor is meaningful oniy to the IOC.
When several 1I/0 commands are grouped to-
gether, they form an 1/0 command array which
itself is a program executable by the I0C and
peripheral processor.

The physical unit permitting several pesriph-
eral processors simultanecus access to main
memory  The I0OC contains facilities (se-
quencers) necessary for simultaneity execut-
ing several XI/0 command array programs.

A signal generated by the I/0 device nr I0¢
for the central processor. The zignal can
cause steering to a particular task associ-
ated witn the cause and nature of the start
signal An 1/0 start array contained in main
memory points to all the tasks associated
with I/0 operations. The 1/0 start asigusl
resembles a peripheral interrupt under <er.-
tain circumstances

An instruction in the centrai procegsor re.
pertoire used to initiate a peripheral opera-
tion The I/0 instruction may ultimately
cause the execution of an 1/0 comnsnd arrasy
program in the I/0 subsystems. However, the
I/0 incstructi-n has explicit meaning only bt
the central processor,

The collection of all physical and logical
facilities and rescurces necessary to carry
out peripheral 1/0 sctivity.

A logical protection mechanism which allows
the peripheral processcr (or device) to re-
quire a positive comparison before allowing
a peripheral operation to procesed The lock
ig preloaded into the peripheral processor
while the key is referenced in all 1/0 in-
structions

{Continued)}

-2
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TABLE 1 (Cont !

TERM

| LOGICAL MASK-STATUS

PERIPHERAL DEVICE

PERIPHERAL PROCESSOR
QR CONTRCGL UNTT

REJECTION

SIMULTANEITY (level,
table)

P

TASK

TRANSFER RATE

TRAP

}:‘:.“_”'..‘.’: e S B e e e i

DEF INTTION

e A R S e T e
TS

A logical selection mechanism which allows
the central processor to selectively access
a peripheral entity such as 8 file or volume,
normally exceeding the address obtained via
davice number or data path. The logiecal
status is preloaded into the device specili-
cation table and the mask is referenced dur-
ing the execution of the I/0 instruction.

Single addressable data source or data sink.
1t may be a unrt producirg physical media
such as a disk or uape drive or an electron-
ic media such as a communication channel,

Thig unit intertaces the I0C and one or more
peripheral devices.  Its responsibility ine-
cludes interpretation of device commands,
maintenance, update amd reporting of device
status, =#hc, -

The halting of an I/0 instruction for various
reasons (busy. overflow of traffic registers,
etc.) before responsibility is turned over

to the IOC. Rejection causes the central
processor to seguencs to the nexbt central
procegsor ingtrucsticon and sioves the reason
for rejection in the cdndition code field of
the Procedure Index in the Task Status Block.

R PR

The ability to conduct a datas transfer bestween
main memory and a device. Implies that sev- d
eral such transfers are being concurrently
executed through a single facility {(bus, IOC).
The simultaneity table is maintained in ths
central processor to protect total system sim-
ultaneity capacity from overaccesses.

A list of instructions which form a logical
sequence of operations. A task may be con~
sidered a program designed for a very limited
purpose,

An indication relative to the amount of I/0
bus capacity required by a particular device.

A dynamic check of the availability of bus cep-
acity is kept by a traffic register. Overflow
causes rejection of the instruction. ‘

An automatic control transfer within a task
which results from a hardware detected excep-
tion condition

Y e T U ek T G W LY B NN EE

-wa..a
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SYSTEMS OPERATION

Th.e section provides @ description of the I/0 System cperation
while avolding the level of detail normally found in a specification,
iwe rethods are used to achieve this end: 1) hit level description

T

s

of registers or fields isg avoided wherever possible, and 2} sxcep.
tien Tases are eivner jelic wut or oovered In @ CursEDSLY Manhed. Whan
rovered  exception cases ave relegated wo vue end of the sectiun

avoid destroying the concinuity ol general descriprive maceriai.

