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This manual 1is PolyMorphic Systems part number 818133,
Copyright 1981, Interactive Products Corporation. It is to be
used in conjunction with thﬁ following System Programmer Disks.

For Single User: .
5" SSsSD. 82011¢ -
5" DSDD. 820268
8" SSDD. 820269

For TwinSystem: :
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8" SSDD. 820267

» The information in this manual relates to system software
released under Version 6, Exec/94 and BASIC C@3, with the
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For Single User:

820190 Rev P 5" 8S8SD
820260 Rev B 5" DSDD
820258 .. ... Rev B 8" SSDD
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8206263 Rev B 5" DSDD

820261 Rev B 8" SSDD

This manual was prepared by R.T. Martin, B.F. Smith, F.E.
Anderson and D.K. Moe.

Many thanks to C.A. Thompson for his careful proofreading of this
manual.

s )



Copyright 1981, Interactive Products Corporation
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LIMITED WARRANTY AND LIMIT OF LIABILITY

Interactive Products Corporation (dba PolyMorphic Systems) makes
No Warranty, express or implied, concerning the applicability of
this program to any specific purpose. It is solely the
purchaser's responsibility to determine 1its suitability for a
particular purpose. Interactive Products Corporation accepts no
liability for 1loss or damage resulting from the use of this
software beyond refunding the original purchase price.

THIS STATEMENT OF LIMITED LIABILITY IS . IN LIEU OF ALL OTHER
WARRANTIES OR GUARANTEES, EXPRESS °~ OR IMPLIED, INCLUDING
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE.
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Section 3 : Page 55
Symbol name: db
Macro:
db MACRO
#L DB #A
| ENDM
Symbol name: dw

Twin Macro:

dw MACRO
#L DW #A
ENDM

Description:

The dw and db macros are used mainly to suppress the display
of generated code from long data lists. 1If MACLIST @ is included
in the assembly source file, macro expansions are not 1listed.
So, when the dw or db macro is used instead of the DW or DB
statements, no generated code is displayed in the listing.

* System MACROS *
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@ SYMBOL PAGE Single Twin
BHA - 74 EdSF
BOOTVOL 88 2D92
BRG 82 gC68
BUGS 193 2DFC 2EB4
BUSIES 85 gCeE 9C6E
CBUF 63 2C00 2C029
CMDA 65 2D8C 2E82
CMDD 64 2D89 2E7F
CMDF 63 2D88 2E7E
CMDN 65 2D8E 2E84
CMDP 64 2D8A 2E80
CMND 96 2D49 2E3C
CMPTR 96 2DC7 2E7C
Command 81 gc4ac
DEFPATH . 99 : 2E27 2D80
DioA 84 : 2C66 gC66
DioBsy 85 @cec gCe6C
DioDn 84 pC6B gC6B
DioDrv 84 gC69 gC69
DioHL 84 9Ce67 gCe67
DiraAddr 93 2EQ2 2EA7
e DONT 79 2D 90 2ES8E
N DRVADTAB 83 @C7E @C7E
EFLG1 162 2DC9 2EB@
EFLG2 192 2DCA 2EB1l
ERROR 104 2DO9A 2EB7
EXECSP 92 2DAF 2EBD
FILE 92 2DCB 2EBF
GFLOCK 75 EQ7E
I0IP 83 @C62
JOBST 193 2D9E 2EB2
KBEX 70 2D86 2E 38
KBIG 67 2D84 2E 36
KBIP 67 2D82 2E34
KBMODE 1 71 _ 2E3A
KBMODE 2 71 2E3B
KBUF 66 2Doo 2DCo
LERR 104 2D9C 2EB9
LOCK 100 2E8F
LUSER 123 2DC6 2EB3

( * System DATA Areas *
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b SYMBOL PAGE _ Single Twin
SRAS 61 gCc1s gCcls
SRA7 195 gclc 2EEC
SRA7I 61 gclc
STACK 85 19000
SUWHS8 62 gCc4ao
SYSRES 93 2D92 2EAA
TIMER 91 gCceo 2EQ2
UBRK 77 2D97 2E8B
UCHR 78 2D99 2E8D
USER 73 3200 2F 00
uUsp 9¢ 2E00
USRNAME 99 - 2EEE
USTATS 75 2DB1 EGSE
UTIME - 91 2E 02
UVEC 77 2D95 2E89
VCBTAB 83 BC63 8C63
VERLOC 80 2439
WAKEUP 97 gC1lA 2E06
WHICH 83 pCcel
WHS ' 62 BC40 2E2C

% XTIMER 80 _ 6ceo

( | ' * System DATA Areas *
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Symbol name: SRAS

Value: gCcls

Description:

SRAS5 contains the address of the keyboard interrupt service
routine. This location should not be modified by the wuser in
either single or Twin systems.

Symbol name: SRA7I
Twin value: gc1c
Description:

SRA7I is the TwinSystem symbol for the single step interrupt
vector. In the TwinSystem, each user has a separate copy of
SRA7, and the system vectors the common SRA7I fielded interrupt

through the proper user's SRA7 vector. This allows each user to
use the front panel code at the same time.

* System DATA Areas *
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Symbol name: - CBUF

Value: 2C 00

See Also: CMDD, CMDF, CMDP, CMDN, BASIC

Description:

CBUF is the 256 byte buffer used to hold the current sector
of a command file.

