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52 49
28 43

45 53
39 38

ROM BIOS
Listing

ROM BIOS Listing

aonoaa

;BOOT ROM -~ AT&T PERSONAL CONPUTER 6300
;Rev. 1.0 - MAY 1984

page 60,132

; flags.sre

H Tris file contains the temporary conditional assembly flag
H definitions and includes of the other assembly moduleas.
i

Hacrc Pefiniticers

i MASM does not let you code a "jump intersegment direct' instruction, s0
; this macro simulates that imstruction.

Jmpf macro argl,arg? i USAGE: jmpt seg,of
db 0EAh
dw arge
v argl
endm

Code Declaration

code segment public 'ROM' i 1ink code segments first
asaume caicode, ds:nothing, es:nothing, 8s:nothing
ORG 0C000h
flags_datal proc
ehk_lo db [ ; space for checksum of F000:C000 to FO00:DFFF
rom_1d db [ ; ROM identifier.
rom_nt dw mastab ; offset of mastab in ROM.
flags_datal endp
far_calls proc far ; far call table: the user does a far call to
; F000:COXX, a near call is done to the proper
; routine, and a far return back to the user
call pString ; P000:C00N (3 bytes per near call)
ret H (1 byte per far return)
call perlf ; F000:C008
ret .
call DColon 3 F000:C00C
ret
call DHexLong 5 F000:€010
ret
call DHexWord ; F000:CO1%
ret
call DHexByte ; F000:€018
ret
call DHexN1b 3 F000:CO1C
ret
call DNun ; F000:C020
ret
call DRucw ; FOCO:CO24
ret .
call ron_checksun ; F000:C028
ret
call rte_chk ; F000:C02C
ret
call ment st i F000:C030
ret
call h_init ; F000:C034
ret
call h_fot ; F000:C038
ret
dw offset banner_a ; pointer to banner
dw i For aligning the copyright message.
db YCOPYRIGHT (C)
db 'OLIVETTI 1984
far_calls endp
code ends

Includes of Assembly Podules

jinclude flag=.aso (this module)
irclude sysdata.asm

Filener

sysdata.srec

This is the port equate and system data definition module,
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; (See flags.src for ccnditional assembly flags...)
; Global Ccnstants

= 0000 abs0_seg equ 00000h

= 0030 stack_seg equ 00030h

= 0040 data_seg equ 00040h

= B00O par equ 0B00Oh

= BB0O par equ 0B80ON

= F000 code_seg equ O0F000h
BEL equ 007h
BS equ 008h
CR equ 00Dh
LF equ 00AR

= 0000 NUL equ 0

kY
= 0004
=

awonn
o
°
°
a

= 0081

0004
= 0000

0058

0041,
s 0056
= 0043

0000

ccze
0021

"o

0013

0NN NNNANNCNNAAANaanNaNAaNEANANaNANN0A 00NN000NNN0000ANNN0NNNANANNNNANNNNN0NNN00NANANANNNNNNAN0ANATAANAG

5 18237A p_dna Controller Port Addresses
B .- ——- -
dma_addr_0 equ 0oh i 16-bit address register - channel 0 - refresh
dna_count_0 equ 01h i 16-bit count register
dmn addr_1 equ 02n i 16-bit address register - channel 1 - not used
equ 03h 5 16-bit count register
dma:uddr_z equ ouh i 16-bit address register - channel 2 - FDU
dna_count_2 equ 05h i 16-bit count register
dma_addr_3 equ 06h i 16-bit address register - channel 3 - display
dma_count_3 equ o7h i 16-bit count register
dma_status equ 08h ; 8-bit read status register
dna_command equ 08h ; B-bit write command register
ﬂerequast equ 09h i U4-bit write request register
equ 0AR i 4-bit (write) set/clear one mask register bit
equ 0Bh ; 6-bit write mode register
equ och i (write) clear byte pointer flip/flop
dleemp equ oph ; B8-bit read temporary register
dma_master_clr equ obh ; (write) master clear command
dna_mask_clr equ OEh i 4-bit (write) clear all mask register bits
dma_mask_write equ OFh ; U4-bit write all mask register bits at once
dna_segn_0 equ 080h ; RAM refresh - 4xi-bit high nibble segment port
doa, ) equ 082h ; not used’
doa_sego_2 equ 081h ; FDU
dma_segn_3 equ 083h i display TEMP

18237A p_dma controller conatlnta

; dna_command port: ; bit #0: memory-to-nemory/~I/0 enable

i bt controller disable

; bit compressed/~normal timing

i obit rotating/~fixed priority

; bit #5: extended/~late write selection

i obit DREQ active low/~high

; bit DACK. active high/~low
dna_cnd_disable equ 004h ; controller disable (bit #2) command
dna_cnd_enable equ 000h i memory-to-I/0,controller enable,normal

; fixed priority, late write, DREQ/~DACK
dna_node_0 equ 058h channel 0, read, autoinitialize, inc-

rement, single mode for RAM refresh.

increment, single mode for display.

;
dna_node_1 equ o41n { channel 1, verify, autoinit disabled,
; increment, single mode for not used.
dma_mode_2 equ 056h ; channel 2, write, autoinitialize, inc-
; rement, single mode for FDU.
dna_mode_3 equ 043h ; channel 3, verify, autoinit disatled,
i

; doa_pask_bit port: ; bits #0-1: channel select
;bit ¢ set/-clr mask bit (off/on)
dna_unnask_0 equ 000h ; turn on channel O for RAM refresh.

182594 Prcgrnnunble Interrupl Controller Port Addresseu

Fic_0 qu 020h ; 8259A Tcontrol' port (AQ
pie_t equ 021h ; 8259A 'data’ port (A0

pic_icul equ 013n ; ICK1 for both master & slave pic's
bit #0 = 1: ICW4 to follow (w/vector base)

3 bit 41 = 1: single mode (no slaves or icu3)
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[ i bit #2 = 0: call address interval of 8 bytes
c i (don't care if 8086 aode -- always veotors &
c i byte imterval)
c ; bit #3 = 0: edge triggered
= 0008 € plo_iew2 equ 008h i interrupt veotor base address (INTs 08h - OFb)
= 0008 C pilo_iow3 equ 008h i if casocade mode , and IR3 13 a
[ alave, 82594 1s reprograamed including i1cwl
= 000D € plc_iowh equ ooph i bit #0 = 1: 8086 mode
c i bit #1 = 0: normal end_of_int
< ; bit #2 = 1: aspecify master for buffered mode
[ i ( specifies slave for buffered mode
c ;3 bit #3 s 1: buffered mode
c ; bit #4 = 0: not special fully nested
= QOFP € plec_off_amsk eaqu OFFh ; Pic interrupt mask bits (all interrupts off)
c
= 0020 C pio_neoi equ 020b i non-specific end-of-interrupt
[
= 0060 C pic_seol 0 oqu 060h i apecifio end-of-interrupt for IRO: 18253 p_timer
= 0061 C plc_seoi_t oqu 061h i specific end-of-interrupt for IRO: 180314 kb
= 0066 C pic_seoi 6 equ 066h i specific end-of-interrupt for IR6: fdu
c
c
[ 18253 p_timer Port Addresses
c
c
= 00X0 C p_8253_0 equ 0A0h ; 8253 r 0 - rto interrupt - IR0 = INT 08h
= 0041 ¢ p_8253_1 equ 031b i 8253 1 - memory refresh p_dma
= 0042 c p_8253_2 equ 0A2h ; 8253 r 2 - tone generator for speaker
= 0043 C p_8253_otrl oqu 0A3b ; 8253 p_timer control port
c
c ;
[ 18253 p_timer Control Bytes
c
C ; bit ¢0 => Binary Code Decimal (BCD) Enable
C ; bits #1-3 => Mode (0-5) 000 Mode 0: Interrupt on Terminal Count
c 001 Mode 1: Programmable One-Shot
c x10 Hode 2: Rate Generator
c ; x11 Mode 3: Square Wave Rate Generator
c 100 Mode u4: Software Triggered Strobde
/A\ c 101 Mode 5: Hardware Triggered Strobe
C ; bits #i-5 => Read/Load Instruction (0-3)
! 3 C ; bits #6-7 => Select Counter (0-2)
c
c
= 0036 C tocmd equ 036k 5 00 11 011 0 => p_8253_0, lsd 1st, mode 3, ne BCD
= 0074 € tilemd equ 074h 3 01 11 010 0 =-> p_B253_1, lad 1st, mode 2, no BCD
= 00B6 C t2ecad equ 0B6h 3 10 11 011 0 => p_8253_2, lsd 1st, mode 3, no BCD
c
c
¢ 18253 p_timer Counta
c
C ; 8253 input 1s 1,2288 MHz (3.6864/3) or a period of 813.8 nseo = 0.814 usec
C ; Note: PC input 1s 1.19318 HHz or & period of 838.1 nseo = 0.838 usec
c
[
= 0000 C tOcount equ [ i = 65,536 -> (1,228,800 Hz)/(65,536) = 18.75 ints/sec
[ H => (1,193,180 Hz)/(65,536) = 18.21 inta/aec
c
C jticount equ 9 i OLD rofresh oycle = 9%(813.8 nsec) = 7.32 uaeo
c
= 0013 C tilcount equ 19 i REAL refresh cycle = 199(813.8 nsec) = 15.5 unec
c i € 15.625 usec minioum required. ( 13 18 - safety??)
c
= 0266 C t2count equ 614 i (1.2288 MHz)/(2%618) = 1.00 kHz tone
c
c
c 28530 Serial Coammunication Controller
c
[ (sce_data_x port addresses are indexed from the scc_ctl x
[] port addresses. See com.src.)
[+
c
= 0050 C sce_ctl a equ 050h i write to SCC poeinter register (0~Fh),
= 0052 C sce_ctl_b equ 052h i then read or write from selected regiater.
c
c ceecans [
c 8041 Keyboard Controller
[ - memeemeceanana-
c
= 0060 € p_kscan equ 060h
= 0061 C p_ketrl equ 061hn 3 bit  #7: reset interrupt pending
c ; bit  #6: kb clock reset
c i bit #5: I1/0 channel (NMI) enable
c ; bit e RAM parity (NMI) enable
c i bits #3 & #2: not used
c i bit  #1: apeaker data
c i bit  #0: speaker gate to p_8253_2
= 0064 C kb_status equ 064h i b1t #1: input buffer (ok to write byte)
4 i bit  #0: output buffer (byte to be read)
c
c ——-
c General Control Ports
c
c
= 0062 € ControlB enu 062h ; 8087, etc.
= 0065 C CommControl equ 065h
= 0066 C sys_conf_a equ 066h i bit 2764/72732 ROM's
c i bitv not used
c ; bit SCC 8530 chip installed
4 iobit 8087 installed
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= 0067

= 0201

= 03BC

= 0378

= 0278

= 03D4

= 03B4

= 03F8

= O3FA

= 02F8
= 02FA

M OONNANNNNNNNANNN00NNNNNNANNNNNa0ANNNNN00000NNNANANAN00NN0NNN0000aAN0NNNNN0NANNNANN0NANNNN00ANNANA0AOAN

256k x 1 RAM used

RAM configuration
(number of FDUs)-1
reserved for monitor type
bits #3 - #2: reserved for HDU type

bit  #1: "fast® FDU start up

bits #0: 96 tpi FDU

sys_conf_b equ 067h

58174A Clock Calendar

(See calendar.src)

FDU & HDU Disk Driver Error Codes

time_out equ 8oh
seek_error equ uob
fdo_error equ 20h
cre_error equ 10h
dna_seg_error equ 09h
dona_error equ 08h
sect_not_found equ 08h
write_protect equ 03h
addr_mark_error equ 02h
cnd_error equ o1h
i
i Game Card
i

card equ 201h

Parallel Printer Interface

(prt_stat_x & prt_omd_x port addresses are indexed from the
prt_data_x port addresses. See prt.src.

i
H
H
H
i
H

prt_data_a equ 03BCh
; prt_stat_a equ 03BDh
i prt_omd_a equ 03BEh
prt_data_b equ 0378h ; on mother board
i prt_stat_d equ 0379h
i prt_omd_b equ 037Ab
prt_data_c equ 0278h
i prt_stat_c equ 0279h
i prt_cmd_c equ 027Ab

Color and Monochrome Video Controller

(xxxxx_data, xxxxx_mode, xxxxx_status, xxxxx_LPeclear, and
xxxxx_LPPreset port addresses are indexed from the xxxxx_Pointer
port addresses for color & display. See vid.src and graph.arc.)

; Color Controller.
color_pointer  equ 03D4h ; 6845 pointer to internal regs
; Monochrome Controller.

v_pointer equ 03B4h ; 6845 pointer to internal regs

; INS8250 Asynchronous Communication Chip

(com_int_x, com_letl_x, com_mctl_x, com_lstat_x, and
com_mstat_x port addresses are indexed from the com_data_x
port addresses. See com.src.)

com_data_a equ 03F8h i channel A 8250 data register/low byte baud
a equ 03F9h i channel A 8250 high byte baud count register
equ 03FAh i channel A 8250 check for presence register
equ 03FBh ; channel A 8250 line control register
equ 03FCh ; channel A 8250 modem control register
com_lstat_: equ 03FDh i channel A 8250 line status register
com_xatat_a equ 03FEh i channel A 8250 modem status register
con_data_b equ 02F8h  ; channel B 8250 data register/low byte baud
; com_int_b equ 02F9h  ; channel B 8250 high byte baud count register
com_41d_b equ 02FAh i channel B 8250 check for presence register
; com_letl b equ 02FBh i channel B 8250 line control register
com_| equ 02FCh ; channel B 8250 modem control register
cop_latat_b  equ 02FDh  ; channel B 8250 line status register
com_mstat_b  equ 02FEh i channel B 8250 modem status register

Kb_fleg
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0080
0040
0020
0010
0008
0001

o080
0040
0020
0010
0008
0004
0002
0001

R

R
°
°©
w
-

0000

0000
0004
0008
ococ
0010
0014

0c18
001¢C

0020
0024
0028
oo2c
0030

0034
0038

003C

22271227
272717127
22272217
272122727
77222722
777221722

2727227722
72222227

22722722
7?2277

77727277
77727227
72722777

27722227
27272727

22227227

722271227
22722227
27222227
27222222
277222227
222222272
272722227
22722227
2?22?2227
72772272
7727212
7177127
22727772
72772727
277172277
27222227

P ANANNNNONNNNNNNNNNNNNANNAAANNNNANNNNNNANNANNNANANNNNANNNNANNNNNNNANNNNNNNNNANNANNNNNANNNNNNNNONONONOA

insert_mode equ 80h ; insert state in action
caps_lock_mode equ a0h i caps lock state toggled
nuz_lock_mode  equ 20n i num lock state toggled
scrl_lock_mode equ 10h ; scroll lock state toggled
pause_mode equ 08h i pause toggled

dlx_kb equ 01h i deluxe keyboard

j===- shift flag eoquates within kbdb_flag_1

insert_shift equ gon ; insert key depreased
caps_lock_shift equ 4oh ; caps lock key deprossed
num_lock_shift equ 20n i, num lock key deprossed
serl_lock_shift equ 100 i scroll lock key deprossed
alt_shift equ 08h i alternate shift key depressed
cntrl_shift equ 04h ; control shift key depressed
left_shift equ 02h i left shift key depressecd
right_shift equ 01n i right shift key dopresaed

== Scan codes for special function keys

entrl_key equ 29 ; control key scan code
left_snift_key equ 42 i left shift scan code
right_shift_key equ 54 i right shift scan code
alt_key equ 56 i alt shift key scan code
caps_lock_key  equ 58 i shift lock scan code
num_lock_key equ 69 i number lock scan code
scrl_lock_key  equ 70 ; scroll lock key scan code
insert_key equ 82 ; insert key scan code
delete_key equ 83 i delete key scan code

Inlerruvl Locations (dummy data segment to define constant offsets}

abso segment public 'RAM’ ; at abs0_seg
assuge c3:nothing, ds:nothing, es:nothing, ss:nothing

; CPU Interrupt Routines

int00loen dd ? i divide by zero
int01locn dd ? i single step trap
int02locn dd ? i nmi parity trap
int03loen ad ? ; break interrupt
int0alocn dd ? ; divide overflow
int0Sloen ad ? i print screen
int0€locn dd ?

intG7loen dd ?

irt08icen déd ? } 18253 rte interrupt
int0%loen dd ? ; 18081 kb interrupt
1nt0Aloen da 7

int0Blocn dd ?

1ntoCloen dd ?

intoDloen dd ? : hard disk interrupt
intOElocn dd ? i floppy disk interrupt
intOFlocn dd ?

Software Interrupt Routines

1nt10locn dd ? ; display request

inti1locn dd ? i equipment requeat

int12locn dd 2 ; memory size request
int13locn dd ? ; disk I/0 request

int14locn dd ? i serial communication request
int15loen dd ? ; cassetto request

int16locn dd ? ; kb request

int17loen dd ? i printer request

int18locn dd ? i cassette BASIC pointer
int19locn dd ? i boot-strap request

int1Alocn dd ? ;i time of day requeat
int1Blocn dd ? i kb break pointer

intiClocn dd ? i p_timer break pointer
int1blocn dd ? i display parameter pointer
int1Eloen dd ? i disk parameter pointer
int1Flocn ad ? ; graphics character extensions pointer
abao ends

RAM stack
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co00 C stack_ras segment public 'RAM! ; at stack_seg
c
6C00 € stack_ram ends
c
€ jmmmmmee- ceeeen PR
c Systez Data Arez
[ D Ceremeeeeel
[
0000 C data segment public 'RAM! ; at data_seg
c assume cs:nothing, ds:nothing, es:nothing, ss:nothing
[
c
c Data Arec
€
c
c ROM Bios Data Area
c
0000 ou € rs232_addr dw 4 dup (?) ; 0040:0000 addresses of rs232 adapters
2727 c
c
c
0008 on [ C printer_addr dw 4 dup {?) ; 0040:0008 addresses of primters
2722 [
c
[
0010 2777 C switch_bits dw ? ; 0040:0010 state of DIP switches
0012 27 C ofg tat db ? ; 0040:0012 4initialization flag
0013 2727 C nmemory_size dw ? ; 0040:0013 memory size in kbytes
0015 C ofg err_flag db 2 dup (7) ; 0040:0015 error codes for manufacturing
2?7 c
c
c
c
c keyboard Data Area
[
0017 77 € kb_flag db ? ; 0040:0017 keyboard shift flag atatus byte
0018 72 € kb_flag_1 db ? ; 0020:0018 second byte of keyboard status
0019 22 C alt_input db ? ;i 0030:0019 alternate keypad entry
001A 7227 € buffer_head dv ? i 0040:001A keyboard output pointer offset
001C 7772 € buffer_tail dw ? 7 0080:001C keyboard input poinmter offaet
c
001E 10 C  kb_buffer dw 16 dup (7) ; 0040:001E room for 15 entries: head =
2727 [
c
c
c H tail implies buffer is empty
[
c Floppy Diskette Data Area
c
003E 2?7 C seek_status db ? ; 00%0:003E floppy disk restore status bits
003F 27 € motor_status db ? ; 0040:003F floppy disk motor status bits
00k0 7?7 € motor_ocount db ? i 0040:0080 floppy disk turn off counter
oouy 27 € diskette_status db ? i 0030:0041 floppy disk driver status byte
[
ooh2 C cmd_block label  byte ; 0040:0042 HDU command block buffer
0032 C hd_error label  byte ; 0040:0042 HDU sense byte buffer
oos2 o7 C nec_statun db 7 dup (?) ; 00#0:0042 status bytes from NEC controller
22 [
c
c
c
[ Video Display Data Area
c
4
0049 77 C v_mode db ? 3 0040:0049 CRT mode
004A 2277 € v_width dw ? 5 0030:0044 CRT number of columns {often db)
oohc 7277 € v_height dw ? i 0080:004C CRT length of video ram in bytes
Q04E 7727 C v_top dw ? ; 0040:004E CRT video ram buffer address
0050 08 C v_curpos dw 8 dup (?) ; 0040:0050 cursor for each of up to 8 pages
7277 c
c
c
c
0060 7727 C v_cursize dw ? ; 0050:0060 v_curs_type sets cursor value
0062 77 € v_apage db ? ; 0040:0062
0063 7727 € v_base68us dw ? ; 0040:0063
0065 77 € v_3x8 db ? i 0040:0065
0066 77 € v_colorpal db ? 7 0040:0066
[
¢ Opticonal Post Data Area
[
0067 2777 C io_rom_init dw ? ; 0040:0067 option ROM init routine offaet
0069 2727 C io_rom_seg dw ? ; 0040:0069 option RON init routine segment
006B 27 C intr_flag db ? i 0040:006B occurrence of interrupt flag
c
c 3 18253 p_timer Data Area
c
006C 7277 C t_low_order dw ? 5 0040:006C 1low word of 18253 p_timer count
006E 7277 € t_hi order dw ? ; 0040:006E high word of 18253 p_timar count
0070 1?7 C t_overflow db ? ; 0040:0070 time rolled over flag
c
c Syaten Data Area
c
Q071 77 C bios_break db ? ; 0080:0071 bit #7 set if break key hit
0072 2277 € reset_flag ow ? ; 0040:0072 = 1234h if keyboard reset hit
c
c ; Fixed Disk Data Area
c
0074 27 C disk_status db ? ; 0040:0074 fixed disk driver status byte
0075 1?7 ¢ hf_num db ? ; 0040:0075 fixed disk drive count
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0076 27 control_byte db ? ; 0040:0076 fixed disk control byte options
0077 22 port_off db ? ; 0040:0077 fixed disk port offset
H Printer & RS-232 Time-Out Data Areas
0078 oy [ printer_t_out db 4 dup (?) ; 0040:0078 oprinter time-out variables
117
]
oo07¢C oa [ serial_t_out db 4 dup (?) ; C040:007C RS-232 time-out variables
77
]
H Additional Keyboard Data Area
0080 7777 buffer_start dw ? ; 0040:0080 offset of kb_buffer = 0C1E
0082 27?7 buffer_end dw ? ; 0040:0082 offset of kb_buffer_end = 0D03E
Data Area

NONNNENNNN0NAANNNANNNNNNOANANBNNANOAD

H Mester Table Pointer.
0084 27727777 zaster_tbl_ptr dd 2 ; 0050:0084 pointer to master table
0088 data  ends

; O

; Video RAM

i
0000 v_ran  segwent public 'RAM' ; at para_mono
0000 v_ran ends

c060 code segment public *ROM!
assume ca:code, ds:nothing, es:nothing, ssinothing

€060 font_lo_8x16 label byte i 2048 bytes
C include fontlol6.asm

c060 g fontlol16 proc near H System Font Table for M234

€060 00 00 00 00 00 00 (‘:: DB 00h,00h,00h,00h,00h,00R,00h,00h

co68 gg gg 00 00 00 00 g DB 00h,00h,00h,00n,00h,00h,00h,00h H o

coT0 gg gg TE 81 5 81 g DB 00h,00h,07eh,081h,0a5h,081h,081h,0bdh

coT8 :19 ::’ TE 00 00 00 (‘:: DB 099h,081h,07eh,00h,00h,00h,00h,00h ; 1

€080 gg gg 7E FF DB FF g DB 00h,00h,07eh,0fCh,0dbh,0ffh,0ffh,0c3h

coss l::’l; S FF 7E 00 00 g DB 0e7h,007h,0ffh,07eh,00h,00h,00h,00h ; 2

c090 gg gg 00 36 TF 7F g DB 00h,00h,00h,036h,07fh,077h,07¢h,07Ch

€098 ;: ’\'g 08 00 00 00 g DB 03eh,01ch,08h,00h,00h,00h,00h,00h H 3

COA0 gg gg 00 08 1C 3E ‘C: DB 00h,00h,00h,08h,01ch,030h,07Ch,03eh

COA8 Z(FZ 356 00 00 00 00 g DB 0%ch,08h,00hn,00n,00h,00h,00h,00h H 4

COBO gg gg 18 3C 3¢ ET (t:: DB 00h,00h,018h,03ch,03ch,0eTh,0e7h,0e7h

CoB8 ﬂ ::Z 3C 00 00 00 g DB 018h,018h,03¢h,00h,00h,00h,00h,00h ; 5

coco gg gg 18 3C 7E FF g DB 00h,00h,018h,03¢ch,07¢h,0ffh,0ffh,07¢h

cocé l:; Zg 3c 00 00 00 g DB 018h,018h,03¢h,00h,00h,00h,00h,00h ; 6

coDo lo)g gg 00 00 00 18 ‘(:: DB 00h,00h,00h,00h,00h,018h,03ch,03¢ch

(1] ?‘B: gg 00 00 00 0O g DB 018h,00h,00h,00h,00h,00h,00h,00h i 17

COE0 gg gg FF FF FF E7 g DB Offh,0ffh,0ffh,0ffh,0ffh,0e7h,003h,003h

COEB gg g; FF FF FF FF g DB 0¢3h,0e7h,0ffh,0ffh,0ffh,0ffh,0ffh,0ffh H 8

COF0 gg ;: 00 00 3C 24 g DB 00h,00h,00h,00h,03ch,025h,042h,0482n

COF8 ;: gé 00 00 00 00 g DB 024h,03¢h,00h,00h,00h,00h,00h,00h H 9

€100 gg gg FF FF C3 99 g DB Offh,0ffh,0ffh,0ffh,003h,099h,0bdh,0bdh

c108 Bﬂg gg C3 FF FF FF g DB  0bdh,099h,0¢3h,0ffh,0£fh,0ffh,0fCh,0fFh H a

c110 :; g; 1F 07 oP 19 (cl DB 00b,00h,01fh,07h,0dn,019h,078h,0cch

€118 '!:?J gg 78 00 00 OO0 g DB Occh,0cch,078h,000,00h,00h,00h,000 b

ci20 gg gg 3C 66 66 66 ‘C: DB 00h,00h,03¢h,066h,066h,066h,03ch,018h

cia8 3% :g 18 00 00 00 2 DB 07eh,018h,018h,00h,00h,00h,00h,00h ; e

c130 gg gg 18 18 12 12 ‘!:: DB 00h,00h,018h,014h,012h,012h,012h,014h

c138 sg ’227 FO FO 60 00 :C:; PB  010h,070h,0f0h,0f0h,060h,00h,00h,00h H d
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€130 00 00 1F 11 1F 11 [ DB 00h,00h,017h,011h,01¢h,0115,011h,011h

c148 :‘3 ;"I 77 72 20 00 g DB 013h,037h,077h,072h,020h,00h,00h,00h

€150 gg gg 18 18 DB 3C g DB 00h,00h,018h,018h,0dbh,03ch,0a7h,03¢ch

c158 :; |3¢a: 18 00 00 00 g DB 0dbh,018k,018b,00h,00h,00h,00k,000 ; t
c160 gg gg 40 60 70 7C g DB 0O0h,00h,040k,060h,070h,07ch,07¢h,07ch

c168 35 ;’g 50 00 00 00 g DB 070h,060h,030h,00h,00h,00h,000,000 ; 10
€170 gg gg 01 03 07 1P <c: DB 00h,00h,01h,03h,07h,01¢h,07¢h,01fh

c178 Z? ;; 01 00 00 00 g DB 07h,03k,01h,00h,00h,00h,00h,00h A 1"
c180 83 gg 18 3C 7E 18 g DB 00h,00h,018k,03ch,070h,018h,018k,018h

c188 "l: ;g 18 00 00 00 g DB 07eh,030h,018k,000,00h,008,00h,00k ; 12
ci90 gg gg 33 33 33 33 g DB 00h,00k,033h,033h,033k,033h,033h,033b

c198 gg 33 33 00 00 00 g DB 00hb,00h,033h,00h,00h,00h,00h,00h ; 13
C1A0 gg gg T¢ DB DB DB f: DB 00h,00b,07fh,0dbh,0dbk,0dbh,07bh,01bh