Assignment of Facilities

The akility to invoke 1/0 resources is managed by three facili-
ties, one software and two hardware controlied. A software monitor
svarem nay manage the accessini.icy of periphersl devices via anizies
in the device specification vable {(voa Figure 2). Althouoh hardwsre
actuoally aliows or prevents 1,0 acuivity, the devigce speuitiicaniny
Grd e WDd, A0 almost all cases, made hy.@mftwaxeq' The traffic reg
LULBIS CONTECL B85.igUMENnt ol periphela. bus transfer capacity gnt o
gsimulteneity table oversees access to levels of simultaneicy 37 "ot
ware control. Ahe lhoee laciiloies are gotivatea each time a “ashk
attemprs to isaue an 170 instruction. Successful ioittacioan of Yha
ingtruction depencs wLot abfuriiosticn of ohe L oguifewencs of sach

Sansgeonenn kacllity,

The management tacilitisg, howaver, only represent physical re
sources within the system. The abllity of the peripheral device, per-
tpheral processsr or ipput/output controiler Lo gesi.on Whe L0 1ine

struction actually governs successful cperaticon, The 170 instruction

-

expliaity wrd mprieilly speciries those resources which .t degirss
o e through entries in the A and ¢ operands of che insoouoning.

The B operand specities cdevice number and dats path whise the cyps of
insuraction determines usage ot a level of simultansity. kFrotection
of devices by kay ang resources by & JOQLcal masx plevent anasuthorized
wiad . elther the device or bus transfer capacliv,

-G
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FLAG ,IL LOCATION l iiWFm RaTe , JLSGCAL STATUS 2

-t

FIGURE 2, ENTRY Iﬂ DEVICE SPECIFICATION TABLE

Device Specification

The device specification table entry contains those fields which
govern the initiation of the I/0 instruction. The flag field is loaded
by software to cause unconditional trapping or conditiocnal trapping,.
rejection or acceptance based upon such factors as device busy, mal-
function or comparison of logical mask and status. The flag field
busy bit is automatically set when an instruction is successfully
issued tc a device.

Transfer Rate

The transfer rate is used by the traffic registers to detect
system or resource overrun, Overrun and peak transfer rate cauges
ingtruction rejection.

Simultaneity

The simultaneity table is incremented following all other checks
before execution is initiated in the device or peripheral processor.
If 2all levels of simultaneity available to the resource or the entire
system are exhausted, the instruction is rejected. ‘

Ceondition Code

During the extraction of the I/0 instruction, the device specifi-
cation table is cbeckﬁd for busy or device malfunction. The presence
of either condition will cause rejection and corresponding reporting
via the condition code. A failure to compare logical mask and status
will have the same result. Rejection is noted by a bit indicating the
instruction was satisfactorally initiated. An instruction which checks
the condition code should always be placed after an 1/0 instruction to
detect failure to executa.

~-10-
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Device ldehtifier Structor

The B operand of an I/0 instruction ig the Device Identafier
Stvucrar {(see Figure 3) It contains the key and logical mask ard

speciLfies rescaroes such a3 dats path and device uurlieyr.

TUTAE DEWICE ORFERATION T aorige Tiom

oo Ta | o A

i

%
| frormrez

-

IR RTA ] O TSETE R TIDEVICE TRANSFER STRUCTUR
KEY lparw  1PWVICE Daage

: ,

i

e ety

bt '
. é 3 Yoe e e ™/ ~Xd [eR—
¥ -kPMmE. *" ]
i % Eﬁiﬂmﬂ ¢
o ! U Dunc i :
e . TEMSTER  (LOEACH FRLE AT
A [ LOOATION, T2 AT TR TPBiag
] | (54 h?& §ETAGS 4 gy

e S SEAUTRHEITY i
P TABLE !

- L

TRMVK,QEGSJXﬂS}

- A ot o1 T

FIGURE 3, USE OF THE DEVICE SPECIFICATIUOH TARLE

Tasgk Algorithms

Before issulng an 1/0 instruction, the I/0 start array (Figure

4} would have been loaded with pointers to preset software a;qowitﬁmﬁ
to accommexiate any eventuality which could resuit from the execution
of the 1/0 instruction. Normal and abnormal termipations {along with
indexed variatione thereof 1f the number and freguency of terminstion
‘causes justify separate hardware steering), attention signals, e
sidue indications and programmable interrupt entries in the I1/0 start
array reference tasks programmed to react uniquely to each.

w1l
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The tasks 1ndaxed by the 1/0 start array could instead be maxged
into one or more software tasks with varying accompanying levels of
software steering. In any case, the steering aapabilitxes of the I/0-

&

initiated starts require preagsignment of tasks to take advantage of
the information which the I/0 directs to the central piocessur,

Trne diagram of the mechanism which steers through the 1/0 start
array has bean‘qveraimplified for clarity. Entries in sany of the arrasy
elements point either to & Tesk Status Block (shown as & task), an
array indexed by the status of the I/0 device (device number, inter-
rupt eode, gqualifier), & FIFO array (not shown), or & NULL Entry which

anores the signal. & more detailed description of the mechanism is
given in the 3200 Syatem Descriphinn.