BASIC also makes use of CBUF. When running programs, if
BASIC detects that command files are not in wuse, by CMDF
containing zero, it wuses CBUF to hold its line number cache.
This cache is a list of 32 bit entries (64 in number, to give 256
bytes), consisting of 16 bits of BASIC line number followed by 16
bits of memory address for the start of the program 1line. An

entry is placed in the cache by Findln only when it is searched

for as the result of a GOTO, GOSUB, or similar statement. This
makes a 64 entry cache quite effective. When the cache fills up,
new entries are placed in the cache treating it as a «circular
list. This wuse of a line number cache greatly speeds up line
number searches in BASIC, since BASIC normally searches for
target line numbers by starting at the beginning of the program
text and scanning forward line by line.

Symbol name: CMDF
Single value: 2D88
Twin value: 2E7E

See Also: Killi, DBARF, CMDD, CMDN, CMDP, CBUF
Description:

CMDF is a single byte flag used to indicate that characters
are being read from a command file. 1If CMDF is zero, command
file mode is not active, and requests for characters through WH@
are satisfied from the keyboard buffer. If CMDF is nonzero,
character requests through WH@ are satisfied £from the command
file buffer CBUF. CMDF is set nonzero by the Exec in setting up
a command file, and set to =zero by either Killi 1in killing
command files, or by the command file code itself when end of
file is detected on the command file.

* System DATA Areas *
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Symbol name: CMDA

Single value: 2D8C

“Twin value: 2E82

See Also: cBUr, CMDD, CMDP, CMDF

Description:

CMDA is the 16 bit disk address of the next sector to read
from the disk. It 1is initialized by the Exec to the starting
disk address of the command file, and incremented after each new
sector is read from the disk.

For Exec/90 and later systems, CMDA will be properly
adjusted by PACK if the disk <containing the <currently active
command file is PACKed. On earlier systems, this is not done,
with the result that the next sector read, after the -disk "is
shuffled by PACK, may no longer be the next sector of the
original command file!

Symbol name: CMDN
Single value: 2D8E
Twin value: * 2E84
See Also: CMDF, cmdf, Devlock

Description:

CMDN is the 16 bit number of sectors remaining 1in the
command file. It is set by the Exec to the number of sectors in
the command file, and decremented after each sector 1is read.
When a new sector 1is needed, and CMDN is zero, CMDF is set to
zero to disable command files, as end of file has been hit. On
the TwinSystem, permanent command file read (cmdf) 1is also
cleared for the drive.

* System DATA Areas *
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Symbol name: KBIP

Single value: 2D82

-Twin value: 2E 34

Symbol name: KBIG

Single value: 2D84

Twin value: 2E 36

See Also: KBUF, Killi, Flush, KBEX

Description:

KBIP and KBIG are the keyboard ring buffer "put" and "get"
pointers. They are altered at the interrupt level. They should
not be modified by the user at any time. They may be examined to
see if there are characters in the ring buffer by code  such as
the following, which is extracted from BASIC's INP(@#) function:

DI ; don't bug me!

LHLD KBIP ;: get put pointer

LDA KBIG ; and 1sb of get

EI ; allow ints again

CMP L ; see if equal

LXI H, 0 ; assume so, return @
JZ AINP1 ; jmp/empty, return @
INR L ; else return 1, we've
JMP AINP1 ; got something there.

The above code returns a @@ in HL if there are no characters
in the ring buffer, and a 1 in HL if there are. This 1is
determined by comparing the put and get pointers. Since these
pointers are altered at the interrupt level, interrupts must be
disabled while they are fetched to insure that both are correct.
If both pointers are the same, the buffer is empty.

Here is the code used to put a character into the ring
buffer. It is <copied from the keyboard interrupt service code
for the TwinSystem, the character to be placed in the buffer is
in C, and the interrupts are disabled:

LHLD KBIP ; Put pointer

MOV M,C ; poke into buffer

DCR L ' ; dink pointer

MVI A, (KBUF~-1) AND @FFH

CMP L ; did we wrap around?

JNZ Kbil ; jmp/nope

MVI L, (KBUF+63) AND @FFH ; reset if so

* System DATA Areas * Keyboard Processing *
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This routine is entered at Cin from WH@. First, the check
for command files being active 1is made, and control |is
transferred to the command file get routine (Cfin) if so. Then
interrupts are disabled and HL 1is pushed onto the stack.
Interrupts are disabled because KBIP and KBIG may be altered at

-the interrupt level. HL 1is pushed so we do not alter any

registers but A and PSW. If the get and put pointers are equal,
the buffer is empty; we go to Cwt where HL is restored, and we
give up the processor. When control is returned to our task, we
try -again falling into Cin. If the buffer had something in it,
we load the character, decrement the pointer mod ring size, and
store the updated pointer. Control is returned to the caller of
Cin/WH@ by going through the routine pointed to by KBEX. This is
usually Fold, Flip, or Jjust a RET instruction. KBEX can be
pointed to custom routines for special purposes.

These routines show the interaction of KBIP, KBIG, and KBUF.
KBIG and KBIP are initially set up by calling Killi, which resets
them and marks the ring buffer clear. Note also the use of KBEX,

which is 'used to include post processing routines such as Flip

and Fold.

