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As the dipital computers are bocdning increseingly
populor, tho need for the better presentstion of its
output has boen constently felt amongst the users, Sinee
the conventional output deviec of the computer, i.e.
Printer, can only present the dats processing results
in taebulor form, the iinterprotation and anslysis of
result dete remains e tedious work, The computer
grephics i1s the solution of this problem, For the rapid
trenslation of digitsl outputs into computer graphics
for gquick visusl interpretstion and cnelysis, the digital
plotterse are the bost suited dovices, The plotter can
vork on-line with the computer for computer graphies,
1f 4t 45 suitably intorfaced with the host computors,

The increnental plotters are rerarded as one
of the slowest peripherals in a computer system, The
objective of this project 1s to dosign the interfece
for en irdigenous incoremental plotter (KFLTRON) to be
connected to the rultiplexor cohsnnel of the &C 1020
system, The major objoctive of the design is to have
& maximum possible throughput qfflcienéy in the multi.
progranning environment, This complete buffered interface
supports multiplexor channel operantion in the burst rmode
and allows the particulur memory partition (stored
output of the ploteprogram) to be releesod within a
comparatively insignifiecant duration, 4s ‘the EC 1020
interface follows the astsndard 1IN 380/370 protocol,



80, vith tho minor modificotions, the EFLIZON 07+160
plottor can be connected oneline with sny of the EC,

1D, or URIVAC computor systenms following similer
protocol. In this thesls, rost of the hardvare circuitry
hes been Sesipned ond implemented in the loborstory

and tho detailed rceguirenents of the 10CE softwore

has boon suprested,
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Incronsing demond on dipitol camﬁutcr for aco
in lorpe veriety of ficlde hos nacessitetod the develope
ront of spocialized interfacee 80 that thoy eould do
connected to different kind of oxternnl devices ﬁbr
processing Jobs of 4ifferont kind, Thoso extornal devicen
can bo standard computer units sueh oeg 8ishe, tapewdriven,
€T Gieplaye, printers, and plotters; théy can be verious
olectricol, modical, or dhor instruronts thet cmploy the
computcr for Oll-LIM Sate proecessinpgg or they con be
infustriel ejuipments thot swploy the cooputer to suporvise
oporations such os an autoratic 04l rofinery or s cooputors
iscd steolwrolling pill,

Ono can hove tho roguired interface for s pérti-
eular applicotion $a any of tho followinpg throo wagey voyss
~ 4) It could bo purcheccd ontirely from the

nanufodirery
11) 1t covld be ssserbled using conuerciplly
ovoilable ckt. cordsy
-431) It could bo dosipned frop seratch and eould
thon bo built with individual intograted ekt,
c¢hips,
Tho third option hes doen follovd in thie worh
and the primory sio of this vork hos been to build up
r'C 1020/308 cepability to support d4ifferent epplicntions
in tho f13l4 of Craphics, This hae boon flons by interfacing
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IFLTROI's GT 160~ & dram type incremental plotter haovingp

eix data input lines with -C 10R0/30D oysten, _

The projoct formes pert of & leboratory developnent
offort vhore mltincte aim is to provide a graphics foeility
to the FC 1020/30D users in the proas of Receorel and

developront,
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2«1  preliminaeies

Input/output dovices provide s mesns of

cornuniention bolvoen tho computor snd the outside uorld.

A computer csn have core thon one 1/0 dovices connected
to ite 1/0 unit, Comcunication with ony of 1/0 deovicen
45 ostablished by selocting thsot device, 1/0 systenm of
e computer should moet the following requircoente;

1.

2,

3.

Qe

Conputer should not be ticd dovn to the
periphoral devicoss |

conputor should be irndepondent of naturg of
1/0 device §.0 1/0 systonm should be sble to
conmunieste with any of devices through propor
intorfoces;

It should scecount for Aifference in the typo
of infornaticn prosented to or by 1/0 Govico,

- @oft the systen night hove to porfors word »

aesenbly bofore tho Gats fronm o eharoector
orionted Input deviee eculd be tranoffercd to
the corputer or vworde.disarcsembly for dato
vord rocoived from cumputer dofore sonding to

on output devicoy
The syston shonld provide tho wvay to write

progranzs in such a woy oe to roeover fron
gnoxpected conditions,



6, The systen should have provisions ¢o sllov 1/0

dovico s to tronsfer duts ot thoelr convenience
rogordloct of merory avoilability at a particular
posent o.r. buffer storago.

6. The pddition or rocoval of eny nurber of devices

should not affoct the cotputor froo fumctioning
norcally.

Tho Intcrfoce should be built to take carc of
nost of the sbove poals in hardeare or leave somo of then
to bo achicvced by softeare so thot the ratio of cost of
hardvere requircd to tho irprovecent ochioved is oo smell

ep poesidle,

. 2.3 Intorface Funetions
The following funetionrs are perforzod by e typiesnl
interfoce botwoen an 1/0 decice ond computery

1.
2,
<3‘
4,
Be

8.

7

To accept docta from the computor or 1/0 dovice.
To tronsmit doto to tho computor or I/0 dovice.
% orxecute the conronds of the computer.

70 tronsmit current status of operation,

To encode or deocode data in terms of the
rogquired recording or roproducing wotbods .

% conitor overall device oporation,

To account for 44ffarance in data tranefer
rates of tho tro aeperate pystena by
providing buffer storare.



furing this tocporary storsge poriod, code trans-
lation, wordenosembly or disacsembly, bloek formation,
editing or any othordatn processing thot mey be required
prior to inforpeticn trensfor is porformed,

Tho intorfoce may provide some loesl sutomomous
control functions in addition to the commands recolived
froo the computar, Other fncilities desired aro to try
to corrcct the corrigible orrors dofore informing the
corputer, provisions for reeovery from the dnu:poceeﬁ
confitions, rininice the tire tho computor remnins tie up
during the aata transfor oporaotion and toc honfle, nay bo
rore thon one 1/0 @ dovices,

row s days manufacturers not only supply & porie
phoral dovice but nleo & genoralisod Dévice control syaten
with it, vhich porforms oleost oll funetions etated above
except say 1,8, & 4, thus sicplifyine intorfocing,

Thae functioms to bo porformod by o typlenl intcrfoce
in such o situptions vw.uld bes ,

1. ™ rocoive dats from tho cogputer ond porforn
dato word-disassenbly, if roguired and transpit
to the device control systen,

2, To reeeive 4nto fron tho Sovice control syston
end perform dato wordeassembly and tronsmit
to tho cooputor.

3, T receive o comrand vord and docede the
oporation to be perforzed OR to rocoive esch
corrand on 8 seporate line and comcunicato to
the dovico control system the operstion roguired,
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It may choek out the validity of tho cocrand Pocoived ot
that particulor ropont, A
4. To roteive the device control system status avd
trenspit to tho computer on its requost,
6, To provide moons of coonunicoting error conditiuns
which roquire guick oction of the computer,
8, fpoef difference botecon tho CrU ond tho periphoral
in token care of eithor by the device control systenm,
or could be provided by tho interface,.
2«3 Congopt o e _gtondered Jntorface lodulg.

rge concepts are being ovolved rnov a Gsys roving
tovards stondsrdization of computer interface. Historicelly
cozputor Interfoca hove boon bu;;t wvith very littlc stonforde
ization, {tandardigation has following obvious adventarzes:

1, feving of money anf manpower bocouse of nonsduplicoey
of offorts in interfece desipn,

2+ Peitohing of poripharals from onc computor asysten
to another 1s sirpley 0.8« in coso ¢ computor systen
is to be roploced, 1t is jJust necersary to pluge-in
the standerd intorfeces, |

3. lasy waintenonce of peripherals e.gs 8 periphersl
to be ropaired couldd be plugred out and repotrd offe
line or 1t could be connocted to & smsll computer
(n$nd or micro) for oneline tosting,



“tanBardisction of computer intorfoces is
acklcved by
1, Fixing tho physicael ddmwonsions of interfote rodnles,
2, Ctandardicing pethe or buses cslled Gete highways
or doto wuays, The connecotor on baek of the rolules
1s plupred into this highway ond eoch wire in tho
highesy 48 rosorved fOr o spocifie signol type,
The signol choracteristics and functions are elmo
spocificd, |
The obove contept of computer intorfocing oy
roguire o very simple interface as o plug on computor
cebinoct vhich aupplics tho sppropriste signols %0 gppropricte
pointe of dnto way or o control modulo to gonerate
sppropricte signele,
2.4 Pactors sffecting on Intorface Design.
Design of an interface Detween on I/0 dovice or
o dovice control system and o computer is affoeted Dy o
nacber of footors, The ioportant factors sfe
1, ltodes o0fdnts transfor available on tho gomputor,
8s 1/0 structure of the computer,
3. 1/0 dovice or device control systen svailedble,
The mexicum data input or output rates with or
without criticsl timings for data tronsfer ote,
8 frangfor Techaiques,
Theto are s.vorsl msthods for transforring dots

Bed,ld

boteeen a computer and the outside vworld, Theso are
a) Progrooced dstn tronafer,



b) Progracmed dato tronefer with interrupt,
o) Direct [ecory tocoss tranffer,

Interfoce dosign for an 10 device s Influoncod
by the deta tromsfer technique t¢ be ipplemonted, the
cholee of vhich Gopernds upon the 1/0 dovico charccteristies
{8iscuesod lator) to bo interfoced with tho computer, coxicun
dote tronsfor rote with whieh 1/0 device can cormunicete, ond
eriticel dota tranefer tiomings. It may Do required %o have
in on intorfoce for st 1/0 dovice, all of dote transfor podos,
It may bdo tho case that an 1/0 defice provides hipgh dots
tronsfer rotes but deto tronsfor tinmings are not eriticsl.,
Cloorly in such o situotiuns, tho cholce of doPo tronsfor
rodo 1s alec dgctated by cost comparisons of different rodes
of irplementotion,

In the prorracred transfer cothod, the periphorsl
15 sorviced ot the convenience of tho computors 1.0s ®hen
~gver the 1/0 dnstructions bappon to be renched in tho
normol progrocy sequence, By contrast, the interrupt
rothod plocos tho dote tronsfor et the convenlence of tho
oxternal dovice, 1,0,y service is initisted through vhat
rotents to on I/0 subroutine us soon as the periphorpl
requosts §t insteed of when the computer pets ground to 1t,

Dircet morwory access, nﬁn, is o vory quick and
officient rothod for tronsferring large blocke of informstion
such oo rhén dote I8 pesscd to or from o disk, It 4s
sipiler to the interrupt rothod in that rcrvice is initioted
irreddatcly,but instecd of having a coderatoesized softeore
gubroutine supcrviso tho tronsfer, it is done ontirely by



spociol hordeare., Thusy tho date oro tronsferrcd much
quicker ot the expense of corc complicatod ond costly
hordecre,
Bl 2

For covnecting 1/0 devices to tho computer, thoro
are tvo systopas
1. DUE SYCTELs  In thic systen the 1/0 Dus will bave
8 nuber of dste lines, addrees lines, and control
lines which ecre shered by the dovices. Depending on
the cddress o porticulor device will be scloctod
and the control cignalec will activate the device,
£8dinp a new device, it is Just sufficiont to hove
o propor dofice controller thich ean rezdily bo
intorfaced with the 1/0 Bus, . The CPU ig not
roquired to bo zoBificd, Tho computor hos ot loost
ono 1/0 fnstruction operativn code. Typicelly
the op. cofo, tho dcvice number ond a fov eontrol
bits form sn 1/0 instruction,
- Yhonever CPU interprcts on I/0 instruction it
senfis control sipgnale on difforent control linos of the
1/0 bus, dopcen@ing or the control bite of tho 1/0 instruction,
It the computer word length is insufficicnt to aceomodato
tho opwcode, tho dovice numbor ond 8 fovw control bits, it
usunlly usec ono of tho working repirtors, genorally
acensulators, to kold the dovice nurber or the control
bits, any I/0 oporation to be purfornocd on s givén dovice
will roguire at least two 1/0 instruction %o do cxecuted
in this typieal oréer,
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1, First 1/0 4inctruction to seloct tho dovice,

8. foound 1/0 instruction to porform the regquired
oporation, :_ |
Difforent corbinctions of these control bdits pive

rise to diffcront eomdbination of control signale on 1/0
bus, esch of vhich could bo used to perform g spocific
fanction,

Tho interfuoce cust heve a dovice selection lopic,
an ingstruection decoding logle, and the lopie to porforn
the required funetion, Cooplewity of the interface depends
on the size of the instruction set choson to handle tho now
dovice and functiong to do performed by cach instraction
in this instroction get,

2, Rodlal fystem: In this eystem, tho control signols
ore 41ff.rcnt for difforont 4dvices. £0 whenever s now
device 18 to bo odfied, the cotputor CPU 3 reguiroed to bho
rodifiod, |
2«4,3 1/Q _Pevige Characteristies:

Interfoce design depends on tho characteristices
of the 1/0 dovice to bo intorfaced or tho charactoristics
of tho dovice controllcr logle avedladle with it,

The 1/0 dovicos ore Binory codod dovicen or
alphamumorictdex dovices. The various I/0 dovicos 81ffer
vidoly &n nature. Tho tain characteristics influencing
the interfoce dosign orog
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laturec of signal avellsble, osge Gnalog or 8igitsl,

Tets oncoeding, decofing ond formotting regiired,
fpocd of the 1/0 Gevice,

Critical or monweriticcl dote Sronsfor timings obte,
It the 1/0 4 .vice hos boen provided with a devieo

controllor logie, then tho intorfaoce dosign, depends on
the charactoristics of the device controllcr logic, and is
usiuplly eleplificd,
2«8 frecification of s comrutcr Interfage.

Tho interfece desipner should $nclude the following
points for spocifeine the interface Aovclopeds

1.

Dotatled information about tho dovice being linked
to tho corputer, alongwith the interfocing requiree
mants on both tho sides,

2, Cormand Amplemontation: Instruction set associatcd

with tho intorface, Spoeificsti.n dennnds, vory
clear explanation of each instruction,

Tronsfer ratos: The user on spocifying transfor
rotes of tho intorface must also give caroful
ettention to the amount of program ranipulstion
roguircd bofore tho data arrives at the 1ub§rfaee

- ond 1s stored in tho cotputer covory or on tho

perdpheral dovice, and tho effect of presonce of
the Qgher devices,

~ Paintonance and pockasings Yalntenance is usually

thouplt 0f as tvo ectivitiens
o) Proventive maintensnce » Anythinpg froo perioedie
replacerent of cechaniesl components to cxeorciso
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eguipnent on repulor beses,
b) Repoir meintensncos Opecificetions should glve

detoiln of checkout prorrenms that sre envisioned,

fpecificstione stould esll out tost point thot
cen be accorsed from the fromt panel or bock |
poncl or any 4isplay dovices o.8. lirht cmitting
81odes, Specificotions should asﬁ for rapnir
| purts list, From repalr point of view, Intorfoce
should be plugein type., Finslly, spocificotiong

call for packaging detalls, dimensions, conncctors,

front pannel arrsngoments, lopic dlaproms cto.
2«8 Increpentsl Flotter interfacing with o computelr.

The increrentnl ploter is on clcotromagnatic
. dovice which socepte dopital data on its imput lines
 anfl poves tho pen past a poper (drum type or flot bed)
to produce praphicsl representetion of the 4ata inputs,
Thore are tvo types of plottere Irum typo and Flat bed
types In Grum Sype plotter paper moves one step at coch
d4gitol signo) bit recelved on Yeline, It eon pove in
forvord divgotion if sipral 4% comes on + Y line, and 1%
roves backvard 4f the « Y lino receives o signsl, Pon
moves along the length of the dran i,e, ot on angle of
90° to the poper rovement, FPen can move eithcr to the
~ left or ripght depending on the signal received eithor on
= X 34ne or + X line rospectively, There aro tvo wore
lines « FCU OP anfl PEN DOUH which locops pon up ond dovn
rospectively,



paniaation of ré 1020
T™ho gonoral orgonisation of & typienl

computer syetem like EC 1020 can be ropresented os

shown below, Tho heort of tho systorm is the Centrol
Processing Unit {(CPU), shown as cosprising of a moin
storage, which holds both prorram ond dets, on
arithmotic « logle unit (2LU), which contains processing
circuitry such es on addeor, shifter, and o fov fast
regietors for holding the operands, ond tho instructe

ion eurrently bolng proceesed, One part of the (PU

1s 5 sot of routing cirecuits vhich provide poths
 botwoen storoge ond tho ALU and Input/Output controllers
or channels, In this type of systenm, many storago or
Input/Cutput doviess osy be wired to one channel, dut
only ono device por channol can be trensmitting infore
pation from or to rein storape st any one time, This

is, of course o restdction on the numbor of devicos that
can operate coneurrently, Thie is imposed becouss of
the cconony of ehsring corcon poths to cain storage ond
sipplicity in controlling voverent of informstion betwoen

tho doviccs and storore.
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The cajor ports of g computer rey be deceribed oa followas

1, ftorape ~ Thip 4z o moons for storing a rother
lorgo volume of information and o siople oconomicol
actone pechandsn for routing en element of
infornption to/fron atorape from/to a single
point(rerister), Otorege iz ueuslly ava:lablé
in cevoral versions, even in tho same systen
{moin storage ond sccondory storspe), thoso vory
in peeoss time, capecity,snd cost,

2, Dats Floy « Tho switching noteorks thot provido
poths for routing 4nformstion from one part of
tho computor to annthaer,

9. IRansformntion « Tho eircults for eorithratic
end othor data ronipulstion, This funetion &o
uaﬁally concontroted in a sinsle asrdthratic -
lopie Tnit{aLU), the centralizantion providos
ecanoly sinco o sinplo seot of fast oxponsivo
eireults 1p used in timo sequonco for oll
operations, Trsnsformation eircuils opeorate
en information obtoinod from storago by control
of tho datesflov switching,

4, Control « This 15 & goncral torn that ineludes
tho fmportont funetion of porforming tico saeguoncos
of routings of inforretion through tho dants flow,
™o eontrol furnetion appoore on teny levels in
8 conputor. Usuaslly the control S0 organiecd
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oe o set of tirce sequonces, or oycles. Each

eycle period ls convonly (but not oleeys)

divided into oguelly spoced time units called
intervals, The torm "oycle” refors to s spae!fic
type of soquence for selections on the date flow
performed in o succession of cloek intorvels,

For exemple, there 16 on instruction - fotch eveclo
during wbich an ingtruction containing information
sbout @ transformetion is brought tron storaspo to
an ALU registor, At otch clochk fntervel within
the oycleog an slenentory operation 4o performod
such o8 routing the storoge locstion of tho
instruction to the storape occoss nochanism, or
routing of tho instruction obtainsd to on ALY
ropistor,

Input/output - since informetion in the procosasor
and storape of the compulor sro reprosentod by
olectrie mirngls, devicos are provided to convert
inforpotSon from humsnegencroted to mpachincergodable

1, fopm on input, and in tho opposite dircetion on

output, 4 vory corron scheme for porforming thie
troneducer function upos o punchod eard, in
opoerator resds the infornction from hond written
or typed docucents and entors the informstion on
o Foyebosrd of key-puch mpchine, This mochino
trenslotes tho koy etrokes into holes on the
card, Tﬁa eards are then sent to tho esrd resdor,
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" which contoine tho nocessary eguipment to FEAD

tho cards, 1,e.4 sonse the hole positions and

tronslate them into tho internal eleetricesisnsl

reprosentstion, The results of the processing

in CrUy con be corrmunicated o the umoer by ceons

of soms othor transducor called printor, 1In the

printer, o tronslotion from internsl clecteie
sdgnol foon to the humnn resdeblo eharsetor set
forn takos ploce, |

The punchod card, printcrs, end its aseocietod
rochines ars oxamplds of Input/output deviceos. Othor
dovicos aveiloble include type writers, puchod papor tape,
CAT 4isploys, analoé-digital gonvorters end plotters,

3«2 Input/Output fyetens:

Input/0utput oporotions fnvolve the transfer of
Informotion to or from main storope and em 1/0 device,
Input/output devicos includo such equiprent ss aprd-rosders
ond punches, magnatic Sspe units, disk storago, teletype
Aevieces, printors, teleprocossing dovicos, plottors, and
procoes control eguiprent,

e 1/0 dovieo oporstion is roguleted by o controle
unit, The control unit funetlon may be housed with the 1/0
dovice as in tho nose of printor, or a saporsto control
unit cay bo uscd,  In 611 cosoes, tho control unit function
providos the lopicsel and bafforing cepabilities nocoszory
to operote tho oosoclated I/0 dovico, From the procrocoing
point of viow, most control unit functions morge with 1/0

dovico functions,
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%201 Igpat/output Interfeces

Al cnmaunicatsoéa betwoeon the control unit and
tho chonnel tokes ploco over o connoetion colled the 1/0
interfoce, The 1/0 interfoce providos smd on information
forant and control signol seguences that are indeperdent
of the type of control unit emd channol ord provide o
uniforn cosn of attoching snd controlling various types
of 1/0 dovicon,.
22,2 Chennelsns

The channel directs ond controls the flow of
inforcotion betweon I/0 dovices ond main storage, It
relieves the CrU of the task of cocrunicating dircetly
with tho devices and poreits data processing to proceed
concurrently with 1/0 operations, The chennel accopts
control inforcations from the CPU in the format supplied
by the proprecy end chenges it into s soguence of signsls
acceptable to o control unit, aftor tho oporstion with
the Govice hes beon initioted, the éhauaal asacrblos or
disosserbles data and synchronises the transfer of data
bytes over tho interfacoc with main storage eyclos, T©
cecorplish this, tho chanrsl nointsine end updnteos an
aefdross and a count thot describe tho dostination or
gsouree of dats in poin storare. Theon on 1/0 dovice
provides signals thot chould be brought to the sttention
of tho supcrvisor, tho channel sgoin converts the sipnnle
to o format compatible to thst used in CPU,

4 ehonnel oay bo on indfependont unit, copplete
vith nocesssry logical and storoge capabilities, or it
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may shore CPU focilitics end do physienlly intoprated with
tho CFU, The channel foelilitios roquired for sustelining
a single 1/0 oporation sro termed as a GUDCEANIEL, The
subchannel e¢onsiats of the ehennel storage used for
rocording the cddrosses count, status and control inforrne
tion associated with tho I/0 operation, Tho mode in which
a channel can oporate daponds npbn vhother 1t has ono or
toro subshennels, In rost of tho computer, thore aro two
types of channels,
1, SFLFCTOR CHATIEL
2, IMLTIPLEXOR CBAIIEL

Channel s have two rodes of operotioni DURET and
ILPIFLER.  In tho Burst sode, tho data Sransfor fucilities
of tho channol ore monopolizcd for the durstion of transfey |
of & burst of data, Other devices attechcd to the channcl
carnot transfor dots until the burst covases, The selcetor
channel fuetions only in the dburst code and so it hee only
one subehonnel

The multirlezor channel functicne in eithor the
burst mode or in tho multiplex modo, In tho pultipléx
oode, the multiplexor channel can sustain concurrent 1/0
oparations on severol subeharnnels, Dytes of deto ossocloted
with differant 1/0 dovices ore interlesved and routod to
or from the dosived locations in mein storage, Tho 1IN
intorfoce 18 timo share8 by a number of concurrently
operating 1/0 dovices, eoch of which uses its own sube

ehannels
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3~2.3 IOEUL/QUERUT ILSTROCTIONS

I/0 operations ore initicted and controlled at
thrae lovels by information with three type of formotss
INSTRUCTIONS, COIUARDS,and ORPEAS, Instructions aro docoded
ond oxeeuted by the CPU and ore part of the CPU progran
(first lovel), Commands ore dacoded ond executed by tho
chennels and initiete I/0 opcrotions, suech 68 roafing end
writing (2rd lovel), Both Instructions an8 commonds aro
fotehed from main storege and are cormon to oll types of
1/0 unites, slthouph the wodifier bits in tho commend codo
ﬁay spocify dovice depondent conditions for thoe exeeution
| of a dota tronsfor opuration at the device,

. funetions poculior to b device nro cpocifiod by
ordors, Ordors oro decoded ocnd oxoeuted by 1/0 dovices.
T™he control 1nfovmation spocifying on orier msy sppoor in
the podifier bits of o control comcand cofo, rcoy be transe
ferred to the dovico s dots Quring a control or write
operation, or nay be mode avellable to the dovice by othor
means.

