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PREFACE

It has been over a year since the rel ease of
ZCPR3, and | have been using | OPs extensively in ny
work with and on the system since then. In many
di scussions with ZCPR3 users, it has been evi dent
that the 1 OP concept and the uses of the IOP is not
clear. While ZCPR3: The Manual (the reference book
on ZCPR3) covers IOPs in sone detail, we felt even
nore expl anati on was needed. Cbnsequently, t he
pur pose of this docunent is to discuss the use and

i npl ementation of 10OPs in nore detail. This docu-
ment al so provides a useful supplenent to the docu-
mentation on the TERM 111 Conmmruni cati ons System

|contact Echelon, Inc.).

This docunment is witten for an experienced
ZCPR3 user with assenbly | anguage programi ng
experi ence. Know edge of the use and i nternal
operation of ZCPR3 is necessary. The references
section provides pointers to sources of nore
i nformati on on ZCPR3, ZRDOS, and the Z- System

Ri chard Conn
July 31, 1985
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1. The Concept of an |IOP

(1 OPs) are segnents of the Z-System

Lnput / Qut put Packages
(ZCPR3 with, optionally, the ZRDOS repl acenent for the CP/ M BDOS)
whi ch contai n groups of | nput/Qutput device drivers for the

Consol e, Reader, Punch, and List |ogical devices. A Z-System can
contain several System Segnents:

Envi ronnment Descri ptor Provi des i nformati on about the
Z- System
Term nal Capabilities Provi des informati on on how to
| TCAP or Z3T) Data control the user's term nal
Nanmed Directory Buffer Contains data relating directory
[ NDR) nanmes to di sks and user areas
Resi dent Command Contains a group of conmands
Package (RCP) that stays resident in nenory
Fl ow Command Package Contains IF, ELSE, FI (End IF), and
( FCP) XIF (Exit all IFs) comrands
| nput / Qut put Package Contains device drivers for the
(1 OP) | ogi cal devices

FI GURE: Z- System Segnents

Al'l System Segnents associated with a Z-System are optional,
but the installation of the Environnment Descriptor and Term nal
Capabilities segnents is highly recommended, and all System
Segnents should be installed in order to realize the full
potential of the Z-System

1.1. The BI OGS

The BIOS is the system dependent part of a CP/Mor Z-System

A CP/MBIOS is functionally identical to a Z-System BIOS. The
BIOS is divided into two parts: a junp table at the begi nning of
the BIOS and the routines which inplenent the BIOS functions
wthin the body of the BIOS. The junp table provides a
transportabl e net hod of accessing the routines within the BICS.
The base address of the BIOS junp table is found by subtracting 3
bytes fromthe address at nenory locations 1 and 2. Know ng t hat
all junmps in the table are three bytes long and in a specific
order, access to any of the routines in the BIOS can be acquired
by determ ning the offset of the desired BIOS routine fromthe
base address of the BICS junp table and adding this offset to the
base address. The followng figure outlines the structure of the
BICS junp table:

1-1
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d ass Ofset Menoni ¢ Comment
Hex Dec

Boot st rap 00 0 BOOT "Cold" (first-tinme) boot
Rout i nes 03 3 V\BOOT "Warnm' ("' C) boot

06 6 CONST Consol e input status
Char act er 09 9 CONIN Consol e i nput character
| nput / Qut put (© ORI CONQUT Consol e out put. character
Rout i nes OF 15 LI ST Li st out put character

12 18 PUNCH Punch out put character

15 21 READER Reader input character

18 24 HOVE Hone di sk heads
Di sk 1B 27 SELDSK Sel ect | ogical disk
Access/ Control 1E 30 SETTRK Set track nunber
Rout i nes 21 33 SETSEC Set sector nunber

24 36 SETDVA Set DMA address

27 39 READ Read sector (128 bytes)

2A 42 VRI TE Wite sector (128 bytes)
Li st Status 2D 45 LI STST Li st output status

Sector Xl ate 30 48 SECTRAN Sector transl ation
FI GURE: The BI OS Junp Tabl e

Each of the BIOCS routines is precisely defined. The
functions of the routines, the registers used to pass input data
to the routines, the registers used to pass output data fromthe
routi nes, and the side effects caused by the execution of the
routines are known from docunentation avail able through a variety
of sources (see the references in Appendix A).

Fromthe BIOS Junp Table figure, it is apparent that there
are three groups of routines:

1. the initialization routines (COLD and WARM
2. the character input/output routines (including
LI STST)
3. the disk access/control routines (including SECTRAN)

A Z-System supporting an | OP places the second group of
routines, the character input/output routines [including LISTST),
into the body of the I10P rather than the body of the BIOS. The
BIOS junp table is identical in format to that of a standard
Bl CS, but the addresses of the character input/output routines
are addresses of entry points in the | OP rather than addresses of
routines in the body of the BIOCS. The 10P, |i ke the BICS,
consists of a junp table followed by the routines of the ICP.
The junp table entries in the BICS. for the character input/output
routi nes address the junp table entries in the OP, which in turn
address the routines in the ICP
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1.2. Devices and Device Drivers

Consi der the followi ng: DO NOT TH NK OF A DEVI CE AS A PI ECE
OF HARDWARE, LIKE A CRT OR PRINTER Instead, think in terns of
device drivers, where the device is a logical entity consisting
of zero or nore pieces of hardware. The device is defined by a
pi ece of software in a BIOS or I1OP, and this piece of software is
called a device driver. Device drivers are software, and devices
are physical or |ogical hardware entities.

The BI OS supports this concept directly. The CONOUT
(consol e output) routine outputs to a device called a "consol e".
This "console" is assuned by many users to be a CRT, but it does
not have to be. It could be

CRT

nodem

null routine (bit-bucket, or sinple return)

CRT and nodemin parallel (output goes to both

a CRT and a nodem before the CONCOUT routine

returns to its caller)

5. a CRT and printer in parallel (output goes to both
a CRT and a printer)

6. a CRT, nodem and printer in parallel (output goes

to all three)

PowbhrE
Lo

There are nany other possibilities, and in applications like
a Renpte Access System (RAS) where the console is a nodem and
vari ous users access the conmputer over a tel ephone line, the
number of possibilities grows quickly. Sone RAS consol e devices
coul d be:

1. a nodem which also nonitors a tinmer and reboots
the system when a tinme period el apses

2. a CRT/ nodem conbi nati on where i nput comes from
ei ther the CRT or nbdem and out put goes to
both in parall el

3. a CRT/ nodem conbi nati on where input comes from
the CRT and out put goes to the CRT and npdem
in parall el

4. a nodem whi ch does not allow certain characters
(like "C) to be accepted as input

5. a nodem which also nonitors a carrier detect
line and reboots the mcroconputer if this
carrier signal is lost (the user hangs up)

A typical mcroconputer running the Z-System supports a CRT,
a nodem and a printer (at |least), and the nunber of console
devi ces which are possible is significantly greater than four.
The capacity of the standard I/ O byte (which supports at nost
four consol es) has been exceeded.
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1.3. Advantages of an IOP

The 1 OP provides flexibility not found under conventi onal
i npl ementations of device I/Oin the BIOCS (with or w thout the
I/O Byte). While designing ZCPR3, | found the need for the | OP
to be pronounced. Relying on the BIOS for all the device I/0
support was too restrictive:

1. the BICS had to fit on the systemtracks, so it
was tight on space

2. the BIGOS had no hooks (via the standard 1/ 0O Byte)
to provide for nore than four console, four
reader, four punch, and four |ist devices

The i nplenentation of the 10P elimnates both of these
restrictions. Al device drivers which were previously in the
Bl OS could now be placed within the | OP. The burden of
initializing the 10OP on cold boot was added to the BICS, but this
new overhead was far |ess than the overhead of the character /0O
code which was repl aced.

The | OP Buffer, being external to the BICS, can be sized to
nmeet the user's needs. Usually 1K or 1.5K bytes is adequate for
nost needs (Echel on has standardi zed on a | ength of 1.5K bytes).
A | arge nunber of devices can be supported in this anmount of
space, and the LDR command all ows an indefinite nunber of 10Ps to
be | oaded as needed into the 1 OP buffer.

Finally, the IOP is nane-oriented. Al devices in an |OP
can be referred to by name through the DEV and DEVI CE commands of
ZCPR3. DEV and DEVI CE sinplify the user's access to and
selection of devices in an I1OP, allowing himto review all
possi bl e devi ce sel ections and sel ect the desired devices by
speci fyi ng a nmeani ngful nane. Each I OP contains its own set of
devi ce nanes and explanatory comments, so renenberi ng which
devices are available in a particular IOP is unnecessary.