C1A8 z: :g 1B 00 00 00 g DB 01bh,01bh,01bh,00h,008,00h,00n,00b ; 1
c1B0 gg g: 63 30 1C 36 g DB 00h,03eh,063h,030h,01ch,036h,063h,063h

ciB8 gg ?13: 06 63 3E 00 g DB 036h,010h,06b,063h,030h,000,00L,00h ; 15
c1co gg gg 00 00 00 00 g DB 00h,00h,00h,00h,00h,00h,00h,00h

cice :g ?Ig 78 00 00 00 g DB 07eh,07eh,07ch,00h,00hk,00k,00L,008 ; 16
c1po gg gg 18 3C 78 18 g DB 00h,00h,018k,030h,076h,018h,018b,018h

c1p8 ';: ;g 18 PP 00 00 g DB 0Teh,030h,018h,0ffh,00h,00h,00h,00h ; 17
cigo gg gg 18 3C 7B 18 g DB 00h,00h,018h,03ch,07eh,018h,018h,018h

c1g8 :g :g 18 00 00 00 g DB 018h,0183,018h,00h,00h,00k,00h,00k ; 18
c1ro gg gg 18 18 18 18 g DB 00h,00h,018k,018h,018h,018b,018h,018h

[214] "I: ;g 18 00 00 00 (‘:: DB 07eh,030h,018n,00b,00h,000,008,000 ; 19
c200 gg gg 00 00 0C 06 g DB 00h,00k,00h,00h,00h,06h,07fh, 06k

c208 ZZ gg 00 00 00 00 g DB Och,00h,00h,00h,00k,00h,00k,00h ; 1a
ca210 8‘0’ gg 00 00 18 30 g DB 00h,00h,00h,00h,018k,030h,07¢h,030h

c218 ;’: 33 00 00 00 00 g DB 018h,00h,00h,00k,00h,00k,00h,00h ; 1
c220 gg gg 00 00 60 60 g DB 00h,00h,00h,00h,060h,060h,060h,060h

c228 ‘G,g ‘5,3 00 00 00 00 g DB 07fh,07fh,00h,00h,00b,00h,000,000 ; 10
c230 gg gg 00 00 23 42 g DB 00h,00h,00h,00h,024h,082h,01¢h, 042k

c238 lz”: :g 00 00 00 00 g DB 023h,00h,00h,00h,00h,00h,00h,00h i 14
cz240 g: gg 00 00 00 00 g DB 00h,00h,00k,00h,00h,00h,00h,018k

c248 gg "Ig FF 00 00 00 g DB 030h,07eh,0ffh,00h,00k,00h,00h,008 ; 1e
€250 gg goo 00 00 00 PF g DB 00h,00n,00h,00h,00h,0¢fh,0Teh,03¢ch

c258 15 ég 00 00 00 00 g DB 018h,00h,00k,00h,00h,00h,00h,00h ; 1
c260 ‘o”u’ gg 00 00 00 00 (‘:: DB 00h,00k,00k,00h,00h,00k,00h,00h

c268 gg gg 00 00 00 00 g DB 00h,00h,00k,00h,00h,00h,00h,00n it 20
ca270 gg gao 18 3¢ 3¢ 3¢ g DB 00h,00h,018h,030h,03ch,03¢ch,018h,018h

c278 ;g :g 18 00 00 00 g DB 001,018h,018h,00h,00k,00h,00n,00n  ;*1' 21
c280 gg gg 66 66 24 00 g DB 00h,00h,066h,066h,028h,00h,00h,00k

c288 gg 83 00 00 00 00 g DB 00h,00h,00h,00h,00h,00k,00h,00h jrmr 22
c290 gg gg 36 36 7F 36 g DB 00h,00h,036h,036h,071h,036h,036h,036h

c298 '3116’ 32 36 00 00 00 g DB 07fh,036h,036h,00h,00h,00h,00n,00h ;'¢' 23
C2A0 gg gg 3E 63 60 60 g DB 08h,08h,036h,063h,060n,060h,03eh,03h

c2a8 gg 2; 3E 08 08 00 g DB 03h,063h,03eh,08h,08h,001,00h,00h ;'$' 24
c280 gg 8: 00 61 63 06 g DB 00h,00h,00h,061h,063h,06h,0¢h,018h

€288 gg gg 43 00 00 00 g DB 030h,063h,043h,00h,00n,00n,00n,000 ;'$' 25
c2co gg gg 1C 36 36 1C 'c: DB 00h,00h,01ch,036h,036h,01ch,03bh,06eh

cacs EE EE 38 00 00 00 E DB 066h,066h,03bh,00h,00h,000,006,00n ;'&' 26
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€2D0 00 00 30 30 30 60 DB 00h,00h,030h,030h,030n,060n,00h,00h

c208 00 00 08 00 00 00 DB 00h,00h,00h,00h,00h,00h,00h,00h jrer 21
C2E0 gg g: 0C 18 30 30 DB 00h,00h,0ch,018h,030h,030h,030h,030h

c2E8 33 38 oc 00 00 00 DB 030h,018h,0ch,00b,00h,000,000,000  ;'(' 28
c2ro :g % 30 18 oc oC DB 00h,00h,030h,018h,0ch,0ch,0ch,0ch

cars 06 16 30 00 00 00 DB Ooh,018h,030h,00h,00n,000,000,000  ;')' 29
€300 90 00 00 00 66 3¢ DB 00h,00h,00h,00h,066h,03ch,0rfh,030h

€308 €6 36 00 00 00 00 DB 066h,00h,00h,00h,00h,008,000,000  ;'®' 2a
€310 20 00 00 00 18 18 DB 00h,00h,00h,00h,018h,018h,070h,018h

€318 I ;g 00 00 00 00 DB 018h,00h,00h,00h,00h,008,008,000  ;'+' 2b
€320 90 00 00 00 00 00 DB 00h,00h,00h,00h,00h,00h,00h,00n

c328 %8 76 18 30 00 00 DB 018h,018h,018h,030h,00h,00h,008,00h ;',' 20
€330 20 00 00 00 00 00 DB 00h,00h,00h,00n,00h,00h,076h,00h

€338 ;: 00 00 00 00 00 DB 00h,00h,00h,00h,00h,00h,00h,00h 1ot 24
€350 20 00 00 00 00 00 DB 00h,00h,00h,00h,00h,00h,00k,00n

c348 20 $8 18 00 00 00 DB 00h,018h,018h,00h,000,00h,001,000  ;'.' 26
€350 00 99 01 03 06 oc DB 00h,00h,01h,03h,06h,00h,018h,030n

€358 ;: 39 00 00 00 00 DB 060h,040h,00n,00h,00n,00h,000,000 ;'/* 2f
€360 00 00 3B 63 67 6F DB 00h,00h,036h,063h,067h,06fh,07bh,073b

3
€368 63 63 38 00 00 00

00 00
/5 N\ €370 00 00 OC 1C 3C OC
oc oc

€378 0C 0C 3F 00 00 00

DB 063h,063h,036h,00h,00n,00h,000,00n ;'0' 30
DB 00h,00h,06h,01ch,030h,00h,00h,00h

DB Och,00h,03fh,00h,00n,00h,000,000  ;'1' 31

€380 20 00 3B 63 03 06 DB 00h,00h,036h,063h,03h,06h,00h,018h

c388 33 ;: 7F 00 00 00 DB 030h,063h,07fh,00h,00n,000,000,000 ;'2' 32
€390 20 00 38 63 03 03 DB 00h,00h,03eh,063h,03h,03h,030h,03h

c398 3: ‘s’§ 3E 00 00 00 DB 03h,063h,036h,000,000,000,000,000  ;'3' 33
€340 gg gg 06 OB 1B 36 DB 00h,00h,06h,06h,01eh,036h,066h,07fh

c348 602 2 op 00 00 00 DB 06h,06h,0£h,00h,00h,00h,00h,00h ;e 38
€380 20 00 TP 60 60 60 DB 00h,00h,07fh,060h,060h,060h,076h,03h

c388 35 g; 3E 00 00 00 DB 03h,063h,03eh,00h,00k,00h,008,000  ;'S* 35
c3c0 90 00 1¢ 30 60 60 DB 00h,00h,010h,030h,060h,060h,07eh,063b

c3cé z; g; 3E 00 00 00 DB 063h,063h,036h,00h,00h,00h,000,000 ;'6' 36
€300 gg b TP 63 03 06 DB 00h,00h,07fh,063h,03h,06h,00h,018h

38 16 1% 18 00 00 00 DB 018h,018h,018h,00h,00h,00h,000,00n ;'7* 37
C3B0 gg 82 3E 63 63 63 DB 00h,00h,030h,063h,063h,063h,030h,063h

€388 2; g; 3E 00 00 00 DB 063h,063h,03eh,00h,00h,00h,00h,00h ;'8' 38
C3F0 gg gg 3E 63 63 63 DB 00h,00h,036h,063h,063h,063h,03¢fh,03h

C3F8 g; gz 1C 00 00 00 DB 03h,06h,010h,00h,00h,00h,00h,00h i'9" 39
c300 gg :g 00 18 18 00 DB 00h,00h,00h,018h,018h,00h,00h,00h

ca08 18 18 00 00 00 00 DB 018h,018h,00h,00n,000,000,000,008  ;':' 3a
ca10 §§ §§ 00 18 18 00 DB 00h,00h,00h,018h,018h,00h,00h,00h

€418 18 18 30 00 00 00

00 o0
k c420 00 00 06 OC 18 30

DB 018h,018h,030h,00h,008,00h,00h,00h ;’;' 3b

DB 00h,00h,06h,00h,018h,030k,060h,030h

00NN NN0NNNNNNNNN0NNNaNNNN0NN0N0NNANANAN0N000NNNNNN00NNNNNNNN00000A0NNNANNNNANNNN00NN0NNNNANNN0A0NARNNAO.

caz8 elg 33 06 00 00 00 DB 018h,0ch,06h,00h,00h,00h,00h,00h ;1< 30
ca30 g: g: 00 00 7E 00 DB 00h,00h,00h,00h,07eh,00h,00h,00h

ca38 g: :g 00 00 00 00 DB 07eh,00b,00h,00h,00h,00h,00h,00n it=t 3d
cano gg 88 60 30 18 0C DB 00h,00h,060h,030h,018h,00h,06h,0ch

cuus ?: §§ 60 00 00 00 DB 018h,030h,060n,00h,000,000,000,00h ;'>' 3e
c450 gg gg 3E 63 63 06 DB 00h,00h,03eh,063h,063h,06h,00h,0ch

cuss §§ EE 0c 00 00 00 DB 00h,0ch,00h,00h,00h,00h,00h,00h ;v20 3r
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€460 00 00 3E 63 63 6F c DB 00h,00h,036h,063h,063h,06fh,06fh,06¢h

cu68 :'z 25 3E 00 00 00 g DB 06eh,060h,03eh,00h,00h,005,000,00h ;'€' 40
cato oog gg 08 1C 36 63 g DB 00h,00h,08h,01ch,036h,063h,063h,077h

ca7a §§ Z§ 63 00 00 00 g DB 063h,063h,063h,00h,00h,00h,00h,008 ;'A' 31
cago oog g: 1E 33 33 32 g DB 00h,00h,07eh,033h,033h,032h,03eh,033h

c588 ;g gg TE 00 00 00 g DB 033h,033h,07eh,00h,00h,00h,000,008 ;°B' 42
cago :g gg 1E 33 60 60 g DB 00h,00h,01eh,033b,060h,060h,060h,060h

cag8 200 gg 1E 00 00 00 g DB 060h,033h,01eh,00h,00h,00h,00L,00h ;'C' 43
chao gg gg 7¢ 36 33 33 g DB 00h,00h,070h,036h,033h,033h,033h,033h

CUA8 §§ 32 7¢ 00 00 00 g DB 033h,036h,07ch,00h,00k,005,00h,00h ;'D' 43
c4Bo gg gg TF 33 30 34 g DB 00n,00h,07fh,033h,030h,033h,030k,034h

[13:1) §§ §§ 77 00 00 00 g DB 030b,033h,07fh,00h,008,00h,008,00h ;'E' 45
cuco gg gg TF 31 38 3C ::: DB 00h,00h,07fh,031h,034h,03ch,030h,034h

cacs ;g g: 78 00 00 00 g DB 030h,030h,078h,00h,00h,00h,000,00b ;'F' 46
capo gg goo 18 33 60 60 g DB 00h,00h,01eh,033h,060h,0600,060b,06¢h

caps 2g g; 1D 00 00 00 g DB 063h,033h,01dh,00h,00h,00h,008,00h ;'G' &7
caE0 gg gg 63 63 63 63 g DB 00h,00h,063h,063h,063h,063h,07¢h,063h

cues Z: 2; 63 00 00 00 g DB 063h,063h,063h,00h,00n,00h,000,00h ;'H' &8
caro gg gg 3¢ 18 18 18 g DB 00h,00h,03ch,018h,018h,0181,018h,018h

(111 :g :: 3¢ 00 00 00 g DB 018h,018h,030h,00h,00h,000,008,000 ;'It 49
€500 gg gg OF 06 06 06 g DB 00h,00h,0fh,06h,06h,06h,06%,06h

c508 22 g: 3C 00 00 00 g DB 066h,066h,030h,00h,000,00h,00b,008 ;'J' 3a
€510 gg gg 73 33 36 36 g DB 00h,00hn,073h,033h,036h,036h,030h,036h

€518 32 gg 73 00 00 00 ¢c: DB 036h,033h,073h,00h,00h,00h,00h,00k

c520 gg gg 78 30 30 30 g DB 00h,00h,078h,030h,030h,030h,030h,030h

c528 gg gg 1% 00 00 00 g DB 030h,033h,07fh,00h,00k,00h,000,00h ;'L' fe
€530 gg gg §3 77 TF 6B g DB 00h,00h,063h,077h,07¢h,06bh,063h,063h

c538 2§ 23 63 00 00 00 g DB 063h,063h,063h,00h,00h,000,006,008 ;'H' 4d
c550 gg gg 63 73 1B TF g DB 00h,00h,063h,073h,07bh,07¢h,06¢h,067h

cs548 :; g; 63 00 00 00 g DB 063h,063h,063h,00h,00k,00n,00b,00R ;'N' ke
€550 :g gg 1C 36 63 63 g DB 00h,00k,010h,036h,063h,063h,063h,063h

€558 gi §§ 1¢ 00 00 00 ¢c: DB 063h,036h,010h,000,000,008,008,00b ;10 &f
€560 gg gg 18 33 33 33 s DB 00h,00h,07eh,033h,033h,033h,03eh,030h

€568 gg ;3 18 00 00 00 g DB 030h,030h,078h,00h,00h,00h,000,00h ;'P' 50
€570 gg gg 1C 36 63 63 g DB 00h,00h,01ch,036h,063h,063h,063h,063h

€578 2% gi 1C 06 03 00 g DB 06bh,03eh,01ch,06h,03h,00h,008,00h ;'Q' 51
€580 gg gg 7E 33 33 33 g DB 00k,00b,07eh,033h,033h,033h,03eh,036h

€588 gg gg 33 00 00 00 g DB 033h,033b,033h,00h,00h,00h,000,00b ;'R' 52
€590 gg oog 3E 63 63 30 g DB 00h,00n,038h,063h,063h,030h,010h,06h

€598 gg g; 3E 00 00 00 g DB 063h,063h,03eh,00h,00h,00h,00n,00n ;'S* 53
C540 oog :g 7E 5A 18 18 f: DB 00h,00h,070h,05ah,018h,018h,018h,018h

€548 :g :g 3¢ 00 00 00 g DB 018h,018h,03¢h,00h,00h,00h,00h,00h ;'T' 54
€580 gg gg 63 63 63 63 g DB 00h,00h,063h,063h,063h,063h,063h,063h

c588 g? :; 3E 00 00 00 g DB 063h,063h,03eh,00h,000,00h,000,008 ;'U' 55
csco gg gg 63 63 63 63 g DB 00h,00h,063k,063h,063L,063h,063h,063h

csce 32 ?Z 08 00 00 00 g DB 036h,010h,08h,00h,00h,00h,008,00h  ;'V' 56
€500 gg gg 63 63 63 63 g DB 00h,00h,063h,063h,063h,063b,063h,06bh

cs08 gg ?? 36 00 00 00 g DB 06bh,07fh,036h,00h,00h,00h,000,00h ;'W' 57
C5E0 gg gg 63 63 63 36 g DB 00h,00h,063h,063h,063h,036h,01ch,036h

C5E8 5% Eg 63 00 00 00 E DB 063h,063h,063h,00n,00h,00h,000,00h ;'X' 58
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C5F0
C5F8
c600
c608
€610
c618
c620
c628
€630
€638
€640
céap
€650
€658
c660
c668
€670
c678
c680
c688
€690
c698
€640
c6as
C6B0
[13:]
c6co
cécs
€6D0
c6p8
c6eo
C6E8
C6F0
C6F8
cTo0
c708
€710
c718
€120
c728
c730
€738
cT730
€748
€750
€758
c760
€768
€770
€778

0o
3E

3E

66
00
63
00
30
oo
60
00
oc
00
63
00
00
00
00
00
00
00
30
0o
00
00
06
00
0o
0o
33
00
00
06
30
00
oc
oo
oc
oc
30
(1
oc
00
0o
00
00
00
00
00
00
30
00
06

66
00
06
00
30
0o
30
0o

00
00
00
00
00

0o
00
00
30
00
00

00
66
36
00
00
00
00
cc
30
00
oc

00
00
00
00
00
1]
00
30
00
06

38

3E
00
3E
00

00
3B

78

NN NNAN0NANNNNANNANNNNN0N0AaN0NANANeNNANAN0NANNNNNNNNNAaNNNNANNANANN0ANNNNANANANRANNAANANNRANAANAAANNN0a

bB
bB
DB
DB
DB
DB
DB
DB
DB
DB
DB
bB
bB
DB
DB
bB
DB
bB
DB
DB
DB
DB
bB
DB
DB
DB
DB
DB
DB
bB
DB
DB
DB
DB
DB
bB
DB
DB
DB

b

DB
DB
DB
bB
DB

B
DB
DB

00b,00h,065h,066h,066h,066h,066h,03ch
0180,018h,03ch,000,00h,00h,000,00h ;'Y
001,00h,07rh,063h,06h,00h,018h,0300
060h,0638,07h,00k,000,00h,000,00n ;*Z!
001,00h,03¢ch,030h,030h,0305,030h,030b
0301,030h,03¢h,00h,00h,00h,00h,00n ;°[*
00n,00h,040h,0600,030h,018h,00h,06h
03h,01h,00h, 00h,00k,008,00h,00h P
00h,00h,03¢h,0ch,0ch,0ch,0ch,0ch
0ah,0ch,03¢ch,00n,00h,00k,00h0,00h oL
08h,01ch,036h,0631,00h,00h,00h,00h
00h,00h,00h,00h,00h,00h,00h,00h e
00n,00h,00k,00h,00k,00h,00h,00h
00h,00h,00h,00h,00h,00h,07fh,00h PR
018h,018h,0ck,00h,00h,00h,00h,00h
00b,00h,00h,00h,00h,00h,00n,00h e
00h,00h,00h,00h,00h,03ch,06h,03eh
066h,066h,03bh,00k,00n,00h,00L,00n ;'a'
00h,00n,070h,030n,030h,036h,033h,033h
033h,033h,06eh,00k,000,00h,00h,00h ;'b!
00n,00h,00h,00h,00h,036h,063h,060n
060h,0631,03eh,00h,00n,00h,00h,00h ;'o!
00n,00h,06h,06h,06h,030h,066h,066h
066h,066h,03bh,000,00h,000,000,00n ;'d*
00h,00k,00h,00h,00k,036h,063h,07rh
060h,063h,03eh,00b,00h,00h,00h,00h ;'
00h,00h.010h,033h,0300,030h,070h,030h
030h,0308,0785,00h,00h,00h,00h,00n ;'f*
00n,008,00h,00n,00h,03bh,066h,066h
066h,066h,03eh,06h,066h,03ch,00h,00h
00n,00h,070h,030h,036h,03bh,033h,033h
033h,033h,073h,00h,00h,00h,000,00n ;'ht
00h,00k,0ch,0ch,00h,01ch,0ch,0ch
Och,0ch,01eh,00h,00h,00n,00h,00h Y
00h,00h,0ch,0ch,00h,01ch,0ch,Och
Och,0ch,0ch,0ch,0cch,078h,000,000 ;' J°
00n,00h,070h,030h,0301,033h,036h, 03ch
036n,033h,073h,001,00h,000,000,008 ;'k*
00n,00h,01ch,Och,00h,0ch,0ch, Och
Och,0ch,01¢h,00h,00h,00h,00n,00h ;e
00h,00h,00h,00h,00h,066h,07fh,06bh
06bh,06bh,06bh,00k,00h,00h,000,00h ;'o?
00n,00h,001,000,00h,06eh,033h,033h
033h,033h,033h,001,00h,00h,00h,00h ;'n'
00h,00h,00h,00h,00h,03eh,063h,063h
063h,063n,03eh,00n,000,00h,00h,00h ;%0
00h,00h,00h,00h,00h,066h,033h,033h
033h,033h,03eh,030h,030h,078hb,00h,00n
00h,00h,00h,00h,00h,03bh,066h,066h
066h,066h,03eh,06h,06h,0Fh,00h,000 ;'q’