The CPU controls 1/0 operstions by poans of four

1/0 iagtructions;

1, 8TART 1/0 810 © BI,C 8ec
2, TEST 1/0 710 81,¢ oD
3. BALT 1/0 110 0Y,C oB
4, TECT CRBATITL PCH B1,C oF

TH &Y



a4ll 1/0 instructions use the following 81 format:

i oP €OnE I 81 mo
—2i.8. 36068 080 31

Yhore, Dits 0«7 contalns instruction code
Bit 218 gre ipnored
Bit 16410 Bl flold (dGeipnotes o bosic repicter)
Bit 2031 D1 fleld(4isplocerent)
The eun obtoined by the eddition of the content of reopistor
Bl ond the content of the D1 field identifies the ehannel
ond tho /0 dovice, Thig sum has the forcats

' Channel IDwico :

| Adr, adre |

¢ 16 18 425 I

Bit positions Q.18 are ignovrod, _
STA31.340. (i) Snstructiong  This is used to

initiate an 10 oparébaon when CPU encounters sn 10

instruction, it activetes, tho echannel and sonds tho

device address to the channel, Channel intern initiatos

tho device ssloction soguence thich results in tho

issulng of s connend,

On multiplexor chonnel, 810 causes tho addresscd
davice to bo sclocted and tho opcration to do initioted -
only oftor the.channal has sorviced ell outstending
roquosts for data tronafer for previously initisted
oporations, This instruction is oxecuted only vhen CPU
is oxocuting in the supeorvisory node,



('—u

23

L. AZ0(510) dnatruetion
f10 fnstruction torminates n current 1/0
operation ot tho addrossed subeghannel or chennel, The
subsequént stete of the chanﬁul depends on tho type of
the channel, The instruction HYIO 1s uscd only tvhen tho
CPU 1o exccuting in the supervicor state,
TERT CHALNMEL(TCR) dnstructions

Fxecution of the TCH instruction sete tho condition
ecde 4n tho POV to indicate the stotc of tho svhannel
a%dresscd by tho instruction, The resulting condition
eoda indicotos ono of tho following channcl aveilabla,
snﬁerruptson condition 4in channel, chonnel worting, or

channol not operational,
32,4 1/0 oporation initiationg

sn 1/0 oporation 1s initiated by & 810 instruction,
12 tho nscéssaay channel and dovice focllities aro ovnilable,
130 1o seecepted ard tho CFU continucs its prorrans. Then
aftor ehauncl indopendontly povoras tho YI/0 dovice epocified
by tho instruction, fuccessful exceution of GI0 instruetion
causes the chancel to fotoh a CHANDEL APDRESS VORD(CLT)
froo the coin storage location 78, The CAU specifios the
dbyte locotion in rain storoge whare tho channel progrom

begine, _
The format of tho Cav 4s shewn bolow, Dits O3

specify tho storapge protoction hoy that vill povern tho
3/0 oporation, Dits 4«7 must contain zeros, Dits 8«31
spocify tho locetion of tho first CRAUITL COILAID TORD(CCT) .
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The byte location specified by the CAW is the first of
elght byte of information that the channel fetches from
the mein storage. These 64 bits of information are called
channel command word(CcWw). Only the SI0 instruction may
cause the channel to feteh Cewtsg,

CAW: " |keyloooolcommand
o 3la vlg Addvess g4

One or more CCW's make up the channel program that
direpts channel operation, A channel command word can
specify one of six commandsg

READ

VRITE

READ BACKWARD

CONTROL

SENSE

TRANSFER IN CHANBEL
~ If more than one CCW 1s to be fetched, the CCW's are

to be fetched sequenhially, except when transfer in channel

is encountered, The Flgure given below shows the format

of the CCw

Command| pato. Address

Code
0 7 31

Fmg‘oo%/ZEZ count
52 3657 @40 4748 63

The Command code specifies the operations to be performed

(Read ,Write, RG'Wind ete.). ‘
The Data Address specifies the first byte location in

main storage for a data transfer type of_Operation.
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The Elag bdte may spoecify chaining to anothor CCV,
supprossion of & possidle incorrect lenpth indication,ote,
Tho gopnt spocifies tho nutber of bytes for 2 data
tronsfor oporation, | |
Je2.6 10 Cornandgs

Thoe coumand code, bIt positions C=7 of tho OOV,
spocities to the chonnol cnd the 1/0 unit the oporation
to be performed, Tho two low order bits ( or when those
bits nre 00, tho four low order bits) of the cormand code
identify tho operotion to tho channel. The chonnel
distipuishos smong tho following four oporationss

ontput forvsrd (writo, control)

Input forvord (Rend,Bense)

© Input bpekword { Recd backword)

Bronehing (Transfer in chenxel)

The chdnnel ignores the hipgh ordor bits of tho
corzand code, Cocmands that initiste I/0 operations
(Trite, Rend, Resd backvard, Control, ond fense)
cause all elght dits of tho conrand codo to be transferred
to tho 1/0 unit, The cormand code sesignront in 1listed
in the following toble, Tho symbol *X¢ Sndicates thot the
bit position 18 ipgnoredg U 4dentifies a podifier bBit,

b Tode ngma?
EEXXO000 nve
IETI0L00 fense
TRXIXYL “ransfer in Channcl
e Rcod backword
[rr #2701 triteo
htaiit ata Uo) Rond

mraril Control
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The modifior bits srocify to tho unit how the comecord 4s
tc bo exceuted., They ray cause, for exazple, the untt
to compore data recelivod Guring tho Urite operetion with
data previously recorded, and they mey spceify such
conditions as recording density and pointy, TFor the
contirol eonrand, the roditier bits pay contain the order
code spocifying the control function to bo porforred,

Tho «pver tho channel delects an invelid coonand
dueing tho initiotion of e cocpond, the propracecheck
confiition 1o pencrated shon the first CCT Gosipnotod by
tho CAT contudns an dnvelid corcand eodo, the stotus
portion of tho €57 with tho aregromechoek i-81cation is
ptorod during the execution of ATATT 1/0.

Cilihs 4 Trite oporotion 4s initicted ot the I/0 dovice,
ond thoe subeharnel ie sot up %o tronefor dnts from moin
gtorape to tho 1/0 unit Dota 4in storsge pre fetebod iIn

an asconding ordor of sddresses, starting with the addroes
spocifired 16 the C(1:, DIt positlons 0«6 of the CCT" contaln
rodifior bit (comreeOl). |

3R4Ds o hood oporetion 1s initiated at the 1/0 unit, and
the subchannol 1s oot up to transfor dnts from the unit to
rain storspe, Date is storape ore placed 4n an asconding
ordor of ofdrocses, starting with the addrees spocified

in the €CT, |

Ru6D BACREAIDL A Road Beckvord Oporption is initioted

ot the 1/0 unit, end the subchannel s set up to tracsfer
datn fron tho unit to maln storuge, The chonnel places
the bytos n storoge in a dosconding order of addrocses,
storting vith the sddress specificd in the CCvy but
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fotches CCU's 4n an oecending sequenca,
QUIR0Ls A control oporetion 1s initisted ot the 1/0
unit, snjd the subchannel is set up to tronsfer dats
from the 'oin storape to the I1/0 dovice, The 3/0 unit
irterprote the dats os control informotion, The control
inforostion 4s fetched from the main storoge in ascending
order of cddresses, stoprting with tho nddress specified
in the CCU, 4 control command 1s uscd to 4nitiste at
the 1/C unit an oporation not involving transfer of dato,
sueh sa bockspacing or rominding wagnetic tope oOr
positioning a disk necose mechanisum, For more control
functions, thoe ontire operstion is specifiod by the
rodifler bita in the corrand code, and tho cunction s
poforncd over tho I/0 intorface as an inmodisto operstion,
A eontrol corrand code contsining acrps for
tho sext eodifior bits 18 dofincd as loeoporstion, The
Losgporation order causces the addrossed vnit to reaspond
with chanuel end without causing ony aetion nt the unmit,
Othor oporations thot can be initiated dy reane of tho
control corcotd deperd on the type of 31/0 devico, Dit
positions D=6 of tho CCT contain modifier bite,
“°DAT: A sonse oporation 4s initlated st the I/0 unit,
and tho subchonnel e sut up to tronsfer data fron the 1/0
unit to moin storope, The deta arc ploced 1in storare in
an ascending ordor of pddressos, storting vith the addross

specificd in the CCV,
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Date transferred during & Conso operation provide
infornotion concerning both unususl eanditiang dotectod
in tho lest operation ond tho status of the device, The
atotus information provifdcd by the sense cormend is more
dotailed than thet supplied by the unit stotus byto and
ey deseribe ressons for tho unit check canﬂitien,

For most I/0 unit, tho first six dits of tho first
sense dato dyte( remeo byte 0) arc cotron to &ll Y/0 units
that bove this typo of informotion, The six bita are
irdeperfont of eoch other and are desirunted as followss

pits Destnations
¢ " Cozrond Rejoet
1 Intervention Required
2 Bus Jut Chock
8
4 Dato ehock
5 Qverrun

The pesning of tho individusl bits ure self explanatory,
TRAUCPTR IN CHANITLs The noxt CCU s fetehed from the
location desinsted by the data oddress fleld of the CCU
speeifying traneforeinechenncl, This comrand does not
iritiste nny I/0 operstion at tho chanuel, and tho 1/0
device 40 not sicnaled of the the oxocution of tho cocrand,
The purpose of the tronsfer«in channel connmand 1s to
provide chaining botwoon CCU'e not locoted in cdiacent
double word locatiuns in an ascending order of eddrosses,
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3«2,6 Input/Output Terminator:

1/0 operations terminate with the device and
channel signaling end of operation and a request for
an I/0 interruption,

A cqmmand can be rejected during an attempt to
execute a START 1/0, by such conditions as busy conditions,
a8 channel programming error etc. The condition code set
in the Program Status Word (PSV) by an unsuccessful, SIO
instruction will indicate one of the followings that
a channel status word (Cs5W) has been stored to detail
the conditions that preclude the initiation of the 1/0
operation, that the equipment 1s busy, or that the
addressed equipment is not operationral.

The Channel Status Word (CSW) provides information
about the fermination of an I/0 operation, It can be
formed or reformed by start I/0, Test 1/0, Halt I/0, or
by an 1/0 interruption., The instruction test channel
does not affect C&W, The format of the CSW 1s as shown

belows _
Key |ooco] Command Address
o 34 709 31
Status count
32 47 48 63

Key field contains the protection key used in the last

operation,
Command Addregs; specifies the (location +8) of the last

CCVW used.,
Statug field contains a unit status byte and a channel
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gtotus byte, The unit statup byte way indicato ono or
rore conditiones such os control unit endl, chennel ond,
Dovice end, sttention, busy,status rodifier, unit choelt
snd unid exeeption, Tho channel saiastus dyte nmay inficote
8 channcl proprecming error, 8 chsnnel dots cheek, n
channsl control chock, protoction cheek, intorfoce control
check, chaining chocky, program controilod intorraption,
incorrect lengthy Qount £i6ld spoeifics theo roeidusl eount
of tho lost CCT uscd, |
32,7 /0 loterguptions

I/0 intorraptions are couased by tcrmination of an
1/0 oporstion ar by opcrator intorvention st the 1/0 device.
tn 1/0 dntersuption stores tho current POV in tho 1A
0léd PE loestion, and glacos the 1/0 now PAU in control
of tho system. The 1/0 usw POV, vhon msde eurrent by on
1/0 intcrruption, ray cause CPU 4ntorropetion of the chennel
status word, or toko shatover cction s considored approe
printe by tho prorracer,
| i 3/0 interruption reguest moy de intiated by am
1/0 interruption conditfon in o devieo, 6 eontrol unit, or
a ehonnol, then s channel hoe pultiple 1/0 interruption
regquests pending it osteblishose o priority sequonce for
then dofore initieting an 1/0 laterruption reguest to the
CPU @ nddtions responsible for 1/0 interruption se raguoest
rorgin pording in the 1/0 Govicos O chonnels until they

sre occopted by tho CiU,
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a4 £TANT 1/0 instmction is used to miuate data
tronofer to or from en I/0 devices T perform such on
operation, it is nocessary for the prog#amar tos

1, Establish a chonnel eorcond word (CCU) or o 1ist
of cttf"s in rain storape.

2. Load the channel address word(CAT') with the oddroas
of tho first bdyte of the first CCV7 in tho channel
progron,

3. Lood tho channel ond device sddress in tho STAAT
1/0 instruction to be uecd for the operstion,

44 fot the systen mask to dlgssble all channele for
1/0 isterruptions,

Be Isegue the START I/0 instruction,

8, Tost tho condition cofio estoblished in the current
PET by tercination of the ATART I/0,

Condition evde 0 iodicates thot thé 1/0 opcration
hos been initictcd ond that tho channel is proceeding with
ito execution, If an 1/0 ﬁnmm?uy!:ion is donirold upon
terninetion of the opcrations, tho pertinont channel mnsh
b4% puet bo =zot to 1{ au eppropricte 1/0 novw PET ruet have
boen cetablished proviously)e

Conflitiun cofe 1 inficetes thot a channel status word
(CET) he®d becn stored; its stotus bytos should be examined
to Getorninmo vhy the desired cperstion vas not initiated.

Condition code 2 indicates thot the channal or
subchannel adérosscd by the START 1/0 nstraction was found
to bo busy vith & previously initisted operstion, If an

!
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I/0 interruption from the operation already in progress
is desired, the channel magk bit must be set to one,

Condition code 3 indicebes that the addressed
equipment is not operationaly a message to the operator
mey be initiated. _

. Bétween the time a START I/0 instruction is
decoded by the CPU, and the time_the CPU is released by
the channel with condition code O set in the current PsW,
the channel performs many functions., The CAW must be
fetched, the first CCW must be fetched, the CAW and CCW
must be tested for validity, ete, After a START 1/0
results in condition code 0, the operation continues
until terminsted. Termination of an 1/0 operation causes
a request for an I/0 interruption,

3-3 MULTIPLEXOR CHANNEL:
3-3,1 BASIC DATA PATHS AND BLOCK DIAGRAMS
General block diagram of the CPU and I/0 channels

is given in Fig 3.3. The channel and the CE panmel are
connected to the CPU by the bloek of channel control (BCC).

BCC consgists of assembly logic and some other schemes
(for example, register for channel control-RCC) which will

be discussed later,

CPU
/L7 =
CE MOX SEL SEL
annel CH. CH-1 CH=2

Fig.3-3 General Block diagram of the CPU & 1/0 System,



The data and control informotion transfer betvecn
the channols anfd tho cxternal dovicos &8 rosliged by
pilcroprogranms and control cireuits. Meroprogron control
is applicd for oll chennels, In the ssloctor channels,

a spoeisl control Ckt, 1z used for data tronsfer, The 1/0
mieroprograms are loceted in the Yst block of ROU and uso
control signale from the microprogrem bloek of the CPU,
3«3.3 MULIIPLEXBR CHATTEL BLACK DIACGAM] AND DAT PLOT s

EC 1020 multiplexor channel (IC) cooréinatos and
controls the work of o grect numbor of small rote 1/0
dovicost tho moxipun tronsfor fote in multipiex mofe is
14428 Kbytes/sec.ond in burst mode this pate is upto
200 Ebytes/scc, |

Tho block Qisgrom for onltipleoxor channel 4s shown
in Pig.3.,4. 7The pultiplexor chonnel hes o compsratively
smell oen hardware bocouse during the execution of charmel
operation it shares tho bardware of the CPU and ® o
computing process a% the ssnte timo cannot be reslized.

The tultiplexor channel uscs the multiplexor and the local
storare, In tho multiplesor, which is e part of tho main
atornge, the subabatmai 8 aro cituated, In the subchannels
the UCT (unit control words) ore stored, The locel etoroge
ie & complomentery hardwai'e in tho oxecution of the channcl
.vtaimpmgrama.

In the multiplexor channel, tho control and the
dntn tronsfor ere rooligzed partly hardeare ond pertly
microprogron. The own hardware of the multiplozor channal
ineludes soveral registors ond control scheroes
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- ragister of output inforrmation RR2, which
c.ntrols the BUCWOUT intorfaco lines, This
register consiste of 8 infornntional bits ond
of onc parity dbit, The funetional sohenos of
tho rogistor RR2 and othor cultiplexor ehannel
rogistors ore deeeribed in paragraph 3.4,

- rogister of input informstion RR3, This ropister

48 connceted with tho BUS-IN intorface linoe
and 8 inforentional bits and onc poimts pority
bit,

- control ropiotcr for inwbound interface lincs
RR4,connoctod with tho ae-bound tog and control
linos, Tho ropistor hes tho following bdits:

0 « (IFCY " Intorface Troc condition,
1 « (0PL«111) Tripcer for the intorface signal OPLeIV
2 » (TADR=IN) Priceor for the intorfoce signol ADR1IN

8 e (T8T2eIN) " “ » ETA«1IN
4 » (TERVeIN) " " " ERVaIT
5 » {TCEL-II) 4 b b DELe I
6w (THrueIn) ® " n RE2e1N

7 e (7L U ) Teippor for control unit seloetion, This
shows that solection 1s initinted by the
channal .

- repicstor for cutput channel control RIC, vhich
is connooted with outebound interfaco tapg ond
control lines, Tho rceplister consistes of the



following bite:s

B30
O = {TCELOUT 1C) Trigrer for the interface sipgnal SEL.OUT
1 « (TADR«OUT 1C) ® " " ADR-DUT
2 » {(TCIDeQUT 1C) « . C D=0 UT
3 « {IBRVeQUT C) * " " ERV-00T
4 « (TOPL-QUT IC) © . " OPL-0U?
& » (TOUPLOUT ECY ¢ ol A 80P=007
6 = (TSEL-OUY? EC) " " SELeOUT
7 « (TCDIC) trigrer for chein data
«  error repistor RAN, This register fizes the
aryror gituatious during the operotions of tho
sultiplexor channel and has the following Lites

any

0 = {TIISCIC) tripger for multiple intorface signals check
1 « (TIECIT ) trigeor for 15ter!aca signsls check '
. 2 « (TIPCHC ) trigger for interface parity check

8 « (TOCCHC ) trigeer for output ALU lines € choek

4 » {TCDLC ) trizper for channel date cheek

B « {PCCCLC ) potentinl channel control check

€ « {(PIOCIC ) potentinol interface operation check

- error register RKRE, This repister indicetes
on $nvalied response, elow rosponso or no
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reosponss from /0 devico to o topgeout
interfaoce signal end has the following bitss

bl N

o~ m:m Jp—
1 « (TRILEL « UML)
8 « (TLISRV « OUFLC)
.9 e (T2IG’V - OUILC)
4 « (TLICID » OUIEC)
8 = (T2ICID » OUTLC)
6 « (TIOFL » I12C )

7 - { TIONNC )

first trippor for intorfuce oporation
intorrupt ofter tho signal SILOUT
goeond tripror for intorfoce uperntipn
inBerrupt aftor the signal SFLOUP
first tripeer for intorfece operotion
interrupt aftor the sipgnal CRV.OUT
gecond triggor for interface oporction
interrupt oftor the signal ERV-ODT
first trigeor for intorfoce oporation
interrupt aftor the signul CLPOUT
sccond tripgrer for intorfoce oporation
interrupt oftor the sipgnnl CIDWOUY
Tripgor for intorface oporotion
interrupt aftor tho signnl OPLeID
Trigoer for 1nterta¢e oporotion
interrupt,

Thae channol hoerdcare also includes somo

control schemoss

- Schemo for foroing ROS interrupt (ROSY) signel,
- fehene for forming RiE(reset 1/C orrors)
gignal cte, '

The data transfer botweeon thoe rain storege ond
the control unidt ie done vie the input infornstion rogister
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RR3 and output inforcotion registor RNZ, esnnceted with
tho rogistor IZ of the rcain storage, The date tronsfer
to the rogistor AR2 and from the RA3 4s ederoprogran
controlled,

The Snput of the rogister RAZ is olso comncotod
by tho ascemdly schemos in theo BCC to tho output C of the
ALU angd for thot rooson the output of tho RRZ i connocted
by tho ossexdly logic in tho BCC to ALU-D inpub,

o tronsfor of control sipnols to the correapons
ding intorface linom from the channol 1s fron tho rogletor
A0, Come Srirpors of this ropistor ove sot as bits of AL
repister,. F%r annlysing tho contents of the R3C ropistor,
its eutpntlia connoeted to the input B of tho LU,

The intorface signals from tho cxternal dovice
are tronsforred for analysis via roristor R to tho fnput
np® of the ALU, The orror repisters 181 and RRS arc cleo
cornacted to tho input "B" of tho ALY and thoir contonts
can bo gralyscd by tho piscroprorran,

81l repistors in the mext rmux channel aro econnocted
eithor to input »I® or to outpat #C" of the ALV, This
connection reguires the paxicum no of ropgistor bits o bo -

eirht without & pority bit,

o vux channel herdeers can bo devided into threeo

rain proupst
1, The first group includes oll schones for

caintaining the stonderd intorfoce 8ialoguo,
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Repisters RRC ond R and sormo control trigpors
belong to this group,

2, Tho socond group includes registors for servieing
the data flow from the tain storage to oxternsl
dovices ond vice verss, DRepgistors BR2 and RR3
belonp to this group.