* System DATA Areas * Keyboard Processing *



System 88 System Programmer's Guide

Section 3 Page 71
Symbol name: KBMODE 1

Twin value: | 2E3A

"Symbol name: KBMODE 2

Twin value: 2E 3B

See Also: PHANTOM, SET SKM command

Description:

KBMODE1 and KBMODE2 are used in the Twin to control single
keyboard mode, which is enabled by the Exec command SET SKM ON.
When active, this mode allows both users to be controlled from a
single keyboard. As KBMODEl and KBMODE2 are in per-user memory,
SKM is enabled on a per-user basis. That 1is, if wuser 1 has
enabled ©SKM, user 1 can type into user 1 or user 2, but for user
2 to type into user 1, user 2 must also enable SKM.

Single keyboard mode (SKM) when enabled is controlled by the
I and II function keys on Keyboard III, (on Keyboard II, “ =1 =
1C hex and "] = II = 1D hex). When SKM 1is active, these
character codes will not be seen by programs; they are trapped

within the keyboard handler.

If KBMODEl is zero, SKM is disabled. KBMODEl nonzero means
that SKM is active, and KBMODE2 has @@ to indicate the characters
go to user 1, and PHANTOM if the characters go to user 2.

Note that since WordMaster II depends on the use of the I

and II function keys, it disables SKM by storing a zero in
KBMODE 1.

* System DATA Areas * Keyboard Processing *
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Symbol name: USER
Single value: 3200
“Twin value: 2F 00

Description:

USER 1is the start of the user memory area. All user
programs are assumed to start here. Program start addresses are
assumed to be equal to USER if the Exec START command is to work,
and program reentry addresses are assumed to be USER+3 for the
Exec REENTER command to work.

* System DATA Areas *
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Single User Dio

In the single user system, Dio is called through the normal
ROM vector (406H) . CPU board ROMs version 81 and later wvector
this through WH9 to support user written disk device drivers.

-While 1I/0 1is 1in ©progress, DONT is set nonzero to inhibit the

action of interrupt characters (see DONT for details). DONT is
cleared on I/0 completion. ‘Note that earlier version ROMs may
not correctly support the disk size function (B=5); earlier ROMs
may return with an error code of 101 (invalid code), or return an
incorrect result. The following code is used by the system to
return disk size when the ROM version is not known:

LXI H,l1FEEH ; bad disk address
MVI B,5 ; disk size function
MVI a,l1 ; read 1 from drive in C
LXI D,d ; memory address 00
PUSH B

CALL  Dio ; see what it says
POP B 7 preserve—BCover—call
JNC Gotsize ; got size in HL!
MOV A,C
CPI 4 small or big drives?

H
LXI H, 350 ; small ones are 350 sectors
JC Gotsize ; if < 4, small ones.

For MS drives, we must force the head to load to set the
single/double side flag correctly.

-
’
.
’

LXI H,1FEEH ; illegal address

MVI B,1

MoV A,B ; read 1 sector (or try tol)
CALL Dio

LXI H,2464 ; single size flag

LDA 1FEEH ; single/double flag

ORA A

JINZ Gotsize ; jmp/single size

DAD H : double is twice as much.

Gotsize

Of course, the above code does not properly handle double
side single density 5" drives (not supported by PolyMorphic
Systems) . The easiest way around having to use code like this is
to upgrade the machine to CPU ROMs version 81 or later!

* System Service Vectors * Dio - Disk I/0 *



System 88 System Programmer's Guide
Section 3 Page 127

o to do large operations (such as IMAGE and COPY of 1large files)
while allowing the other wuser to access that device, or other
devices on the same controller. If 1large operations were not
broken wup, all devices on the controller would be locked out
until the operation completed, which could take a while (such as
-a 48K byte write to an MS). Eight sectors is optimum on the 8"
controller, 20 (a full track) on the 5", and 127 for the hard

disk.

The call to Devlock in step 5 provides a built in level of
security for device accesses. Note that a write request to a
write locked device returns a @91C2, device busy, if WAIT mode is
not enabled, and if WAIT mode is enabled, it waits wuntil the
write can be done.

The semaphore referred to in step 6 is specified on a per
controller basis. This means that on TwinSystems with both 8"
and 5" intelligent controllers, I/0 operations can be in progress
. for both users on different drive types at the same time. This ,
——————providesa substantial—performance—improvement—when—the-system—is ———
on a 5" DSDD drive and main file storage is on 8" MS disks,

When the transfer completes, Dio returns through Giveup ¢to
allow the other user to execute. This balances out performance,
and since the device semaphore was released, insures the other
can use the controller or device if it is waiting for it.

‘, * System Service Vectors * Dio - Disk I/0 *
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Symbol name: SUWH2
Twin value: @gC 28
-Symbol name: SUWH3
Twin value: gcac
Symbol name: SUWH4
Twin value: gCc 39
Symbol name: SUWHS
Twin value: gC34
Symbol name: SUWHG6
Twin value: gC3s8
Symbol name: SUWH7
Twin value: . = . . BC3C.
Symbol name: SUWH9
Twin value: pC 44

Description:

On the TwinSystem, single user wormholes 2, 3, 4, 5, 6, 7,
and 9 are pointed to the single user abort routine. This is done
to trap out attempts to run programs assembled for single  user
systems on the Twin. Since many system addresses have changed
between the single and Twin systems, these programs will not
execute properly, and may destroy the system. If one of these
single user wormholes are called, the message

Single user trap- Reboot!

is displayed on the offending user's screen, and that user |is
stopped. The other user in the Twin may be unaffected, but the
system should be rebooted as soon ~_as it is possible, or
convenient, as system memory and pointers may have been damaged
before the errant program was trapped.