61

o

e

Y

irpt

67

70
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C780 00 00 00 00 00 6E c DB 00h,00h,00h,00h,00h,06eh,03bh,030n
3B 30 c
c788 30 30 78 00 00 00 c DB 030h,030h,078h,00h,00k,00h,00h,000 ;'r' 72
00 00 c
€790 00 00 00 00 00 3E c DB 00h,00h,00h,00h,00h,03eh,0635,038h
63 38 [
C798 OE 63 3E 00 00 00 c DB 0Oeh,0635,03eh,00h,00h,00h,00h,00h et 73
00 00 c
CTAO 00 00 00 08 18 7B c DB 00h,00h,00b,08h,018b,0Teh,018k,018h
18 18 c
C7A8 18 1B OB 00 00 00 c DB 018h,01bb,06h,00h,00h,00h,00h,00h ittr T3
00 00 c
C7BO 00 00 00 00 00 66 c DB 00h,00h,00h,00h,00h,066h,066h,066h
66 66 c
CTB8 66 66 3B 00 00 00 c DB 066h,066h,03bh,00h,00k,00h,00h,00h ;'u' 75
00 00 c
CT7C0 00 00 6O 00 00 63 [ DB 00h,00b,00h,00h,00h,063h,063h,063h
63 63 c
C7¢8 36 1C 08 00 00 00 c DB 036b,01ch,08h,00h,00h,00b,00h,00h ittt 76
00 00 c
C7D0 00 00 00 00 00 63 c DB 00b,00h,00b,00h,00h,063h,06bh,06bh
6B 6B [
€7D8 6B TF 36 00 00 00 c DB 06bh,07fh,036h;00h,00b,00h,00h,00b ;'w' 77
00 00 c
C7E0 00 00 00 00 00 63 c DB 00hb,00h,00b,00h,00h,063h,036h,010h
36 1C c
C7E8 1C 36 63 00 00 00 c DB 01ch,036h,063h,00b,00h,00b,000,00b ;'x' 78
00 00 c
CTPO 00 00 00 00 00 63 c DB 00h,00b,00h,00h,00n,063b,066h,066h
66 66 [4
CTP8 66 66 3E 06 66 3C c DB 066h,066h,03eh,06h,066h,030h,00h,00h 'yt 79
00 00 [
c800 00 00 00 00 00 7TF c DB 00b,00h,00b,00h,00h,07fh,066h,00b
66 0C [4
€808 18 33 7F 00 00 00 c DB 018h,033b,07fb,00h,00h,00h,00L,00b ;'z' 7a
00 00 c
€810 00 00 OB 18 18 18 c DB 00h,00h,00b,0181,018k,018k,070h,018h
70 18 c
€818 18 18 OE 00 00 00 c DB 018b,018h,00h,00h,00h,00h,00h,008 ;*{' 7b
00 00 c
€820 00 00 18 18 18 18 [ DB 00b,00b,018h,018h,018h,018,00h,018h
00 18 [
€828 18 18 18 00 00 00 c DB 018h,018h,018h,00h,00h,00h,00h,00n ;' Teo
00 00 [
€83¢ 00 00 70 18 18 18 c DB 00h,00h,070b,018b,018h,018h,0eh,018h
OE 18 c
€838 18 18 70 00 00 00 c DB 018h,018h,070b,00h,00h,00h,00h,00h ;*}*' 7d
00 00 c
C830 00 00 3B 6B 00 00 < DB 00b,00h,03bh,060k,00h,00k,00hk,00h
00 00 c
c8&8 00 00 00 00 00 00 c DB 00h,00k,00h,00b,00h,00h,00h,00h i1 Te
00 00 c
c8so 02 20 00 00 08 1C c DB 00h,00h,00b,00h,08b,01ch,036h,063h
3 3 c
€858 63 TP 00 00 00 00 c DB 063b,07fh,00h,00h,00h,00h,00b,00b  ;'~' Tf
00 00 [
C ;Eand of font matrix
c
c860 C fontlo16 endp
c86o font_hi Bx8 label  byte ; 1024 bytes
C ipolude fonthiB.asm
c
c86o C fonthiB proo near
c SystemFont ; <bi_mediumres> (M24) 8 x 8 font table for M24
[
€860 1E 33 60 33 c DB 01eb,033h,060h,033h
c865 1E 08 04 08 c DB 0Oleh,08b,0ah,08h ;
€868 66 00 66 66 c DB 066h,00n,066h,066h
CB6C 66 66 66 3B c DB 066h,066h,066h,03bh ; 1
€870 06 0C 00 1E 4 DB 06h,0¢h,00h,01eh
€874 33 3F 30 1E c DB 033b,03fh,030h,01eh ; 2
€878 08 13 00 3C c DB 08hb,014h,00h,03ch
€87C 06 3E 66 3B c DB h,03bh 3
c880 00 36 00 3C c DB ,00b,03ch
c884 06 3E 66 3B [ DB 06h,03eh,066h,03bh L]
€888 30 18 00 3C c DB 030h,018h,00h,03¢ch
c88C 06 3E 66 3B c DB 06h,03eh,066h,03bh ; 5
c890 08 14 08 3¢C c DB 08h,0142,08h,03ch
C893F 06 3B 66 3B [ DB 06h,03¢h,066h,03bh ; 6
€898 3C 66 60 66 [ DB 03¢h,066h,060h,066h
€89C 3C 08 04 08 c DB 03¢h,08h,04h,08h H 7
C8A0 18 34 00 3E c DB 018h,034h,00h,03eh
CBAY 63 TF 60 3E c DB 063b,07fh,060h,03eh ; 8
€848 00 36 00 3E c DB 00h,036h,00h,03eh
CBAC 63 TF 60 3E c DB 063h,07¢h,060h,03eh ; 9
C8BO 30 18 00 3C c DB 030h,018h,00h,03ch
c8B4 66 TE 60 3C c DB 066h,076h,060h,03ch ; a
€888 00 36 00 1C c DB 00h,0361,00h,01ch
C8BC 0C OC 0C 1E c DB Och,0ch,00h,01eh H b
c8Co 08 14 00 1C c DB 08h,01%h,00h,01ch
céca oc 0OC oC 1E c DB Och,Och,0ch,01eh H e
c8ce 30 18 00 1C c DB 030h,018h,00h,01ch
c8cc 0C 0C 0C 1E 4 DB Och,Och,0ch,01eh H L)
c8Do 66 00 18 3C 4 DB 066h,00h,018h,03ch
€8D4 66 TE 66 66 [ DB 066h,076h,066h,066h ; °
c8pa 18 24 18 3C [ DB 018h,02%h,018h,03ch
c8DC 66 TE 66 66 4 DB 066h,07eh,066h,066h ; f
CBE0 0C 18 TF 31 c DB 0ch,018h,07fh,031h
c8E4 3C 30 31 TF < DB 03¢h,030h,031h,07fh ; 10




ROM BIOS
Listing

00NN NANNNNN0NNNNNNNN000NNNNNNNNNNNNNNNNNNNNANNNNNNAN0NN0ANNNNN00N0NNN0N0NNaN00ANANNANN00NNNAANNANAaNGO

00h,036h,04bh,0¢h
0381,058h,05dh,036h
00h,01¢h,028h,045h
03£h,079h,0481h,04fh
08h,012h,00h,01ch
036h,063h,036h,01ch
00h,036h,00h,01ch
036h,063h,036n,01ch
030h,018k,008,01ch
036h,063h,036h,01ch
08h,014h,00h,066h
066h,066h,066h,03bh
030h,018h,00h,066h
066h,066h,066h,03bh
066h,00h,066h,066h
066h,036h,06h,078h
00n,036h,00h,01ch
036h,063h,036h,010h
00h,063h,00h,063h
063h,063h,063h,030h
08h,08h,03eh,040n
040h,030h,08h,08h
0Ooh,01bh,018h,030h
0181,018h,039h,07eh
022h,014h,08h,036h
08h,03ah,08h,08h
070h,048h,072h,042h
047h,042h,082h,01h
0Och,012h,010h,038h
010h,010h,050h,0200
06h,0ch,00h,03ch
06h,036h,066h,03bh
06h,00h,00h,01ch
0Ooh,00h,00h,01eh
06h,0ch,00h,01ch
036h,063h,036h,01ch
06h,00n,00h,066h
066h,066h,066h,03bh
033h,000h,00h,07ch
066h,066h,066h,066h
033h,000h,063h,073h
07bh,06¢h,067h,063h
00h,030h,06h,03ch
066h,03bh,00h,07¢h
00h,010h,036h,063b
036h,010h,00h,07¢h
018h,00h,018h,018h
030h,046h,03¢h,00h
00h,00h,07£h,060h
060h,00h,00h,00n
00n,00h,07¢h,03h
03h,001,00h,00h
020h,062h,024h,0280
016h,021h,042h,07h
020n,062h,024h, 02ah
016h,02ah,047h,02h
018h,0180,00h,018h
018h,030h,030h,018h
00h,01bh,036h,06ch
036h,01bh,00h,00h
00h,060h,036h,01bh
036h,060h,00h,00n
0220,088h,022h, 0880
022h,088h,022h,088h
055h,0aah,055h, 0aah
055h,08ah,055h,0aah
0ceh,077h,0c0h,077h
0Ooeh,077h,00eh,077h
018h,0188,018h,018h

018b,0185,0185,018h ;

018h,018h,018h,018h
018h,018h0,018h,018h
018h,018h,0r8h,018h
0f8h,018b,018h,018h
036h,036h,036h,006h
036h,036h,036h,036h
00h,00h,00h,0fch
036h,036h,036k,036h
00h,00h,078h,018h
0f8h,018h,018h,018h
036h,036h,006h,036h
0f6n,036b,036h,036h
036h,036h,036h,036h
036h,036h,036h,036h
00h,00h,0feh,06h
0£6h,036h,036h,036h
036h,036h,006h,06h
0feh,00h,00h,00h
036h,036h,036h,0feh
00h,00h,00h,00h
018h,018h,018k,018h
0f8h,00h,00b,00h
00h,00h,00h,078h
018h,018h,018h,018h
018h,018h,018b,01¢h
00h,00h,00k,00h
018h,018h,018h,0ffh
00h,00h,00h,00n
00h,00h,00h,0ffh
018h,0180,0180,018h

- -

s < . Py

25
26
27
28
29
2a
2b
20
2d

2e

38
35

42

849



ROM BIOS
Listing

NNO00N0NNNNAaNNANNNANANNNN0NaN0Na00N000aNNANNANaNNNANN0aaNa00aANNANNNNa0N0RAaa00aN0nNA0NNANN0N0ARANANON

018h,018h,018b,01¢h
018h,018h,018h,018h
00h,00h,00h,0ffh
001h,00k,001,00h
018h,018h,018h,0¢fh
018h,018h,018h,018h
018h,018h,01¢h,018h
01£h,018k,0184,018h
036b,036h,036h,037h
036h,036h,036h,036h
036h,036h,0375,030h
03¢h,001,00h,000
00h,00h,03¢h,0300
037h,036h,036h,036h
036b,0361,077h,00h
offh,00h,00h,00h
00h,008,0ffh, 00
0£78,0365,036h,036h
036h,036h,037h,030h
037h,034h,034h,0340
00h,00h,0¢¢h, 000

0365,036h,0¢7h, 000
0f7h,036h,036h,036h
0185,018h,071h,00b
offh,00k,00h,008
036h,036h,036h,07¢h
00h,00h,00h,00h
005,008,0££2,008

ofth,018n,018h,018h ;

00b,00h,00h,0ffh
0361,0361,036h,036b
036n,036h,036h,037h
005,00k,001, 008
018h,018h,01¢h,018h
01£h,000,00h,00h0
00b,00h,01¢h,018h
01£h,018h,018k,018h
00b,00h,00h,03fh
036h,036h,036h,036h
0361,0361,036h,07¢h
036h,036h,036h,036h
018b,0185,07h,018h
0ffh,0181,018h,018h
018h,018n,018b,0¢8h
001,00h,001,00h
00b,008,005,01¢h
0185,0180,018h,018h
0ffh,0ffh, 00k, 0fCh
0ffh,00rh,000h,002h
00h,00h,00h,00h
offh,00£h,000n,07fh
0f0R,0£0h,070n,0£0R
0f0h,0£05,0£0h,070h
0fn,0¢h,07h,07h
0fb,0fn,0¢h,0¢h

srer
i
PtE
Pt
;tar
SR
(R4
i
SIKY
i
Ly
Y

0fh,07th,0£¢h,070h

00h,00b,00h,00h
00h,00h,03bh,06eh
060h,060h,060h,03bh
036h,063h,07eh,063h
063h,070h,060h,060h
00h,07ek,032h,030h
030h,030h,030h,078h
001,01h,07fh,054B
014h,014h,0140,014b
00h,077h,061h,030h
018h,030b,061h,07¢h
00k,00h,01¢h,034h
062h,062h,034h,018h
00b,036h,036h,036h
03¢h,030h,030h,060h
00h,03bh,06¢h,0ch
Och,0ch,00h,00h
066h,03¢ch,018h,03ch
00h,01ch,036b,063h
07fh,063h,036h,01ch
00b,01ch,036h,063h
063h,036h,036h,
010h,030h,018h,0ch
03eh,066h,066h,03ch
00h,00h,076h,0dbh
odbh, 06eh,00h,00h
03h,06h,07eh,0dbh
0dbh,07eh,060h,0c0h
00h,01ch,030h,060h
07¢h,060k,030h,01¢h
00h,00h,03eb,063b
063h,063h,063b,063n
00h,00h,03eh,00h
030h,00h,030h,00h
018b,018h,07eh,018h
018h,00h,070h,00h
018h,0ch,06h,0¢ch
018h,00h,03eh,00h
0c¢h,018h,030h,018h
Och,00h,03eh,00h
Oeh,01bk,01bh,018h
018h,018h,018h,018h
018h,01850,018h,018h

077h ;

a3

50

61
62
63
64

69

T4




ROM BIOS

Listing
ccoc 18 D8 D8 70 4 DB 018h,0d48h,0d8h,070b ;'u' 75
€C10 00 18 18 00 c DB 00h,018h,018h,00n
CC14 3E 00 18 18 c DB 03eh,00b,018h,018h ;'v' 76
CC18 00 00 3B 6E 4 DB 00h,00h,03bh,06eh
€c1c 00 3P 6E 00 [ DB 00h,03bh,06eh,00h w77
cC20 00 3B 6C 6C c DB 00h,038h,06ch,06ch
cc24 38 00 00 00 c DB 038b,00h,00h,00h i'x' 78
€c28 00 18 3C 3¢ c DB 00h,018h,030kh,03ch
cc2¢ 18 00 00 00 c DB 018h,00h,00h,00h iy 79
€C30 00 00 00 18 c DB 00b,00h,00h,018h
€C34 18 00 00 00 [ DB 018h,00h,00b,00h i'z' Ta
€C38 OF 0C 0C oC c DB 0fh,0ch,0ch,0ch
€C3C 0C 6C 3C 1C c DB Ooh,060h,03ch,01ch ;'{*' Tb
ccho  6C 36 36 36 c DB 060ch,036h,036h,036h
ccyy 36 00 00 00 c DB 036h,00h,00h,00h 30 Te
ccad 08 14 o4 08 c DB 08h,013h,08h,08h
CCAC 10 1C 00 00 c DB 010h,010h,00k,00h ') Td
€C50 00 1€ 1€ 1C c DB 00h,010h,010h,01ch
€C54 1C 16 00 00 c DB 01oh,01¢h,00h,00h 3177 Te
c€Cc58 00 00 00 00 c DB 00h,00h,00h,00h
cc5¢ 00 00 00 00 c DB 00h,00h,00h,00h H kEs
C {End of font matrix
c
cc60 C fonthi8 endp
ccéo oode ends
C 4ipolude kbdata.asm
[
[
c Filename: kb.dat. USA-ASCIT
c
[ Thia module includes the keyboard scan code translation data
[ for different keyboarda.
c
€ jesscas
c
cc60 € oode segment public *ROM'
c assune os:code, ds:nothing, es:nothing, ss:nothing
M c
cc60 C kb_datail proec
c
c
[ special cases
c 3
c
a 00C0 C kbins  equ 0COh ; kb_insert_loek (min_case)
s 00C1 C kboap oqu oc1h i kb_oapa_look
= 00C2 C kbaua oqu oc2h ; kb_num_lock
= 00C3 C kbsor  equ 0c3h ; kb_soroll_lock
= 00Ch € kbalt equ ocah 5 kb_alt_lock
s 00C5 C kbetl  equ 0csh i kb_control lock
= 00C6 C kblsh  equ océh ; kb_1_shift_look
s 00C7 C kbrsh  equ ocTh ; kb_r_shift_loek
4
= 00C8 C kbres oqu oc8h i kb_reset (n1d_case)
= 00C9 € kbbrk  equ 0Coh ; kb_break
= 00CA C pause  equ 0CAb i kb_pause
= 00CB C kbprt equ 0CBh ; kb_print_screen
= 00CC € kbnul equ 0CCh i kb_null
= 00CD C kNONE oqu 0CDh i kb_none
c
= DOCE C kdecy  equ 0CER i kb_alt_dec_9
= 00CF C kdeoB  equ OCFh ; kb_alt_dec_B
= 00D0 C kdeo7 equ opoh i kb_alt_dec_
= 00D1 C kdeob  equ opih i kb_alt_dec_6
= 00D2 C kdea5  equ 0p2h ; kb_alt_dec_S
= 00D3 C kdeod  equ op3h ; kb_alt_dec_i
= 00D4 C kdec3 equ opan ; kb_alt_dec_3
= 0005 C kdec2 oqu 0D5h i kb_alt_dec_2
= 00D6 C kdeol equ 0D6h ; kb_alt_dec_1
s 00DT C kdeod  equ 0D7h ; kb_alt_dec_0
c
2 00D8 C xdbl0  equ op8h ; kb_double_zero (nax_ocase)
c
c
[ 7 CapLk Bytes
[ ]
c
cc60 C kb_cap_flags label  byte
c
cc60 00 c db 00000000b ; scancode 00 (00h) - 07 (07h) ESC to '6"
/A\ ccé1 00 ¢ db 00000000b ; scancode 08 (08h) - 15 (OFh) ‘7Y to HT
\ ccé2 FF c db 1M1111111b ; scancode 16 (10h) - 23 (17h) 'q' to '41
cc63 c3 ¢ db 11000011b i scancode 24 (18h) - 31 (1Ph) ‘o' & 'p' to 'a' & 's’
Cccéa  FE c db 111111100 i scancode 32 (20h) - 39 (27h) ‘'d' to '1f & ;!
CcC65 OF c db 00001111b ; scancode 40 (28h) - 47 (2Fn) ' to '\' to 'z' to 'v’
€C66 EO c db 11100000d i scancode 48 (30h) - 55 (37h) 'b' to 'm' to ',' to '#!
c
c
c Alphabetic (Migratory) {0livetti|Other |
c I K | xBs |
[
c
cc67 C kb_data_table label byte
c
CC67 1B1B C  dw (1Bh) ® 100h + (1Bh) i 0101k ESC ESC (BASE)
ccéy 181B c  dw (1Bh) ® 100h + (1Bb) ; ESC ESC (SHIFT)
CC6B  1B1B C  dw (1Bh) * 100h + (1Bh) ; ESC ESC (CTL)
ccép  CcDCD ¢ dw KHONE * 100h + XNOHE ; None None (ALT)

8-51



ROM BIOS

Listing

CC6F 3131 c v (31h) ® 100b + (31h) i 02 02n 1 1

cecT1 2121 c  dw (21h) ® 100b + (21h) i 1 1

cCcT3  CDCD C  dw KNONE ¢ 100b + KNONE H None  None
€Cc75 7800 c  dw 7800h : X120

cCcTT 3232 C dw (32n) ® 100h + (32h) 3 03 03b 2 2

cc79 2240 c  dw (22h) * 100b + (%0h) i M e

CCTB  CDCC C  dw KNONE ® 100b + kbnul [ None NUL=X03("€)
€CTD 7900 c  dw 7900h ; x121

CCTF 3333 c dw (33h) ® 100b + (33h) i 0% 0ah 3 3

cc81 2323 c  dw (23h) ® 100b + (23h) i ’ I

€C83 C€DCD c  dw KNONE ® 100h + KNONE 1 None None
CC85 7400 c  dw 7400k H X122

CC87 3434 Cc  dv (34h) ® 100b + (33h) i 05 05h 4 ]

cc8y 2424 c  dw (24h) * 100 + (28h) ; 4 4

CC8B  CDCD C  dw KNONE ® 100h + KNONE i None None
CC8D  7B0OO c dw 7B00h 5 X123

CC8F 3535 c  dw (35h) ® 100b + (35h) i 06 06h 5 5

C€C91 2525 C dw (25h) * 100h + (25h) H 5 ]

€c93  €DCD C  dw KNONE ¢ 100h + KNONE i None Nome
€C95  7€00 c dw 7C00h i x124

cC97 3636 c  dw (36B) ® 100b + (36h) i 07 oTh 6 6

€C99 2658 c dw (26h) * 100h + (5Eh) i & *

CC9B  CDIE c dw KNONE ¢ 100h + (1Eh) i None RS (°%)
€C9D  7DOO c  dw 7D00h : X125

CC9F 3737 c dw (37h) ® 100h + (37h) 3 08 08h T T

CCAY 2726 c v (27h) ® 100b + (26h) ; ' &

CCA3  CDCD c  dw KNONE ® 100h + KNONE i None None
CCA5 T7E00 c  dw TEOOD i X126

CCAT 3838 C  dw (38b) * 100b + (38h) i 09 09n 8 8

CcA9 2824 c dw (28h) ® 100h + (2Ah) i ( .

CCAB  CDCD c  dw KNONE & 100h + KNONE i None None
CCAD  TPOO c  dw TFOOR ; x127

CCAP 3939 c  dv (39h) ® 100b + (39B) i 10 0An 9 9

CCB1 2928 c  dw (29n) * 100h + (28h) i ) (

CCB3  CDCD c  dw KNONE ® 100h + KNONE i None None
CCBS 8000 c  dw 80000 i X128

CCBT 3030 c  dw (30B) ® 100b + (30h) i 11 0Bb 0 [

CCBY  5P29 c dw (5Ph) * 100h + (29h) i - )

CCBB  1FCD c  dw (1Ph) ® 100b + KNONE i US ("_) None
CCBD 8100 c  dw 8100h i X129

CCBF  2D2D c  dw (2Dh) ® 100b + (2bh) i 12 och - - SN
€CC1 3DSP c  dw (3Dh) ® 100b + (5Fh) i = -

ccc3  CDIF C  dw KNONE * 100b + (1Ph) i None us (")
cces 8200 c  dw 82000 i X130

€CCT  SE3D c  dw (5Bh) ® 100b + (3Dh) i 13 o0ph - s

cccy  7B2B c  dw (TBR) ® 100h + (2Bb) i - N

CCCB  1EBCD C  dw (1Eh) ® 100h + kNONE H RS (**) None
ccep 8300 c  dw 8300h i X131

CCCP 0808 c v (08h) ® 100b + (08h) i 14 0EB BS BS
ccp1 0808 c  dw (08h) * 100b + (08h) i BS BS
ccp3  TRTP c  dw (7FR) ® 100h + (TPh) i DEL DEL
cCp5  CDCD c v KNORE ® 100h + KNONE 3 Nome None
€CDT 0909 c  dw (09m) ® 100b + (09h) i 15 OFh HT BT
CCD9  OPOO c  dw OFOOR ; RET=X15

CCDB  CDCD c  dw KNONE ® 100h + KNONE 3 None None
ccbD  €DCh c  dw KNONE ® 100h + KNONE H None None
CCDF 7171 c  dw (71h) ® 100k + (71h) i 16 10n q q

CCEB1 5151 c  dw (51h) * 100b + (51h) i Q Q

CCB3 1111 c  dw (11B) ® 100b + (11B) i DC1("Q) DC1("Q)
CCBS 1000 c dw 1000n i X16

CCBT 7717 c  dw (77h) ® 100b + (77h) i 17 1 v v

CCBY 5757 c  dw (57h) ® 100h + (57Th) i v v

CCEB 1717 c  dw (17h) ® 100b + (17h) H ETB("W) ETB(*W)
CCED 1100 c  dw 1100k i x17

CCBF 6565 c  dv (65h) ® 100b + (65n) i 18 12b e e

CCF1 3545 c  dw (45n) * 100k + (45h) i E E

CCF3 0505 C dw (05n) ® 100h + (05h) H ENQ(“E) BNQ("R)
CCP5 1200 c  dw 12008 i x18

ccP7 1272 c dw (T2h) ® 100b + (72h) i 19 13n r r

CCP9 5252 c  dw (52h) * 100h + (52h) i R R

CCPB 1212 [ (12B) ® 100h « (12b) i DC2(*R) DC2("R)
CCPD 1300 c  dw 1300h ; x19

CCFF 7474 c  dv (T4n) ® 100h + (T4n) i 20 1an t t

CDO1 5451 c  dw (58h) ® 100k + (54h) i T T

cDO3 1414 c  dw (14n) ® 100b + (14h) P DCa("T) De4("T)
CDO5 1400 c  dw 1400h 3 x20

€DOT 7979 c  dw (79n) ® 100h + (T9h) i 21 15n y y

cD09 5959 c  dw (59h) ® 100k + (59h) i Y Y

CDOB 1919 c  dv (19h) ® 100 + (191m) ; EM ("Y) EN ("Y)
CDOD 1500 c  dw 1500h i x21

CDOF 7575 c  dw (75h) * 100h + (75h) i 22 16n u u

CD11 5555 c  dw (55h) ® 100k + (55h) i u U

cD13 1515 c  dw (15h) ® 100h + (15n) i NAK("U) NAK("D)
cD15 1600 c  dw 16001 H x22 \
cD17 6969 [ (69h) * 100h + (69h) i 23 17h i 1 \
CD19 4949 c dw (&9h) ® 100k + (lgh) i I I

CD1B 0909 c  dw (09h) * 100h + (09h) i HT (“I) HT (1)
CDID 1700 c dw 1700h i x23

CDIF  6F6F c  dw (6Fh) ® 100h + (6Fh) i 24 18h ° °

CD21 A4PUF c  dw (4Fh) ® 100h + (4Fh) i 0 0

cp23 OFOF c  dw (OFh) ® 100h + (OFh) H SI ("0) S1 ("0)
cD25 1800 c  dw 1800h H x24

cp27 7070 c  dw (70n) ® 100h + (70n) i 25 19n » »