2. IOP Initialization by the BICS
The functions of the Z-System BI OS which uses an | OP are:

1. toinitialize the OP and ot her System Segnents
of the Z-Systemin the cold boot routine

2. to address into the 10P for all of its
character input/output routines fromthe
BIOS junp table

3. to support all disk routines

4. to load the Multiple Command Line buffer with a
command sequence which perforns further
initialization (and | oadi ng) of the ZCPR3
system (i ncluding the System Segnents)

The BI OS nust store a sinple 1OP into the 10P buffer in

nmenory, and this IOP will be replaced with a nore conplete | OP
when the default command line is executed after the BIOS cold
boot procedure conpl etes. This default conmand |ine usually

contains a ZCPR3 alias which includes an invocation of the LDR
programto |load a SYS.1OP segnment. The follow ng figures show
sone sanpl e code which perforns an 1OP initialization. The BI CS
junp tabl e which addresses into an 10P is al so shown.

i op equ O 600h ;Address of | OP Buffer
I xi h,iodrivers ' Default 10P Junp Table in BIGS
Ixi d,iop ‘Location of 10P Buffer
nmvi b, 11*3 -, Size of junp table (11 3-byte
| ¢ ] unps)
copyi op:
nv a,m ; Copy I1OP junp table fromBICS
stax d , into 10OP Buffer
inx h
inx d
der b
Jnz  copyiop

. ;other code in cold boot routine
ret

FIGURE: Sanple I0OP Buffer Initialization in the BIGOS

Col d Boot Routi ne
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Primtive I/ODrivers which are | oaded at Cold Boot tine.

iodrivers:
i opst at : Xra a 'no | OP Status Routine
ret
db 0 ;fill out 3 bytes for junp table
i opsel : Xra a 'no | OP Sel ect Routine
ret
db 0 ;fill out 3 bytes for junp table
| opnane: Xra a 'no | OP Naner Routine
ret
db 0 fill out 3 bytes for junp table
iopinit: ret cInitialize Term nal
db 0,0 "Fill 3 bytes
The following routines are junped into fromthe BIOS junp
tabl e
i const : Xra a . Consol e I nput Status
ret rindicate that no char is pending
db 0 "Fill 3 bytes
i coni n: Xra a ' Consol e | nput Character
ret ;return a binary 0
db 0
i conout : ret ; Consol e Qut put Character
db 0,0 'Fill 3 bytes
ilist: ret ;Li st Qutput Character
db 0,0 'Fill 3 bytes
i punch: ret ; Punch Qut put Character
db 0,0 'Fill 3 bytes
i reader: Xra a *Reader | nput Character
ret 'return a binary 0O
db 0
ilistst: ON Ofh ' List Status
ret 'this always returns with A=OFFH

FIGURE (con't): Sanple IOP Buffer Initialization in the BICS
Col d Boot Routi ne
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i op equ O 600h » Address of | OP Buffer
org bios ; BIOS starting address
jmp cboot , Col d boot entry point (in BIQOS
jmp wboot »V\arm boot entry point (in BIOS
jnp iop+tl2 . Consol e status routine (in | ON
jnp iop+l5 . Consol e input (in I ON
jnp iop+l8 ; Consol e output (in I ON
jnp iopt+21 ' Li st device output (in ION
jnp iopt24 ; Punch device output (in ION
jnp iopt+27 . Reader device input (in ION
jnp home ' Home drive (in BIQS)
jmp  setdrv . Sel ect disk (in BlIQOS)
jmp  settrk ' Set track (in BIQOS)
jmp  setsec + Set sector (in BIOS)
jnp setdnma , Set DVMA address (in Bl OS)
jnp read "Read the disk (in BIOS)
Jjmp wite 'Wite the disk (in BICGS)
jnp iop+30 'List device status (in | ON
jmp sectran »Sector translation (in BIOS)

FI GURE: Sanple BIOCS Junp Table in Support of an |IOP

Wth the code fromboth of these figures in the BICS the
|OP is properly initialized and the BIOS is configured to use the
IOP for all of its character input/output functions. The | OP
presented in these figures, however, is extrenely sinple and only
acts as a place holder to keep the systemfromcrashing until the
LDR programruns to | oad a useful |COP.

The LDR program nust execute automatically on cold boot, and
this is ensured under the Z-System by placing a conmand whi ch
runs LDR on an 1OP in the Miultiple Command Line Buffer of ZCPR3.
Code which perfornms the proper initialization of the Miltiple
Command Line Buffer (MCL) could | ook sonmething |ike this:
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cnmdl i ne equ O 200h raddress of MCL buffer
[ xi h, defcnmd ;address of default command |ine
[ Xi d, cndl i ne raddress of MCL buffer
nvi b, 40 rarbitrary 40 bytes
copynctl :
nmov a,m . Copy default MCL from BIOS
stax d . into MCL Buffer
inx h
inx d
der b
jnz copynctl
c , ot her code in BIGS
ret
def cnd: dw cnmdl i ne+4 raddress of first character to run
dw 0 filler
db 'LDR SYS.IOP',0 'startup conmand |ine

FI GURE: Sanple MCL Buffer Initialization in the BIOS
Col d Boot Routine

The default command |ine could be an alias (like STARTUP),
where this alias contains the command "LDRSYSIOP'. Use of the
alias is the preferred technique since it adds flexibility and
ease of reconfiguration as the user's needs change. Once a Z-
System has cold booted, the STARTUP alias can easily be changed
to add or delete cold boot comrands.
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3. Design and inplenentation of an | OP

An IOP is laid out in a manner simlar to a BICS. Al | OPs
are divided into two parts:

1. a junp table at the front
2. a set of supporting routines after the junp table

Al'l routines in an I1OP are defined in terns of their
function, input paraneters, output paraneters, and side effects.
This chapter serves to docunment all routines within an | OP.

3.1. 10OP Junp Table

The junp table of an IOP is organized as foll ows:

Section Ofset Menonic Descrite tion of Routine

Hex Dec

| OP 00 0 STATUS | OP Status Reporting
St at us 03 3 SELECT | OP Device Sel ection.
and 06 6 NAMER | OP Device Nane Reporting
Cont r ol 09 9 INIT IOP Initialization

oCc 12 CONST Consol e I nput Status

OF 15 CONI' N Consol e | nput Character

12 18 CONOUT Consol e Qut put Character
Bl CS 15 21 LI ST Li st Qutput Character
Interface 18 24 PUNCH Punch Qut put Character

1B 27 READER Reader | nput Character
Il E 30 LI STST Li st Qutput Status

|OP Patch 21 33 PATCH Pat ch Consol e
24 36 COPEN Open Consol e Recorder
| OP 27 39 CCLCSE Cl ose Consol e Recor der
Recor der 2A 42 LOPEN en Li st Recorder
2D 45 LCLCSE ose Li st Recorder
IOP I D 30 48 ID |OP ID (5 bytes = Z3I OP)

FI GURE: Junp Table and ID of an | OP

The | OP Status and Control routines are used to initialize
the 10P, deternmine the type of the 10P, obtain nanes of and
comments on devices contained within the | OP, and sel ect devices
within the | OP. The ZCPR3 DEV and DEVICE utility conmmands
performall of their functions through these four routl nes.

3-1



ZCPR3 and | OPs A Tutori al

The BICS Interface routines in the 10OP are the sane as their
counterparts in the BIOS. The BICS sinply indexes into the |10P
at these routines (see the |last chapter).

The I OP Patch routine is used to make tenporary changes to a
particul ar console selection. It allows the caller to provide
his own drivers for a particular console and have the | OP cal
these when this console is sel ected.

The |1 OP Recorder provides for the facility of sending al
out put intended for a console or list device to a disk file and
remote conputer as well. The RECORD utility conmand of ZCPR3
controls this function.

The IOP IDis used to identify the |1 OP System Segnent to the
LDR conmand of ZCPR3. LDR will refuse to load an IOP into the
IOP Buffer if this IDis not present. The ID consists of the
five bytes 'Z310P' .

In all cases, the programer nust assune that (1) no
registers are preserved by calling routines in an IOP, (2) the
i nput and out put parameter conventions presented in this docunent
are adhered to, and (3) any register not specified in an output
paraneter list nmay be changed fromits val ue before the call to
the 10OP routine.

3.2. IOP Status and Control Routines

Thi s section describes the Status and Control Routi nes of
the 10OP. These routines are:

, £ . oo f .

Hex Dec
| OP 00 0 STATUS | OP Status Reporting
St at us 03 3 SELECT | OP Device Sel ection
and 06 6 NANMVER | OP Device Nanme Reporting
Cont r ol 09 9 INIT IOP Initialization

3.2.1. STATUS

STATUS returns information on the four |ogical devices (CON,
RDR, PUN, and LST) supported by the IOP and the status of the 10O
Recorder function of the 10OP. An identifying nunmber of the | OP
is also returned.

