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TELETEKNISK FORSKNINGSLABORATORIUM den 20/4% 1970

. PDP-8/L controller for RC Hooo
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1. Hovedkarakteristik

PDP-8/L controlleren er tankt anvendt for tilslutning af PDP-8/L
computer til RC 4ooo pd en sddan made, at PDP-8/L skal kunne kontrol-
leres fuldt ud fra RC 4ooo0, altsd skal virke som slave, Datatransport
foregdr i blokform direkte mellem de to maskiners ferritlagre via hiph-
speed kanalerne. Ved transport fra RC 4ooo til PDP-8/L foretaper con-
trolleren en udpakning af RC Yooo's 24 bit ord til 2 12 bit bytes og
transmitterer disse sekventielt via en 12 bit datatransmissionskanal
til den del af controlleren, som findes anbragt i forbindelse med
PDP-8/L. Tilsvarende foretages en pakning af 2 PDP-8/L ord ved trans-

" port den modsatte vej, Dette indebarer, at bloktransporter altid kon-
mer til at omfatte et lige antal PDP-8/L ord. Ved bloktransport star-
tes altid med pakning eller udpakning af hg¢jre byte i dataregisteret
svarende til den byte, der i RC 4ooo har den laveste adresse.

Al initralisering af bloktransmort foretages via RC U4ooo's low-
speed kanal, medens PDP-8/L kun har mulighed for at acceptere eller
afvise en bloktransport, der forsgges sat i gang fra RC Hooo.

Al ¢vrig kontrolkommunikation de 2 maskiner imellem foregdr ogsd
via low-speced kanalerne, men altid pd initiativ af RC 4ooo. D.v.s. den
kan sende et 12 bit control ord eller bede om et 12 bit (software) sta-
tus ord foruden de normale hardware status bits, som sazttes ‘i control-
leren.

. Kommunikation p& high-speed kanalerne og pd low-speced kanalerne fo-
regdr multiplexed via ovenfor omtalte 12 bit databus pd en sddan mide,
at en pdbegyndt bloktransport eller en ndbegyndt low-speed kommunika-
tion satter controlleren busy, indtil hele blokken er overfgrt,eller
low-speed kommunikationen er accepteret af modtageren; fgrst da tilla-
des transmissionskanalen anvendt til andet formal.

En pidbegyndt transport, high-speed eller low-speed, afsluttes altid
med et interrupt, ndr transporten er tilendebragt eller efter udlgbet
af en vis tid. |

En RC 4000 I/0 ordre, som afvises pd grund af, at controlleren er busy
eller disconnected, fordrsager interrupt i RC 4o0oo, ndr controlleren er

recady og connected.
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2. Virkeméade

o I fig.1 er vist controllerens registerstruktur, medens fig.2 ogf 3
piver en oversigt over de kontrolrepistre, der henvises til i det ef-
terfglgende.

a. High-speed transfer
En high-speed bloktransport initialiseres og startes ved hjzlp af

fglgende kommandoer fra RC 4ooo:

Kommando: Kode: Effekt:
set PDP-8/L startadr 5 if BUSY=1lyv DISCONNECTED=1 then goto rejec
BUSY:=1

RCDATA (12:23):=spec.W-reg (12:22)
PDPADR (0:11):=RCDATA (12:23)
. BUSY: =0

set transfer block-size 9 if .BUSY=1 v DISCONNECTED=1 then poto rcijec
RCWC(@2:23):=spec.W-rer2:22)con O

set RCHooo start adr 13 if BUSY=1 vy DISCONNECTED=1 then goto rejec
and start input to BUSY:=1
RC Y4ooo0 : RCADR(6:22):=specc W-rep(6:22)

TIMERUN:=1

start inoput transfer

wait until TIMEOUT=1 v TRANSFER COMPL.=
DISCONNECTED=1

RC Hooo interrupt:=1

BUSY: =0
. set RCYooo start adr 17 if BUSY=1l v DISCONNECTED=1 then goto rejec
and start output from BUSY:=1
RC 4ooo0 RCADR(6:22):=spec W-rep(6:22)

Timerun:=1

start output transfer

wait until TIMEOUT=1l v TRANSFER COMPL.=1
DISCONNECTED =1

RC 4ooo interrupt:=1

BUSY: =0
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reset (PDP-8/L part of 1
controller)

if BUSY=1v DISCONNECTED=1 then goto rejec
HSREADY : =1
HSCOMPL: =0

HSENBL :=0
LSREAD :=0
LSWRITE:=0

Efter en high-speed transport kan status vare fglgende

status:

Bloktransport gennemfgrt
med held

Bloktransport afbrudt pad
prund af PDP-8/L i local mode

Bloktransport ikke kommet
igang p@ grund af HSREADY=0
i tiden fra start transfer

og 500 ms frem

status bits:

INTERVENTION:=0
TIMEOUT :=0

INTERVENTION:=1

TIMEOUT :=0
INTERVENTION: =0
TIMEOUT =1

Til kontrol af high-speed transporter findes f@glegende PDP-8/L ordrer

Kommando: Kode:

skip on flag "block-trans- 6611
fer completed" and reset

flag "block-transfer com-
pleted"

set flag "ready for block- 6612
transfer" reset flag "block-
transfer completed" reset

flag "enable PDP-8/L inter-
rupt on block-transfer com-
pleted"”

set flag "enable PDP-8/L  ¢&/%
interrupt on block-transfer

completed”
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Effekt:

if HSCOMPL=1l then PC:=PC+lj

HSCOMPL: =0
HSREADY:=1
HSCOMPL: =0
HSENBL: =0
HSENBL: = 1



b. Low-speed transfer

For udveksling af kontrolinformation via low-speed kanalerne findes

. fglpende RC Yooo ordrer.

Kommando: Kode: Effekt:
Read (one byte from =~ 2 if BUSY=1v DISCONNECTED=1 then poto reject
PDP-8/L) BUSY:'—‘_I;
TIMERUN:=1
LSREAD : =1

wait until TIMEOUT=1lv LSREAD=0
RCDATA(12:23):=PDPDATA(0:11)

RC 4ooo interrupt:=1

BUSY:=0
Write (one byte to 3 if BUSY=1v DISCONNECTED=1 then poto reject
PDP-8/L) BUSY: =1
[ TIMERUN:=1
RCDATA(12:23):=spec.W-reg(12:23)
PDPDATA(0:11):=RCDATA(12:23)
LSWRITE:=1
wait until TIMEOUT=1v LSWRITE=0
RC UYooo interrupt:=1
BUSY:=0
Sense 0 if BUSY:=1 v DISCONNECTED=1 then goto reject
if Previous command=Read
then

spec.W-rep(0:23):=ST(0:2)con9extOcon
. RCDATA(12:23)
. - else

spec.W-reg(0:23):=ST(0:2)con2lextO)

Efter en low-speed transport kan status vare fglgende

status status bits
Bytetransport gennemfgrt INTERVENTION: =0
med held TIMEOUT :=0
Bytetransport afbrudt pa INTERVENTION:=1
grund af PDP-8/L i locol TIMEQUT . =0
mode

Bytetransport ikke fuldf¢grt INTERVENTION:=0
i 1lgbet af 500 ms, fordi TIMEOUT =1

PDP-8/L ikke har reageret
pd@ LSREAD h.h.v,LSWRITE
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Nir statusresisteret indlases til RC Yooo er:

bit (0: INTERVENTION

bit 2: TIMEOUT

fo—

"or kontrel af low-speed overfgrsler findes félpende PDP-B/L ordrer:
Yommando: o . Kode: Effekt:

sxip on flap "low-speed read" 660l if LSREAD=1 then PC:=PC+l

i{ flac "low-speed read" is 6602 if LSREAD= 1 then
set then load C(ACC) to begin

POPDATA and resect flag PDPDATA(0:11):=ACC(0:11)

"low-sneed read" SRLAD: =0

i
<

end

siin on flac"low-speed write" 66o4  if LSWRITE=1l then

and if flag "low-speed write" bdgin
is set thern or PDPDATA(0:11) PC:=PC+1
S into ACC(0:11) and clear flae CACC(0:11):=ACC(0:11)vPDPDATA(D
"low-sneed write'. s ‘ LSWRITE:=0
end

tn "rejected" RClooo I/0 ordre giver f@glpende reaktion:

reject: comment continue program execution;
wait until BUSY=0A DISCONNECTED=0
RChooo interrupt:=1
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3. Hardware andring af PDP-8/L

Det er vigtigt, at man fra RC 4ooo kan onnd fuld kontrol over nrocran-

udf¢grslen i PDP-8/L. For at opnd dette nd der foretages en simpel =nddrine
i PDP-8/L:
P& PDP-8/L's frontpanel findes cn n¢ggleomskifter med 3 stillinper:
1. OFF
2. DPOWER

3. POWER LOCK

T stilling 1 er str¢mforsyningen afbrudt. _

I stilling 2 er str¢gmforsyningen tilsluttet, og man har fuld kontreol over

PDP-8/L fra frontpanclets betjeningsknapper. D.v.s., man kan starte oc stop-

pe maskinen manuelt.