* System Service Vectors *
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Symbol name: ovrto

Single value: 9412

-Twin value: EQQF

Entry: All registers passed to target overlay
Exit: All registers returned from overlay

Symbol name: Gover

Single value: 2415

Twin value: EQ12

Entry: All registers passed to target overlay
ExiEr Al registers returned from target overlay

See Also: Runr, Dio, Look, EFLGl, SYSRES, OVRLY, OVENT
Description:

ovrto and Gover provide the mechanisms for invoking system
functions'by name and for extending the available system services
in a powerful manner. These facilities are the cornerstones on
which the System 88 disk operating system is built.

Use Ovrto or Gover to 1invoke a function that is in an
overlay. (See below for the differences between Ovrto and
Gover,) The overlay desired may or may not be in memory before
you invoke it. Both the entering and exiting register contents
are defined by the overlay invoked. Common system conventions
for overlays that process more than one function suggest that the
function code be passed in A, The invocation of an overlay takes
the form of the example below (assuming that the registers have
already been set up to hold the proper contents):

CALL Ovrto
DB 'DEnl?’

Overlay names are defined to be four bytes long, and the
overlay name must follow the call to Gover or Ovrto. If the
overlay named is not currently in memory, it is read into memory
from the SYSRES device by calling Runr. We enter at the overlay
start address, OVENT. We will return from the function to the
byte following the text of the overlay name in the Ovrto or Gover
call.

* System Service Vectors * Overlay Processing *
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Symbol name: Rtn
Single value: 418
"Twin value: . E@15

Entry: From overlay
Exit: Same as entry

Description:

Rtn is the entry point used by the system for returning from
an Ovrto call. On entry to Rtn, the stack has on it the name of
the old overlay (to be restored), which was pushed from OVRLY and

OVRLY+2.

‘Under some circumstances -in overlays, it may be necessary to

&

use this entry. For example, BASIC provides a number of commonly
used service routines in its resident (above USER) portion that
are called by overlays. 1In some cases these resident routines
may call functions in other overlays. So, some overlay routines
must call services in the BASIC resident ‘“remembering"™ their
overlay name. Here's what the code looks like; assume we're in
an overlay and calling service PFIXE in the resident:

Pfixe SHLD HLtemp ; stash HL
LHLD OVRLY
PUSH H ; first 2 chrs of our name
LHLD OVRLY+2
PUSH H ; last 2 chrs of name
LXI H,Rtn
PUSH H ; make sure we're here!
LHLD HLtemp ; HL back again
JMP PFIXE
In the overlay, to use resident service PFIXE, the
intermediate routine Pfixe 1is called. Since Pfixe was called,
there is a return address on the stack. The overlay name |is

pushed onto the stack, then the address of Rtn, and PFIXE JMPed
to. When PFIXE returns, it returns to Rtn, which unwinds the
overlay name from the stack, insures that overlay is in memory,
and then returns to the address on the top of the stack. All
registers are preserved.

* System Service Vectors * Overlay Processing *
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Description:

Look looks up files in the main directory on a disk. It |is
called with HL pointing to a "lookup block," which consists of
the length of the file name (1 <= length <= 31), the text of the
‘name, and the extension (if present). A contains the number of
the drive to search, and the 80H bit of A 1is wused to indicate
whether or not the extension has to match. Note that Look only
searches the root directory for the file; it does not search
subdirectories, Gfid must be used for that purpose. If the file
is found in the directory, Look returns the address of the FDE
(File Directory Entry) within the directory in DE. If for some
reason the file is not found or an error occurs when reading the
directory, the error code is passed back to the caller with the
carry bit in the PSW set. An example of a 1lookup block and
coding to look up file GRONK.BC on disk 2 would be:

i
Txt - - DB . - 5,'GRONKBC" - - - - ames .- . . S s
i

LXI H,Txt

MVI A,2

CALL Look

Jc Oops

Description of the Look process:

Look first checks to see if the directory to be searched is
resident in the SBUF1l area; system cell NFDIR contains the drive
number of the disk whose directory is in the directory area of
memory.

If the proper directory is not in memory, Dio is called to
read the directory (sectors @-3) from the specified disk into
SBUF1l; errors reported from Dio are passed back to the «caller
with the code in D changed to @3 (error #0143 becomes @383, etc.).

When the proper directory 1is in SBUF1l, its <checksum |is
computed by calling Ckdr, stored in cell NFCK, and compared to
the first byte of the directory. If this checksum does not match
that first byte, we consider the directory destroyed and return
to the user reporting an @g3FF error. If the directory checksum
is good, we mark NFDIR with the directory number and scan the
directory for the specified file, skipping those files marked
deleted. 1If we come to the end of the directory before finding a
match, we report an 9300 error. If the 80H bit was passed in A,
noting not to check the extension, Look will report a match on
the first file in the directory with the specified name.