3. Hegistors RRE ard 8RN are in the third group

| and sorve for checking ard hanfling errors in
echannel oporatione,

the Ijb intorfaco providas en informntion fernat
end a sipnal @ sogquenee cooron to all 1/0 unite, The
Anterfoce consists of o set of linos thot can connoet
a nunbor of eontrol unite to tho channel, FExeopt for the
signal uscd to cstoblish priority among control units, all
cormunicotions to and from tho channcl oceur over & cocmon
bus, snd signal provided by tho chonnel is aveilable to ell
conteol units,

Control unit %5 & pleco of hardworo thot providos
the logical capadilitios necoscory to operate and control
on 1/0 device and gdapts tho characteristics of eneh dovice
to the standard form of control provided by tho channel,
the control units acceopt control signsls from tho chennel,
controls the tinming of datn tronsfer avor the 1/0 interfoce,
and provides indications eonccroing the stotus of tho dovice,

The 1/0 intorfoce (channel to control unit) is the
concunication 1ink beteecon tho CPU channel and the verious

[o]



31/0 c.atrol units in tho EC 1020 systom, It erployes
information formats and control signole Sequencing to
provide Gniforn cosns for ettoching end controlling various
type of conténl units,

T™is interfsce is 90 dosigned that it providoss

- & degreo of consistoncy of /0 progromnming over
& wide range Of control units,

«  ready physieal connection to EC 1020 systen
channole of control unite desipned by any
nanufseturer to operate with this interfaco,

- obility to physicelly sccompdate future econtrol

 units dooiprod to moet the poracotors of thie
intorfoco,

- an intorlocked intorfoco oporations that 1s not
vory tice « dependent, this footure increosos
tho ranpo of cuntrol units that moy be ettached,

” an oporation applicadle to both rultiplex ond
burst rode oporotions s well os many control
oporotions and channcletoschannel tranemiesionsy

- upto eipght control units ecorviced por set of
1inos,

it ony ono tire, only ono control unit can bo

logically connceted to the channel, 4 control unit remsing -
lopically connocted to tho intorface until it troncfors the
information 4t nocds or has, or until the channol onipnols

re it to disconncet,

Tho rise ond foll of ell signolo trencnittod over

tho intorfoee aro controllod by intorlocked rosponsos,



O 41

Intorlocking removes the depondence of the intorface on
ekt, spood, and mekes it applicsble to o wide vorioty
of chts, end dots rates, Turther, interlocking pornits
connocting control unites of different oht, spuods to o
sinelo channol. ‘

The 1/0 activity commences with the &TAR? 3/0
instruction (98) which 1s encountersd in the progrem, It
in@icatos the channel oddress togethor with the sddrees of
the device which 42 to be used, This dovice addross
represants the chesen periphersl device (Mdule), os well
o8 tho eontrol unit through which it operstes, The device’
sddreas 1s plecod on the buseocut to all connceted eontrol
units and by ncens of patebecords, tho choson one is
1dontificd,

Aftor addrossian the devicoy 1%s fote, or the
condition of its reondnoss, must bo reported to the processor,
This 1g cchiovod by tho status Byte, which 4s prepeored in
the control unit end sent to the channcl, and by tho two bit
condition eadag which is prepered in the channcl ond sont
to tho processon, The flow chert shows tho various sftustions
and tho stotus or conditions shich can bBo raported,

| Furthopr activity depends upon control sords vhich
hove boon previcusly prepared ond repido 4n rovory, Yhese
vorda narcly Ca7 and CCU, are used to provide tho control
of oll setivity with the current gsolected dovice, The CAU
pointe to the first CCU which vhen fotehed into the channel,
provides the nocessary controlling paremeters. It contsins
tho cormard code, &3 por tho device instrucrtional reportoire,
with certain flag bits, shich indiccte special operations,
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The flag bits may u;aeity, for oxample, whother thoe ecommend
e 80lf stamiing or 1s issued us & port of & cleinm of
cocrands, The C(U 8lmso eontoine the eddress whore tho data
iz to be locsted in rceomory or tvhore dats ie to de ploced
daring the current transactions, The scount of dota dytes
which have to De transferred with the current cormand is
also spocified in the OV 4,0, tho byte Count, The CCT is
fatched into the channel snd 4s oxecuted 4n order to initiote
oporation, It eontinually updates this eaunﬁu: en ooch byte |
tranafer tokee ploces It 48 thorefore meintained vithin the
channel, always to roflcet the current situstion,

pPrior to tho start of any dats transfor, tho
corzend byte, oxtreeted from tho CCTy nmust be delivered to the
control unit anfd chechod f£or validity, relative to the
eddressed molule, If the comnend 1s invalled, the status
of unit check(02y4) is roturncd, dlternstively, any status
conddtion which nay oxist (ponding) for the solected modulo
48 roported DYy mo-ns of the stetus byte at this tire, If the
coznand is accepted, the status roturned depends upon the
t¥pe of comcand whieh vwas iesued, Cortaln coocand not
involving a date tronsfer, may be ovecutoed alooot 1&:@62até1y4
Therefore, tho status byte roturned at this timo may contain
conrand « onding status, If tho commond involves s date
tronsfer, 8 gero stotus will de roturned vhich indicates an
acceptancs to proesed into tho execution phasc,

The acknovlodpement of status by tho choonel
signifios the ond of the Initialeseloction phose ond since
dats 48 to be tronoferred in the burst mode of operastion,



GENERAL 1/0 SEQUENCE -

START I/0 ------vu-| 9C INSTRUCT!ON (INPUT/OUTFUT)
ENCOUNTERED IN PROGRAM ]

4 .

CHANNEL ACTIVATED DEVICE ADDRESS
SENT 'OQVER INTERFACE TO CONTROL
UNIT, FOLLOWED BY SELECT-CUT

v

SELECT-IN RETURNED

(CONDITION CODE 11,)
ABORT SEQUENCE

OPERATIONAL

STATUS~-IN RETURNED.
IMMEDIATE BUSY STATUS (50,)
{CONDITION CODE 01,)

ABORT SEQUENCE.

| NO - OPERATIONAL-IN RETURNED, INTERFACE CAPTURED.

L/

FETCH CHANNEL ADDRESS WORD (CAW)

FETCH FIRST CHANNEL COMMAND
WORD (CCW) INTO CHANNEL

COMMAND BYTE SENT OVER

INTERFACE TO CONTROL UNIT

43

CONTAINS CHANNEL AND
DEVICE ADDRESS

START LNITIAL
SELECTION

CONTAINS ADDRESS OF
FIRST C.C.W.

CONTAINS COMMAND CODE
AND BYTE COUNT

NOTE: Command Chaining
requires the fetching
of Channel Control
Words in sequence.

COMMAND VALIDITY CHECKED,
COMMAND HELD IN COMMAND REGISTER

STATUS PREPARED

STATUS~IN RETURNED.
UNIT CHECK (02,,), OR
PENDING STATUS

COMMAND
ACCEPTED

STATUS ACKNOWLEDGED.
OF INITIAL SELECTION

l

HOLD INTER: - B

(CONDITION CODE 01,) END

STATUS-IN RETURNED.
YES - GOOD STATUS (00w) (SEE NOTE)

(CONDITION CODE 00, IF 0Q,
STATUS) )

EXECUTE COMMAND, TRANSFER EACH BYTE ACROSS
I/F ON DEMAND WITH SERVICE-IN/SERVICE-OUT
USTIL BYTE COUNT IS EXHAUSTED
OR THE SUBSYSTEM TERMINATES TRANSFERS
; » BURST MODE

COMMAND ENDING STATUS RETURNED.
INTERFACE RELEASED UN-
LESS COMMAND CHAINING
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tho intorfoce with tho selocted device is beld until the
corpletion of tho data tronsfer,
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stern Dlogk | The comploto systen of XI/0
1uterfacing can be 4ivided into throe portionss Channel
portion, controiler portion end device portion, Ghonnel
provides the ctandnrd set of lines (sipnsls) to tho controller.
These lines con be grouped in the follow!np general woys
Inforcation lines « DUSeIN ond DULOUYT
uscd to tranofer an ofpht bdit
byto plus ono psrity bit, in
parallcl,
Contrel oy Tog linee o ADDRESCLIN and ADDAESHOUT
SERVICE=IT! and SZRVICE«QUT
BTATUC-IN
COMIIAND=0UT
Used to define tho contonts of
the Duselines vhich, ot differont
temaes, ¢an corry any of tho
follovings
Tho Povieo Ad8rovs
The Compand
tata
stotus{ In only)
Coloetion and priopity |
Linos « SELECTOTT and SILECTIN
LOLD=0UT
REQUESET 10

OFEATIVEAL-QUT
OPF IATIONALWTT
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INTERCONNECTION :

CHANNEL TO PLOTTER

MUX

£Cc-1020

1 sNGAAWN~O

0 oo

P76843210

1]

3l UY R0 ] l

1 e

nar mal
B T e i

»

76543210 ]‘ .
, - — s s-ouT
——Wib-our——o o | Bus-ou 6T-150
p————S8EL - QUT———— . To \
f—————8RV - OUT ————o | . x .
~ADR- OUT ——— ¢ N P - x N
L:CMD- OUT-—-——-—-—OJ A / e L + ¥ c
SUP - OUT ————= A Y/ L ApGrre o - v R
L . Q
6 g N % T PrU €
N T P/D
T ,{ A £ M
n P " €
/:/L READ /, N
A/ LY WRITE/ T
c / €/} GONTROL FROM i peADY———d A
E R ¢ P L
S DEVICE .
- ADR- IN N [ GofThoL ° TTER
- OFL-IN— N o Ll T | PLOTTER
SRV~ IN r N T . NOT !
STA- IN A E it READY —esmmmsmnsn | i
SEL- N A, R .f !
e s BUS-IN I———




Difforent combinstions of thoee signnls econvoy
difforent nssssge to the controller, The rain function
of tho controller is to unforstond these messnges ond oet
accordingly. &ll the signols, exceopt dats on the BUGOUT,
are moant fopr contrpller, Controller accepts dota from
the channel ond gsends 1t to device in o format seceptabdble
to it, Thus dnts formetiing 18 dono by the controllor,

The 1/0 Govice oleo has stondord set of lines, Come
of ther Input ond oOthers output, It 1s oporatcd by these
input linees and inforas 4ts status to the controllor with
tho holp of output linos, 7The system dlock dlepran s
eshoen in Figure 4,1, Thoro arc aix fnput lines two output
lines in thie dovice, Tho input lincs ares +X, =By +¥, =Y,
ten up ond pen down, ‘Tho tro output lince afor Rendy ond
ot rzoady,

The 1/0 intorfaoce(chenncl to control unit) is tho
corrunication link botween the CPU channel and tho various
1/0 control units in EC 1020 aystem, The folloving are tho
important features of thic standard intorfacei
1) 1bility to physicslly accomodote futiure control
units depignsd to ceot the paremetors of this
intorfocos
41) aa intorlocked intorface operotion thot is not
vary tivoe-doponfionty this footure incrosses the
range of control units that moy be attachedy
111)4n operation applicadblc to both multiplox end
burst modey Oporation cs well as cany control
oporations ond chsrmel to channel transminsions,
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$v) Upto elpght control units servieccd por sot of linos,.

Informations in tho form of deta, status snd senso
1nro§matian. control sipneols, end dovice addressas, oro
tronanitted over tho time snd funetion shared linoe of
intorfacs, These 34 linos are shown in the fipure 4,2,

7 L
M f:: v \;:} ?; Neev're
i z (8+1)Lines DUC-QUTP e Deviel
7 e
v 0
L <N
Ly /C P .,/_ A
N ,;/ - (B+1) LIros  ROTIN <
: {: - .
/‘ \\,}./
/ S LineR  _ PLOCAQUT———— 7 Ui
S B.Lines e PGS S
- | e
3 7 s
. /'//'/,»f. \/’
TN 7 Lineo SCL CTICN COMTRGLE /7
Lz e
/f S \.\f:,
e
75 2 Lises I5.TBII50-CORTAOLD g
o .
. e
Z o
A SIS S

Pins 4.8 ,
Excopt for sipnale used %o ostseblish esloetion

control, sll comrunicctiune to and from the channel oceur
ovar a corron busy 1.0, any signal provided by the chonncl
15 ovaileble to s8ll control units. At any onc time,
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hovover, only ono control unit can boe logically connoeted

to tho chennel, feloction of s control unit for comrunicow

tion with the channel 1s e.ntrolled by 4 sipnol{ pnosing soe
rielly through sll CUg) thet permits soquenticlly, cech
control unit to rospond to the signol provided by the
chorcol, A control unit rcemains loglcslly connneted to

the intorfoce until it transfors the 1ntormat£on}it nocd

or hos, or untill channel sipnols 4t to digeonnoot,

| Tho rdso ond foll of all signsls tronsmitted ovor
the intorfaco oro gontrolled by intorioekod rosponscs,

Intoriocking romovos the dopenfonce of the Iintorfoco on

eht, cpeed, ond rokos it spplicable to 6 wido voriety

of cireuits ond dats ratos, Furthor, interlocking pormite

conneoting éantrol units of d4fferent okt spocds %o o

singcle channel,

The 1/0 intorfoce linos arc grouped in the
following voys

BUg-0UT ‘ - ugcd to transmit inforcotion (dota,
dovice adidreons, conranfs, control
orders) froo chennel to the control

_ unit,

Bl'CeIN « uged o transmit infornotion (4ota,
paloctod dovice idontification,
status informntiocn, sonee dato)
fron Aovice control unit to the
channol

TLCC=0UT - used for 4dentifying tho thpe of
information on the BUSLOUT (data,
address, coccand, or control



informetion), They ero: ADR«0OUT,
CIDeOUD, SRVOUT,

TACCwIT « used for idontifying the type of
inforcation on the BUSHIN (dots,
dovico 18entification, status,
sonse byte), They areos ADReI,
74«1y SRVeIR.

SELECTION CONTROLE  » usod for the scanmning of, or tho
seloction of, attochod TJO units,
They oros OFLeOUT, OPLeIN, BLD=OUT,
ESL-0UT, OEL=3ll, EUPeQUT, REQeIN,

METFRIRG CONTROLB « used for the conditioning of usopo
zotor locoted in tho verious sttochad

anits,

Each Bus 8 o set of 8x 0 linos consisting of
eight informotion lines and one parity line, Information
on tho bi:saa is arronged so that bit position 7 of a bus
alwayn carrios the lovw order bit within an oipht«bit byte,
The bighost order DIt 4 in position O and intorvening
bits are in doscending order form position 1 to position 8,
4n243 41 2AGEL0UTs It consints of throee linos «
SDREES-00T(14rwcut) « This 48 8 tap line from the chonnal
to all ettached control units, It provides two fancticns,

1, 1/0 davice seloction « Adreout 4s uced to

gignal all the control units to decode the 1/0
dovice address on DUCOTT, Tho CU vhen reedpnisos
tho adéross, must respond by raising 1ts Opl-

In 1ine when its , incoting seb-out riscs vith
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sddross out etill up., The rizc of idvecut
preceded tho rise of sofeout by o mintcun of
400 w3 and follows the placing of tho 1/0

unit address on Dus.Out by ot least 260ns,
Pigconnaet Operation « It Mdeout is down

and Adveout risos or Afdreout 4s up ond Hldeout
falley tho presently connccted CU puot Grop
its Opl~In, thus disconnecting fywn tho
intorface. _
CO' UAID-OUT(Crd«0ut) » This 1o o tag line from

- ehannel to all attached 1/0 devicos used to

dotine the content on the BuzeQut, The preosence
of thie signal on the interface conveys difforent
necaning in 4ifferont situations, In tho cose

of chennel initiatéd seguenco, theo ¥ige of
this signal indicetes thnt the content of the
Bus«out 18 a cormond byte, Uhile in the case

of dovice initiated soquency, tho rise of
Crmdeout sipgnal does not defino the content of
tho Buseout bat simply Indiestes to ?*Proceed?
farther,

SFRVICU-OUT(Crve0ul) » This 4s slso meant for
defining the content of the Buseout, tThen
Srvesut rises in reosponse to SrvsIn during the
execution of o write or control chonend, tho
noture of the informotion on Dutwout deponis on
the type of oparation, For exanmple, during o
vite operation 1t contains date to de

recordcd by the 1/0 device, During a control
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operation, it con apeetfy an order cofe or &

socondelevel oddress within the control unit

or 1/0 dovice.

de2,1,8 ZTAGE-1MNy

It oonsists of three linosn:
AP LS T1{rdreIn) « in uced to sipnsl tho ebonncl
vhen tho addrossos of the currently solectcd 1/0
-devico hes boen ploced on the DuseIn, The
channel Fosponds to fdreln by CmdeQut, fThe risge
of 4dreln indicatos thot the eddross of the |
eurrently oddroesscd 1/0 devieo 1s avsilablo on
Buswln, fAGreln must foll =0 thet Codefut toy foll,
tdreIn connot be up concurrently with ony othor
inbound Tog lino,
CT4TURBIR {Staeln) « 48 used to signel tho channel
vhen the device hus ploced status inforcation on
the Dus-In, The channel responds with efther
sev-Qut or Cmd«0ut deponding on vhethor 1t occopted

. tho status byte or not,

FEAVICISIN{SrveIn)e 18 uecd to siznol to tho
chonnel when the selected 1/0 Sovice mants to
tronamit or recelve a bytes of information, The
nature of fnforcetion cssocinted with 2rveln
depends on the oporations ond the I/0 unit, During
Roudy Rend Dackwerd, and sense operations, £rveIn
Meooe vhen informotion 4s ovailablo on DuselIn.
mkamg erite ond control oporotions, £rveln rieos
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hon informotion 45 required on the BuseOut, It
cannot bo up coneurrently with any othor inbound
Tog line, |
FELECTIO-CONTROL ,
These lines control the selection of tho dovice ond
reguire further dascription, as followes
SELECT=00T (Sel-0ut) « The signal 1s goneratod in
the channel and sent to the control anit pleced
physically first in line, The setion within the
control unit, on rocelpt of this sipgnel, depends
apon tho configarstion of 4te wired priority
patebeard, Teo configurations aro possible narely
high or low priority, The propspration of this
signal 1e 84scusand in scotion 42,2,
BOLD-OUT(H1A«0nt) » This signol gencrated 4n tho
chennel, allows the pating of feleOut within the
control units, vithout HldeOul, Sol-0ut woulln't
funetion correctly., Hld«0ut i1p usod to odtain a
pore rapid response on disconnect than could be
“obtained Dy dropping SeleOut, The reason for this
is that the troihing edge of Sel«0ut would take
time to be propageted to the connoctod control unit,
SUPRESC«0UT(Cup=Out) « This signsl, gonerated in
the channel peforms several functiong, for axamples
1% can be used to suppress data or status and to
suppress ReqeIn, from o device requiring connoetion
for the tronsference of & stotus or dots byte.

4*2 ¢1 .3
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Sup-Out clso indicotes corcandechaining, sllowing

a reselcotion szquence to take place for the purposs
of delivering a further corrand to tho come device,
girdlor setivity occurs in the corrand retry seguenco,
Finally, fupe0ut alsc enables o soloctive roset
sequencs 1f prosent vhen Oplelot e inactive,
OPFRATIONALSOUR(Oplelut) » This 1ino aets s on
interlock for oll linos origineting ot the channel,
Exeopt for Supe0ut all linos from tho channel are
eignificatt only when OpleOut 49 active, It
indicatons that tho interface area of the channel ip
rocdy. The dsseotivetion of Opl«Out, in conjunetion
with the ebsence of SupeOut, indicates o Systen
Rercet cction, Dewactivating Opledut during the
prosance 0f fSupeDut, indicstes & feloctive Roset

to a currently operating device 1.¢. one thero Ople
In 4s cetive., TUhenevor OpleGut is dropred, ony
gporstion 4n progress over the intorface vwill cesnse,
OPEATIONAL=IN{ OpleIn) « This 1ine vhen cetivoted
by the selocted doviceo, indicates thot it 45 operos
tionsl end rocdy to accept a cormand, This is o
positive resgonse dy tho device to the Cele0ut sipgnal
genorated in tho ehennel, Tith this response the
interfoce is captured for tho selooted &ovice and
the sequence csn continue, This is true for all

1/0 setivity shethor the seloction reguonce is
initisted by tho channel or the davice.