T stilling 3 har frontpanelets betjeningsknapper ingen kontrol med prorram-

udfg¢rslen. Den eneste styremulished fra forpanelet er da en programmassie
.affg‘.linp_ af det 12 bit Switch reg.

Den navnte simple @ndring bestdr dd i, at PDP-8/L's RUN flip flop holdes
permanent i stilling "true", sd lange nggleomskifteren stdr i stillinc 2.
Denne stilling skulle sd, set fra RC Yooo, svare til on-line (connectec),
medens stilling 1 og 2 skulle svare til disconnected.

I stilling 3 er nu opndet, at PDP-8/L ikke kan kontrolleres fra fornanc-
let, samt at maskinen hele tiden udfgrer ordrer, idet et evt. programmcret
HALT bliver til NO OPERATION, Det, at PDP-8/L udfgrer ordrer, er nemlic en
betinpelse for, at high-speed kanalen er aktiv.

Niar PDP-8/L sdlecdes sattes i stilling "on line", vil maskinen std og ud-
fgre en mere eller mindre meningsfuld sekvens af instruktioner, som ikke
umiddelbart er kontrollerbar fra RC Looo. Det galder nu om at opné kontrol

@ ncd programudfgrslen i PDP-8/L fra RC hooo.

Som controlleren opbygges, vil det altid vzre muligt at starte en blox-
overfgrsel til PDP-8/L, altsd kan hele ferritlageret overskrives med in-
struktionen JMP 1. Dette kan ggres flere ganpe, til man har en vis sandsyn-
lighed for, at PDP-8/L stdr i celle 1 og udfgrer ordren JMP 1.

En blok, indeholdende kommunikationsroutine eller program, kan nu indle-
ses og derpd overskrives celle 0 og 1 med en outputblok, der i celle O an-
brinper startadr for kommunikationsroutine eller program og i celle 1 an-
bringer instruktionen JMP I 0. Kommunikationsroutine eller program md sd
vere kodet til at foretape en eller anden form for reaktion, der overfor

RC 4000 indikerer, at fuld kontrol er opndet over PDP-8/L.
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4., Software

‘ Ved udformnincen af controllerens hardwarekarakteristika er tilstrebt
sSvel rod udnyttelse af de.nddvendige repistre som muliphed for at clahe en
fleksibel kommunikation mellem de to maskiner; det sidste forstiet nf
nide, at den bruger, der kun har brug for en simpel kommunikation, (f.ek=-.
continuert input til RC Yooo af blokdata fra en AD converter tilsluttet

PDP-8/L), skal kunne opnd dette med maksimal hastiched, mecdens den brucer,

den

der kraver mere kompliceret kommunikation, kan opnd dette ved cverigrsel

af kontrol og statusdata, men pi bekostning af middeltransmissionshastiche-

den for data.

Denne fleksibilitet m& fglees op af den externe proces, som skal indleo-
ses i RC 4ooo's monitor for kommunikation med PDP-8/L. Denne nroces skal 1
hovedsasen kun foretage den n¢dvendige check af reservation op bloktrans-
nort samt tilpasse kommunikationen med PDP-8/L til den form, der igdvrict

‘anvcndes af monitoren, uden at der indf@gres restriktioner i bruserens kor-
munikation med PDP-8/L. Endvidere md den perifere proces foretace incremen-
tering af stop count for den interne proces, der starter transport af data-
blok eller kontrolord, samt igeh decrementere stop count, ndr transporten
er afsluttet. Dette er ngdvendipgt for at sikre afslutning af transrvort,in-
den den interne proces evt. stopoes.

I det fglgende findes den perifere proces for PDP-8/L beskrevet

General rules.

The process kind is 256. Operation can be initiated by an internal
process that has initialized or reserved the device. '

The device is sensed before each operation. If the status word indi-

. cates an intervention by the operator in the local mode, the name of the
process is removed (together with the present reservation) and all the
messages are answered with the result: receiver does not exist. The de-
vice is now in the state: document renoved.

When the operator switches back to remote state, the device produces
an interrupt. This causes the setting of the device state to: unidenti-
fied document mounted.