In the TwinSystem, Look must aquire the file system
semaphore GFLOCK before examining the directory (either in memory

* System Service Vectors * Look *
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' Symbol name: " Runr
Single value: 9424
"Twin value: Ef21
Entry:
HL: Address of lookup block (see Look for
description).
DE: unused
BC: "
Az Drive number to search; 8¢H bit set if extension
does not have to match.
PSW: unused
Exit:
HL: If carry is clear, reglster holds start address
... ..from FDE. . .
DE: If carry is set, reglster hoIds error code,
else it holds junk.
BC: junk
A: junk
PSW: Carry is set if error; clear otherwise.
See Also: Dio, Look, MEMTOP

Error Conditions:

Error codes are returned in DE with C set in PSW if an error
has occurred. Runr calls Look and Dio, and so <can return any
error code dgenerated by these services. Look specific error
codes are:

2801 No load or start address. The load address field of
the file descriptor block 1is zero. This usually
indicates a text file. Note that a start address of
pog@ is valid.

Description:

Runr 1is called pointing to a "lookup block" (see Look for
description) and a drive number. Runr attempts to £find the
program identified in the main directory of the drive specified
and load it into memory. 1If it is successful, it returns the
start address of the file in HL. 1If unsuccessful, Runr returns
an error code/subcode in DE.

Runr first calls Look with register contents the same as on

entry to Runr. Runr returns if Look returns with the carry set,
thus passing any Look errors to the caller of Runr. If the file

* System Service Vectors *
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Symbol name: Rlwe
Single value: 9427
‘Twin value: Eg24
Entry:
HL: Address of user buffer to read into.
DE: Prompt string terminated by @¢ byte.
BC: C: Maximum number of characters to read.

B: If 0, echo termination character.
If 1, do not eqho termination character.

Exit:
HL: Points to last character in buffer.
DE: junk
BC: B: Length of line read.
. C: junk
Az termination character
PSW: junk
See Also: WH@, WH1, CBUF, CMDF, Msg, Killi

Description:

Rlwe 1is wused to read an input line. It provides an input
prompt by using Msg (see Msg in this section) to output to . the
screen the string pointed to by DE. Rlwe then reads in
characters (allowing editing of those characters) into the  user
buffer pointed to by HL. C contains the maximum buffer size, and
B contains a flag that controls echoing of the termination
character. Characters are read into the user buffer until one of
the following conditions is met: 1) the buffer is £full; 2) the
user enters a carriage return (CR). Rlwe returns with HL
pointing at the termination character in the Dbuffer, the
termination character in A, and the line length in B.

Editing functions supported by Rlwe:
Single characters are deleted in Rlwe by use of the DEL key
({DELETE). Delete words by using Control-W. A word is defined as

a sequence of contiguous characters a-z, A-Z,0-9. Delete an
entire line by using Control-X.

* System Service Vectors *



Section 3

Symbol name:
Twin value:
Entry:

Exit:

See Also:

Description:

System 88 System Programmer's Guide

Show

E@33

Page 141

No register inputs

Az )]
PSW:
WH1l, show,

Z set

Print, print

Show is called to display the text following the Show call
on the screen, until a 00 byte is hit. Program execution resumes

with the g8 byte.

Text is displayed through WH1. Here is the

code for Show:

Show
Showl

Show2

XTHL
MOV
ORA
Jz
CALL
INX
JMP

XTHL
RET

Show2
WH1

H
Showl

~e

s we

~e

save HL, get RA

done?
jmp/yup

get HL back

* System Service Vectors *
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Symbol name: Flipem

Twin value: E@39
Entry: Internal vector, do not call
See Also: Ticker, PMASK
Description:
Flipem is an internal service that flips from one wuser to

the other in the TwinSystem. It should not be called or used
directly. See the following description of Giveup for details.

Symbol name: Giveup

Twin value: E®W3C

Entry: No inputs
Exit:
INT: Enabled, no registers modified
6 See Also: PMASK, PHANTOM, BRG, BRGEN, LOCK, giveup
Ticker, USP, Ioret

Description:

Giveup is called to give up the processor, either by calling
Giveup, or by wusing the giveup macro. It saves the user's
registers on the stack, saves the stack pointer, flips to the
other user, and 1loads that wuser's environment, and starts
executing that user. Let's look at the code in detail:

Giveup DI
PUSH PSW ; std save sequence
PUSH B
PUSH D
PUSH H
XRA A
STA LOCK ; insure not locked!

Flipem flips to the other process. We first stash the
stack pointer at USP, and then flip the PHANTOM bit of
the baud rate generator, load the new SP from USP, and
return thru Joret to load the new environment.

we wme wo Wo

Flipem DI

‘~ * System Service Vectors * TwinSystem User Switching *
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Symbol name: Ticker

—Twin value: E@3F

Entry: From RTC interrupt via SUWHS8

Exit: Through Ioret |

See Also: USP, UTIME, WAKEUP, PMASK, BRG

BRGEN, LOCK, Flipem, Lock, Unlock

Description:

Ticker 1is the TwinSystem c¢lock server. It is connected
through SUWH8 and is entered on every RTC interrupt, 60 per
second. Its basic purpose 1is to cause the switching between

