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The;'iNCOTERM~ SPD 10/25"Intélli93nt Terminal 1is @ 'compactj

‘versatile system which has fcund application in a wide variety of
‘envircnmentss such as banking systemss airline reservation

networks ¢r as 2@ stand-alcne intelligent terminal systeme

This is the SPD 10/25 Prdgrammers’Reference Manuale When used

with the SPD Symbclic Assembly Language Reference Manuals, it is
‘+he only manual needed to prcgram a SPD 14s25 terminel alones cor

running under SPD/T0S,

The information in this manual 1is presented for informationsl
purpcses only and is rot intended or licensed to be used for the
construction of eguipments The information is believed to be
accurates but nc responsibility is assumed for inaccuracies or
for the conseguences of using the informations

Furthers INCOTFRM Corpcraticn makes nc representation that use of

the 1infermation in this manual will nct infrince on existing or
future patent rishts of INCOTERM or of ctherse
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+  SPD 10/25 Orgznization =

The sPT 10725 TPU’;internal system crgédization is that of =

processor with the connections for all I/0 devices, including the

peripheralss the display monitor generatorss the keybocardss the

communications liness a half duplex communications controller and
a cyclic check contrcllers All other Connections a2re made thrcugh
@ commonly shared I/0 bus (see " figure 1-1)e The bus organization
allows cutside connecticns for devices ~that house their own
Controcllers (for examples a paper tape reader)s and inside
ccnnections te the built 4n devices: the keyboards at every
displey statien and the communications controlleras The ccnnection
of any other peripheral device is made by simply: :

% InSerting"into a TPU siot & self Cdntained
glug-in modu!ealwhich is the controiler for the
device, and S ‘

o Assigning its address to one of the output
~chennels through which the TPU communicates with
the controllerse

‘The controller mcdule is a board that fits easily into the TPU

housinge There are slcts for any combination of five sincle
device contrcllerss The system is readily reconfigured ts run
with different agplications programs by changing the plug-in

“modulese :
" 1ele Input—ﬂutput Subsystem

‘The 1/0 subsystesm <(figure 1-2) prevides the means for al|

transfers of dats into and ~out of the TPUs The source for and
target of =zall input  and output operations is the ACR
(accumulator)s The ACR is 3 recister which hoids 8 bits of datas

The ccmmon I/0 bys is the path for data transmitted into and out
of the TPUs The bus 1is commecn to the ACR and the 8 addressabie
channelss The devices assigned to these channels are chosen when
the system is configureds Two targets or sources for data are
internal to the TPU: the RTC (real time clecck) and the refresh
subsytems The remainder are externala ' ‘

The data sources or targets are interfaced tc the channels by
controllerse The controlier provides 21| the necessary leogic to
conduct the exchange of control information and 1I/0 datas
transmitting an interrupt signal (over an exclusive line) and
effecting the data transfer cver the 1I/0 buss Information
conterning controller programming is -not ¢iven 1in this manuale
Consult the INCOTERM Datsa Communications Manual for a description
of general contraoller operations , : o
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SPB 10/25 Functional Characteristics

fngaralTei bznary: Byte or1ented '

‘ 'f Data FOrmat‘”f?f mtii:fi8 b1t byte: 16 bit wcrdyﬁy

ﬂ”fInstruCtlon Length-k k"GnF or two words !onck 
"QProgram Memory~l,f ’ vaﬁagnet1c Core |
Memory 51ze=”  "*7} ﬁ" 4K Bytes |
'Menory Cycle.;{':f? ‘;~1.6’ﬁ{cfosec6nds'
'Address1ng- ] ” 1f],)  'Difett: letiFlevei {ﬁdifecf
,Ar1thmet1c Codn'fj\  .’ Tuc's complement: Uns1gn9d
Refresh D1sglay- ‘;2   MOS RAM
Qefresh sze-,  ; | ‘7 2K bytes (AKr Dua} 1320 Cnfg)

1e2» SPD 10/25‘FaéilyAArchitecture

The TPU consists of a magnetic core remorys an Auto-Exec
~interrupt  structures arithmetic fcgic hardwares control
registerss & power/save restart feature and 3 real-time clocke
Figure 1-3 is & data flcu diagram of the TPU 1illustrating  the
memory rec1sters, ar.thmet1c unit and I/0 bussesa

12281s Auto-—Exec

Auto-Exec is the name app!xed to the °PD series unigue hardware
controlled interrupt structures Auto-exec provides 8 J|evels of
priority interrupts and performs all register storace and centrol
funct1ons requ1red to sﬂrv1ce an interrupt» :

An 1nterruot is a ranoomiy occuring s1gnal from a2 device which
requests some action from or provides some information to the TFU
and the dinternally stored prcgrams Devices which may cause
interrupts are the RTCs keyboardss and al| peripheral device and
cemmunications controlierse The auto-exec structure providess via
hardwares most of the funct1ons requ1red tc handle an 1nterrupt
when it cccurse
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uto-exec saves: the programmer‘ frem »the”,burdenscme»ftaSRflofﬁ_
creatino  special rcutines to: determine the 'scurce. of an.
‘interrupts save  and restore the contents of ‘
. reguest specific I/0 operations and to seguence the specific

~the registerss

~procram routines to be executed when an ~interrupt occurse

'fyProarams may cr may not utilize autoc-execs Programming under the
f;auto exec structure 1s descr1bed 1n sect1on 3._ e S

[1.2.2;f, Cofé‘Memoryz 

Memory is non-vclatile magnetic core: the  contents are notl
destroyed when the system dis . pcWwered-ug  or downe Memory ,
divided into 8 sectors of 512 bytes Pach g1v1nq a total size cf}
& 6 bytes (ﬁK). ‘ ,

Fach bvte of me emory is addreseable and ava1lable to the programe
Progdrams can modify instructions in meimorys making intelligent
programming poss1bie. o ’ o ; v

1¢2e%s  Power Restart

The first instruction to be executed when powWer <comes on is

~ fetched from the address contained in core location FFCe This is

the part of the Memory Reserve area used by the hardware for the
Power-Restart features Here, the program can store the address of
the instruction or routine to be executed whenever the TPU 1s
povered down and up againe Co T ~

- ;1.2;4. Refresﬁ Subsystem

The refresh subsystem provides sll the necessary contrcls and
interfaces tc drive the partlcular conf:gurat1on in uses

The SPD 10/25 Dual 960 conf10urat1on drives two screens of 960
characters eachs It is supplied with 2K MOS RAM memory and two
keyb0crds plus tuc display man1ters;k

The Uua! 1920 conf1guratwon dr1ves two 192 character screensas It
is supplied with two 015plays plus two keybozrds and 4K MOS R AM
refresh memorys It s possible to drive up to fcour displays
censisting of 960 characters eachs '

~The Single 1920 configuration drives one display of 1920
characters eachs It is supplied with one kerboard and displays
Excegt for the lack of an additional keybcard controlier and
displays this configuration 4is identical to the Dual 940
confiquratione ‘

1-5



" The.

cursor is generated by the hardware but  is under complete

 software controls The ~refresh subsystem aise contains the the

cyclic check calculation circuit and a Code Conversion ROM table

Character generations cursor generations character brightnesss
and character blink are all contrclled by refresh subsystems

‘1t2nlpb1a ’ ‘Dis;ai‘a)' Mcknit'or

‘The viewing menitor 2nd screen presentation is based on standard
TeVse techniques and wuses a 12 inch diagcnal CRT (Cathode Ray
- Tube) monitore Characters are displeyed in an 8 X 12 dot matrix
provicing clear and highly readabie fcnts The screen uses dreen
P39 phosphor for high light output efficiency and resulting ease
of viewings The outer surface of the CRT is etched to minimize
reflecticn frcm surrounding sourcess The viewing grid is nine
inches wide by 645 dinches highe The cperating mode of the display
is dynamically selectable by the scftware programs Selections
include screens sizes of either 1920, 2000 cr 960 characters and
line lenaths of 80 or 6L characterss :

1Q2o5.2§ Cheracter Generatioh

The SPD 10/25 displeay provides severai upper case cnly and
upper/lowver case character setss The character set employed may
be selected by the user from thcose availablies The character set
chosen is generated by the refrech subsystem and the read only
memory Character generatore '

Each character is constructed from a matrix of dots which fits
‘into @ display position that is 1in an & X 12 dot matix area
within a 10 X 16 envelcopes The unused pcrtion of the display
allows fer spacing between characters and linese Prcgramming the
refresh subsystem is explained in section 4e :

1e2e5a Real-Time Clock: |/TC

The RTCy a part of the screen module and ccntrol and timing unit
(SMCTU)s indicates the passage of actual time to the Prccrammers
Its dnterrupts receive the second highest prioritys The RTC
interrupts 60 times 2 seconds One use of the RTC is to contrecl
the executicn of multiple tasks so that each cne is performede

For programming purposess the RTC dis treated as an external
devices Programming information for the real time clock 1is given
in section 7. - S
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egisters

~ Six _registers ¢ _ ' M
“briefly describted in the following secticnss Unlike cores the

 '“';contents* of ‘the registers (with the exception of the PCR) are

~ rendom when the TPU is povered-ups
 1s2e6ete ,AAE¢Umulatof=”ACR 

The ACRs an 8 bit registers is the primary arithmetic and logical
recister of the TPUs This register is the source or target for
data in I/0 operationse , SR e e : o e

Te2s6e2s  Condition Status Register: .CSR

The CSR is a three kit register which indicates the status as a
- result of all arithmetic and ccmpare operationss The layout of °
- the CSR ds: R ; : ’ = : o

- — T T oty Sy e W e = e iy -+

F - —— — ———— —p - - s e ot o o e e s +
} S ' | 1 }
[ ' NG i EQ 2 Co l
I Negative | Equal i Carry GOut I
e T DR [ o I
e anl R SR, Fm e P ——— - +
Set if Msb of AcCr ~Set if the result Set if an overflow
is 1 following an cf an. arithmetic occured durinc an
arithmetic cpers = cpers dis 0 or arithmetic cper or

~if a compare oper if a greater than
~detects eguality or egual. condition
. - was detected

1e2e643s  Cursor Register: CURs $C or $X

The CUR is 2 12 bit register used tc contrcl the display position
of the cursor symbole It can alsc be used as a general data
register to manipulate 12 bit guantitiess. o -

The cursor register 'may be loaded from cr stored into a word
address 1in ccres A comparison between the CUR and a word in core
can be made to set the CSRe : ' B o :

The CUR is unique in that it is not cniy a hardware register but

1-7

contrcl the TPU program operaticnse They sre



~also resident in the top two bytes of the Top sectors FFE—FFF, :
_ Whenever the curscr register is modified by an instuctions the
~ hardware automatically updates the core word located at FFE. ‘
In case of 'a power-downs the contents of the CUR are losts
- although the contents ¢f core locations FFE-FFF are note In order
‘to rephase the CUR with the contents of this locaticns a LDC sC
~instruction must be issuecs The assembler autematically defines
$C to be FFE, . R S ' o '
Information on pecsitioning the cursor is given 1in section 4es
Refresh Subsystem Programmings

‘The cursor register is divided into two fieldss the line register
field (LIR) and the character recister field (CHR):

P e e e e e e i ————

P LIR

o CHR I
i i i
F e e e e e e e +
11 6 5 G

Cuisor Register

In 64 character/line mcdes the LIR and CHR ccrrespond to the |line
and charscter pecsition respectively where the tursor will appeer
when enzblede Instructions are prcvided for moving the ACR tc and
setting it from these fields. :

The LIR and CHR =zre NOT  separate registerss nor do they
necessarily indicate where data will be displayed cn a screenas

They are cursor register fields that can be used as general work
areas to suit the needs of the software programe |

1e20betia Memory.ﬁddress Registert MAR

The MARs 2 12 bit recisters steres the address of the memory byte:
or wWords ’

1236850 Memory Data Recister: MDR

The MDRs 2 12 bit register; transfers al) data to and from core
MEmOTrY s : .




. The PCRs a 12 bit registers contains the address of the next
“instruction to be executeds The PCR always references the
“high-order (even) byte of the two or four byte instructione The
- PCR is set after thr execution of 2n instructions or as a_ result
~~ef " auto-exec  acticns On powering up the TPUs the PCR is
automatically ‘set tc the contents of the word 2t the pcwer

~restart locatiens FFCe = R SR s e

1e3s  HMemery Addressing

S

‘The core mercry 1s divided 4ntc & sectors Correspcnding tc a
memcry size of 4Ke The Top 2nd Tep-1 sectors maintain & special
significance: some dinstruct jons can address these sectors from
anywhere in cores S

Nermal lys ¢ne word memory reference dinstructicns can not
reference addresses cut of the currert or Top sectorss Howevers a
®ord containing the referenced address (called 2 iink or pointer)
can be placed in  the Tcp sector and that address can be
reterenced Tfrom anywhere 1din cores The technique o¢f resoclving
address references ‘employs indirect addressings which is
described in section 1¢3+2» '

The Top secter contains the memcry reserve areae This aress FD4
throuch FFE, contains 20 bytes used by the autc-exec interrupt
hardware, 2 bytes to denote the value of the curser register and
2 bytes for the power restart addresse

The memory reference 4dnstructions use direct or indirect
addressing to cbttain an effective 2ddress in the core memorye An
effect ive addresss as opposed to the operand address specified as
part of the memory reference instructicns is the ultimate address
on which the instruction actss The two types of addressing are
described in the folicwing sectionse ' S

163ete 'Direct Addressihg

In 2 tsc weord instructions the second wWord contains the 12 bit
effective addresss In 2 one word memory reference dnstructions a
12 bit address is derived frem the 9 bit eddress field of the
instruction and the PCRs if the reference is to an address within
the current sectaors If the address lies in the Top sectorss the
remaining address bits are derived from the sector fields bit
lecation 9, instead of the PCRe :

As noted eariiers ene-wcerd memcry reference dnstructions may
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‘never directly reference addresses out

., of the
. except when they lie in the Top sectorss o

:curreht seétbr:
ﬂf1.3-29" Indife;t Addressing“

Indirect addressing in fundamental to SPD programmings This type
cf addressing is best explained by an analcgys

Suppose 2 messenger is to deliver a parce! to 2 cert2in office
numbers He dces not know to what office the parcel must
ultimately be delivereds but he is told to go tc room 400 where
he will receive further instructicnse ‘ ‘ ‘

Upon  arriving 3t rcom 430 he finds 2 note instructing him not to

leave the parcel heres but to continue to rcom 5G0e At rocm 500,
‘the messencer finds a sécretary waiting expectantly for the
parcels This is multi-level indirect addressinge

The §SPD hardware cperates 4in & similar fashions A memory
reference instructien is using indirect addressing if bit 10 in a
- one word dinstructicn or bit 15 in the address word of 8 two word
~dinstructicon is onee The word whose address is given by the
‘instructien is then inspecteds If bit location 15 is 0s the word
contains the effective addresss

1T bit locatien 15 4dis 15 then & second word given by this
indirect address is examinedas This process continues until a word
whose bit 15 is 0 is dnspecteds The zddress contained 1in this
word is the effective addresse

All instructions using indirecr 2ddressing must always reference
2n even (vweord) addregse

One pitfall which must be avoided when employing dndirect
addressing is havinc the program enter an infinite indirect loope
This situaticn may stem from one of two rcctss An indirect word
may be referrinc back to the original indirect references or the
prcgram may have ‘'blewn up!? 2nd is executing random core datae
Beth situaticns indicate fatal programming €rrorse






epertoire

~The instructicn repertoire can ~be divided 1into nine classes:

bytes cursors increments compare-and-jumps test-jumps immediate

“and cperates
218 VWerd Fotmaf

A mémory word has 1€ bits and is divided into an even and an odd’
bytes. Bits € throuch 7 are the low order byte and bits 8 through
15 2re the hich aorder (Ceven) bytee Some instructions can
reference the odd or the even byte ¢f the memocry words while some
¢an only reference the even byte. The format of a memory " word is
given belgow: . ‘ S

P e e e e e b e b - ——— g
; P L ! N | |
1S 1 14 1 12112 1 11 1101 91 8 |
B I i I ! (R ! I

P e e e e e b e e

"Even Byte Address = X

R e i e R T TS
l { } l N 1 l }
7 h &Y S5 40 31 21 14 C i
| I l o i H I }
R Bt Aat b Ter TR S

Odd”Byte Address = X + 1

Memory words are addressed at their hign order (even) bytes
Instructions which act on words (3s opposed to bytes) should
therefore give an even address as their address operands though
some applications dictate addressing an odd bytes Howevers to
achieve near SPD 20 Family compatibiltys vord class instructions
should 2ddress only an even bytes

Memory words are arranged in core in a linear fashions their odd
byte aiways being the higher address:

¥
[
!
|
[
|
{
l
|
|
|
t
|
|
|
[
}
|
{
|
|
-
|
|
§
|
|
i
|
|
§
{
i
[
|
i
t
I
|
|
|
!
§
|
+
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This section cdescribes the format of the one-word non-memory
-references  one-word memory  reference and  .two-word - memory

. reference instruction set used in all SPR 1G/25 terminalsa

 2.2.1. wotation used

All;maChine instruction codes are given in hexadecimal notations
~Hex notation is standard SPD series cenventions since the machine
structure is based‘cn‘powers of'?éﬁ(i.e.,,16 bits = 1 wordde

Special lower tase symbols are incorporated into the machine ccde
of those instructirns which contain dmplicit instruction fields
(fields which are defined at ccde generation time)s An
explanaticn of the symbols used followse ' '
Memory reference instructions can address two types of datse
Instructions which can reference odd cr evern bytes represented by
the cccurence ¢f ez in their instruction ccdes Instructions which
¢cdn act only c¢n an even address (ieces word address) are
represented by the occurence of wa in their ccdee

The address word of two-word instructions is represented by a
-dashs Functicn and device channels for the TIQ, CI0s RIO and WIOQ
~instructions are regpresented by f and ¢ respectivelys

Instructicns which contain their own effective data (eeges
immediste class) sre represented by the occurence of ed in their
instructionkccde;'

2a232s One-word Non—mémcry Reference

The  cne-words nor-memory reference instructions have three
formatse The immediates I/0 and cperate class of instructions use
these formatss - ’ e R

2.292.1§‘ 'Immediate Class Format

The Immedjate <class of instructions contain their own data
constants in bits 0 through 7 of the the seccnd bytes This byte
is called the effective data fields Bits 8 throuch 10 are not
usede Bits 11 throuch 15 denote the cperation code (opcode) which
is used by the TPU te select the cperation to be performeds The
format of the  immediate class of instructions s il lustrated
below: ' ~ - ‘ : ‘
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,,'vjﬁtaw@’"”iﬁ51““?L7vﬂﬁ;‘f'"“?”f:»t”;?fﬁw?”?
- 1 Opcode | Un Used | - Effective Data Field | e T
AT T T T e e s e et R B

o8 S

S e —— e —— —— e e

Co1s 11 8 7 a
The fnéththons’cfv the immédiaté class are ‘described on the
foiloxing pagese IR o :

Mnemonic  Definition Cade Descripticn
Ld1 . Load &0ed Places the effective data
o - Immediate ; - in the ACRe The o¢riginal

contents are loste The (SR
does not chanaes

ADI  Add "~ 90ed Adds the effective data to
Immedizte the contents of the ACR»
o leaves sum in ACRa The

original contents are |oste
The bits in the CSR are set
according to table 2-2,



CANI

ORI

XOR

CLA

20202425

finition

And
Immediate

Or
Immediate

Exclusive
cr
Immedjate

Clear ACR.

~ Subtract
. Immediate

© aged

BOed

Dged

8000

~ Description

—— T oy - = iy o 4 e e i S o — T

Adds the Two's compl ement

~of the effective data to the
_ACRs The results are placed

in the ACR and the criginal

~contents are losts The CSR is

set if the ACR was greater

than or equal to the valuye of

the effective datas The other
bits are set gccording to

'tab!e 2-2s

Logically Ands effective B
‘data with the centents of

ACR,s leaves result din ACR»s
destroys the eriginal
contentse The (SR does not
changes '

“Logically Ors effective

data with contents of the

ACRs leaves result in ACR.

destroys original contentse

- The CSR does nct changes

Logically exclusive Ors the
effective data with the
contents of the ACRs Leaves
result in ACR>» destrcys
criginal contentse The (SR
dues not changes

An assembler short-cut for a
LOI O dnstructione Sets ACR
to Os CLA is not 2 hardware
instructiones

Operate class of dinstructions

The format cf the

"cperation-caode-extension

operate
(op ext)

‘cfaés of 1dinstructions has an
fields Bits O through 10 the

opext fields define the various instructicnss 8its 11 through 15
‘denote the opccde fields defining the class of the dnstructions

Thus,

the opcode

‘change fecr the varigus

field 1s

N

a constant: the binary codes dc not
instructionse These instructions either




influence the

general status of the
‘operationse oo

ACR or -control varicus

iflfheffbrmat of tﬁese'insffuc;iohs“isvgivén below?

o e e e e e +
1 Operaticn - Operation-code-extension I
I~ Code field e ~ Field i
§ T TN N . . R i
e e ———————————— P e e e e ———— +
15 11. 10 o
2023282010 Operate Class Registers:

These instructicns influence the general status of the ACRs The
PCR is incremerted by twec follcwing executicns The opccde for all
the instructions is 11000 '

Mnemonic nefinition Code Description
CLC  Clear CHR cono Sets CHR to zeros
CLL  clear LIR cooc Sets LIR to zeros
MAC ~ Move ACR caaos Moves the 6 Lsb of the
. te CHR , ACR to the CHR
MAL  Kove ACR coc3 Moves the & Lsb of the
. to LIR ACR to the LIR
- MCA Move CHR Cena Mcves the contents of
to 2CR ‘ the CHR to the ACR and
: o sets the ACR twc Msb off
(0)e
MLA - Mo ve LIR co0e Moves the centents of
' to ACR ; the LIR tc the ACR and set
iy _ the ACR two Msb cffe
SHLZ. . Shift ACR ' coa9 Transfers the four Lsb
Left &4 . of the ACR tc the four Msb

of the ACRe The four Lsb
of the ACR are replaced
Wwith zeroe The CSR is not
affecteds



‘These instructiens affect

3 the general
. the auto-exec interrupt structure
~ incremented by twce The ACR and CSR are rot changeds The Gpcode

of

a8 programe The PCR is

~ - for these 1nstruct1ons 15 1100u. They are listed on the following

VDBQES. -

s - e oy " s . e A s~ s e, T s T e e = o T e e St S i, P . S . S i e s = i, s e = i . s o e

Mnemonic  Definiticn Code

NOP . No  cO0C

. Operaticn ;
CHALT  Halt c0Of
10 I/0 reset C0OS8

Delays proceSSing for
one memory cycle

Used cnly with a ‘

pregrammers  console or
built in msintenance panel
when it dis enabieds all

~activities of the TPU are

inhibitede If a3 prcgrammers
conscle is not useds or if
the panel is not enablieds
the instructicn is treated
s a NOPs 0On depressicn of
Runs when the console is
enableds prccessing resumes
with the next dnstruction
or  an auto-exec cycle
occurss- whichever is
apprapriates :

Resets any pending
interruptss prevents any

new interrupts from

entering the TPU and causes
the controllers for "the
peripheral devices tc enter
their reset statess This
instruction - causes an

- automatic DSB instructicn

to be issueds Screen
display 1s shut off as the
result of an IO0Rs

execution time or affect



 Mnemonic  Definiticn ‘Code’  pescription

ENB . . Epable €006  Places the TPU in a mode
. Interrupt o .- which allows interrupts to
L 2 S occure The effect of this
- instruction is inhibited .
- until the next dinstuction
is executeds khen  a
peripheral NAKss (fails to
acknoviedge a RIO, WIJ) the
autc-exec issues an
automatic ENBe

nse - Disable coo7 Places the TPU in a mode
: Interrupt : which prevents interrupts
BT T e : frem occurringe All current
interrupts remain active
‘howevers It is issued as a
result of ~an IOR
instruction cr as the
result of an interruot from

@ peripheral devicea

WAIT . "Wait : COCF Fnab les interrupts and
- causes the TPU to waitse No -
instructions are executed
until an interrupt cccurse
An interrupt causes normal
auto-exec actions Xhen the
interrupt processing is
completeds the instructicn
feclilowing the WAIT is
executeds ~

222243 170 class format

The format for the I/0 class cf instructicns have five fieldse
' Bits 0 through 3, the device address fields denote the peripheral
device beding addressede Bits 4 through 7 the function field,s
denote to the ccntreolier what action is tc be perfermede 3its 8
and 95 the opext fields define the various 1/0 instructions (CI0»s
RIO» ¥I0J)e Bit 10 s not used and can be set to zeros Bits 11
threcugh 155 the cpcode fields denote the class of instructione

The format for the I/0 instructions ié given below:
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+
1 -1 Not . I Opext. 1. Function |  1/0 Device N
N -k Used r Field Field I . Address el
S pmm——— e e e e e e e e e e e

:‘19”f;=? f & 7T & 3

 These instructions provide access to the various controllerss
RTCs and Ref resh Subsystems These functions include reading and
writing data, masking and unmasking interrupts and other device

~specific controlse The 1/0 address selects the peripheral device.

- to  which the information is goings the refresh subsystenm or the
the RTCe The function field instructs the selected device of what
ectien is to be takena The CSR is not affecteds The opcode is
11031+ The instructicns in this ciass are given below:

——-————-—-0-—-—_——.‘_———._--.————-—_“-—_—-—-—-—_—-———-——-——-——.-..-—.

‘Mnemonic  Definitiecn Code Descripticn
cio ,CCntro! c9fc When this instruction
‘ - 1/0 _ , : is 1issueds the selected.
SR L o peripheral device = ¢

performs the specified
function Ts The contents
of the ACR are available
if auxiiiary datsa is
required to execute the
commande This instruction
never causes a2ction by the
auto—-exece The ACR is not
affected and the PCR is
incremented by twcs An

interrupt cannot occur
“between a CI0 dnstruction
and the immediately

following instructione




~ ‘Mnemonic  Definiticn Code  Description

e e e e e e o e T e e it s = e o s = . oy 0 s 0 e 2 s 5 e 0 . o S0 s . 2 e . e . o . 2 o 2 e S e -

-+ RIO - - Read . CAfec . This instructicn ,
o .. owmo. . requests data from the
T Rt T S T O selected peripheral device
“Ce The type  of data

reqguested is determined by

the functicn field f. If

the peripheral device is

prepared to transfer the

reguired = datas it

acknowledoes the request

with an ACK signales The

TPU lcads the dstas from

the peripheral device into

~the ACRs and the cricinal

centents are leste If the

selected device has no

datas it does not send an

ACK 'signels; it NAKs the

reguestes The autc-exec

system s then set into

mcticne
wIg ' Write cefc This instruction sends

1/0 ‘ the data 1in the ACR to the
, . selected peripheral device
€s The type c¢f data is
defined by the function
field feo If the device ig
ready to accept the datas
it sends an ACK sicnals
Thens the TPU transfers
data to the peripheral
devices If the device is
nct ready to accept the
datas it does rot send an
ACK signals it NAKs the
requests and the auto-exec
system is activateds

2¢2s3a One-word Memecry Reference

Bit 9s the sector fields denotes the particular sector in which
the referenced location residess If bit ¢ is one the instruction
can reference a location in the Top sectcre If the instruction is

- 2-9




g | ,  is using
“51nd1rect addressxnc and zero 1f not.' LR L
v]gTo qcalculate ani fectwve address,f the following procedure is

- implemented by the ‘hardware:  the sum of the address of the

'fff5referenc9d sector and the value of the address field of the
. instruction is calculateds If bit 40 is zeros the instruction is

"us1rc direct address1ng: and the calculated sum 1is the effective
address. ' L i . ‘ ~

..Table12-1‘8edtor Addressing'

oBit 9 e;"fSectbrﬁbeing‘referenced:
S R Current NE Top Current EQ Top
G ‘_.‘ f . Current i - Top-1
1 Top o Top

If bit 16 is =2 1; the 1nstruct1on is using indirect addressinges
- The word whose =ddress is the sum of the zbeve calculation must
~then be inspecteds If bit 15 of that memcry word is zercs the
effect ive address is equal to the value aof bits J through 1¢ of
that worde If bit 15 cof the wmemory word is ones an additicnal
word whose address is equail to the vaiue of bits O through 14 1is
inspecteds This process continues until a word with bit 15 equal
to zero is obtaineds This iterative process is multi-level
indirect addressinge. The effective address is equal to bits O
throuch 1& uhen b1* 15 1s ZE€rde

P e - I e e = Pt ———— +

i : ! ! i !
I Opcode Fieid ! Indirect | Sector | , 1
! b eit 1 Bit ! Address Field ]
| 1 s R -
| I i I |
D Tt PR R . e ——————— F e e +
15 11 10 9 § 0
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fInStruqtiOn:Codes' 

‘j‘One-ucrd'memcry_reference instructions can aiways be represented

- unambigucusly in binary notaticne Howevers since binary

- instruction representation is notcriously = cumbersomes
representaticn of machine codes is wusually given in hexadecimal
~or octals The SPD series dnstruction set is given 1inm hex
notaticns S , : . - ~

Instructions of the one-word memory reference class use fields
which doc not break up intc groups of 4 bitss making alternate
representsticens of the dinstructions possibles For ex2mples a
. current sector Load dnstruction from address 10C has the
representation? . : ' :

C00GC0 0 0 100600646 . g100
T, 16

A Load from address 0Os howevers is represented as:

00000 C O 000020000 660G
ST 2 16

Thuss, the first twc hex digits, which contain the op ccdes
~indirect and sectcr titss vary depending cn whether the Msb of
the 9 bit addresc 4s ony whether the instruction 1s using
indirect addressing or whether the referenced byte lijes 1in the
current sectors ‘

The hex repgresentation cf instruction codes used in this manual
a2lweys gives the |lcwest representation of the instructicn (all
sector ‘and  dindirect bitss plus bit 8, off)s Howevers the
alternate representstions should be kept in mind when werking cut
hex -instructiens codes  of the one-word memory reference
instructionse :

2028322 Byte Class

Fach instructicn utilizes the ACR and the ccntents c¢f the byte at
that effective addresse Instructions cf this class may reference
an odd cr an even byte. ¢ ’
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AD

| Add

: 1033’ 

2-12

_Description

S Réblafé§
~ ACR with

the value in The
the contents of
the byte at the effective

 addresss The CSR and  the

contents ¢f the effective

~ address do not change

Replaces the contents at
the effective address

‘with the wvalue in the
ACRe  The original
ccntents c¢f the byte are

~losts If the effective

address is in the memory
reserve area FD7-FFF, the
centents . o¢f the bytes
used by autc-execs power

~restarts and the curser

register may be modifieds
The ACR and CSR are not
affecteds

Adds the cortents of the
brte at the effective
adaress to the contents
cf the ACRe The resuit is
placed in the ACR >
replacing the origineal
the contents ct the

cententss The bits in the

CSR - are set according to
table 2-2¢



 Mnemonic  Definiticn  Code

Description

 38;5.  . : Subtfact : 18ea
FCM « k. | tcmpare N 20ea
FAN Anc ' 28ea

2-13

Adds the Two's compl ement

of the byte at  the

effective address to the
contents cf the ACRa. The
result 1is pleced 1in the
ACR and the original
tontents are lcstes The €O
bit 1in the CSR is set if
the ACR was greater than

-or egual to the contents

cf the byte at the
effective addresse The
rem2ining bits are set
according te table 2-2o

- Adds the Two's complement

of the contents of the
byte at the effect ive
address to the contents
of the ACRs arnd tests the
resuit of this
calculatione The CSR is
set according toc takble
2-2+ The contents of the
ACR remains unchangeds

Legically And's the
ccntents of the byte at
the effective  address
with the contents of the
ACRs the result is placed
in the ACR and the
¢riginal contents are
loste The contents cf the
byte at the effective
address and the CSR are
nct affected.