: . | |
The |1 OP concept supports four |ogical devices, as a nornal,
unnodi fi ed Bl OS does. Associated with each | ogical device is a

byte pair which indicates how many device drivers are avail abl e
for the | ogical device and which device driver is currently
selected. This information is stored in a table as foll ows:

| OPTABLE
CON: db count, assi gnnent
RDR: db count, assi gnnent
PUN: db count, assi gnnent
LST: db count, assi gnnent
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In each case, "count" is the nunber of device drivers (0 to
255) avail able for the indicated | ogical device, and "assignment”
is the nunber (0 to count-1) of the device driver which is
currently assigned.

STATUS returns the base address (I OPTABLE) of this table in
the HL register pair.

STATUS also returns with register A=0 and the Zero Flag Set
if there is no I/O device support in the I1OP. If there is I/O
devi ce support, the Zero Flag is cleared (NZ) and A is an
i ndi cator as foll ows:

MSB of A =0 nmeans | O Recorder not avail able
MSB of A =1 nmeans | O Recorder avail abl e
7 LSBs of A mean | OP Nunber (1..127)

If the 10 Recorder routines are active, the nost significant
bit (MSB) of register Ais set. Each I OP nust have a nunber
[sel ected by the inplenmenter), and this is stored in the 7 | east
significant bits (LSBs) of register A This nunber is not used
by DEV, DEVICE, or RECORDER, and is of interest only to the
i npl emrenter to track his various |OPs.

Lnput Paranmeters: None

HL = Address of 1 OP Status Tabl e
A = Fl ag
A=0 and Zero Flag Set (2) if no I/0O device support
A<>0 if 1/0O device support --
M5B of register A indicates if IO Recorder avail able
other bits of register A indicate | OP nunber

3.2.2. SELECT

SELECT is used to select a particular 10P device driver to
be used for a given | ogical device.

Discussion and Notes:

I nput paranmeters are passed in the BC register pair.

Register B is the | ogical device nunber, where CON = 0, RDR
=1, PUN = 2, and LST = 3. Any value greater than 3 results in
no device sel ection and an error code.

Regi ster Cis the nunber of an | OP device driver to select.
Regi ster C may take on any value fromO to count-1, where 'count’
is the nunber of device drivers available for the given | ogica
device. The STATUS routine can be used to determi ne the val ue of
‘count'.

On exit, register A is an error code.

B = nunber of |ogical device
CON =0 RDR = 1
PUN = 2 LST = 3

C = nunber of device driver (0 to count-1, where count is
determ ned fromthe STATUS routine)

3-3
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Qutput Paraneters

A=0 and Zero‘FIag Set (Z) if device selection error
[no device sel ected)
A=CFFH and NZ if selection nmade

3.2.3. NAMER

NAMER returhs the address of a string (sequence of bytes
terminated by a null, or binary 0) which describes a device
driver. This string may take one of two forns:

db "NAME ', 0 ; devi ce nanme only, all caps
or db "NAME textual description',0 ;nane with description

NAME must be followed by at | east one space.

Discussion and Notes:

NAMER returns a string containing the nane and opti onal
description of a device driverL The driver is referenced by a
| ogi cal devi ce nunber passed in register B and a device driver
nunber passed in register C (sane convention as for the SELECT
routine).

The string MJUST consist of at |east a nane foll owed by a
space. Any text following this space is taken as a conment by
the DEV and DEVI CE comands.

Regi ster B is the |ogical device nunber, where CON = 0; RDR
= 1, PUN =2, and LST = 3. Any value greater than 3 results in
no device sel ection and an error code.

Regi ster Cis the nunber of an | OP device driver to provide
the nane for. Register C nay take on any value fromO to count-
1, where 'count' is the nunber of device drivers avail able for
the given | ogical device. The STATUS routine can be used to
determ ne the value of 'count'.

Lnput Paraneters:
B = nunber of |ogical device
CON =0 RDR = 1
PUN = 2 LST = 3

C = nunber of device driver (0 to count-1, where count is
determ ned fromthe STATUS routine)

HL = address of first character of a null-term nated
string which is structured in one of two ways:

db "NAME ', 0
or db 'NAME t extual description',O
A=Error code
A=0 and Zero Flag Set (Z) if device selection error

(B> 3 or C> count-1)
A=OFFH and NZ if valid device nane string returned
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3.2.4. INT

Brief Description:
INIT initializes the devices controlled by the | OP.

. . I |
INIT may performany initializations required. These may
i ncl ude:

1. DART/ USART commruni cations attributes (nunber of bits
to transmt, parity, etc)

2. baud rates

3. 10 Recorder state (recommended to be set to OFF for
bot h console and |ist recording)

4. the initial assignnent of the device drivers for
each | ogi cal device

| nput Paraneters: None
Qut put Paraneters: None

3.3. BICS Interface Routines

Thi s section describes the BIOS Interface routines:

S . O f . L : .
Hex Dec

oCc 12 CONST Consol e I nput Status

O 15 CONI' N Consol e | nput Character

12 18 CoNOUT Consol e Qut put Character
Bl OS 15 21 LI ST Li st Qutput Character
Interface 18 24 PUNCH Punch Qut put Character

1B 27 READER Reader | nput Character
IE 30 LI STST Li st Qutput Status

Al'l of these routines support the sane input and out put
paraneters as the Bl CS.

3.3.1. CONST
i ef oo :

CONST returns the i nput character status of the |ogical
consol e 1 CON) devi ce.

Discussion and Notes:

Regi ster A=OFFH if a character is available fromthe console
device. Register A=0 if no character is avail able.

Do not assune that the zero flag is set or reset. The val ue
of the Aregister is the only output paraneter.

Lnput Paraneters: None
Qutput Paraneters
A=CFFH if character pending, A=O if no character pending
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3.3.2. CONIN
i of S :

CONI N returns the next byte fromthe console. If none is
available at the tine CONINis called, CONINw Il wait until a
byt e becones avail abl e.

. . | ,

Dependi ng on the 1 OP device driver selection, CONIN nay or
may not clear (set to zero) the MSB of the character returned.

Lnput Paranmeters: None
Qut put Paraneters:

A = next byte available fromthe consol e

3.3.3. CONOUT

Brief Description:
CONOQUT outputs the byte in register Cto the consol e.

: . | :
Dependi ng on the sel ected device driver, the MSB of the byte
may or may not be cl eared.

C = byte to output to the consol e
Qut put Paraneters: None

3.3.4. LIST

LI ST outputs‘the byte in register Cto the list device.

Discussion and Notes :
Dependi ng on the sel ected device driver, the MSB of the byte
may or may not be cl eared.

C = byte to output to the list device
Qut put Paraneters: None

3.3.5. PUNCH

Bri ef Description:
PUNCH out puts the byte in register Cto the punch device.

Di scussi on and Not es:
Dependi ng on the sel ected device driver, the MSB of the byte
may or may not be cleared (set to zero).

Lnput Paraneters:
C = byte to output to the punch device
Qut put Paraneters: None
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3.3.6. READER

Brief Description:
READER returns the next byte fromthe reader device.

Discussion and Notes:
Dependi ng on the |1 OP device driver selection, READER nay or
may not clear (set to zero) the MSB of the character returned.

Lnput Paranmeters: None
Qut put Paraneters :
A = next byte available fromthe reader

3.3.7. LISTST

LI STST returns the output status of the |ist device.
Regi ster A=OFFH neans that the list device is ready to output
another byte. Register A=0 neans that it is not ready to output
anot her byte.

Discussion and Notes:
Li ke the CONST routine, LISTST does not necessarily affect
the Zero Flag. Only the value in the Aregister is affected.

Lnput Paraneters: None
Qutput Paraneters:

A=OFHIif fhe list device is ready to output another byte
A=0 if the list device is not ready

3.4. | OP Patch

The 1OP Patch routine is used to change the address of the
device driver for a particular console device. There is only one
| OP Patch routine:

) £ M . L o .
Hex Dec
| OP Patch 21 33 PATCH Pat ch Consol e

WWGimlmﬁ the programmer to tenporarily test an I/0O
device driver by forcing the IOP to index into a trio of CONST,
CONIN, and CONQUT devi ce drivers anywhere in nenory.

: : | :
This function is not required in an | OP and nmay be
i mpl emrented only if desired.
On input, the HL register pair contains the address of a
junp table structured as foll ows:

JMP | STAT ;I nput status (O=no byte, Ofh=hyte)
JWVP | NPUT ; I nput character
JWP  OUTPUT  Qut put character
PATCH repl aces an inpl enenter-sel ected consol e device driver
with the indicated routines. Note that only one of the possible
consol e device drivers is replaced. Hence, when this console is
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selected (by NAME - see the NAMER routi ne docunentation), the
three indicated routines are call ed when the CONST, CONI N, and
CONQUT routines of the I10OP are call ed.

Si nce only one consol e device driver is affected by this,

ot her consol e device drivers in the IOP are still avail able for
sel ecti on.