-users.to—.share....the...CPU.. It has _the _subsidiary tasks of

©

incrementing user <clocKs, posting the WAREUP 1iInterrupt, and
enforcing the processor lock via LOCK. Let's look at the code
and then discuss it; we are entered via the PCHL in the interrupt
code with interrupts disabled and all registers pushed onto the
stack:

Ticker OUT 8 ; reenable interrupt
LHLD XTIMER
INX H ) ; bump 8C00 clock
SHLD XTIMER ; for everybody to see
Tickg LXI H,0
MOV B,L ; mark diddling current user
DAD Sp _
SHLD Usp ; user now parked!
Tickl LXI H,UTIME ; user timer
MVI C,4 ; 4 bytes long
Tick2 INR M
JNZ Tick3 ; jmp/not time yet.
INX H ; bump next cell
DCR C ; did we hit all g@?
JINZ Tick2 ; jmp/not yet.

User clock went to 90¢0. Build environment to invoke
WAKEUP routine next time we run 'em.

we %o

LHLD usp : pick up SP

SPHL ; and insure loaded
LHLD WAKEUP ; vector

PUSH H ; new PC

PUSH PSW
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the user's clock. Note the clock is kept in per-user memory (in
the 48K board) so each user has his own copy, at the same
address. If the clock doesn't go to all zero, we go to Tick3.
If the clock does go to all zero, we fall into the second chunk
of code. The first thing we do is load the user's stack pointer;
-we may -not have the correct one from switching users in Tick3.
We then build an environment on the stack to take the user to the
WAKEUP specified routine the next time the user is run, and
update USP.

At Tick3 we check to see if we have "diddled" both user's
clocks, 1f there are two users. If we have done both users, we
go off to Tick4 to check the software lock. If we only have one
user, we go to Flipl to continue running that user. Note that we
do this through Flipl to insure the hardware and the BRG are set
up properly, rather than going directly to Ioret. If we haven't
done both users, we flip to the other user, setting B nonzero for
the next time we come through Tick3. Note that we don't update

©

- -BRG;-this- swap is only temporary.while we update_the other user's

clock.

At Tick4, we have updated clocks for both users. If the
software lock is not set, we go to Flipl to £flip to the other
user. If the software 1lock was set, we change it to indicate
that the locked user ran over a clock tick. When the user <calls
the Unlock system service, Unlock will Giveup as a result. Since
the processor is software locked, we restore the wuser's stack,
and go to Ioret to continue execution. .
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function. First byte has disk #, next byte has
flags and name length, etc.

A: 80H If set, replace an existing FDE with the one
pointed to by HL, else enter a new one at the end
of the disk. ‘

40H If set and 8PH set, replace existing FDE and
clear "new" bit.

Returns:

A(PSW): If C set, then DE has error code/subcode. If C
not set, then registers scrambled.

Errors:
@504 Directory is full

Update directory: uses NFDIR, DirAddr, SBUF1l information

‘See Also: = GFLOCK, NFDIR, NFCK, SBUF1l, Dio .

Description:
Single User Gfid

In the single user system, Gfid is an overlay (Gfid.ov).
Gfid provides three main services: Get and parse file identifier,
Enter or replace directory entry, and Look up a file. The Look
function ©provided by Gfid differs from the resident Look service
in that it accepts full pathnames involving subdirectories and
the resident service does not.

TwinSystem Gfid

Gfid in the TwinSystem 1is a resident service. For
compatibility, a Gfid overlay is provided; it just jumps to the
resident service vector. On the Twin, the file system and Gfid
is considered a "critical section", only one user may be running
that code at a time. For this reason, entry into Gfid or into
Look on the Twin is controlled by the GFLOCK semaphore.

If the user requests that Gfid read a line from the user in
the Get function (A AND @FH =0), the line is read before the
semaphore is acquired.

Some system functions, such as RENAME, DELETE, and UNDELETE,
modify the contents of directories. In the Twin, Gfid has an
additional command for updating a directory. Gfid looks at the
contents of NFDIR and DirAddr when this command is given. 1If
NFDIR does not have the 8¢H bit set, the directory in SBUF1l is a
root level directory; its disk address is 0¢90d. If the 80¢H bit
in NFDIR is set, this is a subdirectory and DirAddr has its disk

* System Service Vectors *
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Symbol
Single

name :
value:

name:
Single value:
Twin value:

Entry:
DE:

Exit:
A:

See Also:

Description:
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DEOUT
g3D1

Deout
23D1
E@45
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16 bit value to display on screen

Last ASCII character output

Byte, WHI1

~Deout (or DEOUT) is called—to aisplay the contents of the DE-
This is done by calling Byte

registers on
with the D and
Symbol name:

Twin value:

Entry:

A:
Exit:

A
See Also:

Description:

Byte displays the byte in A in
are displayed by calling WHI.

characters

the screen 1in hex.
E registers.