Description

" Logically  Gris  the

.. contents of the byte at
the  effective address

. with the corntents of the
~ ACRs The = criginal
contents are fost but the
‘contents of the byte and
‘the CSR are not affecteds

202030 .-51‘_ , Incfement: ClaSkS ’

These instructions perform an arithmetic cperation on the word at
the effective addresss They are one-word memory reference
instructionss IT the effective address is 1in the reserve areas
the specified operaticn is performed on the contents of the bytes
used for: the auto-execs pcwer restarts and the cursor registers
~The ACR is not affected by these instructionss the PCR 1is
incremented by two after executions The instructions of the
~increment class are |isted telow:

——....—._-—.——r---——_—_-—_—-—_—_—-_-—_-—-—...—_—..—...-p——-———-—--—--q--——_.---_.—--c-'——-

Mnemenic = nefiniticn  Opcode Bescription

S T T e T e e e e e e e ket e e e - 1 e e

INC Increment 50wa Increases Ey one the
, value o¢f the word at the

effective addresss The

criginal centents of that

word are losts The CSR is

- set under the conditions

given in tatle 2-2 except

that the N6 bit is not

useds INC acts only on

the 12 Lsb of the words

the wupper & bits are
igncrede
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~ Mnemonic  : nefinition Code = pescription

| o T S e s e . s 4 o . e i . . i o 2 o 2 o S a2 - o . " g W . o s i . W T s

BEC g Decrement = S8wa ~ Decreases by . one  the
B cor : - value of the word a3t the
effective addresss The
original centents of the
- word are loste The CSR is
~set under the following
cenditions: the CO bit is
set fer each execution
except when the value of
the word becomes zercs
The EQ bit is set if the
- result is 2zeros The N6
bit 1is nct affected. BFC
acts only on the 12 Lsb
of the words The upper 4
‘ bits are igncreda
IN2 . Int rement 60wa - Increases bty two the
By two : the value of the word at
: the effective address:;
the criginal contents are
losts The CSR is set as
shoewn 1in takle 2-2a The
NE bit is not useds IN2
acts only cn the 12 Lsb
cf the words The upper 4
Eits are ignoredes

232e3sbs Jump claSs

These idnstructions cause an unconditional jump and directiy
.modify the PCRe The ACR and CSR are not affecteds The
instructions cf the jump class are descrited belew:
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Mnemonic ~ Defipition Opcode f5De§cribtion_

'”J;JMPff:,"vf]Ontcndl- o Eéna  ‘ /'Vséis’the'§¢§“£¢‘the'
o dume

value of the effective
addresss . The  npext

instructicn executed ds

at - this =~ effective
addresss : -

JSR. ©~  Jump and = 78wa Adds two tc the value
e . Store , AR cf the PCR and stores
. Return the result in the word at
o the effective addresss
The PCR is then set to
the va lue cf  the
effective address plus
twos and execution begins
theres The criginal
cecntents of the word at
the effective address are
losts ' :

2+23345s  Curscr class
. Fach instruction operates on the Curscr register and the contents
of the word at the effective addresss The cursor register may be
‘used  to manipulate the cursor symbol or as a general 12 bit data
registers For each instructicns the ACR does not not change and

the PCR is incremented by twos The instructions fcr the Cursor
class are described on the following pagese ’ ' :

NOTE: To rephase CUR with FFE, the CUR memory reserve location,
' execute the following: N o

LDC $C
or
-LDC X'FFE'
It is'important to realize that only K .
INC $C or IN2 $C, DEC $C

affect the contents of BOTH $C and the CUR.
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~ Mnemonic . pefirition  Opcode  pescription
- Loc - Lead - 40wa  Replaces the contents
SRR "~ Curseor D of the CUR and the word
Register ' - beginning at FFT (CUR
o S ‘ - ‘reserve location) with
the contents c¢f the 12
Lsb of the word at the
effective adcresses The
oricinal contents of the
CUR and CUR reserve area
are losta
sTC Store 4 3wa Stores the contents
v Cursor : of the CUR 1in the word
_Register ' 12 Lsb of the word 2t the
; effective addresss The
original contents of the
12 Lsb of the wcrd are
losts :
CMC Compare 70wa Adds the Twols
’ Cursor complement of the 12
Register ’ Lsb ¢f the word at the
o - effective address to the
contents of the CURs The
resuit sets the CSR
‘acccrding to table 2-2.
The contents of the CUR
is not changeds
292843  Two-¥ord Memory Reference

The two-word memcry reference dnstructions have three formatss
The test-jump and cempare-and-jump classes of 1instructions use
these formatse The first word of 2 two word memory reference
~instructiocn contains the opcode fieild and the conditions or dsats
to be testeds The second word contains the address toc wnich the
program jumps if the tested conditions are mete The second word
is identical in ail three classes of instructions: bit 15 is the
indirect bit and bits 0 through 14 contain the address fields

To obtain an effective addresss the following is used: if bftvis
of the address word is 0, the effectijve address is equal tec the
value of bits C throuch 14« If bit 15 is a ones an additicnal
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address is equal to the value of bits 0 through 14 is

0 s founds thus zalicwing muﬁtiffével;indirectwaddressing. 3v(

Indirect =
‘fﬂtArif"f'f?, s
Y

f"word:Z_QfAtuc—uord memory reference
~ The three classes of two-word memcry reference instructicns are
~described on the following pagese '
22234212 Ccmpare-and-jump class

The formet for the Cempare and jump class has five fields as
illustrated belows ‘ '

15 11 10 3 7 a
R et ST Fom e P e e +
! S b S . i
I COpcode Field | OQOpext Field | Effective Data Field i
B R : 1
ittt T e it i Dt D U, +
1 o l
1.1 1 Address Field i
I | |
d————— F o e e e e e e e +

Bits 0 through 7 ¢f the first. word contain the effective datas
~bits 8 through 1C the opext field, defire the conditions being
‘tested fori and bits 11 through 15, the cpcode fields, denote the
class of instructinnse Bits 0 through 14 of the second word
denote the address in core to which the precogram will branch if
the condition beinc tested for is mete Bit 15 (I) denctes direct
addressing if off or indirect addressing if one o

The instructions in the compare-and-jump class make an unsigned
compariscn with the effective data and set appropriate bits in
the CSRe The st2tus of the CSR is then examineds The opext field

- 2-18
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'If  the

‘and the €SR are . compared for var10us cond1t1cns.

”Qcond1t10ns defined by the opext field are met by the CSRs the PCR

is set to the effecr1ve address contained in the second word of
- the dinstructions If the various conditicns are not met by the
,‘CSR: the PCR 1s 1ncremenred by four- :he ACP 1s not affected. ‘

‘uTable 2-? ltsts the var1ous cond1t1ons p0531ble in  CSR uhen” the
appropriate N&s EQ and CO bits are sete The dinstructicns occupy

t¥ec words of memorys The cpctode is 10100« The dnstructicns of the
compare—and JUHD ciass are listed on the fcllowing pagess

Table 2-2 CSR COnditioﬁ'Settings

— T s T e T e T e s T s W e S s, W, g, —— W T e " e W -, s T . T oy, D e, U s T s, T e T e D i

NG bit FO bit . CO0 bit Conditions

Set: when Set: when Set: when Satisfied
- ACR Msb Arithe Opo CArithe Gpa
is one Produces G Froduces C0
— SRR 0 | LTs LE or NE
- 1 - 6Ts GE cr NE
— R 0 CEQ (@ + G)s LE
- 1 : 1 EC (when an

cverflow occurs
or a subtracte
Ccauses (),6E

G - === ~ Positive (PO
when #sb ¢f
result is @

1 - ' --- Negative (NG)

: when Msb of
result is one
2e20ba1ale Performing s Compare

In many procranms 1t beccmes necessary tc meke a compariscn
between operands ard determ1ne if one is egual tos or greater or
1655 than the othera
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7'7fTh9' cJ class performs the indicated c°npar1scn on an ACR vs daté‘”'

IT the compariscn is made using the’ ACR and effective data (feees =
data contained within ‘the instruction)s the instructionsy'Of,the;y'~j;
compare~ard-3ump class are used-~v,”w~ e Yo E e e NI

. basiss That iss cne can remember hcu these instructions perform
~ their compariscn by simply replacino the vs with the desired
i,cowpar1scn operand-1 5 _u S TR T S o T G T e G
ae AR GE  pata,
* ACR‘ k ‘LTF | D;av'ta ]
% »"A,("_‘R . LF’ | Dataoa
o ACR EO  Datas
;*  ACR NE Datas

All that remezins s to find the instruction which uses the
desired ccmpariscns ‘

2020La2s Compafe-and—jump class Instructions
Mnemcnic Defirition Code Descripticn
CJUFAL Coempare-and AQed- Usea to the set the CSR
CJdump on , Never jumpse
~Condition :
False
CJTRU B Ccmaare-and/'AAed-' : Sets the CSR and aiways
L ~Jump on S jumpsa
- Conditicn ‘
i True



CJLE

CJGE

CJET

Z2elaSe:

The format for the test-jump,

'ﬂfCCMQafeiand

~Jump on

'-L:Conditicn‘LT

Test-jump:

Compare-and
- .Jump on
- Condition EQ

Compzre-and
Jump on
Condition LE

Compare-and

. Jump cn

Conditipn GE

Ccmpere-and

Jump cn
Condition NE

Ccocmpare-and
Jump on
Condition 6T

illustrated below:

AZed-
A3ed-

ASed- »

Abed-

A7ed-

I/0 Class

I/7/8 cila

Jdmps-if the ACR is
less than the ef fect jve
date. ‘ R )

Jumps if the ACR is
equal to the effective
dataa .

Jumps if the ACR 1is
less than or equsl to
the effective datas

Jumps if the ACR . is
greater than or equal
tc the effective dataa
Jumps if the ACR is
not equal tc the
effective data,

Jumps if the ACR

greater than the
effective datae

sss has seven fields as

14 11 1GC 8 7 4 3 ]
P e Fo——— e m e e Fmm—— e b +
P I P i i i
I Opcode Field 1 JS | ogpext Field | Functicn I Devicel
1 o | ! I Field | Field I
+-----+—-~-—---~—+---—-+——-—-——----—-—+-—-———-————-+—~—--—--+
} I , i
| S Address Field I
I I |
$-———- e e e e e e e e e +

14 - 8]

8its O 'Ehfoﬁgh 3 of the first words the device
which particular peripheral device controller 1is
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being
and

‘Bits 4 through 7, the function fields denote what test is
performede  Bits & and 95 the opext fieids are always 00

‘d f *define,this,instruction.to be 2 test-jumps I/0 instruction. Bit
105 the jump sense (JS) field denotes if  the ccndition being

 tested for is true or false (0 = trues 1 = false)s Bits 11
~through 155 the coccde fields denote the general I/0 class of
“instructicnss 2its 1 through 14 of the second word denote the

address in core to which the program will branch if the condition

being tested is mets Bit 15 denctes direct addressing if off and
indirect addressing if ons S S

The instructicns in the test-jumps 1/0, class perform test on the

status of the various controllerss In ceneral, a8 controller may

cr may nct responc with an ackncowledge signal as the result of a
specific tests The ACR, CSRs and cursor register are not changed
by these instructionse If a jump is to be taken as a result of
these instructionss the PCR is set tc the effective address
contained in the 2rd word of the 4instructicne Otherwises the PCR
is incremented by fours These instructions require two words of
memcrys The test jump I/0 class cf dnstructions consists of a
JFACK and JTACK  dnstructions Howevers Tor simplicitys the
instructions  will be collectively referred  to as Tio
instructionss The ogcode is 11001 and the cpext is 00« The jump
seénse (JS) bit determines whether a jump should be taken as the
result of a controller acknowledgea :

These instructions can be used tc test the ready state ¢f an I/0
device, thus allecwing the program to cause or prevent a NAK
responses If the jump is not takens an interrupt cannot occur
befcre the next instruction is executede

T e S o . T s A e e - s s > o T s~ . W0 e U . T e o . > o sy T g . st o oo ——— . . g, T g o i H= e,

Mnemoriic Nefinition Code » Description
JTACK  Jump if I/0 Cc8fc- Instruction causes a
' ' ACK sicnal R jump if the contrcllier ‘
Is true ‘ - being  tested responds

with an ACK signale

JFACK . Jump if I/0 ¢Cfec- Instructicn causes a
' ACK signal ‘ - jump if the controller
Is false , being tested dces not
~ respond with an ACK
signals
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2:245¢1s  Test-jump: Register Class

. The format for the test-jumps register ciass of instructions has

five fields as illustrated below:

1 o 0
et e e e m———— e e e e ————————
1 R I i S i

Il Opcode field 1 .Js 4 Cpext field |
e it B T P o e —————————_—— +

I T !

S S | Address Tield I

I ‘ | " }
Pm————— e e e e e e e e e +

15 14 o

Bits 0 through 9 of the first word, the cpext field, define the
cenditions being testeds Bit 10, the JS fields denotes if the
condition being tested is true or falses Bits 11 trouch 15 denote
the class of instructions used for testing the CSRs» ACR or bothe

Bits 0 through 14 of the second word denote the address in core

to which the pregrar will branch if the condition being tested is

mets Bit 15 (I) denotes direct addressing if ¢ff or indirect
eéddressing if one The instructions of the test-jumps register

~classs of dnstructions are described on the fcllowing pagess

The test-jumps register classs of instructions performs tests on
the CSR or ACRa If 3 test 4is met, the next instruction to be
executed is Jccated at the effective address. Otherwises the PCR
is -incremented by Tfour and the next sequential  instructicn is
executeds The ACRs cursor registers and CSR &are not affectede
These instructions reguire two words of memorys The tests
performed are based on the Opext and jump-sense (JS) fieldse The
opcode is 10100, :

Mnemonic Definition Code Description

JCFAL Never . - 8800~ Never causes a' jump e
Jump PCR dincremented by fcur

JCTRU Always . 3CCO0-~ Unconditional jumpe
Jump ' PCR incremented by four

JCLT » Jump on 8900~ Jumps if the €0 bit is
Condition LT ZE€rce

2-23




nefinitien

S Dé;triptien: "’

-7 Jump cn
e Condition»

Jump cn

Condition

Jump ch
" Condition

Jump on

Condition

Jump on
- Condition

Jumb cn
Condition

Jump on
Ccndition

Jump on
Condition

Jump on

Cendition

FQ
CE
eT
NE
NG

PC
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is one or
bit. is
Jumps if
bit s

the

the

- Jumps if the EQ bit

Co
ZETrole

 EQ

oneo_’

Jumps  if the co

bit

is

one

Jurps if the EQ bit
is zero and the €O

bit ‘is
Jumps if
bit

Jumps i
bit is
S Jumps if
bit

the
is

f the

‘the
is

Ones

EQ
zerg

NG
one

NG
zero

Jumps it the Lsb of
cf the ACR is ones

Jumps 1if thé Lsb c¢f

The ACR

is

ZE€ro



©Jcce D Jump on anoo-

, ‘ Conditicn CO
JCNC - Jump on 8900 -
: - Cendition NC ‘
 SKP .~ Skip next  8800-
‘ Word '
WIMP . Full word 8C00-
‘ Jump

Variant of JCGFs Jumps
- if the <o bit is 1

.Veériant of JCLTe. Jumps

is the CO bit dis Q.

Never jumpss A variant

of JCFALs The = skipped
word 1is actually din the
second werd cof the
test-jump instructione

Unconditionally jumpse

A variant of JCTRUa The
effective address is
actually din the second
word ¢f the instructicns

To make a decision based on a comparison,’keep'the following

in mind: v
D . DATAl
CM DATAZ2

The comparison test, as executed by the test-jump instructions,
is performed on a DATAl (GT, LT, EQ, etc.) DATA2 basis.






" Programming with Auto-Exec

© Autc-exec utilizes certain specific core locations in the Top
-seéctor memory reserve areae The auto-exec reserve areas FDL-FFBs
'is used to store and set the value of the PCRs ACR and CSR dur1ng
1nterrupt prcce551ng.' :

Fach dev1ce which may cause an 1nterrupt has two words reserved
for it for register storages This block is called the statewords

o ———————— e - Fmm e e S +
I I Not I ! ¥ l
I ACR l Used I NG 1 E@ 1t €0 1
I I I i i I
F e - 4 ————— Fom———— Fmm———— o ————— +
15 8 7 32 C SR 0
KORD X
T e T e e e e e = +
1 I
! PCR i
| l
A o e e e e e +

WORD X + 1

~Machine instructicns are available which control the actions of
the zuto-exece These dinstrutions 2!low the program to prevent or
allew 1interrupts from all or specific devices, tc wait for
interrupts and tc reset interruptse

Each interrupting device is assigned 3 prxor1ty wvhich schedules
the devices! interrupts The assigned pr10r1ty: together with the
entire memory reserve are2 is illustrzted in the following tables



_j}Addf‘éSS : Area ..P'r‘ior‘-,ity

. FFE-FFF Curscr Register

 FFC-FFD - Power Restart

- FF8-FFsp - Background = -
 FFL-FF? ~ Real Time Clock 1
FFO-FF3 Screen Buffers ROM * .
FFC-FEF  Device 1 Lcader Z
FE3-FEEP ‘Device 2 Keyboard 2
FEL-FE7 . Dpevice 3 4
FEQ-FE3 ‘Device & 5
FBC-FDF Device 5 6
FD8-FDE ~Device 6 7
" FD4A-FD7 Device 7 &

L% usedkas the default controller slot
3els The Backércund-Fcreground Cohcept

Processinc may te censidered to fall intc two categories:
Backaround Processing:

The prccessing of tasks which are ¢f a lower pricrity
when hicher pricrity 1/0 tasks are not using the system
resourcess ands :

Forecrcund Processing::

- The processing of the 1I/0 requests ~that have been
desigrated to preempt the use of the computing
facijlities (re2l-time programss for example)da

The auto-exec interrupt structure provides a cleans automatic,
progcranm reducing tcel  which handles the transition from
background te foreoround taskss Actuallys autc-exec provides the
facilities for wmulti-task programmimg: Foregrocund tasks are
processeds on a pricrity basis, when their interrupt cccurss



. .The auto-exec pro

¥

gram/response is as follows:

The program is in forearcunds processing an 1/0

~ teske Interrupts are not allowed tc  occur
(disabled)s o B Cae

A‘VNAK signal occurs in response to an 1/0

- reguest that cannot be ccmpleted (device in a
not-ready statedes

Auto-exec saves the contents of the PCR, ACR and

CSR at the reserve address of that device, the
~Satewords

-~ Fxecutien of the
eccurs signallin
MAK» is now read
foreground tasks
pricrity task is
signal,y auto-exec

*

Auto-exec sets the PCRs ACR and CSR from from
the twc word block &t FF8s the backoround
auto-exec areas

Interrupts are allowed tc occur (enabled)es

Execution of the background task begins at the
address specified by the PCRs

' backarcund task continues until an interrupt
¢ that the I/0 device which previcusly issued a
Y ta transmit or receive datae Should tuc

issue dnterrupts simultanecusiys the higher
serviced firste In respcnse to an interrupt

Via dnstruction completion logic, waits for the
current background instruction tc be completeds

Cetermines the interrupting device's reserve

"3ddress,

Disables all interruptss

Stores the contents of the ACRs CSR and PCR into

the backoround autc-exec areas FFS8,

Sets the ACRs CSR and PCR from the devicels

stateword,s

Execution of the
detects zanother
repedteds

Begins executicn at the foreground 1/0
instruction-

fereground task continues until the hardware
NAK signals whereupon the asuto-exec cycle s



ogﬁémmxnguand_ﬁth#Exec

~ The auto-exec is an extremely powerfui programming tccl which can

be found only cn INCOTERM computerss 1t should ‘be noted that
~there «can be up te 8 interrupting devices and respective 1/0
‘handlerse Two programming precautions, howevers are necessary

when using autc-exec:

1e Interrupt Nesting: "allowing an interrupt to
- occur while zlready in fereground is a fatail
error if not tightly centrolled, ‘ :

2e Backdround NAKing: Allowing a NAK to be
received in response to a background issued 1/0
irstructicn is possibles but tricky to program
(see section 3s3s1als1a)

- 3s Use of 2 non-addressable interrupt handlere

- Allowing an dnterrupt-response tc a device

‘whose handler address is not cn the auto-exec
‘reserve area is not permitteds

Several machine drstructions are inherently autc-exec: the CIQ
mask and unmasks DSRB, ENBs IORs WAIT and the RIC/WIO 1input-output
instructicnss Each of these are described in the following
. secticnsae : SR : , ; ) ;

3823 1a  ci0: Mask/Unmaskaontroller

Each device that car cause an interrupt has a set of CIgQ commands
that mask and unmask the device's controllera

Unmasking a contrcller enables that device to issue an interrupt
upon transition from @ not ready to a ready statee Fach device
must . be unmasked if it is toc dissue an interrupt from the
auto-exec foregrounde ’ '

Masking a «contrcller prevents that device from dssuing an
interrupt signals Heowevers masking  does not gererally clear an
interrupte It rema2ins pending until an IOR instruction is issued,
a8 power—downs or until the device is unmasked and the interruot
cccurse : ‘ g ‘

332828 DSB/ENB Interrupts

DSB disables places the TPU in a mode which prevents interrupts
from occurings This instructions ss cppcsed to a mesks prevents
ALL devices from dissuing an dnterrupts One use of DSB8 is to

34




~establish @ temporary foreground so that I/0 instructionss shich .
-may cause interruptss can be ijssued in background  in a.
straichtforward manners This s explained further 1in section

3033719 7s10 L e e L L DHET o
ENB enables all 4interruptse Thuss this instructions tcgether with
the corresponding device unmask instructiens must be issued at
least once if interrupts are tc cause normal 2uto-exec actione

Once the auto-éxec,is ihitia(ized,,the program is not required to
issue DSR/ENB instruc;ions. Auto-exec automaticalily issues these
instructions as 2 result e¢f an interrupt or NAK signals or an
. IUR. . - : ‘ ' :

In additions the DOS and  PD/FMS loaders pass control to the
applications procrarm with interrupts enableds but ali devices
maskeds This is equivelent to having the loaded program execute a
ENB o :

322030 IOR

The I0R dinstructicn clears any pending interruptss and causes the
~controllers for the peripheral devices to enter their reset
statess The dinstructicn disables s}l interrupts and masks all
devicesa , v

Note: Pregrems running under DOS or PD/FMS must not issue an I0R

instructicn! The . DOS and POD/FMS locaders set the
Controllers and TPU before passing control to the loaded
programs In additions the I0R instruction causes

Comatibility problems with BOSLIE and FMSLIB rcutiness
30204 WAIT

This dinstructicn enables interrupts and causes the TPU to waite
Ne instructicns are executed until an interrupt occurss An
interrupt causes ncrmal auto-exec actionas When a NAK signal is
issueds the dnstructicn follcwing the WAIT is executede

A typical use of this instruction is to establish 2 scan lcop of
certain program flagss where WAIT is the last instruction of the
s€ane The loop musts in generals be executed disablede Otherwisges
race conditicns cculd cause the pregram  tc remain in the wait
state overly long or indefinitely. :




AugblFxéﬁ,;nJ;ialtzat}on

‘The software must make the initial entries intec the background
auto-exec area 2nd must ensure that interrupts are disabled

~ before the foreground task 1is starteds In additions it is the

‘Sthuarels responsibility to unmask all interrupting devices'and
to start upjthe_initial:fqreground task handlers o S
Consider  a-routine“which uses the RTC to count the passing
~seconds in the keyboard lights and which computes the value of PI

when the RTC is not interrupting.
- V¥e code the initialization as follows:

‘nse o , jh‘  ,Disable'Interrupts

€10 1515  ynmask RTC S
L2C =PITSK - Set location of backoround task
STC XU'7FFA? and store intc Background area

- JMP CLTSK Start up clock task

After initializing the auto-exec¢ and starting the foreground

-tasks the remazincder of the processing 1is handled by the

autc-exeCa All thet remains thens is tc ccde the two routines
 PITSK 2nd CLTSK: -

CLTSK JSR 'RTC ’,;”, Subroutine te ctount seconds

JMP  CLTSK - . Keep locping until RTC NAKs
CPITSK  JSR PI Compute PI
S - JMP PITSK B ‘Hang in background locp
3s3s151a Sackéround‘Prccessing

A centrol technigue ccmmonly used. in the background program is
‘the Wait Loope In the ¥ait Loop technigques the last instruction
execyted din background before the leep prcceedss dis 2  WAIT
instructions The loop does nct resume until auto-exec returns
control from an dnterrupt handlers The loep can censist ofs  for
‘examples a scan of certain program flagse : V -

There are several control techniques which do not utilize the
YAIT dnstructicne For examples & <continuous scan lcop might
consist of 3 task control bleock ring upon which a3 number of tasks
- are gueuedo The RTC can bte used to make certain each task has an
equal ocpportunity to te servicede The actual alocgorithms used in
technigues o¢f this type are quite complicated and beycnd the
sCope of this discussions the programmer is urged tc consuit the
abundance of liter2ture on the subjectos o
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& ""',,',"3'.,35,'1.,‘1.1.' ~ Background NAKing

To“avcid backaround NAKingQ the appropriate Ti0s device busy or
not readys may te used in background I/0 processings ‘

 JFACK " 452,88 Keyboard input ready?
- RIO 152 Read Key

~Howevers in many instances it is necessary to temporarily enter
the foreoround sc that backgrcund 1/0 can be processeds For
examples DOSLIZ rcoutines are designed tc be used in backgrounds
with inter rupts enzbiede Many devices used by DOSLIB do nct have
the approprizte cortrcller busy TICe Thuss there is & routines
DE&ENTF, that zllows foreground processing of codes

This routine egtablishes 3 temporary backgrcund hang loop for the
auto-exec sg that I/0 instructions that normelly would cause a
backgreound NAK can be Jssueds Interrupts are disablede Code
executed in this tempcrary foreground will heild up other
forearound taskss Thuss interrupts must be enabled as scon as
pcssible after the code is processeds ’

For an example ¢f the coding dnvolved in a routine such as
DEFNTF s the reader is referred to the scurce listing of DOSLIB

36301062 “xecuticrn Time

The execution time of an RIC or WIO instruction is affected ag
foliows: ‘ i ‘

Execution time is 1.6 micresecends if the device acknowledgess
Ctherwise, executicn of the beckground task continues until an
intérrupt occurss There is 2 80 micrcsecond overhead before
execution of the foreground 1/0 task Commencess

3-3-1.3. " Default Condition

A default conditicn exists if an RIQ/UWIC dinstruction attemots to
address an empty controller sliots Autc-exec detects this
situation and stores the ACR» PCR and CSR 1in the default
statevord located at FFQa

Auto-exec then sets the ACRsPCR and CSR from the background area
and excution ccontinues theres

N
!
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“4e  Refresh Subsystem Programming

The refresh subsystem interfaces the display terminals with the
refresh memory and the Read Only Memory (ROM) character
- géneérators There are up to 2 (standard with a ODual 1920
conficuration) MOS Random Access Memery mcdules of 2048 bytes
each which cent2ain al} the memory necessary for the refresh
subsytem. , S : ,

bale 1/0 Command Set

For prcgremming purposes the refresh subsystem dis treated as if
it were 2 peripheral device and is 2lways referenced as device
‘address 8s

The commands that are used to controcl the refresh subsystem ares

Contrcl 1I/0 commands (CIG)s Read I/0 commands (RIC)s ¥Write I/0
commands (WI0), and Test I1/0 commands (TIGJs Each of the commands
are summarized in table 4-1 and c¢iven a more thorcugh treatment
in the followinc discussionss




Table 4-1 Refresh Instruction set

T e W e S, W i S i T o S s W e, T . i T e S e, T s, T e S e W s B g W«

: ;,Funétion,i,ﬁ 3 RIC : ¥IO i TI0
~Code - & R C 3 B R
0,8 : Mode i Read Data ¢ Mrite Datas :  —--n
R ¢ Select : No Chance ! No Change
‘ TR N S 3 Pre-fetch 3 pre-fetch :
sut-ton.utt.=ao.cao~--oa30.o.auaoso'no=os.otutaoaa.l3-.0;..0:.
1.8 : Enstle : Read Datas : Write Data @
¢ Cursor : Inc Address : Inc Address @ -
, s . % Pre-fetch ¢ Pre-fetch :
s snsaon t.0=.$ilt'tab‘ﬁa="0.0.0'.l.tal:l.'l!.Ov."toll:itoﬂool‘l%
2.8 : Disabie : Read Data * Krite Dataz : Refresh
: : Cursor * Dec Address : Dec Address 3 Busy?
LR ¢ Pre-fetch : Pre-fetch o
'onoinnk0000.=cooao--oooo-‘--ootuo'aa-g-.3.&-:;.,.;0-0.3;0009-000
383 ¢ Load : Read : :
: MPR : MPR’ E L e :  mm——-
. ¢ Lsbk : Lsb : H
.ogogoasoas=a03003-0atc3.0-00!.::--.’.3ono-ooon'aooo:olocaaoco
' ¢ Load : Read : :
L8 : MPR "¢ MPR ! mem—- P e
: Msk : Msb : :

$380822%32382-203030%4033 0000008200003 00030002s 2% 02093000808
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.,: ‘4;2.  

Functional Descriptien

- The basic structure of the refresh subsystem s shown in figure
4-1s Addressing any one of the possible 2 (963 characters 2K
half-screen  mecde) dispglay stationss and transmitting the
information tc be displayed at the stations 1is under comp!lete
pregram cContrclas The display stations are tied directly tc the
Memory Pointer Recister (MPR )e The desired display is addressed
by setting the appropriate bit pairs 4in the MPRe Information can
then be written tc cr read from the currently selected screen
memory by selecting one of the WIG/RIO 0» WIO/RIOD 1s or WIG/RIOD 2
instructionse The MPR pcints to a specific location 1in the
streen's RAM, which cdetermines where on the screen the data is tc
be displayeds Characters in the RAM are pezinted onto the selected
streen by a procedure called refreshings The hardware implements
this by autcmaticalily locading dnternal line buffers in
preparation fcr the refreshing processe

Screens are divided intc stcreen pairse For the full screen Dual
1920 configuraticns (2 screens with 30 lines of 6&& characters or
2 screens Wwith 25 lines of &0 characters)s each display pair
screen has its own refresh memory banke There iss in addition to
the 192072000 displayable character area (30 X 64 = 1920 83 X 25
= 2000), "a 128/4% character buffer immediately following the
screen's refresh aree in the refresh memory banks Although
undisp layables this buffer is available tc the software programs
making the tctal individual screen zrea in this mode to be 1920 +
128 = 2048 or 2000 + 48 = 2048 characterse

For the half-screen ccnfigurations there 49s a 960 character
cdisplayable area for each of the possible 4 screenss each of the
2 memcry banks is shared by two display screenss In this modes
the screens can have either 12 lines of &G characters or 15 lines
of 64 characterse There is 2 64 character non-displayable buffer
immediately follcwing each screents refresh area which 1is
available to the software programs, making the total individual
screen refresh area to be 960 + 64 = 1024 characCterss

Since 1 or 2 memory banks may be installed depending upon the
system's configuraticnss it is possible to attempt to reference
non-instal led memery by selecting and either reading from or
writing tc the banks associated with the non-installed memoryes
Any attempt to read via those banks will yield 2 zerc in the ACR.

When the TPU is initialiy powered-ons all screens and the cursor
are disableds The first CI0 Select command enables all screenss
There is no power-save function for the refresh memory bankse
Therefores when the system is turned cns all screen memories will
contain random datae : ;

There is nec 'End-cf-Data’ attributes and therefores the enfire
2000/1920/960 character positicns on the  screen must be
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- displayeds

Centerings or otherwise manipulating and editing data on the
display screens is completely under the control of the software
prog¢ram and is accomplished by merely placing the necessary data
. in the appropriate locations wWithin the screen's refresh memory
. 3reas ' ‘ ;, vl R : .