REQURAT.1IE (ReogeIn) «» indicetes thot tho control
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unit is reudy to preosent status information or dots
enf thus s requosting & selection soquonce, Reqell
should be dropped shen OpleIn risos, unloss additional
seloction sequencos are reguircd, or when tho control
unit &5 no longer ready to present,the status |
‘dnforzation or 4cta, ReqeIn past in no case foll
lator than 250ns aftor tho foll of OpleIn, 4f tho
sequence satipfies the sorviee reguirecrents of the
control unit,
BELFCTw 1l (Beleln) = 48 8 1ino thot axtonds the
feledut signsl from tho Jumper in the terminator
dlock to tho channel, It provides return path for
tho sole2ut pipnol, =~ . .
48V DL, SUFPLY » Thig voltage lovel on tho intorfaco
1 upcd to ensble a coertsin part of the interface
logic within tho conneoted devices, Thus, offoetively,
tho intorface oreas in tho devices, whilest physicolly
rorote fronm tho channgl are electricolly part of i,
This enables cortain intorfoce activities to take place
indeponiently fron the power supply condition of the
control unit, PFor exarple SelsOut can still be
propogoted from ¢ noneoperational controleunit,
del,l,4 DNS«QTEs
It conaists of @ lines ( 8 Infrometion linos and
1 pority line)s Thus on this bus &t ono tipo ono
byto wido inforration can bo trensmittod fron channel
to devico control unit, At difforont tires,difforont
type of inforrotion can bo transmitted on this dus
sach o8 Gota byte, 1/0 oddross, commands and control



ordars, \The nature of the information byte
presonted over BuseOut caon be dotormined with
the help of Tagse-Out sipgnal present and the sequence
of ovents occured,

402,1.,5 BUC=1M1
It also consists of . © lines ( & infornntion lines
and 1 parity line), On thie dbug, at one time, one
byte vido information can bo transmitted from
control unit to the channel, At differont times,
different type of informetion cen be tronamitted
on this bus such as - data, eselocted 1I/0 device
indentification, stotue informstion, sense dsta,
The nature of the information dyte presconted over
the Dus«In can be Wniguely dotermined with the
help of TAGBKeIN signal precent and tho seguence
of events ocecured,

S8T1 EC 10208 INTERLOCKING RULES:

4e2,2 § 7
The following rules for directecurrent intorlocking
of signals is uscd in system EC 10208,

1, I'o sore than onc outetag cay be up at sny given
time,cxecopt for Adr.Qut, during tho interface
disconncet sequence,

2, o more than one inetog cay be up at eny given
time.

3¢ &n inetag may use only vhen all OuteTags are
down, execept for tho control unit busy sequence,

4, An inetapg may fall only after the rise of a
responding Qut«Tog, except for Bta~In in the
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gontrol unit busy sguonce,

8, frveput and Cmd-Out moy rise dnly in roeecponso to
tho up level of an inetog.

8, rdregut for a channsl initiates scloction sequonce
oy risc only when BelsIn and Gel«0ut arc down at
the chonnel, v_

7. Once tdr«.Out and SeleOut have rison for & channel
initiated selottion sequonce, rdre-0ut rust stay up
until after the riese 0f ColelIn or OplelIn or the
fsll of tho stselIn,

8+ Once adr«0ut has risen for the interface disconnoct
control soquonce, 1t must not drop until Opleln
dropa,

8. Tons of tho out-lines, except GupeOut, hove mesning
vhon Gpl-Qut is down,

10, Sel«0ut con vise only if Opleln and celeln are doen,
i1, dpl-!n cannot fall until eithery
a0 fel«Qut falle snd an OuteTop rosponso 4s
sent for the last inetap of any given siponl

raqlience, oOF
b) Opl-Out folls, or
e)an interface discomoct segquencte is piven,
12, OpleIn cannot rise unloss OpleOut 12 ap and cust
drop 17 Opl«Out drops,

4"303 A _
is oontioncd earlier, the fSelslut signal 15 penerated
4n tho channel and sent to tho control unit ploced
physically first in line, The cction within the
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control unit, on roceipt of this signal, doponds
upon tho econflguretion of ite vired priority patohe.
card, Two confipurations ore possible, nocely high
or low priority, ,

In the Channel initiated soleotion sequonce,
tho celeout sclein routing vill inficate vhother tho
dovice as spoeificd dy tho dovice uddrees on the Buse
Out, 12 oporational or nonwoporstionsl, Priority
routing 1s not significant in this cose,

Howover, in the control unit initiated
sequonce the above contioncd syetem enables priority
to be eXxercised, &f sicultancous reguosts oceur, Tith
low priority configuration, the ScleCut signal is
passod through tho first contsol unit to the second,
soeond to therd and oo on,

Tith high priority vwiring, the Selegut siganl
1s pated such that a dovico aldress eomparison is
soueht botwscn the dovico 048ress poteh cord logle
ond tho contonts of the Dus-Out, This 18 troe for a
channel. initiaeted rejuence vhon the 2dr«Out line 4s
aetive, If there 1o no addrose conpare on the first
control unit, tho seleout signel 4s proparated{roe
gonorated) to thoe socond, If an oddrosns eonpore
axists, tho proponation of rel«0ut ie blocked, As
in tho cepe of control-unit initiasted soguence, the
f4r«-Ont 1ino 1s inactive, the control unit reguests
to transfor o status or dsts byte, cause tho propagew
tion of Cel<Qut to be blocked,
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I1f no adiress comparisgon, Or any reguest for
transgforyexiste at any attached control unit, tho
signal SeleDut is so propopated as to roturn to the
channcl as ColeIn as shown in the figure,

In the figure, threc control unite oro shown
connected to tho interface cable, wvith contwl unit zoro
(CU0) closost to ths channcl, The route taken by tho
SeleGut sipnal 4is aleo shown 4n the figure. The
priority of control anit 1s dotornined by tho priority
poteheord configuration im ench control unit, CI0 and
LUl aro vired as low priority, whoreos CU2 1s vircd gs
hirh pridrity. Thoreforce, Cel«Qut is passe@ throupgh
CT0 and CU1 to rosch the propapgate okt, ofCU2 first,

If no sddross compéwa axtats st CUZ2, the faleQut signsl
$o amplificd ond posscd on i,e, propapetod, to tho -/
noxt unit in priority,. 1f sddross comparc cxist any
further propsgation of the sighal is blocked,

Bel.4 IUPORTART 8IOHAL BESURECTSOs

A8 we have olresdy discussed the gensral 1/0 soquonce
in Chaptor 3, ve will discuss here some of tho aapottad
1/0 segquencos in detell psrtinent to daete transfer from
channol to 1/0 dovices ( Output case) inm Durst code

of IMltiplexor channal, In this goction the activae |
tion of tho intarfscing signals will be doseribol step
by stop, relovant to o particuler oporation. The
activitios over the interface ere shown with the help ¢
block diagrons and Timing Alggromas, Tho bDlochk 8iapronms

shor the logic petivity within tho intorface orea,
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The tiving ddapreme do not atterpt to portray signpl
oeeurrance or duration to any ecceurcry but woroly to
infieato tholr proconce and position, in tha manner of
& conversetion over the intorfoee, during the operation,
" Time 1s Shown on the horigentel sxis,
4e844,) CHpTEEL INITIATER GELICTION CEANCT
The objeets of the operation, to be schioved dy thie
intorfacing seguenco, are os followse
1. scloct the device { control unit 3 and
"tofule!)
2. Esteblish 1%s state of avellability,
3+ Izsne 5 coorend to it,
4, Tronsfer ond sckndwledpe its Initisl
Bsloetion ftatus,
The chennol initistos tho soquencs by dellivoring the
dovice ad’ress, obtained from the stort 1/0 instruction,
to sll the control units on tbe Dus«gut, The signsl
sdra0ut i3 roised to define the contents of the Bus<Oub
a8 pdiress, TO be acegptable; the cddress nust have

corpact parity,.

The channel then issues Sel«0ut and vhen the
incoming £ol-0ut sppoars ot ‘he addressed control unit,
the control unit dlocks 4ts propsgation snd reiscs the
OgleIn line, which inSicates to the channel that 1t
has rospondod to ite addrens, is opcrationsl end is
not busy with anyother transaction, For sisplicity,
the bloek 4iagram shows only two contro) units and
assunes thot although CUo has higher priority, it

48 not tho one thich is sddressed.when Opleln rises,
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the channel rerponds by dropping Adr«Out, aftor
4dveOut falle, tho control unit ploece 4ts own
oddroes on the BuseIn and ralsges 4dreln, For pultie
ploxor chonnel, HldeOut with fel.Out mey drop any
time aftor this point, '
| 4t thig point, tho chennel chocks for the
idontification address sent by tho control unit and on
being correct adéross the chaennel commsnd vord ds
fotehed from remory inorder to obtain the corcend cnde
vhieh 13 thon ploeed on tho Bussut to the saeloctod
control unit, The DBussQut is defined by tho Commande
out line, 4ftor tho corcand dyte 4s loaded into tho
rogistor 62 tho control unit, 1t is oxsrinod for
validity and possidle viclation in rolation to tho
addressed podule snd, basod upon the rosult, tho
abpvnprtaee status dyte is propared, If the commaond
1s dnvelled, tho status of unit chock (Oim)' in
returnod, 1f ths module, selceted Dy tho control unit
from the deviee address, found to be bysy perforning
a proviouely initiated oporaotion, a *Dusy«Dit? elone
is sont fo tho status byte(X0, ) ond roturned to the
channcl, altornatively, ony status conditions chieh
way exist (ﬁoaﬁing) for tho shx seloctod rodule fo
roportad by moans of ths status byte ot this timg,
If tho cocrcend is sccopted, the stotus roturncd
doponds upon tho type of corrond which vas Sasued,
Certain corrands, not involving @ats tronsfer, coy be
oxocuted eslrost ivnediatelys Thorofore, the status
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- byte retupned at this time may contain coomard onding
stotus, If the cormand involves 4pte transfor o gero
(00yg) stotus will bo returncd,

The channel scknoslefpes tho reecipt of theo

stotus byto by raising the signal frveOut and this
,tienifies tho end of the initiel seloction seguence,

' The soloected control unit is now froe to entor
ite next phsse, vhich is to oxecutoc the loadod cormand,
In order to hold on to the intorface for tho oxeecution
phage, in occcordance with the burst mode of operstion,
the 1inoe Ople0Out and OpleIn cust recein ective, 4n
output dats transfor 1f opocified by tho londcd
cocmand, will correnee with tho first roguest, which
is podo by tho cotivation of tho geveln 1ino,

4e2,4,2 TRITE (CUIPUT) DATA TRINGFER TEOUFECE « DURDY
4ftor coopletion of tho Initial Beloction feguence
the intorface lines OpleOut and Opleln rormain setive,
in gccordsnce with the durst mode of oporation, This
merns that the interfoce 3o scoured for that device,
for cxample, control unit 1 rotains the control of the
intorfoco aftor o satisfactory initiol solcetion, This
slloss 1% to procecd with the oxeention of tho loaded
corrand,

If tho conwand belongs to fUrite-Croupt of
coprends, 1ts oxecution comcences when 8 request is
wode by tho control unit for the first output byto.i
The requost 4o aecozplished by sctivating the frveln

" 14ne, to which channel responds by placing the output:
byte on tho BuseQut, dofining it by sctivation of tho
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frvefut line, frvefut can be rororded os tho positive
responge to Srveln and will bo roponted for evory byte
Lot 1s ploccd on the Bus-Out, requred by the cocnend,

The nunber of bytes tronsferred across the
intorfoce deponds upon the valucs set into two byte
countors, one shose value is taken from the CCU and
contained mithﬁn the chanrel, and the other given by
2 byte counter in the coutrol unit, BDoth vill be
decreronted with sach byto transferred,

The byte countor in tho con*rol unit will hove
decreranted by an acount n to moro, whon n bytos have
been transferred, At this point tho conrand ending
status, given by tho channoleend and Devitesend bits,
ie genorotod and prosented on the BuseIn to tho channel.
Tho activetion of tho Sta«ln lino dofines this,

aftor the status sckrowledpesont, by the
raising of orve0ut, the chanrel deactivates the HldeOut
und CeleOut linosy vhich resulte in the dropping of
Opl=In and tho releasc of the intorfaces if coorand
chaining 48 not spocificd,

e above seguence 1s one vhich sllows the
tronsfer of one block of output 4ats over the intore
face froo tho channels to one dovice orly, Bafore
termination. 4 furthor stert 1/0 instruction must
be encountered in morory, in order to transfer o
further dlock to this dovico,

4eD,4,3 CIDTIC OPIUENCT DATA TRARSETR TRRNIL NY_THE _CHA:
The ending procedare oay be initisted Dy either the I/b
unit or the chennel, If the proccdure is initiated bv
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the 1/0 unit, the end of oporation 1o comploted in
one sipgnel seguence, aszuming that both channeleend
and doviceeend ptatus eonditions oceur togother, If
the progedure 1n initiated by the channel the 1/0
device may still requre tice to rench the point chere
tho proper status inforzation ia availeble, in hich
cese 8 gecond sipnnl 48 nocomsary to complete tho
ending proeedura;

Ono of threo situstions ray axist at the
initdations of the cnding procedures

1.

8.

3,

he channel and the 1/0 unit repopnise the
end of an operstion simultoncously,

The 1/0 unit reocopniges the ond of an
operation bofore tho chanrel reachas the
cn@ of an oporation,

For theece situations stotus inforpoe
tion ig sveilable at the control unit, fThe
control unit plocos the onfiing status on
Bus«In and Poises 2tasIn,

The channel rocogniscs tho ond of an oporae
tion bafore the 1/0 dovice rezeches its onding
point, Io this situction chenovor the

control unit requres sarvico apaing 4t rofses
tho Crv-In line, tho chammel responds with
¢rd-Out indicoting CTOF., The control unit
drope Srvein ond procecds to its normsl

ondinz point witbout requesting furthor sorviec
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vhen the 1/0 device resches the point whero it
norpally sould send ‘channel endt, the CU places
the ending stotus on Buseln and reizes sta~in,
The channel rosponds with frveQut,

PGNP AL PLOTI: |
GT«180 Craphie Torminal i1s an clli-p0lid stute
increcontsl plotter, It 18 meont for rapid tronslae
tion of digital computer outputs into computor
prophics for guick visusl interprotation snd
anslysis, This plotter con bo used for on-ling
operation with o computor for eomputor graphices,

It incorporates tho following feoturaess
1. Dosicned with Intograted cirouits,
24 Cpecicglly dosignoed Joy=-Stick for quiek
panusl poeitioning of the pen anywhore
in the plotting orge,
3+ Licit suitches in all tho four diroctions to
provide total sofoty for tho unit,
4=3.3 EIUCTIONI
This grophie torningl model GTI80 43 8 modiunm
specd drun type plotter, Tho plot is drawn along
teo axes by coving & pen on the Xeaxis and moving
tho paper on tho Yesnis, The rovement of the pen
w.P.t@ tho paper or the poper w.r.t. tho pen is
earricdout $n sroll discrete stops or increconts,
The plottor can be usod for producing sost foros
of pgrophicsl displey drived froo digitel input
sipgnols, It is desipgned for rapid translation
of Gégital output Anto computer graphics for
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guick visupl intorprétation and analysie dhegoncral
vier of tho cotpleote plotter asscmdly #s shown in fig plven
on tho next pogc,
243,82 QECIATILC_PAULCIPLI S
43,241 TEL_ELOTTILG EXPIT:
Tho plotter logic forms tho collecting centre for

Tt

inconing signals:s
1)Pgpn the rain control lines vie logie level
convorts,

$1) From tho manual cont-ols.

141) rroo tho various plotter interloeks;

iv) Froa the intornal clock ponerator, unecd to
produce pulese trains for the coverent 4n
canuol canﬁic!aﬁ.

Thore oro three output chanrels fronm the plotter lople.

1) to the Xeoxie 4drive rodule

1) to tho Yeaxis drive module

141) to the pen solenoid amplifier.
The wedules and émplifier-nccept sinvals fronm the ohove
and convort thooo into signals of sufficient pover to
operato the stoppor cotors or pon solonoid,
4e3,2,8 E=X10s

One pulse on ono of tho two joput lines relating to the
Xeaxis ( + X or » X) will via the plotter logic and
drivor rodule, cousos the RKeaxis stepper cotor to rotate
clockeisc or gnticlockrisc by one step., Tho rovement i
trousferred to tho pen carviare on which the pon is

%o, Ly o ot ¢) Grive vire snd pulloys. Thus the
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‘pen is caused to move one step to the right or left,
4-3.2,3 Y=AXIS3 |
One pulse on one of the two input lines relating to the
Yeaxis (+Y or «¥) will, via the plotter logie and driver
module, cause the Y-axis stepper motor to rotete clockwise
or anticlockwise by one step. This movement is trans-
ferred to the plotter drum by pulleys and steel cable.
~ Thus the drum is caused to advance or retard by one step,
4+3.2.4 PEN CONTROL _ | "
A pulse via plotter logic and arplifier on the pen input
control lines, will cause the pen solenoid to be energised
or deeenergised. Due to its own weight the pen falls on
to the paper when the solenoid is energised., Due to the
action of a spring it is caused to rise up when the
_solenoid 1s dewenergised,
4-3,2.5 MANUAL CONTROL |
All the above movements are possible by manual operation
also. They are obtained by feeding a pulse train into
the X-or Y motor circults, The appropriate directioh of
movement and speed is selected by use of a manual Joy-
stick. It is also possible to operate the pen up and
“down by the Joy-stick. '
4-3.3 GENERAL SPECIFICATIONS:
1, Plotting dimentions
Plotting length : X-axis « 275 mm
Y~-axls « 210 mm
Paper slze s 286 mm x 222 mm



2. Tpocd and inorement

3, Protoctions '

4, Additiornl foeliity:s

43,4 IVEUT _IFITTACLECTS
1. Input signol R

8. Input Code '
000001
000010
000100
001000
010000
300000
3. Pouwer Regquirenents
‘ 4, Lipit rCwitches
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foallest dncroront of 0.2 o

ot o mozm,rote of 160 stope/scc.

t

¥

Loveronts in X« and Y» diroctions
are stopped at tho oxtranitioes

- of tho plotting srop by 8 linit

su:itchon,

Fesily Intercharposble por
sescnbly to obtoin prophics in
difforent colours ond aisos
varyine from 0,20 to O.Emn
in stops of O.len

Cporates with T7L campeeibla'
slgnéi with positive lopic WO
lovel 18 0.8V max and *1* lovel
is 2V pinirum, Doz, phlee rato
sccoptadble is 150 BT,

+X {eht movenont for pon)
+Y{Up tovercnt for drum)
¥ (Loft movemant for pon)
«Y (Down movenont for drum)
Penfup)
Fon (dorn)
230V £C, 150Tatte B0 £/9.
Teoxin 3init seitchos ore placod
gt the oxtemities of tho pen
travel, Yesxis 1imit switches
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ere plocod et the extimitics of the
drun travel,

(s) Qnm i m&.@ﬁﬁ%&*
(1) Poper logdinre: Car de done with the n/¢ O and
it 18 not nocessery to recove tho pen, Before

inserting the paper the drum has to harpasitionad
by actusting the JOY«HTICHE, such that tho poper
fixinp strip comes to tho top, Li4 should bo
oponed and papor fixing strip should be lifted up,
Papor should be wrapred around the 4rum ond fte
tvo onds should be prossed under the fixing strip
by pushing it douvn,

(2) pen_Loadings Fen tightener should bde talon out
from the pen earrigge, The pon 15 inscerted in
the pen holder and tightoncr is insorted over
the pen. Then 114 of tho plottor s eloeed,
Joy«stick should be oporated in order ¢o onsure
that the *WER UP? end PEN DOUNY fanotione
proporly and thot the pen nid 4s touching the
paper vhon the pen 1e down ond not touching
vhen the pen 18 up,

(3) put the powor O 1f not QU,
(4) Fut tho auto/fsnusl sewich in tho conusl position.
{6) rove tho JOY-BTICK to front and roor of the
plotter, ,
{6) r'ove tho Joy rtick loft and right and moo
that the pen 48 poving appx. at 1 stop/ seec,
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{7) Doprees the Joy-Ctick and ropont tho nbove
procsdure and see thot tho roverents movw tako
place oppx, st 180 stepn/secc,

(8) Press tho centre knod on the Juyestick ord note
that the pen 4rops into comtoct vith tho
plottinn poper, A4gain precs the kuod anf see
that tho pen roturns up, 4 porl hoviag appis
elige of tho pen stylus should bo loft on the
plotting pepor, |

(®) Prop the pen on the plotting papor, Oporste the
Joy=0tick in pll 4iroctions possible, vith ond
‘miehnue dopressing the knob, to profduco o
trace along eoch sxis 4in turny noting thot o
satisfoctory trace s produced of consiotent
oidth and density, Aftor thot roturn tha pon
to the up position,

{10) rut tho auto/canuel sviteh in futo position
and none- of tho above funetions will bo working
ehen oporatod manually by tho Joyegtiek. The
function of tho plotter in the suto mode is
vholly derondent on tho dats input on its
six 1lires,

(D) Operating proecfuro:
Lftor porforeing the oporstionsl checlout bofors
the start of & plot, the psan should e positioned
ot the sterting position, Then resdy to start tho
sutomatic plotting (S.e,)3ust before oxecuting tho
uscr plot progran, the tuto/Fenuel switch should bo
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plocod ot suto position,
On completion of the asutometie plotting, tho
plottor should be ewitehed back to the Vonael

position, Cornpleoted plots can de removed aftor
opening the 144 and than 14fting up the paper'
fixing strip. Thon pen §s unloadod and 114 4
closcd,