This feature of the IOP was i nplenented solely for the
pur pose of testing a consol e device driver. O her applications,

particularly in the area of Renpte Access Systens (RASs), are
possi bl e.

HL = addresé of three-entry junp table
Qut put Paraneters: None
3.5. I OP Recorder Routines

Thi s section describes the | OP Recorder routines;

Section Ofset Mienonic DescriVeltion of Routine

Hex Dec
24 36 COPEN Open Consol e Recorder
| OP 27 39 CCLCSE Cl ose Consol e Recorder
Recor der 2A 42 LOPEN Open Li st Recorder

2D 45 LCLCSE Cl ose List Recorder

3.5.1. COPEN

COPEN enabl es an |1 O Recorder for the consol e.

: : | :

The nature of the recorder is up to the inplenmenter of the
IOP. The nane of a file may be passed in register pair DE, where
the file is nanmed in an FCB which is structured as foll ows:

db di sk ;disk A= 1, current disk =0
db " FI LENAME'

db "TYP

db 0

db user ruser 0 =0

If this information is to be used by the 10 Recorder, it
shoul d be copied into an FCB within the I OP for safe keeping.
Under ZRDOS-Plus, redirection of 1/Oto a disk file is
possi bl e since ZRDOS- Pl us supports one-|evel reentrancy.
Two applications of the console | O Recorder are:
1. redirection of characters going to the consol e
into a disk file
2. redirection of characters going to the console
into a physical device, such as a renote
conput er
The STATUS routine of the IOP returns with the MSB of
register A set if the I OP supports | O Recording.
The COPEN function nmust be associated with all console
devi ce drivers.
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HL = address of an FCB indicating the file (optional)
Qut put Paraneters: None

3.5.2. CCLCSE

Bri ef Description:
CCLCSE terninates the console | O Recorder operation.

Discussion and Notes:

If COPEN recorded to a disk file, CCLOSE woul d cl ose that
disk file.

If COPEN sent output to a device, such as renpte conputer,
CCLOSE may send a special control code to the device to instruct
it to term nate recording.

The CCLOCSE routine nmust be associated with all consol e
devi ce drivers.

| nput Paraneters: None
Qut put Paraneters: None

3.5.3. LOPEN

Brief Description:
LOPEN opens the 10O Recorder for the |ist device.

Discussion and Notes: See COPEN.

HL = addresé of FCB (optional)
Qut put Paraneters:. None

3.5.4. LCLOSE

Brief Description:
LCLOSE closes the 10 Recorder for the |ist device.

Discussion and Notes: See COPEN and CCLOCSE.

Lnput Paraneters: None
Qut put Parameters: None
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4. Analysis of a Sanple |IOP

This chapter is a running comentary on the Sanple | OP whose
source code is presented in Appendi x B. All commentary is
referenced by the line nunbers given in this source code.
Section 1 of Appendi x B should be exam ned while readi ng through
this chapter.

4.1. Analysis of the Sanple | OP Source

Lines 1 to 38 conprise the front of the 10OP. Note the base
address of the 1OP on line 6, the junp table on lines 16 to 34,
and the IOP ID on line 38. Wien LDR loads an 1 OP, it checks to
see that the proper nunber of junps and that the 10P ID are
present.

4.1.1. STATUS, SELECT, and NAMER Routi nes

The STATUS, SELECT, and NAMER routines are in lines 49 to
130. It is through these routines that the external environnent
deternmines the attributes of the 1OP and i ssues devi ce sel ection
commands to the | OP.

STATUS returns the address of the | OP Status Tabl e
(I OPTABLE), which is shown in lines 43 to 47. This table is used
to determ ne how nmany device drivers for each |ogical device are

avai |l abl e and which device driver is currently sel ected. STATUS
also returns a value in AL The MsSB of Ais set if the IO
Recorder function of the I10OP is supported. The rest of A

contains a nunber from1l to 127 which is used by the | OP
I mpl ementer to identify the 10OP. If the value of Ais 0, then
the 1OP is considered to be non-operational by the ZCPR3 tools
whi ch address the IOP. The I OP nunber is not used by any ZCPR3
tools except to insure that this value is not zero.

- SELECT is used to assign a device driver for a given |ogical
devi ce. The | ogical device is identified by the B register, and
the desired driver is identified by the C register. B nust have
a value fromO to 3 or an error condition is returned (see |ines
68 to 70). B=0 selects the CON device, 1 the RDR, 2 the PUN, and
3 selects the LST device.

Lines 68 to 78 are used to |locate the byte pair associ ated
wth a given logical device. Since | OPTABLE consists of two-byte
entries, the value of B (whichis 0 to 3) is doubled (to 0, 2, 4,
6) and used as an offset fromthe base address of | OPTABLE. This
| ocates the desired byte pair. Lines 75 to 78 then conpare the
maxi mum nunber of devices to the requested device, insuring that
t he requested device nunber is within range. If not within
range, the error routine (SELERR) is branched to. If wthin
range, the pointer is advanced to the 2nd byte of the byte pair
(line 79), and the new device is selected by storing the contents
of Cinto the current selection byte (line 80).
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NAMER is used to return a string which nanes a device driver
and optionally provides a description. Like the SELECT i nput,
NAMVER expects a | ogical device nunber in B (0 to 3) and a device
driver nunber in C. The indexing and error checking i n NAVER
(see lines 95 to 106) are sinmlar to those in SELECT. Once
certain that B and C are within range, NAMER then indexes through
two address tables to | ocate the string.

The first table, | OPDNAMES, is addressed by the code in
lines 107 to 112. The table 1OPDNAMES is in lines 136 to 140.
At line 107, DE contains the offset (0, 2, 4, 6) into the
| OPDNAMES table for the CON, RDR, PUN, and LST devi ces,
respectively. After line 112 is executed, HL contains the
address of a table of addresses for the strings associated with a
particul ar |l ogical device. In this case, HL contains the val ue
of one of these synbol s:

CONNAMES RDRNAMES PUNNAMES LSTNAMES

See lines 132 to 173 for a review of these tables.

Now t hat the address of the desired address table is known,
the code indexes into this table based on the device driver
identified in the C register. Lines 113 to 121 do this indexing.
Li ke the code in lines 96 to 112, the techni que of doubling the
i ndex value (in the Cregister at line 113) and then adding this
to HL, which contains the base address of the string address
table for a particular |ogical device, is applied. After line
117 is executed, HL contains the address of the address of the
desired string. Lines 118 to 121 sinply extract the string's
address and return it in HL.

Note that, for the sake of debuggi ng, the NAMERROR routi ne
not only returns the error code (A=0 and Zero Flag Set), but it
al so returns the address of an Error Message in HL.

The strings in lines 161 to 172 provide nanes to the various
devices. Note that when no descriptions are provided (lines 161
162, 167, 169, 171, and 172), the nanmes are ternminated by a space
foll owed by an ending O (the string termnator). Al so note that
the nanes are capitalized.

4.1.2. Initialization and Device Drivers

The INIT routine in lines 174 to 181 is sinple in this
exanpl e. It turns off the 10 Recorder flags. In a different 10P
i npl enent ati on, within the INIT routi ne would be code to
configure the DARTS (7 or 8 bits, parity or none, baud rate,
etc).

Lines 192 to 231 show the four basic routines for providing
I/Oto the CRT hardware. Note that these exanples show the CRT' s
DART as bei ng nenory mapped (LDA and STA instructions are used
i nstead of IN and QUT), and the data and status val ues are
inverted (note the CMA instructions in |lines 203, 211, 221, and
229). The val ues returned and the register conventions used are
conpatible with those required for the BIOS routines Iike CONIN
and CONQUT (ie, passing output character in the Cregister).

Lines 234 to 275 show the four basic routines for providing
I/O to the nodem hardware. These exanpl es show t he nodem s DART
as being I/0O napped (IN and QUT are used). Sinmilarly, |lines 278
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to 312 show the four basic routines for providing I/Oto the
printer hardware.

4.1.3. BICS Interface Routines

Lines 314 to 375 contain the routines entered fromthe junp
tabl e which are indexed into fromthe BI OS. Nanely, these
routines (lines 317 to 345) are:

CONST CONI'N CONOUT LI ST PUNCH READER
LI STST

In all cases, the input and status routines (CONST, CON N
READER, LI STST) return their values in the A register and require
no i nput val ues, and the output routines (CONOUT, LIST, PUNCH)
obtain the values to output fromthe C register. Consequently,
since C carries the only input value, the sane code (DRVRUN) can
be used to process all of the BIOS entry routines if DRVRUN does
not have an effect on the C register.

The routines are table-driven. DRVRUN accepts as input the
address of the table for the |ogical device in HL and the nunber
of the logical device in B (as for the SELECT and NAMER routi nes,
B contains a value fromO0O to 3). DRVRUN uses the value in B to
obtain the number of the currently-sel ected device driver from
the | OPTABLE (see lines 356 to 363). After line 363 is executed,
B contains the nunber of the desired device driver. Lines 364 to
367 then double this nunber (in order to use it as an offset),
and place it into DE. Line 368 obtains the address of the device
driver address table.