La3e , Refresh>Eusy‘Ccndﬁtionkh

While the refresh subsystem is autcmatically loading the |ine
buffers in pregaration for "refreshing the display screens,
refresh 1is considered 'busy's khile the Jjine buffers are being
loaded, the follcwing I/0 instructions should noct be used as they
will be totally ignored by the TPU (a Ccmmand-Reject conditiocn is
said to have cccured): : : : '

x €I0 1 énébieytursof
¥ CIﬁ 2k Disable Cursor
X% HQIO ] - Hrite
% WI0 1 , Nrfte Incremeﬁt

x WIO 2 - Write QeCrement

* bRIO 0 Read

% Ri0.1 Read InCEément

* RIO?Z Read Decrement

* RIQ S Read Pre—Feﬁch

Le341s  TIO 25 Refresh Busy Command

Tc determine if 2 refresh busy condition existss a TI0 2 (Refresh
Busy) command méy be useds Howevers the TIg Refresh Busy command
will actually acknowledge that refresh dis busy 14 TPU cycles
(224 microseccnds) befcre the line buffers begin tc be loadeds
Therefore, if the refresh is not busys there 1is always at least
14 CPU cycles in which I1/8 dnstructions can be executed before
the refresh beccmes busye Loading c¢f the I|ine buffers requires
128 microsecondss The TIO 25 Refresh Busys tests for a total of
128 + 22 = 150 micrcsecondss Although refresh is busy for 150
microsecondss ‘the ccmrand reject condition applies oniy to the
128 microseconds raquired for loading the line buffers,
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The JTACK instruction should be the TIO 2 used to test for a

~refresh busy conditicne Use of the JFACKX idnstruction does not

guarantee valid 1/C precessinge Interrupts are enabled when a TIC
~instruction causes @ jumpe Therefores it s pcssible that an

-interrupt could occur if 2 branch to a refresh 1/0 request is

- caused by the JFACK dinstructions If this happenss there would be
- no Guarantee that the refresh would be ready upon the return from
the interrupt prcctessinge Howevers & JTACK instructicn jumps only
when refresh is busys thus ensuring that interrupts will ¢te
disabled during the 1/0 reguests ' -

The follouing'cade is'recbmmended for testing 2 refresh busy
condition: ‘ :

JTACK 258s8% ‘Refresh Busy?
WIOo Gs9 ~ Write Data Into RAM

1f 2 non 1/C instruction is reguired after the JTACKs but
preceding the I/0 dnstructions a NS8 must be uysed to disable
interrupts with a subseguent ENB after the last I/0 instructicne

4e3a2e . Curscr Enabled Mcde

When the cursor is enabled, the execution ¢f the Icaded program
is slowed by 2%e3%. This s the time reguired for the refresh
subsystem to make crompariscns with the CUR and display the cursor

~ 2@t the proper lccaticns These cemparisons do not add to refresh

time,jbut cause procram exeCuticn timre losse
When fhe éursor is enabled, the féllaving acecyr:
x The proéram is suspended during refresh,
* Auto-exec is\halted cduring refreéh: |
»ar‘:d:, | | |
K TIO 2 s Refresh Busys is NOT necessary before’ any
instructicn except a CI0O 15 Cursor Enables and CIO
2s Cursor Disableak ~
When the cursor is disableds proaram exection time returns to

nocrmal, auto-exec time returns tc normals and TIO 2 instructions
must be issued where appropriates



;3'510 5, commaha:Rggét‘h";}‘w V

',,Thié comménd is’ecuivélent to an IOR except that its effect is
limited to the refresh subsystems The CI0O 5 instruction:

% Disables the cursors
% Selects screen 0 for cursor display

% Ceuses the video to all sctreens to be turned offe
) The screen data memory is unmcdifieds '

LeSa Attribdte Characters

Attribute characters are non-printatle contrcl ccdes which def ine
the characteristics of the display field that followss Harduare
controlled conditicns include twc levels of brichtness <(normai
and high intensity)s field blinkincs and blankinge The field is
defined as the asttribute <character poesition plus all +the data
felleowing it up until the next attribute character cr the end of
the screen if nc attribute character follcwss

The effect of en attribute, hcwevers doesn't wrap from the end of
the screen back tc the start of the screens The attribute
character dtself 1is nct normzlly displayables but w®ith an
svailable system opticny the scftware can allow the attribute
character to be cdisplayed as a8 vertical line (1) character at the
attribute <character positicns When displayeds the vertical I|ine
is subject te the same parameters the attribute character
specifirds such 2s brightnesss blinkings or blankings Fach time a
character in the screen memcry egual to or greater than Hex 80 is
detecteds the refresh subsystem will consider it to be an
-2ttribute character and all the fcllowing alphanumeric characters
will be modified aporopriately,

Blinking is perfermed 2t the rate of 1¢85 cycles per second and
- may be done in edither normal or high intensity modee At the first
position of the displays the screen is always unblankeds
non-blinkings and ncrmal intensitys since a character can not be
placed before ite The format for the specification of an
attribute is given belfcw: : : o :




" Entry In Refresh RAM Byte:

[ e 43 2 1 g

e e e e e ———— e to e et T T
oo b s Protectl 1 0 Normal G | . IField.
1. Attribl Blink! Marker | Numericl © Inten 1 INot IModif
~Cher 1 AN R PR TR 3T, JR S . +Usedl x»x=x
S e b=+ 1 High 0 | 4emee-m

Data | No 1 uUn- } Alpha= t--mmememeceecwcs  INot
8 Char I Blink! Prctect! Mumerici 1 Blank 1 1 - IMdodif
T T e e e e e e e} e e e ——_—— —————————— o ———

xxxNote: Software convention bits may be tested or set by
: program for the conditions (arbitrary) indicateds

. babe Screen Initizliization

Before any operation on the refresh subsystem can be performeds
the program must issue certain initializatien commands to
conficure the subsystem into 2 kncwn mode and to specify to which
sCreen the I/0 operations are to be performed and the cursor
digplayeds These are the functions ¢f the CIO 0» Mcde Selects and
CI0 7s Screen Select ccmmandss which are described in  the
following sectionse : ' : ,

Lebels  CIO 0, Mode Select Command

The functions of the bit values are as fcllowss Bit zerc
indicates whether the system has up tc four screens of 960
characters each or up tc two screens of 192072000 characters
eache - ‘ '

8it 1 indicates if the system is tc have an &0 character itine or
a8 64 character lines Bit 2 indicates if the Protect Field Marker
is enabled or disabjeds This bit gallews or 1inhibits the
displaying of a wvertical slash (1) where an attribute protected
field code existss except when the code indicates blankings

Bit 3 dindicates 9Jf the visible attribute character actionss
blinkings blankings and higch intensity tc be either enabled or
disablede If these attribute activities are disableds then the
attribute code bits may be used as software flags that screen
position will be blankeda

" Bit 4 specifies execution of the Bisync cyclic check function if
1s or PARS cyclic <check if Oe The cyclic check c¢enerator s
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 described in section & Bit 5 thrcugh 7 are not useds

- When the system is initially
not in 8 known mcde. Additionallys the current mode cannot be
sensed by the software programe Therefcre, the mode select

“dinstructions CIO O, must be issued by the program at |east once
to configure the system into a known medes ' ,

BIT:

7-5 4 | '3 2 1 0

—————— F o e e e e e e ————
| I : } , { H

1 Not | Bisync | DSB I ENS 180 {Half
Usedl Cyclic Check | Attribute | Field Karker IChariscreen
—;‘—--+—‘——é————f--—-é——‘—r—°————+-~————-——*—-‘—+——?—+ ——————

1 PARS I ENB | Ds3 164  {Full
0 1 Cyclic check | Attribute | Field Marker IChariscreen
T T T e e e e e e e e e e e e e e

bebe2s cIo 7;‘SCreen Select Command

The refresh subsystem contains 1 cursor registers Since there may
be up to fourpstreens: this dinstruction 1is used to specify on
~ which screen pair the cursor will be displayeda '

‘Once a screen pzir has been selected, ali subsequent curser
commands will  be directed to that pairs To direct a cursor
command te & screer p2ir other than the one currently selecteds
it 1s necessary teo issue 3 new select command toc the desired
pairs A one cycle delay (1s+6 microseconds) is required between
sucCessive CIG 7 Select and/or IOR ccmmandss A NOP instruction

can be used tc wait cut the one cycle delays The issuance of

ejther a CIC Reset or an IOR resets the selected screen to Ge
Cursor wvalues are not changed by either c¢ne of these
instructionse The value in the ACR at the time the select command
is executed defines the selected pair as shcown belowe

[ O R it O D
g 1. , ' -V Screen 0 |} : 1
---1 Not Used +--emcmeeeaa_- + Not Used |
11 1 Screen 1 | ' I
et e e ¥ (U Y

Cursor display'cn 2 particuiar screen within a screen pair is
determined by the range of RAM memory addresses set in the CHR.

4-10

powered-ups the refresh subsystem is

gt
P,



In the full screen mcde ALL of a RAM memory ~ module is
. to a particuar screens and their are no screen 'pairs's
' th:theihélf screen mOdleeach"RAM'can5’addr955’both scréehsiOf a
. particular screen pzirs This is illustrated in table 4-2:

~Tabie 4-2  CUR and RAM Screen Addresses
e e e . e e e e e e o e m e ——— ———— ——— g ———— - —————
Screen Cnfe | Screen Pair )} Screen | RAM Range | CUR Ranpge 1}
------------ e e e e e e e e e ey
G T ] o ! 1 * DR B o
Full 1920/ | 8] I - | 000G-07FF | 0QO0-Q7FF 1}
2000 o 3 P K
o IO R - ! 1CC0-17FF | Q0Q0-07FF 1|
T T T T T T T T e e e e e e e e e e iy
: P S o o ‘ 1
Half 96C | 0 A S | COCQO-03FF i D0CO0-03FF
L | } 1 I 0400-07FF | 04CO-Q7FF
| i } § , I
I 1 | ] I 1000-13FF | QOCO-03FF |
] ‘ | | I C400-07FF |

140G-17FF

kks?i CI0 1/2 EnasblesnDisable Cursor

The determinaticn @s to whether the cursor is tc be visible on
the screens is pregrammeble via the CI0 1s Enable or CIC 2,
Disable Cursor commande Thesge commands de not affect the date
displayed on the screen. When the curscr is enableds it slows
precdram execution by 29e¢3% (see section 4e3s2e )s -

The cursor is a rectangular blob which may be pesiticned anywhere
on the displaye When positioned cver a characters it obliterates
it but does not wipe it from the RAM. It should be ncted that the
pesition of the cursor is Completely wunrelated to the positions

" of data in the RAM.

‘Since the CUR is frequently used as a 12-bit data register, it is
a gcocd ddea tc limit non-display usaces when the cursor is
enableds to prevent Ighost! curscrs from haunting the screenes
Either the cursor must be disabled, or cnly off-screen values
should be loadeda
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~The curscr is set by locading the CUR with the desired dISplay
positione If the display is onerat1ng in 64 char/line mcdes the
LIR field .correspends tc the line pcsition and the CHR
corresponds to the character positicn where the cursor %ill be
displayeds within the screen pair selected by the CI0O 7, Select
Screens instructicns See table 4 -2 for the zddress range of the
particular screens within the SPlected screen pairs on which the
cursor h?il be pos1t10ned. L '

If the refresh is eperat1ng in the &0 char/line modes an absolute
address must be celculated and Joaded into the CUR to pos1t10n
the cursor to 2 relative l1ne/colen locaticns

This is achieved as follows:

% Select the screen pair on which the cursor 1is is
- tc be displayed via the CIQ 7 instruction: (in 4K
RAM ccnfigurations onlye isees Dual 1920)

* Select the starting address of the screen within
the screen pair on which the cursor 1is to be
displayeds This will be the base used 4in the
caiculation (for examples X!'0400!' is the starting
address of screen 15 00GC is the starting address
of screen 0J. ‘

* “Ccmbute the absclute CUR location corresponding
’ te the given line/character (where l1ne/char are
,nuwbered from 1):

Ps se + &0 X (l1ne) + (char) = CUR setting
Tc cause the CUrsor tc appear ¢n screen 1 of screen pair 0y in a

haif-screen configurations st Char pcsition 55 line position 2
the followlnc is coded:

LI x'GO' Select screen

Clo 738 B3 — .

LDC =380%(2)+(5)+X1400! Compute absolute position
JTACK 258s%  Weit fcr refresh

CIC 158 , C Enable cursor

£-12




e = dme=—=3 (IR I el R :
T bosbor oy
o {....______,,‘,-_.‘....———-“-"—"___,*' ———'——;—-—_—_—-'--—--—-‘l'

'B8its O through 10 contain the absolute value of the cursor within
its own refresh memory areas Legz| values are 08C through Hex T7FF
for 1920 chareacter per screen configuraticnss and Hex §OO0 through
Hex 3FF and Hex 0400 through Hex 7FF for 960 character per screen
configurationse . ; : s

Bit 11 is the enablesdisaktlie bits If bit 11 is a 15 the curscr is
displayed at an address greater than- the the legal value (eesge
effectively disabled) If bit 11 is a 0s the cursor 1is can
reference a2 legal address arnd is effectively enableds This is zn
elternative to  dissuing a CIg 172, Enable/Disable cursor
instructions thouch the actual mechanism is differente

The cursor may be ménipulated with the following instructions:

INC 2C Increment cursor by one

IN2: 3C Increrment cursor by two
:DEC € Decréwent:cursor

MLA Move LIR to ACR

MAL Move ACR tc LIR

MCA  Move CHR to ACR

MAC Move ACR to CHR

cLe ~Clear CHR to G

cLL | “ Clear LIR to O

Note that the MALs MLAs MCAs MACs CLLs and €CLC instructicnss in
64 char/line full screen modes act correspondingly on the |lidine
and character pcsition of the cursors :

Le9e  Setting the MPR
The MPR is a 1f bit register used to determine the screen

lccation of displayed characterss In the 64 char/line modes the
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. .MPR is set to an absolute address w1th1n the screen RAHs unl1ke
‘the CbR r9g1<ter wh1ch emp!cys 11ne/char accressxna.j :

;  In 80 character mode, the ROM converter (deccrmbed in sectxon S )
-~ can be used tc set the MPR cen 2 line/char btasise This is the ONLY
1nstance when the MPR 1s SeL th1s uay, :

Tw0 1nstruct1cns are used to set the MPR. They are the CI0 3 and
€CI0 4 dnstructions and set the MPR Lsb and Msb 3 bits
respect1vely. ) ST e : N - . ~

Le9ale  CIO 4% Set MPR Msb

This dnstruction transfers the contents of the ACR to the & Msb
cf  the MPRs  When addressing Fulli screen (19207 2000)
vconf1gurat10ns the MPR Msb has the follow1ng format:

o e e e e e ———————e 3
I -1 Screen | l H

0 i Not i P2ir 0 | l v {
==+ Used 4+=-======-3+ (0 | RAM Address |
1 I - L Stcreen | | : i
H ¥ Pair 11 } i
o e e e e e g

7 S 4 3 2 8]

Bit 5 throuch 7 2re nct useds Bit 4 g1ves RAM addresses greater
than 7FF when on (these are addresses 1in screen pair 1)

Bit 3 is  set ch, and bits 0 through 2 give the address of a
location y1th1n 2 sCreen paire

Yhen address1nc half-screen (9605 configurationss the following
format 1s used:

+_—._ ______ P o - "’—"‘l'"—-‘l' ________ P e <+

o -} Screen | i Screen | |
0 I Not 1 Pair 0O | I 0 ) RAM }
-—+ +-———w——=t 0 $=———==-=+  Addrs |

I Usec I Screen | I Sc¢reen | 1

1 ! o I Pair 11 l 1 i i
F o e e e e e +

7 s & 3 2 1 g

 Bits 5 through 7 2re not wuseds Bit 4 zliows addresses greater
than 7FF when ons thus selecting screen pair 1s Bit 3 1is set tc
Os Bit 2 =allows addresses greater than 3FF when o©ns thus
selecting 2 screen within the screen paire :

Bits § through 1 o¢oive the Msb address of a lccation within a
'selected screens ' ,

h=14



cro 3=;set.&PR”st

'*Th1s 1nstruCt1on roves the contents cf thérACR
~ the '~ MPRe The MPR Lsb has the same format regarcdless of
‘COnfigurationt" : R e I T EIER SRR -

1 RAM Address: § Lsb

4e9e3s  Using the CUR to Set the MPR

to the 8 Lsb of

" Ordinarilys setting” the MPR on an absoclute basis requires the

programmer to translate 2 |ine/char address 1in
to that described in secticn 4e8s for the CUR.
64 char/line applicationss the CUR can be used
@ line/char basiss This - requires that the CUR
this purposes or some mechanism for saving the
CUR be prOV1ded’

a manner similar
Howevers in many
to set the MPR on
te cedicated to
contents of the

The call of the Subroutine'isil ;
JSR SETMPR “Entry: (CUR) CHR: Character position
o S LIR: Line position
(ACR) Irrelevaent
Exit: (ACR): Destreyed
(CUR)- ~ Saved
SETMPR DAC * % v o Save return point
-~ STC  WORK o Store Cursor contents at work loc
LD WORK+7 Load ACR with Lsb
~CIo 3,8 ~ Set MPR Lsb
- LD ¥ORK . Load ACR with HMsb
CIo 48 Set Mpr Msb
JMPx SETMPR - ‘Return to caller
WORK  DAC  xx  Location used to set MPR

4e10s Hrite I1/0 Commands

The Write I/0 ccmmands'and4their functicns are

s -

- &=15

described 'in the



following sections, -
B2 4.10;1;.lux0'0'wfite Dété; Nogaddresslchange“

‘This command causes the data 1in the ACR to be wWritten to the
currently selected screen's refresh memory 2t the current MPR
,a@ddresses If this 2ddress is within the screen!s displayable
refresh areas is not within a blanking sttribute protected field
and if the screens are enableds then the character wil} alsc be
displayed on the celected screens The MPR address remains
unchanged after execution of the instructicns it is left pointing
to the address of the last written characteres This command is
always acknowledged but will be dgnored during a ref resh ~busy
conditions : : ‘ : o

A cone cycle delay is required tetween successive WIO 0 and/or RIO
0s RIO 15 RIO 2s RIO 5, WIQ 1 and KIC 2 commandse A’ NOP
instruction may be used to wzit out the required delay.

After the dats is written to the screen's RAMs a read- cycle is
perfcrmed at the address contsined within the MPRe This is
eguivalent to @  program-issued RIO 5, Read Pre-  Fetch
instructione . o -

4s1Cs2, WIC 1 ¥rite Datas Increment Address

This comménd functions in the same manner as the WI0 0 command
(descibed .in secticn 4e«10e1a) except that the MPR address is
incremented by one following execution of the instructions
"Therefcres the ¥PR address is left pointing to c¢ne positicn
beycnd the last written characters A ocne cycle delay (146
microseconds ) is required between two successive KI0 1 and/or RIO
0> RIG 15 RI0O 25 RIO 55 WI0 O or &I0 2 commandse A NGP s
inserted between the instruction pairs to wait out the one cycle
delaye The WI0 1 command must not be issued while a ref resh -busy
condition existsa A read pre-fetch ds performed at the address
contained in the MPR after the intruction has been executeds

6910e3a WIO 2 ¥rite Dates Decrement Address

This command is siriler to the WIO 1 command except that the MPR
address 1is decremented by one following execution of the
instructione The MPR is ieft pointing tc the address immediately
preceding the last written charactere

A one cycle (1s8 wicroseconds) délay is reguired between two
- successive WIO0 2 and/or RIO Os RIO 15 RIO 2s RIQO 5s ¥I0C 0 or KIO

- 4-16




: is performed at the address

1 . commandss A . read . pre-fetch
. Contained 1in the WPR, after the instruction has been executeds

~ This instruction must not be issued ~while a refresh-busy
~condition existse T e e e G e L

4110 Resd 1/0 Comands

Thevéééd 1/0 commends and the{r“funbtions are described in the
following secticnss N RO s . .

&.11.1; “RIO O‘Read bata; No'Address Change

This command is always acknowledged but may nct be issued while a
refresh-busy condition existss This command causes the controller
to transfer data from the currently selected screen at the
current curscr location tec the ACRe The <cursor address is not
changed upon completion of the instructicne

This command must ke dimmediately preceded by a RIO 5 Read
Pre-Fetch Command (cdescribed in section 4e1lake) if the data read
is to be valide This pre-fetch |cads 3 buffer register with the
data tc be transferrede The dataz is loaded into the ACR from the
- buffer by the RI0 Read Data commandse ,

After this instructicn has been exectueds a read pre-fetch is
automatically issued at the address contained in the MPRs This
~eliminates the necessity for issuing RIO 55 Read Pre-fetch
~commands when perferming consecutive readse

This inétructionvrecuiresya'1~cycle delsy between successive RIO
0 and/or RIO 1s RIO 25 RIC 55 WIG Os IO 1 &nd YIO 2 commandse

4s11+2s RIO 1 Read Datas Increment Address

This cemmand is similar to the RIO O command in that it must not
be issued during refresh-busy and must be preceded by 2 RIG §
Read Pre-Fetch to validate the data being reade In additions a
cne cycle delay is reguired between two successive RIQ 1 and/or
RIO 0s RIO 25 RIC S5s WIO O WIC 1 or WIO 2 commandss '

After executicn of the RIO 1 commands the MPR is incremented by
cne and is left pcinting toc the address immediately following the
character read, This command may be wused for the scle purpose of
incrementing the MPRs and when wused for suchs neec  not be
preceded by a RIO 5 Read Pre-Fetch commands Nc valid data can be

read under,this conditiones
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After excution cf this instructions en automatic read-prefetch is
.- .executed  which makes it unecessary to dssue a RI0 5 command
- before the next corsecutive read or write instructions ‘

 4e11e3e RIO 2 Read Datas Decrement Address

This command is similar to the RIO 1 commands It must be preceded
by a RIG 5 Resd Pre-Fetch to validste the data being reads, must
- not be issuyed during refresh-busys and must not be issued without
@ 1 cycle delay after the last RIO 2 and/cr RIG 0s RIG 1s RIO 5
WI0 0 WI0O 1 or ¥I0O 2 dnstructione After execution of the
“instructions the MPR is decremented and is left pointing te the
pcsiticn immediately preceding the address of the character read.
The RIO 2 dnstructicn can be used for the scle purpose of
decrementing the cursors and when used for suchs need not be
preceded by a RIO S Read Pre-Fetch instructicne '

’After executicn of ‘this instructions an automatic RIO 5s Read
Pre-fetch instructicn is issuede

Lallelbs RIO 5 Read Pre-Fetch

This commend initistes a ‘data read from the currently selected
streen at the current cursor addresse It loads a buffer in
preparation for the RIO 0s 1 or 2 commands which fetch ' the date
frem the tuffer and transmit it to the ACRe The RIO 5 command may
not be issued durinc refresha It must be issued exactiy 1 cycle
(1«# micrcseconds) before an RIC 0s RIS 1 or RIO 2 if the data
beina read is tc te valide This ccmmand is only necessary to
validate the data being reads and need not be issued if the RIO 1
or RI0O 2 command is peinc used simply tc position the MPRa

The WI0 Gs WIO 1,5 %IC 25 RIO @Os RIC 1 and RI0O 2 a&automatically
prefetch data from the HPR setting after the instructicn has been
executeds Therefores if & read 1is toc be performed immediately
after executing one of the above instructiconss a RIG 5 command is
not required,

 Ncte that the automatic pre-fetch cycle 1is valid only if the
‘address of the MPR is not changed by a cI0 3 or CI0 4 commands
One use of this feature would be tc read data

from 2 particular screen fields




A subrout'mp to 1mplewent th1s 1s

Cuse RDFLD"i'"7(MPR)  Set to the bea1nn1ng of f1eld
. DAC BUFFER  CACR)  Length of field

”7“]BU?FER' Po1nt°r to a Iocatwon to store f1eld

RDFLD DAC' B 1 Save parameter address
- 8T CTR+1 - Counter for length of field
o LD* - RDFLD Area tc place read fzetd
ST WORK xxx ‘
INC ~RCFLD - . Bump return to next byte
~LDx - - RODFLD %* %% ,
ST WVORK+1 ‘ % 3% %
- INC RDFLD Bump return past parameters
RIO 518 . Reguired pre-fetch
LOOP  RIQ 18 Read datas inc &ddresss pre-fetch
STx ~ WORK Stcre in supplied buffer '
DEC CTR - Check fcr end of field
JCET LgoPF Continue reading if not at end
JMP % ROFLD Elses return to caller
WORK  DAC %% ‘ Address of buffer

CTR - WORD x % _ Counter for locp control

£311+5¢ Refresh size

"Fer 64 character cer |ine Canxcurat1cns: the tcetal refresh
memery size cof either 2048 or 1024 is an exact muitiple of %4s In
1920 character ccenficurationss the total screen memory size of
2048 perrits 30 full lines of 64 characters in the displayable
- refresh memory and 2 full lines of &% characters 1in the buffer
area as shown in figure 4-2a. ‘




Line 1+ v 0 83 |
S R RO : o g 63 I
o T e T e e —— — —— e ———————}
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¥ i

F e e e e ——————————————— +

R e e | | i

‘Line 29 1 0O o s 63 1

Line 30 1 0 | | 63 1

I o : ) i

P e e e e +

| | I | v |
‘Line 31 1 o . 63 |

+“"“-"'--“‘—-;_°‘““_““‘*“-f+

‘7fé£'char/Line

Full-Screen

1920 Char
Displayable
Refresh
Memory

9923083259 38

128 Char
Refresh
Buffer

2823393023200 89900



igure 4£-2b .

e e e e e e e ————— = e
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“Ltine 0 v O ST ‘ S 63 1
) mj“f.j‘; ""f,f‘f I . . . ST ‘ ‘
e e e e e e e e e ———— g , -
R R S R 960 Char
~ Line 1 1 0 o ' 63 | "Displayable
ST . - L : , i S
e e e e e + Refresh
B I Memory
I i
F o e e e ———————— +
. i i
Line 14 | O 63 |
' { |
P e e ——————— + sensensssasesanrens
' I i 64 Char
Line 15 + 0 63 1 Refresh
I ¥ euffer
e e e e s . > s e e > e o

64 Char/Line

Half-Screen

+ es®oecsc0s0edrne



Line

" Line
Line :

Line 2

~N
£~

[AY]
v

b0 79 |
,! !
e e - +
I 1
I l
‘i'""""-———""""--—“-—‘—"f——"—"*—-—“-—--—'—-}
H

i G 79 |
i l
e e e - +
| I
1 © 79 1
I I
e e ————— F o — -~ +
i i

| 0 47 |

I -

o ——————— - +

8C Char/Line

Full Screen

2000 Char
Displayable
"Refresh '
Memory

2528320938208 a8200

43 Char
Buffer

2%ad08n0030030s8



TR L s e B e e g
o Lipe o 10 . o7
o , oo oo et B I |
B i T UM RIS
S b 960 Char
tipe 1 120 79 - Displayabie
T T LA A .} . Refresh
e e e + Memory
b |
e e e e
o » I
Line 11 1 © 79 1
! I
e e e e e —— F o ——— ———— — + sversvsasneerny
D 1 . ) i , o
“Line 12 1 C ‘ €3 1 T ‘ 64 Cher
S | A REN | ; o Buffer
P e e - s%eai9ssasanse s

- 80 Char/Line

Half Screen

In haif-screens 947 character dispiay, systemss the total screen
memory size of 1024 permits 15 full lines of 64 characters in the
displayabie refresh memcry and 1 full line in the refresh memory
buffer area (see Figure 4-2b)s Howevers 1in 8C character
conficurations, the total refresh memory size of 2000 or 3024 is
nct an exact multiple of &0« Therefores in ful! 2000 character
display systemss the total screen memory size of 2048 permits 25
full lines of 80 characters in the displayable refresh MEWOTY s
and one partial line of 48 characters in the refresh memory
buffer area (Figure 4-2c)e o ' o :

In half-screen 960 character configurationss the total screen
memcry size of 1024 permits 12 full lines cf 80 characters in the
displayable refresh memory and one partial line of 64 characters
in the refresh memory tuffer area (Figure 4-2d)s

4s11s6s RIO 3 Read HPR Lsb

This command is 2lvays acknowledged and may be issued at any
timeswith 64 character per line configuraticnse The 8 Lsb of the
'MPR are transferrecd toc the ACR in the same manner as described
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- for the CI0 3 command fin section 4s9s2ss

 4a11.7. RIO & Read Line

This command is the‘samé.as’the'RIO 3 command except that the §
Msb of the MPR are transferred tc the ACR in the same format
described in sectior 44941s for the CIO 4 commands

Le12a 'Illegal Line/Character References

In atl & character per line configurations and 1in 80 character
peér line configurations employing absolute addressings it is
impossible to attempt tc reference an illegal screen memory
locaticne S

Howevers in &0 character per line configurationss when addressing
memory using the line/character address modes (ROM Code
-Converter)s "it is possible to attempt tc reference an illegal
character or an illegal linee In Full screen configurationss &
character reference greater than 47 on line 26 is illegale In the
half screen modes 2 character reference greater than 63 on |ine
12 is,illegai-. '

In the line/char addressing modes -the hardware uses bits 0
through 4 when lcading the ROM in full screen configurationse
This permits an attempt to reference up to 32 liness the legeal
limit is 26 liness In the half-screen modes the hardware uses
bits 9 through 3 of the ACRs permitting an attempt to reference
up to 14 lines when the legai limit is 12e

In additicns medes when using linescharacter addressings the |ine
and character addresses are not directly tied to the KPR as they
are in the 64 character mode or in the absolute addressing mcdees
Insteads the vejues loaded into the |ine and character registers
are converted to &n absolute memory location by the hardware Read
Onty HMemory (ROM) look-up tables If  the ROM detects a
line/character combination that would reference either an illegal
line or characters that reference is converted by the ROM to a
legal location in memory in accordance with the rules described

- belows and the line and character registers are updated to

reflect the new references
The besic rules are as tollows:

e For 2000 <character screen cenfigurationss any character

reference frcm character 4§ through 79 inclusive on line 265
er any character greater than 79 on any lines or any line
reference greater than 26 will be converted . to one of the

"last 16 locatiens 1in the screen's tuffer (not displayable),
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Which of the 16 loCatiohs‘iswUSEd"&epéndé‘cn”fhéf§81u&_df-tﬁeg
least significant Hex digit in the character register at the

L= 4F: location used is set by Fy, -

time of the the illegal references (eege ctharacter reference

2« For 960 character screen configurationss any character

~reference fircm €4  through 79 inclusive on iine 12 or any
character reference greater than 79 on any line will be
converted tc one of the last 96 locations in the sCreen's
buffer memcry (not dispiayable)s Which of the 16 locations is
used is determined as described abovea - Any line reference .
creater than line 12 will be wrapped back up 1into the

screen's visible refresh memory areas ‘ ‘ B

Note: Because of the possibility that one of the 16

-~ locations of the buffer memory may be altered

inadvertantly by an illegzi character references

it is recommended that these 16 locaticns not be

used by the software program in 80 character per

. bire configurations when the line/character
addressing mode 1is useds

4e13 TIO &: 10/25 Systenm ldent ification

This instructicn is always ACKnowledged in the SPD 10/25e It is
used by the SPD/DCS nucleus tc distincuish the SPD 10725 from the
~SPD 10720 4in DOS tcompatible! programse
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ROK Code

. The ROM code converter function is ‘
subsystems It is addressed as device &e The code converter

-~ implements a transltate tazble lcok-up function utilizing 16,384
- bit static ROMe P e R R D

Eleven differnet t?cés“of translate-tzbles are available:

- Te Line/Char to Absolute (80 char/line only)
2s Absclute to Lines/Char (80 char/iine oniy)
3s ASCII to EBCDIC esssesssssesssas
L« ERCDIC to ASCII
5 BCD to ASCII ' o
6s  ASCII to BCD - General Code
7e BAUDOT to ASCII Conversion Tables
8 ASCII to Baudet ' -

Qe Shift Right &
10s Rotate Right 1 4 :
11 ,DeCimal Multiply ssessasseesssese

In additions definitive ROM addresses are given for all ASCII
character representationss as shown in table 5-2e This table also
shows  the ccrrespondence between ASCII and EBCDIC
representaticnss B v ; v ‘

5s1s"  Code Converter Instruction Set

The "input word tc be transiated is loaded into the MPR wvwia the
- CI0 3 and CI0 4 instructionse A CIO 8 instruction is then used to
initiate the cocde +transiation cycles A one cycle delay fIs
required before reading the translated datae The RIO 7 and RIG 8
commands are used tc extract the translated datae o

‘contained in the refresh



‘°1 30M deekCénQerter.Instruttién Set{ﬁ B

[ S . o e +
,.Funct1on : cIc : RIO :
“:Code : 3 : :
e e e e e e . . e e} e —— +
: S 3 Load HPR : s
P 3,8 : 8 Lsb : _— s
is3003%002%as330020003000anc00s0s30000ess 3
: ¢ Load MPR : :
: £ 38 :t & Msb H ———— :
::-oagoocciin;su-n',.t-ooscao=o-.0raoonood:
: : : ¢ Read Code :
: 7s8 0 s ———— : Converter ¢
: B 2 Lss g
:-OQOQOQQ-:a‘-ocgonoonaoa:.ss:noonaa.saocc:
s . , ¢ Read Code =
T 8.8 ! Execute ¢ Ccnverter :
: : Cecde Conversicn @ MsB :
F o e e e e %

S5e2e Line/Character to Absolute Transiaticn

This transliation taFlP yields the absclute RAM location of each
line/character puts The line/character designation is readily
related te 2 phyclcai pcint on the display screen while the data
displayed at that point is always stored 1in the MPR as an
sbsoclute aderSSt This table simply yields the eguivalent RAM
address for each lines/character position on the display screene
This transiatien is valid fcr 80 character screen formats oniys
The MPR must remain unchanged until after the RI0 7 and RIQ 8
commands are issued for th1s tables

The l1ne/character tc absolute translat1on data input format is
sheun below:



I 81 cCharacter
l ,«' N l‘k'k E T 7.?