€D29 5050 c dw (50n) * 100k + (50m) ; P P

CD2B 1010 c  dw (10h) ® 100k + (10h) i DLE("P) DLE("P)
cD2D 1900 c dw 1900h i x25

CD2F 4058 C  dv (40h) ® 100h + (5Bh) i 26 1A (

cp31 6078 c  dw (60n) ® 100k + (7Bh) i N {

cp33 CC1B c dv kbnul ® 100k + (1Bh) i NUL=X03("€) Esc("[)
€p3s cDCD c v KNONE ® 100h + KNONE H None None
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e
CD37 5B5D c  dw + (5DB) 27 1B 4 )

€D39 7BTD c dw + (7Dh) { )]

CD3B 1BID c  dw + (1pB) ESC("[) 65 ("))
Cp3D  CDCD C  dw + KNONE None  Nome
CD3F  0DOD c  dw + (0Db) 28 1ch CR CR
CDA1  0DOD c v + (0Dh) CR CR
CDA3  0AOA [ + (0an) LP LF
Cpa5  CDCD c dw + KNONE None None
CDAT  C5C5 c  dw + kbotl 29 10B ctrl ctrl
cDag  C€5C5 C  dw + kbotl ctrl ctrl
CDAB  C5C5 c  dw + kbotl ctrl ctrl
€pap  C5C5 c v + kbotl ; ctrl ctrl
CDAF 6161 c  dw + (61b) i 30 1En a a

CDS1 A4t C  dv + (21h) 3 A A

€D53 0101 c  dw + (01h) i SOH("A) SOH("4)
CD55 1E00 c dw x30

CD5T 7373 C dw 100b + (73h) 31 1Fh s s

CcD59 5353 c dw 100h + (53h) s S

CDSB 1313 c  dw 100k + (13h) DC3(*S) DC3("S)
cD5D  1F00 c  dw 131

CDSF 6461 c  dw 100b + (64n) 32 20n d

cD61 3383 C  dw 100b + (38h) 3 D D

cD63 0304 c  dw 100h + (08h) i EOT("D) BOT(“D)
CD65 2000 c  dw i x32

CD6T 6666 c dv 100b + (66b) i 33 21n f

CcD69 4636 c dw 100b + (46h) 3 F F

CD6B 0606 c  dv 100h + (06b) i ACK("F) ACK("F)
CD6D 2100 c  dw 133

CD6F 6767 c  dw 100b + (67b) 33 22k g 8

CDT1 3737 c dw 100h + (87h) [ G

cD73 0707 c  dw 100b + (07h) BEL("G) BEL("G)
cD75 2200 C  dw 3%

cD77 6868 c v 100h + (68h) i 35 23n b h

cD79 3848 c  dw 100b + (28h) 13 B B

cD7B 0808 c v 100b + (08h) F BS (“B) BS (°B)
cp7D 2300 c  dw 35

CDTF  6A6A [ 100h + (6Ab) 36 23n 3 3

CD81  BA&A c dw 100k + (&Ab) J J

CD83 0A0A [ 100b + (0ab) LF ("3) LF ("0)
CD85 2400 ¢ dw 36

CD8T 6B6B C  dw 100b + (6Bh) 37 25h x

Cp89 ABAB c  dw 100b + (4Bh) x

CD8B  0BOB [ 100h + (0Bh) vT (°K) VT (°K)
CP8D 2500 C  dw 7

CD8F  6C6C c  dw 100h + (6Ch) 38 26h

CD91 ACAC C  dw 100k + (&Ch) L

cDp93  ococ c  dw 100h + (0Ch) PF (°L) PP (°L)
cDg5 2600 c dw 138

cD97 3B3B C  dw (3Bh) ¢ 100b + (3Bh) 39 278 f

CD99 2B3A c  dw (28h) ® 100b + (3Ab) - :

CD9B  CDCD C  dw kNONE ® 100b + kNONE None None
cp9p  CDCD C  dw KHONE ® 100h + KNONE None  Nome
CDIF 3427 C  dw (3Ab) ® 100h + (27h) 40 28n : '

CDA1  2A22 c  dw (24b) ¢ 100n + (22h) . .

CDA3  CDCD c  dw kNONE ® 100b + KNONE None None
CDA5  CDCD c  dw + KNONE 3 None  None
CDAT 5D60 C  dw + (60n) i 41 29n ] *

CDA9  7DTR C  dw (7Dh) ® 100b + (7En) i } -

CDAB  1DCD C  dw (1Dh) ® 100h + KHONE GS ("1) Nome
CDAD  CDCD c v KNONE ® 100b + KNONE Nome ~ Home
CDAF  C6C6 c  dw kblsh ® 100h + kblsh 32 2ah LShft  LShft
CDB1  C6C6 c v kblsh ® 100h + kbloh LShft  LShft
CDB3  C6C6 c  dw kblsh ® 100h + kblsh LShft  LShft
CDBS  C6C6 c v + kblah LShft  LShft
CDBT 5C5C [ + (5¢Cn) i 43 2Bb \

CDB9 7C7C C  dw + (7Cn) i [} [}

CDBB  1C1C C  dw + (1ch) FS ("\) FS ("\)
CDBD  CDCD c  dw + KNONE None  Nome
CDBF  TATA C  dw + (TAR) i A 2ch z z

€DC1  SAS5A c  dw + (5An) i z z

CDC3  1AIA C  dw + (1an) i SUB(“2) SUB("2)
cDCs  2C00 c  dw ; xa3

cpct 7878 c v (78b) i 45 2ph x x

cDCy 5858 c  dw (58h) 3 X x

cpcB 1818 [ (18n) ; CAN("X) CAN("X)
€DCD  2D00 c  dw i x5

CDCF 6363 c  dw (63h) 3 46 2ERm < o

CDD1 4343 c  dw (43n) c c

cpp3 0303 c  dw (03n) ETX("C) BTX("C)
CDD5  2E00 c  dw x36

cDD7 7676 c  dw (76h) 47 2Fn v v

CDD9 5656 c  dw (56h) v v

CDDB 1616 c  dw (16h) SYN(*V) SYN("V)
CDDD  2FO0 C dw xa7

CDDF 6262 c  dw (62n) 48 30n b b

CDE1 K282 c  aw (42h) B B

CDE3 0202 [ (02n) STX("B) STX("B)
CDES 3000 c  dw X8

CDET 6EGE C  dw (6Eh) 49 31h a n

CDE9 2EWE c  dw (5Eh) N N

CDEB OEOE €t dw (0ER) 50 ("N) 80 (°N)
CDED 3100 c  dw xa9

CDEF  6D6D [ (60n) 50 32h o o

CDF1  4DAD c  dw (4Dh) H H

CDF3  0DOD c dw (oph) CR (“M) CR (°M)
CDFS 3200 C dw x50

CDF7  2C2C c  dw (2ch) 51 33h ' '

CDF9  3C3C C  dw (3ch) < <

CDFB  CDCD c  dw KNONE None None
CDFD  CDCD c  dw KNONE None None

8-53



ROM BIOS

Listing
CDFF  2E2E C  dw (2Eh) * 100h + (2Eb) i 52 34n . .
CEO1 3E3E c  dw (3Eh) * 100b + (3Eh) i > >
CE03 CDCD C  dw KNONE ® 100h + KNONE H None None
CE05 CDCD C  dw KNONE ® 100h + kNONE i None None
CEO7 2F2F C  dw (2Fh) * 100h + (2Fh) i 53 35n ’ ’
CE09 3F3F c  dw (3Fh) ® 100b + (3Fh) i ? ?
CEOB  CDCD c  dw KNONE # 100h + KNONE i None None
CEOD  CDCD c  dw KNONE ® 100h + KNONE H None None
[
[
c Alphabetic (Non-Migratory) 10l1ivetti|Other |
[ | KB | xBs |
c
[
CEOF CTCT7 C  dw kbrsh kbrsh i 54 36h RShft
CE11 C7C7 c  dw kbrsh kbrsh H RShft
CE13 C7C7 [ kbrsh kbrsh H RShft
CE15 C7C7 C  dw kbrsh kbrsh 3 RShft
CE17 2424 c dw (2an) (24n) i 55 37Th .
CE19 CBCB C  dw kbprt kbprt i Prtsc
CE1B 7200 C  dw i
CE1D  CDCD c  dw KNONE KNONE i None
CE1F ChCh C  dw kbalt kbalt 3 56 38n ALT
CE21 cucy C  dw kbalt kbalt H ALT
CE23 cuch C  dw kbalt kbalt H ALT
CE25 cucy C  dw kbalt kbalt § ALT
CB27 2020 C  dw (20n) (20n) i 57 39n SP
CE29 2020 [ (20m) (20n) H sp
CE2B 2020 [T (20n) (20n) i sp
CE2D 2020 c  dw (20n) (20n) i sp
CE2F Ci1C1 C  dw kbeap kbeap i 58 3An CapLk
CE31 cCiC1 C  dw kbeap kboap : CapLk
CE33 CIC1 C  dw kbeap kboap i CapLk
CE35 ci1C1 c dw kbeap kbcap H CapLk
CE37 3B00 c v i 59 3Bh
CE39 5400 c  dw i
CE3B S5E00 C  dw ;
CE3D 6800 c  dw i
CE3F 3C00 C  dw i 60 3ch
CE41 5500 c  dw i
CE43  5F00 c  dw i
CE35 6900 C  dw i
CE4T 3D00 C  dw i 61 3pb
CE39 5600 c  dw ;
CEZB 6000 C  dw ;
CE4D 6400 c  dw i F33:=X106
CEAF  3E00 C  dw ; 62 3Eb FORzX62
CES51 5700 c  dw i F13aX87
CE53 6100 [ § F22=X97
CE55 6B00 c  dw ; P38=X107
CE57  3P00 C  dw i 63 3Fn F052X63
CE59 5800 C  dw i F15:X88
CE5B 6200 [ i F25:X98
CESD  6C00 c  dw i F352X108
CESF 4000 [ ; 64 %onm F06=X64
CE61 5900 C  dw 3 F162X89
CE63 6300 c  dw H F26=X99
CB65 6D00 c  dw i P362X109
CE67 3100 [ i 65 a1n FO7=X65
CE69 5400 c  dw i P172X90
CE6B 6200 [ H F272X100
CE6D 6E00 c  dw i F37aX110
CEG6F 2200 C  dw ; 66 &2n F08:X66
CET1  5B00 c  dw 3 F181X91
CE7T3 6500 c  dw H F282X101
CET5 6FO0 c  dw 3 P382X111
CET7 14300 [ dw i 67 &3b P09=X67
CE79 5C00 [ i F19=X92
CETB 6600 [ H F29=X102
CETD 7000 c dw H F39:X112
CETF 4300 c  dw i 68 aan P10:X68
CE81  5D00 c  dw H P203X93
CEB3 6700 C  dw i F30=X103
CE85 7100 c dw i FB0=X113
CB8T c2C2 c  dw kbnum kboum i 69 45n NumLk  NumLk
CE89 C2C2 c  dw kboun kbnum 3 NumLk  NumLk
CE8B CACA 4 dw pause pause H Pause Pause
CE8D Cc2c2 C v kbnua kbnum H NuaLk  NumLk
CEBF C3C3 C  dw kbaor kbacr i 70 46h SerLk  SorLk
CE91 C3C3 C  dw kbsor kbser i SorLk  SerLk
CE93 C9C9 C  dw kbbrk kbbrk H Break Break
CB95 C3C3 [ kbaor kbsor H SerLk  SorLk
c
c
c Numeric Keypad 10livetti|Other !
[ | kB | xBs 1
¢
c
CE97 4700 c  dw 4700h i 71 4TB Home=XT1
CE99 3737 C  dw (37h) * 100k + (37h) ] 1 7
CE9B 7700 C  dw 77000 1 X119
CE9D DODO C  dw kdeo7 * 100h + kdecT i XDec7  XDeeT
CE9F 4800 c  dw 4800n 3 72 48k Up =X72
CEAl 3838 C  dw (38h) * 100h + (38h) H 8 8
CEA3 CDCD C dw KNONE ® 100h + KNONE ; None None
CEAS CFCF c  dw kdoo8 * 100h + kdec8 1 XDeo8  XDecB
CEAT 1900 c  dw 4900n i 73 49h PgUP=XT3
CEA9 3939 c  dw (39h) * 100h + (39h) ; 9 9
CEAB 8400 [ 8400n i X132
CEAD CECE c  dw kdeo9 * 100h + kdec9 i XDec9  XDeeg
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00NN NNNNNNNNNNNNNNNNNNN0Na0NNANANA0NNANANANNNNN0NNNN0NAN00N0NANNN0NNN0000NNN00000ANNNNAN0N0ANNNANNNA0ON

dw (2pn) i T4 4An - -

dv (2Dh) H - -

dw kNONE i None None
dw KNONE i None None
dw i 75 4Bh LeftzXT75

dw (34h) i Ll 8

dw H X115

dw kdochd * 100h + kdech H XDech XDech
dw kNONE ® 100h + kNONE i 76 &ch None None
dw (35h) ® 100h + (35h) H 5 5

dw kNONE ® 100h + KNONE : None None
dw kdec5 * 100h + kdec5 i XDec5  XDec5
dv 4D00h 3 77 &Dh Rght=X77

dw (36h) * 100h + (36h) H 6 6

dw 7500h H X116

dw kdec6 ® 100h + kdec6 i XDec6  XDec6
dw (2Bh) ® 100h + (2Bh) i 78 4Eh + +

dw (2Bh) * 100b + (2Bh) ; + -

dw KNONE & 100h + KNONE 3 None None
dw KNONE # 100h + KNONE i None None
dw 4F00h i 79 WFb End =X79

dw (31h) * 100h + (31h) H 1 1

dw 7500h 3 X117

dw kdec1 ® 100h + kdecl P XDec1 XDec1
dw 5000h ; 80 50b Down=X80

dw (32h) * 100h + (32h) H 2 2

dw KHONE * 100h + kNONE i None None
dv kdec2 ® 100h + kdec2 H XDeo2 XDec2
dw 5100h 3 81 51h Pghn=X81

dw (33h) ® 100bh + (33h) H

dw 7600h ; X118

dw kdec3 * 100h + kdec3 ; XDec3  XDee3
dw kbins ® 100b + kbins i 82 52n INS=X82 INS=X82
dw (30n) ¢ 100h + (30h) H o 0

dw KNONE ® 100h + kNONE H None None
dw kdec0 ® 100h + kdecO H XDecO XDecO
dw 5300b 3 83 53n DEL =X83

dw (2Eh) ®* 100h + (2Eh) H . .

dw kbres ® 100h + kbres H Reset Reset
dv kbres ® 100h + kbres ; Reset  Reset
; Funotion Keypad |olivetts|Other!
i KB | KBs |
i

dw i 84 54h 0o

dv H 00

dw H None

dw 3 None

dw i 85 55h PrtSo

v i Prtse

dw H X113

dw P None

dw i 86 56h Pause

dw H Pause

dw i Pause

el i Pause

dv i 87 5Th CR

dw H CR

dw H LF

dw i None

dw i 88 58h LoftsX75

dw ¥ Rev Word = X115
dw i Rev Word = X115
dw i Rev Word = X115
dw i 89 59n Down=X80

dw H Down=X80

dw i Down=X80

dw H DownaX80

dw i 90 5An Rght=XT7

dw H Adv Word = X116
v i Adv Word = X116
dw 3 Adv Word = X116
dv i 91 5Bh Up =X72

dw 3 Homo=XT1

dw H Home=XT1

dw i Home=XT1

dw kbbrk ® 100h + kbbrk i 92 s5ch Break Break
dw kbbrk * 100bh + kbbrk H Break Broak
dw kbbrk ® 100h + kbbrk 3

dw kbbrk ® 100h + kbbrk ;

dw kbbrk ® 100h + kbbrk i 93 5Dh

dw kbbrk ® 100h + kbbrk ;

dw kbbrk ® 100h + kbbrk :

dw kbbrk ® 100h + kbbrk i

dw + kbnum i 9% 5Eb

dw + kbnum H

dw pause ® 100h + pause i

dw kdbnum ® 100h + kbnum H

dw (2Ph) ® 100h + (2Fh) i 95 SFh

dw (2Fh) * 100k + (2Fh) H

dw KNONE ® 100h + kNONE ]

dw KNONE ® 100h + KNONE i

dw 5800h i 96 60h F112X84

dw 5400h i F11aX84

dw 5500b i F11=X84

dw 5400h H P11:=2X84

dw 5500h i 97 61n F122X85

dw 5500h H F12:=X85
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CF6B 5500
CP6D 5500
CF6F 5600
CF71 5600
CP73 5600
CF75 5600
CF77 5700
CF79 5700
CFTB 5700
CFTD 5700
CF7F 5800
CF81 5800
CF83 5800
CF85 5800
CF87 5900
CF89 5900
CF8B 5900
CF8D 5900
CF8F 5400
CF91 5400
CF93 5400
CF95 5400
CF97 5B0OO
CF99 5B0O
CF9B 5B00
CF9D 5B00
CF9F

CF9F

CF9F

= 0000

= 0001

= 0002

= 0007

= 0009

= 000F

= 0010

= 0011

= 0012

= 0014

= 0018

2 0007

= 000B

= 0011

= OOFF

= 0011

= 0320

= 0320

= 0321

= 0321

= 0322

= 0322

0NN NNNNNNNNANN00NNNNNNN00NNNNNNNN000NNNNNNN0N000N0NNNNNN00NNARNNN0NNN0NN00NNAANN0NAN0NANNN0NNA0NNN00A

kb_datal

code ends
inoclude hdu.asm

101

103

F12=X85
F12:X85
62n F13:=2X86
F132X86
F13=X86
F13:=X86
63n F12:=X87
P14:2X87
P18:X87
F142X87
64h F152X88
F15:X88
F152X88
F152X88
65h F16:X89
F16:X89
F16=X89
F16=X89
66h F172X90
F17=X90
F172X90
F172X90
67h F18=X91
F182X91
F182X91
F182X91

Filoname:

hdu, are

sscssssssscsssasssssesscaa

This module includes HDU support.

codo segment public 'ROM'
os:codo, ds:nothing, es:nothing, ss:nothing

assume

2 szzsazz czxszcazaza

; #044044 COMMANDS AVAILABLE FROM INTERRUPT 13 #444044

reset_int
status_int

read_int
jwrite_int
iohktrk_int
ifattrk_int
;fmtbad_int
fmtdrv_int

jread_param_int
assign_param_int
;jrlong_int
;iwlong _int
iseok_int
;jreset2_int
jrbuff_int
wburf_int

tst_drv_rdy_int
reoal_int
ramdiag int
jdrvdiag_int
bxdiag _int

max_int

equ
equ

equ
equ
equ
oqu
equ
oqu

equ
equ
equ
oqu
equ
oqu
oqu
equ

equ
oqu
equ
oqu
equ

equ

i #444444 INT13 STATUS CODES

07h

08h
09h
Oah
obh
Och
0db
Oeh
ofh

10h
11h
12h
13h
14n

14n

L

jreset disks (according to drive#) and
; assign_param

jreturn status of last operation

i (disk_status) in al

iread seotors from disk

jwrite soctors to disk

iformat drive starting at the
i indicated track

jread the ocurrent drive parameters
;assign paramoters to drives
jread long (512 data + 3 eco)
jurite long

;seek oylinder

isame as 00h

jread seotor buffer

jurite sector buffer

jtest drive ready

irecalibrate drive (seek traok 00)
joontroller ram diagnostic

;drive diagnostio

jcontroller internal diagnostic

jmaximum ioterrupt command number

; These are put into the disk_status byte in data_seg when there is an error.

jreset_err
init_err
badtrack_err
eco_used_err
sense_err

equ
equ
equ
equ
equ

jdiak reset (int13-00) failed
;assign parameter (int13-09) failed
jbad track

;000 used to ocorreot data

jrequest sense failed

; #449094 CONTROLLER INFORMATION #4044444

drives_per_bx
drives_per_pc
bxes_per_po
ports_per_bx

ectors_por_trac

k

equ
oqu
oqu
equ
equ

2
8
3
4
7

; #440044 CONTROLLER PORTS #4404 44

read_port
write_port
astatus_port
reset_port
switoh_port
select_port

equ
squ
equ
equ
equ
equ

imax number of drives on a controller

iread data port

rite data port

iread controller hardware status
jwrite to reset controller hardware
jread the drivetype switches

iwrite to seleoct ocontroller
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= 0323

=z 0002
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s
=

0002
0001
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IEEEER]
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S
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anenean
°
°
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o

R
o
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=
2

= 003F

NN 0NN NANNNNNNNN0NNNNNNNNNNNNA00NNNNNNNNNNNN0NN0NNNNN0NNNNNN0NNNNNANNNNANNNNNNNNNNNNNNNANNANANNANO0AMO

mask_port

equ 323h

jwrite to mask p_dma and interrupts

i #44#4444 CONTROLLER REGISTER BITS ¢#4##4#4

i This is the completion status byte received in the read_port after
; command completion.

;completion_stat.

; This 15 the controller hardware status read from status_port.

;hdu_status:

us:
h_o_drive
h_o_err

hdu_1irq5
hdu_dreq3

equ
equ

equ
equ
equ

O0EOR
002h

020h

001h

i This is the controller p_dma and interrupt mask

jmask_port_opd:

switoh_pask

; odb_0

mask_port_bank
pask_port_inte
mask_port_dmae

equ

i Clasa 0 Controller Commands:

tat_drv_rdy_bx
recal_bx

; reserved
sense_bx
fatdrv_bx
ohktrk_bx
fottrk_bx
fatbad_bx
read_bx

; reserved
urite_bx
seek_bx
assign_paran_bx
read_eca_bx
rouff_bx
wbuff_bx

record class:3,
equ 00n
equ 01h
02h
equ 03h
equ 03n
oqu 05h
equ oén
equ o7h
equ 08h
09h
equ 0Ab
equ 0Bh
equ och
equ 0Dh
equ 0Eh
equ OFh

i Class 7 Controller Commands:

ramdiag bx
; reserved
; reserved
drvdiag bx
bxdiag_bx
rlong bx

wlong bx

equ 0EOR

OE1h

0E2h
oqu OE3h
equ OERR
equ OESh
equ 0E6h

equ
equ
equ

001

10011d

#444444 CONTROLLER COMHANDS ##4#444

opcode:5

000

m

22227,

22277b.

i ###4444 CONTROLLER CDB BYTES ##4#44#4

i The remainder
odb__1 record
; edb_2
; odb_3

odb__ ¥

edb__5

sensel:

sensel:

sense2:

sense3:

These are the bits for a drive in the awitch.

bit 41

bit 45
bit 42
bit 43
bit 42
bit  #1
bit  #0

i bits #7 to 5

written to mask_port.

bit 43
bit #1
bit 40

The first byte of the omd_block (CDB) is the controller command.
The upper 3 bits are the class (either 0 or 7, all reset or all set).
The lower 5 bits are the opcode (0 to 31).

of the omd_block bytes (CDB) are defined as follows:

zzp:2, drivenua:

record oylhi:2,
record oyllow:8
record

record retry:i,

sense0_val_addr
sense0_typ;
sense0_code
sense0_nsk

sensel_drive
sensel_head

sense2_oylhi
sense2_sector

sense2_cyllow

1

se

headnum:5

caun:6

zzf:3, interleave:5

use_ece:1,

equ
equ
equ
oqu

oqu
squ

oqu
equ

equ

080h
030h
O00Fh
03Fh

020h
01Fh

ocoh
03Fh

OFFh

##44444 HARD DISK PARAMETER TABLE ##44444

z2g:3,

stepcode:3

#444444 SENSE BYTES FOR REQUEST SENSE COMMAND #4##4444

bit 47
bits #5
bits #3

&8
to 0

Bytes returned when 8 request sonse command is i3sued in response to an error.