The inecrecental plottor is regarded as one of the
slowost peripherels in @ computor system, If this dovice
18 hooked to the system inm multiplex tofo of operation
on the rultiploxor channel without buffering foeility,
tho dsta tronsfor will be ot a very slow rato onf CFU
»ill be bighly burdcned for the data transfor to this
devico, Thie intorfoce 12 designed in such 8 way that
the speed of tho dovice becomes $nvisidble to tho ehanncl,
The msjor objective of the desipn s to hove o taxn,

- possible throuput officiency in the multiproprocsing
mode, This cotpletely bdufferod intorface supports
maltiplexor channel operation in the durst mode end
ollows the perticulcr memory partition (ctorinp the
plot propram output) to bo relessed within o compavntively
insignificent durstion,

| This tontroller can bo divided into thrco logicol
portionss

(4) Intorfoce controller

(11) puffering

{1131) Flot signsl gonorator,
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(1) Interface controller moets the regquircmont of
stondard protoc! followed by tho chammel when desling
vith tho devices cesociated with 18, It sleo dotere
mines the priority of the device on tho particulsr
chonnel, It roceives the commonds from the channel
and tekes actions on thoss comrends, Also it sends
baek reply to the channel vwhen neofeds Thon coomand
involvas dats tronsfer 1,e, TRITE, 4t reoceives dats
from tho chonnol ond ponerates neceomary write X
pulse to write into the huffer until 4t decones
completely full, In that condition, 1t inforns the
channiel that trancfor of data should be stopped and
Ggvice 1c busy, cxecuting the orders (l.e. teling
setion on dota), Dsta tranafer %s also stoppod
shen channol hos no roro dets to tronsfor, It sonds
all tho inforration sdout the status of the doviece
&8s ond shon rogquired by the Chonnel,

(41) Duffering &8 providod i1n ordor to rake the speod
of tho duvice fnvisible to the chonnol, Channol
agsumes thot it is tronsfering dato to s high epoed
dovics, Tho sizge of the buffer cnni;bouaa an optimun
one by considerdtion 4ifferent foetors involved in
canputer praphics, ¥For the timo bdolng » buffer sisze
of 268 bytes has beon provide which 1s an optimum
size for almoaéuéraetical purposes,

{111) rFroo the buffer, plotter driver fetebes two
consecutive bytes snd intorpretes differont bits
of the two bDytos, The low order two bits of the
first byte containe informstion rogarding tho
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ponposition and the romeining six bite as Xecount
deto, Similarly, the two low ordor dits indicate
tho infbraation about tho pon and poper movemont
“ond tho rerpining six bits shows the Yecount dsta,
1) theco inforusticons are usod to sond reguired
gurber of pules trains on the spocified lines of
tho plotter i.e, (X, »Y, «X, ¥, Ponup, pendown)

4«5, TIRRL:
Tor the interfocing of ony deviece to a computor
'ayatem, the intcrfoce lopic should cater to tho noeds
of dboth tho corputer and the device, Dovice spocificotion
tells about certain informotion formsts to be providod
inorder to porforn the desired function which tho dovice
is supposcd to do, Similarly, tho computer bos deen
desiprncd 4n such a woy that some etandard protocol hos
. to de followcd by the dovico in order to hook it to that
pystoc. Thus tho faterfaoce lopic should cormunicate
to tho CPU ( or channsl) and gather the Informations to
be cent to tho devieco, After roformdting 4t ( which s
accoptadlo to tho device)s 4t sende it to the device to
perforn tho dosired function, Thus beforae an interface
18 docigned one hos to ecollect two types of inforcationss
(1) Informotion formsts supplied by tho channol
{11) Informotion formet seceptadle to tho device.
GuEield

The inerorcontsl plotter asccepts Inputs on pix
lines MEIOIY +X 4 Ox' ‘Y"!‘Y’ Fonu ‘Up’ snd Fon Town, Tho
sienals (pulse tralns) on these 1linos can be TIL
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pignols 1,0. positive logie 0! « O to 0,8V
11t « 42V to +6V
Tho moximum pulso rate accceptadle is 180 Hs,

&t a timo sny one of tho linos PENUP AND PED DOTE
should bo bigh, Similarly only ome line form each
+X & X ond +¥ & »¥ should bo high at & tme.' The
controller should seter to this need of tho plotter for
, srooth and error-free oporastion,
| 4e6,2  LILEIPACING JETINTTTIC w B 1090P JTX CHADIEL:

The general requircnments for the interlocked
seguences nceded by the mux channel has boon 8iccuered
in tho signal sequences in the bepiniug of this chapter,
In addition to thot tho sloctrical level requircmonts

aro vs followey

gignal Level « TTL Compatidble pocitive loglc
0% » boetveon O to 0,8 V.,
11t » botwcen « 2V to +5 V,

. Mgnel riece-time » In the order of 100 ns.
chipldod cooxinl cabdbles for commection detwoon bus
ond the controller,

40 pin connectors = 2 nos,

The signal lines coming to tho connoctors are
shoen in tho dlagrom given on tho naxt poge. Conngetor 1
encorporatos Dots Dus linos « DUSQUT end DBUSIN, vhile
tha eonnsetor 2 eancorporates tho control snd Tag linos,
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CHLETES = B
INTERPICE  DESICN DRCCRIPTYON

In tiis chopter o dotolled “sserdption of the
designed interfoce has boon given, Tith the holp of dloek
8lparor, the differont components of tho interface has
beon doseribed, Thon the doscription adout the logic dosign
end chip lovel impleorentation hoe been provided in the
sudsoquent peges of this chaptor, Tor the cssy reforence
of the vaintonence Bngincor, tho physical position of the
chips sre infdicoted in the logicel deseription of the
various cotponents of tho Intorfeoce,

6«1 DLOCE PIACRLE OF THE BUOFFRASD COUTIOLLER:

The schoretie block diasgrom of the buffared
controllor 4s shown on the noxt pore. The input 1linos
coning to this controller are: DUECOUT and 0''WTAC signals,
The output from this controller are going to two plecost

(1) to tho chonnel ss DUP-IN end IN=TAC sienels,

(24) to the plotter as +X; X, +¥, «¥, PEIUP,

PEIDOVY gdgnol s,

The DUS-QUT and OUTTAC sirnale are recoived in
the RECBIVER and are passsed to tho appropriste plaoccs in
the ekt, DUL-0UT signals sppesr sinultancously to four
blocks = ADPREFS LATCH,PARITY CEFCK, COLZAUD LATCH,and
DATA LATCH. OUT-PAC signals sppecr to the INTERFACE CONTROL
LOCIC which tnficate the nature of inforcstion on the
DUS-0UT, £ depondine on the situstion in the IUTERFLCE
COIITA0L LOGIC tho content on the DUBQUT arc latehed to
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either ADDRESS NATCH,COTNAID DFCODFR,O0R BUPFFR., PARITY
CEECE ckt, porforns parity checking in all tho statos and
informs tho INT RPACE CONTROL LOGIC eabout the pority error,
If parity orror cxists, the CEURE Ropister 15 set to indidste
this situotion and olso the status ropister 4s gppropriasteoly
sab, | (

I tho cese of O,R, pority, tho ADDIERS IATCE &
PROPAGATION OF BEL-0UT ekt, bloocks tho prnpagation of
FEL-QUT oipns) whon tho address mateh takos ploce, Othoreiso,
tho SLL-OUT signsl ip propogated to the othor dovice. Then
tho nddross meteh tokeo ploce snd the SEL-0UT sipnol gots
blockod, the INT RFACE CONTROL LOGIC tronanits appropriato -
IDeTAG sipnols and routes the DEVICE ADDIESS RCO ¢o thoe
PUS1N YIa DATO EELECTOR okt, for tho confirestion of the
geloction of tho dovico, The channel thon sends corcands
vhich are roceived ond deeoded in the COII'AND DECODER. In
the case of THITC corcrond, the BUFPER I 2UT COUTIVLLER
is inforred of the stote, Thon INTIAFACT CONTOL LOGIC
sonds reguonts to tho echanncl for dats tronsfor, then dota
18 placed on tho DUSQDT the INT RFACY CONTROL LOGIC
informe the BUFFER INPNT controller of the some and it stores
this deta byte ot the curront n’dress, Thon 4t inerovente
ite adaeésa by 1, This way for ench data byte tronsfer, the
same sction s repostod till tho buffor bocomes full, 4t
this coment, the busy status is prosentod to tho channel
by routing 8TaTUS X CIST.R VIS D74 SRLECTOR TO BUOIN,

Then BIUTF: R QUTFUT CUlTROLLER fotehes tuwo bytes of date
from tho dbuffer end sends appropriate signals to the plottor)
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_ - FACE _LOCICY
the elcctronie circuitry of this interface, vhich
employes latest eloctrdnie tochnique, con be divided into
following funecti.nnl ports:

{a) Celottion block,

.(bo nrror check on buswout,

(c) Accepting tho conrand code, dato ond address.

(4) CGenoration of Rercet Signel.

(o) Cnerction of In-Tog aipnals,

(f) Dirocting tho Device hddress, Ototus, and sonse

ropgister £o BIC-1N,

{g) retting up tho Htotus and fonso dits,

(h) Buffor addroes gonoration ond READ/TRITE control,

(1) 266 Dytes puffor,

{J) Rec@'np the Duffer ond pPlot Signal gorersiion,

FRIELCT LTATRSS

Tho soquenee of opsration to bo oxocuted dy the
plotter interfoce ray be broodly elassified into threc atotoss

68) Concand Ctate,

b) Dots stote,

¢) Enfing Coquonco.

The plotter is of inerecontal typoe and con accept
only dlg;tal signals serially. The device control does
the plotting oporction using tho buffer contents ond oo the
dovice 19 procticolly invieiblo to tho channel (oxcepting
tho c¢ases when unusuel corditions ocour and the plotter

gives unit check or eguipront check, in such coeocs stotus
byte 1s sont onfl prorram pets concolled).
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. fo interface dizlorue depends on buffer conditions
mafoly, Tho uhole 182a of buffered Gevice ie to mininige tho
loss of CPU time speelslly in oultipropranming environcont,
The dosign cesuces this nccossity, Tho order ond dua oro
stored in the buffor. An examplo af a norzal seguonee 18

FEl=UP o= TRITE(D % ¥) £« XDATH «e YOATH we PODDN
(order) {order) {dota) {dats) (ordor)

(continuous plotting focllity s not considered st the coment)

Dovice control poes on axocuting this roguonce fronm
the buffer, Eaeh tims (f.0. for o corrand issie) 4t ehecks
up tho stote of tho devics through s short initilal ecloction
seqUente,.

Thonover 4% 4o o TRITE cocnend, tho duffor control
oxpoets o nurbor of date polnts (cuth of two Dytos) from tho
channel 80 thot tho duffer pots complotoly €1lled, Chonnol
can ?ermﬁﬁate the doto trensfor even 1f the buffor is not
full, whon tho byte eount in tho CCT is ovor, ohich is
irdicotod by tho onding sequonce, Tho low order 2 bits
of tho first byto of the Aata point containe pon poeition
ordor and the hiph order six bits of this bytos contains
X«COUNIT,s Dinmilerly, tho low order tvo bits of tho second
byte of tho dota point contains NOVELIENT DILCTION Order,
Thile rerining siz Lits indicoto Yecount., S0 the softvare
cust ¢ater to this requirccaont dy forming tho blocks of doto,
They oust bo sent scquontielly,

The DUPF R OTTFUT CONTROLLYR ekt, loads two
prosettablo dosn corntors wiileh genoratos { rather ollow
propaﬂaeadn of tho froo runnlng cloohk) tho nocescary nucbop
of iopulees for X and ¥ 4ircetionp,
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£88 dyten sico,

The d4ifforoat con-ands which the dovice econtroller
pay expoct from the CRU oroy

a) TRITE 01 (Hexo)
b) TI0 " 00 (Sexa)
¢ )RENCE 04 (Hoxn)
4) RERIND 07 (Hoxan)
e) X0 0P 03 (Hexs)

8) TITE « Trancfors 266 bytes as & buret
B) TI0  Causen tho Govice %o send status informatiocn to
channel, 1f during the exocution of this ecorrcond
thore is mo ewﬁed information « gzero status dyte
is sont, |
CIELNNE » Cousos device %0 eond SENCT dyte.
4) R'UIND » Uged to romingd tho oporator to put the devies
in rondy stcete for the oxecution of command
{(TRITE).
@) OF « Coftwors focilidty only « no owecution ( the
| dovico sende CHE ond DUR).

s 05D _ATATUZ_RYTEe

5,2 ‘4 28 0 : A
STATOS BYIR SRNCE B

Bit 3 ~ Dusy B3t 0 « ILLEGAL COrTIANT

Bit 4 - CH.ED Bit 1 = FOT ROADY

PIt & - DEV. EID . Bit 2 « DUPLQUT PARITY
ESR0R

Pit 6 « UNIT CHECK Bit 3 « BIUIPIENT CUECK

Bit 7 « UNIT EXCEPTION



87

82,6 I0=T4G _BIGHALY

Bipnnls to bo ponerated from interfsco side to
cbanncl aros ADReIN, OPLe1ll, 8Taell, SRVeIN,
6-2,8 DRYICE ADDRELE AUD PRIQRITY)

Doforc a conrand can be cent to the control unit,
the unit nuet bo addresscd., TCach 170 unit is designated by
an 1/0 address, The 1/0 8ddrose econsists of two portsy o
ghanoel addross(hich ocder byte) and o Upit address Qow
ordor byte),

Ch, Ade.‘

Sa—

Dav, £4P, = 1/0 nd8ross

The channcl addross spocifies the chornel to which
the»ightrhctzen applies. 1In syntem / BB 1020, mexm, 3
channels oro tharo:r '

Binagy Veluo Hexedecdmal Velue

0Co00 0000 00 « ultiploxor channcl
0000 0001 0l » 1 folector channol
0000 0002 o2 « 2 Polector channel

The unit adfirose identifies the portieculsar 1/0 unit
in the chennel, 4ny number in tho range 0«2B6 can be uged
a8 s dovice addroes providing fecility for sddressing 268
units per channel, MMit a”dreszos fron aole to ?Fiapertoin
to nonsshared subechannel, Unit adress fronm aqlata ?vis
pertains to shored subehennol., In thie design, the unit
haes been plocesS on nultifloxor channel ond noneshsred
subchonnol, Thus its address hes boen fixed as 3

G000 0000 | 0600 1316] ——» |00 |OE |  4n Hexe.
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The 1/0 instruction contains the full sddress of
tbo dovice 1,0, Doth bytes, The first byte ie rocoved fronm
the addross vhen 1t 1s prosonted to tho deviceveantrolier
on Dusecut,

| This 8ovice hos been given the lowest priority on
the tux. Chanrel, |

8} EQQFSQa Bloeks  As tbis Joviee 1s connocted to
tho suxe-chonnel, provision should be code to rive
elecotrienl path to tho OEL-QUT aipnal oven if
this doviecc 45 not oporstionsl({,0. ewiteched off).
Then this dovice is powerod on, tho SEL-0NT
sipnal should poss through the Device sol.etion
circuitsry, Tho gonoral schomo is shown bolows

BEL-QUT (IN) , ¥3 SIL-0UT (0UT)
a E
pe } /
_BIIF=QIY ) 87L O Q“
4374196 TOE-QTT > __DOSeIN ) 4574126 HULSIN
mm:) ’ OMTeTat »  _ IF=TiG) " IRLTAON >
CIABLE: BHADLE
Yoo Pﬁ%
Voo
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Betwoon nodes & & Dy the DEL-OUT signal cen travel by teo
pathes
- 1) vie lcroguiteb P2 = this switeh rovains closed
ehon the pover to this dovice is switehed off,
thus cnabling theo CEL-QUT sipgnsl 4n roaching
to the next dovice on this dus, On pover on
condition, this switeh § oponed with tho holp of
sehnitt trigrer as skown in Plgure « 5.%
41) vis mierosviteh F2 and Fl and dovice ecloetion
ckt. « At the powvor off condition, tho switchon
Pl ond P2 remsin open, thas proventing the
8cL~00T sipnal from going to tho controllor ckt,.
At power on condition, this two switchoo ore
¢losed n&%h the holp of o schmitt trigger os
shown in figure =52, In tbis coso, BCL-072
signol, BUE0OTT, OUTeTAG eignasls sre ollowed to
rooel the intorfooe logic, Thus the £FL-Q0Y
signcl roscher the AL pote %4 where it is
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ATDcA with onother signsl SFLTCT vhich ip low

shen addross ratching takes place end Bigh

vhen oddroes metebing doos not toke ploce,

Thus ?‘.he outeome ¢f thie gote s lovw (4,6,

SEL=-Out Blocked) when addross mateh takes

ploce and high { .0, EEL-QUT propecated) whon
addrens pateh foile, Then OFL.0UT 1s propagsted, it
ie posced to the node B throupgh the bus driver
chip 74128,

{b) CGonaral Respt signal: There are thise
situgtions 4n which g general resot sipnol
gkovld bo ponerated which will Preret all the
sdpnols In the fanterfoce os well as the stotus
byto. These situstions eres
(1) oyoten roset « is indicstod whenevor OFLe0UT

cnd 0UP-0UT ore doun coancurrently, ond the
1/0 gnit 48 in tho oneline rode. This
condition couses OFL=IN tofell ond oll
eontrol units olongeith their stotus; to be
resot, This 1s porformed then the systen
faset koy 48 prossed, whon the povor for
tho systom s Surned on, whon tho channcl
is off line to tho 1/0 intorfoce ond as

g part of the ii:itiax progron loading
procedure, 10 ensure & propor roset,
OPL«0UT ond SUP-QUT rust be down concurrently
for at leost 6 llBee,
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{11) teloctive reset » 45 indicotes whonover
EGP-GUT 48 up ond OPL-OUT drops, This
condition causes OFLeIN to drop, and the
porticulsr 170 unit in oporation ond 4ts
status to bo rest. The 1/0 dovice oporating
'on the channel is the omly dovice thot is
reset. This 1s encorporetsd 4n the gigurse-54

(311) Fover on resst = Then ever the Interface is

porored on o regset signol should be penerated
eo thot ell the algnels and tho status bhite
oro reset, This 48 1h¢orporatea‘ in the

ssgqav—{ 5.4

Syp-Our {
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(C) ATRIENC DATCE AID PARITY IOROR: Thonever information

ie trensmitted over interface lines, 4t carrios one
oxtrz line collod po2ity line., In thio syoten, odd
perity 85 followcd, fo whenever any dota cocnand of
e8dross 18 transpitted over intorface lines, 1t s
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chooked for tho correet parity. Then thore 45 correet
perity, the informotion is accepted othervise propor
stotus bt s sot t0 indicete error intransmission. when
it is corroet perity, the device sfidrosa is latehed into
& comparator and tho inteornolly stored address of the
Qevice 18 ecompored vith the address transmittdd over the
intorfaco, If these two ore seme SELFCY signai is
gonerated, This oirnuol bigh indicates thot the CEL.OUT
signal should be blocked and this dovice gots seloected,
This 48 realized in cards C1,02 and C3,
gonrand fceeptances Then tho dovice blocks the EFL-OUT
1t ralscs its ADRID and plocos, tho int: rnal éaaresaes
On BUSeIN for tho confirmation of tho soloetion, 7This
has boen reolized in cords €7, BI2 ond BIS. Then chennal
snds tho corrend code whioch 48 accepted by the card
C6 ord docod:d by tho card 4. Dopending on the ¢omrand
tho control logic dves the proper funetion, It proconte
its statue to the chamnel Shroued BUT-IN, If tho
rcond happone to be the TRITE ¢orcand, tho control

lopic asks for tho doto byte through "RVeIN, "RV.0T?
sequonce, 7hoso dots bytos are storod in tho buffer,
™hio 40 achlioved in tho esrds €7, DCY, DC2, M1 and 12,

The inforcotion teensfer from chancel to dovico is
done throaph intorlockod sequeoncos, The chonnel sords
Box certein condition information on the OUTTAG eipnols
and DUBOUT.  Tho device controllor in turn sre cxpoctod
to reply back with tho help of Il«DiC sipgnnals end B'Ce10,
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Those IT=THC slgnols oro 3 OPLeIly DReIN, BRI, AT0=1II,
Thoso heve beon reslisod In cards €6 end €7,

fforine the dsta: The dato pointe (tvo bytes) cre
recedved ond stored in the buffor{cords [0 ond I'2),.
Then writing into tho buffer, i1ts addrosess ore
inervorontod by tha TRITEP pulse, wbich 1s generated
by the S3iV«Ill, CR70OUT coquonce, The doto tronsfer is
stoppod 4, two eonditions « vhon buffer boeores full
or the channel transferred sll tho bytos, In thot
eneo, the Duffor eritine wodo is switched to Buffer
readine mode and the buffor cddroes is ronitisliszed
to the £irst byte of tho buffer,  This hop bdoon roslized
in card BC2. |
Plot sipnecl genorotor:
Then the duffer cames to reading coﬁe, the tvo
consecutive dytos of dots ore fotched from the buffor
to load the presettable X and ¥ down-countors vhich
ellow tho propeprotion of frec running clock puleos
to the approprioto X and Y lines of tho plottor, This
is replized in cords DC3 and pPgG, Thon tho countor
becores goro, tho noxt two bytos arc fotcehed ond
sane proccSure &c repooted t41l all tho dsta points
ero plotted, PENUP ANID PERROVY 1ipos 0f tho plotter
are aleo driven by this card, During tho buffer
raaﬁihg rodo, tho dovico pregents busy condition to
the channol for oaech TI0 conmand, Then sll tho data
points ore plotted, tho interfoce control logile
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prosonts roody stotus to the chammel vhon TI0 corcond
is prosontcd, Thue chanrel 4s recdy to sand arothor
buffer 3¢ nocded,

difforont coopononts of tho Intorface are shown, Theso
diagroms shov She logleal conrcetion of cach compononts
a8 woll os the physiesl loection of the IC chips on the
d4fforont PCBYs., For tho eosy reference of theso logle
diagvzama apd %o locoto thedr physicel position on tho
FCBYe, the following conventions aro followods
{$) (oY'oncircled capital lottor of tho Implieh
alphabot inside a rectonpuler block
represcnts a cocplete ¢hip on the PCD,
txerples (B) reprosonte chip *at on tho
PCB.
{b) A espitol lottor of the Enpglish alphobet
in o roetanele inside o poate shove e
corploto chip on ths PCD, Exacple
shoes thot thip 4p the only gote in the
chip ond this 3s ehip ‘At on the PCB,