¥ - —— .’.-_;-_.._.._v._’,-_:_- -

o

+

S U i
T R i

+

e 4ss cio 3,8

Byte Ai is stored in the MPR Hsb viz the CI0 & instructions Bits
5 through 7 must be zeroa The valid range of line values are oG
“through 14 hex. : o v ~

Byte Bi is stored in the MPR Lsb via the CIO 3 instructions Bit 7
must be Os The valid range of character values are 00 through &4F
hexe S . _ o o

5e2a1s Output Datz Format: Absolute

Afterfexecuting‘the ccnversicns the data 1is stored in the MPR in
this format: ' '

7 32 .0 7 ' S 0

it T U Y § e e
b ?2? N S § 1l
| Undefined | Msb i o Lsb 1
1 2?7 IR 1 I . B |
e o S e +
Ao : ) R : 8o :
lesavensmssecns Absolute ®30s298eva0a8000
: Data Field ‘ s

Brte Ao (Msb) is transferred to the ACR via the RIO 8§ ccmmande
Bits 3 through 7 are undefined and sheould be "masked by the
programe Bits 0 through 2 contain the three Msb of the gbsolute
data fielda ‘ : o ' :

8yte Bo (st) is transferred to the ACR via the RIO 7 commande
Byte Bo comprises the 8 Lsb of the absclute data fields

Ss2a2s cxample

This example illustrates the operation of the Line/Chzr to
Absolute Code converters and of the ROM Code Converter 1in
generale ‘ . , ,
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It‘:b'lS‘

necessérYito' traslate any line/char position into"gh
~2bsolute position and set the MPRs The fo!loaing(‘subroutine is
~one pcssible sclutions S o o :

© JSR STMPR
- BYTE RowsCol

'STMPR DAC  xx . Parameter location
: . LDx% STMPR - Fetch row position

CI0 458 ‘ Transfer to MPR Hsb
INC  STHMPR - Move to celumn position
LDx STMPR ' - Fetch cclumn position
INC STMPR Eump return past parameter
CI0 3,8 _ Transfer to HPR Lsb
CI0O 8s8 Execute Code Conversion
NOP S ¥ait one reguired cycle
RIO 8,8 Read Msb Code Converter Output
ANI x07¢ Mask out garbage values
CI0 458 . Set MPR Msb
RIC 7.8 Reed Lsb Code Converter Output
CI0 38 Set MPR Lsb
JMP%. STMPR : Return tc caller

583« Absclute to Line/Char Traslation

' This translation table yields the lines/character equivalent of

each absclute refresh RAM inputs The purpecse of this transliaticn
is tc relate each absclute location of the screen RAM memory to
‘the line/character location on the screen 2t which that character
is displayeda

This table is mersiy the dnverse of the line/character to
ebsolute transiatinn described 1in section 5e2e and is valid for
8C character/line screren formats oniye The MPR must remain
unchanged untii after the RI0 7 and RIO & commands are issued for
this translation tzbies ‘ '

S»3aln Input Dat2 Format (Absolute)

The absolute tc lines/character input data format is described as
follows:




A

+ l'

P e B T e e T ey e
;,,! B S I :g*MSb, ) I’L:;;}ﬂ;l;{ﬂ‘,f;g[' B e

+ +

--_--—-.} ..-_.-...g. ——— i o e

30000000000-0' Absr\lute .s..~0o'.;...co‘0.ot3

SR Data F1e1d

Byté A1 ig stored in the MPR Msb via the CI0O 4 instructicns Bits
35 Ly 6y and 7 of byte Ai must be zeroe Bit 5 must be onee Bits O
through 2 of byte Ai ccmpr1se the three Msb of the absolute data
,,fIEIdo‘ , s ‘ ~

Byte 21 cbmprfses the eicht Lsb of the absolute data fielde The
renge cf the absclute data f1eld is 00 through O7FFe

Se3e2e ~Output Data Format (Line/Char)

The output format of the ROM converter is as. follows:

7 54 B 7 6

F o ———— ———— Pt e -
| N i 4 B : [} | | i
| Undefined I Line | | Character i
! 27 ! T B
e e e ey Pt e e

Ao A o , : Bo
8yte Ao is transferred tc the ACR via the RIG 8 ccmmande Bits 5
throuoh 7 of byte Ao are undefined and should be masked by the
prooram-
Byte Bo 1s transferred to the ACR vie the RIGC 7 commande Bit 7 of
byte Bo 1s undefined and shouid be masked by the programe

5e¢ka General Code Ccnversion Tables

The nine aenerai cnde cenvers1on tables and the 1nput required to
implement thems are chown in the follcwing tasble:

- 4
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; hwfffablef5-1f47’»””

' Ceneral Code Conversion Translatien Table

Table Nos ~ Descripticn o MPR Input
‘ I ) - : Msb (HEX) Lsb
e T e e e e e e e e e e . e . e e e e o e o o e o e e e i e
o | IR I ‘
5-2 I ASCII - EBCDIC | 40 I ASCII Character
- | I ' | . i , ,
5-3 I FBCDIC - ASCII | 60 | EBCDIC Character
5-4 | ASCII - 8CD ! 80 t ASCII Character
| : i b+ X120
l , ‘ ' _ ! .
5-5 I BCD - ASCII ] 80 I BCD Character
H ‘ | i ,
5-6 I ASCII - Baudot | EQ I ASCII Character
1 b | + XVTAQ? '
{ . | i
5-7 I Baudnat - ASCII | 80 I Baudot Character
I | I+ X180¢
. i | I
5-8 | Shift Rt Four | AQ I Character to be
! } ! Shifted
i } : | ‘
5-9 I Rctate Rt One | €O | Character to be
} } I Rotated
| : ] i ,
5-10 I Decimal Mults 1 FQ ! Twe cperands: 0-9
Se4ele Genersl Dzta Formats

" The input data formats for the general code ccnversion tebles are
similars Data is irput tc the ROH ccnverter via the MPR CIO 3 and
CIC -4 commandse While the PR Msb is given explicitly 1in table
5-1» the Lsb input is described separately for each tablea

The translation result is transferred tc the ACR via the RIO 7
commande In the gceneral code conversicn tabless only cne byte
(Lsb) is of interest (RIO & noct reguired)s




<+ c--—_..—.._-v—'_—_-—--—-v-— —-——-—-.-—é . . +-~———'—-——--—‘- ————————— +
MPR- Msb -~ - . .. - .. . " MPR Lsb

cig 4,8 - CIO 3,8
5ake2s  ASCII to FBRCDIC
Table 5-2 is the ASCII to EBCDIC Code conversion tables The MPR
Lsb is set to the ASCII representation of the character to be
transiateds . ‘ : S v
Fach‘enfryAih table 5-2 is given in the format:

T S R + U me———

| Assicned EPCDIC Character | EeGs: | 3 |
| Hex EBCDIC representation | B Y £ ol |
F o e e e e A m———

The table starts at MPR address 40C0 hexs and ends at address
4OFF hexs. : ST S = ‘

5e4s3s  EBCDIC tc ASCII

Table 5-3 depicts the EBCDIC to ASCII transiationse

Each entry is g¢iven in the form:

| EBECDIC Character |  EaGa: | ! |
| Hex ASCII Code 1 ~ P21
- & Fmmem et

The table starts at MPR address 600G hexs and ends at address
60FF e :

Sefefs ASCII to 2CD

Table 5-4 depicts the ASCII to BCD code translationses This teable
begins a2t MPR address 8020 hexs Thuss it is necessary to set the
MPR Msb to 80 and to add 20 hex to the Lsb ASCII character
~porticn of the MPR before the ROM transiation is iritiated.
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- Table 5-5 depicts thefBCD‘to‘ASCII code tranélationSo This table
" begins at MPR address 8000 hexs The MPR Lsb is set to the 8¢CD
character and the Msb pqrtion to the start of the table (80)e

5;4.65" Saudct Code Cohvent icns

Baudot code representation has certain conventions that the
prcgrammer should be aware ofs ‘

Paydot code is 2 5 bit code in the range of GO through 1Fs 1F 1is
~the highest «code <transmitted between stationse Therefores a
convention has been adopted which allows stations to distinguish
the entire <character sets The Ltrs convention applies tgc
salphabetic charactersa The Figs convention applies to numeric and
special characterses '

A station trarsmits a 1F to  indicate that the following
characters belong to the set defined by the Ltrs conventions

A station transmits a 1B to indicate that the following
characters beleng tc the set defined by the Figs conventicns

Thuss a staticn zlways knows what type of characters it is
transmitting cor receiving by keeping track of the current Figs or
Ltrs mcdes :

Sefatels  ASCII tc Baudot

Table 5-6 depicts the Baudot to ASCII ccde translatioense This
teble begins at MPR address E0AJe Thus it is necessary tc set the
MPR Msh te EQ and add A0 tc the ASCII character Lsb portions

The Ltrs/Figs state of the result is bit 5e Thuss the program
must send a Ltrs cocde (1F) 4$f bit 5 is ons and a Figs code (18)
if bit 5 is cffs ' :

Sehwbale Baudot tec ASCII

Table 5-7 depicts the Baudot to ASCII code transiationss The
table begins at MPR address 8080s Thus it is necessary teo set the
MPR Msb to 80 and tn add &0 to the Raudot character Lsb portione

‘ fc use this table properiy, the software must determine whether
the characters to be trasiated belong to the Figs or Ltrs sete If

o)
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Figs characters are to translateds no further prccessing s
‘requireds If Ltrs characters are to be translateds 20 hex must be

fpadded to the Baudot character before ROM Converswon is 1n1txated. fo:“

:“iTThe OUtDUt from thP code converter 1s the ASCII representat1on of' 
‘.the Baudot code. R . : s , o

?js;a.y;"fshift‘aigh:;aif SpéciaﬁlFielth
“'Tabie, 5- 8"d6p1¢£$ the shift r1ght Alspec1al fxeld A cocde
c0nvers10n taoie. Output frOm the converter is as follows: :

o e e e ¢ »
] . R I R T
o o Field & i b7 1 b6 1 bS | bs |
B R EE T SRR IRNENE RN B

P e e e e e g

Field A répresents the number cf'bits that were one in the 1nput
bytes Bits b&; E5, k6 and b? are the &4 Msb cf the input bytee.

The table compr1se< MPR address locat1ons AGQO0 through AOFF.
'5.4.85" Rotéte Rigﬁ£ One

Table 5-9 dépiCts,the rotate right one code translation table.
Each entry in  the table represents the output byte 4dn hex
nctaticns The table starts at 'MPR address FEQ030 and continues
through address EQOF, ' Do Co :

Sebe9e  Decimal Multiply

" Table 5- 10 d601CtS the 9 x 9 dacxmal muitwply code translat1on.

The {dnput byte is formed as foilous.

7 4L 3 g
P e ———— e e R SO S +
H i : |
l Ai . B1i 1
} | i
P ———— e ————————— e — e ——— ———— +

Ais Bi: 0-9 decimal digit
The results via RIO 75 is given in packed decimal forme
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rebie 52

CASCII - EBCDIC

ASCII
INPUT

4 MSB.
(HEX)

NUL
0

oLE

10

sP

40|

FO P?C

D7

79} 97

20

30

41

58

76

9F

B8

DC

SOH
Ol

ocl
Il

4F

T__|A
Fl| Cl

e
D8

8l | 98

21

.3I

42

59

77

AO

B9

bD

STX
02

DCZ
12

7F

2
F2| C2

b
82 99

22

62

78

AA

BA

DE

ETX
03

DC3
i3

#
78

F3| C3

E2

83| A2

23

33

44

63

80

AB

BB

DF

ECT
37

3C

DC4 | §
=1k

E3

841 A3

24

34

45

8A

AC

BC

EA

ENQ
2D

NAK
3D

K2

&6C

F5| C5

E4

85| A4

5

35

€5

88

AD

8D

EB

ACK
2E

SYN
32

50

F6| C6

E5

86| A5

06

36

47

66

8C

AE

BE

EC

BEL
2F

£

26

7D

Fry C7

E6

87| A6

17

08

48

67

8D

AF

BF

ED

BS
6

18

CAN {(

4D}

F8| c8

E7

88| A7

28

38

49

€8

8E |

BO

CA

EE

HT
05

EM
IS

5D

Fol co

E8

89 A8

29

39

Sl

€S

8F

c8

EF

LF .

25|

3F

SUB | %

5C

“7al “pi

E9

F z

S| A9

2A

3A

52

70

S0

B

cC

FA

vT
0B

ESC
27

4E

; K
5E| D2

4A

*
g2 CO

2B

3B

53

7l

9A

&

CcD

FB

FF
oC

FS
IC

6B

EO

93| 6A

2C

04

54

72

oB

CE

Fc

CR
oD

Gs
D

60

%c| b3
“7e| D4

b]
S5A

g4 00

oe

04

55

73|

SC

CF

FD

miojlolow|plojo|w|lojo|dlwuln

Slo

RS
IE

48|

5F

95| Al

OA

3E

56

74

D

B6

DA

FE

m

si

us

OF]

IF

61

‘6F| D6

eD

El

57

75

9E

0B

FF

4L.SB
(HEX)

ASCIT
INPUT

96| 07|

B7




© EBCDIC

INPUT

F

4 MSB
(HEX)

o

INUL
9]

0| 80

90

18P

| 2D| BA

Cc3

D

D8

Cg

\
5C

[¢]
30

SOR
0l

81

9l

AO

‘2F| 8|°

6l

CA

J
6A

(a %)
7E

DS

A
‘41

SF

02

STX -

82

STYN
<]

Al

| B2] BC

62

®
68

73|

DA

8
42

53

2
32

3l ‘

ETX
O

83

B3| BD

6C

74

DB

43

54

3
33

oC

90

84

93
24

A3

| Bal B

63
64

m
6D

75|

DC

44 |

55

4

34

HT
0°

85|

LF
OA

95

A4

B5| BF

65

6E

76

Do |

E
45

56

5

35

86 |

BS
08

ETB
17

g6

A5

86| coj

66

&F

77

DE

46

57

|6

36

‘|pEL

7F

87

JESC

I8

EOT
04

A6

B7| CI

8
67

70

78

DF

a7

58

7

37

97

CAN
18

88|

98

A7

B8| Cc2

68

71

7
79

EO

48

Y
59!

)

38|

8D

EM

- 89

99

A8

B9| 60

i
69

72

TA

El

49

SA

19

39

8E

o2

8A

SA

1
SB|

7c| 2A

o

CcB

D2

e2|

E8

Fa4

FA

vT
08

8F

88

9B

.ZE

2C| 23

CS

cC

D3

E3

ES

F5

FB

|FE

oC

FS
IC

8C

DCa
14

3C

251 40

C6

CD

‘D4

E4

EA

Fe

Fcl

“ICR

oD

GS
1D

ENQ
05

NAK
15

28|

5F| 27

c7

CE

D5

E5

EB

F7l

FD

mlolojlojrlo|o|N|a]o|dlu|n

S0

QE |

RS
IE

ALK
06

F

ST
OF

us

BEL
o7

SE

28|’

3E} 3D

CF

D6

E6

EC

F8

FE

[SUB
1A

21

3F| 22}

C9

DO

D7

E7

ED

FS

FF

4188 |

(HEX)

EBCDIC
INPUT

©5-11




 Table 5-4: ASCII - 8CD

i';'Ascn "BcD | asch | Bep | ascm | Bep |asco | Bep
| 20 1c | 30 oa | 40 1D | s0 27
a | wm | un |a 4 31 5| 27
22 | 20 | 32 ez | a2 | s | sz | 2
23 | 00 | 33 03 43 33 | 53 | 12
24 a0 Y 04 aa | 34 | 54 13
25 6E 35 05 45 | 35 55 | 14
26 6F 36 06 46 36 56 | 15
27 10 37 | o7 | a7 37 57 16
28 | IF | 38 08 48 38 | s8 17
29 | 2E 39 .‘09 29 | 39 | s9 18
‘ZA. o | 3a 2A s | o=z - 5A 19
2B | 3F 3B 2c | 4B 22 5B oC
-zc 3E 3C 2B 4C 23 5C 1B
2D 1A 3D 2F 4D 24 513 1E
26 | 3B | 3E 3C 4E 25 5E 2D
2F 1 3F 3a | aF 26 5 | oD

5-12



~ |Becp

ASCII

.| Displayed
Character

BCD

ASCII

= .Disi:layed.

‘Character

BCD

ASCH

Displayed
Character

00
0z
03
o4
05
06
o
08
|09
0a
o
ile
oD
0E
oF

10

12
13
14

15

| 33

| 5B

31

32

34
35

?36
17
38 |
39

30

5F
25
26

27

53
54

55

56

#

W

< a =

f16
17

18

19

1c

1D

1E

20

21

22

23

|24

25

1l 26

27

28

29

| 24

57 |

 58 ;
i e
5A
2D
20
40
5D
‘\zé
22
"
4B
4C
4D

45

50
51
52

3A

X
Y
Z

(space)

-~ v e

ty

W O W 0 2 g r W

2C
2D

2E

37

2B -

30
31
32 .
33
34
35

36

38

39

3A
3B
3C
3D
3E

3F

3¢
B
5E
3D
24
41
42

43

47
48
49
3F
2E
3E
21
2c

2B

"o

H o o o b o

a0 09

ot
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 Table 5-6: ASCII - Baudot x

ASCII|Baudot|Display ASCII| Baudot|Display ASCII|Baudot|Display ASCII{Baudot|Display
00 00 |[Not Used || 18 00 |[Not Used || 30 i6 0 48 34. H

(038 00 19 00 3 17 i 49 26 X

02 e]4] 1A 00 32 13 2 44 2B J

03 00 iB 00 33 . 01 3 4B 2F X

04 0o ic 00 34 0A 4 4Cc 32 L

035 00 iD 00 35 10 5 4D 3C M
06 00 |Not Used 1E . 00 36 15 6 - 4E 2C N.
o7 . OB |Bell iF 00 |[Not Used|| 37 07 7 4F 38 0

08 00 |Not Used 20 . 04 |Space 38 06 8 50 36 P

09 00 |[Not Used|| 21 00 ! 39 18 9 51 37 Q

oA . 02 F 22 00 o 3A OE : 52 24 R

0B 00 |Not Used 23 14 # 3B 00 H 53 25 S

oc 00 {Not Used 24 09 $ 3C 00 4 54 30 T

oD 08 CR 25 00 % 3D 1= - 55 27 U
OE 00 |Not Used|| 26 1A & 3E 00 > 56 3E v

OF 00 A 27 05 ' 3r 19 ? 57 33 W
i0 00 28 oF ( 40 00 @ 58 3D X

11 00 29 12 ) 41 23 A 59 35 Y
12 00 2A 00 * 42 39 B S5A 31 Z

i3 co 2B i1 + 43 2E Cc SB 00 |Not Used
14 00 2C ocC R 44 29 D 5C (8]0}

15 00 2D 03 - 45 21 E 5D 00

i6 dgo 2R 1c . 46 2D . F SE 00

17 00 |Not Used|| 2F © 1D / 47 3A G SF 00 (Not Used

5-14




o »Bé.ud'ot

‘| Baudot

Asco

- |Baudot

ASCII

o7
08

09

0B

% 0C

0E
OF
10
1
12
13
14

15

00 |
o |
762f7
63‘: "
.
05

06

|24

0A

0D

S
Zo o
27
38 °
37

P

VR
et
0c(2c)
L FF
34
08(28)
35
2B
29
32

23 : |

36

‘Bel‘vl‘ .
Errdr(,)
Not Used
Error(()
+
)
2

6

1 ‘117.

18

1A

1D
1E

21
22
23
24
2s
26

27

28

2A

16
N
19 | 3F
1B

- 1c

20

29 .

30

 26
FF
2E
2F
h‘ 3D
FF
00
45
6A'
41
20
53
49
55
0D
s

52

Not Used
Null

E

Lr

A

Space

-
2C
2D

2E

30
31
32
33
34’
35
36
37
38
19
3A
3B
3C
3D
3E

3F

- 4A

6
43 .
4B
54

' 5A

57
“
59
50
51
4F
42
47
FF
4D
58
56

FF

a

MR

O O W « T = t N

tw

G
,Not‘.Used
| M
x
A%

Not Used

' * The ASCII output is OC and should be 2C.

- **The ASCII output is 08 and should be 28.




Table 5-8: shift Right Four

_ e
lojij2|3{a|s|e|7|e|s|a]B|c|oe]F][4MsB
0 _{oo | |12 |23 |14 |25 |26 |37 |18 |29 |24 |38 |2c [3D |3E |4F
1 |10 ]2 [22]33 24 |35 [36[a7|28 |39 [3A |48 |3C |aD |4E |5F
2 [1o]al|22|33|24 |35 | 36|47 28 |39 |3A |48 |3c |aD pE |5F
3 |20 |31 |32|43[34 |45 | 46|57 |38 |40 |4A [58]ac [50 |5 | 6F
4 |1o|2i|22|33]2a 35| 36[4a7 |28 30| 3] 2B | 3¢ |4D |4E |5F
5 |20 |31 |32 43|34 |45 | 46|57 |38] 49| 4aa|58 |ac |5 [5E |6F
6 20|31 |32|43|34|45 |46|57 | 38| 49| 4A|58 | 4C | 5D |5E | 6F
7 |30 |41 |42|53|44|55 56|67 | 48| 59] 5A[68 | 5¢ 6D 6 | 7F
g8 |10]21|22|33|24|35|36]47 | 28|39 3a]48|3c [aq |4 |sF
9 [20|31 [32|43|34(|45|46|57 | 38|49 |4a |58 [4c 5D | 5E |6F
A |20|31 |32|43|34|45 | 46|57 | 38|49 |4a |58 |ac |50 |5E |6F
B |30 |41 |42|53|44|55 56|67 ] 48|59 | 5a]68|5¢ |6D |6E |7F
C |20|31 |32|43|34 |45 |46 |57 | 38]49[4A [58|4c [6D | 5E |6F
D |30 |41 |42 | 53|44 |55 |56 |67 | 48|59 | 5A|6E|5C |60 | 6E | 7F
E |30 |4l |42 |53 |44 |55 |56 |67 | 48|59 [5A [6B]5¢ [6D |6E |7F
F |40 |51 |52 |63|54|65|66|77 | 58| 69|64 |7B|6C |70 |7 ]8F
b3b2b|b0
INFUT
BYTE




Table 5-9: Rotate Right One

INPUT
BYTE

oft{2|3ja|ls5|el7is]lolalslclple [r[2MsB

00 {0810 | 18 |20 |28 |30 |38 [40 [48 |50 |58 |60 |68 |70 |78 e
80 | 88|90 | 98| A0 | A8 |BO|B8 | co [ca Do [ps [E0 [€8|Fo|F8
Ol J0s| Il |I9]21 |29]30|39 40|45 |50 |59 |60 |69 [ 70|79
81 |89 ol |99 Al a9 Bl B9 |C1 |C9 | DI | DO El |9 |FI |Fo
02 {oal12 |1a |22 (24|32 |3 [42]aa |52 |54 |62 |6a | 72 | 7A
82 | 8A(92 [oA|Aa2|AA |82 |BA | c2[ca D2 [DA |2 |EA |F2 f?A
03 |0B|13 (18|23 |28 |33|38 |43 |48 |53 |58 |63 |68 | 73 |78
83 | 88|93 9B | A3 |AB |B3 |BB |C3 [cB | D3 |DB [€3 |EB [F3 |FB
04 [oc |14 |ic |24 |2c |34|3c |4a 4c |54 |sc |64 |6C |74 |70
84 |8c|ea |oc VA4k Ac |84 |8c [c4 [cc [pa|oc [ea [ec|Fa |/

05 |oD |15 |ID |25|20 | 353D |45 | 4D |55 |sD |65 |60 | 75|70
85 |80 |95 |0 a5 |AD |85 |80 c5]cn |0 |on €5 || Fs | Fo
06 [0E | 16 | IE |26 | 2€ | 36 |3€ |46 |4E |56 |5E | 66 |6E |76 |7E
86 | 8E |96 | 9€ | A6 | AE |B6 |BE | cs | cE| D6 |DE [£6 |EE| Fo [ FE
07 [oF |17 | IF| 27| 2F | 37| 3F | 47 |4F | 57| 5F| 67 | 6F| 77 7F
87 | 8F |97 |SF | A7 | AF | B7|BF | c7 | cF |07 | OF| €7 |EF | F7| FF

Hikiolajw (P |lojlo|gjon ol lwlinvic|io

%%q%
INPUT
BYTE
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Table 5-10: Deciral Mutiply

FIELD A

oy [0 [1]2[3]a]s5]e 7 8o |a|e|c|ole[r[aMsB
0 |00 |00]00 [00]00 |00 |00 |00 00|00
1 |oojot|oz |03 |04 |os |os |07 [os Jos
2|00 |02]o4 06|08 10 |12 [14 |16 [is
3 |oo|o03]|oe ooz |15 |is |21 |24 |27
4 |00 04|08 |12 |16 [20 |24 |28 [32 |36
5 Joo|os|10|i5]|20]25 |20 |35 |40 |a5
6 oo 06|12 [i18 |24 |30 36 |42 |48 |54
7 _|00|07|14 |21 |28 (35 |42 |49 |56 |63
8 |00|08|i6 |24 |32 |a0 |48 |56 |64 |72
9 looloolis |27 |36 a5 |54 |63 |72 |ai
A [00{ 00|00 |00|00 |00 |00 |00 oo oo
B |00]|00| 00[00]00 |00 |00 |00 |00 [0 |
C |00 00| 00|00|00 |00 {00 |00 |oo oo
D |oo|o0o|o0o|ooloo [0o]oo]oo |oo oo
E - |00|00{00|00[00 |00 |00 |00 |00 [oo
F |00|00|00]|00|00]00]00 00|00 |00

: b3b2blb0|

FIELD B

[%;]
i

18




6 Keyboard Subsystenm

_The keyboard subsystem comprises a LCuzl Extended Drive ROM cption
Keyboard Controller which can service one or two keyboards with
no loss of efficiency or functionality of eithere

The keyboard cicrtreliler ic located within the hcusing of the TPU,
and each keybcard 1is conrected tc the "controlier by a cable
censisting of four twisted pairss A keyboard may be up to 2000
feet from the contrcilers the controllers when used as a single
keybcazrd controllers is program compatible with any stendard
10720 keybeard contrciler (Model D01-02-02) and with the Dual
Fxtended Drive Keyboard Controiler (Model (010-46-02) when the
latter is used as 2 single keyboard controllers

6ala Addresses and Interrupts

Each keyboard has its ovn unique address which normally ccincides
with the screen address of the nearest screen; nowevers the
relaticnship between @ keyboard &and a display subsystem s

totelly under progcram controle

The controlier uses two addresses and aone interrupt levele One
address and the dinterrupt level are used for keyboard controle
The other address is used to read the terminal address option
block and to reset the watchdog timere

The controller is alweys installed in 1/0 contrcliler slot C2 of
the SPB 10/25 <chassis and when so installeds the feollowing
relaticnships are fixed:

x I/0 pery M (Master Terminal Keyboard) carries
keybeard address Qo

* I/0 port J2 (Auxiliary Terminal Keyboard) carries
keybozrd address Ge

Eslals RBoot Switchkes
The Boect switch located near J15 initiates a ROM boot when wired

to slot C2s

Switch SW1 on the keyboard contrcller initiates a keyboard bcots



~Standard Keybeoard |

- Figure 6-1:

14IHS

SIHDIT
YO LVDIIANI

SAHM
NOILDNNOJ
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Executive Keyboard

Figure 6-2:
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6;25: Keyboeards

Two models of keybbards are available for the SPD 18/25s They are
the Standard Keyboard and the Executive Keybcards shown in
figures 6-1 and &-2,

From the standpcint of softwares the Executive Keyboard is
identical to the Standard keyboard with the following exceptions:

# If a program uses the Executive Keybcard lightsos
they must be refreshed st least every 500mss If
they are nots the lights will be extinguishede
This prevents the processer from displaying faise
infcrmation 1if the power is lost or the procgram
crashess It is 2 gcod idea tc include a refresh
routine 1in every program that uses the keyboard

" lichtss s¢ that compatibility prcblems are
minimizeda

x As noted in figures 6-1 and 6-2s the left and
richt key banks are positicred differently on the
twe keyboardss

¥ The repeat rate of the FExecuytive Keybcard is
hicher +than that of the Stanadard Keyboarde This
ceuses 3@ D0S interface proklems

£e3a Keycode Generation

The keybcard transmits keycode data, generated by the 3 key (s)
depressions to the keybocard contrcllers Upecn receipt of the
informations 2and depending upcn the software designs the
controller may dinterrupt the processore

For each keybcard opticn, the codes generated by the subsysten
are unigues The feollowing routine can Le usecd to check the
generated code c¢f each key:

LOGP JFACK 435233 Wait for keyboard input
RIO 0s2 Read key
cIo 232 Display ccde in keyboard jights
JMpP LOOP Cont inue

baloe Keyboard Instruction Set

Table 6-1 summarizes the keyboard centroller commandse Fach is
described in further detail in separate sectionsae
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| Function

I Ccde
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|

i 0s2

teovnassessaranas
l

I 1+2

1
+teoeveesvssonae
)
I
}
+scea99v0s00s
H

! La2

|
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I
H
+3233930230 2208

]
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i
tersaseseanan
1
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]

252

552

+s2020sssanan

|
| 9s2
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D R O —

2858398083880
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Repeats _
L E R NENEYNNERNEY ]

Set
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Mask
Interrupts

*s2smassean

cntreller
Reset
S49232003 080

SsP2e88928320

Unmrask
Irterrupts
3892753209808

Select
Keyboard

80 80 03 #e Se 45 4t 09 @0 9 5O S o5 uS se pE s € se w0

o8 98 B9 W8 96 av 46 s® &8 ve e

RIO

Read
Character
2ASBSADAIARG

Read
Status

Sa®»sand2e e

*823 932023

S8a332299932

9828223235382
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Ready?

a0 a20 9
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iresseessse

i
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i
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i
+
I
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+
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belintls CIC 12 Enatle Repeats

This command enables the interrupting keyboard to generate
multiple interrupts if the key is continually depresseds After
the initial interrupts 2 second interrupt is generated
approximately 1/4 to 1/2 second laters All subseguent interrupts
are generated at approximately 1/10 second intervaise

This dinstruction must be used after all interrupts if the RIQ 2,

Read Statuss commard is tc be used effectively as the auto-exec
instructionas

bebials CI0 2: Set Lichts

This command sends the contents of the ACR to the eight Light
Emitting Diodes (LEDs) on the keyboard selected by the CI0 9
Select Keybcocards cecmmands or keyboard © if the CIO 2 instructicn
is issued immediately after an IOR or power ups ’

The date is sent in the fcllowing format:

Bits :
7 € S 4 3 2 1 0 ACR Eits
7 6 5 & 3 2 1 0 LED position

Thuss the riohtmcst Keyboard LED corresponds to the ACR Lsbe

This instructfon will be dgncred by +the hardware if the
centrollier is busy (TIGC 8 ACKnowledged)e

Transfer of datz to the LEDs takes approximately 0s30mse
63ba3, CI0 4: Mask interrupts

This command prevents any  keybcard frcm interrupting the
processore Interrupts are also masked by the dssuance of an IOR
cr @ CI0O 55 Resets command or by a pO¥Er-upas

Baleis CI0 5: Centreller Reset

This commend clears all contrcller logics masks 1interrupts and
selects keybcard © for licht or alerm transmissionas Pcliing of
the keyboards commences with keyboard 3 :



6eleSa CI0O 83 Unmask Inter rupts
This commend allows the keyboards to inter rupt fhe Drccessors
Ealiabs CIC 9: Select Keyboard Output

This command selects the keyboard which 1is to receive {ight or
alarm datas The ACR s used as fol lows:

(ACR) Action
#] Select Keykbcard G
1 Select Keybeoard 1

Note: 1s PcwWer-ups IOR cor CIC 5 commands select keyboard Ge

2e The CIO 9 command will be igncred if the controller is
busy (TIC & ACKs)e

behaTs RI0 O: Read Character

This command reads the keyboard dats intc the ACRs If 2 parity
error occurred in the transfer of dsta frem the keyboard tc the
controllers then all zerces will be transferred to the ACRoe

Nctes
1s This commend will not be acknowiedged if data is not
available for transfer tec the ACR (a key has not been
depressed)a

2e  Polling of the keybecards will resume upon executicn
of this instructions

6alis8s RI0O 2: Read Stastus

This command reads the keyboard address and repeat status inte
the ACR as follcws:

7 é 1 0
F e e e e . e e - P ———— +
0 | Repeat I | Kybd 0 |
——t e e Set to ali 0 P ———— +
1 1 Non Repeat | I Kybd 1 1|

F o e e —— B e e e = e - ——— F o ———— +
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Note: o S .
: - 1e If the RIO 2 command is used, it must be dissued prior
to the RIO 0, Read Characters ccmmands S

2s This comrand is acknowledged only when the controliler
has received date from a keybcarde :

3s The repeat status bit is cnly useful if CIO 1s Enable

Repeats was issued after the pricr interrupt for that
keybecards, : :

Selie G WID &: Scund Alarm

This command cenerates an aucdible alerm at the keyboards

Ncte: . ~

1» The keyboard 1is selected via the Cioc 7 commands or
keyboard 0 is selected after an IORs CIO 5 wor
poWer-upe ‘

2» This instruction will be icnored by the hardware if
the ccntroller is busy (TI0 & ACKsS).