sense0_type+senso0_code

bit 45
bits #4

bits #7
bit 45

bits #7
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c
C ; This is a table which is indexed by the switch settings to determine
C ; the parameters for each drive.
c
C parameter_table struc
c
0000 0132 C p_oyls dw 306d jnumber of cylinders
0002 o4 C p_heads ab 4a ;nunber of heads
0003 0132 C p_write_cur dw 306d ;reduced write current
0005 0000 C p_precomp aw od ;urite precompensation
0007 OB C p_ecc_len dab 11d imaximum ecc burst length
0008 05 C p_ocontrol_byte db 5d jenable retry, enable eco, 7TOusec steps
0009 oC C p_timeout db Och istandard timeout
000A B4 C p_famt_timeout  db ob4h ;timeout for format drive
000B 28 C p_drvdiag timeout db 028h jtimeout for test drive ready
000C 00 00 00 00 € p_zz) db 0,0,0,0
c
0010 C parameter_table ends
c
C ; #4#4#47 p_dma SYSTEM (8237) ##48444
c
= 0047 C read_mods oqu 01000111b ;write to dma_mode
c single mode
c addrepss inorement
c autoinit disable
c read
4 channel 3
c
= 004B € write_mode equ 01001011b jwrite to dma_mode
c i single mode
c addreas increment
c autoinit disable
c write
c channel 3
c
c
= 0003 C allow_dma3 equ 00000011 jwrite to dma_mask_bit to allow
= 0007 C disallow_dma3 equ 00000111b jor disallow dma3 interrupt
c
= 0082 C hdu_dme_segn equ 082h iport seta top 4 bits of 20-bit p_dma addreas
c
c
C ; #444984 MACROS #8384 0}
c
C ; Input to a register from a port.
C ; Won't work when the index has to cause a carry to high byte.
c
C inport macro inrg,inpt
4 @ov dx, inpt jget the port number for the base controller
c add dl,byte ptr da:[port_off] jadd port_off for the correot bx
c in inrg,dx
c enda
c
C ; Output from a register to a port.
¢ ; Ditto.
c
C outport macro  outpt,outrg
c mov dx, outpt. ;get the port number for the base controller
4 add dl,byte ptr da:[port_off] ;jadd port_off for the correct bx
< out dx,outrg
c ondm
c
C j;szszses hd2.asm SEEEZCEcEECCUASERERSES
c ; Power on self test
C jsssczzzzas szzzsczcsssssezezeresoecoaceas
[
c assume ca:code, ds:nothing, es:nothing, ss:nothing
<
CF9F C b_init proc near
c
C ; Install vectors,
c
4 assume ca:code, ds:abs0, es:abs0, sas:nothing
c
CP9F 33 CO c xor ax,ax ; satisfy assumptions
CFA1 8E D8 [4 mov ds,ax i do = es = ax = aba0_seg
CFA3 BE CO c mov es,ax
c
CFAS FA 4 eli i disable during oritical ocode.
c
€ ; Install HDU hardvare interrupt service routine.
c
CPA6 C7 06 0034 R D62F R c mov word ptr ds:[1nt0Dlocn+0000h],as:{offnet h_int)
CPAC 8C OB 0036 R c mov word ptr ds:[int0Dlocn+0002h], ca
c
€ ; Transfer old FDU int 13 vector to the new int 40 FDU location.
c
CFBO A1 003C R c mov ax,word ptr ds:[int13100cn+0000h] -
CFB3 A3 0100 c mov word ptr ds:[(4940n)+0000n],ax
CFB6 A1 QO¥E R c mov ax,word ptr da:[1nt13lo0cn+0002h]
CFB9 A3 0102 4 mov word ptr ds:[(4%40n)+0002h],ax
c
C ; Install new HDU request int 13 veotor.
c
CFBC C7 06 004C R D1AB R c mov word ptr da:[1nt1310cn+0000h],08:(offaet h_io)
CPC2 8C OE 004E R [ mov word ptr ds:[1nt13100n+0002h],ca
c
C ; Install new HDU boot-strap int 19 vector
c
CFC6 C7 06 0064 R DOE R c mov word ptr ds:[1nt19100n+0000h],es:(offset h_boot)
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CFCC

CFDO
CFD6

CFDA

CFDB
CFDE

CFEO
CFES

D013

D014
Dbo2o

Do22
D022

8c

c7
8c

B8
8E

cé
c6

B9

OE 0066 R

06 0104 D14B R
0E 0106

0040
D8

06 0075 R 00
06 0075 R 01

0004

16 0075 R
E2

B6 O

8a

FE
80

T2
BA

cD
T2

c7

81

CA
cA 80

12

5C
14

13
56
06 006C R 0000

3E 0072 R 1234

75 06

c7

06 006C R 0132

21
FE
21

09
13
3B

10
13
0B
3E 006C R 0168
F2

24 90

0000000 NN0NNNNNN0A0NNANANNA00NNNA00A00N0N0NN000aNN00ANA0AN00NANANANAN0NNNANNANNN0N0NANN0AN00B00NNN00AO

mov word ptr

; Install now int &1 HDU

mov word ptr
mov word ptr
sti

i Initialize stuff in low

assume c3s:code,
mov ax,data_s
mov ds,ax
mov byte ptr
mov byte ptr
i Reset the controller.
mov ex,10

init_controller_lp:

da:[int1910cn+0002h],cs
parapeter table pointer

ds:[(4%41h)+0000h],co:(of f3et hdu_parm_tbl)
d8:[(4%51n)+0002h], ea

i exit critical code.

memory.
ds:data, es:abs0, ss:nothing

eg ; satisfy assumptions.

clear errors.

ds:[disk_status],0 ;
; assume 1 hard disk.

ds:[hf_nunl,1

itry to reset controller up to 10 times

mov dl,byte ptr ds:[bf_num]) ;jget the current hd number
shl 1,1 jmake 1t look like

and d1,11111100b n index

mov byte ptr ds:[port_off],dl ke for reset_bx

call reset_bx ireset that controller

; Set up dl to call int13

mov dh,0

mov dl,byte p
dec d1

or d1,80h

; Test the controller.

jclear dh

jnumber of HDUs (incremented in this
i loop)

;compensate for zero-origin

iflag as a hard disk number

tr ds:(hf_num)

mov ah,ramdiag _int joet up for int13 - controller ranm test

int 13b

Jo post_no_more_drives 31f error returned

mov ah,bxdiag_int et up for int13 - controller internal test
1nt 138 ’

Je post_no_more_drives ;if error returned

; Set up p_timer for time

mov. word ptr

; Teat system reset_flag.

cap word ptr

Jne init_star
init_drive_lp:

mov word ptr

init_start_timer:

ell

in al,pic_1
and al,0FER
out pic_1,al
sti

zov

int

Je post_lose

init_try_drive:

ah, tst_drv_rdy_int

int 13
Jne init_driv
cop word ptr
b init_try_
Jmp post_no_m
init_drive_win:

ah,recal_
int 13n
Je post_lose
assume es:code
mov ax,es
mov es,ax
xor bx,bx

ah,assign_paran_int
130

out of tst_rdy.

ds:[t_low_order],0%18 start counting at zero seconds

t_low_order countas
18times/sec.

ds:lreset_flagl,01234h
t_timer

test flag for reset function.
skip if not CTL ALT DEL reboot

ds:[t_low_order],17%18 ; only give 3 seconds 1if

wara boot or not first disk

t_low_order counts
18times/sec.

get interrupt mask
un-mask p_timer interrupt IRO
set the controller

jassign drive parameters according to
;owitch settings on bx board

itest drive ready

e_win
ds:[t_low_order],20%18 ; t_low_order counts
B 18times/sec.

drive i1f not given enough time yot, go back
ore_drives ;j1f given enough time and still losing
int jrecalibrate drive

jsatiafy assumption

jinitialize offset (es:bx)
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D053 B4 OF c gov ah,wbuff_int rite sector buffer as a test
D055 BO 01 c Dov al,01 ;one block length
D057 CD 13 4 int 13n
D059 72 16 c je post_lose
c
[
6l i Looks 1ike we got another hard diskl
c
DO5B FE 06 0075 R 4 ine byte ptr ds:[hf_num) ipoint to the next one
DOSF FE C2 c ine 1 jregister for calling int13
D061 F6 06 0075 R 03 c test byte ptr ds:[hf_nun],01h ;have we proceeded to a mew controller?
D066 T4 BA c Jz init_drive_lp ino, go init second drive on this one
D068 EB 83 c Jmp init_controller_lp ;and go back .
c
C ; Come here when an attempt to initialize a drive or controller fails.
C ; If (at least) one good controller is found, then continue.
c
DO6A C post_no_more_drives:
DO6A FE OB 0075 R c byte ptr ds:[hf_num) jrestore hf_num
c
DOGE EB 13 90 c Jap post_win ; could be FDU system onmly
c
C ; Come here if there was clearly an error during initialization.
c
DOT1 C post_lose:
D071 FE OB 0075 R c deo byte ptr ds:[hf_nun) janticipation diaproved
c
€ ; Output an error measage
c
C ;post_nmessage:
D075 BD 000F c nov bp,0fh ierror flag
DOT8 BE DOA2 R c Bov si,08:(offset h_bad_m) ;string for error '1701' (HDU)
DO7B EB E5FA R c call DRomString jdisplay message on screen
DOTE B8 DOBB R c call show_sense ;display the sonse bits
D081 EB 18 c jmp short p_disp
c
D083 C poat_win:
D083 A0 0075 R c mov al,byte ptr ds:(hf_nun) ; nunber of hard disks.
D086 04 CO [ or al,al ; are there any fixed disks.
D0B8 75 08 ¢ inz p_some
c
DOBA BE DOAE R c mov si,os:(offsot h_abs_m) } message for mo HDU
DOBD E8 ESFA R c call DRomString
D090 EB 09 c Jmp short p_disp
c
Dog2 € p_some:
D092 E8 E650 R c call DHexNib j display the number
c
D095 BE DOAG R c aoy si,08:(off8at b_good_m) ; message for 'HDU'
D098 E8 ESPA R c eall DRomString
c
c
DO9B B8 E619 R C p_disp: call DCrLf
c
DOYE E8 DSFA R c call disable_disk_interrupts
poal €3 c ret
c
4
DOAZ 20 4B 6F T4 C b_bad_m db + Not! ; purposely no NULIIfIl
DOAE 20 52 65 61 64 T9 C h_good m db * Ready ',NUL
20 0C c
DOAE 20 2B 6F 74 20 50 C h_abs_m db ' Not Present',NUL
72 65 73 65 6E 72 4
00 c
c
c
DOBB C b_init endp
c
DOBB C show_sense proo near
c
C ; Displays the error sense code as (ab), where a i1s the type and b is the code.
c
DOBB B8 O0E28 c mov ax, (OER®100h)+' (" jdisplay a ('
DOBE CD 10 < INT 10h
c
DOCO A0 0042 R c mov al,byte ptr ds:(hd_error) i8et the error code
DOC3 24 3P c and 8l,sense0_nsk ;isolate the type and code bits
DOC5 B8 E643 R [4 eall DRexByte jdisplay error type and code
c
DOC8 BB 0E29 c moy ax, (OER®100h)st)® jdisplay a ')’
DOCB CD 10 c INT 10h
c
pocp c3 c ret
c
DOCE C show_sense ondp
c
DOCE C maybe_show_sonse proc near
c
€ ; Show sense information if switch 8 i3 zero (closed) and 6 is one (open).
C ; To be used for field maintenance.
c
DOCE 50 c push ax
DOCP 80 3E 0078 R 00 c omp byte ptr ds:[disk_statusl,0
DoOD4 TH 11 c Je oxit jif no error, do not display
c inport al,switch_port jread the switches
DOD6 BA 0322 C+ mov dx,switch_port ;jget the port number for the base contrecller
DOD9 02 16 007T R C+ add dl,byte ptr ds:lport_off] jadd port_off for the correct bx
DODD EC C+ in al,dx
DODE 24 A0 c and al,0al0h ;mask switches 8 and 6
DOEO 3C 8¢ < omp al,080h jare they =10b?7
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DOE9

DOFO
DOFS

DOFA

D124
D12a
pi12c
D12E

D130
D132

D134
D137
D138

D134
Di13C

15

E8

58
c3

33
8E
FA

34
8cC

B9
B2
E8
72

26: 81 3B TDFE AASS
75 05

2E:

cp

03
DOBB R

co

co

06 0104 D14B R
OE 0106

0040
D8

0003

0
D12A R
0.

13

0003
80
D12A R
0E

PF 2E D126 R

18

7C€00
0000

BY
cp

T2

B4
BO

BB
51
BS
B6

o0
13

02
01

7Cc00

A 0AARRNNANNNANAONNANNNANNANNOONO0N0N0NNNNNNNAaNANANNNANNAN0ANNNNNANA0N0A0NRNNON0N0NANNNNNANNANNONNANNNAAMO

m_exit:

maybe_show_sense

the f1

sssscs

h_boot

Jne

oall

pop

zzzz=z hd3.asm
This is called from the ROM Bios after the hard disk has been initialized.

It attempts to read and initiate a mastor boot block from logieal sector 0 of
disk, and then from the hard disk.
aaz

asaume

proc

o_exit

show_sense

ax

endp

zszzsussss

;4f so, display sense

iback to caller

ea:code, ds:nothing,

far

; Inatall vectors.

assune
Xor
2ov
ooy

cli

os:code, ds:abal,

ax,ax
ds,ax
es, ax

es:abs0,

on:nothing, ss:nothing

8s:nothing

; satisfy assumptions
; d8 = es = ax = abs0_seg

; disable during critical

; Install new int 31 HDU parameter table pointer.

; Install new FDU parameter table pointer.

i Attemp

; else boot from the hard disk.

b_try_hd

b_ok:

b_frailed

mov
mov

Dov
mov

stl

mov
mov

mov
moy
ecall
Jo
=p

u:
mov
mov
call
jo

cap
Joe

Jap

iat

boot_indirect

h_boot

endp

boot_a_disk

word ptr ds:[(3981h)+0000h],ca:(of faet hdu_parm_tbl)

vord ptr ds:[(2941n)+0002h],c8

word ptr ds:[1nt1Eloon+0000h],0a:(offset fd_parmn)
word ptr da:[int1Blocn+0002h],0s

os:code, do:data,

ax,data_seg
da,ax

ox,3

d1,0
boot_a_disk
b_try_hdu
short b_ok

ex,3

d1,80h
boot_a_diak
b_failed

b_failed

dword ptr cs:(boot_indirect]

18h

dw 07Cc00h
dw abs0_seg
proc

@8:abs0,

; exit oritical code.

t to reset the diskette, Motor startup time requires 3 tries.

ass:nothing

; satisfy assumptions.

33 retries

;jfailed -

jdrive number zero (soft disk A:)
jtry to boot from floppy

try the hard disk

ijump to the boot code if we succeded

33 retries

jdrive number 80b (hard disk C:)

word ptr es:[07C00h+510d]1,0A455h

; Set dl=disk number and eall this proc.

b_1lp:

If 1t succeeds,

mov
int

Je

mov
mov

push

mov
mov
mov

ah, reset_int
138

b_lost

ah,read_int
al,1

bx,07C00h
ox
eh,0

1,1
db,0

ry to boot from hard disk
iif this failed too, then exit.

ijis it the code?
ode teater

code.

;juap to boot code if correct

initiate reboot through ROM BASIC INT.

jump indireot to boot code at 0

It will reset and try to read ox times (in case there is a read error).
it will return with CY=0. If it fails, it will leave CYz1.

jreset the disk

i1f the operation lost

;Af 1t worked, read from the disk
jone sector

joffset for the boot_area.

;save the retry count

jeylinder
jsector 1
jhead 0

0
(loweast sector)

:7C00
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D13E CD 13 (4 int 130 jattempt read ~
[
D140 59 ¢ pop ex jrestors retry count
<
D141 72 01 < Je b_lost ;jAf it worked, return to caller
c
D143 €3 [4 ret jreturn with no carry
[
Diah C b_lost:
D144 80 FC 80 [+ omp ah,time_out jAf 1t was a timeout,
D147 EO E1 c loopne b_lp jotherwiase, another chance
D149 F9 c ste ;dropped through loop
Di%A €3 c ret jreturn with carry
(4
D14B C boot_a_disk endp
c
c
14
D14B ¢ hdu_parm_tbl:
4
€ ; The next six are the supported drives:
c
D14B 0132 ¢ parameter_table ¢,2d,,,,00n> itype O: 5mb drive
DIAD 02 c
DI&E 0132 4
D150 0000 c
D152 0B c
D153 00 c
D154 oC 4
D155 BA [
D156 28 c
D157 00 00 00 00 4
c
D15B 0177 c parameter_table <375d,8d,3754> jtype 1: 2hmb drive
D1SD 08 c
D158 0177 c
D160 0000 [
D162 OB c
D163 05 c
D164 oC c
D165 BA c
D166 28 c
D167 00 00 00 00 14
c
D16B 0132 c parameter_table <,6d,128d,256d> jtype 2: 15ob drive
D16D 06 [
D16E 0080 [+
D370 0100 [+
D172 OB 14
D173 05 [+
D178 oC 4
D175 BH c
D176 2 [+
D177 00 00 00 00 c
4
D17B 0132 c parameter_table <> jtype 3: 10mb drive
D17D 04 4
DITE 0132 c
D180 0000 4
D182 0B c
D183 05 [
D183 o0C c
D185 B§ C
D186 28 c
D187 00 00 00 00 c
c
c H {default)
D18B 0132 c parameter_table <,2d,128d,306d> itype h: Syquest SQ306
Di8D 02 c
D18E 0080 (4
D190 0132 [
D132 OB c
D193 05 c
D194 oC c
D195 B4 c
D196 28 c
D197 00 00 00 0O [4
c
D19B 0284 c parameter_table <644d,5d,128d,128d> stype 5: CDC Wren
D19D 05 [4
D19E 0080 c
D140 0080 c
D1A2 OB (4 A
D143 05 4
D1A% oC c U
DiA5 B} c
D1A6 28 C
D1AT 00 00 00 00 <
c
14
€ ;i ...End of hard disk parameters,
[+
C jmszazcc hd4.asm sszzazscmszsssss
c ; Interrupt 13h - HDU I/0 request
C jzsszmszes zzzsczssescazszreszecess
c
D1AB € h_io proc far
c assume ca:code, ds:nothing, es:nothing, sa:nothing
c
C ; Debugging code to display all calla to this procedure.
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DICA

D1CB
Dicc
D1CF
D1D1

Dpibp2

D1D6
D109
D1DB

D1P9

DIFD
D201

D203
D204
D206
D208
D20B

D20C
D20E
D210
D213
D215

FB
80 FC 00

cb 4o

80 FA 87
0

50

B8 00%0

8E D8

58

88 16 0076 R
80 FC 01

03
B9 D263 R

PE C9

88 OB 0044 R
88 2B 0045 R
A2 0046 R

B8 D5C1 R
26: 84 a7 08

o
A2 0037 R

8A C2
TF

34 06 0075 R
57

NN NAG0N0N0ANNANAAN0N0N0aNNNNN0N0NNANNaNN000NANNNNNdaNANNNNNNNaN0ANANNNNNNNNNNNNNNNNNAARANANNNA0G00A

ret_from_0:

d1,080h
hard_disk_int13
on

bhard_disk_int13:
sti

cap
Jne
int

onp
Ja

mov

h_save_regs:
push
push
push
push
push
push
push

; Set up da:

ah,reset_int
h_save_rogs
40h

d1,87h
ret_from_u0

ah,reset_int

segment.

assume os:code, ds:data, es:nothing,
push ax

mov ax,data_nseg

nov da,ax

pop ax

mov byte ptr ds:loontrol_byte),dl
omp ah,status_int

jne h_make_odb

Jmp status

3 Set up some of the CDB.

B_nake_cdb:
dea
aov
DoV
aov

push
push
eall
mov
pop
pop
mov

; Set up the

mov
and
omp
Jae

push
sbl
and
mov
pop

aoy
shl
and
or

ooy

ol

byte ptr ds:[cmd_blocks2),cl
byte ptr ds:[omd_block+3),ch
byte ptr ds:fcad_block+}d],al

o
bx

got_drivetype_veotor
al,es:[bxep_control_byte]
bx

es
byte ptr ds:[emd_blocks5),al

test HDU flag bit #7.
is this an HDU command?
; Af not, pass to the FDU driver

; and then return, saving flags

enable interrupts
i 13 thia a reset command?

if so, must reset FDU also

13 the number absurd?
if so, return without HDU

perform a hard disk reset

:nothing

; satisfy assumptions.

jretain drive specifier
748 1t a status request?

itreat as a special cgse

ibx sectors are 0-16, not 1-17
soylinder-hi and sector
ylinder-low

nterleave or bloock count

ipoint to parms for this drive
igot the control byte

jput it in the odb

port_off with the port offset for the drive.

al,dl

al,07Fh

al,byte ptr ds:[af num)
b_bad_coomand

ax
al,1

al,11111100b

byte ptr da:[port_off],al
ax

el,drivenun
dh, (mask headnum)

al, dl
byte ptr da:[cmd_blocks1],al

; Set up an index to use the h_omd_table.

omp
Ja

mov
shl
ahl
mov
add
mov

ah,max_int
h_bad_connand

HDU drive number

wmask off HDU flag bit #7
count of HDU's

error if too high

;multiply by 2
iprovide port offaet
jstore for use by port routine

ishift for cdb drive#
iget the bits for head number

share drive# with head number
tore into the drive/head byte

jhighest-numbered valid int13 command
jerror if out of range

al,an iget the command code
al,1 ;jmultiply coamand by A...
al,1 ifor indexing of table

ah,0
ax,of faet h_cad_table
si,ax

jzero top 8 bits
inow we point to the oommand in the table
swe'll use ca:[si) to index the table
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c
4
C ; Now we can finish setup of the command.
C ; If it's a p_dma operation, the command subroutine will be
€ ; called with al=p_dma mode byte for 8237T.
c
D22A 2E: 8A A4 0000 c mov ah,cs:[s1].bx_opcode ;get the opcode for the cdb
D22F 88 26 0042 R c mov byte ptr ds:[cmd_block+0],ah jand put it in place
4
D233 2E: 8A 84 0003 ¢ mov al,ca:{ai).b_cnd_mode_dma ;p_dna mode byte (read/write)
4
D238 €6 06 0074 R 00 4 mov byte ptr ds:[disk_status],0 ; clear errors.
D23D 2B: FF 94 0001 4 call es:(s1].h_cmd_subr ;call subroutine to execute command
c
D242 C h_finish:
D242 E8 DSFA R c call disable_disk_interrupts
D245 E8 DOCE R c call maybe_show_sense
c
D248 8A 26 0074 R c mov ah,byte ptr ds:[disk_status] ; get the status code from oper.
D24c 80 FC 01 c cop ah,1 i if nonzero, clear CF
D24F F5 c ome ; now CF reflects error status.
c
D250 5A c pop dx
D251 59 c pop ex
D252 5B c pop bx
D253 1F c pop ds
D254 07 c pop es
D255 5B c pop 8l
D256 5F c pop a1
c
D257 CA 0002 c ret 2 ;return, preserving flags
c
c
4
c
D254 C h_bad_ocoamand:
D25A €6 06 0074 R 01 4 mov byte ptr ds:[disk_statual,emd_error ibad ocommand to int13
D25F B0 00 c nov al, jclear burst length
D261 EB DF [ Jap h_finish jand exit
c
€ ; Special code for return_status.
c
D263 C status:
D263 A0 0073 R c mov al,byte ptr ds:[disk_status] jreturn status from last command
D266 C6 06 0074 R 00 c mov byte ptr ds:[disk_statusl,0 ;this command was successfull
D26B EB DS c Jop h_finish jand exit
c
c
€ ; This 1s the structure for the table which allows command dispateh,
c
C b_omd_struc strue
0000 00 C bx_opoode db oh jopeode for the bx (edb byte 0)
0001 0000 C h_omd_subr dw oh ;address of command routine
0003 00 C b_omd_mode_dma db on jcode for 8237 read/write
0003 C h_emd_strue ends
[
C ; This 1s the table itself, Each ontry corresponds to a command.
c
D26D C h_omd_table:
4
p26D oC C h_omd_struc <assign_param_bx,assign_paramd ;00 reset
D26E D504 R c
D270 00 [
c
D271 00 C h_ond_struo <0h, oh> ;01 atatus
D272 0000 c
D278 00 c
c
D275 08 C b_emd_struc <read_bx, h_daa, read_mode> ;02 read
D276 D2C1 R c
D278 AT c
c
D279 04 C h_omd_struc <write_bx, b_d¢ma, write_mode> ;03 write
D274 D2C1 R c
D27C 4B c
c
D27D 05 C b_omd_struo <ehktrk_bx, b_ndmad> j04 ohktrk
D27E D33E R c
D280 00 c
c
D281 06 € b_omd_struec <famttrk_bx, b_ndmad> 305 fottrk
D282 D33E R [
D288 00 4
§ c
D285 0T C h_omd_struc <fatbad_bx, h_ndma> ;06 fotbad
D286 D33E R c
D288 00 c
c
D289 0% € h_cmd_struc <fotdry_bx, h_ndna> ;07 fmtdev
D284 D33E R [
D28C 00 c
c
D28D 00 C h_emd_struo <0h, read_param> ;08 read_paranm
D28E DADF R 4
D290 00 c
4
D291 oC ¢ h_omd_strue <assign_paran_bx,assign_param> ;09 assign_paraa
D292 D504 R c
D294 00 c
c

~
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Dpa2cy

pa2ct

D2c1
bac2

D2E6
D2E8
D2EA
D2EC

D2EE
D2F0
D2F2
D2FP%

5
I
E6

D2Cct R
3B

0B

D33E R
oo

oc
D504 R

00
OE

Dp2Cc1 R
87

oF

D2C1

8B
00

D33E

00
01

D33E
00

BO
00
B3
00
B3
00

FA
B6

E6

8a
E6

8a
B6

8A
E6
A0

c3
06

c7
06

C5
oF
82

0042 R

0E

oF
36

CNN0NNNNNNN0ANNNNNNNNNNN0N00NN00N00NNNNNNNANNN0NN00NNNNN000000NNAN0NN0N0N0N0NNNNNNNNNNNNN0NNN000ANO0O

h_ecad_struc

b_omd_struc

h_omd_struc

h_omd_atrue

h_cnd_struc

b_ond_struc

h_omd_struc

h_omd_struc

b_omd_struc

h_omd_struc

h_cad_struc

b_io

endp

<rlong _bx, h_dma, read_mode> ;0a rlong
<wlong_bx, h_dma, write_mode> ;0b wlong
<seek_bx, bh_ndoa> ;00 seek

<assign_param_bx,assign_param> ;0d reset
<rouff_bx, h_dma, read_mode> ;06 rbuff
<wbuff_bx, b_dma, write_mode> ;0f wburf

<tst_drv_rdy_bx,h_ndza>

<recal_bx, bh_ndna>
<ramdiag bx, b_ndma>
<drvdiag_bx, h_ndaa>
<bxdiag_bx, h_ndna>

;10 tot_drv_rdy

i11 reocal

312 randiag

13 drvgdiag

;18 bxdiag

; This procedure is called by int13 when a command requires a p_dma operation.
; The al register should contain the h_ond mode_dna.

proc

oli
out

; Convert es:bx

@ov
ooy
rol
mov
and

add
ade

mov
out

mov
out

mov
and
out

nov

on
Je
camp
Je

; Set up the number of bytes for a normal command.