After line 368 is executed, HL contains the address of one
of the follow ng tables:

TCONST TCONI'N TCONOQUT  TLI ST TREADER TPUNCH
TLI STST

DE contains the offset into the table pointed to by HL which,
when added to HL (line 369), provides the address of the address
of the device driver. Lines 370 to 373 obtain the address of the
device driver in HL, and line 374 (PCHL) transfers control to the
device driver.

Note the device driver tables in lines 376 to 416.

4.1.4. |10 Recorder

The 10 Recorder function is addressed in the BIOS Interface
Rout i nes. Note the call to CRECORD in line 326 and LRECORD in
line 331. The code of CRECORD and LRECORD is in lines 443 to
454. Note that, in this particular inplenentation, CRECORD and
LRECORD sinply send the character to be output to the Modemiif
the CREC and LREC fl ags, respectively, are set. Renenber the
initialization routine, INT, inlines 177 to 181? All INT did
was clear these flags so the 10OP would not cone up with recording
on.

In this inplenmentation, the 1 O Recorder serves to send
output to the Modemas well as to the selected CONOUT or LIST
devi ce. In operation, the user is expected to have run a program
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on the conputer at the other end of the Mddem connecti on which
recei ves characters, sends a -S when its buffer is full (note
that MODOUT in |lines 263 to 275 pays attention to "S), wites its
buffer to disk, and then sends sonme other character (°Q to
resume transm ssion through the MODOUT driver. The ZCPR3 comrand
line "RECORD ON' calls the COPEN routine (lines 460 to 463),

which sinply sets the CREC flag to true. Likew se, "RECORD ON
PRI NTER' calls the LOPEN routine (lines 470 to 473). "RECORD
OFF" calls the CCLOSE routine (lines 464 to 469) which clears the
CREC flag and sends a -Z to the nodem (which tells the program

running there to close its file and exit). Li kewi se for LCLOSE
(lines 474 to 479).
In | ooking back, | realize that MODOUT shoul d have al so

checked for the output of -Z and not allowed it so the recorder
on the conputer tied to the nodem woul d not accidentally
term nate operation. Sli ght oversi ght.

4.1.5. Hardware Conbi nati ons

The sinple device drivers in lines 192 to 313 can be easily
conbi ned into "hybrid" devi ces. The routines in lines 417 to 439
show such devi ces. CRTMODI ST returns the input status fromthe
CRT and Modemin parallel. It indicates if a character is
pendi ng on either device. CRTMODI N i nputs a character froma CRT
and Modem conbi nati on, where the character input cones fromthe
CRT or the Mbdem whichever receives a character first.
CRTMOUQUT outputs to the CRT and Modemin parallel (note that the
C regi ster contains the character to output, and CRTOQUT and
MODOUT do not affect the Cregister in |lines 225-231 and 263-
275).  CRTPRTOUT is simlar to CRTMODOUT.

These conbi nati ons of devices are declared to the | OP
t hrough the device driver tables (lines 376 to 415). Note that
the third console (selected driver is 2) is identified by
CRTMODI ST (line 382) for input status, CRTMODIN (line 390) for
i nput, and CRTMODOUT (line 398) for output. This is the CRT and
Modem in parallel for both input and output. In contrast, the
fourth console (selected driver is 3) is identified by CRTISTAT
(line 383) for input status, CRTIN (line 391) for input, and
CRTPRTQUT (line 399) for output. This is the CRT input with CRT
and printer output.

4.1.6. |1 0OP Patching

The PATCH routine is the last to be discussed. It is in
lines 484 to 500. Note that its sole purpose is to change the
addresses for the fifth console (selected driver is 4). The
addresses for PATI STAT, PATIN, and PATOUT are in lines 384, 392,
and 400, respectively.

PATCH i s extrenely useful in debuggi ng candi date | OP
routines. The consol e can sel ect the TEST device (via the SELECT
routine), the test can be done, and then the consol e can sel ect
sone ot her consol e device to restore order
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4.1.7. Adding Device Drivers

The sanmple 10OP can be easily nodified to add and renove
device drivers. The code for the device driver itself nust be
added, and the follow ng changes nust be nade:

nodi fy the nunber of devices in | OPTABLE (lines 43-47)

nodi fy the string address tables (lines 145-157)

nodify the strings (lines 161-172)

nodi fy the device driver tables (lines 376-415):
Consol e - Change TCONST, TCON N, TCONOUT

PO

Reader - Change TREADER
Punch - Change TPUNCH
Li st - Change M ST, TLISTST

4.2. Term nal Session

The term nal session in section 2 of Appendi x B shows how
the |1 OP which was anal yzed above is assenbl ed and prepared for
use on a ZCPR3 system The comrands are di scussed in order in
the foll ow ng paragraphs.

The command "l asm sani op. bbz" assenbl es SAM OP. ASM and
generates SAM OP. HEX on drive B. The command "nl oad sam op" then
creates SAM OP. COM from SAM OP. HEX (the assenbl er output).

SAM OP. COM is not a true COMfile. It is ORGed at sone
val ue other than 100H (see lines 6-11 in the Sanple IOP listing).
The conmand "ren sanple. iop=samop.com' creates the desired | OP
file, with the file type of 1COP.

SAMPLE. | OP is then | oaded into the I10OP buffer (and checked
for validity before the load) by the command "I dr sanple.iop"”.
The 1OP is now active (the INIT routine was called by LDR).

The comand "dev d a" displays all devices. The device
nanmes and any descriptive coments are clearly displayed.

The conmmand "dev c test"” selects the device named TEST as

t he CONsol e devi ce. In SAMPLE. | OP, TEST is the device which can
be patched by PATCH, and it defaults to the CRT (which is why the
systemis still running). The conmand which follows, "dev d c",

di spl ays the consol e device nanmes and current sel ection.
Finally, "dev c crt" reassigns the device nanmed CRT to the
CONsol e
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5. Extensions to the Original | OP Concept

Sone proposal s have been nmade concerni ng changes to the | OP
standard which promse to (1) enhance the capabilities of the | OP
and (2) make inter-system portability possible wi thout the need
to reassenble the IOP. This section discusses these proposals.

5.1. Internally Nam ng an | OP

A nanme may be placed within an |OP after the Z310P text
W t hout i npacting the function of the 10OP or affecting the
operation of tools which interact with the 10OP. This nane is a
string of ASCI1 characters term nated by a null (binary 0).
Tools nmay read this nane to determne if a specific | OP which
they are designed to interact with has been | oaded. The ol d and
new | OP structures are conpared:

Qdiop New | OP Comment s

JIVP XXX JMP XXX '+ standard

¥ <-, junp

JMVP XXX JMVP XXX - table

DB ' Z3|I OF DB ' Z31 OP <-- |OP identifier
code DB ' NAME' , O <-- CHANGE: | OP Nane

Discussion: This extension does not inpact the operation of
any | OP tool which manipulates an IOP in the standard fashi on
(that is, only through the JMP table). No inpact on any of the
standard ZCPR3 tools has been identified. This extension is
advant ageous:

1. Speci al -purpose tools can be created to work

W th speci al - purpose | OPs.

2. The functionality of special-purpose | OPs can

be greatly extended with the ability to adopt standards

for special buffer areas which foll ow the nane. For

exanple, an 1OP with the nanme of TIME may be desi gned

where the bytes following the "DB 'TIME',0" contain the
current tine in sone format.

_Onclusion: This extension is a good idea and i s adopt ed.
No inmpact on any existing software is nade.
Thanks to Joe Wight for this proposal.

5.2. Using Device Drivers in the BICS

The basic philosophy of an I1OP is that it renoves all device
drivers for the CON:, RDR, PUN., and LST: |ogical devices from
within the BICS. Situations exist, however, in which it is
desirable to | eave the device drivers in the BIOS and have the
|OP simply act as a front-end to them The BIOS junp table
entries branch into the 10P, the | OP perforns sone preprocessing
function (such as I/Oredirection into a disk file), and then the
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| OP branches back into the BIOS in order to performthe original
i ntended function (such as console output). The device drivers
for the logical devices are all or partially in the BIOS, and the
| OP's purpose is to (1) intercept the BIOS calls before the
device drivers in the BIOS process themand (2) perform sone
front-end function. Pictorially:

BIOS Call originated by code external to BIOS

\Y,
BI CS Junp Table Vectors into |IOP

\Y
| OP Perforns Front-End Function

V
| OP Vectors Back into BIOS for Device Driver Function

A standard, transportable nethod of accessing the device
drivers within the BIOS is required. That is, an | OP nust know
how to find the required device drivers once it is |oaded. The
foll owi ng proposal is made:

1. An internal |unp table mnust be placed within the BIOS.
The addresses in these JMPs are the addresses of the device
drivers residing in the BIOS. Note that the order of the JMPs is
the sane as the order of the JwPs following the Warm Boot JVP in
the BICS junp table. In this exanple, the base address of the
BIOS is at the [ abel BIOS, and the base address of the |10OP buffer
is at the |label 10OP. The address of the |abel |OPRET is
somewhere within the BIOS after the BIOS junp table. The
followng figure conpares the internal junp table wth the BIOS
junp table.