3» This ccmrmand is always acknowledgeda

6ela10s TIC O: Device Present

This command will be ackncwleged if the ccntroller is presents

This command does NOT indicate the presence of a keybozarde
elbalise TIO 2: Ccntroller Ready

This command will be acknowledged if the controllier has receijved
data from the keybcards

€aba12s TIO 6: Keyboard 0 Ready

This command will be acknowledged if datz has just been read from
keybcard Cs This instruction is valid only after the RIO Os Read
Character, command has been issuede

This ccmmand can be used tc check 10720 compatibilitys



6elbs13s TIO 8: Lichts/Alarm Busy

This command will be acknowledged 4if the controller is 1in the
process of sending tiaht or alarm data to a2 keyboarde

625e Terminal Address Desicnation

The <controller centains an cpticon block which alle¥s the user to
specify 2 uniques 15 bit terminal address for each terminals This
address is read bty issuing an RIO C then RIQ 1 commend addressed
to device NINE (9)e The address is specified oy cption bicck
wiring on the controllera

Note:
These two RIC commands may te used to read the hard wired
values of the low and high order bytes specific tec a given
terminale This allows the same program in several
different SPD 10/25 terminalss whose two parameter values
are different for each terminal, to identify its terminal
addressa

€353 RI0O Cs9: Read Terminal Address
This command lcads the low order eicht bits at the address into
the ACRS
Note:
1« This ccmmand s used in conjunction with the RIO 1,
Read Interchange Addresss commanda
2e This ccmrand is always acknowledcedas
3« The |cw-order 8-bits will be all zeroes if nc option
block is presents
645020 RI0O 159: Read Interchange Address
RIO 1 loaeds the hich crder 'seven bits at the address into the
ACR s
Neote:
1+ This command is used in conjunction with the RIC O,

Read Terminal Addresss, commands

2e The high order bit of the data transferred to the ACR
is zlways Ds
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S» This cormand is always acknowiedged,

s The high-order 7 bits will be all zerces if no option
- block is presente o

be ba RCM Bceotstrap Loader

The Dual Extended Drives/R]0M opticn keyboard controller contains a
PROM bootstrap lcaders The lcader provides an easy method of
self-loading an cperational proaram through standard
communicetions: disks tapes etces PROM Cdata is encoded 1in
standard eight-bit core formats nct 1in baot fermatse Each PROM
centains 256 bytes and the SPD 10/25 can accomcdate up to twc
PROMs (512 bytes) totals

A PROM boctstrap may be initijated either auvtomatically or by the
watchdog timers or by manually depressing the BOOT Button located
near Ji5»

Bootstrap is terminated by either:

¥ The cetection of FF in an even locaticn of the PRGM s
er '

* After 512 bytes have been loaded into memcry from the

PRCOMs
Esfale watchdog Timer
The watchdog timer may be used to autcomaticelly dnitizte

boctstrapss It is enabled/disabled by a teccgle switch (SW2) on
the controllers

One dinstruction 1is prcvided:
TIO 0s9: Reset uatchdpg Timer

The Yathcdeg timer starts a PROM load if it is not reset 1in three
seccndses It mey be reset by:

¥ PRCK Lecad
¥ Power-0n

¥ Issuance of a TIO O, Reset Watchdog Timers ccmmands
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Te Real Tige CIcck Programming

The RTC indicates the passage of actual time and has the highest
level dinterrupt pricritye The RTC interrupts 60 times 2 second
(every 16e7ms)e For programming purposess the RTC is utilized in
the same manner as an external devices and is addressed as device
15, ) )

Three commands are available: RI0 Ts Reads CIO 15 Urmasks and CIO
23 MaSke

The read command is ackncwledced only when the RTC has been
unmasked and hze interrupteds, If the Read command is
acknowledoceds the interrupt and ACK signal are cleareds The data
transferred to the ACR is all zeroesa

If the Read cemmand is not acknowledceds the auto-exec interrupt
structure returns program contral tc the background processings A
summary of RTC ccmmands is given in the fecllowing tables

RTC Commeand Summary

F o e +
I Functien Ccmmand |
| Cocle ]
P o e ——————— +
i i
I RIC 0,15 ~  Read i
} ' i
} €CIC 1,515 Unmask !
| |
I CIC 2515 Mask |
] !
P e e +






&e Cyclic Redunancy Check

A cyclic redundancy check (CRC) is a method of error detection to
determine if 2 tra2nsmitted message has been received correctliys
While it is gpossible to do the recuired CRC calculations by
procrammings their complexity wculd reguire a larce amount of
memory and execution times thus a hardweare circuit is prcvidedes

A cyclic redundancy check is performed as follows:

¥ The transmitting terminal (with 3 cyclic check
centrclier) develeps a cyclic check character (CCC)
by gccumulating a legic polynomial equat ion

remainder as each character is transmitted.

¥ At the same timey the receiving terminalis
controllier performs the same operaticn cn each
received character until the final character of the
messace is receiveds

* The transmitting terminal sends the finz| remainder
of the polynomial divisicn immediately following
the last character c¢f the messagee

¥ The receiving terminal compéres the CCC developed
@t the transmitting terminal with the ccc developed
2t the receving terminals

¥ If the two cyclic check characters are identicals
the message is assumed to be correctes

A CRC operaticn gcenters arcund two regcisterss a 16 bit
accumualter (AC) recister and a & tit shift register (SR)e The
cyclic check character being calculated is stored into the AC and
variocus commands are available to extract and restore
intermedizte resultse This feature aliows 2 single <cyclic check
character ceneratcr to be used with a number of communications
I/0 contrellerss 2ll c¢f which wuse the same cyclic check
polynomial,. ‘

8ale CRC Character Generator

The SPD 1C/25 Cyclic Redundancy Check Character Generator (CCC
porticn of the Screen Buffer/CCC/ROM Controller perfcorms the
2lgorithm required to do cyclic check calculaticnses

Controiler address eight is used to acess this functiocnes The CCC
legic neither checks nor computes individual character paritys
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Vhen cperdting uncer conditions of Cursor Disabled (see section
- 4e3424)s the KIO 6 2nd WIC 7 commandv must not be dssued during
refresh (TI0 2 ACKed) :

The CCC generater 1is capable of czlculating either of two
software selecteble polyncmialse

8slels PARS Cyclic Check

This mecde of the CCC cenerztor works with six-bit data characters
and a pelynomial:

The €CC generatcr censists ¢f a 6-bit Receiving registere The CCC
is six bits longe

3a1a2a Bisync Cyclic Check

This mode of the CCC generator works with eight-bit data
characters and 2 pelynomial: ;
16 15 2
X + X + X +1
The CCC generatcr consists of a 16-bit CCC Accumulatcr and an

8-bit Receiving registers The CCC is 16 bits long (twe 8§-bit
characters)s

8s2a  CRC Instructicn Set

The CRC command set is summarized 1in table 7-1 and described in
detail in the remaining sectionss



Table 7-1 CRC Instruction Set

o o o 0 o o o T T T e e S e Tt T e S | S s s " i e T e s S s e S e W . T D W s, s T e T s T

Function cIo RIO kIO TI0
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I ERENERENRINEZNEN] 3S 2933805330003 33906090 38082 S o0 00883832 (I EENRENEMNE]

Ref resh
238 —_—— —_— —-—— Busy?
L EE S ENFNYENE N] ([ EEEEERENE NN R I E R N I N EEEREER) I EEEERENEEREN Y] I E XN EENNETY]
Ciear Extract Cyctlic
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@ 08 s 4% T A0 06 S0 0s A BO We BE S OS¢ a0 04 8¢ 0 4» ag 0

ooona.toioc=aoa.osss!co--ot.on.co--no.‘aao;csa-oot-cono-oo¢

8s2s1a CIO O: More Select

This command determines whether the CCC generstor wWill execute
PARS or Bisync Cyclic check computationses

Note:
When wuse is made of the CI0 0O instruction to select
the particular Cyclic Check algorithms care must be
exercised tc ensure that other refresh subsystem
attributes defined by the CI0 O instruction 2are not
inadvertently modifiede See secticn 4ebsle for further
informatione

Be2s2e CIO 6: Clear CCC Generator Accumulator

This comma nd unccnditionally ctlears the cCC generator
accumulatcrs

This ccmmand is issued prior to lcading the CCC generator
2ccumuiators

o
|
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8s 28 30 RIO 6= Extract'ccc Generzator Accumulator

The ccntents of the CCC generator accumulator are transferred to
the ACRas This command is always ackncvledgeda

In PARS applicaticnss only ocne RIO 6 command is necessary to read
the CCC generator zccumulatcre In Bisync zpplicationss howevers
twc RIO 6 commands &re necessarye

genfrator accumulatcers

In Bisync applicationss two successive WIOQ 7 commands are ney to
issue 2 ¥IO0 7 with the ACR set tc zercs This action shifts the &
Lsb's to the lccaticn occupied by the & Msbis in the CCC
céneérator accumulatcrs A second RIO 6 is then dssued tc extract
the contents of the CCC cenerator accumulator 8 Lsb's (which are
now contained in the 8 Mst location)e

Ba2sbs  WIO 6% Cyclic Check Accumulate

This cemmand c2uses the ccntents of the ACR to be transferred to
the CCC cgenerator receiving registers The data is processed and
included 1in the wupdated Cyclic Check 4n the CCC generatcr
accumulators

This command.is always acknowledceds A cne cycle delay 1is
requirecd between successive WIO0 6 and/or NIG 7 commandss

8-2:5-' VIO 7: Load ccC fenerator Accumulator

This ccmmmand causes the contents of the ACR to be transferred to
the CCC generator 2ccumuliators
In PARS applicaticnss only one WIC 7 utilities for use by disk

This section famappliicationss two successive HI0 7 commands are
necessarys The first WIO 7 .command lcads the CCC generator
accumulator with eioht Msb!s and the secocnd IO 7 cemmand loads
the CCC generator actcumulator eight Lsbtss

In both applicatiornss the WI0 7 commard must be preceded by a CiIo
6és Clear CCC Generator Accurulators commandse

The WIO0 7 command is always acknowledgeds A one cycle delay is
required between successive WIO 7 and/cr WIO 6 commandss



9« SPN/DQOS Diskette Operating System

SPN/D0S 1is a diskette resident cperating system for use with the
' SPD Family of computer terminals equipped with a floppy diskette
unite It provides facilities for progran developments
mdintenances and storage and implements a2 file system plus
ettendant utilities for use by diskette applications programse

This section familiarizes the oprogrammer with the general
operation of the NGS wutilitiess For infcrmation concerning the
inclusion of relevent DOSLIB routines 4into the gpplications
proarams refer to the manual entitled 1SPD/DOS Programmers
Reference Manuzalte.

Gels SPD Family Reguired Hardware
The following hardware is required for operation of SPD/D0S on an
SPC Family machine:

¥ Single or dual diskette attached to channel 7s

* €4 or 80 character per line display on the refresh
chanrels screen 0s and

¥ An upper-case or upper/lovwer—-case keybcard attached
tc the keybcard channel, keybcard Qe

921s1a Optiﬂha’ Hardware

The following periphers! devices may be used by D0oS:

* Line printer models LP125, LP20C, LP250, LP300s or LP&DO
attached to any channel usinc the paraliel controliere

* Character printer models P-130s P-120C, P-165/16545 or
P-1658 attached to any channel using the parzaiilel
controliers

¥ Cheracter printer mcdels P-100-2, P-120C-2s P-165/
P-165A-2 or P-1658-2 <character printer attached to any
unit of @ SPD 20 Family wmultiple printer centroller en
channel 13,

¥ P-158 printer attached to an asychronous centroller on
any channel cor tc any unit of an SPD 20 Family mulitple
printer controllers

¥ Termiprinter attached to an asychrcncus controller on

9-1



'an) Chahhe!.
* Card reader/punch on any chanhelQ
¥ Paper tape reader'on‘any channela
* Magnetic taepe transbori attached te any channels
* 'Cassétte tape trénsport atfached tc any channel s

¥ Built-ins on SPD 20/20 and 2G/320 models oniys
Cassette lcader on channel 11,

9a2ls Diskette Construction

The floppy disk is housed in a protective platic case which
cleans the disk while it is revelving in the drive units Nc
attempt should ever be made to touch the exposed surface of the’
disks or to clean ite Only a soft felt tip pen should be used to
write on the disk's plastic cases The disk should be kept in its
protective envelcpe when nct it is not in the drives

The disk is diviced into € tracks numbered consecutively, from
~the outer edgce tc the centers frem 0 tc 63« Each track s
compcsed of 32 sectors riumbered censecutively from 0 to  31e
Diskette I/0 is done on a secter by sector basis at the hardware
fevel. :

SPD/N0S uses the first three tracks of the disk leaving tracks 3
te 63 free Tor prcgram uses Track O contains the becotstrap locader
and nuCleus codes Track 1 contains the diskette file directory
and track 2 is reserved for the core image which is automatically
saved when an zbnormal or manual boot cccurse

922s 7 Diskette 1/0 \

For a thorough treatment cf the subject at the hardware J|evel,
refer to the SPD d-250 . Diskette Reference Manuals For a
discussion of diskette 1/0 DOSLIS routiness refer to the SPD/DOS
Pregrammers Manuals ~

Diskette I/0 dinvclves twg series of cormands: those that affect
the transfer of data between the diskette buffer and the TPU
(WI0, RIO series)s, and those that involve the transfer of dats
between the buffer 2nd the diskette (CIO seriesa

The diskette buffer is 2 256 byte MO0S RAM memory which resides on
the diskette ceontroller bcarde 128 bytes of the buffer is used to
store the data tc be transmitted to the diskettes _The remaining
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128 bytes <can be used by the scftware prcgram  for its own
purpcsess In particulars DOS wuses these bytes to store control
information for access by its utilitiess

Ge2s2s Diskette Vrite Protection

Any diskette can be protected from accidental write cperations by
encaging the Write-Lock button on the drive to be protecteds In
this modes @all write cperaticns to that diskette will be
inhibiteds DCS ytilites return appropriate errcr ccdes if an
attempt is made tec write on a disk that has its Write-Lock
engaged.

Gs3, Operation of Nucleus

Track 0 of every SPD/D0OS diskette contains a boostrap loadabie
precgram czllied the nucleuse. ¥Yhen =2 boctstrap occurss a short
loader program is bcoted 1into ccre which then loads the nucleuse
The nucleus provides a set of basic commands for the maintenance
~of a file systems The remainder ¢f the diskette 1is used for a
file directory 2nd data file areas The files are of four types:

Scurce Files (S) A source file 1is a segquential file
containing characters fror the standard graphic set and is
ncrm2lly used for Assembly language scurce Drogramse

Object Files (0) These are executable pregrams typically
produced as output from the SPD/NOS Assemblers

Relocatable Files (R) These are libraries of reloccatable
moduies precduced by the SPD/DOS Relccatzble Assemblere A
given file can contain one or more meduless Relocatable
mocdules are dincluded in absolute assemblies by use of the IN
(IN Rfilesmodule) Assembler pseudo-0opa

Bata Files (D) A data file is a contiguous set of trackse DGCS
imposes no particular structure on a data files The strucure
of the data file is determined by the program which makes use
of the files Vithin DOS itseifs data Tiles are used as direct
access work filese

94337 Nucleus Leoad Procedure

The nucleus is loaded from the diskette by following the diskette
standard boot prcceduyre:

Load any SPD/DOS diskette dnto unit O of a2 single ¢r dual
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diskette and depress the boct buttone The nucleus wiil be loaded
automaticaliys

If a diskette fails to boots the fellowing procedure is
recommenceds Remcve the diskette and carefully revolve the center
hub ¢f the diskettes making certain that no hand contact is made
with the diskette surfaces Replace diskette in unit and depress
becot buttone If the diskette still fails tc bcots its bootstrap
record may have been destrcyeds In this cases it is necessary to
re-fcrmat the becostrap code to rescue the disk (see section
Gs&s2213 35 FORMAT Utility)e :

In additicns virgin disks cannot be booteds All disks must be
FORMATteds FORMAT writes sector identification and nuc leus code
onto the diskettes

Indication that the nucleus has been booted in 1is given by the
appearance of the npucleus display on screen g. The "nucleus
displays the file directory 2sy illustrateds Frem this it is seen
that the file directory is displayed on the screen using cne |ine
of display for each zctive files

93320 Cirectory Display Formet

Every SPD/D0S diskette is assiened a Disk Serial Number (DSN)  of
up to eight alphenumeric characters in lengths Following 3 bect
manuai boot prccedures the directory of unit 0 s always
disclayeds The yunit whosge directory is currently teing displayed
is referred tc as the Currently sSelected Unite The currently
selected unit concept is fundamental to DOS file identificaticne

The meaning of tne various fields cf the directory is as fcllows:

S File status:

Blank far ar active files ¥ for an erased files
and ? for & questionable files, The 2 status
occurs as the result of certain operations in
which errors were detectecde A Ffile with & 2
status may be wused as <though it was an actijve
files although it is highly probable that the
infcraation contained 4in  that file was not
recorded propériyes

T Type: .
€ for Objects S for Scurces R for Relocatable and
D feor Data filee :



Name:

FT First Track:

This field cecrntains the file-name which is
ccmpesed of up to eight zlphanumeric characters.y
the first of which must,be alphsbetics :

In cdecimals the number of the dnitizl tracks
rancing Trcm 0 to 63«

IF Interlace Factor:

The dnterlace factor 1is the separation tetween
lecical ly sequertial sectorse It is possible to
read up tc 6 sectors on one revolution of the
disks Hcwevers the real time that is wused for
precessing one sector read may be longer than the
time required tc read the next legical sectars
Therefores in the worst cases the disk may ‘have
to make another ccmplete revciution 1in order to
precess the néxt logica! sectara

Thuss the dinterlace factor is used to specify the
creer in which sectcrs are read and/or writtens
For example it is set to 1 to read sectors in the
seguence 0573253430315 If the interlace factor is
set tc 5 it will czuse the sectors to be read or
written in  the sequence TJ5551Ges ¢ 30 during the
first revecluticn of the disk and 1in the sequence
35851302928 during the seccnd revolution of the

‘disks Secters can be read or written in this

sequence until aill 31 have been processeds

Within SPO/DO0Ss 2ll 0 files have an interiace
facter of 5s¢ R files have & factor of 9 Source
file created by the standard socurce file utility

rcutines have an interlace factor of 11« For

pureiy random access of Filess the interlace
factor 1is set to O0s In generals the interlace
factcr mey be any cdd value from 1 to 31

NT Number of Tfacks:

This field shewss 4in decimals the nuimnber cf
consecutive tracks assignecd to the filee It is a
value between 1 and 61s

LABFL: .
The label on a3 file is up to &9 characters of
informetion from the graphic character sete The
Izbel s used for icentification purpcses onlys
and the choice of the label is entirely up to the
users

IT the file directory is grezter than that wWwhich will fit on a
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sinale screens the space bzr may be pressed to page through the.
rerd inder of the directcry, o ‘

943a%s Keyboard Indicator Lights

Followine @ manual boot of the nucleuss the rightmost 1indicator
lamp is lits The next to rightmost indicator lamp is lit if a
program returns te the nucleus dn an abnormal mannere All
indicators are off following 2 normal return to the nucleuss
Indicatior that the core image has been saved (barring 2 write
prectected unit 0) irn given if either indicator is lite

Enterine any ccmrand causes all indicator lamips tc be turned offe

s P D/ DO S §SPND DISKETTE OPERATING SYSTEM VERSION 702

UNIT € NSN=SYSTEX

ST ssNAMEe s FT 1IF NTssessseassnssnessl ABRFLsossasess0230000000s
0 ASSEMBLF 03 NS 06 SPD/DOS ASSEMELT  V7e19 76-08-17-1500
0 CNFG 0% PS5 01 SPD/DOS CNFG V7:01 76-07-07-2100
C COPY 10 €5 04 SPD/DOS COPY V7406 76-08-01-2100
0 CREATE 14 C5 01 SPD/DOS CREATES Y701 76-08-01-2003
0 DCOPY 15 0 01 SPD/DOS DCOPY V7e¢06 76-08-01-2100
g ENIT 16 05 02 SPD/D0S EDIT V7«02 T76-06-07-1700
0 ERASE 18 05 01 §SPD/DOS ERASE V7¢01 76-08-01-2115
0 FORMAT 19 0F 02 SPD/DOS FORMAT V702 76-07-07-1430
0 LIST 21 05 01 SPD/DOS LIST V701 76-08-01-1545
0 PACK 22 05 01 SPD/DOS PACK V7+01 76-08-06-1300
0 RASSEMBL 22 5 (04 SPD/DOS RASSEMBL V7«06
0 RFNAME 29 05 01 SPD/DOS RFNAME Y701 76-08-01-160C
0 TMCVE 30 05 01 SPD/30S THMCVE V7eQ1 76-08-01-1530
0 UPDATE 21 0S5 02 SPD/DOS UPDATE V7¢01 76-07-31-08C0
0 VERIFY 33 05 01 SPD/DOS VFRIFY V701 76-08-01-1630
0 XDISK 24 [0S 01 SPD/DOS XDISKY V7s01 76-07-19-1400
0 ZaP 35 05 02 SPD/DQOS ZaAP V7:03 76-08-05-1000

9s3ak» File-Nere Format

TJuo files on the same diskette of the same type (0sRsSsD) may not
have the same Tile names Howevers 4t is permissabie to have two
files cof the same type and file-nsme on two different unitse
Thuss 3 standard n0S format has been adcpted to differentiate
between files: '

Ue FILFNAMF



Vhenever a file pare 1is reguireds it can ©ce specified 1in this
formats U is the number of the diskette wunit on which the file
resides (0 or 1) and FILENAME is the & <character rame of tne
desired filee :

Note: Us may be cmitted if the file resides on the Currently
Selected Units as shown inr the Current directcry displays
If FILENAME 4s the name of a file to be crezteds then it
will be created or the unit specified by Ua ors, if
omitteds cn the current!y selected unite

The file-nemes AUTO, LIST and WORK have speciai significance to
0D0S &and should te considered to be reserveds

Oaln Nucleus Comrands

Nucleus commands are thcse which are processed by the nucleus
itselfs They 2lways start with a period as the first characters
This period acts to distinguish rucleus commands from program
lcad recuests (see 9¢4s2es Procran Leading Js

Gelinls Entry c¢f Nucleus Commancs

Cormands can be enterzd from the keyboards, <card readers the
currently executinr srcarem or frem a files

The keyboard correrd cource emplcys t¥e special function keyss as
shewn in figure &i-7+ The left cursor key ({--) i35 used to provide
a backspace 2nd erzse functior fcr errcr correcticne The L INE
RETURN key s wused 2t the end of 3 comimeand to terminate the
entrye

GsliaTels oC Set Card Input Mede

This ccmmand is entered as: sC

It tauses subseguent commands tc te read from the system -«card
readers if ore has been ccnfioured for the system (see (CNFG
utilitys secticn $e%.2e4243s Commands are punched left justified
on successive cardes one command to a cards The format for the
puncthed commands i3 exactiy the same as that described for the
keyboard except <that nc |ine return function 1is needed or
availables Comnands are read until 3 «E (Fnd of File, section
92421222) 1is encountereds Contrc| is then passed to the nucleus
and keyboard command scurces



N0S Editor Keybgérd Layout

Figure 9-1
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This command can ke used to set up a DOS card reader input
streams which cans, for example, automatically: reads, assemble,
end lcad a procrams ‘

Osbelas2a a I End of File

This command is entered as: F

It is used to pass control to the nucleus and return tec keyboard
entry modes Thus it is meaningful only when entered from 2 card
reader or tarce reacders

934s1e3a  +F Set Tile Command Input Mode

This command is entered as: oF UasFILENAME

This command causes all subsguent cecmmands tc be read from the
réemed source files Commands 4in the file are written left
iustifieds one comrand tc 2 linee. Commands are automatically read
until 3 «E or end cf file is ercountered, et which time control
is returned to the ¥eyboards Once a «F command has been entereds,
the disk ceontaininc the named file may nct be dismounted wuntil
all of the commands have been reade

The «F command mazy be contained within the files but the effect

is to simply pa2ss ccntrol to the nazmed files There is no nesting
of oF commandss

Selinlsthe sl 2nd «N Sets/Cancel Log Mode

This command is entered as: oL

Use of this command causes all suosequent commands and error
_messaces to be logoed onto the system printers 4if one has been
cenficured for the system (CNFC, section Ge802828)n

This command is entered =zg: N

This command cancels the effect of the oL commands Subsequent
commands and error messages will not be lceged tc the system
printers

In addition, 2 manuzl ¢r abncrmal beot cancels sL modes



f9;4§1-5oA M Operator Message

This command is entered as: oM Message

While processing cocmmands from a batch scurces such as cards or
papér tzpes it cften beccmes necessary fcr the operater to mount
2 disk or service 2 particular devices The oM command can be used
to suspend prccessing and display a2n appropriste message to the
cperator wuntil & particular acticn has occureds Processing
continues when the space bar is presseds

9¢hslsés o7 Set Tape Input Mode -

This comrand is entered as follows: T

The «T command is used to initiate reading of commands from paper
t8p€s A paper t2pe chapnel must be configured (CNFE wutilitys
section 9+8e2e2s) for this command tc be legale The format of
command input freom paper tape is standard 7 channe! ASCII ccdinge
The parity bit is icnored and may be odds even or missings Each
reccrd is  terminated by a carriage return (CR) characters
Fellewine the finzl records there should be an end of tape (EQT)

~characters All cther control characters such as line feeds nuli
or rubout are jgncrede The 2ctual end of |ine sequence coculd be
carriaqe returns line feed, carriage return or any  other

convenient sequences

The character underline or left arrcw (ASCII X'SF') has a special
function if it cccurs immediately prior tc the carriage return
charzcters In this cases the entire line 1is omitted from the
input ancd dcnocreds This effect occurs oniy if the underl ine
character occurs immediately prior to the CR charactere In any
cther pesition, it is treated 2s a normal data characters

Gnce the »T command has been entereds ccmmands are read from
p3p€r tape uptil either a «F command is read or the EOT character
is detecteds at which time command input returns to the keyboard
mcde . :

QalbatleTs ¢ and «1 Select Unit C/1
This command is entered as: «0

]
The effect of this ccmmand causes unit 0 or 1 to be set as the
currently selected units The file directory of unit 0O or 1 will
2ppear on the displays Ng line return 1is needed +tc enter these

commandse
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. 9eLa?e Program Lezding

Object programs are lcaded by using the Tollowino standard D0GS
fcecrmat:

UsFILENAME<SGPTIONS> <PARAMETERT1sPARAMETER2svesd

The informaticn enclosed in <brazckets> is a stendard way of
indicating that which is cpticnals It 1is used in this context
throughout the SPD/D0S secticns

us The unit on which the file residess It may be
emitted 1if the file resides cn the currently
selected unita

FILEN ANMFE: The name of an 0 file which is tc be lcadede
It may be abbreviated tc the first two letters
of the filenames If two prccrams have
identical two letter  prefixes (ises FILFE1s
FILF2) the abbreviated form of the FILENAME
will <cause the first (nearest tc track G)
precgram to be loeadeds All DOS utility programs
have unigue initial characterss so that t hey
cen always be |caded using the two-letter
abbreviat ions ‘

OPTICNS: !} series of letters (IeFes VOSI) delineated
frem the FILFNAWF by a comma and containing no
Commas or embedcded blankss Any of the 2¢
letters of the alphabet can be used and the
crder is unimportants; the program can
cetermine which of the particular letters were
set (refer to the SPD/DCS Proorammers manual
for a thorouch discussion)s The particular
effect cof the specified cptions is determined
by the loaded progrars If not neededs the
leading comma and cptions field may be
nmitteds Nearly all DOS utilities regquire the
specification of options upon loadinge

PARAMETER: A string o¢f characters delineated from the
epticn field by @ leadine blanks Mcre than one
parameter can bte specified 2zand these are
cffset from each cther by 2 commae The | oa ded
pregrem can scap out the paremeter Tfield for
the information it needs to executes This
field mey be omitted if parameters are not
requireds

Followine executicr of a program toad commands the specified
program is loaded and executeds N0S wutilities return to the
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nucleus upon ernor detection or completions Application programs
m2y or m&y nct returns Followinc execution of a program which
does not return =automsticallys control may be returned to the
nucleus by manually rebcoting the systems

9252 SPD/00S Reserved File-names

The source file neres AUTC and LISTs the cbject file. name AUTO
and the data file neme ¥ORK have special sionificance to the DOS
utilitiesa

If 2 diskette on unit 0 is booted manuzlly or an abncrmal nucleus
return occurs end there is 2 scurce file named AUTO on unit O»
then commands are 2utomatically read from this file as iT sF AUTO
had been specifieds If there is an cbject file named AUTO, then
it is loaded autometically as though the ccmmend AUTO had been
givans If both scurce and cbject files of AUTC exist on the same
unit, the cbject file will preferentially be loadede

If the N option for ASSFMBLFE had been specified and there is a
scurce file named LIST cn either units the assembier will
~Autcmatically write the scurce |isting into that files
preferential iy chcrsing the unit, opposite to the source.

The assembler alsc uses the datz file called WORK for varicus
processine chores during assemblys

Qs bHa Error Messaoeg

If 2n error conditiron is detected during cperation of the nucleus
cr of one of the operating system utilitiess the zlarm is sounded
(if availeblie) and the following message 1is displayed (and
printed if the L mode is set):

%*%%%F R R 0 Rxxxx CODE=XXNN

XX is the first two characters of the utility progrem name or NU
for 2@ nucleus errors NN i35 2 numeric code from G1 to 99 '

The error codes pronduced by the DOS utilities and the nucleus are
listed a2t the end of this secticna

The error conditien is cleared by pressing the space bars which
always forces @ reéturn to keybcard cemmand modes Alternatively
pressing Cs for centinues causes 2 return to the current command
sources
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Oe7a Core Image Saved cn Boot

Vhen the nucleus 4ds bocted in meanually by pressing the boot
button or when 2 program makes an abnormal return to the nucleuss
that part of the current contents of memcry which 1is used by
SPD/0Cs (excluding locaticns X'0000'—= X'OCFF') is saved on track
2 of unit 0 if unit 0 is not write prctecteds The saved core
imagde is unpaffected by the operation of other utility programs
(except FORMAT) or the nucleuss A manual boot has no effect on
the image if unit 0 is write protecteds. Executicn of other
application prograrss especizlly on the SPD 20 Familys may
destrcy the imzoes.