If it 18 a rlong or wlong,
Note that if rlong or wlong is requested,

If it is a rbuff or wbuff,
Note that if rbuff or wbuff is requested,

dma_mode, al i
to an absolute 20-bit address for

ax,es
ol,%
ax, ol
ch, al
al,0f0h

bx,ax
oh,0

dma_ff_olr,al

al,bl
dma_addr_3,al

al, bb
dna_addr_3,al

al,ch
al,0Fh
hdu_dma_segnm,al

al,byte ptr ds:[omd_blook+0] i

al,rlong _bx H
b_dma_long
al,wlong bx 3
b_dma_long

al,rbuff_bx H
b_dma_buff
al,wbuff_bx ;
b_dma_buff

disable interrupts
set the p_dma mode

data.

get o3

rotate 3 bits (%16)

now it's aligned with bx

save the top nibble of address
clear low nibble

add the offset of the address
propagate CP (20-bit addition)
oh =z 20-bit address hi nibble
bx = 20-bit offset of addresas

olear the firat/last ff
output low byte of address

output high byte of address
restore top nibble of address
mask the nibbdble

to bank seleact rogister

get command from omd_blook

it's limited to one block (516 chars)
the length is not cheoked.

is command rlong bx?

18 command wlong bx?

it'a foroed to one block (512 ohars)
the length is not cheaked,

is command rbuff_bx?

ia command wbuff_bx?
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D2F6 80

D2FB 17

D2FD B1 09
D2PF A0 0046 R
D302 D3 EO
D304

D30& &8

D305 B6 07
D307 86 CA
D309 E6 07
D30B 86 c&
D30D FB

D30E 03 C3
D310 72 2%
D312 B0 03
D314 B8 D3DD R
D317 72 31
D319 BO 03
D31B  B6 0A
D31D E§ DA3B R
D320 BB 28
D322

D322 C6 06 0046
D327 B8 020%
D32A EB D8
D3ac

D32C C6 06 0046
D331 B8 0200
D333 RB CB
D336

D336 PB

D337 PY

D338 C6 06 0074
D33D €3

D33E

D338

D338 B0 02
D330 EB8 D3DD R
D333 72 05
D345 B8 DA3B R
D338 EB 00
D331

D334

D34A 80

D34F 175

D351 c3

D352

D352 ¢6

D357 BO

D359 E8 D3DD R
D35C 72 75
D35E B9 0004
D361 B8 0000
D364 8B F8
D366

D366 By 0B
D368 E8 D418 R
D36B 72 66
D36D BA 0320
P3T0 02 16 0077 R

3B 0046 R 80
39

3E 0073 R 00
01

06 0042 R 03
oo

P PNNNNANNEOANNANANNNNANNGNANNNNNNNNNNNOGN0NANNANNNAGRGNONNNNNNNNGNANNANANNNNGNOANNAGNNNNARONNNAGNRNAAG

¥

cap
Ja

byte ptr ds:[omd_block+3],080n
h_dma_err

; Determine number of bytes to tranmafer.

Doy
nov
shl

bh_doa_len:
dec
out
xohg
out
xohg
ati

add
Jo

; Enable and allow interrupts from p_dma,

zoy
call
Jo

zov
out

call
Jmp

el,9h
al,byte ptr ds:[emd_block+4]
ax,cl

dma_count_3,al
al,abh
dma_count_3,al
al,ah

ax, bx
h_doa_err

al, (mask_port_inte+mask port_dmae)

cosmand i
h_err_chk

al,allow_dma3
dma_pask_bit,al

h_ond_wait
short h_err_ohk

i For rlong and wlong commands:

b_dma_long:
nov
mov
Ja=p

byte ptr ds:[omd_blook+4],01h
ax,512d + &d
h_daa_len

; For rbuff and wbuff commands:

b_dma_buff:
mov
mov
Jop

h_dma_err:
sti
sto
mov

ret

h_dua ondp

; This procedure 1s called by 1nt13 when

h_ndma proc

Dov
call
Je

call
Jap

h_ndma ondp

b_err_chk

cmp
Jne
ret

; Perform request sense command same drive number.

b_had_err:
mov

nov
oall
Jo

mov
mov
mov

e_read_sense:
mov
call
Jo
inport
mov
add

byte ptr ds:[omd_blooked],01h
ax,512d
b_dna_len

too many blocks requested?
(63k RAM/512 bytes per sector)

multiply 512 times
«..blook oount

to make byte count

ax = byte count - 1
output low byte of count

output high byte of count
ax = byte count - 1

oritical code 1a over

compute last byte to transfer
if ocarry flag set, overflowi!

and issue command.

send the cdb out to the bx
return error

allow interrupts
from the p_dma channel

wait for command completion
check for possible error

one block maximum
length of data + ecc

one bloak maximum
length of data

enable interrupts
set carry flag.

byte ptr ds:[disk_status],dma_seg error

al,mask_port_inte
ooamand
h_err_ohk

b_omd_wait
short h_err_chk

proe
byte ptr ds:[disk statv-1,0 ;
b_kad_err

a non-p_dma comnand 1s requested.

allow bx interrupt at omd completion
osend the cdb out to the bx
return error

wait for the command to complete
check for possible error

check status flag from command

no error - looking good

byte ptr ds:{omd_blook+0],sense_bx

ocoamand :
o_loae i
ax,d ;
ax,0

di,ax ;

ah, (hdu_bay+hdu_io+hdu_req)
wait_for_atatus
o_lose
al,read_port
dx,read_port
d1,byte ptr ds:[port_offl

interrupt and p._dma for bx
send out the command
sense command lost

acoept 4 data + 1 status byte
used as index of array
bsy-od+io+req

wait for status byte ready

Jump if error
read data

;get the port number for the base controller
;add port_off for the oorrect bx




ROM BIOS
Listing

D3CE

D3DO
Dp3p2
Dp3D2

EC

88 85 0042 R
a7

E2 EA

B4 OF

B8 D318 R
72 50

BA 0320

02 16 0077 R
EC

48 02

75 43

A0 0042 R
23 3F

€6 06 0032 R OD
BO 00

B8 D3DD R

72 27

B3} 0B

B8 D418 R

12 20

BA 0320
02 16 0077 R

EC

84 8

BA OF

B8 D418 R
72 0F

BA 0320
02 16 0077 R
BC

48 02
75 03

8a Ct

€3

E8 DSO% R
€6 06 0074 R FF
P9

c3

BA 0322
02 16 0077 R
EE

BA 0323

02 16 0077 R
EE

B3 0D

E8 D318 R
72 23

FC

BE 0042 R

AC

BA 0320
02 16 0077 R

EE
B9 0000

BA 0321

02 16 0077 R
EC

A8 01
E1 F4

NA0ANNONN0 e 00NN ERANANN0NANNNRAANNAN0NN0NANE D PNRNANnpPPRNAac6NNN0NNNA0NARNNAN0NAN00RNNANG0RND
oy ey PIY R Y PR} ¥

in
mov
ina
loop

mov
oall
Je
inport
moy
add

in

test
Jnz

mov
and
mov
zlat
wov
omp
Jne

al,dx
byte ptr ds:[hd_errorsdi],al ; store in array
't

o_read_senso

ah, (hdu_bsy+hdu_od+hdu_io+hdu_req) ;bay+cdslosreg
wait_for_status wait for status byte ready

e_lose 3 Jump if error

al,read_port ; read the status byte

dx, read_port ;get the port number for the base controller
d1,byte ptr ds:[port_off] ;add port_off for the correot bx
al,dx

cheok status byte
leaveo if we bad sense error

al,b_c_orr
o_lose

get first sense byte
isolate the type and code bita

al,byte ptr ds:[hd_error+0]
al,senseld_msk

bx,of faet bx_error_table
csibyte ptr bx_error_table
byte ptr ds:[disk_status],al
al,ec0_used_orr

b_err_ret

i
i

get the dos error ccde

astore the status

was it & correotable ecc err?
if not, return

; Read eca burst length.

mov
nov
oall
Jo

@ov
call
Jo
inport
mov

Jnz

mov

b_err_rot:

; Sense

o_loso:

failed.

oall
mov
ato
ret

b_err_chk

byte ptr do:(oad_blook+0),read_eoo_bx

al,0 ; interrupt mask = no interrupts
comnand

o_lose

ah, (hdu_bsy+hdu_io+hdu_req) ; bay-odeicereq

wait_for_status

e_lose

al,read_port i read the burst longth
dx,read_port iget the port number for the base ocontroller
dl,byte ptr ds:(port_off] ;add port_off for the aorreat bx
al,dx

c1:31 ; save it for a moment

ah, (hdu_bsy+hdu_cd+hdu_io+hdu_req) ;bay+cd+io+req
wait_for_status ; read the status byte

o_lose

al,read_port

dx, read_port jBRet the port number for the base controller
dl,byte ptr ds:[port_off] jadd port_off for the correct bx
al,dx

al,h_o_err ; ocheok completion status

o_lose

al,el ; get burst length back

Try to recover.

assign_paran jreset controller and assign parameters
byte ptr ds:[disk_status],sense_orr jsense failed

endp

; Send a CDB to the bx.
; The al register should be set to a mask port_ocand.

coanand

outport
mov
add
out

outport
nov
add
out

mov
call
Je
cld
Bov

send_odb_byte:

e_wait:

Todsb
outport
mov

add

out

nov

inport
mov
add
in
test
loopz

proc
select_port,al ;select controller
dx,select_port jget the port number for the base controller
dl,byte ptr ds:[port_off) ;add port_off for the oorreot bx
dx,al
mask_port, al ;allow interrupts and maybe p_dma
dx,pask_port ;8et the port number for the base controller
dl,byte ptr da:[port_off] ;jadd port_off for the correot bx
dx,al
ah, (hdu_bay+hdu_od+hdu_req) ;bsyscd-1osreq
wait_for_status iwalt for controller to setup for cmd
e_finish ileave 1f timed out

jclear direotion: count up with [ai]
31,ds:(offset cmd_block) suse sl as index

;get a byte of cdb
write_port,al ;send it to bx
dx,write_port jget the port number for the base controller
dl,byte ptr ds:[port_off] jadd port_off for the correct bx
dx,al
ex,0 ;jprepare for loop
al,status_port jeheck status
dx,status_port ;get the port number for the base comtroller
dl,byte ptr ds:[port_off] jadd port_off for the correct bx
al,dx
al,hdu_req ;is status valid?
e_wait jwait for valid or timeout
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Di10 25 07 c and al,07h ;mask low 3 bits
D812 3C 05 c emp al,(hdu_cd+hdu_req) i3 it still looking for cdsout?
D314 78 E2 ¢ Je send_odb_byte iyes - go send another byte
D&16 F8 c ole
pa1T € o_finish:
pa17 c3 4 ret jdone sending all bytes, so return
c
DR18 € command endp
c
C ; Wait for status from bx (specified in ah), or else time out.
c
Da18 C wait_for_atatus proo
c
D18 50 4 push ax
D419 51 c push ex
D41A B9 0000 < nov ox,0
Da1D C r_waiting:
c inport al,statua_port ;read bx atatus
DRID BA 0321 Ce mov dx,status_port ;80t the port nunber for the base controller
DR20 02 16 0077 A Ce add d1,byte ptr da:(port_off) ;add port_off for the correct bx
D324 EC Ce in al,dx
D325 A8 01 c test al,hdu_req jlook for validity of astatus
DR27 B1 PY 4 loopx r_waiting ;loop if not valid yet
D29 23 oOF c and al,o0fh iget low 4 bita
D32B 34 CA c oap al,ah jtest for the specified status
D&2D 74 09 c Je bx_ready
D42F C6 06 0078 R 80 c mov byte ptr ds:[disk_status],time_out ;took too long to select
DAa34 P9 C ste iflag error
D435 C r_finish:
Da3s 59 c pop ox
D436 58 [4 pop ax
DA37 €3 c rot
4
D438 C bx_ready:
D438 P8 c cleo ;jgot the req
DA39 EB Fi c Jop r_finish
DA3B € wait_for_status endp
c
€ ; Wait for a command to complete.
c
D43B C h_omd_wvait proo m
c
DA3B FA c eli
DA3C BA 21 c in al,pic_1 ; get inmterrupt mask
D43E 24 DF c and al,0DFh ; un-mask HDU interrupt IRS
DAXO B6 21 c out pio_1,al i set the controller
D2 FB c sti
c
4 assuze ea:absd
c
DA33 33 co c xor ax,ax ; es » ax = abn0_seg
DR4s 8B CO c nov es,ax i es pointa to absl_seg segment
DAAT 26: C3 36 0104 c lea 8i,dword ptr es:[(4%31h}] ; es:sl points to hdu_parm_tbl
c
c assume es:nothing
4
€ ; Determine timeout count.
c
DiaC BT 00 c mov bh,0 izero top byte of count
DRAE 26: 84 5C 09 c mov bl,es:byte ptr [sil.p_timeout istandard timeout
DA52 80 3B 0042 R 034 c omp byte ptr ds:[cmd_blook+0],fmtdrv_bx jbut is it a format
c jdrive command?
DasT 75 07 c Joe wl
Da59 26: 8A 5C OA c mov bl,es:byte ptr [si].p_fut_timeout ifotdry tipeout
DASD EB 0C 90 c Jap w2
D60 c wi:
D460 80 3B 0042 R E3 c cmp byte ptr ds:[emd_blooks0],drvdiag bx sbut 1a 1t a drive
c jdiagnostic?
DA6S 75 Ok c Jae w2
D467 26: 84 5C OB c mov bl,es:byte ptr [si}.p_drvdiag_ timeout jdrvdiag timeout
c
C ; Now we oan wait for the interrupt.
c
D46B C wa:
D36B DY E3 c shl bx,1 jdouble the timeout for the
[ 18086,
c
D46D C wait_for_irq5:
c inport al,status_port
DA6D BA 0321 Ce nov dx,status_port jget the port number for the base controller
D470 02 16 0077 R Cs add di,byte ptr da:[pert_off)] ;jadd port_off for the corract bx
DAT3 EC Cv in al,dx
D4TS 48 20 c test al,hdu_1rq5 ;jwas there an interrupt yet?
D477 715 0D c Inz w_its_done
D379 E2 F2 c loop wait_for_irq$s
c
D47B 4B c dec bx jouter timing loop
D4TC 75 EF [ JInz wait_for_irq5
c
D4TE C6 06 0074 R 80 c mov byte ptr ds:[disk_status],time_out jwe foll through
D483 EB OF 90 c Jop w_fianish
c
Dags C w_its_done:
c inport al,read_port ;read status byte
D486 BA 0320 C+ mov dx,read_port ;jg80t the port number for the base controller
D489 02 16 0077 R Ce add dl,byte ptr ds:[port_ofr] jaad port_off for the gorrect bx
D48D EC Ce in al,dx
D48E 24 02 c and al,h_c_err ;8et completion error bit
D490 08 06 0074 R c or byte ptr ds:[disk_status},al ;h_err_chk will look at it
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DAFD
DAPE
DAFF

D500
D501
D502

p503
D504

C w_finish:
c

BO 00 pov al,o
c outport mask_port,al
BA 0323 C+ oov dx,mask_port

jturn off controller interrupts

jget the port number for the base controller

;add port_off for the correat bx

fdo_error

addr_mark_error, 0

;save caller's es: register
jloads os with poimter & bx with offset

;get number of oylinders

isubtract 2: zero origin and diag track
iput low-order in oh

iput high-order 2 bits

iin top of ol

not variable

snumber of heads
jzero origin

joount of hard diska

;save the return address
jtrash the dx
;and ex from the caller

ipush new parameters
jfor caller to reseive
ireplace return address

for the drives.
BOTH drives on the chosen controller.

jset odb
jassume drive 0

jassign params
jjuap 1f OK

et cdb
;assuae drive 1

;assign params

02 16 0077 R Ce add dl,byte ptr da:[port_off)
EE Ce out dx,al
c
c3 [ ret
c
C b_omd_wait endp
[
C b_datal proc
[
C bx_error_table:
C ; Type 0 errora
00 20 ko0 20 c db 0, fdo_error, seek_error,
80 00 20 00 ¢ db time_out, 0, fdo_error,
30 00 00 00 c db seek_error, 0, 0, 0
00 00 00 00 [ 0, 0,0,0
€ ;Type 1 errors
10 10 02 00 [ db ero_error, oro_error,
0% %0 00 00 c db sect_not_found, seek error, 0, 0
11 0B 00 00 [ db ecc_used_err, badtrack err, 0, 0
00 00 00 00 [ db 0,0,0,0
C ;Type 2 errors
01 02 00 00 c db omd_orror, addr_mark_aerror, 0, 0
oc [ c db 12 dup(0)
00 c
] c
c
C ;Type 3 errors
20 20 10 00 c db fdo_srror, fde_error, oro_error, 0
oc [ c db 12 dup(0)
(1) c
] c
c
[
C b_datal endp
c
C j=c=z=cs hdS.amm ssaccszsassmmazse
c
€ read param proc
06 c ush es
88 D5C1 R c call get_drivetype_veotor
c
26: 8B OF c mov ex,08:(bx).p_oyls
83 B9 02 c sub ox,2d
86 B9 ¢ xobg oh, ol
Do €9 c ror ol,1
po c9 c ror el,
80 ¢y 11 c or ol,sectors_per_track ifixed,
c
26: 84 77 02 [ Doy dh,es:[bx).p_heads
FR CE [ dec dn
[
84 16 0075 R c mov dl,byte ptr ds:[hf_num]
c
o7 c pop es3
c
c
58 c pop ax
SB c pop bx
5B c pop bx
c
51 4 push ex
52 c push dx
50 c push ax
C
c3 c ret
C read_param endp
c
C ; Perform a reset and assign parameters
C ; Note: parameters must be assigned for
c
C assign_param proa
c
E8 DSB1 R [4 call resat_bx
<
06 [ push es
[
€6 06 00&2 R OC c Dov byte ptr ds:[emd_block+0),ansign_param_bx
€6 06 0043 R 00 c mov byte ptr ds:[cmd_blocke1],0
80 26 0076 R FE c and byte ptr ds:[control_byte],0feh
E8 D532 R c oall assign_paras_!
T2 14 c Je ap_finish
c
07 c pop os
06 [ push os
[
c6 06 0032 R OC c Doy byte ptr da:[emd_blocks0],asaign_paran_bx
€6 06 0043 R 20 c mov byte ptr da:lemd_block+1],(mask drivenum)
80 OE 0076 R 01 c or byte ptr ds:[control_byte],01h
E8 D532 R c call asalgn_paran_}
c
C ap_finish:
07 c pop es
€3 [ ret
[
€ assign_paras endp
c
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c
D532 C assign_param_l proc
D532 B0 00 c mov 21,0 ;no interrupts desired
D534 EB8 D3DD R c call comnand ;send the cdb
D537 72 63 c Je a_finish
c
C ; Send the 8 bytes of drive parameters as PIO.
[
D539 ES D5CH R [ call get_drivetype_vector ;snare pointer to the table
[4
C ; send msb bofore lad
c
D53C 26: 8A &7 01 c mov al,es:byte ptr [bx].p_cylsel
D540 EB DS9D R c call data_out
D543 72 57 c e a_finish
c
D545  26: BA 07 c mov al,es:byte ptr [(bx).p_oyls
D548 EB D59D R c call data_out
DSYB 72 &F c je a_finish
4
DS4D  26: BA 4T 02 [ mov al,en:[bx).p_heads
D551 E8 DS9D R c call data_out
DS54 72 46 [ Je a_finish
c
D556 26: BA KT 0% c mov al,es:byte ptr [bx].p_write_curs!
D55A EB D59D R c call data_out
D55D 72 3D c Je a_finish
c
D5SF 26: BA 47 03 [ mov al,es:byte ptr [bx].p_write_cur
D563 EB8 D59D R c call data_out
D566 72 34 c Je a_finish
c
D568 26: BA 47 06 c mov al,es:byte ptr (bx].p_pracomps1
D56C E8 D59D R c call data_out
DS6F 72 2B c je a_finish
c
D571 26: BA 47 05 [4 nov al,es:byte ptr [bx).p_precomp
D575 EB D59D R c call data_out
D578 72 22 c Je a_finish
c
DSTA 26: BA &7 07 c mov al,es:[bx].p_ecc_len /[ ™\
DSTE E8 D59D R c call data_out
D581 72 19 c Je a_finish
c
C ; Note that control byte is handled differently... See near h_make_odb,
c
D583 B4 OF c mov ah, (hdu_bsy+hdu_ocd+hdu_io+hdu_req) ibay+adelosreq
D585 ES DA18 R c call  walt_for_status
D588 72 12 c Je a_finish
c
c inport al,read_port jread the status byte
D58A BA 0320 Cs mov dx,read_port ;80t the port number for the base controller
D58D 02 16 0077 R Ce add dl,byte ptr ds:[port_orr] ;add port_off for the correct bx
D591 EC C+ in al,dx
D592 A8 02 c test al,h_o_err ;d1d we do ok?
D593 73 06 c iz a_finish
D596 C6 06 0074 R 07 c mov byte ptr ds:[disk_status],init_err ino
D598 F9 c ste
c
D59¢ C a_finish:
D59C €3 c re
c
D59D C assign_paran_1 endp
c
C ; Send a byte of data out the write_port.
[4
D59D C data_out proc
c
D59D 50 c push ax
D59E B 09 c mov ah, (hdu_bay+hdu_req) ;jbay~cd-iosreq
D5A0 E8 DA18 R [ call  weit_for_status
D543 58 c pop ax
D5A1 73 01 c ine do_ready ;4f 4t didn't time out, output the data
D546 C3 c ret
[
D547 C do_ready:
c outport write_port,al jwrite 1t out
D547 BA 0320 Ce wov dx,write_port ;got the port number for the base controller
D5AL 02 16 0077 R Ce add dl,byte ptr da:[port_off] ;add port_off for the correct bx
DSAE EE c+ out dx,al
DSAF F8 c cle ino problem
DSBO C3 c ret
c
D5B1 C data_out endp m
c
D5B1 C reset_bx prog '
c
c outport reset_port,al jreset controller ~
D5SB1  BA 0321 Ce mov dx,reset_port ;get the port number for the base comtroller
D5B4 02 16 0077 R Ce add d1,byte ptr de:[port_off] jadd port_off for the correct bx
D5B8 EE Ce out dx,al
D5Bg 51 c push ox
D5BA B9 0100 c mov 0x,100h iwait in a loop
D5BD E2 FE c loop 4
DSBF 59 c pop ex
D5CO €3 [ ret
DsC1 C reset_bx endp
c
C ; Returns with os:[bx] pointing to the drivetype vector for the selected drive.
¢ 3
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33

co

8E €O
26: C4 1E 0104

032
16

7F

06
o1

>
0077 R

0076 R 01

0050

b8

00
OE
E9
10

0075 R

0323

NN ONNNANNAaNN0NNNNaNANNNNNNNN0ANAa00Na00NNNN0N0N0N000NAANANAANRAaNNANNNNaN000AANNANNANNAANANNAAAOA O
Y

The bits are selected from the switch as followa:

H switch trl213348is5) 61
H bit 0 1 2 3 4 5
H drive 0 0 1 2 3
H drive 1 0 1
i
get_drivetype_vector proc
push ax
assupe es:abs0
xor ax,ax ;
mov es,ax ;
los bx,dword ptr ea:{(4¢21h)] ;
assume es:nothing
push dx
inport al,switch_port
mov dx, switch_port
add d1,byte ptr da:[port_off]
in al,dx
pop ax
and al,07fh jignore
test byte ptr ds:[control_byte),01h
Jnz g_maak
shr al,1
shp al,l
& maak:
and al,00110011b
nov ah,al
shr ab,1
shr ahb,1
or al,ab
shl al,1 imultiply
shl al,1
shl al,1
shl al,1
mov ah,0
add bx,ax
pop ax
ret

got_drivetype_vector ondp

disable_disk_interrupts proc

7181

6 7

2 3

es = ax = absO_seg

es points to aba0_seg segment
es:bx pointa to hdu_parm_tbl

jread switches onm controllsr board

jget the port number for the base oontroller
jadd port_off for the ocorrect bx
top switoh!

jwas this controller drive one?

ito get drive zero,

johift twice right

;8et switch_mask bits for this drivetype
;get top two bits from bits 335
j..into bits 2&3

;jcombine with low 2 bits

by 16 for offset in tadble

jadd offset to base of param_table

; Disables interrupts from all bx controllers on the system.

push dx
push ox
push ax
push ds

i Set up do: segment.

assume ds:data

Bov ax,data_seg H
Dov 1ax

eli

in al,piec_1 i
or al,020b ;
out plo_1,al H
st

mov B

mov cl,byte ptr da:[hf_nus)

ino ox

shr ox, 1 H
iz v_disallow

v_reset_bx:

i Reset acontroller c¢x by sendiang mask byte.

mov al,o0 H
mov dx,ex

dec dx

shl dx,1

shl dx, 1

add dx,pask_port

out dx,al

loop v_reset_bx

v_disallow:

mov al,disallow_dma3

out dma_mask_bit,al jsend it
assume ds:nothing

pop ?

iif zero,

satisfy assumptions.

get intorrupt mask
turn off IRS
and set the new mask

;nuabar of drives
;make it imto

..nunber of comtrollers
disallow

ask to impose on bx

jgot controller number
j¥e go from 0-3, not 1-
jmake it an offset (3 ports/bx)

inow bx-> controller

jcommand to turn off dma3 interrupts

871
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; Print message that we are formatting the drive.