If independent starts are expetited to initiate the same task, 2
FIFO array must be employed to avoid potential loss of some I/0 astarts,
This could occur because of independent astaris from the ssme device ox
starts tiram several ilndependent devices to Lhe same bask., The FIPG
array automatically stacks the starts in the order in which they srrive.

Input/Output Inpstructions

The L/0 inatrﬁcﬁion is the language element which 2 Central Fro-
cessor uses to initlate one or A sequences of peripheral coperations.
It suppiies some explicit informatiuvn about the nature of the opers-
tion {(within the cp-code, but mainly refersnce sdditional informacion
{opersnds) necessary for execulicr.. The simplest instruction, a Halt
Davice Operaticon, references a Device Identifier Structor only. The
most complex I/0 instructions, in eddition to the Device Identifiex
Structor, may reference an array contsining up to %6 individual de-
vice commands. The individual device commands, in turn, normaily
reference fields 1o wain memory o be wsed foi subsegquent Lransgfer of
data . '

The Initiate Device Operation (IDO) inatruction i3 used for most
peripheral activity. There are three varisties of IDO each causing

different demsnds on the I/0 facrlities. The normsl data tranafey
specilies a device, & level of simultaneity ard a portion of bus trans-

.
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fer capacity. A second type, used for control, may be capable of
execution withﬁut':equxring a8 level of simultaneity. An example of
such an instruction would be a rewind order to a magnetic tape drive.
The thir&“type of 1D0, an Alter Operation, would bhe utilized to temp-
crarily intevrupl gxecuetion of an swiatipg 0 in order to insert
Jpesial information, elther contyrol or data, and then resume the
interrupted instruction. 7This instruction is of vaiuve in a dacs com-
municatione environment. Lslthowogh tne Llnstruction may reguire en
additional level of simultaneity, it can use the same dgevice number
3s the interrupted IDO,

gra
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The IDO instruction's A operand delivers a locator of either a
single I/0 command or an array of I/0 commands, When an array is
addressed, the Locator Structor contains a field denoting the extent
2f the array. 7The B operand is the Device ldentifier Structor, used
in coniunction with the device speciiicetion cable as @xplained under

Legviow Ddentifier Structor.

Extraction

Successful extraction of the Device Ildentifier and Locator Struc-
tors rests upon the availability of resources, successful comparison
of mask and logicai status, and no rejection or trap. Successful,
extraction results in the deiivary of an 170 coperand to the I/0 con-
trollsr, initiating execution of the operation herein. The 1/0 oper-
and contsing all information reguixed by the peripheral processor
and I/0 controller in order to independently assume controi of the
periphe;zli uperacion{s). Ths I/0 operand is styustered 88 shown An
Figure &,

~ - » EY
DATA EXTENT e
WE DEVICE [T
o Y IL’ PATH  whe 234 ATioK 27 48 J?’.L‘ J.'.m

FIGURE 6. 1/0 OPERBND

Successful extraction also causes storage of the location in
the device specification table as well as the setting of the busy big
in its flag field. At this point, the central processor is free to
initiate a new instruction while peripheral processing independentiy

proceeds.,

Unsuccessful extraction, i.e., sejection or trap, will serve to
terminate the instruction and allow the central processor to initiate
a new instruction. Reports on the reason for termination are made
through the condition code or the trapping mechanism {(see 3200 Systems
Description for information on trapping). The condition ccde should
be checked in the instruction follewing the I/0 instruction.