048a SPR/DOS Utility Programs

This section describtes the cperation of the 00S utilitiess Each
utility 1is an object file which is loadecd from the diskette on
which it resides by the standard nucleus load commands possibly
~including options 2nd paremetersa :

Following completicn of & tasks or uson detection of an error
conditiens each utility returns tc the nucleus to indicate either
ncrmal terminaticn or to return 2n errcr coces

The load reguests dndicate which options or parameters are
cotional by enclosing them within <brackets>e

The 06S utility procrams are crouped dnto three caztegories:
Developments Mairntepance and Peripheral Suppcrte

9¢3e1a VY and M Cption Note

Most utilities suoport the V option (Verify)de This opticn forces
all diskette write operations to be verified by using the re-read
checkse COutput to the YORK and LIST files of ASSFMBLE 4s never
verifieds 4

Free use of the V option slows down processing ccnsiderably and
is very rarely necessarys This prevents the SPD/DB0S wutilities
frcm cperating 2t their maximum efficiencye

One notabie excepticn is the FORMAT utilitys Heres the V phase is
very Tast and mey be wused to verify that all sectors haves been
correctly formatteds Utilities which affect only the directory
may use the V optior freely (eage ERASEs RENAME),

OCOPY &and PACK are fairly efficient when operating with the V
option set (5% lcss of efficiency)ds It may be wWise to use this
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option in scme situaticns (esges in-place PACK)e The # opticns
available on COPYs TCOPYs FORMAT and PACKSs 2llows the utilities
to be lcaded from 2 separate diskettee Thuss this cption allows
these utilities tc operate on & single drive systems In additions
~this option allcws COPY, DCOPY and PACK to be lcaded froms for
examples 8 system disk and then operate cn separate disks 1in a
dual drive systenms ' ‘

Ce8220 Development

This section cent2ins the D80S utilities which relate to program
and diskette develcpment. '

Go8s2a1a FORMAT: Format Diskette

Lecad: , _ '
FORMAT< s0ptiors> Unit<sDisk-Name>
Options:
n Format File directcry onlys This causes the the formatting

of the file areas tracks 3 to 63, to be skippeds FORMAT
can thus be used as an efficient way to Clear a directorye

M Mountas Pause tc mount diskettee Allcws FORMAT to be loaded
from 2 separate diskette in 3 one disk systemes FORMAT
continues when the space bar is presseds

N Format and write Nucleus onlys The fecrmatting cperation is
restricted te tracks 0 and 2 cnlys The files and file
directery remain urchanceds This cption may be used to
reformat a defective nucleus or write a new version of DOS
to the nucleus tracke '

y Yerifys After the entire diskette has been formatted, a
verify phase will be initiated which will check to see if
2ll sectors have been formatted cerrectlys Used to verify
that the disk surface is undamagede

The FORMAT utility 1is used to format = virgin disk so that
subseguent disk cperaticns by the nucleus and possibly the
applicaticn prograr can be perfcormeds Format alsc writes the
nucleus coce entc track C of the. disks All ‘disks must be
formatted correctly to run under SPD/NCS.,

Under some conditionss a diskette méy not Tfunction correctly as
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evidenced by its failure to boct properly or by constant return
of disk I1/0 errcr ccdess such as Read Check (see section 99
Diskette Errors)s The FORMAT utilty may be able to rescue such a
diske FORMAT is loaded with the unit number cf the diskette to be
rescueds and the V cption setes FORMAT will enter an E phases
described in the fcllowing paragraphs if an error is detecteds

The configuration parameters written to the newly formatted disk
are copied from those currently activee These parameters are
descibed in the CNF5 ytility secticne ,

FORMAT DISPLAY

SPD/DOS FORMAT UsDSKNAME —=X- (XX2XX)
: : : feseCurrent Sector

L gt

]

|
seasssslfurrent Track

semsnsassssswfPhase

s 80 80 88 N0 B @

og&ot.:aoaouaosoo{DSN

% ge ©0 av 59 e 90 ad o

s2a8a%0088332338s3%s%800linit

FORMAT operates in five phases zs indicated on the displey:

M Mounte P2use to mcunt diskette to be dntitialized, This
allows FORMAT to bte locaded from a separate diskettes
FORMAT continues when the space bar is presseds

F Fermate All sectors are fermatted with initial contents of
zeros The display ccntinuously reports the current sector
and track teing formattedes

v Verifys The success of phase F is checkeds This 1is dgne
only if the V cption is specifieds

W “rites The nucleus code is written orto the disks

I Errere Cisplayed 4if a Write Errcr is detecteds FORMAT
pausfs so that the number ¢f the track and sector where
the error occured can be noteds Pressing the space bar
Causés return to the nucleus with the appropriate error
codes

If the diskette to be formatted has already been gaiven a
Disk-names as poted in its directory displays this parameter need
nct be givens In such a cases the old Disk-name is retaineds



4,Example=
FOsV 15DBSKC1
FOsN O

The diskette residing in unit 1 4is to be formatted and verifieds
It will have the Disk-name DSKGO1a ~

The diskette on g¢nit 0 will have its nucleus reformatted and
rewrittens The original Disk-nzme will be retaineda
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Ge83202» CNFE: Conficure Diskette/Buffer

Load: CNFG (Nc Optiens or Parameters Permitted)

CNFG is used to estzblish new system peripheral codes 1in the
diskette contrcller buffer and possibly write them to track 0 of
the desired diskettes DOS uses these ceodes tc determine what type
of equipment is available to dts utilitiese Thereforess the
diskette buffer rmust be properly configured before any of the
SPN/DOS utilities are usede UWhenever 2 diskette is bcoteds the
information in track G is written to the diskette bufferas Thus it
is necessary to make certain that the proper system ccnfiguration
parameters are contained 1in the diskette before it is manuatly
boot edas '

CNF% cperates ¢n a2 cuestion and answer basiss The aguesticns asked
depend c¢n the wmachine model 1in which CNFG is loaceda The
fclicewing sections describe the questiocns and possible answerse
They are not presented in any specific orderas

9283222070 Action Reguired?
C - Write Paremeters tc unit 0O
1 - ¥rite Parameters to unit 1
S -~ Set Nevw Perameters
X - £Exit to Nucleus

Answers 0 and 1 write the diskette buffer parameters to units G
and 1 respectively, Thuss these answers may be given tc simply
prooagate current p2rameters from disk to disks or to write new
parameters, esteblished after entering Ss» onto diskss Once
parametérs have been written ontc 2 disks they will be written tc
the diskette buffer whenever the disk is booted ine

Answer S forces CNFG +to ~further interrcgate the usere The
guestions asked decend on the machine model and the varicus
résponsess As each cuestion in this phase js answereds the newly
se€t parameter is written to the diskette bufferes Upon comoet ion
of this phases tActicn Required?? is again displayed and a new
set ¢f parameters r2y be in effects thoush they are not Written
tc the disks wunless 0 cor 1 1is keyed  ire Entering the § key
anytime during the dnterrogation forces & return to the first
cuestions 'Printer Type?la

AnsWwer X causes CNT% to immediately return to the nucleuss Any
parameters set by responses toc the utiltitys even though they
¥e€re not written te the diskette, are 1in effect until they are
modified by a manual or abnormsi disk bcot or CNFGs
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Ce89202820 Printer Type?

For @enswers to this questions and to the related questionss
tControlier Type?! and 'Printer Channel?'s  consult the
specifications wmanua! of the printer cr system 1in uses If no
printer is useds answer Na

After entering the printer and controllier types the user will be
asked to supply pace depth and line width informations This will
affect all printed output produced by the SPD/D0S wutilties and
shculd be compatible with the current form in usee ‘

9289282030 End Refresh? (SPD 10720 only)

Ansver 0 for upper/lower case keybozrds and 7 for Upper casea
This parameter is used by the SPD/DOS utilities te control the
displays '

922823204 Screep Size? (SPD 10/28 only)

Chgose F feor full screens 30 X 64 displays cr H for half screen
15 X 84 displays

918-23295y Keybcard T)’pe?

Chocse 1 for vupper case enlys 2 fcr upcer/lcower cases 3 for
upper/iower case ccnverted (allows upper case cnly editing on an
upper/ lower keybcard)s, 4 for INES upper/lcwer case and 5 for IDES
upper/lovwer case converted,.

92822820 ts Additicnal Guestions

Other questicns ask 4information concerning the existance of
varicus peripheraiss such as a paper tape readers The guesticns
simply request the assigned device channel of the peripherala
Type N for each device not useds



9e5e2e3, ASSEMELE/RASSEMEL: Assemble Scurce Fije

Load: '
- ASSFHMBLEC,Opticns> Sfile<sb<s0file <sLabel>>
AS<s0ptions> STfile

RASSEMBL: Relccatable Assembliy

Load: | . E |
RASSFMBL<s0pticns> Sfile<sbaRfile Labeld>D
RA<sOpticns> sfile ‘

Note the nesting  of parameterse This specifies the parameters
" thet may be omitted, '

Options:

H

A Alternzte Units The object or relocatable file is

genersted on the unit opposite from that implied by the
calls

3 Both pa2sse Print on pass 1 and P3ss 2e

c Cleans Enforce LIF G: IF/ENDF and deleted cccde are never
printeda o '

*D Definiticrss INclude DOS - standard definitions modules
Use of this opticn can be avoided by INcluding D&DEFS at
the apgpropriate location in the codes ‘

£ Frase duvlicate cbject filea
F Full listas Enforce LIF 2 mode: Al IF/ENDFs plus deleted

‘ code is printeds :

*C Generste IN ccde: Fnforce LIN 12 INcluded <code 1isg
listeds , :

*H Hold 1IN ccde: Enforce LIN COs INcluded ccde 1is }listed
only for errcrse

1 Inhibit okject file producticns
K Kill Hash ccmmentse Enforce List 2 modes Ejects and

subtitles are used tc format the listinge

L Liste Fnforce List 3a Hash cemments are listeds

N - No Printer: Print scurce listing in LIST filees

0 Omite Cmits literal cross referencess v

P Paper saves Enforce List 1:. eject and subtities are
treated 2s comments. Hash comments are killed.

4] Quick Asserbly: XREF Qe No cross reference is generated.

R Reference unassembled: Enforce XREF 2. Cress reference
for deleted IF/ENDF code is cenerateds

S Short List: Print only errorss ,

T Table of Ccontentse Shows the initial page number of each

subtitle lines It 1is printed immediately before the
listing of the first subtitle lines ‘

U Unlist deleted ccde: Fnforce LIF 1. Code deleteds plus
IF/ENDF lines in false IF rangess is not printede
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V.. o Verify writes to objecte ¥ORK and LIST are never
verifiedes ' :

X Crecss Reference: Enforce XREF 1 Coliect cross
references in assembled arease

*  ASSEMBLE utility only

ASSFMBLF and RASSEMBL are used to produce absolute and
relocatable object ccde from souce filess These utilities require
‘that 2 Data file called WORK be established prior to their
loadings The WORK file may be crezted by the CREATE utilitye

Example:

CRsD 45 establishes a 45 track data file called &ORK on the
currently selected units

Use of the N epticn reguires the establishment of a Source file
called LIST prior tc the assemblye The size of the list file
should be one 2nd 3 half tires @2s large as the source file
itselfa. : t

Example:

CRsS 20 establishes a 20 track scurce file called LIST on the
currently selected urits

The wutilities will preferentialy select the ®CRK or LIST file on
the unit oppcsite t¢ the source if the files reside on both
unitss For optirum efficiencys the KORK file should 1immediately
follow ASSEMBLE or RASSEMBL, though the utilities will wsork no
matter how the fiies are positioned.

ASSEMBLE searches the <currently selected unit first when
INclyding a given medules Thuss maximum efficiency is chbtained
when the currentiy selected unit 1is set tc that ‘centaining the
reiccateble file(s) pricr to loading the utilitye

ASSEMBLE no lcnger defines D0S standard symbclse They can be
incorpcrated into ar assembly 1in one of t¥wc WwWayss The program
must be assembled with DOSLIR and the D ocption wused which
autcomatically INcludes D&DFFS as line O of the assemblys Ors the
procgram dtself INcludes the DZLEFS modules Roth actions must not
be taken together or M flags will resultes The latter method is
preferable since it 1is more efficient and cleaner lookings
documentat ion-vwise, : '

The b parameter nrust be given as four hex digitss If the b
pérameter is cmitteds 33 defaults to O« If the cbject file and
label are cmitteds the filepame and label are copied from the
source file, Note the nesting of percmeters shown 1in the |oad
reguest (e+4gs b cannot be omitted if ofile and label are given)e

9-2C



,If the saurc° procram is conta1ned on more than one gisk:' sfile
15 oiven in the format: .

FilenamesDisknameTaﬁisknémezksaisknam93>

Filename specifies the ‘name cof all th° f1les, uhxch must be the
sames and the unit on. which the 1n1t1al and subsequent  files
- resices ' S .

Diskname specifies in séquence the names. of the disks on which
the files resides As showns up to three disks may be specifieds
The parts cf this parameter are separated by pericdse

During assemblys 2 pauce will 060ur for mcunting the diskse The
diskette containino the work files, the object file and the
utility must NFVER be reloadeds

Examples:

CsAS CHESS
AS»FSC DETOURS»1965571+KHO s CENERATICON
RA»A ALOTSDISK1aDISK2sFFFF

The scurce file CHESS on the currently selected. unit is
assembleds  The object file is produced on  the same unit and
c@rries the sare file name 2nd labe!.

The scurce file DETOURS 1is assembled to produce the cbject file
WHO which will cerry the label CENFRATION. 32 is set toc X'1965',
Any previous: cbject file called WHO will be eraseds NoO printed
listing, except errerss will be generateds

The scurce preogram s made up of two files called aALoT7 on disks
PISKT1 and DISK2a 32 ic set to X'FFFFila. The A 0ptxon ensures that

the relocztable file is generated ¢cn the unit opposite to the
remcunt units as regquireds _ ‘

9+8s2s4s  EDIT: Edit Source File

Load:

Edit x1<t1ng F1le-
=DIT<;Opt1ons> Irouu-f1le,0utput f}le,Labe!

Edit a New Fije:
£D<s0ptions> JOUtDUt f1le:Label

anm1ne Ex1st1na File:
FD<sOptions> Input-file



: 0ption$= 

E Frase Nuplicate Source File

| Verify

WYritess Note: this opticn cuts efficiency

‘considerakbly!

speciaf Function Keys

DONE %

MEREGT %
CQUITx=

COPY LINE
COPY PACGE

DELETE LINE
NFLETE PAGF =

NELETE CHAR
nyp
nyep FIFLD

ERASE FIELD

FRASE SCRN=x
INSERT CHaR
INSERT LINE
LINE RETURN
REPEAT
SEARCH

SET TAB
SET TABx
STOP

TAB

Ccpy remdining dinput file to output Tiles Close
output Tile and exita '

Merce new input file into cutput files

Delete rema2aining 1input file from cutput fileas
Clcse cutput file and exite :

Cepy 1 line of dinput file tc cutput filee

Copy pace image to output files Read next page to
screens

Delete 1 line of input from output files

Jelete page image from output files Read next

pege to screena

Delete 1 character 2t current cursor pcsitions
Duplicate 1 character from previocus lines
Duplicates until the next tab stops the previocus
l'inéo '

®rase from current cursor position until the next
tab ctcps

Erase screen image from ocutput filee ‘
Inserts a blank into current cursor positions
Inserts 5 blank line into current line pcsiticne’
Move curscr to start of next lines

Repeat function of any key presseds

Search to line number cr labele A spgecific |ine
¥ill| be requested by FDITe EDIT can then be used
tc¢ futomatically COPY/DELETE PAGE or COPY/NELFTE
LIN® until the desired 1line 4s reacheds LINE
RETURN cancels search mode (thouch not the actual
search)s The back-arrow can be used to backspace
threuch the entered lasbel or line numbers STOP can
be used to immediately terminate the searchs
Defire start of new field.

Remcve 3l tabse.

Stcp the current operation 1in progresss This key
can be used to cancel a SEARCHor DONE

commands

Move cursor tc start of next fields

The following keys repeat when held down:

_—
(===
R

*

Move curscr to richt
Mcve cursor to left
Maove curscer up cr downe

Upper-case function keys
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The ERIT ytility has three main purposeses It may be used to
either edit ar existinc scurce file and write the edited text
inte @ new output file or to create a new socurce file and enter
text directly from the keyboards The EBIT utility can also be
used to simply inspect an existing files in which case all write
ocperaticns are inhibiteds The mode which one enters EDRIT is
dependent upon which of the three parameter formats is chosen
when EDIT dis lecadedes :

If ERIT is operated on an wupper/lower case keybcards and the
system hes been <ccnfigured for suchs then FEDIT will accept
upper/lcuer case texts

FDIT oprovides for automatic search-and-edit Uup tc a specified
lines The SFARCH key s pressed and a specfic line number or
leabels ¢cf up to 8§ numeric or eiphanumeric characterss is
requesteds Thens one cf the COPY PAGE/LINE or DELETE PAGE/LINE
functions must be selectedse EDIT will autcmatically perferm the
selected functicn until the desired line is reacheds STOP ¢can be
used to terminate the search at any timee

When 2]l editinc is completeds the user selects one of the two
end-cf-job commands: DONE  or QUITs DONE copies the remaining
input file intoc the cutput files QUIT immediately closes the
file, deleting any remaining input file text from the output
file» :

Edit ¢lsec provides for merging ancther file into the output Tile
or merging the input file into 'itself'e 4hen the Merge key s
presseds all input 1is suspended and & new unit and file name is
requesteds When these are entered and the Line Return key s
pressec, the rzmed file becomes the input files It is possible to
name the previcus irput file as the MERGE file or to name the
output file a2s the MERGF files, The rew input file is selectively
edited, by wusing the standard ENRIT functionss SEARCH and
DELETE/CCPY PASE/LINEs until the MERGE file has been processed,

When merging an output file into itseifs the user should be aware
that it is not possible to copy closer than cne disk sectors

To leave the MERGE modes either the QUIT or DONE function is
selected and input resumes frcm the previous files :

Note: ENIT makes every a2ttempt to close the output files In
facts an end of file and & last track of 63 is written
to the ocutput file immediately after it is createds
This helps to ensure thats even in the event of a power
downs most of the file will be recoveradles

Unreccverable input errors do not terminate the edite Insteads &
meéssade xx5A0 BLOCKxx is read onto the screen corresponding to
one or more unreadable recordss The operator may use the keyboard
toe repair the errors
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Blank records are deleted by EDITe Therefore it is ndt poSsible
te directly insert btlank records into the cutput files

Example:

Suppecse that 2 syntax errcr was cdetected by the assermbler in line
550 of a ~scurce prcgram PPONGs The folleowing commands may be
entered in sequence to repair the error:

FD D+PPONGsT1ePPONGsPING-PONG V308 T6-04-27-2400
SEARCH

550

COPY PAGE

Make corrasction

DONE

Note that the ocutput file is created on the unit 0pbosite from
the dinput files This allows us to retain both the criginal and
edited files withcut having to change the filenamee

Now suppcse that this precgram has been 2ssembleds loaded and
verified bug-freea Suppose it becomes necessary toc attach PPONG
to the encd of 3 main program called PPONG1« MERSE can be used to
solve this dilema:

FD DePPONGT5sTaPPONGTsMAIN PROCRAM PPOMG
SEARCH

FPRGRM

CCPY PACE

MERGE

1 -

PPONE

NONE

DONE

Note that SFARCH s used to COPY PAGE until the leabkel EPRSRM is
founds This is where the subprecgram will be mergede When MNERGE ds
presseds the unit c¢n which the new file resjdes is entereds
followed by the filenames The entire file is ccpied dinto PPONS1
by using DONFe DONE (QUIT could have been used 2s well) is used
again to exit from the main edite

9488225 CREATE: Create File

Load:
CRTATFsOpticns No-TrackssinterlacesFilenameslabel
CRsOptions Nc-tracks

Options:
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A Data file is to be createds

n

£ Erase existing duplicate files

'S A Scurce file is to be crezteds Normallys this option
is used cnly to create the LIST file required by the
ASSEMBLF and RASSENMBL utilities (N cption set)s

'y Verify 211l write operaticnse

Note: If neither D or S is specifieds D is assumeds

The Create utility 1is used to establish 2 new date cCr source
files The alternate form of the load request allows default
values to be specified fcr the filename and interlace factore
Nete that the nusber of tracks (No-tracks) is always regquired.

e o S s W, i s T s Sy D i O o > . o s o

. Factor Name
D n ¥ORK none
S 11 LIST nerie

Example: CRsD 55s5sSPOOLSMAIN SPCOLING FILE
CR 15

A 55 track ©Data file called SPOCL will be created on the
currently selected unit and carry the given labels The interlace
factor will be set *c 5Se '

A 15 track datas file called WORK will be established on the
Currently selected wunits carrying an alil blank ilabels The
interlace factor will be set to O

98225310 Rescuing a Disk

CREATE can be used to rescue a disk by attempting to create a
file over the disk @rea in guestions If CREATE finds bad sectorss
it will attempt 1tc reformat thems If it succeedss a CR10 error
ccde, file area exhausted will be returneds The return of any
octher <cecde means that the disk 1is defective and a backup copy
sheuld be used,

Examplie:
CR 80 (Make certain we create past last track)

Error Return: xxxF R R O Rxxx CODF=CR10

A 'file ares exhausted! error dis returneds meaning CREATE has
either found no bad sectorss or it has reformatted the
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questionable sectcorss
%928e¢2s Maintenance

This secticn 1includes the utilities needed to maintain the
developed files and diskette.. '

988307 DCCPY: Diskette to Diskette Copy

DCOPY<sOpticns> From-filename,To-filename<slabel>
NC<Ls0ptions> FilenamesTo-Unit<slabel>

Options:
D Data file tc be copieds
E Frase file with duplicate filenames
M Mount diskette: Load DCOPY from separate diskettes
0 Object file tc be copieds
R Relccatables file to be copieds
S Scurce file to be copieds
v Verify z2ll write operaticnse

DCOPY is used to ccoy a file from ocne diskette tc anothers ECoPY
can be loaded fror a diskette cther than that which contains the
file to be copieds by using the M opticne DCCPY pauses until the
Input/Jutput diskettes are mounted and resumes execution when the
space bar is presseds The M option can be used to ccpy files in a
single drive systems :

Example: DCsMC RFXsO
DCsR CeUTILs1eULIBLUTILITY LIBRARY 76-07-23-0945

The file REX on unit 0 is to be copied onto another diskette in a
cne-drive systems NCOPY copies the file 1in half-sector chunkss
pausino for the diskettes to be mcunteds until all of REX 1is
ccpieds

The relccatable file UTIL 4is copied into the file ULIB which
DCCPY will create con unit 1e It will carry the named labels

G282 3e 20 ERASE: Mark File as Erased



Leoad: , ~
FRASFL,0pticns> FilelsFile2sFile3sons

Recover Erased File:
REsE<Options> File
OPTIONS
n Data file to be erased
I Ignore Error: Not used in RE utility
0 Object file to be erased
R Relocatable file to be erased
S Source file tc be erased
v Verify erase,

The ERASE utility s used toc mark 3 file as erased (x)s The space
occupied by this file 4s not reclaimed until the diskette is
PACKeds The RENAME utility can be used to recover a file marked
2s eraseds

Ncrmal ly it dis considered an error tc erase a3 non-existant files
This situaticn is coften encourtered when ERASE is used to mark &
string of files 2s erasede Therefore the I cption may be set to
ignore this errcr ccnditicna

EXAMPLE: ER VOIS TELE.TELE1,TELE2
RFE sFS TELE :

The object files TFLF, TELE1 and the source fiie TELEZ2, TELE
will be marked and verified as erasede The fact that there 1is no
cbject TFLF2 or scurce TELET1 will be Ignered by ERASE

The source file TFLE will be marked active in the file
directorye

93389 34 3a PACK: Pack Diskette
Load: .
PACK<s0pticns> yUnit

Te Pack Frem 1 Diskette to Another:
PA<sOptions> UritsUnit

Options:

D Retegin all Data Files

M Pauses tc Mount Diskette

o Retain all 0Object Files

R Retain el!l Relocatable Files

g=-27



S ‘ Retair all Source Files
v Verify Urites

Note: If none of the Ds 0s S or R options are specifieds 2}l
active files a2re retaineds

PACK is used to rerove all eresed files from the directory and
pack the disk intc the reclaimed spaces It may be possible to
restue an accidently packed diskette by using the XDISK utility
to rewrite the directorya

PACK can be used +to pack from 1 disk to ancther selectively
retaining all active files or only active scurce, objects date or
relocatable filess Thus the utility provides an efficient method
for producing diskette copiess

If an error occurs while copying a files the file status on the
output unit 1is set to '?', errors PACK always completes its
operations before signalling an error and returning to the
nucleuss

No attempt should be made tc stop & PACK cperation prematurelyas
This will cause the file directcry tc be Written incorrectiy.s
making ary attempt tc load or manipulate the files futiles

Example: PpPALY

PAsVD (Cs1
All erased files are deleted frem the currently selected unit and
the cisk is packed into places All write operations are verifieds

All active object files are packed from wunit O to unit Te All
vrites are to be verifieds
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9e8e3sbs  LIST: List File

Lcad:
LIST<sO0ptionsg> <file>
LI<sOptions> <Unit>
Options:

A . Aligns Enter printer alignment sequences This must be

the only opticns if if is specifiede ‘
n File to be listed is a data files
H Hexadecimals Listing for data or relccatabile files

given in hexadecimale

Ignore errorse Bad data records will not cause error
terminations

Numbere Lines of § files will be numbered,

Cbiects File to be listed is an cbject files
Relocatables File to be listed is 2 relccatable fileas
Sourceas File tc be listed is 2 scurce filea

[}

»wouo =

The LIST utility is used to list filess It ailso has an options As
to cenerete printer alignment datas LIST can aiso be used in the
alternate form of the load request to list the file directory of
a8 particular units If the unit is not specifieds the currently
selected unit directory will be printede

A printer must have been cenfigured (CNFG utility) for LIST to
functions »

The use of the A cotion generates alignment data for the printer
and is used oniy in the keyboazrd command modes Foer a character
printers the operater is invited to type an F or V for form eject
or vertical tab alicnment respectivelys For a |ine printers a
dicit Tfrom 1 tc & 4is entered tec @lign the correspoding forms
channels The S key prints test data with no form feede The
alignment data may be generated repeatedly wuntil the X key is
pressed toc return tc the nucleuss The grinter must be in 1its
READY state (selected) for any of the alignment commands to be
operatives

‘More than one file of the same name but different type may be
listed by specifyinc mcre than cne file type cption (Ds0sR or S)e

Data files are |isted by sector according to the SIF for the
files D2tz 2nd files are |isted in ASCII unless the H cption is
specifieds Object files are Jlisted in hexadecimal by sectors
Relocatable files 1list the module directory and also the
hexadecimal sector data if the H opticn is givens Source files
are listed by logical records and numbered if the N opticn is
spec if iede.



'*; § fThe f1le d1rect‘ry Of/unlt 1 1é;to'befi§sted;f

The source and okbjec f1les of DBC k1l§ be tisted;,Scufce,recordé A
,H?l! appear numbereds ' L s T T N

. 9;5;3;5;‘]’éswkﬁs=\eénamefffie i

RCNAHF:Opt1ons Old name(;New—name)(:Label)':
' ?0pt1ons-
D fRenéme data'file.
'E- Rename erased files
C Renzme object files
- R Rename relcocatable filea,
S Rename scurce files
v Ver1fy cll wr1te operat1ons.

Note: Exactly one of the L,G,R or 8 0pt1ons must be soeC1f1ed-

~The RENAME ut1!1ty is used to rename an existing f1ie- The file

. may be active ors if the £ option is sets eraseds If several
~erased files with the same names. exists only the first will be
'marked act1ve- : : o :

In nc case is it possible to use RENAME to generate two active
~files of the same name =nH type- ' ’ ‘

Exomple- RF,S 0LD:NE¥:THI° FILE PAS BE REMNAMED
: ' RE S0 SAMJ:THIS FILE HAS BEEN RELABELED

The 50urce f1le OLD is to be renamed .and g1ver 3 new !abe!.

The cb;ect fwle SAM 15 to be given a new label.

908039ﬁa1 XDISKt Examine Diskette

,Load- ; . :
' XﬂISK(:Optzons> No Parameters Perm1tted
0pt1ons-v _ ; v
B - Full buffera Display entire 256 byte diskette buffer
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2rede Ncrmafly, only the 125 byte sector data area ig
displayed. ‘ \ .
v Verify all writes to the diskettes
Special Function Keys:

H Hard copy of screen written to printer.

L Position cursor to the lefta
P Modify cursor pcsitions Two hexadecimal dicits are

entered after the P function is selected,

Position the cursor to the righte

Enter secter numbers as two decimal digitse

Enter track numbers 2s two decimal digitsas -

Enter wunit numbers, 1in decimale XDISK assigns the ynit

number toc be the currently selected unite

¥ rite hexadecimal datas as modified on the screens to the
diskette buffera

X Exit to nucleuse

<o

XDISK is wused tc examine and alter the data ccntained on the
diskettes XDISK works on a sector by sector basiss reading data
from the selected track and sector to the diskette buffere XDISK
displays the sector data area of the tuffers but will display the
entire buffer if the F opticn is set during the load regqueste

XDISK alsoc displays the current units the current track and the
current sector being examineds The data appearing oen tne screen
may be modified by pesiticning the cursor cver the desired bytes
usirg ocne of the Ls R or P function keyss and entering the new
dztas in hexadecimals When all mocifications have been made to
that sector, the ¥ key is used to write the new infermation back
cnto the diskettes

XDISK displays the status of all read or write operations
perfermed on the disk in the ERROR-N fields where N is?

NO errore

Search errcre Sector not founds
Read or Verify errore

Device inoperable.

Track number is cut of ranges
Unit is write protecteds,

V- Wi - 0O

Thuss one use of XDISK is to inspect 2 disk that has become
defectivee It 3lso may be used to rescue a directory which has
been destroyed or altered by an abnormal PACK or FORMAT
cperations In this cases the track pesitions of every file must
be known so that the directory can be reconstructed properiys



| kl"ff10

g necessary te recover a file which has been accidentaly
ferased and packede The file wes at the end of the directory and

‘was not written ‘overs All the vital informations first and last

 .track Iocat1on:: irterlace factors filename and label are all

knowne Therefore it is 'possible to use XDISK to rewrite this =

entry in the file d1rectory, wh1ch is located on,tracki1[of,unit a

nsLbééikblﬁk'ik,”
Q:Select un1t 1

1 ,
TR T”Select track 1
0T : :
'~k_s:~rlv;j;fr{"?'gsearch for end of directory
00 Not here ‘ |
S T - R Co
05 - Not here - R
s s |
10 : N End of directory at sector 10
’rRewr1te Pntry , ; ,
- ¥ ; CMrite tc d1sk
X Exit

9484307  ZAP: Patch/Examine.Dbject Program

To Patch/Fxamine énd Store into New File:
- ZAP<,Opt1ons> 1f1!e,of1l ,label

For In Place Mcd1f1cat1cn=
‘ ZA(:Options> ifile

' To Examine Core Image after 8reakpoint or oot
ZA<,Oot1ons> S
To Save Core Imaﬂe in @ New file

ZA<,0ptzon'> ,of1les!abel

Opt1cns-
A E Alternate Work Filee Unit 1 4is used as the work
o o files ' . : '
E . Erase duplicate object files :
T - Threes Threes instead of four digits are required to
specify an addresss Useful 1in small programs (CNFG
‘ 10 or 25) ;
v o Verify all write operationss
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ZAP is 2 multi-purpose utility that allows the programmer to:

* Inspects modify and restart the core imege saved on
a2 manual or abnormal bootas

%* Patch an object programs

* Ccpyka program from one external medium to diskette
cr 20/20s 20/30 cassetteas

* ¥rite a pregram directly in machine codee

Ge 8030707 Efficisnt Usage ¢of zZarP

ZAP uses the track 2 of unit 0 s a scratch areas unifess the A
option is set which causes the utility to use unit 1e ZAP loads
and stores secments between the werk area and the input and
cutput filess Thus, it is mocre efficient tc have the work file on
~the unit cppesite to the cutput file and input filee

A agood rule of thumbt to remember when using ©0O0S utilities in
generals is that a drive to drive Copy 1is always more efficient
than & one-disk ccpys

Oe533s 7n2le Patch/Examine Procranm

To examine and patch 2 programs ZAP can be lcadecd using cne of
the two forms: '

ZA<s0ptions> IfilesOfilesiLabel
ZA<s0pticns> Ifile

The first format Js used to store the modified program into
another files preserving the original programe

If in place meodification is desired, that iss if the patch is to
be stored dinto the dnput files the seccnd format is usede
Alternativelys if the modification is net to be stored at al| (if
the program is simply to be started) this form may alsoc be used
to load 7ZApP.