Listing
D62B 58 c pop ax
p62c 59 c pop ox
D620 51 c pop dx
D62E C3 [4 ret
c
D62F C disable_disk_interrupts endp
4
C ;scccsscsssssssccssssssssssszasazss
c Interrupt 0Dh - handle interrupt from controller
T sszzssss =
c
C ; This is run when the hard disk causes an interrupt due to command completion.
c
D62F C h_int proc
c
D62F 50 c push ax
c
D630 BO 20 c mov al,pic_neoi jcommand for 8259
D632 E6 20 (4 out pio_0,al
c
D634 BO 07 c Bov al,disallow_dma3 jcommand for 8237
D636 E6 0A c out dna_mask_bit,al
c
D638 E& 21 4 in al,piec_1 ; g8et interrupt mask
D63A 0C 20 c or al,020b ; turn off IRS
D63C B6 21 c out pic_1,al ; and set the new mask
c
D63B 58 c pop ax
D63F CF 4 iret
c
D630 C h_int ondp
c
C jmsseses dtofmt.asm ssssszsssszsw
c HDU Physical Formatting Utility
¢
C ; Formatting utility to perform physical format of hard disk drive
C ; using DTC-5150BX controller. Calls int 13h to provide disk services.
c
C ; Use this program when you first use a new disk. Then use FDISK and
C ; FORMAT programs to finish the job.
c
C ; The user can supply an argument number for any hard disk on the systeam.
€ ; ex: 1adrive o, 2=drive
c szsasa sss
c
c assune os:0ode, ds:nothing, es:nothing, ss:nothing
c
D630 C bh_fat prooc near
c
C ; Writo groeting and prompt for drive number.
C ; Drives are numbered the samo way as in the industry standard "FDISK" utility.
c
D680 BE D6AC R c nov 81,cs:(offset h_intro_m) ;greeting string
D6R3 E8 ESFA R c oall DRomString
c
DEX6 32 BY c xor ah,ah ah = 0.
D648 CD 16 c INT 16h ; got a keyatroke.
c
D64A 3C 71 c omp al,'q' joheck for quit code
D6AC TR 45 c Jo finished jeJect if user typed a Q
DEAE  3C 51 c omp al,'Q'
D650 T4 H1 4 Je finished
c
D652 E8 E619 R 4 call berLf
c
D655 2C 31 4 sub al,'1' ; range should be '1' to '8'
D657 72 3B c Jo no_hard_diak i if negative, incorrect number
D659 0C 80 c or al,080h t HDU flag bit #7.
D65B 8A DO c mov d1,al ; prepare drive code for intl13
c
C ; Create a 512 byte sector buffer of 6Ch in RAM (on the stack!).
c
D65D FC c eld ; elear direction flag.
D65E 06 c push  es ; save registers.
DESF 16 c push 88
D660 0T c pop os ; es gets 3a.
D661 81 EC 0200 c sub 8p,512 i make room on stack!
c
D665 8B FC 4 mov d1,sp es:di points to stack buffer.
D667 BB 6C6C 4 aov ax,06C6Ch word fill pattern.
D66A B9 0100 c Bov ox,(512/72) i number of words to 111,
D66D F3/ AB c rep stosw 3 11l stack buffe
C ; di saves oriunu stack pointer
c
C ; Write the stack sector buffer with the 06Ch code to fill data fields on drive.
c
D66F B8 OF01 c aov ax, (wbuff_4nt*100h)+1 i prepare for write sector of 1 buffer.
D672 8B DC c mov bx,sp es:bx points to stack buffer (of 06Ch)
c ex is zero.
D674 B6 00 c mov dh,0 clear head number.
c
D676 CD 13 c INT 13hb j call for write sector buffer
c
D678 8B ET c aov sp,dd restore original stack pointer.
D6TA 07 4 pop es restore registers.
c
D6TB T2 1A c Je no_hard_di sk i error writing sector buffer
c
c
c
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D67D BE D733 R c mov si,es:(offset h_fmt_m) ;text for informational message
D680 E8 ESFA R c oall DRomString
4
C ; Format the drive.
c
D683 B8 0706 4 mov ax, (fotdrv_int®100h)+6 ; format drive with interleave of 6
D686 B9 0001 c wov ex,01h i start with sector zero
c
C ; Note that dx 15 retained from above.
c
D689 CD 13 c INT 13b ; format the drive
D68B 72 12 c je format_error ; problea during format
4
D68D BE D750 R c mov ai,os:(offset h_pass m)
D690 BB BSFA R c oall DRomString
c
D693 C finished:
D693 E8 E619 R c call perLf
D696 €3 c ret ; return to caller
c
c
D697 C no_bard._disk:
D697 BE D783 R c mov 81,08:(offset h_none_m) ;give error message
D69A B8 BSFA R c call DRomString
D69D EB F3 c Jap short finished jexit
c
c
D69F C format_error:
D69F BE DTBT R [ mov si,cs:(offset h_err_m) igive error message
D642 EB BSFA R c call DRomString
c
D6A5 84 CA c nov al,ah ; print error code in ah
D6AT B8 B643 R c oall DHexByte
[
DAL BB ET c Jop short finished
c
DéAC C b_fat endp
c
D6AC C b_data2 proc
c
/ﬂ\ D6AC 36 69 78 65 63 20 C h_intro.m db "Fized Disk Formatting Utility',CR,LF
4 a4 69 73 6B 20 16 4
6F 72 6D 61 73 T4 c
69 6B 67 20 55 74 4
69 6C. 69 73 79 0D c
0 c
D6CB 41 6C 6C 20 6% 61 c db 'All data on the specified fixed disk will be orased.,’'
T4 61 20 6P 6E 20 4
T4 68 65 20 73 70 c
65 63 69 66 69 65 [4
63 20 66 69 78 65 <
63 20 64 69 73 6B [
20 77 69 6C 6C 20 c
62 65 20 65 T2 61 c
73 65 634 2B c
D6FF 0D 04 c db CR,LF
D701 &5 6E 73 65 72 20 c db *Bater fixed disk number (1 to 8) or ™" to quit: ',NUL
66 69 78 65 68 20 c
63 69 73 6B 20 6E c
75 6D 62 65 T2 20 c
28 31 20 7% 6F 20 c
38 29 20 6F T2 20 c
22 51 22 20 73 6F c
20 71 75 69 T4 34 4
20 00 c
[
D733 OD 0A 36 6F 72 6D C b_fmt_n db CR,LF, 'Formatting Fixed Disk...',CR,LF,KUL
61 73 78 69 6B 67 c
20 36 69 78 65 64 [}
20 4% 69 73 6B 2E [
2E 2E 0D 0A 00 c
c
D750 46 6F 72 6D 61 74 C h_pass_no db ‘Format is complete.',CR,LF
20 69 73 20 63 6F 4
6D 70 6C &5 T4 65 c
2E 0D 04 c
D765 50 72 6F 63 65 65 c db ‘Proceed with FDISK and FORMAT.',NUL
64 20 77 69 T4 68 4
20 36 3% 39 53 4B c
20 61 6E 64 20 46 c
3F 52 4D A1 53 2E 4
0o g
D78 45 72 72 6F 72 34 C bh_none_m db 'Error: No fixed disk drive exists for this number.',NUL
20 4E 6F 20 66 69 c
! 78 65 64 20 64 69 c
73 6B 20 64 72 69 c
76 65 20 65 78 69 c
73 Th 73 20 66 6F c
72 20 74 68 69 73 c
20 6E 75 6D 62 65 c
72 2E 00 4
c
D7B7 46 6F 72 6D 61 7% € h_err_m db *Format Error. Code: ',NOL
20 85 72 72 6F T2 c
2E 20 20 33 6P 64 c
65 34 20 00 c
c
p7CD C h_data2 endp
c
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bD7CD

D7CD

DTCD

D7CD 32 Ej
DTCF €3

DTDO

D7DO 52
DTD1 51

50
D7D3 E8 D815 R
84 ca
D7TD8 26: 22 05
54

FEB
DTDE 80 FE 05
TF 02

D7E3 FE C1
DTES

D7ES D2 CO
D7ET 59
D7E8 54
DTE9 €3
DTEA

000NN NNNNNNNNN0NNNNNNN0NN0N000N0000000000000000000N0N0NNNANN0N0NN000000000000000N00000000000N0000000000

code ends
inolude graph.asm

23222280080 R0CECO0REIEEESEREECNEEESEn0EsRGAAEASnESEEESEEEEARERDE
graph.sro

i
i
i
H This module inoludes the four graphios funotions for INT 10h.
i
P
i

22ERICOEECONCI0NNEINEEEEESEISSSI0CECSEAERESRRSTED

page

i

H INT 10h Graphics Support

; Must preserve bx, ox, dx and return values in ax

: All othor rogistors are saved and restored by video dispatoher.
H Entered with the following in registers:

H al, bx, ox, dx intaot (set by INT 10 invoker)

H ah = v_mode

i

oode gnent public 'ROM'

assupe os:ocode, ds:data, es:v_ram, ss:nothing
582280225 2CICEONEOEESROoEN0CNC0000NEINNENRICERRAREROEEISEISCISAE0E0RAE000B000S

Read Light Pen funotion code = 0%h
Input: None.
Output: ab = 0 light pon switoh not down/mot triggered
ah = 1 implies:
(dh,d1) = (row,col) of ohlruur light pen
position from (0
oh = raster line (0-19 )
bx = pixel column (0-3!9,0 -639)

Trash: None, 2?2

grf_light_pen proo near

xor ah,ah ; return ah = 0 for now (al inmtaot)...
ret

grf_light_pen endp

page
j®msErzanCoocEoERSEEICENCCIEICUUCUEEICCONOCC0CSNENCEISSSENSSEEEEAI000NERNARaRE

Road Dot function code = 0Dh

reads a pixel from the indioated location returning its value.
valid in graphiocs modes only.

Input:
H = CRT Mode
DX = row (0..199 in Mod. & Hi-Res., 0..399 in Ultra Res Mode)
CX = column (0..319 in Med, 0..639 in Hi & Ultra Res. Modes)
Output :
AL = dot value read

AH = maok of pixel in byte (from g addr)

Saved: BX, CX, DX (Vidoo dispatcher saves the rest)

grf_read_dot proo near
push dx o j save registors
push ex
push ax ; save crt mode (high byte)
call g-addr ; oompute address & mask
mov al,ah i copy mask
and al,byte ptr es:[di) i AND with byte containing pixel
pop dx dh = ort mode

::: ::.s ; :::p for wraparound loft (B & W)
Je g_Jafy_dot i Juap u no Viamaic
ol ; prep for wraparound left (color) |
sdafraots al, ol ; right justify pixel
pop ox j restoro registers
wmo

grf_read_dot endp

o
R T Ty T P PP ey
i Write Dot funotion code = 0Ch

i
i

writes a pixel, with the indicated value, at the indicated location.
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D813
D81S

0815

52
51
50

B8

33
74

81
E2

D815 R

2
88 05

C7 2000
FA

0 B0NNNN0000ANNNAANANN0NANRNNARANN00A0ANNNNNN000Na00NNAN0NNNANNRaANNNNANANNANNNNNNAANANNA00N000A0NAAO

H valid in graphics modes only.

Input:

AB = CRT Mode
DX = row (0-399)

i
i

L =z dot value to write (1 or 2 bits depending on mode,
right justified). Bit 7 = 1 specifies XOR the value
with the pixel at DX, CX

{the actual value dopends on the mode)

CX = ooluma (0-639) (the values are not range ochecked)

Saved: AX, BX, CX, DX (Video dispatoher saves the rest)

grf_write_dot proe near
push dx
push ox
push ax
call g addr
mov al,byte ptr es:[
pop dx
push dx
or d1,d1
Js g_xorbit
not ah
and al,ah
not ahb
& xorbit:
ine ol
onp dh,5
g 8_align_dot
ol

ino
g 8lign_dot:
ror

preserve working registers

; compute address & mask
di] ; fetoch byte from video memory

got v_mode & dot value to write
resave

is the XOR bit net?

Junp if yes

invert mask

oclear bits for new pixel
restore mask for later

prep for wraparcund right (baw)
color

Jump 1f nmo

prep for wraparound right (color)

41,6l ; align new pixel
and dl,ah ; atrip off nom-pixel bita (xor bit, etc)
xor al,dl ; OR or XOR in now pixol depending on xor bit
mov byte ptr es:[dil,al ; updato video memory
pop ax ; reatore registers
pop ox
pop dx

ret
grf_write_dot endp

page

jeoosmEACSENESESSCoSEEECEIReSIISSEEEROCCCCCESSCISOCARANNONGSEAEAEEISsaSEIaRENRDD

is taken into account,

INPUT:

OUTPUT:
D.

-
=n
a

DESTROYED:
AL, CX, DX, BP

This subroutine determines tho video RAN byte looation
of the indicated row colusn value. The ourrent graphics mode

curront graphies mode
DX = row value (0-399)
CX = column value (0-639)

byte address of pixel looation in video ram
mask of pixel in byte
CL = ¢ of bits from left ond of byte to loftmost bit in mask

g_addr proc near

i convert row-count to a "mod A" value;
i multiply it by 2000H for offset to start of v_ram subarea

push ex

mov bp,t

mov ex, bp

cap ah,68

b &_skp_1

mov bp,2

mov cx,3
g_okp_1:

xor di,di

and ox,dx

iz a.skp_3
g skp_2:

add di,20000

loop g skp_2

save column count
shift count; assume not 640xA00
multiplier; assume not 630xA00
video mode 64 or 727
-no: jmp
-yes; change shift count
-yes: change multiplier

init offset amount

Jmp if nothing to add
oini-multiply loop

add v_ram sub-area size

do 1t again (maybe)

;j add bytes for the row coordinate to the offset into the v_ram subarea

&.okp_3:
push a1
mov di,dx
mov ox, bp
shr d4, 6l
mov dx, d1
aov ex,0406H

temp, store offset

DX<--row count
CX<--mode-rolated shift val
get frows into a v_ram subarea

savo a copy for a moment
Dult. 41 by 80 [rows-->byte offset]

got loast sig. bit(s) from row count
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D83E D3 ET c sal 41,0l ; (fast multiply-
D840 8A CD c mov el,ch H by-80]
D842 D3 E2 c sal dx, el
D844 03 FA c add di,dx ; #subarea byte offset for this row
c
D846 59 [4 pop ex j retrieve subar beginning's offset
D847 03 F9 c add di,ox ; offset from start of v_ram
D849 S5A [4 pop dx i restore column count
c
C ; find column offset
c
D84A B9 0703 c mov ox,T03H ; initialize for black & white
D84D 80 FC 05 c omp ah, ; color ?
D850 7F 03 c 38 &_skp_t ; CX = 703H (black & white)
D852 B9 0302 c mov 0x,302H 3 CX = 302H (color)
D855 C g.skp_4:
c
C ; CL = shift count to divide column by pixels per byte ...
c ; 3 for baw (divide by 8), 2 for color (divide by 4)
C ; CH = remainder's mask during division (7 for biw , 3 for color)
€ ; DX = column
C ; DI = address to column O of requested row
c
D855 22 EA c and oh,dl i get division's remainder in CH
D857 D3 EA c shr dx, ol ; perform division
c
C ; DX = quotient = column's byte offset from art of row
C ; CH = remainder (= pixel's offset into byt
c
D859 03 FA c add di,dx ; DI s pixel's byte address
c
c ; NOW :
c DI = address of byte containing the pixel
c ; CH = pixel offset into byte (remainder)
[ CL = 3 (black & white) or 2 (ocolor)
c
D85B 80 F9 03 c omp 01,3 ; black & white?
D8SE 74 02 c Je &_bitmask ; Jump if yes
D860 DO B5 c shl oh,1 i color: comvert to bit offset
c
D862 C g bitmask:
D862 86 CD c xch ol,ch i load CL, preserve "mode”
p8éa Ba 80 c aov ah,80H ; set high bit in byte
D866 D2 EC c shr ah,ol ; mask pixel's loftmost bit
D868 80 FD 03 c onp oh,3 : black & white?
D86B 73 06 c Je 8_skp_5 i Jump if yes
D86D 84A Ca c mov al,ah i color: oreate 2-bit mask
DB6F DO B8 c shr al,1
D8T1 O0A BO c or ah,al
c
D873 C g.skp_5: ;i DI = byte address, AH = pixel mask,
D873 €3 [4 ret i CL = bit offset: pixel's leftmoat bt
c
p87H C gaddr endp
c
C page
C jacscsaccscssszcassazsasazsass 2sgascszscsnssgacsass
c
g i Soroll Up In Graphios Mode
i
c Soroll up the number of lines spooified within the speoified soreen
c area (window).
c
c .’ Input:
c AL = number of lines to be scrolled up ( zero
c means clear the vtndov)
c 3 BH = £111 pattern to be use
c CH,CL = upper left cornmer of wsndov in which to scroll
c DH,DL = lower right corner of window in which to soroll
c ; ps' = data segment
c ES o graphics refresh ram sogment
c
c ; Saved: BX, CX, DX (Video dispatcher saves the rest)
c
c
c
D874 C grf_graphiocs_up proo near
c
D874 53 c push bx i save
D875 51 c push ox i
D876 52 c push dx H registers
c
c old jdir. flag = inorement (from v_sorl_up)
D8TT BD 0050 c mov bp, 80 joffset to next scanline (CLD => +80)
c
D8TA S50 [ push ax jsave mode, # rows to scroll
D87B 8B C1 [ mov ax,cx jocompute address of window's
D87D B8 DBSF R [ call g.ours_off 3 upper left cornmer
D880 8B P8 4 mov di,ax ,a-ve in DI for string imstructicns
c
p882 06 4 push es iset DS to video ram for string inst.
0883 1P c pop ds
c
Dp88s 2B D1 c 8sudb dx, ox joompute window's dimensions
D886 81 C2 0101 c add dx,101H H DH = height, DL = width
c
D88A 58 c pop ax ;AH = mode, AL = # rows to soroll
c
p88B B3 02 c mov bl,2 i# interlace areas = 2 for modes 4,5,6
D88D 8A CB 4 mov el,bl i# scanlines per i.a. = 4 for modes “72
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D8 CY

E1 OOFF

AN ONNANNARNANNNNNNAANNANA00NNaNNNANNAN000NNNN0N0N0NA0NNNNNNN0NANNNANNNN0NNN0NAN0NACANNN0NANNN0ANAMA

cop ah, 64
3b g tst_nod ;Jump if mode = 4,5,6
mov bl,4 ;¢ interlace areas = 4 for modes &4 & 72
Je g tst_sod ;jump if mode = 64
sar el,1 ;# scanlines per i.a. = 2 for mode 72
g _tst_pod:
sal al,ecl ;convert number of rows to number of
aal dh, el i scanlines per interlace area
mov ex, ax iCH = mode, CL = # scanlines to scroll
cop ch,6 jare we in a medium resolution mode ?
ige g_set_up yJump if no
sal di,1 jdouble number of bytes per character
sal a1,
& set_up: iget addross of lines to scroll in refresh ram memory
and cx,00FFH iCX = # of scanlines to scroll per if.a.
Iz g.filler 'Lr zero, go rill all of window
mov ax, ex imake Di = # scanlines to fill per i.a.
mov ch, el H AX = # scanlines to acroll *
xchg dh, ch H CH = # scanlines in window " *
mov 8i,d1 ;compute address of scanline to be
mov el, b H serolled to top of window:
sal ax, el i <{windovw's address> +
add si,ax i (<# scanlines to scroll per 1i.,a.> #
sal ax, 1 3 <# bytes per scanline = 80>)
sal ax,1
add 81,ax
oov ak, ch ;compute # of scanlines per f.a.
sub ah, dh H to be moved
xor cx, ex 5CH = 0 for REP counter
; jop short g scroller ;80 scroll up and fill

grf_graphios_up endp

page

“
"
"
n
"
0
B

Seroll rows in graphiocs refresh memory

i
H Input:
H AH @ Nupber of scanlines per interlace area to be moved
; BL = Number of interlace areas
1 CH =
H DI = Destination scanline address of first byte to fill
i SI = Source scanline address of first byte to fill
H DL = Nunber of bytes to fill in each scamline
H BP = offset to next soanline (+/- 80)
H
Output :
DI = address of first byte to be filled
AH = 0

BL, BH, CH, DL, DH,BP preserved

H
P
i
i

g soroller proc near
push ai jsave original source
push di ; and destination addresses
push bx ;save interlace areas count (BL)
g m_area: jMove Interlace Areas Loop
push di isave interlace area
push si ;  addresses
aov el,dl jcount of bytes to be moved
rep movab jmove the scanline
pop ai jrestore interlace area
pop di ; addresses
add d1,2000H inext interlace area
add 84,2000H i addrosses
deo bl ;loop to move one scanline in
Jnz g m_area ; each interlace area
pop bx irestore interlace areas count (BL)
pop a1 irestore original source
pop s1 H and destination addreases
add di, bp jaddress next acanline in
add s1,bp i eaeh interlace area
dec ah ;jloop to move "all® scanlines in
inz g soroller ;' each interlace area