(11)(a) + @), (3)-~-~(iR) roprosont nth

pate of tho chip 4 on the PCD,

) (2] 2] [s3)y »ee-- fan} represent vty

gate of the chip A on tho PCD,

(111) ()4 (5.9 s GaB)veen represents the
nth componont of tho cascoding in o
costsled ckt, Alphsdet reprocents tho
ehip on tho PCBy tho Got reproeonts tho
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cageading of this chip vwith tho othor ehips and
the nurmeric portion reprecents tho logicnl position
of this chip 4v tho carccading, 111 the ehips ore
put togother, '
{1v) One pogo oy contain ono PCD or cony PCBYs,.
Thero is ono heeding for ecch FCB ond the PCB
nape 418 reprocented by en mpkclpbsnumeric nave
put 1o tho paronthores in the heaazng.‘ 1f nony
FCDh's are shown on one pape, tholr boundories
ore seporoted by thiek dotief 1linos,
(v) Igpuks In coning signols to & PCB are reprosonted
by (a) ¢ thick block dot (e) penoratod et o
FCD on difforont poge.
(b) sn ordinory lino ponorated ot o Gifforent

0O on tho satms papo.
(c) sﬂall.ﬁxrclo O ) 0t indicotos thot this
signel hos oppecred ot onother ploce on this FCB,
(vi)outruts Out proing sipgnols from o FCD( 1.0
sipnals pencratcd on this FCB) aro reproeentod
by & Gork orrow hosd ( —e— ),

Mongeith tho naces ore olso shown $ho curd. frge
nurbers on which the eignal wos genoroted

in paraathéses. The E%igénnmbera ore ghown
orly uith tho Sarkoned dots,
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{vi1i) Tho contiouity of o sipgnel from one place
in tho card to arothor is shown by o
combination { —>— §$— ) ‘
Ezomplgs Rofor to tho Appendix 2, cord €1, ,
In this cord following oro the inconming signels,
ETR from eord [ 4 RET from poge T—) ,
BUS-0U? sipnols DO, DY, wessen 0P,
Following ere tho signsls pgoneroted in thias cord,
80, D1, B2, B3, B4, BS, DS, D7 end BP,
The roforonce . ropraconts thot this block
is a Detype Flip Flop. This S& tho Ord
component (D=FF) of the chip *A' whieh 1p type
74174 on this PCB, For the pin connect!oﬁs of
this chip, roforcneco should be mado to Appondix
Cy cord C1,
AIRTION OF TH* PCH CARDS:
The interfaco logle has been frsbricatod in
the lsboratory in ten FCD cords, Foch card 1s e single
aido motallic conted £2 pin exporimentsal printed ekﬁw
© - . bosrds [ach IC S8 mounted on a shocket put on
the PCB. During the writing time, only the shocket vas
countod on tho PCB inorder to aveld hoating of tho chips,
- Then ehole tho wiring sus done, the chips werae mounted
on the shockets, In tho following ssctions of this
chapter, easch card hos been deseribed seperately ot the
fuheeional lovel,
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to this cord are signals BOo, BOY, BOZyeew D07, BOP,
Thege oro the DUSOU? bits coming from the chonnel
output Bus, The contont of this bue 4s stored in
the latehes reoalised by the chips 4 ond B, upon the
973 sipnsl poing high, These Dits are cleerd in

the baginiap by the gonersl resht sipgne) RET, The
outgoing eignals from this PCB are BO, Bl D2 ywweD?,
Thls bits (0ddress, conmand of data) are storcd in
this lateh for subeeguent use in tho imterfoce loglc,

This cord i reant for the genoration of e EFLECT
signel thich indicates whothor the propagstor of the
SFL-0UT signol should be blocked or mot, Then the
favourable condition ceccurs,in this card, 1,0, tho
device cddross sent by the channel maches vith tho
intornol oddrose of thie dovice stored in this cord,

- The corresponding bits of tho two addresses crs fof
. 4n the comparator chips A ond b, The output of the

tvo chips are £iDed, Then the output of this poto 1o
hiph and thore ig no nddress parity error,; then the
D.FP.P E.1 contains high data at 1ts D imput, Uith.
the riso of signsl ULD-0UT, thie date ia prosontod
to the patoe D4, vhich is & lov signel, tho EFL'CT
poes low, this indicating the dlocking of the sipnel
SEL-OUT, Then the SFLTCT goes low, the SFL-IN sipnnl
is raisod hich, thus informing the chsrnel about
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ts solcction, This 4e done during inftiel sclcetion
soguonce Or J/0 unit dusy gequonco, The Anconing xk
signols to thio card are froo card €1 apd €3, Tho
signel gonovatod in this card 1s TELTCT.

This card is coant for the parity checking on the
DUSeQut iines, Tho pority foliowed 4n this syaten
418 0404 pority. Tho ¢hip used for tho parity checking
8 74180 vhich £ the ohip %At on the PCD, vThon the
pordty 45 corroet, the ¥ OPD output from this chip
will be low, 1In the cese Of wrong peprilty onm tho
Buseout the 7 OND output #1111 de high, This pority
rosult §2 fed to tho three latehos El, D2 ond D,
These latchos ore cloched by tho sirnels COIeQUT,

T £3V-0UT and &DR«0UT %o indicote corrund parity
error, Date parity &rror, or address pority orror

9

raspeotiveoly. Thoee parity error flapgs sot 8iffgront
bits of tho etatus register ond sonse repister,
thon there ic sédfross parity orror, the dovice

doss not pot selcoted,

ASCERIILG COITIAND COPE (0A)

The input to this cord are the Due contents latchod
in cord €1, The sipnsl CO'™ pgensrated in card CB,
indscsting the comrand stote, clocks the bus contant
to the decofer lopic, The high order dits of the
ecocrand shovld bo serd inorder to be s lepal vommond
for this Gevice, 0 these bits are NiNDed -together
prodoce 1llegal corzand vhenver any hirh order bit
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is bigh, The low order bits Do, 1,02 & D4 are

dircctly fod to tho 4 line to 18 line docoder ohip

(E) 74164, The FFPq.is & Ds are cleared vhen tho

OThe )T signal 1s geuérateﬁ 1,6, tho status of tho

dovieo i gont to the chonnel, The signels ponerated

in this cerd ares

708, TRITER, ArLINDB, SEEOED, end JLLCOD,

The TAITES siroel i elcarsd by tho DIUP signel

genoratod ot eard BCB , Other signale are cleavod

by the fall of OPLeI" sipral gerorated in cord 6,
84,8 4ONIBCH.COUTAUD AUN D

Tho charnel will be comrunicating with the controller

in ono of the three states, Ad@ress, conmand, or data 1,0,

the content of the BUSWIUT at eny time vill be ons of

these informotions, lono of these Snforrotion can

appear togaether, The inportant signals gonorated in
this cord ars COLI! and 8TR, COIY indicates command
stato and *TR signal is tho comdbined effoct of sll
these mtates, Then in tho interfsce sny one of these
stotes ore present, the 5T3 signal goes high and the
date from BUSOUT 18 latched,$n cord C1, This card
elso cerves as @ spafe cord in shich left over pleco of
cht. from &ther cards sre asccommodated,

E=4,8,1 QPL=10
OPLeIN 48 o very important In-teg sirmal, This sipnol
is cleored by tho paneral resst sipgnal RET, OFLeID
sipnal is raised high vhenaver tho stetus of tho device
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is ziro (ZER0% sipgnal low),5F1-0UT signal is hieh
and the oddress match OCCURS 4n the initiasl scloction
soquencd (indicoted by SELECT high) Thie signal 1s
cleared when any one of the following conditions
oceurazl
(1) STACFEND « Thon the dovice prosents its status to
the chonnel, the channel either accepts (raised
BRV«0U?) 4t or osks 1t to stack 1%, This situo.
tion indicets thot §74IN should be deppped, The
drop of ST4-I1N mokes BTACRERD to drop, tbus
finslly éropping the OFL-IN,
(14) Then the coumand sent to the CU be any one of
these ¢ TI04 REUIID, NOP OF ILLFOAL comrand, and
the 5Th«IN has beon replicd by the SRV-0UT 1.0,
' the status has beon accepted, '
(111 )then the channol has sent SFNGE Comrand, the CU
responds with the 8Ta«IN which is repliod »y
baek by the cbonnel with SRV-0UT if status
accepted, Then CU raises 1ts S3VeIN and places
SETISE byte on BUSeIll, Tho acceptance of this byte
48 indicoctod by tho rzsavaf BRV«0TT. This SRV-QUT
forcos the OPL-IN to fall, ‘
(1v) In tho genoral reset cose, this alpnsl iz closred,
6e4,6,2 SIi=lN
The GT4-101 eignal 1 raised in tho following casoss
(1) in the Initisl scloction sequence. In this case,
the COIM is high, OPLeIM 48 high and the CUD-QUT
falls, At the perity edpo of CED«OUT, & pulso s
gonorated in menoshot C, vhich wskes the output
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of pgate F1 low, thus rabling tho gutput of gate P3
go high, Uith tho rise of the eignal, the T of
monoshot goos low ond then high, whieh clocks the
DeFP Jl, TUith thig ETieIN gooo bigh, 6Similerly,
when the channel acknowlopes the end of dnta
tranafer by rolsing CID=0UT 4n rosponec to SRV.IN
the pato F2 goos lowy thus ralsing the signsl £T0-1H
In the case of short sequenco for busy deviess, tho
2ER08 sipnal remains high and the SIL-0UP signsl
being high, the CELIFCT eignal { showing a@dress
eoteh) makee the output of gate & 1 low, thus
generating tho STh-IN.pignal, This signal s
cleored in tho following cases:
© {3) Conersl rast sipgnel,
(11) ERV=0UT 4n rosponse to ETielN sipmel.
(111) In the cose of glirtescquence for busy
dovics vhon 4DROUT remainsg high ond SEL-OUT
drops. T3tk the fall of LEL-O0UT tho output
of 14 gato goen lov, thus clcaring the DTReID
signal, ‘ '
(iv) CID=QUT in response to £Ta«10 indicating
ST4CH statas,

Then OPLeINT ig lom, tho T of FP N1 remains high.Chon
OPL«II! roes high im tho initial selection rejuonce the
two inputs o° gote D1 remaine high, Only the third
input coming fron monoehot 4 rerains low, Then ADR.OTT
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goes lov, this input also rises, thus clocking tho DeFF
B2, This pakes (DReI to rise,

This edpnol 4e cloored, whon CLD-OUT rises in
response to ADReIN, The output of gate El poes high
vhon CIDe0UT rises in Posponce to ADRWIN, thus clocking
Hi. Tho 8§ of Bl poes low ond tho B2 1s closred which
mokon ODA=IN to ro lowe This 1s 6leo cloared by
geboral resot signel.

Bl 7,2 Q3V-IN
| This signsl is gencrated in tvwo ensesy

(1) Thon oel:ing for o date byte rhen tho interface is
in TRITS state, In this caee, tho UVRITED sipnal
15 hich, TE 4p bich ond OFL-3D 15 high, The
trafling efge of GiU=0UT & pulse 4n ponoshort By =k
shich cokes the output of gste G4 po lov. In this
situationy,; all tho inputs of gate I'3 goon high
and the DeFF C2 48 cloored, which weons *ise of
fRT- 1T,

{34) then sending a CENSC byte in SENBE state, In
this cose CENGES signal 4s high, In this cose
opain the fall of signul SRVOUT malos tho oafpnﬁ
of pate £4 to co low, thus roising the signel
SRUeIN. '

Tbis signol is cleorod in the following casoss

(3) OFL=1ll drops,

{11) CI'D«OUT risos.

{341) Conorol reset signel

(iv) vhen DeFP €2 48 clocked, Tho output g of

monoshot I remoins high till it rete o clock
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ot fnput B, Then tho sipnal OT=111 45 ML procont
and NIV-0UP rises 4n res::oﬂeé to CRVeIl, tho outpixt
Q of L goes lovw for a short duration ond ogain
goes hiph, At this bhirh polng olgey the DeIP €2
19 ¢lockol and FRU-ID poes 10w,

Beds7.3 DIEELTsTRIZE=EILIRL |
This pulec 1s geticrated mhenover FRVe0UT riron
in recponse to DRVelN, thus indicoting o dato byte
transferred to the CU. CRV-Illy CRT-0UT combdinge
tion pives rise to sipgnal YRITE P chich stores
the 4uto byte from the BUBQUT to tko buffor, Tho
addrene of tho dbuffer is Sncremonted by one with
osch TRITC F puloe,

Be82744 QU1 RRIONITE DITOs
The bits PEDl and PFBE aro generated for tho
routing of the address, states, cnd sanso
rogisters to DUSHIN. Then the (DR-IT risos with
tho rise of OFl=1IN, tho output G of LePP L2 roes
lov vhilo tho outputs of !0 and I'2 recsing hich,
This mokes PIBl ond prd2 both ;om Thus inﬂica-
ting that tho eddreoss roplster should bo routed
to tho DUCIN, tUhon tho 0T4«IN Piscs, tho
STITOTHT odgnel coeoe high, ond tho output J of
DeFF 1 roes low whilo tho outpnts ¢ of II2 and re
ropaine hiph, This cakes Pril as high ond FEDE as
low, Thie indicoten that the stotuc rogioter
ehould bo souted to DUS.1M, |
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In the thiréy cose, Thon STRTENS goos low, tho
pignsl PLDY goee low and PEDS goos bigh, Thie indie
eates thot sense register should do routod to
BUSw 1M, o |

The combinntion of these three cerde Mmctn the thrce
regiaﬁers adéraaa, stotus end sense to DBUSIN vith
proper parity gencration,

Beda8e1 LOW OINFR DIZR { B1)
This card honfles the low order 4bits of the rogisters,
The combinstion PEX] <PFB2 a8 '00' selocts tho linee
1¢o and 2Cc from chip A and 1Co and 2 Co from chip B
for cutputing to 1Y, 2Y of chip & and 1%, 2Y of chip B,
Cinslorly tho combimation PEDlePEDZ 1ot sesloets the
stotus ropioter bits 870, 811,872 snd STD for outputing.
fo $n tho cose with senes ropister,

6«4,62 QICH QADER BITR (DY)
hie card hondles the bigh order 4 bits of tho repistors
in tho eimileor fashion as the card BIl,

This cord e mesnt for the semrauon of parity bit

through tho ase of ehip 74180, The Bus 4riveérs ore
enabled only vhen any of the signals OPleXN,0TA«IN
or RV 42 precent,

'rha madn purpoco of this csrd is to gonorate ofddreses
for the buffer, The oddresses aro genorated through
the countor 74107 p.l, L.2. The counter is $initializod
to Zero with tho gedrel resst signal, In this case,
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the Duffor oddress i1s O, The dsta tronsfer starts
with the fE signal low meaning that buffor is write
enabled, then tho first dyte of 4cte 1s transferred to
the CU, tho ORVeIll, SRVOUT combinntion gives rise to
one TAITEP pulse, This pulse is usod to gencrate o
clock pulse CR#44in cord BC2, This closk is uscd o
incrorent the counter P,) by one, Thus with tho esch
dats byte transforred scross the intorface, CK#signsl
is goneratod and sddresses of tho dbuffer pgoes on
$norerentall £411 211 th~ bytes from the CCE are
tronaforred, At this roment, the buffer bocotes

full oné 4% gencrates under flov sipnel GTDFLOT, This
sienal chances the signsl TC from low to high ond

data tronsfer s stopped, At this stopo the interface
goos into buffor reading code ond the addross of the
buffer s roinitialized to 0 (petes 4l,42,43,B1,B3 A4
and C1),

In the coeey cthen the chatnel has lossQr number
of byte than tho buffer size, tho chaneel inficates
gToreipnal by raising (ID-0UT 4n responss o EiVelll,
At this coment, tho lost sddrese is stored in tho ITe
31, 38, 13, 12, Fi, T2, El and 8, thilc reading
the buffer, tho recd sddrecses ere cotpored with tho
stored addrosses to know whon th akop roading, 4ot
this romont Gisadle sipnal poes high,

7, ConTRoL CIRCUIR(NCa)

The primory functiun of this cord is to genorate tEL
signol (in"dcator of resd/write mode of the buffor),
Then TT 48 low, the buffer is srito enabled , othcrcise
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zfeaa enabled, Vith thc general roset signsl, the

TE goes to low state, Then tho full duffer data 1s
trancferred,tho £T0P siernol risos and the output of
&4 goos high.thus caking output of C2 hipch, Thus TE
poes high and buffer goes to rosd code, Tith this
the extendéd TE pulse (XeTE) goes high for o short
duration, The X-TT goes low for o short durdtion,
Then 4t 48 low the CED ie clonred and § of FL rovains
high, Then XeTUE poas bigh DeFF I8 45 clochod and the
CR#4 signel iu genorated which 4s used in card DC3 to
fetch first byte of date from the Buffer, Rising of
CE#4 pencorates ¢ clock pules CE which increnants tho
644ross of the buffer in card BCl, low when tho firat
byte of data hos boon fetohod and addrese pointing to
fnd byte, the Q of DeFF J1 coes high vwhich makes tho
3 of monoshot H to ro Jow for smsll durotion, This
pives ong cloek to tho togele FA and the g of thia
torrle pgoes to high lovel, thus raising the sipnsl
CKD vhich fotchos tho £nd byte of tho data from the
buffer in card OCB, Theto two byte sre loaded into

a counter with tho cloek pulso XeclockZ, This is
dacodod in tho cards DC3 snd PSG to goaorate plot
signsls 1n X and ¥ directions with the proper pen
positioning, Then both the plot counts bocome zero,
the XY eirnal roos low ond this gemraﬁeé ono clock
pulso CE+#% This CE+#incretonts the Buffer addressse’
by 1, thus polnting to 324 byte of tho buffor, Fhis
ZY slso pives one clock to togrle Fl ond the | of this
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togrle poes high, Thus CEA goes high and the provious
procedurc is ropooted, This ®ay sll the bytes from the
buffer sre plotted, Then eithcr UIDFLOU or PISADL
Gecurs in card DCl, tho stoto of UE signsl is chanped,
This prosents tho chanmnel reudy stoto to receive onother
sot of data bytes,

Tbo lov order 4 bito are stored in cord M and high

ordor 4 bits in the card I'2, DAO, DAl,ewe=BP, ofe tho
cfdroes bite and Bo, D1, D2,we.«D7 8re the eight bits
of tho data hyte., The chips used are 74200,
Se4,12 RUFFE3 QUIEUT CORIROL CIRCUITIRCS)
| Tho two consequtive bytes of the buffer arp losded in

D=lFs A)y 424 43, 8, D1, D2, D3, D4 by CRA pulsc on?
in F1, P2, 73, F4, 11, 88, H3, B4 by CED pulse, The
high order six bites fron the first byte 1o }oeded in
Xwcounter D, » B, The high order six dits of 2rd
byte are loaded in Xecounter C,1 «I,8, The PIBT] and
PrBT2 from byte )} are directly fed %o the pob position
1ines of the plotter, The 4ircction dits DRDTY ond
DRET2 orc used in cord PSC to decode the direction of
moverent in X & ¥ diroction (sore), A1l tho countor
outputs sre IsBDed to pehcrate RePANS sipgnel chich
passos tho freo ruming clock pulees to the pbottor
t11) olli the input lirnes bocome high indicating thot
count ie ovor, Oinilor s theo cuse with Y-Pn0S and
Y-countor, The Zecountor is decreronted by tho XTELAY

* algnal and ¥ countor by Y-DILIY signal gencrated in
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5e4,13 PIOR=8I00AL GEIEIATION (B
This cord 1s peont for ponereting the four plot
signols +XywK, +¥,e¥, Only one X signel and one
Y signol will do precent st & time, fThone signols
diroctly goon o the plottor input lines.