-15. -
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The I/0 command is used to cause & functional operation in a
peripheral device. A single command or an array of up to 256 com-
mands may be the result of one I/0 instructimn issued by the central
processor. The command contains information on the cype ol operation,
starting location of information to be transferred, amount of informs.
tion to be transferred and a transfer variant which inskbructs tha 170
controller how to control the operation and seguencing through the
command array., although 1/0 commands generally fall into the cate-
gories of data transfer, control or status inquiry operations, the
differentiation between then is & Ifunction of periphersi processor
assignment of device command codes. ‘

The 1/0 command srray is actuaslly a stored program and the ex-
ecution processcr and 1/0 controller share responsibility in its
processing. Frocessing within any one i/0 command arraey is performed
serially although signals such as programmabie signala, device scti.
vated ztitantion signals and residue signals oan inittlanse pocal sl
central processor activity.

e sndividusl I/0 command is structured as shown in Figure %,

"’:‘Q‘{'u \VP&' 1“ ~ T.. C:"?‘-’ - 5“%5‘7";’& 1r e
218 QLATION i3 47 148 o @é
-y

B

g
TEANSFER VARTANY —/

DEVILE (DlemRAND COoLE mmm__J

FIGURE 7. INDIVIDUAL I/0 COMMAND

Device Comnand Code

’ Up to 256 device command codes may be specified for esch ty@a
of peripheral device. The I/0 copmand may be used to transfer dsta,

16
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initiate control operations with or without accompanying control
parameters, or extrasct status. ' ‘

The termination of an 1/0 commend is controlled by the periph-
eral device., However, the peripheral device may use the information
that the data bufter in msin memory has been exhausted or may use
sarticular data codes to csuse termination. iIn the course of termin-
ation, the periphersl procesacr may initiate a branch te other than
the next command in sequence, Lf the transfer variant had previously
allowed such action. The location to which the sequencer branches
mey e pre-progrenmed or optionally controlled by the peripheral
processor itself,

The branching process may be used as in the following example:

Having previously been issued a write date comwsnd, the
peripheral processcr, upon termination, may indicate
either normal sequehcinq pr bhranching to ops oY mars
error or alternative activities. The first type of
BITOL Way be recoverable snd could cause a retry of
the original commend. Anotner type of errof, anres
coverable in nature, couid cause the interrogation

ot devire siabtys in order to analyze-the error before
reporting to the central processor. One or pore alt-
ernative next command solutinong might be possible de.
pending upon various types of (non-error-indicating]
outcomes ol whe periphersl processog.

The branching capsbility, then gives the 1/0 Subsystem & latge
degree of independent decision making capability,

Ic mugt be noted thar misusa of the branching cepability could
result in the execution of an endleses loop of I/C commends, Thia
so called “silent data” can be detected oniy in the central proces-
sor by means of 8 timeout. A common encounter with this problem
could result from the repeated retry of 8 peripheral command which
failed to successiuly terminate becsuge of an error copdition {bad

el T
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communications line, dirt con magnetic tape, etc.). The peripheral
praceﬁser‘must maintain & retry counter if such a procedure is to be
considered. Consult individual peripheral processor functional char-
acteristics tc verily the presence of the retry counting capability.

TRANSFER VARIANTY

The transfer variant contains control bits which can mchitor
residue, unconditionally cause interrupt, allow peripheral or condi-
tional nranching, signal end of array, and give information on iocs-

tivp of hranches,

LENGTH, LOCATION

The length field will specify the number of bytes te be trans.
ferred and the lccation field, theilr starting location.

Examples of Command Array

® . The following command array might be used in a data communica-
fions environment where & station is dialed, & message transg-
mitted, an acinowisdgement checked, an .end of transmission mes-
sage sent and the line disgconnscted,

Termination . Examples of Typical
Device Command Buffer Indicator Branching Conditions
Aisl tal number Retry i{ no answer up to

3 times; branoh to +5 if no
answer 3 times;go to next-
command if answer.

transmit message retry if negative acknowl-
edgement received up to 3}
times; branch tec +4 1if re-
ceive 3 negative acknowl.
edgement; go to naxt com-
mand if positive acknowli-

, edgemer. .,
transmit ené of Trans-
migsion meg-
sage
disconnect _ : x
read status error buffer
disconnect ' X

~lB-
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». In ﬁ%e course of accéééing &‘r@éard.on 8 disk file, it i8 nec~
essaryvta positimn the head and then ﬁgarch\through the hesders
and keys on a track until the degired key and its associated
data are iocated. ki such time, the data iay be read, in a
sequential file structure, vecords are stored in ascending order
related o their keys. Althouagh the key codes need not be
contiguous (wll codes not present), they are arranged in order.