Byte

E@5A

Hex byte to display

Last ASCII character displayed

Deout, WH1

code for Deout and Byte:

Deout MOV A,D
CALL Byte
MOV A,E
Byte PUSH PSW
RRC
RRC
RRC
RRC
CALL Bytel

~s we wo .

hex

display D
then E
save it

top 4 bits

on the screen. The
Here is the TwinSystem
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Symbol name: Lock

Twin value: E@48

Entry: No inputs

Exit: All registers and interrupts unchanged

See Also: LOCK, Ticker, Lock, Unlock, Vti, WAKEUP

Description:

Lock is called to lock the processor against the normal time
slicing done by Ticker as a result of real time clock interrupts.
It is used, for example, by the screen driver (Vti) and the
editor to prevent slicing while updating and scrolling the

..screen. Using Lock prevents switching to the other user for

normal processing, interrupt character processing, WAKEUP
processing, or I/0 completion processing. Only character
typeahead 1is performed, although environments may be stacked for
interrupt characters and WAKEUP events. That Lock blocks 1I/0
completion processing is important to understand. Let's say user
1l requests a read from drive 4. The read is started, and wuser 1
gives up the processor. Then user 2 calls Lock to lock the
processor. User 2 cannot access drive 4 (or 5, 6, or 7 on a
normal MS configuration), as user 1 still has an I/O operation
uncompleted. If user 2 tries to access drive 4, the system will
deadlock. So, Lock should be used sparingly!
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Symbol name: Enter
Twin value: EQ4E
Entry:
HL: Address of semaphore
Exit:
A 00
PSW: Z set
INT: Disabled
See Also: Gfid, glLook, enter, Giveup, Leave

GFLOCK, Interrupt character processing

Description:

Enter 1is used to enter a critical code séction protected by
the semaphore byte pointed to by HL. The semaphore must be in
shared memory (i.e. not between 2000H and DFFFH), although this
is not validated by the Enter code. Here is the code for Enter:

Enterw CALL Giveup ; wait a while

‘ Enter DI

Mov A,M ; get value

ORA A

JINZ Enterw ; wait till it goes 00
LDA BRG

ORI 80H ; insure nonzero

MOV M,A ; mark we have it

XRA A

RET ;s return to user

Note very carefully what Enter does and does not do. It does not
check to insure that the semaphore is in shared memory. It does
not insure that we do not already have the semaphore. It does
not insure that the semaphore starts out zero. It just waits
till the semaphore byte goes to zero, then marks it taken and
returns with interrupts disabled. The semaphore is set with 80H
ORed with the user tag primarily for use with GFLOCK inhibiting
the action of interrupt characters. See the coding example for
Interrupt Character Processing in the TwinSystem for details.
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Symbol name: Devlock
Twin value: EQ6F
Entry:
C: Device number, @-F
B: Command, as high and low nybbles:
B AND QF@H:
80 Set permanent allocation
90 Initialize
Ap Set temp allocation
B@ Invalid command
Co Clear permanent allocation
DO Invalid command
Ed Clear temp allocation
B . F@ Reset_to permanent allocations
B AND @FH:
1 cmdf - Command file read
2 rd - Read
3 wrt - Write
4 fupd -~ File update
5 mung - Dir mung/file create/
rename *¥
e 6 wlock - Write lock
7 excl - Exclusive use
Exit:
' DE: Error code if C set in PSW
PSW: C set on error, C clear otherwise
INT: Disabled/unchanged
See Also: BHA, Giveup, Dio, DONT, SBRK,

cmdf, rd, wrt, fupd, mung, lock, excl,
sett, setp, clrt, clrp, devlock

The interlock mechanism arbitrates device access between
users in the TwinSystem. Its main purpose is to keep users from
stomping each other, or otherwise getting in each other's way.
Device @@ is the printer; devices 1 through 7 correspond to disk
drives 1 through 7. Devices 8 through F are for expansion; device
codes C-F may be used by user programs wishing to use Devlock.

Devlock is called directly by Dio before performing any disk
operation; it is also called by printer functions to allocate the
printer. Devlock is called by system programs to get other
classes of device access; for example, PACK attempts to get
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If the permission was neither already set nor implied, we
must check the other user's tables to see if that user has been
granted an access that excludes our request. Based on the

-numeric values of the access classes specified above and by the

equates, the permission matrix looks like this:

= granted <~= CURRENT STATE -->

X = denied 7} 1 2 3 4 5 6 7
s T D K St 5
R 1 I | | | I I I P X |
E 2 | | | | | i I | X |
Q 3 | I I | I I | X | X |
u 4 | | [ | [ X | I X | X |
E 5 | | | | | X | X | X |
S 6 | I | I X | X | X | I X |
T 7 | l X I X I X I X |1 X1 X |X|
oot Snchenints st osesni St ettt shontuntntt ettt

|
|
|
|

If there 1is no conflict, the permission bit is set in the
tables and we return. If there is a conflict, our action 1is
determined by the contents of PMASK and BHA, 1If PMASK contains
g9, indicating we are in SOLO mode (we checked for strict single
user earlier), this means that the other user holds the device,
and we have shut that user off; we abort with a 01C2 error
(device busy). If PMASK is nonzero, denoting Twin operation, we
examine the 20H bit of BHA. This bit is set in response to the
Exec command SET WAIT ON. If this bit is clear, WAIT mode is not
enabled; we return the @1C2 error to the requesting wuser; the
device is busy.