The DAPTL, DIDTE conmbination sclocts the X and ¥ -
lince, The frequency gonerstor ( yet to be implementoed)
is genersting the free punning pulecs, This is
topriing the JeK FF J1, Alternstively Q end é of
Jdi 3s pgoing highs Os Jong as tho Xepans is hiph
in Duffer recd tofo, the @ sipgnal from J2 is paseod
to the date solcetors €3 and C2, Deponding on the
DADYL apd DRDT2 signals, either €1 will soleet the
eiprpl or €2, C1 will sond the signale to «X vhile

€2 to <X, [och pulse from 3 of J1 producos §n E-DILAY
 pulee aftor a delay of 7/lCec. (plotting epecd-lB0
steps/Coo, ), The freguency gonorator can bo accordingly
dosicned for tho purpose. £indler 4s the situation
vith ¥ sipnols,

e PR LT AR 1
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In thip chaplur, tho topics covoref srosdesigm

disoussion, futurs extension, software considerations ond
ioproverent in the axisting design, The prosent dedipcn i
boged on cortoin assuted poramaters, Thich the J0CH softe
wara ( Dovico driver) 1s envigaged to create before the
data tronafer job 1 pasesd to the dovies controllor,

u’. Alt ARSI

The dosign pbilopophy cdopted in this work 195

bared on the following points:

(a)

(&)

(©)

(é)

fnialiost increrent « (.2 oo 6ot 8 caxictm rate of
1680 stope/eoe,

rofteere will send data as o Asfforcnce betwoen
tvo consecutive puints (Xo, ¥o) end (X1,M1),
Excrplo » AQL046), B(E410),

Xecomnt or Yspount supplicd by the softeare should

‘ot be nporo than 84 staps in cceh bdlock of cormond

and deto,

coftrare will supply DeteeOrder chain (ooch of
two bytos) ss followss

ReCOULT [Data] « prnup/rermn [order]

YeCOWT [Dats] o TRITE(2X 1Y) [order)

This constitutes ons block of comrand and data,
One blook wiil bo followed by othor dlocks in
ploteprogean output,



{e)

{f)

(e)

{b)

(1)

3

o

38888
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Thore will be & continuous plotting. Peb will

g0 up only chon 4t 1s indicated by tho grograrmer
in the order to intmoduce discontinuity in tho
plotting,

Flotting eren ia divided into four quadrents
(4340T)y (+XyoT)s (oK, +7) a8 (XyeY),

the canus]l plocerent of the pen on the paper
dcteroines the origin, (11 . movements ave
relative to this position,

feeling onfd cindoving is done by tho softemro,

It knows tho moximum plotting ares. sccordingly
it ctoceocs the scole factor baged on the inforuae
tion » FJeminimum and Yeminimum,

rxample e« Flotting 6 etesipht line betwoen points
2{20,20) to D{25,28), In the buffer dsta vill bo 4
stored in the following manne®,

[<®> e64] « wm:xﬂ . a

(<> =88] + [+Xye¥] r_(,« 2 &'/i —

(<X> =28] « [PErUP , ;

<2 =28] o [eX,ye¥] . .- ; -
Y o] a3 o

(<%> »64] o [pEEDE)
KY =13] « (XYl
[<x) =81] < (prronl
WD =2l + laxyex]

Explepation:s Fxecution of these dute pointz (two
conzecutive bytes) vill stert with the pen going up
and moving the pen and papor elternatively by 64



111
steps in +% ond +Y respoctively, Then agoin koeping

pen up,record dots point 1s plotted by coving pen and
popor el ternatively 38 times in <X and +¥ dircetion
rogpoetively. Tbo effect of this will be = pon movisg
o point. & wiﬁwut vlotting, 1In the similor fashion
it plots the othor tro dots pointe koeping pon m, 20
thet continuous line is Gawn boteeen 0 & D,

HESOLUTION OF PLOTIICG ‘

Then supplying data to the pon corrisge and drun cotor,
pulses are given alternately till ono of the eounts
decrenants o HoPo, ty

then one of the cofnts Docones Zore, stmipht covement
pocurs in tho other dirgetion choseo count is still
NMON-Ror0,

Lot us exocine the ddscrépancy that cceurs whon
the lines ore plottod uming the above nentioned cothod,
Tho acourt of @iserépany depends on tho snglo the
dosired lino nahes vith the Xeaxis, Thoro s mo |
disoripony in the ecosop when tho Gisbred lincs are ot
ah snple of £ vhero =d8° and B= any integer, Thus
in tho cese of lime fallimiy - on any of the aXos or at
an onglo of 48° with the axcs, thero will de no discrie.
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poncy between the £ plotted line and the desirsd line,
The msxloum discrépeny occurs, vhen tho bime folls
at on anple of RO/2 vhero O we8® and K 1s on o8d
inteper. Thus pexivum discripancles will be ot the
angles, 82.8%, 87.6% vuuey337.8° from Zeaxis,
veth 1 byte (8 dits) the counter value will be
OES to send 286 pulses in one direotion, €0 the maxdicanm
discrépency in this eftustion 1s

O s Peelg «0F (08 38 tho dosired 1line & OIA 8
the plotted line)
. ® 0g <P
B0y « Ag

200 = 03 tan QQ.@

D »256-066 ton 28,87 {nsmﬁsiug that 04 can be
plotted with stope
cach of 0,8 om)

D w2566«0,85088 2100 Gtops ~swww{l)

put 100 cteps (» 20zm) 45 guite o hiph orror,

By asssuning that on uﬁm of {th of this crror 4,9,

26 stops » Bzny will De & tolersble one, eguntion

{ & )bocongn, ‘

A-¢w 258/4 =0,6 X 288/8,

put 266/4 » 64 esn be represonted $n only six bits, Thus
in ono block of Gata, naxienm sllowadle Guta count is G4,
For the two countors (X counter and ¥ counter) two date
bytes aro reguired, Tho first dyte for Zecountor ond
gocoond byto for Yetountor, Only the #ix bits of first
byto 4 used for dota count,
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The reraining tvo low order bits sre utilized to paeae-on
infornstion sbout tho pen ws‘tion!ng asmiam with this
dloek of 8ota, pinflorly, tho six high orfer bits of
the 2pd byte contoln Ye count snd tho romaining teo low
order bits oro ueod to posseon infornation rogerding
Giroction of comezents X8 (& X, £¥).
8.2 my-f!' FRIED * 2D LPRoverhine

The existing dosipn is Dased on the parsceteors
deceribed before, These parameters hove beon chosen in
such & way thot tho projoct conld be finished in the
1initod tice feacme. ‘The present desipn is o sieplified
one, 80 thut 1t co0:ld8 Ye irplerented in the laboratory
#ithin the existing constroints, Furtbor Aicprovenents
could be mode in order to increass the total throughput
of the system snd the resolutions of plotting, Tho
follovwing apo the arces In vhich improverente can be

nodo,

processing on the Xe and Y- counte, tho X and ¥ counts
of the two bytes ers direcctly used to send thome nucbop
of pulecs in X and ¥ dircctions, Thus the softevare is
burdencd to pencrate pany daota bbécks having sueller
counte in order to improve tho resolution of pbtting,
™his pesns core aumber'ot data bytos to be ercoted and
increnscd dato tronsfer duration, To illuninete this
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prodlem, one Arithhatic and logicsl Unit (ALU) chip
could bo used in the Plot signal gencrator board vhich
vill make nocossory celcwlations on the X & ¥ counts
(largor values) before loeding the X and Y driver counters,
The ALY and the X,Y registers load control ¢kt may be
controlled by the signs involved in ths order ( & X, & ¥)
and the mapgnitude of X and Y counts, The erithmatie
operation oay bo done on {X,¥).and { X,¥)n.1 dats blocks
to calculate the mepnituse to be loaded to X&Y rogistors
of the plot sipgnel gonerator bosrd., The X and ¥ registars,
then may lood two precettable down counters which will
ellow propeogation of the frce running clock to sond
nocosssry nucber of impulses for X and Y direction,
6+2,2 HARDTVARE TECHEOLO
The implemmtation of this dcsicn has been Gone with
tho help of TTL, N8I inteprated ckt, chips. The individual
IC chips are connected with other IC chips with oxternsl
wires, This pmnkee the ckt, rworo cumbersom to implement
and paintain, This design coulid have beon implenscnted
with the help of Licroprocessors ond Rakl, ROE memory chips,
The Hieroprocessor basod Gesign are cesy to imploment and
paintein and it is core efficient than the 63X IC based ekts,
8+2.3 PLOTTER ekt, IVPRQVEIENTS
The praseab plotter doos not provid any line indicoting
the plotting status to the controller, The Ready and Eote
Resdy lires can be genoratcd at the plotter and sent to the
controllier to form the overall status of the plotting system,
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Then the plotter ie in Fonual mode then 1t should meko
Hotercady line high to Toll the controller about its
unwillincnoss to eccept conputor orders, Then the operator
pats it in sutoredo the Beady line should be rade hiph
indleoting ite willingness to cccept the computer orders.
6e24 CARDSLAYONIL |

The hardware inplemented for this interface haas
beon 8one with tho help of stondard PCD cards available ‘
reedy mofe 4n the rarket, Thoee cards contasn provisions
for IC mwounting and externcl wiring, Due to the restrietions
of 28 pins percard and linited space on the cord, too many
ngrﬂa rere nceded for the purpose. Alsoy due to tho exterasl
wiring, tho cards look clumsy amnd con give troudle at
bigh frequency operation, If printed ckt ﬁ?rds ore
renufactured in stead of using recdy cade cards, the
peed for oxternal wiping does not arise, By making use
éf the PFLD softwere package suprorted by ePEﬁR!'UEIvac
1100 systems, the dotailed FCB layout can be generated.
FPLB peckuage accepts the pinstospin connectisns table as
input (as given in tho iprendix B) end pgives dotolled
¥CD layout on the printor or plotter,

Culob6 BUSFE] BI7E
Frosently tho Buffor size hos been chosen os 258
bytes, The CCU gensrated are reguired %o contain 268 dytos

of data to De tranpferred in one shot, The leat CCV may

econtodn less nucber of bytes, The larger buffers shonld de
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1ueorporutad if tho prephics systen nceds it,

In tho procent case the eoftwara has to hkeep
constant wateh on ths stotus of the device controller,
Then ever tho controller goes in buffer rend mode, the
channel is presented with the device dusy status, Thus
this status ip posesd to the moftwore indicating that nont
CC should not bo oxecuted until the device becomes resdy,
Tithout the REQ~IN protocol signal, the ﬂaﬁicv controllor
does not sond its reédy status sutomaticslly, In turn, the
softesre hos to rogulorly chock the stetus of tho dovice
by iasuing TIO Snstruction, This sloshes down the CFU and
chernel efficiency, Thus by incorporsting REQ«IN sipgnal
the softesre con be informod of tho resdy status of the
Thie relieves tho softvore from issuing ropular

dovice,
TI10 iastructions,

™o preaaaz deuign i pamod ot tho tradeeoff botweon
herdvare ond gofteare econsiderations in the Inmplerontation
of the 1529#!&@&. This section deslcwith two compornonts of

the softvare dovelopmente Ognoral straotegy and dotalled

specifications, 1o tho general strategy cpse user facilitics

aro taken 3Into consideration while in tho detallsd spoci-
fication cose the I0CS software requiroments are considored,

The genaral gravhien softwere oan bo 4ividcd 4nto

throo catepgoriens
* application Prograns
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¢ Functional Foftware
* Pesle Coftware.
8,8,1,1 JEELICATION POFTTARLS

The birbost lovel of Orsphic foftware is the

spplication Prograp, 4n application prorren 48 o cﬁnglete
problom solver. The user nced only supply dato and seleoet
acong prorrorn options to obtain the Soszired graphieal
Qutput «no prograning Ls reguired on tho userts part,
Applicotion programs can bo eritten in higher lovel
languages « FPONTRAN TV etes  Tho application Program
pormally uses o DBosie software, fome of ths typlenl
application prorrons can bes

FLOTGED = to automstiecslly produce and plot floehort
of any &g FORTRAN IV PROCRAN Aircotly
fron sourco dock,

DATAGRAOPE » to profucoe mannperent inforpotion chorts
and pgrophe Givectly fron usar dots on
cerds, tepe or dlec

Ge34148 FULCTIONAL COPTUAIE

runetional softenrs is sn intormediato lovel of
softrarc whieb relioves tho user of proprapning cony
conronly used graphic functions, Funeticnol software is
furttor subdivided intc hogt computor resident ond
conteoller rosidont type softewsro, Rost cobputor prosident
funetional spftrore 1s ususlly written In PORTNAN. It
consiste of o set of subroutines ¢ porform particular
oporations, The subroutincs can be CIRCLE { to draw
6 cirice or spirel), FLIID ( to drov o stocth cupve
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through & set of data pdints), DAR { to 4raw bars, for

bar graph plotting), ASROT { to drew o lino torminated with
an arrow head throurh 8 s0t of dats points) and meny pora,
These subroutinos should cater to the nceds of 81fferent
asciples 14vely drafting, busimess, selontific ond generel,
& controller rosident functionsl softeare is relevont only
fn the cares of progrocnable » controllor,

i‘ha lowsﬁ lavel of softeyre used in producing
8 plot 10 termed bapie softvare, Thie consists o eset of
subroutines ehieh allow the prorroscer 0 porfors clenentary
plotting operations such as drawing linee or annotation,
soloeting a pea;aeaﬁﬁg the plot, ote, The dasic softworo
gencrates the eoccands necevsary to porfors the specificd
oporation and transmits thon to tho plotter 1f 1t is
on=line,

T™he plot corrends genorotof by tho bosle softwore
rpay bo the occtusl codes nocossary to rove the plottor,
but usually thoy oro codos shich represent tho input dasta
in & hiphly conpoet ond efffclent format, Those cofes
then intorprotod by bardworc vhich thon produces tho
actuoal codes nccossary to drive the plotter, The fipure
given below _ehwa the mlatiousbip betecen the typesof softwrre,

&Mmmm -

i' Ueer }A@pueaﬁiaa 1
oaopiatoince ‘"“"‘f»« —

iDsta {coftuore 5 fottwere ? l s:anvzare | I‘Eaﬁ"‘“

1 o oo , 2 cam-pxz%ri

3
3%335@15 gﬂﬁﬂic $

‘
.....\5
3

S g

mf
Controlls ‘

'Fiétterg .
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The Dasic software should contain & seot of
sabroutinecwritten in PORTIAN and/or Assemdly lengusge
which can control clementary operations of the plotter
and provide somo apd in plotting graphs, These sabroutines
may bo eanllod dy the ueer progrems written in MORTRABR
or Asssombly, The subroutinegs to be written gres

PLOT = to plot straight line betwoon two pints and

to ostablish plot origin,

BYFROL » to FPlot annotetion ond spocial tyrbole,

ROISCHe to plot deeimal equvalont of ap dntornol

floating point nurber,

8CALE » to detornine starting value and seslo for

on array of fScta to be pbotted on o giaph,

GRI0 » to draw annotatod axis lino for a graph.

LINE = to sesle ornd plot a set of data points

THEAS » to peturn current fom location,
6=3,1,4 SANELE ELOTTIHG P2OCH

i

DILELSICN  %483(10), YARR (10) 1
10 CaLL PLOT (040,8) 8
20 RELD 88y (RARA(Y), YAUR(I),I »1,10) 3
28 FORIAT { 2F 6.%) 4
30 CALL PLOT {0.0p 0464=3) 6
40 CAtL SCALE { Xa1R,y 5.0, 10,1) 8
50 CALL CCALE ( YARR,6,0,10,1) 2
80 COLL £XI8 (0.0,0.0,788 TINE 1IN DILLISRCONE) ©
70 CALL 1%I5 (0404040578 VOLTACE) 9
80 CALL LIME { XoTM, ¥ ATR10,1,2,4) 10
110 CALL PLOT (12,0, 00,869) G 11
120 STOP 12

END 13
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The plotted greph will look 1ikes

4{/&
N
; \‘“*r\ , ,«(/‘A
o

Lino 1 rosorves spoce for 10 4sta points, Lino 8
intializes tho PLOT mubroutine with the logicol nocbor
dt t.ha output ddvice as B+ Line 3 resds 10 poirs of TINR
and VOLTAGE from ab input file into ted arrays T4°R end
!’éaa; Lino 8 cstablishes o now origin becsuvee of nepative
third argunont, Line 6 computes scale foetors for use
in flotting TIUS values within a 6 inch plotting aren,
Line 7 conputos 'aeais faetor for TOLRLCE dale wvaluos
within a € fnek plotting sron, Lino B 4ross the TILE
exlia, Line © drouvs tho VOLTLGE azis. Linc 10 plote
the VOLTACE Vo TINE dreving s 1ine betwsen esch of the
24 acaled points ard & syndbol X 8t every other puint,
Be3,8 _JOCO FOUITAN. FRRRIFICATIONES

Instraotions required to sccomplish any 30

opsration orc gonerally gquite involved and lenpgthy, Yot
for difforent dovicos, instructions nceded to accomplish
the 1/0 operations are idonticsl, O stoplify o
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progratcorts work, standardised routines are provided dy
the manffecturers. These routines ere collectively colled
10C8 softuarc and perform such functions ass

1. Opening and elosing of dota files,

2+ Rending onf Triting of rocords,

3, Blocking and dedlocking of rocords,

4, bBrror condition chockine ete,

The 10CH éonaieta of ¢tuwo parte: rhysical Y008 and
Loprieal I0CH-Physical JOCO controls the astual traustfor
of rocurd betwcen tho extornnl pedium ond the main storopge
1,045 tho aotusl reading and writing of the rocords,
Fhysical IGCD coanaletes of the following routinee:s

1, ntart 1/0 routine « initiate the 1/0 operotion

‘ by 4scuing the £10 instruction,

8, Interprupt routine » gets control ehen tho oporation

is ovor,

34 Chennel Cohedulor,

44 Device arror routinos,

those routincs are part of tho supervisor, which
is perpanontly locotod in lewer main storage ehile
problen progpens aro boinp oxecuted,

f now JOCS moutine for this particulsr plotter hos
to bo developed ond integratod with the existing JOCH
routines. Loglcnl YOO8 perform those functions thot ere
nocled to locate and accese & lopical record for prococsing,
I0CC todules 3§ Thore ero muny JOCS routines avallablo
vith tho IC 1080 systen, Those nodulos provide nocessary



instructions and support to sccomplish the input/output
fuentions of the problem program, An installations could
inciuvde every ono of these neny I0CS modules in tho
relocatable 1ibrary to support every possidble 1/0 functions,
Bat to obtain betber storage utiligetion, cach installation,
at systenm goncrotion timo msy include & set of these I0CS
modulos shich are bosed on tho eguiprent being used, TFor
the plotter use, tho J0CS module for thiz device, should
be provided in tho relocotedle library.

Records con bo transfer~ed to or from an Yaput/Output
devico by issulng physical JIOCS cacro instrueticns, Those
maere ionstractions conmunicate dircctly with tho physical
10C8. Then using physicel 1008 “» + '™ ) to perform 3/0
operations, tho procrercrer must provide the functions
such as setting ap channel corzand sords (CCUn),

Threo npecre instructions ore ovailadle o a prorroomer
for direct corrttnications with physicel JOCS. Theso aros

1, CCD « Comrend control bloek

2. ECP+~ "Xecute chonnel prorram

Se UAIT » Ta1t t111 tho ICC operation s ovog,

Thenever physical I0CE matro instructions cre ueed
& programmor cust elso constract CCrs for the 1/0 operatioms,

Flottor 10CS modulo should include folloving
pspocificotions 1 '

1, It should send ono £I0 instruction for a CCU

containing £68 dbytes of data out of the data
arcn provided by the probzéu 'prégmm,

2. Thenover, the problem progrenseotde date arcs

more thot 258 bytes, tho IOCT module should
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oxecnte the §Y0 instruction 4n cueh o way
thot 268 bytes of dnts are rent per CCV,

3. 2fter oraing the 510 instruction, 1t should
- ehaek for the dovice estatus through TI0

4

instruction onéd PEV bits, Dovice shove bdusy
condition chon 2t poes to the dats plotting codo,
Then its plotting for the whole buffer s ovar,
the 1008 should choek for the recdiness to
sccapt another buffer of data dytus thoush
roguler fssue of TIO dnetruction, then tho
dévicc shous not biey condition, the amothowr
sot of data bytes (268) sbonléd bo sent to the
do7ico.

It should cheek for the stotus Dits returned in
the PST and toke appropriate asetion,
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In this appendix, all the cireuit disgranms
realizod in thirteon PCD are given, BHow to rofer
to there PCBo hos beon deseribed in chapter &, The
ehip lobols dndicated 4n this dlegram refor to their
positicns in the PCB, vwhose phbysical layout 1s given
40 Appendix B ond ehip pin deseription in Appedix C.

A1l the page numbors reforred in the aignsl nemes are

relotive to this Appondix i,e. tho first cerd in this
PCBs S8 on page 1,
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OPERATIONAL N & STATUS IN SIGNAL. (C6)
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BUFFER READ/WRITE _CONTOL CICT (5C2)
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256 BYTES BUFFER-LOW ORDER BITS (M)
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BUFFER OUTPUY CONTROL CKT (BC3)
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PLOT SIGNAL GENERATION (PSG)
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DIRFCTIRG THE RECGISTERS 70 DURWIN (BY 1)
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In this sppendix, tho logic snd pin assignments for

eome of the important chips used in this desien are
described, In tho case of loglic geste, the pin nunders
are shoen in paranthezes. Tho numbors before desh
ghows input and aftor dash shows output:

{3) 7400 « Quudruple 2 input positive NaND pates

Gate 1(1,043)y Cate £(4,6«8), Cato 3(0,10+8)

Gate 4(12,13«11), |
(8) 7400 «~Hox inverters,

Invertor 1 (le2), Inverter 2 (3.4), Inverter 3(6e6),

Invortolr 4{C«8), Inverter 5(11.10), Invartor 6(13-13)
(B) 7408 - Hox invertars eith open collector high

woltage cutput,

pin assignment somo as 7400,
(4) 710 «» Triple 3 «Input positive HARD gates

Goto 1(3,2,13=12), Cate 2(3,4,5¢6),6atc 3(0,10,11=8),
(8Y2420 « Dusl 4 «Input Fositive NAND gate

Gote 1(1,2,4,6e8), Cote 2 (0,10,12,13«8),
(6)7430 » 8 « Input positive NalD pate

0ste  (1,2,3,4,5,6,11,1248),



{7) 7478 « Duol P=Type positivewedpe=trirgered flipeflop.
Pin assipgnnent and funetion table.