When the device is named by the procedure "create peripheral process"

the device state becomes: identified document mounted,

Sense operation.
The device is sensed and the hardware statusword is delivered as an

. answer.,
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Input Block operation.

A block of consecutive PDP-8/L words is input to a storage area with-
in the sending process in RC 4ooo., Each RC 4ooo word contains 2 PDP-8/L
words. Input is terminated when the storage area in RC UYooo is full, A

transfer will always contain an even number of PDP-8/L words.

Output Block operation.
A storage area within the sending process in RC Uooo is output to a
specified area in PDP-8/L, A transfer will always contain an even numn-

ber of PDP-8/L words,

Input control operation.

A 12 bit control word is requested from PDP-8/L and delivered to the
sending process in RC b4ooo as part of the answer, If the request is not
answered within 500 ms, the operation is terminated with the statusbit

"timer" set,

Output control operation.
A 12 bit control word delivered from the sending process in RC UHooo
as part of the message is send to PDP-8/L, If the control word is not

accepted in PDP-8/L within 500 ms, the operation is terminated with the

statusbit "timer" set.

Input/output block mode.

mode:0. The transfer is initiated but not started until PDP-8/L via
program has indicated that it is ready for the transfer. If
that does not happen within 500 ms, the transfer is terminated

with the statusbit "timer" set.

2. The transfer is started independent of the state of PDP-8/L.

Status bits:
0. Intervention

2. Timer

Messages and Answers:

Operation: Message: Answer:
Sense 0 status word
0
0
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Operation:

Input block

Output block

Input control

Output control

vB922

Message:

3« 12+mode

first storage address(RCHooo0)
last storage address(RCY000)
first storapge address(PDP-8/L)

5« 12+mode

first storage address(RCH4ooo0)
last storage address (RCUooo)
first storage address(PDP-8/L)

6< 12

8<12
0
0
control byte

Answer:

status
number

number

status
number

number

status

word

of bytes

of characters
0

word

of bytes

of characters
0

word
0
0

control byte

status

word
0
0
0
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Controller register bits accessed from PDP-

2/L program

_..___..__-...—___——s_.___-——-—_.__.....__...__--——-———————-—_—.——_.. - — -

reset from controller when high-speed HSREADY set from PDP-8/L program when ready
is started. for high-speed transfer.
set from controller on RC Yooo command:
"reset"
set from controller when high-speed HSCOMPL sensed from PDP-8/L program. If.
transfer completed. true then clear and skip.
reset from controller on RC 4ooo command: reset when HSREADY is set.
"reset" Normally PDP-8/L interrupt when set.
HSENBL set from PDP-8/L program for enabling

PDP-8/L interrupt on HSCOMPL = 1
reset from controller on RC 4ooo command:
"reset" reset when HSREADY is set
set from controller on RC 4ooo command: LSREAD sensed from PDP-8/L program and i
"read". reset when PDPDATA(0:11) is loaded from &
reset from controller on RC 4Yooo command: accunulator
"reset" PDP-8/L interrunt when set 1

i

set from controller on RC 4ooco command: LSWRITE sensed from PDP-8/L program and f

"write", when control word is in PDPDATA(0:11)

reset from controller on RC Yooo command:

"reset"

if true reset after transfer of PDPDATA(D:1D
to accumulator
PDP-8/L interrunt when set.

¢t
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Exception bits:

Status bits:

H1

repgisters in PC U4ooo Dart of centroller

- —————— —— ——— - — - —— - ——— o — e ——————— —— o o ———————

control
BUSY m
DISCONNECTED mn
INTERVENTION mw
TIMEOUT nv
TIMERUN mn
TRANSFERCOMPL: "1™

when hiph-speed or low-speed transfer started

when PDP-8/L power is off or PDP-8/L is in "of-line" state

if PDP-8/L is or has been disconnected sinse last "sense" command

if a high or low speed transfer is going on and no byte has been
transferred in Soo mS,

when a transfer is going on, timer is restarted each time

a new byte is transferred

when a transfer is completed successfully.



Efter nmrvarende oplsg er udarbejdet, er foretaget flgende tilfgjelse til
den controller, der realiseres:

Udover det interrupt, som overfor RC 4000 markerer afslutning paa datatrans-

port, benyttes endnu et RC 4000 interrupt. Dette kan direkte smttes v.h.a.
en I0 instruktion i PDP-8/L.

Kommando Kode
set RC LOOO interrupt 6621
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