To perform the required modifications tec the input file the
following procedure is used:

L Load the program (or segment nns as required) dinto the
core imacee



ed;qon;epts.yﬁ‘

jump to a patch area

SR AT

. Saaza.a3aaseeees<nnd>

. Store modified proora , :
vor if none was specifieds into the input files Note that
- the abbrevizted commands, Snns must be used if nc output -

file wés specified (in place modification)e | Lo

- Jeeaa Start core imace at aaaas or if not specifieds start at
B . the entry pcint as read from the dnput filee Note that
©'many times it s desirable to start the core image

directly after modifications eliminating the S stepe

m or segment into the output file,

~ This allcvs cne to check the effectiveness of the patch   5

-~ befere making patches permenante

Alscs when patching many programss it may become necessary to
compute an absolute address when all that 1is known 1is the
relocatabie addresss  This is sclved by setting the relocation
base te the reguired offsets - ' :

For 1instances suppcse that the source listing cf  an absolute
essembly showed that the address where a module of reljccatable
code was inserted (using the IN pseudo-op) is X'A00's This is set
as the relocatable base: RADOs Nows any relocatable addresss can
be specified in terms cf . the absolute address by using the
command APaaaas The effect is to add the relocataeble address tc
‘the relocation base and produce an absolute address:

AEAE
RAOC
M8CCOsRN120

Thekmodification sets 2 jump command to relocatable address 120 +
AQO = B20a : ) ‘ ~

Any addresses appearing in any command may  be given as a

relocatable address Raaaa and the effect is to add in the current
~location base (esgs in the alternate ferm of the A2aaa command:
- bRaaaas where b is a blanke ‘ ’ : o e

‘9.8.3.7.3; Breakpoints and Saved Ccre Image

When debugoing & oprograms it s often helpful to know the
contents of the ACR and Index (Cursor) register at various points
in the programs ZAP can be uysed to place Breakpoint instructions
at the point where the ACR and Index are to be displayeds This is
done by using the B2aaz command: T : )
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ZA FILE

802FE

J1ag ,

Progrem is executed until breakpoint
ZA :

ACR and Index displayed at breakpoint

The <ccre image 4d4s then started using the Jaaaa command and the
prodram js executed until the breakpoint 1is reachede Control is
passed to the nucleus by an abnormal tocte This saves the core
images which can he tested by ZAP. ZAP is loaded without
specifying parameterss An autumatic T instruction is executed and
the ccntents of the ACR and Index Recister are displayed at the
brezkpoints

~Use of ZAP1's breakprint feature requifes that the D0S subroutine
NEPOWR be included Fntc the main program:

IN DOSLIB,DEPOWR INCLUDE DOSLIB ROUTINE
IN DOSLIESD&SBPW USFD BY D&POKR
IN DOSLIEsD&URRF ens
IN DOSLIB,DGEXIT
CRE $x-2 SET D&POWR RESTART LINKAGE
DAC D&POWUR sos
Sefa3aTalte Copyine Programs from Peripherals

It 1is possible +toc use ZAP to transfer a program from other
external medias such as paper tapey to diskette or cassette tapes

The procedure for zchieving this requires the use of ZAP's third
format: . ,

ZAP()Options) s0filesLabele

Note that a label s required 4n this <casees The program to be
ccpied s loaded from the desired peripheral, a paper tape
lcaders says and 2 manual boot is initiated. This saves the core
image fcr ZAP to processe ZAP s then  lcacded and the following
command is given:

Saasasaaaaseece,ll

This will save the specified region(s) c¢f ccre in 0files Ncte
that it is necessary tc determine in what regions c¢f core the
program resides and to determine the entry points It is also
pessibles on the SPP 20/20 and 20730 modelss to store the program
cen Cassette in bocstrap lcadable form by using the 4 commande
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It  is sometimes useful to clezr core before
Th,sgiSﬂachieVedT"by?!oadingf;ZAP,~c{earing th
-hen physically lcadings but not startings the

an ‘external loade
e core 1images and
imsges:

 Note "that:‘sdme"pfqgrams)fhﬁn?t"Qdfk*'if" théy‘fhave a self-
~destructing initializaticn routines One possible solutions for

'f}thefﬁaper*tape foerm#ts is to cover the blank end record cf paper

-+ ta3pe with self adhesive tapee In the punched card fermats remove
- the last carde . a0 AR R EE

Programs can be entered in directlys via ZAP> in machine codes

~ ‘The desired entry pnint is sets typically X1100¢, and a series of

modify commands are given tc enter the programe It is useful » and

less error-prones tc have these ccmmands read from a filee For

examples the following commands are stored in a file called T:

ZAsT sHELPsTFST PROGRAM Call ZaAp

A100 . . Set origin to X'100!

- MCB4&2sBS00 0 ~ Code ‘ :
S1004103,100s00 ~ Store

J1co0 Start up

‘To enter and start this programs the command oF T is civens
Gale3s 7050' ZAP ConsiderationsA

Wher the output file is closed (J or E commands) and if there is
an input file specified, then all segments of the jnput file
which have not been stored by S commancs are copied unchanged to
the output files In the case of the J commands subseguent segment
loads will be from the new output files

Ncte that when an S command is given with no address rangess for
examples in the case o¢f an 1in place update (Snn)s only those
~areas originally in the program are storeds The feollowing areas
f,uilivNQbee stored: o R S . o
. % BSS areass
% Areas skipped by ORE commandss

*  Bytes skipped by word alicnment,

* Areas'dutsidé,the beunds of the programs

'Attémptskto modify such areas and then stcre the result do .nect
werk and give no errcr conditiona Always use the full form of the
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Store ccmmand when patching 2 procrame

ZAP uses a work arez (track 2) ¢cn unit O to store the current
core image (4LK)5 thus unit 0O must not be write protecteds Neither
the utility preorams (except FORMAT and ASSEMBLE/RASSEMBLS see
ncte below) nor the nucleus disturb this images except c¢n a
manual or abnecrmal bocts Thus if ZAP errors outs it may be
réstarted without losing the core image being worked one Howevers
the current output file may be lostes

Version 7 of the essembler sets the unused portion of the literal
grea to X'FF', This can make a nice patching area when debugging
2 proarane

Tc save the image which is contained in cores it is necessary to
follow this procedure:

ZA sSAVF SLABEL

-Cssss

S010C« 7FFNs0130,00

E



ALl ZAP commandss except X and a form of = As are:

entered
us1na the standard SPD/DGS L1ne Return Key._;_jw_ S

o In add1t10n: ZAP comrands can
ﬁistored: left justified, cne command to 2 lines in the forms given
. belows Performing a ZAP run in this manner has the advantage of
~ . keeping a pPrmanent record of the changes performedo It's faster;A

“fitoo-
"",Aaaaaifz"df] set Hex acdress aaaa as the current address» aaaa'd
i - Wmay be three or four d191ts. : i
 bazaa . An alternate form of the above commande A blank
- R (b) “followed by four hex digits (three if T
p+1on set) which sets the current addresss No
lanﬂ return 1s needed to enters this command.
2] o o A breakpo.nt 1nstruct1cn, X'7FFC', is placed at
~the current addresse See the discussion of
brcakpoxnts fcr use of this command. ' '
Bzaaa ~'[ Place a breokpo1nt at the specaf1ed address 3323
- Cssss - Specify a logical"éora sizes ssss; that is
' S 'smaller than the actual physical sizee This is .
the ccre size that will be written to the cutput
fi!e»(e-gs 3FFFs 16Ks 7FFF: 32Ks FFFF‘ 64K)
'Db<text>", Dump all core onto pr?nter with message <textDes A

blank (b) separates D from <text>e

Daaaasaaaasssssbdlitext> R
Bump from specified region(s) of core 223aszaaa
- <text> may be supplied as a header and must be
,separated from the last address by a blank (b).

E End ZAP runa C!ose‘output file and ex1t-4

I o N Load core 1mage. Zap terminates processxng - wWith
' ' the core image loadeds but not starteds The
machine waits 1in a DISABLED spine The output

f1le, if ary: is closed befocre the wait occurse

- J : Contrcl is passed to the program entry point as
: read from the input filee Valid only if an input
file was specifieds ‘

Jaaza Contrel is passéd to location aaaae The output.
e fxle: 1f anys 15 ciosed before the jumps '

~9-38

.be read from a f1le. They 'aré'f7‘



Jaaaa<,0ptions> Parameters
Start execution of core image at 3232 Options
and parameters are made avajlable to the progranm
just as if a nuclieus load command had been givens

J<s0ptions> Parameters
As aboves but control is passed tc the entry
point as read from the dnput files '

K Causes the contents of the current address to be
set as the current addresse The contents of that
address is displayeds This can be used for
tracing linked listss

Lnn Load segment nn (twoc hex digitsds If nn s
cmitteds the main or only segment is loaded into
the ccre image

Mddddsddddes The current address and the words fgllowing are
mcdified teo contain dddd (four hex digits)s ’

N Mext 2ddresse The next word is set as the current
addresse
P ‘ Previous addresss The previocus word is set as the

current addressa

Rzaaa Set Relccatior Bases See the discussion of
Relccatable addresses for an explianztion of this
commrends

S@333e23aa sensceeeynn
Stecre segment nn at zaaa to aaaaae Enter at eeceq
In this cases a2 segment may only be stored onces
As shcwns more than one region c¢an be storeds
This command is not valid unless an output file
is specifieda

S<nn> Stere segment nn for in place updates This is the
cnly form allowed when no output file is
specifieds in which case it permissable to store
8 seament more thean cnces As showns nn may be
omitteds din which ~case the currentily loaded
segrent s storeds

T Display registers at breakpcint (if any)s

vdddd Verify the current location to contain dddd.
Terminate ZAP run with error if note

Haaazeaaaasesssecee,C
The command 1is used on the §PD 20 Family series
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o ¥rite fhe specified rec1cns (up toe 7). cnto the

form su1table for boot  -locadinge C digit
giving the number of copies to be wr:tten (from 1
"0 75 normally 5). As shoHn: more than one. reg1on1
. may be stored._ :

f{Immedjate jexitﬁ The ou{put7firé  is not closede
~~ That.part of the core image saved on track 2
- .rem3ins intacte Segments stored in core may be

Coheste o T T e o ,

\,2¢ ‘ffof  ﬂ;iClear core 1mage to Y'OO'
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9«8e¢4s Peripherals

Four DOS wutilities are particularly suited tc peripheral
managements These are: COPYs TMOVEs UPDATE and VERIFYa

Ga8ebsle COPY: Copy File
Lead:
COPYsOpticns From-filesTo-file<slabel>

Cepy Scurce File frem Current Command Source:
€C0»S<Cpticns> sTo-fileslabel

Copy Diskette File
CO0s0pticns Filesunit

Cptions:

D A data file is to be copiede

F “Erase  file with ~ duplicate file names This s
meaningful only if the To-file is 2 diskette filee

L Logical copys See the discussion for an explanaticne
This dis valid only in the disk to disk cases

M Meurte This option ds valid only in the disk toe disk
Cases Allows COPY tc be loaded from 3 separate diskes

0 An cbject file is to be copiede

R A reiocatable file is5 to be copieds

S A source file is to be ccpieds

v Verifys Meaningful only if the To-file is 2 diskette

files May alsc be used to verify multipie copies of
punched paper tape or punched card outputa

The COPY utility is used to copy @ file to and from 2 wide range
cf external peripheral devicess It can alsc be used to copy a
file from one diskette tc anothers Howevers DCOPY should be used
in this casea :

It shculd be note” that the ZAp utility has the <capability of
writing core images as cbject files on diskette and alsc building
core images from cbject filess This may be used as an additional
mechanism for moving object files tn and from external media in
formats other than those supported by the copy programs

To copy files to the SPD 20/20 or 20/30 built-in cassettes do NOT
use COPYs Instead 7AP (section 1e8s3e7e) and its ¥ command must
be useds



'°*;.Trc<aNNN>‘

To desigrate externzl
3the From- f1le and Tn
1f°rm'5¢fi‘

per1pheral dev1ces other thanvthe d1skette;
—f1!e parameters are ~given in ftheﬁfo!lcw1ngf

Where C is the hexadecimal device channel and TT is
- the twe letter device type shcwn belowe NNN is three
.~ decimal digits specifying the number ¢f copies to be
- puncheds It is used cnly when the To file parameter
. specifies a paper tape or card punch, or  when the
- copies are being verified in which case the devices
‘are 3 paper tape or card recaderas : R

,- PP ‘1,  Paper tape Punch
PR Paper tape Reader
€T Cassette Tape
MT = Maagnetic Tape- 1/2 1nch, 9 track
~ CR - Card Reader
~CP ;Card Punch/Reader

The follow1ng snct’cns describe the Operat1ng procedures to be
used with the various peripheral deV1ces- :

9,3.4.1.1. Paper Tape Input: PR

The papnr tape must be p031t1on°d at the start of the file to be
‘read or on the leadere Scurce Tfiles and ccommand files are in the
same format except that source files may use the back-slash \ as
a. tab Characters Tab stcps are set to 1-10-16- -30 for use 1in
assembly programse Object format Is identical to the ocutput of
the H716 asserbiere If a becotstap loader 14is presents it is
skippeds A C020s error reading externsl medium) is posted if a
checksum error is encountereds ’ ‘

9e&alnla2a Peper Tape Output: PP

The - output generated 1s compatible with the paper tape format
described in the preceding sections It dncludes a = 100 character
nuill leader at the beginninc and end of the tapes Output to the
p&p€r tape punch may be verified via a special use of the v
option : AR . : '

Fcl!ow1nc a c0py to a paper tape punch, the verify may be used as
followss Manually remount the tape cn & paper tape reader on
channel 12, (channel 1 on SPD 10 ser1es) and verify the copy by-

COJOV 1.X;-PRC-nnn

Hhere x 1s the ori,inal From-file and ennn the nurber of copies
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- te bé~VErified-

9e8e4s1e3s  Cassette Tape Input: CT

Files are read in & format compatible with that generated by the
Cessette tape outputs described in the foliowing sections Error
reading external redium is signalled if the tape 1is in manual
modes or if it stalls during reads or if a dropout or parity
error is detecteds This applies only tc the modei T13-01 cassette
unit and not to the SFD 20 family built in cassette tape drives

GeB24balabe Cassette Tape Output: CT

One file is |written onto «cne cassettes The cassette is rewound
before starting if necessarys The format for source files is the
same as that used by the SPD czssette tape assembler and editors
Object filess which are not compatible with the cassette tape
assemblers are written 1in 512 byte bDlockse For unsegmented
procgramss the output includes a boostrap lcader which uses device
sddress 12 on the SPD 20 Ffamily machiness and device 1 c¢cr 3
(whichever is ready) on 2 10720« A CC21s error writing external
mediums is sicnalled 1if the tape is in manual mcdes or if it
stalls during the write cr if it is write prctecteds

Gn82haT1e5a Magnetic Taepe Input: NMT

The file is read withcut pesiticning the tapes thus the tape must
be positioned tc the becinning of the desired file using TMHOVE
(section -9e8abe2a)s After reading the last files the tape is left
pcsiticned reacy tc read the next filee Source file format is
compatible with that used by the H716 assembler systems Error
reading external medium is signalled if +the tape 1is off line or
if the formatter is switched cff, cor a reaa error is encountereds
cr if the file format is incorrecte.

Qs 8elinlnba Magnetic Tape Cutput:s MT

The file is written without positioning the tapes thus the tape
. must be positioned to the beginning of the desired file wusing
TMOYFs After writing the files twec end of file marks are written
and the tape is left positioned following the first end ¢f files
ready to write the next filee Error ¥riting external medium is
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offiine or the formatter is switched off

a vrite error is encountereds -

ignalled is the tape
or

5§5§;8.L:f;7g‘ ;Pﬁn;hedeard;Inpdf? CR 6f (42

it OhffﬁEfCabd }éédéf)4fheydeck,'isvibadéd “into the hopper and the
- RESFT button is pressede On the reader/punch, the deck is loaded
~into  the primary (rear) hopper and the reader resete Following

~ reading the last card (sE end of file), this card must be run out

“manually on the reader punche Error reading external medium 1is
signalled 4if a checksum error is detected in 2n  object decks
Other card reacer errors cause COPY to - pause for appropriate
ocperator intervent fons ' e i AR : o

9e8e4sTs8s  Punched Card Output: CP

The printing-reader-punch must be cleared and reset befcre
startings Blank cards are fed from the secondary (front) hcppers
In the case of object files for unsegmented programss the output
includes & boctstrep loaders This lcader is compatible with the
.reader-punch or the card readere It uses the same device address
@s the punch unless a fourth digit is given on the device
. specifications ' L ‘ : : ' :

For examples +CP3& specifies a file to be written to the punch on
channel 3 with Eonostrap loader fcr device address 6s Error
writing externzl medium is signalled if an attempt is made to
punch on non blank cardses In other errcr situationss COPY waits
for appropriate cperator interventions :

COPY can also produce multiple copies from 2 paper tape punch
with verifys ' PR ~

9e¢8s4e1s9e  Error Detection

In generals COPY attempts to complete the copy operation even if
errors are detected, the appropriate error code beinc posted upon
completione If the output is @ diskette file and such an error
occurss the file is clcsed and marked with 7 error statuse




9eBehele10s Examples

COsRE AFILESs1

C0s0 OeMT35aCT4 ,

COsD (OeICUsTeIMURES,VERSION TWO
COsS sCROsTeFILENAME,VIKING I1

The relocatable file AFILF on the currentily selected units
presumed to be wunit 0, 1is copied to unit 1 with the name and
label unchanoeds Ary previcus relocatable file AFILF on unit 1 is
eraseds

An object file is repieu from a magnetic tape on channel 3 tc a
Cassette tepe on channel & with the original labele

The data file ICU cn unit C is copied to unit 1 where it is named
IMURES with laktel VERSION T¥Os

A punched card socurce file 1is ccpijed frem a2 card reader on

channel é into FILENAME ¢on unit 1, It czrries VIKING II as a
label s

G383hs2e TMOVF: Tape Mcve

TH<s0pt ions> Channel<sND>

Options:

B ' fackspace filese
F Ferward space filass
L List directcorye

Note: At mcsts cnly cne of these options may De presente

TMOVF dis used tc positicn 2 magnetic tape unit to a3 particular
files It is used in conjuncticn with the COPY utility to manage
multiple files cn a single tapees TMOVE alsc contains 2 directory
listing cpticne

The form of the cormand used to position the tape to the start of
@ specified files numbered from 1s does not take any options:

TM Channel sFile-nurber

Tc backspaces the B option is usede The number of back-space
operations perforrmed is given by File-numbers Backspacing o¢ne
file dnvolves moving backwards one file mark and continuing to
mecve backwards until the next file mark cor beginning of tape is
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~reacheds If 2 file mark is reacheds the spaced forward
:q,befQérdisbaéihéyCDeEétionsﬁare~similah; The F
~ forward space files from the current pcsiticna

 ;To""list‘thé Cdnitial rétofa?rof“éVeryijfilé'oh' théltapeﬁ the L

:7;opticn is useds The initial record is typically & label recorde

~Thus this command a2cts to give directory listingse ~The tape is

- rewound follcwing cempleticn of the listings It is assumed that

- the last file is terminated by =z double end of file marks

. Examples: TH 3s4

R o TMsB 356

- TMsL 0
:fThe tape on channel 3 is positoned to file 4o
‘The tape_cn'channe] 3 is4back5paced 6 filess
The tape cn channel QO is listeds
9e8e4e3s . UPDATE: Eatch Edit
Load: co ' v
UPDPATE<sCptions> Ifiles0OfilesLabel
Options:

e Frase any duplicate source file,

L Log update input lines to the printers

v Verify all diskette outpute
UPCATE s used to edit a source file in batch modes The update
-dats is taken frcm the current input device (cardss tapes file or
keybcard) dependino on the current mcdes
UPNATE Commands:
~ ‘$Keyword Comments
This is the UPDATE command formats ¢ indicates an UPDATE command
is to follow, which is designated by the Keywcrde Comments can be
specified on any UPBATE command |ine and do nct affect
processings :

$=any single character
The UPNATE ccmmand character will be replaced by thekindicated
character from now cns This character may be changed by another

occurance of the command, Character=New characters
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option is used to



 $x Text

Text may be dpnserted into the UPDATE command stream by this
command, ' |

$8any-character
$&8

Subsequent octurances or the character & will be replaced by the
character indicateds 388 resets the normzi{ modes

gnam
n
Ssm

These commands control Ifile to 0file copy: n indicates to what
line (card imzge) text will be deletecd (non-inclusivels m
indicates to what line text will te copieds Thuss the first form
irdicate fines n through m of the input file will be copied to
the output files the second form indictes UPDATE will delete any
lines up to ns but not dincludinc ns from the output filee The
third form will cause UPDATE to copy the input file from the
current position thrcugh line me

Examples

850 ,
$50+60 s ILLEGAL, but

$11s520
$21  4s LEGAL

$OONE
$QUIT

DONE causes the remsinder of the input file to be copied to the
output Tile until and end of file is detecteds Unless in MERGE
mcde, control returns tc the systeme QUIT causes the remainder of
the 1input file to be deleted from the output Tiles Unless in
MERGEs control is then passed tc the systems

$MERGF filename

This command switches the input to the named Filee Input
~Continues from this file until S$CONE or $QUIT keywords &re
detecteds Command then resumes from the previous input files

SPAUSE Text

This command causes UPDATF to hslt and display Text to the
cperatore Pressing the spacebar continues UPDATE.
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Commands  where = 3 _follcwed by 2 Keyword may be Bt
abbrevxated to the1r f1rst Ietter (:-C., 3P fcr $PAUSE).e o

jSource Iines read frcm'cards or tape ‘are ‘in standard ASCII form;_,
~The backslash \ may be used as a tab character as. deSCr1bed for‘_

i _*rpapep Tape Input 1n sect10n 9080451 Te

"TAQ‘source Itne«'must not be01n w1th the UPDATE command character-

Vﬁ;rs, A scurce lines if it appears in the UPDATE command stream, is
- gcop1ed onto the output f1le. ' e ~ L

"Example~ UPDATE:L IN:GUT:BLACK
: . THIS IS & SOURC: LINE
3423 N

$26528
830 '
‘$DONE

The source f1le IN on the currently selected unit is updated and
the output written tc source file OUT with LABEL BLACK on the
sameé units The new file consists of THIS IS A SOURCE LINE
- folloved by lires 1 throuch 235 26 through 28 and 30 though the
end of the f11e- All update input is locoged to the printers

GeBaboks VERIFY='Verify File/NDiskette Label

Load: ' -
VERIFY Un1tsDSV o
VEsOption FilesLabel

Cptions:

File is a data files
~ File is an object files
. File is @ relocatable files
File is’a source files

Mmoo

- Note: Options are cnty perm1tted for the second lcad requests
VERIFY s used 1in batch ,(cards: tapes file command) mode to

verify that a diskette has the expected dskname (that the correct

diskette is lcaded)s : ; :

‘VCRIFY can also be used to ver1fy that a file is present and has
the expected label by {oading the utility in the second load

format., o

VERIFY signals an error condition if the expected OSN or file
“label does not match the actual cnes

Example- VE 1,IHADSK



"VEsQO 1eFILESLABEL |
Verify that the dfskette cn unit one has dskname IMADSK.

Verify that the cbject file FILE on unit one has |abel LABSLa
G294 Niskette Errors

Certain general types of errors in diskette input/output occur as
follows: :

Search Check A sector c¢an not be found, Either the
diskette is improperiy formatteds the heads
are ceeked to the wrong tracks the prior
secter had a cyclic check errors no diskette
is mounteds the drive's door is cpened or the

- hardware is mazlfunctionings

Read Check A cyclic check comparison repeatedly failed
after severa| attempts at reading the datae
This conditicn indicates that the data was
recerded dncorrectiye

Verify Checkx A cyclic check comparison failed during a
: write operaticns The error may be 3in the
- previcus sector (indicating incorrectiy

recorded data) or in the sector being wWritten
if the verify option is used (indicating a
fdamaoced disk surface)e :

Unit Inoperable The diskettes unit is inoperzbles This
condition is most usually caused by reloading
the wunit at a3 time when a reload was not
permitted <(EsGe» relozding the source file
diskette unit in the middie of an assemblyle

¥rite Protect A write was attempted to 2 diskette which was
write protected (write tab attached or write
protect butten depressed)e

Segment Load Error In an cverlay progorams an attempt to load an
overiay secment failed due to a diskette
input errors If this happenss the object
program file shculd be abandoned and a backup
CcpY usede

x Formerly called 2z Write Checkes



(SPD/DOS Error Codes

";: 9.15.1;"ASSE”ELE E£E°f Ccdés.

AS
AS

AS:
AS

- AS

AS:

. AS
~AS
AS

AS
11
12

AS
AS
AS
-AS
- AS
AS
AS
AS
" AS
AS
AS

"AS

AS
AS
AS
AS
AS
AS
AS
AS

AS

AS
AS
_AS
AS

AS
AS
AS

AS
AS
AS
AS

. AS
- AS

AS:

01,
02

03
04
05
oé

07
08

c9

10

13
14
15
17
18

19
20

21

22

23

24

25
26
27

28
30

31

33
34

'35

36
37
38
39
40
41
L2
43
44

45

L6
L7

~ Frror opening
- Errcr cpening

"Error creating cbject
~Error crezting object
. Frror

Frror

£rror cpening

" Error reading
‘Error reading

Error writing

“Errer writing

32

Secment lcad errore

source filea
scurce files
Error cpening
Eirror cpening source files

Errcr creating object fijes
file.
Tileas
files

Creating chject
creating object fiilee
Frror creating object files
Errer cpening work files
work filee
work Tileas
werk files
smalla

socurce fTiles
scurce fTiles
socurce files’
source fileas
obtject filee
object fTiles
cbject filea.
cbject files
object files
vork files
woerk filee
work files
work filee
work files
work filee
work fTiles
Work files

Errcr opening
Error cpening
York file too

reading
reading

Error
Errcr

Errcr writing
Frror writing

Firror ¥riting
Frrer reading
Error reading
Errcr reading
Errcr writing
Error writing
Errcr writing
Error writing
Frror writing

Parameter format errcre

Frror cpening list files
Error cpening list files
Errcr copening list files
Frror cpening list files
Error opening list file»s
Errcer writing list files
Error writing list filees
Errcr writing list files
Errcer writing list filee
Errer writing list fileo
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‘changes in SPD/DOS.

scurce files .

 NOTE: ;Thesé:effor codes ha#é‘
~not been updated to reflect

Hence soms
(Search checke are wrong.
Read checke : :
Unit inoperable

File nect fcunde -

Search thecks

Read checks

Unit inoperables

Duplicate file name.

¥rite protects

File area fulls

Search checks

Read checkos

Unit inoperabliees

Fiile not fcund

Search checke

Read checke

Unit inoperabiles
Missing end of filee
Search checke

Verify checke

Unit inoperables
File area exhausted.
Write protects
Search checks

Read checks

Unit inoperables
Search checks

Verify checks

Unit incprabl es

Wcrk Tile fulle

‘Mrite protecta

Search checke
Read checks
Unit inoperabie,

"File not fcunde

Krite protectes
Search checkas

Verify checka

Unit inopeablee

File area exhaustede
¥rite protecte

Incorrect file'allocaticn for disk relcade



9410e2» CNFEG Error COdkES

CNO1
CND2
CNO3
CND4
CNO5
CNO 6
CNO7
CNOS8

G210e3n

€001

€noz2
cooz
Co04
€005
€o0¢6
cao7
cocs
coge¢
co10
co11

€012
€013
€014
€o15
Co1¢
co17
€018
Co019
co2s
£3021

€022
€023
€024
cC2s
coz2é6

Attempted use

Error
Errecr
Error
Errcr
Frrer
Frrer
Erreor

Frror
Errcr
Errcor
Error

Errcr

Error
Error

Error.

Error
Error
Errcor

‘Errcr

Error

Error

Errcr
Erreor
EFrror
Error
Error
Errer
Error

reading
reading
reading
writing
writinc
writing
writing

COPY Frror Ccdes

cpening
opening
cpening
cpening
creating
creating
Creating
creating
treating
creating
reading
reading
reading
reading
¥riting
writing
writing
writing
writing
reading
writing

in other than keyboard mcdes

label
label
label
label
label
label
latel

input
input
input
input

cutput
cutput
cutput
output
sutput
output

input
input
input
input

records
records
recorda
records
records
records
records

file,
files
fileas
filea
files
files
filea
files
filea
files
Tiles
files
files
files

output files
output files
output Tile,
cutput file,
cutput fileas

external
external
BEocot mode progrem too

Search checke
Read checka

Unit inoperables
Search checke
Verify Checke
Unit inoperable.
Write protecte

Search checke

Read checkaks

Unit inoperabilee
File not fcunds
Search checke

Read checke

Unit inoperableo
Duplicate file names
Krite prctecte

File area fulle
Search checks

Read checks

Unit inoperables
Hising end of file
Search checka

Yerify checks

Unit 1inoperablea
File area exhausteds
Write protects

mediume
mediurme
lecng tc write tc Cassettee

Missing Ds 0s Rs S option or more than one ocpte
Parameter format errors

Segment

VYerify errcrs

locad errcrs



9s1C0s5« DCOPY

pcot1
pCcoz
DCo3
CCO4
BCO5
pcoé
neov
neos -
PCO9
9c10
nc11
DC12
DC13 .
0C14
DC15
DC1é
DC17
DC18
DC19
nc23
DC24
DC25

. Errer,
. Erfror
~ Errer
. .Errer
- Errer
- Error

- .Brror

Frror
~Error
. Parameter format errore

- Brror
Error

- Missing
cptiona.

Error Codes

creating files
creating files
creating Tilees
creating files
creating files
creating filee
initializing file.
initial izing Tiles
initializing files
initial izing filee
initializing files

Frror.

Errcr

Error Codes

files
filee
filea
files
files
files
files
filee

Hnput
dnput
input
input
input
input
input
input
input files
input filee
input filee
input fTilees
input filee
dnput files
output files
output files
output file,
output file,
cutput files

Errer
Errcr
Errcr
Error

‘opening
opening
cpening
opening
creating
creating
creating
creating
creating
crezating
reading
reading
reading
reading
Wwriting
writing
writing
writing
wWriting

Error
Errcor
F:rror
Frrer
Error
Errer
Errcr
Errecr
Eirrer
Errecr
Errer
Frror
FError

Parameter format errore
Segrent locad errore
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- Search checkes

- Read checks
Unit inoperables

Buplicate file names

¥rite prctecte
File area fulle

~ Search checks
-Write checks

Unit incperables
File area exhaustede

 Write protects .