]

Ist D-FF FR (4) CLR (1) CK (3) D(23) o(8) o(6)

VIR

W

ond DeIF  PR(1I0)  CLBQIS)  CEQ1) DAY old) )

L B b X :{ L
n L X X n
L L X X B
! B ¢ B o L
B B A L L B
B o L X . Qo
vee (14)
(8) 7476 « Dual JK Flip-Flope 6 (7)
Fin toslipncents end function table
Tt TP PR(Z) CLR(2) CR(1) J{4) EQAS8) o(8) 304) ‘
eC(s)
2nd TP PA(?7) CLA(B) CK(6) 3(8) E(iz) 3(11) Qo) o003
| ez - ,
L B % X % B L
8 L X 4 X L B
L L 3 S X L 0
L | A X it e e
i B 1 L 12 Q )
4 g S n L B L
B g S+ 3 3 L 8
B | J+- B B H forrle



(9) 74121 « Ponostodle multividrator
Pin aseignoont ond fanotion todble

be1(3) 22(4) B(B) q(6) gq0)

L X B L B A {s tho pulse duration
b L B L 21 vhich can Do ecéjusted
4 b L L 8 a porticulor volue with
B 44 b4 L H the help of Rext-Coxt
1 ¥ B £ e corbination betvroon
¥ B8 B < o pins 10 ond 21,
‘ , R d
¥ ¥ g L r vee T .
A 2 L N o R l io
i L ORI T 3
Vee (14)
e &np (7)

{10) 74126 « jusdruplo Dus Duffor pates with throe
state outputs,
teto 1(1,2«3), Goto 2(4,6«6), Oote 3(10,0+8),
Cato 4(15,18.11),
Fositive logle « oo, out put 4o off (4ienbled) vhon €
48 hich,



{11) ?4zss'~ Pual del ine-toeleline Data falectors,
Pin aselgnocent end function tebles

feloet Inputs Dats Inputs gerod  Qutput

e

Gelcctor 1 B(2) 4(14) Co(8) ca(s) ca(s) €3(3) 6(1) ¥(7)
gebector 8 D(2) a(14) Co(lo) C21Q1) G(I2) C3(18) G(3) ¥(D)
b % x i X X B L

.

L
8
x
X
i

A
X

gmmmvbe‘w
B3 ook P 2om o ope
xrx&zwmvm_n
bdbé:ﬂe‘%hﬂmyﬂ
ot M 2 M B o
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(12) 74184 » 4 Lineetoe18«Line docoder,
Fin assirnment ond Funetion table (porsicl)

1010 oUTPUTE
£1(18) €2(20) C(20) €(21) B(22) H(2) OQ) 1(8) B(3) 3(4)
L L $t L & t L B B ®H

L L L L B ! 1 B 8

L L t & B L ®© B L B
L L t* L ® ®8 B B ®§ L
L n x % ¥ % ® ® B B
B L Tt X 3 % E B B B
B 1 X %X X X ®8 © ® B

vee(ed)
erp(12)

(13) 74180 « 0-Bit ODI/LVEN parity Conerators/Choclers.

Inputs ontyuts ¢ Qutput

{83 B(B) C(10) P(IL) 2(28) P(13) ¢6{1) H(2) EVEN ODD EVER ~0pD
1(8) D(8) CQL0) DQAL) EQB) FAS) 0Q) B(2) EVENUDD “EYEy “opD

%'-ﬁ's at A thra ®H LGven n L\' ~ B 4
2}5'5 at s thru H 064 8 L L B
}'E'B st athru © Even L B L H
iﬂ’s at A thra B 0d4 L B H L
X 8 #. L L
b4 L L H ¢

SN

VAR T B



TYPES SN5485, SN54105, SN548856~

SN7485, SN74185, SN74885

4-8IT MAGRITUDE COMPARATORS

BULLETIN NO. DL-S 7211810, DECEMBER 1972

G moe o e g -
: ‘BT, "8ES ‘L6
J OR N DUAL-IN.LIKE OR JORN
¥¥ FLAT PACKAGE (TOP VIEW} DUAL-IN-LINE PACKAGE (TOP VIEW)
MU\Aﬂfun wPUTS oUTPUTS —urs
vee "A3 B2 AT AL B AD 800 Vec A) 8t Ace A<a A 8%
H .!3‘3‘\5 wynjjeynpinijs Ny U Rgn nHoI
T
A O
TYMCAL TYPICAL Al &2 Az AY  ®1  AD . A3 "037)'51 O‘A’x' I
POWER DELAY - J
TYPE  owm. {aoiT 8 e » "
PATION WORDS) AcB ArE A8 A8 A-3 AcE . N .
86 275 mw 23m ';‘ " QT ouT out AT CUTIOY AT oY sy A1
T emw 2m i L
‘=5 3pS mw ns sz_é“‘ T s T ] Biiithninininio
A*8 A>8 A 8 A=B A< P, GRD £ 3 AL Al ATS aca A8 Al CuD
e p e e sl
INUT cascaoing weuts  ouTAUTS (Al CASTADING MPUTS
positive logic: ses function tebles pasitive logic: see function tehles
dascription s . .

Thesa ‘our-bit megnitude comparators perform comparison of straight binary and straight BCD (8-4-2-1) codes. Threa

R

v goeaded gacisipne showt w o
> ully e v

“.o't words (A, B) are madae and zre externatly available at three outputs. Those

=~ nu par of bits without external gates. Words of greater length may be compored by
w3.Cting comparators in caswd:a. The A > 8, A <B, and A ~ B outputs of a stage handling iess-significant bits are
connected 1o the corresponding £ > B, A <B, and A = B inputs of the next stage handling more-significant bitsyThe
r1z28 handling the least-significent bits must have a high-level voltage applied to the A = B input and additionally for the
‘L85, tow-ieve! voltages applisd to the A > B and A < B inputs. The cascading paths of the ‘85 and ‘SB5 are implement- .
ed with orly 8 two-gats-ievel delay to reduce overall comparison times for long words. An alternate method of cascad-
ing which further reduces the comparison time is shown in the typical application data.

FUNCTION TABL2S

COMPARING CASCADING I
INPUTS INPUTS OUTPUTS
A3, 23 | A2,02 ] A1,BY | AOLEO| A>Bl A<B A~B|A>R A<B A=B
A3 >83 X X X x X X H L L
A3<B3] X x X x X X L H L
A3=83 la2>82 X X X X X H L L
[ A3-°3 A2<B2 X X x X X L H [
A3e®2lAz-B2|A1>81 x X x X H L v
A3=93 A2=B2 A1 <Bt x x X x L H L
;Aa-ss A2=82A1=81{A0>B0] X X x N [ L
A3-B3 |A2+82 ] A1=B1 [AO<BO|] X x X L H L
sA:n-ts:: A2=82 {A1=8Y {A0=-B0] H L . H L L
It aAz-83 |az=B2jA1~81 [A0=80] L * H 3 8 H L
A2-53 'Az-321A1=B1 JAC=-80] L L H L L H
‘g8, 583
{ A3~53 1A2-82 [A1=B1|A0~BO] X x H L N H
A3=83 |A2=82 |A1=81 {AO~BO| H H L 8 L L
Laa-ea A2=82 [At=Bi |AC=BO} L L L H H L
LES

A3=~83 [A2-B2 |A1=81]A0-80] L H H T H H
A3=83 [A2-82 A3 ~B1 [A0=B0] H L M H L H
A3-83 |Az~82|A1-81|A0~80] H H H H H H
A3«B3 [A2-82 [A1=B1 {AO~BOf H H L H H L
A3-83 |A2-82 {A1=81 |A0=80] L L L L L
H = high javel, L = jow Jevel, X = irrefevant
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TVYPES SN54147, SN564148, SNT4147, SN7414U
W-LINE-T8-4-LIE ARD 8-LINE-T0-3-LINE PRIORITY ENCODERS

BULLETIN NO. DL.-§ 7211727, MAY 1972 - REVISED OECEMBER 1972

ENB4LIST, BV eT

SN54148, SN74148

f ¢ Encodes 10-Line Desimal to 4-Line BCD Encodes 8 Data Lines to 3-Line Binary {Octal)
¢ Applicewons Includa: Applications Include:
Keyboard Encoding N-Bit Encoding
Range Ssiection Code Converters and Generators
¢ Typical Data Oelay ... 10 ns Typical Data Delay ... 10 ns
¢ Typicai Power Dissipation . .. 225 mW Typical Power Dissipation . .. 190 mW
J OR M DUAL-IN-LINE OR 4 OR N DUAL.IN-LINE OR
W FLAT PACKAGE (TOP VIEW) W FLAT PACKAGE (TOP VIEW]
SoTuT WNPGTS - GUTPUTS TNPUTS oorror
vee NG 0D 73 7 T 8y A vee ‘€O GS 3 2 1 ¢ AO
16 154}; 1ERRRY] Y: Bilsd ;__lle BijwijnuiRpiniinils
l b 4 o b 44 id |
D 3 2 i 3 1 (]
3—{! 4
t 5 s 1
til2 ! 3 l 4
A 5 [ 7
V .4
INPUTS QUTPUTE INPUTS QUTPUTS
positive logic: see function table positive logic: see function table
NC- wo internal connection
elsoription

These TTL encoders feature priority decoding of the inputs to ensure that only the highest-order data line is encoded.
Tha SN54147 and SN74147 encode nine data lines to four-line (8-4-2-1) BCD. The impfied decimal zero condition
ruguires no input condition as zerc is encoded when all nine data tines are at a high logic fevel. All inputs are buffered
1o fupresent one normalized Series 54/74 load, The SN54148 and SN74 148 encode eight data lines to three-line (4-2-1)
ainsry {octal). Cascading circuitry (enable input Ef snd enable output EQ} has bean provided to allow octal expansion
without the need for external circuitry. Far zll types, data inputs and outputs are active at the low logic ievel.

SN54147, SN74147

SN54142, SN74148

FUNCTION TABLE FUNCTION TABLE
INFUTS QUTPUTS INPUTS OUTPUTS N
bt 2 3 4 6 8 7 3 sl ¢ B Aj tgle 1 2 2 4 & 6 7]A2 A1 AO{GS EO
Ve B H O H O H # H H HIH H H H HIX X X X X X X X|[H H H[H H
X X X X X X X X tiL H H L LifH H H H H H H HIH H H|H L
X X X X X ¥ X L HIL H H H LiX X X X X X X ]t v ot wH
PhOX X X X X bt o# oHld Lot Lix X X X X X t H|L L HlL H
X X %X X X L H H HIH & t H LlXx X X X X L H H!t W L|L H
X A A £ o« H H H HiH L H LixXx X X X L H H HIL H HIL H!
X % % « 4 B H H H{H L H H LiX X X L H H H HIH L LlL W
% X X LR o w H H HIiH H t L L X X L H H H H HIH L H L H
X L H 8 wn H H W BiH B L H Llx L W H W OH B H{A B L|L H
"LoH W r A W OH OH O HIH H O H L Lt H H H H H H H|H H HiL #n

o= REn i LG iaver, L = low loglic ievel, X = lrralsvant




VLD Lonidd, SNILTTE

AR

R g o e R B e s T

witchlng eiersctoristics, VEQ =6V, T4 = 25°C, Ry = 400 0

CoTE REGISTERS WTH S-STATE QUTUVS

L W B T " o D MR i e,

e ]

. PARAMETER TEST CONDITIONT IMIN TYP RMIAXIUNIT
fay  Maxrtium clock freguency 25 38 MHz
toit,  Prog.otion dicy time, high-to-low-level output from cleer input 18 27| m
oM Preal, dion ¢y titng, fow-to-high-level output from ciock input Gy = 50 pF, 28 43 -
tPHL [ v, O toTove-ievel autput from ciogk input SeaNote 4 19 AN
tzi L. AR ) 7 € 1 -
t2g Cinat enzh,z tion . o cow baved 7
thr Outpur diz. i 1l s from high wni Cy =5pF, I 56 14 n
Lz DUtput dircole G from Tow e Seo Note 4 KBNET]
NOI2 & Losd tircults ind vaite,d waafonns sre shown on Gage 140
funstisnot bl dic _com ond cchometics of inpute cnd cutputs
fOR
SUTPUY 3 \
CANTAOL @ Hl g
= - —| EQUIVALENT OF
,EC\ ! EACH INPUT
CATA 14 )mfo ald
=
7 - r«——..é) ex Ve e -
P R s h o
OATA P $ i 4 k03 NOM
m"“{,, e "(‘_j-e.'%!' fean )
! -——-——] INPUT -
1= 1 iy
w1 T
Q
D:;A oy H ——\ -
% 5 ex
n * 1 !
; ! Lt .
. in i L_c_usuc ’
£ Y j>' - <y
{
L S
i
Ry
. : SSans
Ta 2 i i B 3,
R e S € sl
i' res TYPICAL OF
% FL- 2 s ALL OUTPUTD
I N f — Vee
btiran 90 &1 NOM
i R |
i 1 —- '
| L )
2 ' - [ o
¢ > e
. ouTPUT
b a ]
| —
i £oinn .
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¥ S CR I e stteniy’ By 8 trenaition fram a high level 10 & Jow Jevel,

e e - - - - W e = -



TYPES SN54196. S[IG41E7, S54.5180, SXaaL1s8ET,
SN7418C, §176197. SN7418156, SRT418197
50/30-MHz PRESETTASLE DICADT ﬁ'% BINARY COUNTERS/LATCHES
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J OR N DUALIN-LINE OR
W FLAT PACKAGE (TOP VIEW)

Pertorms BCD, Bi-Quinary, or Binary

Counting ‘ DATA INPUTS CLOCK
Vr-c CLEARt Gp Qg
Fully Programmablo !" w"‘* ,"‘"2" !“"“l f ,g'"k:_ [ ;"]- { ‘c_”'
L) Loy i ~
Fully Independent Clear Input ' é T = i =y 1 T H
. . A } i
o Input Clamping Diodes Simplify YT T e a—— }l
System Design . I !
o Qutput QA Mgintains Full Fan-out —t CounNT/ cm!cx«)_j {
Capzhility In Addition to Driving [ojrose T eLock i
Clock-2 input }
o ¢ A O)A 2 i
N N N
GUARANTELD E T : =
TYPES  COUNT FREQUENCY TYPICAL L’ ! i 3] ;t 4 ’ﬂ, i § ] ‘ ‘
CLOCK 1 CLock g POWER DISSIPATION ’ cOuiT o \ £ A, Oa CLOC’( reoTey
"196, 1197 0.50 MHz  0-26 MHz 240 w0y i DATA INPUTS 2
‘L§196, 'LS197 0-30 MHz 0-15 MHz £0 Wy ( £aynchronous inpsut: Low inout to clear sets Qp,
i

Qg, Gg, 20 Qp jow.

description

These high-speed monolithic counters consist of four d-c coupled, mester-slave flin-flogt wnich #re internally
interconnected to provide either a divide-by-two and a divids-by-five counter {(*186, 'LS196) or » divide-by-two and @
divide-by-eight counter ('197, 'LS197). These four counters are fully programmable; that is, ™ * outputs may be preset
to any state by placing a low on the count/load input end entering the desired deta a, the (o te inputs. Tha cutputs will
change to agree with the data inputs independent of the state of the clocks.

During the count operation, transfer of information 1o the outputs occurs on the ne-ative-coing edee of the clock nulse,
These counters feature a direct cluzr which when taken low sets all outputs low reurdless of tha states o the clocks.

These counters may also be used &y 4-bit latches by using the count/lowd Input 25 tha strobo and ¢« tering date st the
data inputs. The outputs will directly follow the dota inputs whon the count/loed is tow, put w™ . remain uncheanged
when tha count/logd is high =nd the clock inputs are inective,

All inputs ere diode-clemped to minimiza trensmission-line offects ¢nd simplify syst~ n design, Thuse circuite ore
compatible with most TTL and DTL logic fimilies. Typical power dimsipatio~  LJ mufliwatts. Surics 64 ang BALS
circuits are charzcterized for operstion over the full militery twmperetus -0 o —-83"C to 126°C; Stries 74 and 7417
circuits are choracterized for operation from 0°C 10 76°C.

typical count configurations .

196 and ‘L8196 typicat count configuretions and function teiies 3 i surme w trose for ‘176, See prgt 370.
'187 and 'L.S197 typical count configurations nd function tables zve the sama es those o 177, Sea pags 370,

functiona! block diagram.

‘196 znd ‘LS186 functiona! biock disgram s the seme a5 that for 1770 Sun mens 777
‘197 and 'LS197 functionut block diagram is the same as that for ‘177, S pas. 379,
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1418 TYPE Si74200
LSI 256-BiT READ/WRITE RIENORY WITH 3-STATE GUTPUY

BULLETIN NO, DL 5 7211735, MAY 1972 . REVISED DECEMBER 1972
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;'] » For High-Speed Memory Systems JORN
Access from Memory-Enable Inputs . . . 17 ns Typical DUAL-IN-LINE PACKAGE {TOP VIEW)
v Access from Address Inputs . . . 42 ns Typical e —
i Power Dissipation . . . 1.8 mW/Bit Typical L M:u
; o For New Designs and/or Military Environments, m‘"";”"‘;’“; i
SN545200 and SN745200 Are Recommehded - o T '
Fully Decoded, Organized as 256 Words of One Bit Each l oy ; * B
Compatible with Most TTL and DTL Logic Circuits r * . :
|
= Multiple Memory-Enable Inputs to Minimize
Extornal Decoding
doscription NiRiigininnDine
This 256-bit active-element memory it 8 monolithic tronsistor- N -4 o
N . . N ADDAESS ADOREDS
transistor logic {TTL) array orgeanized as 256 words of one bit WeuTs et
each. It is fully decoded and hos three gated memory-enable N
ive fogie: D t jement of
inputs to simplify decoding required to achieve the desired posisive tocte d.:i‘: .‘3?’.;0;,’ :&Tpg:g:?:d'::
system organization. The SN742C0 feetures a three-state output ‘;':;'h“’"";“‘i“;rm|f“°"""°"
and is functionally equivalent to the SN74S200. )

The drive capability of the three-state bus connectsble output permits expension up to 56,304 words of N-bits without
additional buffering. See the table below.

WORD CAPACITY schematics of inputs and outputs
vs
SERIES 54/74 TTL LOADS EQUIVALENT OF EACH INPUT OUTPUT
- r——Vce
SERIES | MAXIMUM
68 {2 NOM
54774 |nUMBER OF | MAXIMUM vee - :
TTL | common | NUMBER & k2 NOM T L:
LoADs | outpyts |OF WORDS
1 263 66,304 INPUT -
} o !
2 220 56,320 v _ ouTPUT
3 180 45,080
4 140 35,840
5 100 26,600
6 60 15.360
7 20 5120
writa cycla

3
The complement of the information at the data input is written into the sslected location whan ali memory-encbie
inputs and write-enable input are low. While the write-ensble input is fow, the output is in the high-impedancs stata,
When a number of outputs are bus-connected, this high-impedance output state will naither loed nor drive the bus fine,
but it will atfow the bus line to be driven by another active output or a passive pull-up if desired.

read cyclo

The stored information {(compiement of information applicd at the data input during the write cyclo) is availcble ¢t the
output when the write-enebie input is high and the three memory-encble inputs cre low. When eny ono of tha memory
enable inputs is high, the output will be in the high-impedance state.

FUNCTION TABLE

INPUTS
FUNCTION MEMORY | WRITE ouUTPUT
ENABLE' | ENABLE H = high lavel, L = jow level, X = irrelevant
Write TFor memory snable: L = aif ME inputs fow,
{Store Complement of Dats) t L jHigh Impedance H = one-or more ME Input high.
Read L H  [Stored Data '
Inhibit H X iHigh impedancs




	TH8140001
	TH8140002
	TH8140003
	TH8140004
	TH8140005
	TH8140006
	TH8140007
	TH8140008
	TH8140009
	TH8140010
	TH8140011
	TH8140012
	TH8140013
	TH8140014
	TH8140015
	TH8140016
	TH8140017
	TH8140018
	TH8140019
	TH8140020
	TH8140021
	TH8140022
	TH8140023
	TH8140024
	TH8140025
	TH8140026
	TH8140027
	TH8140028
	TH8140029
	TH8140030
	TH8140031
	TH8140032
	TH8140033
	TH8140034
	TH8140035
	TH8140036
	TH8140037
	TH8140038
	TH8140039
	TH8140040
	TH8140041
	TH8140042
	TH8140043
	TH8140044
	TH8140045
	TH8140046
	TH8140047
	TH8140048
	TH8140049
	TH8140050
	TH8140051
	TH8140052
	TH8140053
	TH8140054
	TH8140055
	TH8140056
	TH8140057
	TH8140058
	TH8140059
	TH8140060
	TH8140061
	TH8140062
	TH8140063
	TH8140064
	TH8140065
	TH8140066
	TH8140067
	TH8140068
	TH8140069
	TH8140070
	TH8140071
	TH8140072
	TH8140073
	TH8140074
	TH8140075
	TH8140076
	TH8140077
	TH8140078
	TH8140079
	TH8140080
	TH8140081
	TH8140082
	TH8140083
	TH8140084
	TH8140085
	TH8140086
	TH8140087
	TH8140088
	TH8140089
	TH8140090
	TH8140091
	TH8140092
	TH8140093
	TH8140094
	TH8140095
	TH8140096
	TH8140097
	TH8140098
	TH8140099
	TH8140100
	TH8140101
	TH8140102
	TH8140103
	TH8140104
	TH8140105
	TH8140106
	TH8140107
	TH8140108
	TH8140109
	TH8140110
	TH8140111
	TH8140112
	TH8140113
	TH8140114
	TH8140115
	TH8140116
	TH8140117
	TH8140118
	TH8140119
	TH8140120
	TH8140121
	TH8140122
	TH8140123
	TH8140124
	TH8140125
	TH8140126
	TH8140127
	TH8140128
	TH8140129
	TH8140130
	TH8140131
	TH8140132
	TH8140133
	TH8140134
	TH8140135
	TH8140136
	TH8140137
	TH8140138
	TH8140139
	TH8140140
	TH8140141
	TH8140142
	TH8140143
	TH8140144
	TH8140145
	TH8140146
	TH8140147
	TH8140148
	TH8140149
	TH8140150
	TH8140151
	TH8140152
	TH8140153
	TH8140154
	TH8140155
	TH8140156
	TH8140157
	TH8140158
	TH8140159
	TH8140160
	TH8140161
	TH8140162
	TH8140163
	TH8140164