Internal JanP Table BIOS Junp TIable
BIOS:
JMP  COLD$BOOT

| OPRET: JVP  WARMBBOOT
JMP  CONST IJVP I OP+12 - CONST
JWP CONIN imp |10P+15 ; CONIN
JMP  CONOUT inp | OP+18 + CONOUT
JMP  LIST IJVP | OP+21 ‘LI ST
JMP  PUNCH JVWP | OP+24 : PUNCH
JMP  READER JMP | OP+27 . READER
JMP LI STST JMP | OP+30 LI STST

< more JMPs for Disk I/0 >

2. Since the device drivers are already in the BIOS, the
cold boot routine will initialize the 10OP area to use these
drivers. The following junp table and code is copied by the BIOS
cold boot routine into the 10OP buffer at the base address of the
| OP buffer. A copy operation like this would be done to
initialize the 10P junp table for any I OP inplenentation.
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Initial k)p Junp Table (Installed at Cold Boot)
ijsfbn
Erom Code Comment s
| op:
0 XRA A ; RETURN "NOT | MPLEMENTED" VALUE
RET ; OCCUPI ES 3 BYTES IN PLACE OF A JMP
NOP
3 XRA A ; THERE ARE FOUR BEQ NNI NG JUMPS
RET
NOP
6 XRA A ; JMP 3
RET
NOP
9 XRA A  JMP 4
RET
NOP
12 JWP | OPRET ; CONST ROUTINE WTH N THE BI OS
15 JWP | OPRET+3 ;CONIN
18 JMP | OPRET+6 ; CONQUT
21 JMP | OPRET+9 LI ST
24 JMP | OPRET+12 ; PUNCH
27 JMP | OPRET+15 ; READER
30 JMP | OPRET+18 : LI STST
33 DB 0,0,0 ; 3 NOPS TO REPLACE REMAI NI NG JMPS
36 DB 0,0,0
39 DB 0,0,0
42 DB 0,0,0
45 XRA A . NOT | MPLEMENTED
RET
NOP
48 DB ' Z31 OP

Thngl\/Ps at offsets 12-30 branch back into the BI OS. No
ot her functions are inpl enent ed.

3. During the execution of the Cold Boot routine, the
address of the JMP at BIOS will be set to the value of | OPRET.
Two instructions are required to do this:

LXI H, | OPRET ; GET ADDRESS OF | OPRET
SHLD BI OS+1 y STORE I'T IN BIOS JVP TABLE

The only tinme that nost systens transfer control to the JMP
at BICS is at power-on or reset. This change in the BICS junp
table (the JMP to COLD$BOOT now junps to | OPRET, which in turn
junps to CONST) s @pul d have no effect on npbst systens. The
benefit is that an can now | ook at the address at BI OS+1 and
det elr&i)ne where the I OPRET junp table is. Wth this know edge,
t he can access the routines in the |OPRET junp table for the
support it requires.

| ops can be rmwecﬂ) fromsystemto systemw thout the need to
be reasqedvﬂol ed. An generation program can obtain the address
of the | fer fromthe ZCPR3 Envi ronnent Descri ptor and
generate an which will execute correctly when placed in that
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buf fer. SPR (System Page Rel ocatable) formats or ot her
rel ocati on techni ques can be used. Once the | OP begins
executing, it can deternine the address of the BI OS and i ndex
into the junp table at | OPRET as required

Discussion: The only possi bl e probl em which has been
identified is that the original cold boot address may be required
for some purpose unique to a particular system This proposal is
reasonabl e and pernits the transportability of I10OPs at the
binary level. Several |OPs (such as PKEY) have been inpl enented
usi ng this techni que since this proposal was made, and no
probl ens have been detected to ny know edge.

Care must be taken to use |1 OPs designed to obtain device
driver support fromthe address at the BIOS cold boot routine
ONLY on systens which have been installed as indicated above. I|f
this is not done, the I/O support for a systemw Il fail. It is
suggested that the | OP generator be witten to contain a test to
insure that the BIOS cold boot address points to an | OPRET junp
t abl e. This test may be as sinple as checking to see that there
are seven JMP instructions starting at |OPRET.

Concl usi on: This proposal does not inpact the basic
phil osophy of the I OP design in any way. The ori gi nal
functionality of the 1OP concept is retained and extended in an
upwar d- conpati bl e fashi on. The proper safeguards shoul d be taken
in the design of the | OP generators.

Thi s extension is approved and adopt ed.

Acknowl edgnent : Thanks to Joe Wight for this proposal
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B. Source Code for a Sanmple |IOP

Thi s Appendi x presents the source code of a sanple | OP which
has been tested and used. The |ines are nunbered for reference
pur poses. Al'so, the assenbly, linking, and |oading (by LDR) and
use of the I1OP is illustrated by a term nal session.

B.1. Sanple I OP Source

1.

2: ; SAMPLE | OP for study

3: ; by Richard Conn

4: ; 7/14/85

5

6: iop equ OECOOH ; base address of |OP
1.

8: ctrls equ 'S-'@ ;"S
9: etrlz equ 'zZ-'@ "z
10: ;

11: org i op

12:

13.

14: . The 1 OP junp table

15:

16: inp status

17: inp sel ect

18: inp namer

19: i mp init

20:

21: inp const

22: i mp conin

23: inp conout

24: inp list

25: inp punch
26: i nmp reader

27: inp listst

28:

29: inp pat ch

30:

31 inp copen
32: i mp ccl ose

33: i np | open

34: i nmp I cl ose

35:

36: ; |1OPID(required for LDR)
3r.

38: db 1 Z31 OP
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39:

40: ;

41: ; The following is the I1OP Status Tabl e

42:

43: ioptabl e:

44: con: db 50 ;5 consol es, select console O

45: rdr: db 1,0 ;1 reader, select reader O

46: pun: db 1,0 ;1 punch, select punch O

47 | st: db 2,0 12 lists, select list O

48:

49:

50: ; The status routine

51: Return the address of the IOP Status Table in HL
52: ; Return the | OP nunber in A

53: ; This | OP supports recording, so set MSB of A

54.

55: status:

56: [ xi h, i optabl e 'pointer to table

57: nvi a, 82h ;1 O Recorder supported, 10P 2
58: ora a ;set NZ flag

59: ret

60:

61: ;

62: ; The sel ect routine

63 ; On input, B=logical device and Cis driver

64: ; On output, A=0 and zero flag set if error

65 ;

66: select:

67: | xi h, i opt abl e 'pt to IOP table

68: nov a, b :double B so offset is 0,2,4,6
69: cpi 4 ;make sure in range 0-3

70: j nc selerr

71: add b

72: nmov e, a ' DE = offset

73: mvi d, 0

74: dad d ; HL now points to device in | OP
75: nov a,m rget max nunber of devices
76: cnp c . check for driver error

77: 1Z selerr ;error if C = count

78: jc selerr ;error if C > count

79: i nx h ;point to selected device byte
80: nov m ¢ ;sel ect the device

81: nvi a, Offh 'set OK return code

82: ora a

83: ret

84: selerr:

85: Xra a ;set error return code

86: ret

87:



ZCPR3 and | OPs

88:
89:
90:
91:
92:
93:
94:

95:

96:

97:

98:

99:
100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
116:
117:
118:
119:
120:
121:
122:
123:
124

125:

126:
127:
128:

129:

130:
131:

A Tutorial

: The Nanmer Routi ne

naner:

nanerror:

errnsg:

On input, B = logical device and C = driver
On output, HL = address of nane string
On output, A=0 and Zero Flag Set if error

[ Xi h, i opt abl e :check to see that Cis

nmov a, b . in range ... begin by

cpi 4 . doubling Bto 0,2,4,6

j nc namerr or , after making sure in

add b , range 0-3

nov e, a add offset to HL

nvi d, 0

dad d ; HL. now points to | OP Table
nov a, m ;get max devi ce count

cnp c

jz namerr or ;error if C = count

jc namerr or ;error if C > count

[ xi h, i opdnanes ; get address of |ogical

dad d . nanme table

nov em

i nx h

nmov d, m

xchg ; HL. now points to | ogical
nov a,c . name table - double C
add c . to get device driver nane
nov e, a

mvi d,0 ; DE = of f set

dad d ; HL now points to driver nane
nov em address - get string address
i nx h +in DE

nov d, m

xchg 'HL now has string nanme address
nvi a,afh 'set no error

ora a

ret

| Xi h, errmnmsg 'pt to sone nessage

Xra a ' set error code

ret

db '"Name Error', O
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132:
133:
134:
135:
136:

137:
138:
139:
140:

141:
142:
143:
144:
145:

146:
147:
148:
149:
150:

151:

152:

153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:

A Tutori al

This table gives the addresses of the address
; tables for each of the |ogical

devi ces

connanes
r dr nanes
punnamnes
| st nanes

; These tables give the addresses of each of the

and | OPs
i opdnanes:
dw
dw
dw
dw
; | ogi cal
connamnes:
dw
dw
dw
dw
dw
r dr nanes:
dw
punnames:
dw
| st nanes:
dw
dw
’; These are the
bonnl: db
conn2; db
conn3; db
conn4: db
connb5; db
rdrnl:  db
bunnl: db
listnl: db
listn2: db

devi ce name strings

connl :there are 5 consol es
conn2 . (see | OPTABLE above)
conn3

conn4

conn5

rdrnl :there is 1 reader
punnl ;there is 1 punch
[istnl :there are 2 lists
[istn2

actual text strings returned by NAMER
"CRT ', 0

"MODEM ', 0

"CRTMOD CRT and Modemin Parallel',O
"CRTPRT CRT in and CRT/Printer out',O
'"TEST CRT by default', O

"MODEM ', 0
"MODEM ', O
"PRINTER ', 0
"MODEM ', 0

B- 4
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174:
175;
176:
177:
178:
179:
180:
181:
182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:
212:
213:
214

215:
216:
217:
218:
219:
220:
221:
222:
223:

This routine initializes the devices in the |IOP

init:

nvi a, O ;set no 1 O Recording active
sta crec ;consol e off

sta lrec ;list off

ret

This system has three pieces of hardware connected:
1. a CRT
2. a nodem
3. a printer

Al'l devices are hypotheti cal

The following are the sinple device drivers for them

1. CRT
crtdata equ OF800H+3F8H ; CRT data port
crtstat equ OF800H+3F9H ; CRT status port
crtrda equ 4 'RDA bi t
crttbe equ 8 ' TBE bi t
Return input status in A (A=0 neans no char avail able)
crtistat:
| da crtstat ;check input status
cma 'status is inverted
ani crtrda ;nmask for RDA
rz ;0 if no char pending
nvi a, Offh ;return OFFH if char pending
ret
Return output status in A (A=0 nmeans not ready for output)
crtostat:
| da crtstat ;check output status
cha ;status is inverted
ani crttbe ;mask for TBE
rz ;0 if not ready
nvi a, Ofh OFFH i f ready
ret
Return input byte in A (A=byte)
crtin:
cal | crtistat ;wait for input
jz crtin
| da crtdata ;get byte
crma 'data is inverted
ani 7fh rmask
ret

A Tutori al
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224
225:
226:
227:
228:
229:
230:
231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
241:
242:
243:
244:
245:
246:
247:
248:
249:
250:
251:
252:
253:
254
255:
256:
257:
258:
259:
260:
261:
262:
263:
264
265:
266:
267:
268:
269:
270:
271:
272:
273:
274:
275:

and | OPs

Qut put byte i
crtout:

cal |
jz

nov
cra
sta
ret

2. Modem

noddat a equ
nodst at equ
nmodrda equ
modt be equ

Ret urn i nput
nodi st at :
in
ani
rz
mvi
ret
Ret ur n out put
nodost at :
in
ani
rz
nvi
ret
Ret urn i nput
nodi n:
cal |
jz
in
ret
Qut put byte |
nodout :
cal |
jz
cal |
cpi
jnz
cal |
nodout | :
cal |
jz
nov
out
ret

A Tutori al

n Cto device

crtostat ;wait for ready
crtout
a, c ;get char fromC

invert data
crtdata ;put byte

80H . Modem dat a port
81H . Mbdem st at us port
2 :RDA bit

1 : TBE bit

status in A (A=0 neans no char avail abl e)

nodst at ; check input status
modrda ' mask for RDA
;0 if no char pending
a, Offh ;return OFFH if char pending

status in A (A=0 neans not ready for output)

nodstat ; check output status
nodt be ;mask for TBE

0 if not ready
a, 0fh ;OFFH if ready

byte in A (A=byte)

nodi st at ;wait for input
modi n

noddat a ; get byte

n Cto device with sinple XOV XOFF Processi ng

nodi st at ;see if char pending
nodout | :continue if not

nodi n ; get char

ctrls :see if -S

nodout | :continue if not

nodi n 'wait for any next char
nodost at ;wait for ready

nmodout

a, c ;get char fromC

noddat a ; put byte
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276:

277:

278: ;

279: ; 3. Printer

280: ;

281: prtdata equ 20H ; Printer data port

282: prtstat equ 25H ;Printer status port
283: prtrda equ 1 ; RDA bi t

284: prttbe equ 20H ' TBE bi t

285:

286: ; Return input status in A (A=0 nmeans no char avail abl e)
287: prtistat:

288: in prtstat ;check input status

289: ani prtrda ; mask for RDA

290: rz ;0 if no char pending
291: nvi a, adfh ;return OFFH i f char pending
292: ret

293: ; Return output status in A (A=0 neans not ready for output)
294: prtostat:

295: in prtstat ;check output status
296: ani prttbe ;mask for TBE

297: rz ;0 i f not ready

298: nmvi a,dfh ;OFFH i f ready

299: ret

300: ; Return input byte in A (A=byte)

301: prtin:

302: cal l prtistat ;wai t for input
303: jz prtin

304: in prtdata ;get byte

305: ret

306: ; Qutput byte in C to device

307: prtout:

308: cal | prtost at wait for ready
309: jz prtout

310: nov a,c ;get char fromcC

311: out prtdata ;put byte

312: ret

313:
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314:
315:
316:
317:
318:
319:
320:
321:
322:

323:

324
325:
326:

327:
328:
329:

330:
331:

332:
333:
334:

335:
336:

337:
338:

339:

340:
341:
342:

343:

344:
345:

and | OPs

A Tutori al

; The following are the device selection routines

const:

coni n:

conout :

list:

punch:

r eader :

|istst:

| xi
nmvi
i mp
| xi
mvi
i np
call
| xi
nmvi
i mp
cal |
| xi
nmvi
i mp
| xi
nmvi
i np
| Xi
nmvi
i np
| Xi
nmvi

h, t const
b, 0
drvrun

h,tconin
b, 0
drvrun

crecord

h, t conout
b, 0
drvrun

| record
h,tlist
b, 3
dr vrun

h, t punch
b, 2
drvrun

h, treader
b, |
drvrun

h
b

’

’

t
3

| istst

;point to driver table
' CON devi ce
run driver

:send char to recorder

:send char to recorder

' LST device

PUN devi ce

'RDR devi ce

. LST devi ce

if on

if on
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346:
347:
348:
349:
350:
351:
352:
353:
354:
355:
356:
357:
358:
359:
360:
361:
362:
363:
364:
365:
366:
367:
368:
369:
370:
371:
372:
373:
374:
375:

A Tutori al

. The followi ng routine selects the desired driver

On i nput,

B=I ogi cal

devi ce nunber

| OPTABLE is used to find the current driver

On i nput,

HL=address of driver table

Dri ver table contains address of all drivers
whi ch can be sel ected

push
[ xi
nov
add
nov
nmvi
dad
i nx
nov
nov
add
nov
nmvi
pop
dad
nov
i nXx
nmov
xchg
pchl

,ioptable

, b

(@)

oo

h
h
a
b
e
d
d
h
b, m
a, b
b
e
d
h
d
e, m
h
d

, M

;save ptr to driver table
;get selected driver nunber
; doubl e B for offset

;HL pts to | OPTABLE entry

HL pts to selected driver

;get selected driver in B

. (C not used because it can

. contain a character if output
, driver is being called)

;HL pts to driver table
;HL pts to desired driver address

'HL pts to driver
run the driver
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376:
377:
378:
379:

380:
381:
382:
383:
383:

384:

385:

386:
387:

388:
3809:
390:
391:

392:

393:

394:
395:

396:
397:
398:
399:

400:

401:

402:
403:

404
405:

406:
407:

408:

4009:
410:

411:

412:
413:

414:
415:
416:

and | OPs

’

A Tutori al

;. These are the device driver tables

t const:

pati stat:

t coni n:

patin:

t conout :

pat out :

tlist:

’t r eader :
t punch:

tlistst:

dw
dw
dw
dw

dw

dw
dw
dw
dw

dw
dw
dw
dw
dw
dw

dw
dw

dw

dw

dw
dw

crtistat :selected driver 0 is CRT

nodi st at :selected driver 1 is Mbdem
crt nodi st :selected driver 2 is CRT/ Modem
crtistat :selected driver 3 'is CRT in,