WAIT Mode

If WAIT mode 1is enabled, we set DONT nonzero to inhibit
interrupt character action. SBRK 1is tested to see if its

contents are nonzero. If SBRKs contents are nonzero, we clear
DONT and return reporting the @1C2 error; “Y has been hit by the
user., If SBRK contains zero, we unwind the saved registers from

the stack, give up the processor, and reenter' Devlock to try
again.,

* System Service Vectors *



System 88 System Programmer's Guide

Section 3 ' Page 161
Symbol name: Moven
Twin value: E069
Entry:
HL: Source address
DE: Destination address
BC: ~ # bytes to move
Exit:
HL: Source + count + 1
DE: Dest + count + 1
B: Checksum of data transferred
C: g9
Az junk
_ Symbol. name: ; . . Move
Twin value: Eg6C
Entry:
HL: Source address
DE: Destination address
BC: $# bytes to move (positive)
Exit: °
HL: Source + count + 1
DE: Dest + count + 1
C: 00 _
B: Checksum of data transferred

Description:

Moven and Move are block move routines available in the
TwinSystem. They differ only in that Moven takes the number of
bytes to move in BC as a negative number, and Move uses a
positive number. The move routine uses what is known as an
"unrolled loop", and is very fast, especially for large blocks of
data. It 1is wused internally for scrolling the screen and
transferring data to and from the disk controller buffers.
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Symbol name: Gdfp

Twin value: E@72

Entry: No inputs

Exit: Interrupts enabled

See Also: Devlock, BHA, TwinSystem printer driver

Symbol name: Fdfp

Twin value: E@75

Entry: No inputs

Exit: Interrupts enabled

See Also: Devlock, BHA, printer driver

¢« .

Description:

Gdfp and Fdfp are called to get and free the printer in the
TwinSystem. When the printer driver 1is initialized, wormholes
WHS, WH6, and WH7 are initialized by Fdfp to contain calls to
Gdfp. When a program calls WH5, 6, or 7, Gdfp 1is 1invoked. It
attempts to get temporary exclusive use of device @08 through
Devlock; device @@ is the printer. 1If Devlock returns with C set
in PSW, we jump to Err to abort and report the error. Note that
if wait mode was enabled (see Devlock and BHA), the wuser will
wait wuntil the printer 1is available. Once the printer is
available, the wormholes are connected to the printer driver, and
the ©proper wormhole invoked. Gdfp can also be called from the
user program to insure the printer is connected.
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For an example of an overlay, refer to the 1listing of the
system error message writer overlay, Emsg, given in Section 7.
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Exec.0V is central to the operation of the system. It

parses user

commands and initiates their execution. It also

processes errors reported through Err, and is the default handler

-for control

Y ("Y) as set through Iexec. The Exec also plays an

important role in the system boot sequence.

Emsg.QV is the system error message handler. When invoked

with an erro
screen. No
return; this
Emsg is se
Emedit.

r code in DE, it displays the appropriate text on the
te that the text does not terminate with a carriage

must be supplied by the user program, if needed.
t up for use with the system error message editor,

Dfnl.OV provides the following functions, based on the
function code passed in A:

oo Code . ——Command/Function .

NOAUTHB WD H®

Unused

IMAGE

INIT

Unused

RENAME

SetsSys

Unused '
Unused

The IMAGE, INIT, and SetSys functions all request

information

from the user (via reads through Rlwe and WH@), so

they are not particularly useful as callable functions. The
command string for RENAME is pointed to by CMPTR, so this

always retur
indication

" function may be invoked by the user program. The overlay will

n to the calling program, but does not give any
of error or success to the caller. The overlay takes

control of PVEC and may not restore it before returning.

Dfn2.0V provides the following functions, based on the
function code passed in A:

Code

SN aaUdes Wwo ™R

Command/Function

LIST
DELETE
UNDELETE
Unused
Unused
Sniff
Unused
DIR
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The DUMP Exec command does the same thing as the Dump Memory
function directly from Exec. The form of the command is:

DUMP ADR1 ADR2 COMMENT

‘This command is valid only in the ENABLED mode. ADR1 and ADR2

are the beginning and ending memory limits, and COMMENT is any
string of characters up to a carriage return that is displayed on
the header line of the dump.

The SAVE command requests input from the wuser, and is
probably not useful as a callable function. PRINT, TYPE, and
COPY all wuse CMPTR to retrieve arguments. DNAME requests input
directly from the user. The overlay will always return to the
calling ©program, but does not give any indication of error or
success to the caller. The overlay takes control of PVEC and may
not restore it before returning.

- Gfid- OV is-_responsible for - -parsing file names, entering

files 1into directories, and replacing file entries in
directories. For more information on Gfid, see the descriptions
in the sections on the file system and system service vectors.
In the TwinSystem, the Gfid overlay just jumps to the resident
service vector. :

Prnt .0V handles printer setup and modification. See the
sectidn on the printer for more information.

Pack.QOV is called to pack a disk. It assumes that user
memory has been set to zero by the Exec. It uses CMPTR to locate
the text of the drive to pack. This function should not be
invoked by the user.

Efun .0V provides services to the -editor. It has no
functions that can be used by other programs.

Mfun .0V appears only on the TwinSystem. It contains
miscellaneous routines and functions used in the Twin. It
provides the following functions, based on the function code
passed in A:

Code Command/Function
0 SET
1 Porfavor
2 ziffle

The ziffle command uses CMPTR to retrieve its argument. The
argument is expected to be a file name followed by a space and
the seed string. The seed string may £ill the remainder of the
line, just as long as you can remember it. The file is encrypted
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