Search checks

Read checks

Unit inoperable.
File not founds
Search checks

Read checks

Unit inoperables
Duplicate file name,
¥rite protecta

File area fulls
Search checks

Read checke

Unit inoperables
dvissing end of filee
Search checks

Verfiy checks

Unit inoperablea
File area exhausted.
Krite protecte

Bs 05 Rs or S option or mere than one



9210a6e EDIT Errcr Codes

EDNC1
£D02
£003
F004
£Dpas
Fp0é6
FDO7
ED0E
FDOS
FD10
FD11
FB12
ED13
EN14
ED15
ED16
ED17

921047 ERASE

ENG1

EnNG2
FDO3
EDC4
FDO5

EDDE&
EBD7
ENQS
ENGY
ER10

9910484

Fog1
Foo2
Foo3
FOO4
FoO0S
Fooé6
Foo7
Foos
Fogoe
Fo10
Fo11
F012
FO13

Error

input
input
input
input

cpening
cpening
opening
cpening
Creating
creating
Creating
Creating
Creating
creating
writing
¥riting
writing
¥riting
writing
Segment

Error
Errer
Error
Frror
Error
Error
“rror
Error
Frror
Frror
Srror
EFrreor
Error
Error

cutpu
cutpu
outpu
cutpu

output
output
ocutput
ouytput
cutput
load errore

cutput

cutput

fileas

files
files

‘fiie.

files
t file.
t files
t filee
t files
files
files
Tiles
fileos
fiie,
files

Parameter format errore

Error Codes

reading direct
reading
reading
writing
writing
writing
writing

Error
Errer
Frror
Erroar
Error
Frrer
Error

direct
direct

direct

Orys

directorye

orYe
Crys

directorys
directorye

Crys

Search checks

Read checkes

Unit 1inoperablea
File not foundo
Search checks

Read checks

Unit inoperablee
Duplicate file name,
krite procecte

File area fulle
Search checke

Verify checks

Unit inoperables
File area exhausteds
Krite protecte

Search checke
Read checks

Unit incperable,
Search checke
Verify checkes
Unit dnoperabies
Write protecte

Specified file not found 2nd I option nct sete
Missing Ds O0s R» or S cptions
Parareter format errcrs

FORMAT Error Codes

formating disk
fecrmating disk
formating disk
formating

Error
Error
Errcr
Srrer
Errcr
Error
Errecr
Errer

wkriting disket

disk
Writing diskettes
writing diskettes

ettes
ettes
ettee
ette.

tEa

Writing disketteas

Parzmeter format errore

Segment lcad errors
Errer reading label
Frror reading latel
Errcr readine label
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recorde
recorde
records

Search checkas
Verify checke
Unit incperables
Write protectoe
Search checks
Verify checke
Unit inoperables
Write protecte

Search checkos
Read checka
Unit incperables



LIST Errcr Ccdes

- L1o1 - Errcr opening

© . .LI02°  Error opeping
o 'LIO3 © . Error opening
~ . LIO&  Error cpening
. LIOS " Error reading
. LIGS6  Errer reading
.. LIO7 - . Frror reading
T LIOS  Frrer reading
. LIBS  Missing Ds 0s
o110

files

filee

files
files
files o

files

file. 

files

R or 8 opt

'9210a10s Nucleus Effcr‘todes 

Zrror reading

directorya

NU31

NUO1
. NuO1 Error reading directorys
NUO1 Frror reading directorye
NUDT Errcr reading label sectcre
NUG1 Error reading label sectore
NUQ6 Error reading label sectores
NUCT Eirrer cpening object filea
- NUDS Errer cpening object files
NUQgg¢ “rror opening object file,
“NU10 Frror openinc object files
NU1T1 Error loading procrams
- NU12 Frrer loading programe
- NU13 - Errcr loading programs
- NUT4 Errcr loading programe
NU1E Frrer loading procrams
NU16 Errer loading programe
NU17 Errer opening command filee
NU18 " Errcr opening command files
NU19 Error cpening ccmmand filee
NU20 Errcr cpening command files
- Nu21 Error resding command files
- NU22 Error reading command filea
NU23 Errcr reading command filee
NU24& Errcr reading cocmmand files
NU25 Card reader not cenfigureds
NU26 Tape reader not ccnficureds
NU27 . Command format errore v
NU28 Error writing label sectors
NU29 Error writing label sectors
NU30 Error writing label sectcre
SECLOrs

Error writing label
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. Search checks

* Read checks
Unit incperabies
File not founde
Search checks
Read checke -

Unit inoperable,

“Missing end of file
‘ iches : e
Parameter format errorsa

‘Search checks
Read checkes

Unit inoperables
Search checkoe

‘Read checks

Unit inoperables
Search checks
Verify checke
Unit inoperabie,
File not foundes
Search checke

Read checks

Unit inoperables

Improper object fiie
formate

Wrong system or Boct
modes

Insufficient memory on

20720 or 10724

Search checke
Read checkes

Unit inoperables
File not founds
Search checke
Read checke
Unit incperabiee
Improper formats

Search checkas
Write checks
Unit incperables
¥rite protects



9«1Ca11s PACK Error Codes

PAC1
PAQ?
PAQ3
PADZL
P AQS
PADG
PACTY
PACS

Error reading
Frror reading
Frror reading
Frror ¥riting
Frrer writing
Errer writing
Error writing

diskettes
diskettes
diskettes
diskettes
disketteas
diskettes
diskettes

Parameter fcrmat errors

Search checks
Read checks
Unit inoperabiles
Search checke
Verify checke
Unit inoperables
¥Yrite protecte



MQ¢Error
- EBrroer
~ Frror

Error

- Errer.
~Error
Error

~Error

Frror

‘Frror
 Frror

Frreor

Error
Vork file size too smalle

Eirrer
Errcr
Error

Frrer

Frror
Error
Error
Erreor
Error

~Error
‘Frror

“rror
Frreor

Error
"Error

Error
Error

Segment

cpen1ng,
opening
cpening

cpening

creating

creating
creating

creating
creating

relc

relo

relo
relc
relo
rele

scurce files
source files =
‘'source files
source files
creating o

Tilee
files
fiIEo
Tilees

filee
files

opening work fTilea

opening werk filee
opening work files
opening w®Work files

’Séarch checks

reading
reading
reading
reading
writing
writing
writing
writing
writing
reading

readirg

reading
writing
writing
Hriting
writing
writing

source Tiles
source files
source Tiles

source fi)e.‘

relc filee
relc Tiles
relc fileo
relc fitee
relo files
work files
wcrk filee
work Tiieoe
Wwerk files
work files
work fileo
wocrk fiiee
work files

lcad errore

Pearameter format errors

Error
Errer
Error
Error
Errer
Errcor
Error
Frror
Frrer
Errcr

cpening

opening

cpening
ocpening
opening
writing
writing

¥riting

writing
Yritino

list ;
Jist filee

list fiies
list files
file.

list files
fist Tiles
fist filee
list fileas
list Tiles
list Tiles
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Read checke i
Unit inoperable

File not found

Search checke
Read checks
Unit 1noperable

‘Duplicate file names

Write protects
File area fulle
Search checke
Read checks

Unit dncperable

Fileknot found.~

Seach checke
Read checks
Unit 1incperable
Missing EOQOF
Search checke
Verify checke
Unit 1inoperable
File area full
krite protecte
Search checke
Read checkes
Unit incperable
Search checke
Verify checks
Unit incperable
Work file fulls
Krite protecte

Search checke
Read checke

Unit inoperable
File not founds
Write protecte
Search checks
Verify checke
Unit inoperables
File area fulls
Write protects

Inccrrect f1le allocation for diskette reloade




9.10.12- RFNAMF Error Codes

RED1 Error reading directorys Search checks
REQD2 Errcr resding directorys Read checks

RFO3 Errer reading directorys Unit 1inoperableos
REOL Specified file not found.

RFDJS Errcr writing directoryes Search checks
RFO & Errcor writing directorys Verify checke
REQ7 - Frrer writing directorys Unit inoperables
REOG Frror writing directory. Write protecte
RETO New file name not uniques

RE11 Missing or duplicate optione

RE12 Parareter format erroras

9a10213s TMOVYF Frror Codes

TMC1 Tapge unit is off line or formatter turned offa
THOR2 Attempt, to backspace past BOTa

TMO3 Attempt tc pesiticn past dcecuble end of filee
TMO4 Attempt to position past EOTs

TMCS Read error during list opticne

TMOé Parmeter format errore
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Oelbe UPDATE.

A;‘UPD1S.,
-.upo2
yPoO3
 UPD&
~yP0s
urg6
- UPd7
UP08
- UPDY9
~ UP10
- UP11
uP12
UP14
uP1s.
uP16
UuP17
UP18
Ur19
uP20
ue21
uer22
UP23
ur24

uprP25
UP26
up2v
upz28
up29

921015

VEO1
VEQ2
- VFO3
VFEQ4
" VFO5
VEO S
VFO7

- Error

rror Codes

merges Search check

~opening input cr

- Error opening input or merces Read checke
Errer opening input or merges Unit incperables
Errcr cpening input or merges File not founds

 Error creating output files  Search checke

- Error creating output filea Read checks
Errcr creating cutput filea Unit incperables
Errcr creating output files Duplicate filea
Error creating output files Hrite protects
Error creating output files File area fulla
Error reading input or merges Search check
Error reading input or merges Read Check

- Error reading input or merges Missinoc FOF.

- Errnr writing output files Search checke
Error writing output files Verify checke
Errer writng output files Unit incperables
Frreor writng output filee File area fulls
Frror writng output files Write protects
Frror reading ccmmand files Search checks
Error reading command files Read checke
Frror reading command files Unit inoperables
Frror reading command fifes

Scurce feormate
End of file on cominand inpute ~

Segment

VERIFY

‘ "UPNATE command errors
- UPDATE command errcrs

UPDATE command errGre
Parareter format errcrs
lcad errors

Error Codes

Errer readings
Error readings

Errcr readinge
Spec ified file not found.

File |zabel match verify errcre

Diskette serial number match verify errors
Paraweter format errores
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Unrecognized types
Syntax errors
Line number errora

Search checks
Read checks
Unit incperables



. 9e10a16s ZAP ESrror Codes

ZA01

ZA02

ZAOQ3

ZAD4
ZAQS
ZADS
Za07
ZAD8
ZAD

<A10
ZA11
ZA12
ZA13
ZA14
ZA1¢S
ZA16
2317
ZA18

Zpr19

ZA20
ZA21
ZAZ2?

ZA2%
ZA24
ZA25
ZA26
Zpa27
ZA28

7229

ZA30
ZA31
ZA32
ZA33
ZA3L

ZA306
LAZ7

ZA38
ZA3G

Error
Frror
Error
Frrer
Error
Frror
Error
Frror
Error
Error
Srror
Error
Error
Firror
Frror
Errer
Error
Errnr
Errnr
Frreor
Frrer
Srrer

Error
Errer
Errcr
Errer
Error
Error
Error

cpening
opening
cpening
cpening
Creating
Creating
treating
creating
creating
creating
reading
reading
readinrg
writing
¥riting
¥riting
¥riting

writing

reading
reading
readiro

reading

reading
reading
reading
writing
writing
¥riting
¥riting

fitee
filee
files
filea
files
files
filea
filees

input
input
input
input
cutput
cutput
cutput
output
cutput Tiles
cutput fTiles
input files
input fileo.
input files
output Tiles
output fTilea
ocutput fTilea
cutput files
output filea
ccmmand fTiles
command filee
command fiies
cemmand filee

image
image
image
image
image
image
image

ccre
cocre
cere
core
ccre
cere
core

work files
work
work
work
work
work
woerk

Search checkes
Read checke

Unit inoperabies
File nct founde
Search checke
Read checke

Unit inoperabies
Duplicate file names
Write protectes
File area fulle
Search checks
Read checke

~Unit inoperabile.

Search checks

Verify checke

Unit 1inoperabies
File area exhausteds
Write protecta
Search checks

Read checkas

Unit incperabile,
Missing end of file,

Search check
Read checks
Unit inooere
Search check
Verify check
Unit 1inopers
krite prot

files
filee
filea
files
files
fiies

End cf command file encountereds
Parzmeter format errors

ZAP ccmmand format errcrs
L cemmand dinvalid (no input file)

S command

inval id

(nc

glready storeds

Vroro

system

presentdes

Segment

locad e

(Wrcno model

rrore

output

file or

TPU» external

ZAP V reject due to datas mismatchoe

Error

writing

lcad cassettes

segment

memory






1C0s SPD/DOS Assembler Guide

The SPD/DOS Assembler is a2 utility which allows the user to
prodram directly in mnemcnicse It permits full access to the
capabilities of the prccessing unit (TPU) while relieving the
programmer of the mammouth tasks associated with writing machine
codes

The mnemcnics reccgrized by the assembler are identical to those
giyen in section 25 Instruction Repertoires In additions various
pseudo-ops are available which <centrol the assembly process
itself.

The ASSEMBLE utility al lows assembling scurce statements into
absolute code in @ form suitable for lcading by the DOS lIpadera
The RASSEMBL utility assembles scurce ccde 1dintec reéleocatable
modules suitable for 1inclusion into zbsolute assembiies through
the IN pseudc-cpe This section is intended as a quick reference
guide to the SPD/DCS assembler and relocatable assembler
utilitiese For a ccmplete descripticn of the syntax of the
language 2nd more detziled information, consult the SPN  Symbolic
Assembly Languace Reference Manuale

10e1s Assembly Scurce Format
Scurce line length: 80 <characterss but the SPD/DGS editor

restricts line length to 64 characterses

Charscter set: Ugper case ASCII sety Codes X'120' - Xi15Fi,

Special characters: Typical Use:

3 Jellar Assembly symtols

& Ampersand Title modification

! Qucte Delimiter

( Open parenthesis Expressicns

) Clecse parenthesis Expressicns

* Asterisk Multiplications comment
% Percent Names and Labels

i Hash Comments

+ Plus ) Expressions

3 Comma Gperand separaticn

- Mirus Subtraction

. Period Operands

/ Slash Divisicn
0-9 Digits * %%

= Equzals Literalss expressions
2 At Index ing
A-Z lLetters %% %
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. Column Conventions:

Source Line Format

:°?“lifﬁ0'}x ff¥f16'_J 'f( 3g*‘

'-ff'rLat;él't ~ Opcede - Operands‘*Commen£s'

Comment Lines:

% ' Comments

1:

- B Deletable CommentS' :

 Title Medification

‘Main Title Modification
Sub-title Mcdification

10,2.‘ =~xpressions

Data Constant SpeCification

n
g1
g!
X1
ta
e

or DIn! Decimal dinteger

nt " . Binary integer

n’ o Cctal integer

nt Hexadecima|l integer '
'~ single character ASCII constant *
bt Dcuble character ASCII constant

Assembler Symbcls

$

$8
D
$L

$X

* %

*

Current value of Locaticn counter
16 bit wvalue set during Assembler load
~ Buplicaticn ctount
. 'Current value of Load counter
or 3C The location of the CUR: FFE
L - Zero constant operand

To include a quote one simply writes '''.
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Assembler Operaters
Order of Precedence

Highest

— s T e " g S e, S

* /

T . W s W s, S i, ey S e

—— -

— -, o

»EQa
sl Te

100241

Lead:

— " — . " g

——  —— —— oy, -

sNEe 26T
2LEs o+GFa

——— S s S s W= apn SO

— Ty T o —

— o " e

ASSEMBLE/RESSEMBL: QOptions

ASSEMBLE<sC0ptions> Sfilecsb<aslfiled<siabeld>>
AS<sOptions> Sfile

RASSEMBL:

Load:

Relccatable Assambly

RASSEMRL<sCoticnsY STfiledsb<srfiled<sLabel>>
RAa<sB8pticns> STile

Note the nesting «of parcmeterss This specifies the parameters
that may be omittede -

Cptions:

A

%0

mm

Alternate Unite The cobject or relocatable file is
generated on the unit opposite from that impiied by the
calls

Both passs Print on pass 1 and pass 2w

Clearn. Enforce LIF §: IF/ENDF and deleted code are never
printedas

Definitionse INclude DOS standard definiticns medules
Use cof this opticn can be avoided by INcluding D&DEFS at
the appropriete location in the codee

Frase duplicate gbject filee

Full liste Enforce LIF 2 mode: All IF/ENDF., plus deleted
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xH

_ Generate I code:ﬁ
. listeds ‘ )
" Hold IN code: Enforce LIN 09 INcluded code 15 l1sted"j: N
 only for errorsa & L s
. Inhibit cbiect file productTOna R P
Kill Hash  commentse Enforce List 2 modee Ejects and

code is printeds

Fnforce LIN 5i; INcluded ,code i

subtitles are used to format the listinge-

- Fnforce List 3« Hash comments are listeds

No Printers: Print source listing in LIST files

Omits Omits literal cross referencesas

Paper .saves Enfeorce List 1 eject and subt1tles' are

~treated as commentsa. Hash comments are killece

Quick Assembly- XREF Js No cross reference is generated.'

,_Peference Lnacsenbled- Enforce  XREF 2. Crcss reference‘
for deleted IF/FNDF code is generateda

Short List: Print only errorss V
Table of Contents, Shous the initial page number of each
subtitle linee It 1is printed immediately before the

listing of the first subtitle lines

Unlist deleted ccde: Fnforce LIF 1. Code deleted: plus
IF/ENDF lines in faise IF rangess is net orinteds

Verify writes to objects WORK and LIST are never

verifieds , , :
Cross - Reference: FEnforce XREF 1. Collect cross
references in assembled arease ‘

- ASSEMBLE utitity only

10-4
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10e2e2» Assembler Pseudo-Operations

o Sty S s s O e, S o " iy T S e, W ey S ot S i T . " i, s D g W e, T s i W T sni T e W ey T s, S e, O s e s O g A e

O D WO s VD . W o T e e Wty W s i, W s S st V. v O e O s, D e, e e < e W o W Yo o — — G T <t o S o . < o o

DATA

DEFINITION

PROGR AM
CONTROL

- e -

w =

v

sV I ]
@ W

symbli

2axsl

MNFMONIC
ADDR edsedasas
ADDR  n<ed>
ALGN
B8SS n
BSZ n
BYTE edsedss s
BYTE n(ed>
DAC {address>
DACx*¥ <address>
HFX <hex>
LBL
LTXT d<string>d
LTX& d<string>d
TEXT d<string>d
TXT8 d<strino>d
LCRO Ed:Ed-ca
WORD n<ed>
BGOT
BSL n
CNFE6 n
DEF symbi

. Lur n
FAM n
END <entry>
ENDF
EQU n
ESEEC <entry>
IF {test>
IN filesmodulie

10-5

Generate twe byte datas

n=explicit decimal
integera
Align data to vord
boundary

Define n stcrage bytes
Zeros n storage bytes
Generate byte data
n=explicit

integer

Cenerate address const
Set indirect bit on
tenerate <hex> data

decimal

Generate label data
Generate lower case textes
Set MSB on

Cenerate text string

Set MSB on

Generate werd data
n=Fxplicit decimal
integer

Set Bocot mcde

Specify local literals
n=Number of bytes, evens
available

Specify Configureation

n=10s20524 52550

Define symbol

Puplicate source tine n
timess

Enter Extended Addressing
Mode 1T n=1e If n not
givens EAM 1

End  Assemblys
cpticnal

End Condas Assembly
Equate symbol to value

{entry>

End cveriay secment
<entry>=Segment entry
points optional

Start Conditiocnal! Assem
{test>=0: Code toc ENDF
ignored

Include Relocatable Mod



- i o e

KEY

| FUNCTIUM;T_

LIT <S)’mb |>ae
| "‘f‘LabeI'iﬁUD”
fgﬁxff"f NOBJ
S x . 0BJ o
xsl - ORG ~<address>
r o TOP ST
- Xslebel SES  <address>
Symb! SET  n
'~"*¢SIZEk szslnksxsz
lsx XORG < locd<sld>
ro XTN symb |
PROGR AM . x EJECT
LISTING LIF n -
LIN n
PACE n
XREF n
~&tit e
fsubtitle
NOTE: Insert after CNFGC

r copy

NrMONIC

File,Module

ﬂapeC1fy

.main pcol
- Define Relocatabie Mcd
" Turn off object output
Turp on

literals
placed in

‘ ma1nc'

n=Vajue to be

object output
Set Assembly origin '
Tep sector code follows

Start overlay segment
- <2ddress>=0rigin - of
. segmentscpticnal o
Set symbcl toc value
Specify memory - size
sz=Last byte addresss

 Top limit for Lit. table.

xsz=Extern2| memory sizes

execution

Set origin
lcc=Locaticn counter: 3
ld=Load ccunter: 3L
" External symbol (s)
Eject listing
Control IF listing n=0:
Never printeds n=1 false
ranges not listeds n=2
Full list

Control IN listing n=0 No

-listing except errors

Set Page Depth to n

Set Cross Reference n=0
No Xrefs n=1: Xref in
Assembled areas n=2: Full
Xref

Main title modification &
must start in column 1
Subtitie modification !
must start in column 1

copy‘ '
reloc module

into a reloc
assembly.
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a Aligned to werd boundary

d . ~Nelimiter: any character not in string
l Label permitted

n As defiped

r Relocatzble Assemblies Only
X Absolute Assemblies Oniy

ed Effective data

wa Word Addresss must be even
% SPD 20 Femily mcdels Only
Label requirer label

symb | Valid assembier symbol

address Valid addrésss as enforced by SIZE

10e3a Addressing Restrictiocns

e T e T e s iy 0 s T o T e 4 s, S e > e, T s, T s S

CNFG  coprt SIZFE Lowx * High
10€25) 4K pefault 0000  OFFF
20 gX 1FFF 000¢ 18FF

' 7¢00 TFEF

1 &K 3IFFF 0000 39FF

7AGD 7FFF

32K 7FEF 0000 7FFF

64K FFFF ac00 FFFF

24 8K 15FF  goou 1BFF
7C00 7FFF

16K 3IFFF Goeo 35FF

7C00 7FFF

Compatible LXK 0ooo 00CO ODFF
7200 7FFF

1 &K 0000 6063 3DFF

7500 7FFF

32K 0coo 0oeco 7FFF

* Note: Segment 0 Low = 0100
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 ,wErrqr’Flags -

_ Tnvalid address bl ST
fVlolatlon of BOOT mode restrlctlon

w

Frronenus c;aracter

Disk Errer for Source or INcluded Data
0dd coperand whee even reguired ~
Forward reference not allowed

Missing END line '

IF-ENDBF nesting error

Label error I
"Muitiple definition

Numeric error

Invalid cperation code

Parenthesis depth errcr

Invalid SIZE or CNFG parameter
Relccatability errcr

SEG-ESEC sequence error

Tabel overflow (Literz! cr Symbol)

- ‘Undefined symbol v : : «

" Missing operand . : ,
Extra operand ' ‘
Invalid lcad leccaticon
Relocatable library or module not found
Syimbel wundefined due to symboi table
overflow : :
Indexing error
Invalid litersl ,

Invelid use of dindirect addressing

NYXE<C—ANIOVOZIHENMTO 0

x I e
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11« Machine Codes Quick Reference

INSTRUCTION SET'

SPD 10/25

W S o S " o . S . — o ———_ — " . " o . s, s O s o

. ASS‘MBLﬁR
MNEMONIC

ADx% ea
ADT ea
ANx ea
ANI ed
cIo fsc
CJTRUx edaswa !
CJFAL % edswa
CJUEQ= edswa
CJIGT* edswa
CJGEx edsva
CJLT= edswa
CJLEx edswa
CINEx* edswa
CLA

CLL

CHx ea
CMC = =% 3
NECx w2
nse

ENR

XOR ’ ed
HALT

INCx® . wWa
IN2x ‘wa
I0R

JFACK % fsCowa
JTACK» fscswa

CODF

10ea
9Ced
23ea
A3ed
cofc
rhed-
Aled-
A2ed-

A7ed-

ASed-

Aled-

AZed-
1éed-
£000
cgoc
?0ea
wa
58wa
coev
CO0¢
"Oed
€001
S0wa
f0wa
caes
Ccfe-
C8fc-

EXECa

TIME

t

O W W . T iy T iy = o, i

<ea> + ACR

ACR ed + ACR
ACR = ACReite<ea>
ACR = ACRe%s<e2>

troller function
ea '
PCR + 4

wa AlCR=ed

wa ACR>ed

wa ACR>=ed
wa ACR<ed

%3 ACR<=ed

PCR wa@ ACRjea
ACR 0

LIR g

ACR:i(ea>

{wa> - 1
nterrupts
nterrupts

g<wa> + 1
<ua> —’<we> + 2




ASSEMBLER
MNEMONIC

i CODE

EXEC.
TIME

-_-_—-—_...v...-_‘_...—_—-.._.._._,..---—_—...._...........—_-___-.._...--..

dJcc0* ’”

‘V_JCEij
.JCEVx

S JCBTx
JCEFx

o JCLTx
- JCLE=
JCNSGx%

JCNCx

- JCNE=
~ JCOD=
S JCPOx
JCFAL %
JCTRU=
- JMPx
JSR=%
LDx
L3I
LDCx
MAC
MAL
MCA
MLA
NOP
OR*
CR1I
RID
SHL4
SBx
"8SB1I
SKP
STx
STCx
HAIT
Wio
WJIMP

o wa
wa

wa

‘wa

wa
wa

wa
wWa

‘wa

wa

ea

ed

=wa

~ ea
ed.

fsc

ea
ed

ea
wa

fsc

¥a

- &D00-
- 8A00-
- 8co2-
Ya
L Wa
S Wa
T ¥a
wa
wa

‘8FQ0-

- 8D00-
8900~
8800-

8301~

3800-

bCGD‘

B3wa
78wa

OCea -

8Ced -

- h0wa

cans -
€003

C004

conez

COCG

30€sa
‘30ed

- CAfc

cogs9

. 18&ea

98ed
8800
Q8es

- 4LEwe
. COOF

cBfc
8Cco0~

- 8900-
 §E0D-
3802-
8C01-

u¥2%tu31ttnj3ttmla¢h”

j.a_sn,gn)d-an)A.J_am.a—gd.a_sw-¢hJN-¢h)@
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- PCR

X
[ 1) IR

PCR

-l

= Co0 =
PCR = wa EQ = ~
PCR = wa ACR LSB = 0O B
PCR = wa (0 = 15 EQ = 0)
. PCR = wa €0 = 1 ' '
PCR = wa C0:= 0 L
PCR = wa EO0 = 1 or €0 =0
PCR = wa Result Byte Msb = 1
PCR = wa €0 = 0. : : ‘
PCR = wa EQ = 0O o
PCR = wa ACR LSB = 1 _
PCR = wa Result Byte Msb = 0
PCR = PCR + &
‘PCR = wa
PCR = wa
wa> = PCR + 2a PCR = wa + 2
ACR = e3> B
ACR = ed
CUR = <wa>
CHR = ACR
LIR = ACR
ACR = CHR
"ACR = LIR ;
Execution Delay: 1 cycile
ACR = ACRe+e<e2>
ACR = ACRs+aed
"ACR = INB o
"ACR = Arith Shift Left 4
ACR = ACR - <ea>
ACR = ACR - ed

Skip next instructicn

~£ea> = ACR
<Wa> 12 LSB = CUR

ENBs Interrupt dait
013 ACR
wa (16 bits)



o -

LEGEND:

c
f
€ea
ed
wa

< 2
eta
2"
X3

It

I = A A VWV

ACR

CHR
CUR
INB
LIR
018
PCR

Execution Times:

'indirect addressing: 1 cycle per Ievel

Device channel
Nevice functicn

Byte Addresss even or odd

effective data

Wo

The CONTENTS of the address
Logical Or

Legical Exclusive Or
lLogical And

Indirect -addressing permitteds
indirect addressing is emplay
~Literal use permitteds

GT
GE
LT
LE
NE
EQ

Ac

rd Addresss must be even

! Literal use permitted if
d and if memory referencea

cumulator

Character Register
Curscr Recister
Input Data Bus

Line Register

Qutput Detea Puys

Pr

caram Counter Register

1 cycle if no jump is takens lse 2 cycies

Hait for action from procramme s ccnsoles 1 cycle 3f no
conscles

¥ait for next interrupts retu n cn NAK to dnstruction
following ¥AIT» :

i TPU cycle = 1+4%5 mictrosecondse

Data Comparisons:

Replace : with cecmparison to be performed (EeGs G6TsLT,
Cursor:<wa> becomess JCGT jumps if Cursor-GT-(ua))
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12s Summary of Centrotler Programming

This section summarizes the INCOTERH Communicetions Control ler
command sets For detailed pregramming informations consult the
INCOTERM Communication Controller Reference Manuale

1247 Asynchrenous Centrecller Commaprd Summary

-___—_‘_-—._-—_—_—_—_,,-_—_.—.__—_—-_—_—_-—._—-_—_-—_—

Command Functicn

cic 3 Reset RTS

Cig 1 General Reset

cio 2 Set Transmit Mode

CI1Io 3 Set Receive Mode

CI0 4 Set Line 3rake/Pricrity Data
CIO0 4 Set RTS

Cio 12 Mask Interrupts

CIO 8 Unmask Interrupts

¥I0 1 Yrite Dats

Wio 2 Set Data Terminal Ready

WIo 4 Reset Datza Terminal

WIQ & Set RTS

RIO 1 Read Data

TIO 0O ACX 1if Controller Present

TIO 1 ACK if Date Set cn Line/No EOT
Tic 2 ACK 1if No Data Set Error

TIO 4 ACK if Nc Overrun

TIC & ACK 1f No Line Brezk/No Cance!

12¢721s Summary cf Merced CIO Commands

T T i U e S e S e S e s O s S e S s, S e s T B et " g, > o

e T T s T e W s S o S s, T s, P oy % g, W e, v, U iy . g, S W i o

CIc 13 General Reset plus
Mask Interrupts

cIo ¢ Ceneral Reset plus
' Unmask Interrupts

CI0 14 Set Transmit Mode plus
Mask Interrupts

C10 & Set Transmit Mode plus
Set Line Brezk/Priority Data
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‘Command

. v S o, S — . A", T s — > — T — - q—— T o W o T s, T s At N gy D W s, W qas T p

S ocroo11

V'jSet Redéivewﬁodé”plbs:

Unmask Interrupts

Set Receive Mcde plus

- Unmask Interrupts

12.25‘,AsynchrchUs'tntrlr/SPDQM ﬂul;ibléxer

T Oy T " | e S, S s, . o Wty T ey . s O e D e T . . s, P G W g W

e S e S i, . T i W g U e . s O ey T i, . o L s, T s T oy, v,

00 £ PV =2 O = =2 00 = $5 Ld N e

,General.ReSet

Set Transmit Mode
Set Receive HMgde
Set Priority Datsa
Mask Interrupts

Unmask Interrupts

‘Write Data

Read Detsa

ACK if Ccntroller Present
ACK if No EOT

ACK if No Data Set Error
ACK if No Overrun

~ACK if No Cancel
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1243+ Party Line Controller Summary

T e T e O s S e 0 e e 40 s e S e, P g o s Y — oy o iy

Comman Function

cCI0 1 General Reset

cIo 2 Set Transmit Mode
CIC 3 Set Receive Mode

CIC 4 Set Line Break

CIc 12 Mask Interrupts

CIO 8 Unmask Interrupts
¥ig 1 Write Data

RIO 1 Read Nata

TIO O ACK 1if Contrcller Present
TIO 4 ACK if No Cverrun
T7IC 8 ACK if No Line Break

12e4e Synchronous Ccntrcilef

———_—_--—_-———_.—._-_.—-——_—___....—...-

Command Function

CI0 2 General Reset

CIC 4 Hask Interrupts

cIio 8 Unmask Interrupts

CIg 10 Set Transmit Mode

CI0 6 Set Receive Mode

Wig n Write Datsa

RIO O Read Datsa

TIO § ACK if Controller Present
TIO 2 ACK if No Data Set Error/Cance]
TIO 4 ACX if No Overrun

TIO 8 ACK if Data set On Line/EQT
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c10

CIo

CIo

Cio

- CIo

CIO

WIO
RIO
TIO
TiO
TIO
TI10

. Command

O NOOO =0 BN

Function

s T T s, T e . W v, T e T e, T e, O e, T e, O oy T e, T s T e, O gy, S

Set Priority Data

'~ General Reset
"Mask Interrupts

Unmask Interrupts
Set Transmit Mode

~Set Receive Mode

Write Data

' Read Deta

ACK if Controller Present

"~ ACK if No Cancel .
. ACK 1if No Overrun
“ACK if Nc FOT
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