. Printer out
;patch point for PATCH routine

crtistat :selected driver 4 is CRT
crtin
nodi n
crtnodin
crtin
;patch point for PATCH routine
crtin
rrtout
nodout
crt nmodout
crtprtout _
'patch point for PATCH routine
crtout
pat out ;selected driver 0 is Printer
nodout :selected driver 1 is Modem
nmodi n :selected driver 0 is Modem
nodout :selected driver 0 is Modem
prtost at ;selected driver 0 is Printer
nodost at :selected driver 1 is Modem

B-10
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417:
418: ; This is the driver set for the conbi nati on CRT/ Modem Devi ce

419: ; and the conbination CRT/Printer CQutput Device
420: ;
421: crtnodist:

422: cal | crtistat ;see if char avail able on CRT
423: rnz ;return i f so

424 cal | nodi st at ;see if char avail able on Mbdem
425: ret

426: crtnodin:

427: call crtistat ;1 ook for CRT char

428: j nz crtin ;get char from CRT

429: call nodi st at ;1 ook for Modem char

430: j nz nodi n rget char from Modem

431: i mp crtnodin ;continue until CRT or Mbdem
431: + gives char

432: crtnodout:

433: cal l crtout ;send to CRT

434: cal nodout rsend to Modem

435: ret

436: crtprtout:

437: cal l crtout . send to CRT

438: cal | prt out ;send to Printer

439: ret

440: ;

441: ; These are the drivers for the recorder output device

442:

443: crecord:

444: | da crec ; check flag

445: ora a 0 nmeans not recording

446: rz

447: cal | nodout ;send char to nodemto record
448: ret

449: lrecord:

450: | da lrec rcheck flag

451; ora a 0 means not recording

452: rz

453: cal | nodout ;send char to nodemto record
454 ret

B-11



456:
457:

458:
459:

460:

461:
462:
463:

464

465:
466:
467:
468:
469:

470:

471:
472:
473:

474:

475:
476:
477:
478:
479:
480:

481:
482:

483:

484:
485:
486:

487:

488:

489:
490:
491:

492:

493:

494:
495:
496:
497:
498:
499:
500:

501:

502:

; These are the routines which enabl e device recording
; For this 10P, Console and Printer recording anobunts to
; sendi ng characters to the nodem

copen:
nmvi
sta
ret
ccl ose:
nmvi
sta
nvi
cal |
ret
| open:
nmvi
sta
ret
| cl ose:
nmvi
sta
nmvi
cal |
ret
crec: ds
I rec: ds

’

a,adfh ;set flag

crec

a, o0 ;clear flag

crec

c,ctrlz :send "Z to nodem
nodout

a,adfh ;set flag

I rec

a0 ;clear flag

I rec

c,ctrlz :send "Z to nodem
nodout

1 ;flag buffer

1 ;flag buffer

; This is the patch routine
; It sets the 5th device driver (driver select 4) to
the drivers whose junp table is pointed to by

’
)
’
’
’
)

pat ch:
shl d
I Xi
dad
shl d
dad
shl d
ret

end

HL; HL points to a table like the follow ng:

i mp | STAT

i mp | NPUT

i mp OUTPUT

pati st at ;set address of input status
d, 3 ;of fset of 3

d

patin ; set address of input char

d

pat out ; set address of output char
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B.2. Term nal Session

B1: ASM>| asm sami op. bbz
LI NKASM AS OF 7/ 06/ 81

SAM OP

SAM OP

EEAD

006H use factor

502 input lines read
End of assenbly

B1: ASM>m oad sani op

MLOAD ver. 2.4 Copyright (C) 1983, 1984, 1985
by NightOM Software, Inc.

Loaded 683 bytes (02ABH) to file Bl-.SAM CP COM

Start address: ECOOH Endi ng address: EEACH Bi as:

Saved i mage size: 768 bytes (0300H, - 6 records)
++ Warning: programorigin NOT at 100H ++

B1l: ASM>ren sanpl e. i op=sam op. com

B1l: ASM>l dr sanpl e.iop
ZCPR3 LDR, Version 1.3
Loadi ng SAVPLE. | OP

Bl: ASM>dev d a

CON: Devices --
TEST - CRT by default
CRTPRT - CRT in and CRT/Printer out
CRTMOD - CRT and Mbdemin Parall el
MODEM -
CRT -

Assi gnment is CRT
RDR: Devi ces --
MODEM -
Assi gnnent is MODEM

Strike Any Key PUN Devices --
MODEM -
Assi gnnment i s MODEM
LST: Devices --
MODEM -
PRI NTER -
Assi gnnent is PRI NTER

Bl: ASM>dev c test
CON: Assignment is TEST
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0000,


http://B1-.SAMIOP.COM
http://B1-.SAMIOP.COM
http://samiop.com
http://samiop.com

ZCPR3 and | OPs

B1l: ASM>dev d

CON: Devi ces
TEST
CRTPRT
CRTMOD
MODEM
CRT

Assi gnnent i

Bl : ASM>dev c

- CRT by default
- CRT in and CRT/Printer out
- CRT and Modemin Parall el

s TEST

crt

CON: Assignment is CRT
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| NDE X

B
Basi c | nput/Qutput System 1-1
BICS, 1-1

Col d Boot, 2-3

| OP Overhead in, 2-1

Junp Table, 1-2, 2-3

Organi zation, 1-2

Sanple 10OP Initialization Code for, 2-1
C

Col d Boot, 2-1
Command Li ne
Default, 2-4
Conmand Li ne Buffer, 2-3
CON, 3-2
CP/M 1-1

D

Def ault Command Line, 2-4
Device, 1-3, B-5, B-6, B-7, B-9, B-10, B-11
Device Driver, 1-3, 4-2, B

-9, B-10, B-11
Exanpl es for Consoles, 1-3
Exanpl es for Renpte Access Systens, 1-3

Exanples in Sanple IOP, B-5, B-6, B-7
Devi ce Nanme String, 3-4, B-4

E
Envi ronment Descriptor, 1-1

F
FCpP, 1-1
Fl ow Command Package, 1-1

[
I nput / Qut put Package, 1-1
| O Recorder, 3-3, 4-3, B-11, B-12
IOP, 1-1
Accessing via DEV, B-13, B-14
Advant ages of, 1-4
Assenbly of, B-13
BIOS Interface Routines, 3-5, 4-3, B-8
BI OS Junp Table in Support of, 2-3
Buf fer, 1-4
Conpared to the BICS, 1-2
Count, 3-3, 3-4, B-2
I dentifying Nunmber, 3-2, B-2
Initialization of, 2-1, B-5
| O Recorder, 3-2, 3-3, 4-3, B-2, B-11, B-12
Junp Table, 3-1, B-1
Li nki ng of, B-13
Loadi ng of, B-13
Nunber, 3-2, B-2
STATUS, 3-3, B-2
Status and Control Routines, 3-2, B-2, B-3, B-4

| ndex-1
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| OP Routi ne
CCLCSE, 3-9, 4-3, B-12
CONIN, 3-6, 4-3, B-8
CoNQUT, 3-6, 4-3, B-8
CONST, 3-5, 4-3, B-8
COPEN, 3-8, 4-3, B-12
INIT, 3-5, 4-2, B-5
LCLCSE, 3-9, 4-3, B-12
LI ST, 3-6, 4-3, B-8
LI STST, 3-7, 4-3, B-8

LOPEN, 3-9, 4-3, B-12
NAMER, 3-4, 4-1, B-3, B-4
PATCH, 3-7, 4-4, B-12
PUNCH, 3-6, 4-3, B-8
READER, 3-7, 4-3, B-8
SELECT, 3-3, 4-1, B-2
STATUS, 3-2, 4-1, B-2

J
Junp Table of BICS, 1-2

L

LDR, 1-4, 2-3

Logi cal Device, 3-2, 3-3, 3-4
LST, 3-2

M
MCL, 2-3
Mul ti pl e Comrand Line Buffer, 2-3

A
Naned Directory Buffer, 1-1
NDR, 1-1

Recorder, 3-3
Renot e Access System 1-3, 3-8
Resi dent Command Package, 1-1

| ndex- 2
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S

STARTUP Conmand, 2-1

STATUS, 3-8

String
Devi ce Nane, 3-4

System Segnent, 1-1
Envi ronment Descri ptor,
Fl ow Command Package, 1-
| nput / Qut put Package, 1-
Naned Directory Buffer, 1
Resi dent Command Package, 1-1
Ternminal Capabilities Data, 1-1

1

1-
1
1
1-

T
TCAP, 1-1
Term nal Capabilities Data, 1-1

z
Z-System 1-1

System Segnent, 1-1
Z3T, 1-1
ZCPR3, 1-1
ZRDOS, 1-1, 3-8
ZRDCS- Pl us, 3-8

| ndex- 3
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