A peripheral procéaamﬁ for mess memory having the capabilicy to
compare header addresses anl keys to stored counterparts nesd
not cause interaction with central processor until a read and,
pernaps, & new tlack or head seek sre inictlated,

Device Command | Transfer Variant Buffer Remarks
search Header ranch * until Jfirst header (| Ssarch for header =
- comparison : aa
Search Key branch * until jdesired key( | Search for key p K
2 comparison '
Feemd | Data Buffer |
Seek srray terming- New Track Pogition to new
tion sl track in anticipg-
: i tilon of next record
? o be accesoeged,
i Terminate Arrav.

Input/Cutput Initisted Starts

The I/0 controller is capasble of providing several types of 1/0
starts. These starts can cause hardware directed stesring through
the 1/0 gtart array to an entry representing & specific device, »
specific type of start {(cermination, residue, attention, etc.) and
8 level of indexing qualifying the type of start. Each I/0 start
will cause transter of an I/0 stacus word, Tt will contain the de-
vica address and signal code (indicating type of srvart) za wall as
the qualifier,
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NORMAL TBRMINATION

Normal termination of the I/0 instruction will cccur when an
1/0 command is reached which contains indication that it is the last
command in the array. Mn I/0 initisted start signifying normal de-
vice termination wiil oceur secordingiy. The i/0 sratus word will
contain status {i.e., cause of termination, etu.; aupplisd by the
puripheral processor ag well as data psth.

ABNCORMAIL. TERMINATION

Abnormal terminations indicate that the arrsy of operations
could not be complieted or was completed with an error or exception
condrtivn.  The resultant /0 status word will contaln pariinant

status {caus® Or erroLl, &ti.).

PROGRAMMAEBELE SIGRAL

A Programmable signal will result from the setting of the appro-
priate bit in the transfer wariant and can occour at any time during
execution of an array wf /¢ cunmands. Yhe 170 gstatus word will de-
liveér only the sequence location for which the signal woowrned.

RESIDUE SIGHAL

Residue storage signals are an indication that a difference &x-
1sts between the length field of an I/0 command and the carr&a@@mﬁiﬁg
vhygical record which was transferred so far, The I/0 status word
wiil deliver the residue (positive for underflow. zeru for ovacfiow)
and the array segquence iocation. The transfer variant or the periph-
eral processor status must have indicated an intention to register
residue counts in order for the signal to ocouz,

ATTENTION SIGHNAL

Att&ncién'signals may be used when the device is not presently
executing an 1/0 operation or for special conditions not reguiring
termination. The 1/0 status delivers cause of interrupt.

e 2
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FIGURE 8., SUMMARY OF I/0 STATUS WORIE

Execution of 1/0 Initisted Stayrts

The centysl processor receiving the I/0 initiated start will .
sense ithe 170 stetus word for the cause of the start. Terminations
will cause the release of transfer rate from the traffic registers
and the pusy condition from the device specification table flag.
Terminations and other signals will then cause the centrlel procesgoar
to attempe indexing of the 1,/0 start acray untii's pointer to a Task
Control Block iz resched, That tssk will be checked four priority and
executed 1€ it meets the priority coriceris.

Additional IDO Formatsg for Single Commands

An IIX instruction may specify only a single command. Such in-
structions may be used for the purpose of sendiog control informa-
tion or inquiring of peripheral processor status. The ¥ operand, de-

ice identifier structor, need not gpecify an extent {(which wonld
 nﬂrmélly indicste the size of the I/0 command srray). Furthes, serly
release of facilities such as transfer rate and level of simultanaity
tan be schieved. The resultant 1/0 operand carries such information
to the I/0 controller.

-2l
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»

xAdditiona; Instrugt;ons

- The Halt Device Operation Instruction is an unconditional halt
cfder‘to a device, Because no data is associated with this instruc-
tion, only the device identifier structor operand is required.

| -22-
HONEYWELL PROPRIETARY - SENSITIVE