H Jump short g filler inow fill in the gap
g .scroller endp

page

=22z

Fill rows in graphics refresh memory with the fill pattern

Input:
; BL = Number of interlace areas
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c BH = Fill pattern to be used
c ; CH = 0
c ; DL = Number of bytes to fill in each scanline
c DH = Number of scanlines to fill in eaoh interlace area
c ; DI = Destination acanline address of first byte to fill
c BP = offset to next scanline (+/- 80)
c
c Output :
c AL = f£111 pattern
c AH = o
c
c
c
DSEB C g friller proo near
c
DBEB 8A C7 c mov al, bh jAL = fi11 pattern for STOSB instruction
c
D8ED C g f_ 1 lp: ;F111 Interlace Areas Loop
DSED 57 c push di ve interlace area address
DBEE 52 c push dx jsave soanlines count (DH)
c
DBEF C g f_s_lp: ;F111 Scanlines Loop
DBEF 57 c sh d1 e socanline address
D8FO 8A CA c mov el,dl jcount of bytes to fill in socanline
D8F2 F3/ AA c rep stosb if111 scanline
DBF4 5P c pop di irestore soanline address
D8PS 03 FD 4 add d1i, bp jnext scanline in interlace area
D8F7 FE CE c dec dn if111 an interlace area
D8F9 75 PY c Jnz &f_a_lp
c
D8FB  SA 4 pop dx jrestore soanlines count (DH)
DBFC c pop di P addroess
D8FD 81 CT 2000 c add d1,2000H address
D901 FEB CB c deo bl if111 next interlace area
D903 75 B8 c oz & f_11p
c
D905 54 c pop dx ireatore
D906 59 c pop ox ; th
D907 5B c pop bx : registers
D908 3 c rot jexit seroll routine
c / \
D909 C g friller endp
c
C  page
C ;22352c0800RRCRINSNEEINCIEESECINISSo00NERUGSSSEISEEEEROCOONGACNO0sNaTERIRARLE
c
C ; Soroll Down In Graphics Mode
¢
c ', Soroll down the number of lines specifiod within the specified scroen
c area (window).
c
c Input:
c ; = number of lines to be scrolled up ( zero
c 3 means olear the window)
c BH = fill pattern to be used
c ; CH,CL = uppor loft corner of window in whioh to soroll
c DH,DL = lower right cornmer of window in which to soroll
c ; DS = data segmont
c ; ES = graphics refresh ram segment
L]
c Saved: BX, CX, DX (Video diapatcher saves the reost)
c ;
c
c
D909 C @grf_graphics_down proc near
c
D909 c push bx i save
D9OA 51 c push ox H the
D90B 5 c push dx H registers
c
c ; atd jdir. flag = dooremont (from v_sorl_dn)
D90C BD FFBO c mov bp,-80 joffset to next scanline (STD => -80)
c
D9OF 50 c push ax H mode, # rows to soroll
D910 8B C2 c mov ax,dx ompute address of window's
D912 B8 DBSF R c call &_cura_off lower right corner
D915 8B F8 c mov di,ax jsave in DI for string instructions
c
D917 06 c push es iset DS to video ram for string inst.
D918 1F c pop ds
c
D919 2B D1 c sub dx,ox jcompute window's dimensions
D91B 81 C2 0101 c add dx,101H DH = height, DL = width
c
D9IF 58 c pop ax ;AH = mode, AL = ¢ rows to soroll
c
D920 B3 02 c mov b1,2 ;# interlace areas = 2 for modes 4,5,6
D922 8A CB c mov ol,bl ;0 scanlines per i.a. = 4 for modes ~72 .
D924 80 FC 40 c cmp ah,64
D927 72 06 c ) g_cmp_mod ;jump 1f mode = 4,5,6
D929 B3 04 c mov bl, 4 i# interlace areas = 4 for modes 64 & 72
D92B 74 02 c Je g_cmp_mod ijump 4f mode = 64
D92D DO F9 4 sar el,1 ij# scanlines per i.a. = 2 for mode 72
c
D92F C g cmp_mod:
D92F D2 EO 4 sal al,ecl jconvert number of rows to number of
D931 D2 E6 c sal dh, 01 H scanlines per interlaco area
D933 80 FC 06 c ocmp ah,6 jare we in a medium resolution mode 7
D936 7D 05 c Jge g_setdown iJump 1f no
D938 D1 ET 4 sal di,1 jdouble number of bytes per character
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D93A DO E2 c sal da1,1
D93C 47 c ine dai jaddreas last byte in bottom row
c
D93D C g_setdown: jget address of lines to soroll in refresh RAM memory
D93D BE 0050 c mov 81,80 jaddress bottom scanline in i.a.
D940 D3 E6 c sal 81,0l
D942 83 EE 50 c sub 81,80
D9A5 03 FE c add di, a4
D9a7 8B C8 c sov ox, ax iCH = mode, CL = # scanlines to scroll
D949 81 E1 OOFF c and ex,00FFH iCL = # of scanlines to scroll per i.a.
D9&D 74 9C 4 Jz g_filler 3if zero, go fill all of window
c
D9AF 8B C1 c mov ax,ex ;jmake DH = # scanlines to fill per i.a.
D951  8A E9 4 mov ch, 0l 3 AX = # soanlines to scroll ™ *
D953 86 PS5 ¢ xohg dh, oh : CH = # scanlines in window " *®
c
D955 8B FT 4 mov 8i,dt joompute address of scanline to be
D957 B1 03 c mov ol,3 H sorolled to top of window:
D959 D3 EO c sal ax, cl H <window's address> -
D95B 2B FO c sub 8i,ax H (<# scanlines to scroll per i.a.> *
D95D D1 EO c sal ax,1 H <# bytes per scanline = 80>)
D9SF D1 EO c sal ax,1
D961 2B FO c sud 8i,ax
4
D963 8A ES [4 mov ah, oh joompute # of socanlines per i.a.
D965 24 E6 4 sub ahb, db H to be moved
4
D967 33 €9 c xor ox, cx iCH = 0 for REP counter
c
D969 B9 D8CY R c Jop g _scroller ;80 soroll down and £111
c
D96C C grf_graphios_down endp
c
C page
C jesscessscsssssassssSoI2323333SSSEASSIS33ISEI0SNISSEIsSISSEsSEEEssasiasessanssss
c
c : graphios_read - read the character at the ourrent cursor
c ; position on the soreen, or zero.
¢ Input: none
c
c Output: AL = character at the ourrent cursor position or zero
[
c ; Saved: BX, CX, DX (video dispatcher saves the rest)
c ;
c ;
4
D96C C grf_graphios_read proc near
c
D96C 53 [4 push bx ; save
D96D 51 c push ex H the
DI6E 52 4 push dx H registers
c
D96F 8A DC c mov bl,ah ;BL saves v_mode
D971 A1 0050 R c mov ax,word ptr ds:[v_curpos]
D974 E8 DBSF R c oall g ours_off ;get address of oursor position
D977 8B PO c mov si,ax ;jsave as a pointer for later
c
D979 84 C3 c mov al, bl ;AL saves v_pmode
D97B B9 0003 c mov ex, 4 ;# scanlines per i.a. = &4 for modes T2
D9TE 33 DB c xor bx, bx jmake BXz0 for modes 4,5,6
D980 3C 40 c cap al,6%
D982 72 08 c F1) g.lds_r jjunp if mode = 4,5,6
D983 B3 04 c mov bl1,3 ;make BX=3 for mode 64
D986 74 03 4 Je g lda_r jjusp if mode = 6%
D988 D1 F9 c sar ex,1 i# scanlines per i.a. = 2 for mode 72
D98A 33 DB c xor bx, bx jmake BX=0 for mode 72
c
D98C C g lds_r: ;(BX= font pointer offset in master table)
D98C CS5 3E 0084 R c 1de di,dword ptr ds:[master_tbl_ptr] ;get pointer to master table
D990 C5 79 06 c lds di,dword ptr ds:[d1+61[bx] ;get pointer to font's 1at 128 chars
D993 1E c push ds ;XCHG DS,ES
D993 06 c push es
D995 1IF c pop ds ;DS:S1 -> grafix ram read location 7?77
D996 07 c pop es jES:DI -> font's 1st 128 characters
c
D997 D1 E3 c sal bx,1 .Blk! BX=8 for modes 3,5,6,72
D999 83 €3 08 [4 add bx,8 BX=16 for mode 64
c ;(BX= number of font bytes per character)
c
D99C 2B E3 c sub 3p,bx ;jget otack space for font bytes
D99E BB EC c mov bp,sp isave pointer to stack space
D9AO BA 0002 c mov dx,2 ;number of interlace areas (modes 4,5,6)
D9A3 3C 06 c cap al,6 jcheck graphics mode
D9AS T7C 33 c 31 g_rd_med ijunp if in medium resolution mode (4,5)
D9AT T4 03 c Je g rdloop ;jump 1f in 650x200 resolution mode (6)
c
C ; we're in super resolution (640x400) mode (64 & 72)
D9A9 BA 000% c mov W4 jnumber of interlace areas
c
D9AC C g_rdloop: ;jRead Scanlines Loop for both 640x200 and 640x400
D9AC 51 c push ex ;jsave # of scanlines per interlace areoa
DYAD 56 c push i jsave current addr. in interlace area #1
DIAE BB CA c mov ex,dx iinit. counter: # of interlace areas
c
D9BO C g.rd_ia: ;Read Interlace Area Loop
D9BO 8A 04 c mov al,[si] iget byte from grafix ram
D9B2 88 46 00 c @ov [hp] al isave on reserved stack
D9B5 45 c ine jbunp reserved stack address
D9B6 81 C6 2000 c add 31 2000H ;address next interlace area
D9BA E2 F4 c loop er ia
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c
D9BC SE c pop 81 ;jrestore interlace area #1 address
D9BD 83 C6 50 c add 81,80 jaddress next scanline in each i.a,
D9Cco 59 c pop ex jrestore # of scanlines counter
D9Cc1  E2 E9 c loop g_rdloop
c
D9C3 83 FA 04 c cop dx, 4 ;are we in mode 64 or 72 (650x400)7
D9Cé 75 47 c Jne g matchb Jump if no (reverse video not allowed)
D9C8 8B F5 c mov s1,bp ;point to first byte in stack save area
D9CA 28 F3 c sub s1,bx
D9CcC F6 04 80 c test byte ptr [s1],80H jis upper left bit of char = 0 or 1 ?
D9CF T4 3E c Jz g matchb ;jJunp if O (not reversed video)
D9D1 8B CB c mov y ;number of char bytes counter
D9D3 € g unreverse_video_loop:
D9D3 F6 14 c ot byte ptr [si] jreverse the reversed byte for matching
D9D5 46 4 inc 81 jaddress next ohar byte
D9D6 E2 FB c loop g unreverse_video_loop
D9D8 EB 35 c Jop short g matchb jnow find the char in the font table
c
D9 DA C g.rd_gmed: jRead Medium Resolution
D9DA D1 E6 c sal 81,1 jdouble graf ram pointer (2 bytes/char)
c
D9DC C g_medget: iGet font bytes in medium resolution (320 X 200) mode
D9DC 51 c push ex ;save # scanlines per i.a. counter
D9DD 56 c push a1 ;jsave current scanline address
D9DE B9 0002 c mov ox,2 jinit. # interlace areas counter
D9E1 C g_med_ia:
D9E1 51 c push ex jsave i.a. counter
D9E2 8B 04 c mov ax,[si] jget 2 bytes of 1 char from video memory
DYEN 86 EO c xohg ah,al jorder them logically
c
D9E6 F7 DO c not ax jmap background pixels to 0,
D9E8 8B DO 4 mov dx,ax H foreground pixels to 1
D9EA D1 B2 c shl dx,1
D9RC 23 DO c and dx,ax
D9EE F7 D2 4 not dx
c
D9F0 32 CO c xor al,al jolear result accumulator
D9F2 B9 0008 c mov ox, ;jprepare to process 8 bits
D9F5 C g _med_bit:
D9F5 D1 EA c shr dx,1 jignore unused bit
D9F7 D1 EA c shr dx,1 iload carry with mapped pixel value
D9F9 DO D8 4 rer al,1 jrotate it intc result accumulator
D9FB B2 P8 4 loop g med_bit jprocess next bit of charaoter
4
D9PD 88 16 00 c mov [(bpl,al ;jsave font byte on reserved stack
DAOO &5 c ine P ;jbump reserved stack pointer
DAO1 81 C6 2000 c add 81,2000H jaddress next interlace area
DAO5 59 4 pop ox jrestore i.a. counter
DAO6 E2 D9 c loop g med_ia jprocess next i.a. of character
c
DAO8 SE 4 pop a1 jrestore scanline address
DAO9 83 C6 50 4 add ai,80 address next scanline
DAOC S9 4 pop ex jrestore scanlines counter
DAOD E2 CD c loop g cedget jprocess noxt scanline of character
c
DAOF C g matohb: ;jMateh Font Byte: find oharacter
c
DAOF 2B EB c sub bp, bx ;point to first byte in stack save area
DA11 8B PS5 4 aov 8i,bp ipointer to font bytes from graf rat
DA13 32 CO c xor al,al ;index to font bytes (start with 0)
DA15 C g_f_cont: ; Get Font Byte Matoh Control
DA15 16 c push 88 ;setup string compare registers
DA16 1F c pop ds ;DS:SI -> stack area w/grafix ram bytes
DA1T B9 0080 4 mov ex,128 ;loop control = 1st 128 ascii chars.
4
DA1A C g_f_mach: jGet Font Byte Matoh Loop
DAlA 51 < push ox jsave loop counter
DA1B 8B CB c @ov ©x,bx joounter for string compare
DAID ST < push 41 ;jsave font pointer
DAIE 56 c push 8l ;jsave pointer to stack save area
DAIF F3/ A6 c repe ompsb isoreen bytes match font bytes ?
DA21 SE c pop 81 jretrieve pointer to stack save area
DA22 5F c pop dai jretrieve pointer to fonmt byte table
DA23 59 c pop ex jrestore loop counter
DA24 74 2D c Je g f_exit ;if matoh go to exit code
DA26 03 PB c add di,bx ;address next font in table
DA28 FPE CO c ine al ;bump ascii index
DA2A E2 EE c loop g f_mach ;80 back if more chars to search for
c
C ; no match in first 128 ascii character set - look for user's second set
c
DA2C  OA CO c or al,al ;have we scanned both 128 char 1/2s ? /A\
DA2E 74 23 c 3z & f_exit ;junp 1f yes
DA30 83 FB 10 c cnp bx,16 jare we in mode 63 7
DA33 73 08 c Je g _8x16_2 ;jump if yes
c
DA35 B8E D9 c mov ds, ox ;move zero to segment register
c assume ds:abs0
DA37 Chi 3E 007C R [ les di,dword ptr ds:[intiFloen] ;get pointer to 2nd half of 8x8 font
c assume ds:data
DA3B EB 0C c Jmp short g test_addr jsee if font is really there
c
DA3D C gB8x16_2: ;jgot 2nd half of 8x16 font
DA3D 2E: 8E 1E E5F2 R c mov ds,word ptr cs:i[set_da_word] jset DS to data segment
DA42 C5 3E 0084 R c 1lds di,dword ptr da:[master_tbl_ptr] ;get pointer to master table
DA36 Cci 7D OE g les di,dword ptr ds:[di+1%] ;get pointer to 2nd half of 8x16 font
DA4Y C g test_addr:
DA49 8C CO 4 mov ax,es jcheck 1f font table is set up
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DAYB 0B C7 c or ax,di ;4f zeros, then no user font table
DA4D T4 04 [ Jz &.f_exit jno table, just go to exit
DA4F BO B8O 4 Doy al,128 joffset to 2ud 1/2 of ascii set
DAS1 EB C2 [ Jmp short g f_cont 580 back to try rest of ascii set
c
DAS3 C g.f exit: jeither the character is found, or al = 0
DAS3 03 E3 c add 8p,bx jrestore stack pointer
DAS5  SA c pop ax irestore
DAS6 59 c pop ox ; the
DAS7 5B c pop bx ; registers
DAS8 €3 c ret
c
DAS9 C grf_graphics_read ondp
c
C page
[ ssz sszzz zezazasssssx
c
c graphics_write - write a character to tho screen
c
c Input: AL = character to write
c BL = Foreground color attribute
c bit T = 1: xor character with graphios ram
c cX = nunber of characters to write
c DS = data segment
c BS = graphios ram segment
[
c ; Saved: BX, CX, DX (video dispatoher saves the reat)
[
[
c
DAS9 C grf_graphics_write proc near
c
DA59 53 c push bx isave
DASA 51 c push ox ; the
DA5B 52 c push dx ; registers
c
DASC 8B DO [ mov dx,ax ;DH= ort mode, DL= ohar to write
C- ; looate beginning of oharacter in graphics ram
DASE A1 0050 R c moy ax,word ptr ds:[v_curpos]
DA61 E8 DBSF R c oall g_ours_off jget address of oursor position
DAGY 8B F8 [ mov di,ax ; pointer to graphics looation
C ; determine 1f charaoter is from 1st or 2and half of table
DA66 80 PA 80 c d1,128 ils it in first 1/2 of ASCII set ?
DA69 T2 26 c ib g_selfont jdump 1f in 18t 1/2 (0 => 127)
[
C ; oharaoter (128 -> 255) is im 2nd 1/2 of font table
[
DAGB 80 EA 80 c sub d1,128 jmake zoro origin for font table lookup
DAGE 80 FE 30 c omp dh, 63 jare we ig mode 64 ?
DAT1 75 09 c Jne g 8x8_2 jJump 1f no
c
DAT3 C5 36 0084 R [ lds 81,dvord ptr ds:[master_tbl_ptr] ;got pointer to master table
DATT C5 T4 OB 4 1lds 8i,dword ptr da:([s1+13] ;get poiater to 2nd half of 8x16 font
c
DATA EB 08 c Jup short g_addr_test js00 if font table is really thera
c
DATC c g 8xB_2: iget 2nd half of 8x8 font table 4
DATC 33 Fé [ xor 8i,sd jpove zero to segment register
DATE 8E DE c mov ds, 54
c assume ds:abso
DAB0 C5 36 007C R [4 lds 2i,dword ptr da:[int1Floen) ;got pointer to 2nd half of 8x8 font
c assume ds:data
[
DABY C g addr_test:
DABY 8C D8 [4 mov ax,ds icheck if font table 1s set up
DA86 0B C6 [ or ax,si ;4f zeros, then no 2nd half of table
DA88 75 1D c Joz & _detmode
DABA 32 D2 [4 xor dl,dl ;
DABC 2E: B8E 1E ESF2 R c mov da,word ptr es:[set_ds_word) jrestore data segment register
c Jmp short g selfont jand continue in 1ast half of font table
c
C ; character (0 -> 127) 15 in 18t 1/2 of font table
c
DA91 C g selfont:
DA91 53 c push bx ipreserve register
c
DA92 33 DB c xor bx, bx ;make BX=0 for modes 8,5,6
DA94 B0 FE 40 c cmp dh,64
DA9T 72 06 c Jb & lds_w ijunp 1f mode = 4,5,6
DA99 B3 03 [ mov bl, & ;pake BX=4 for mode 64
DAGE T4 02 c Je g_lds_w ;dump if mode = 64
DA9D 33 DB c xor bx, bx ;make BX=0 for mode 72
[
DASF € g lds_w: ;(BX= font pointer offset in master table)
DASF €5 36 0084 R [ 1ds si,dword ptr ds:[master_tbl ptr] ;get pointer to master table
DAA3 C5 70 06 c lds 81,dword ptr ds:[s1+6]{bx] ;get pointer to font's 1at 128 chars
[
DAA6 5B c pop bx irestore register
c
DAAT C g detmode: ;determine graphics mode
DAAT 51 [ push ex
DAAB 33 CO [ xor ax,ax iget asecil code in AX
DAAA 84 C2 [ mov al,dl
DAAC B1 03 < mov el,3 ; to multiply by .
DAAE D3 EO c aal ax, el H 8 (font bytea per character)
DABO 59 < pop ex
DAB1 03 FO c add si,ax jand add to address of font table
c
DAB3 B2 04 [ zov d1,4 ;¢ scanlines per i.a. (modes 4,5,6,64)
c
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DAB5 80 FE 06 [ omp dn,6 jwhich resolution are we using?
DABE 7C 49 c 31 & med_wr ;Junp if medium resolution (modes 4 & 5)
DABA 78 OP 4 Je & _bi_wr jJunp 1f 640x200 resolution (mode 6)
c
[4 jwe're in 60x400 resolution
DABC 80 PE 48 ¢ onp dh,72 jmode T27
DABF B6 04 c mov dh, 4 i# interlace areas = 4 for modes 64 & T2
DAC1 75 08 c Jne g auper_wr
c
DAC3 C g tinytext: ;680x800 rosolution (mode 72)
DAC3 B2 02 c mov d1,2 i# scanlines per i.a. = 2 for mode T2
DACS EB 09 c Jop short g repchar
c
DACT € g super_wr: ;680x400 resolution (mode 64)
DACT 03 PO 4 add 8i,ax ;multiply asoii code by 16 bytes/char
DAC9 EB 05 c Jmp short g repchar
c
DACB € ghi wr: ifli-resolution Character Write
DACB B6 02 [4 mov dh,2 jinterlace areas ocount {even/odd)
DACD 80 CB 01 4 or bl,1 jmode 6§ doesn't allow reverse video
c
DADO ¢ g repchar: ;Repoat Charaoter Loop
DADO 51 c push ox ave character repeat count
DAD1 56 < push 81 ave source address (font table)
DAD2 57 c push di ave dostination addr. (grafix ram)
DAD3 33 C9 ¢ xor ox, 0x repare 100op counter
DADS B84 CA [ mov el,d1 canlines per interlace area counter
c
DAD7 € g.linelp: iScanline Loop
DADT 51 c push ox isave scanlines per i.a. oounter
DADS ST < push di ave interlace area #1 address
DADY 84 CEB < mov ol,dh iinit, interlace areas counter (2 or 3}
c
DiDB C g.ialp: ;Interlace Area Loop
DADB AC c lodab ;get byte from font table
DADC F6 €3 01 c tost bl,1 ireverse video?
DADF 75 02 c Jnz &_t_xor uwap if no
DAE1 F6 DO [ not al jroeverse video
DAB3 ¢ g t_xor: iTeat Por XOR
DAE3 O0A DB c bl,bl char. with grafix ram?
DAB5 79 03 c Jos & w_byte jjuop 1if no
DABT 26: 32 05 4 xor al,es:[di] ;IOR with grafix ram
DAEA C g w_byte: ;¥Write Byte
DARA 26: 88 05 c 2o es:[di],al rite byte in grafix ram
DARD 81 €7 2000 < add d1,2000H jaddress next interlace area
DAF1 B2 EB c loop & i alp
c
DAF3 SF c pop di jrestore interlace area #1 address
DAF3 83 C7 50 c add di, 80 noxt soarline in each i.a.
DAFT c pop ox scanlines per i.a. oounter
DAF8 B2 DD c loop & linelp
c
DAFA SF c pop di jrestore char's grafix ram address
DAFB 37 4 ine dai iaddross next character in grafix ram
DAFC SEB c pop 81 jrestore char's font table address
DAFD 59 c pop ox jrestore character repeat oount
DAPE E2 DO c loop g_repohar irepeat the oharaoter
DBOO EB 55 90 c Jap g return jexit
c
DRO3 C g.med_wr: jMediua Resolution Character Write
DBO3 D1 E7 c sal dai,1 jdouble graf ram pointer (2 bytes/char)
DBOS 84 D3 c mov dl,bl ;DL saves XOR bit input param (bit 7}
DBOT 81 B3 0003 c and bx,0003H iBXs foreground color (& table offaot)
DBOB 2E: 84 9F DBSB R c aov bl,ca:g color_table[bx] ;propegate color through byte
DB10 8A FB 4 mov bh, bl jpropagate color through word
DB12 8B EB 4 oov bp, bx ijBP saves word of color masks
c
DB14 C g ohar_lp: ;Repeat Character Loop
DB1& 51 c push ex jsave character repeat counter
DB15 56 c push 8l isave source address (font table)
DB16 57 c push di jsave destination addr. (grafix ram)
DB17T B9 0004 c Bov ex, 4 ilnit. scanlines per i.a. counter
c
DB1A C g soan lp: iScanline Loop
DBI1A 51 c push ex jsave soanlines per i.a. counter
DB1B 57 c push d1 jsave interlace areoa #1 address
DB1C B9 0002 c mov ex,2 iinit. interlace areas ocounter
c
DB1F € g.ia_lp: ;Interlace Area Loop
DBIF 51 c push ex ;jsave i.a. counter
DB20 AC c lodsb iget
DB1F 51 c push ex isave 1.a. counter
DB20 AC c lodsb iget a byte from the font table
DB21 BA EO c mov ah,al jeopy 1t
DB23 B9 0008 c mov ex,8 iinit, loop counter (8 bits/byte)
c
DB26 C g exp_byt: iExpand Byte Loop
DB26 DO EC c shr ah,1 jload carry with font byte bit
DB28 D1 DB c rer bx, 1 irotate it into expansion accumulator
DB2A DO EB [ shr al,1 jload carry with same bit as before
DB2C D1 DB [+ ror bx, 1 jdouble the bit
DB2E E2 P6 c loop g exp_byt jexpand font byte bita
c
DB30 23 DD c and bx, bp jeolor pixels with foreground color
DB32 86 FB c xehg bh, bl ;reorder the bytes for grafix ram
DB34 0A D2 c or d1,d1 iis the XOR bit set ?
DB36 79 03 c Jos g med_atore ;Jump if no
pB36 26: 33 1D c xor bx,eaz[di] ;XOR with grafix ram
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DB5F

26:
8
59
B2

SF
83

89 1D
€7 2000

DA

€7 50

E3
c7

fNNaNNANOOOANNANANANNNOANANANONONANNAAG

cfonacnnccan

& _med_store:
Dov es:[di),bx jupdate grafix ram
add d1,2000H jaddress next interlace area
pop ox jrestore i.a. loop counter
loop g ialp jnext interlace area
pop a1 ijrestore interlace area #1 address
add 41,80 address next scanline in each 1i.a.
pop ex restore scanline loop counter
loop g_scan_lp jnext scanline
pop a1 ;restore char's grafix ram address
ino a4 jaddress next character in grafix ram
ine a1
pop sl jrestore char's font table address
pop ex jrestore charaoter repeat count
loop g_char_lp jrepeat the character
DoV ah, bl jreturn AX with last word written
aov al, bb
g return: jReturn from Write Char
pop dx jreatore
pop ox H the
pop bx H registers
ret
g color_table label byte ;Table of foreground colors extended to byte
db 000000008 icolor O (bit pattern: 00)
db 010101018 jeolor 1 (bit pattern: 10)
db 101010108 jeolor 2 (bit pattern: 01)
db 111111118 jeolor 3 (bit pattern: 11)
grf_graphica_write endp
page
jzecscsssssssszsssssssscssrzasssssssszsssses =
jesss saszzsass 222 ssz zzzsssza:

Get offset into graphics ram refresh memory which corresponds to
H the current cursor position (or any arbitrary character position).

Input: AX = ourreant cursor position (AL = Column ¢, AH = Row #)

Output: AX = offset into graphics ram

g ours_off proc  near
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DBSF 51 c push ex ;save work register
DB60 B8A EB c mov oh,al jhold column number
DB62 BA Ci c mov al, ah jrov number to al
c
DB64 B1 01 c mov el,1 ;mode 72 shift count (multiply * 2)
DB66 80 3E 0049 R 48 c omp byte ptr ds:[v_mode],72
DB6B T4 02 c Je g_12 ;junp 1if mode 72
DB6D FE C1 c ino el jmode "72 shift count (multiply ® &)
DB6F c g.72:
DB6F D2 EO c shl al,ecl jmultiply row # by rows per byte
DB71 32 ¢9 c xor el,ecl jzero out the shift count
DB73 86 E9 c xchg ch, el ;move column number for add
DBT5 F6 26 0044 R c oul byte ptr ds:[v_width] ;multiply by bytes per columnn
DBT9 03 C1 4 add ax,ex joompute offset into refresh ram
DBTB 59 c pop ox jrestore register
DB7C C3 4 rot ;and return to caller
c
DB7D C gours_off endp
c
DBTD C code ends
C include pwrupl.asm
c
c
c ssssssaszsss ==sssassss
c Filename:
c
c This module includes CPU, ROM, 8253 p_dma p_timer, & 8237 p_dama
4 Controller tests.
c
c zzz3ss zz=zz333 =zcs 22zzEZ=22SZCZSSIITEEIISISSIEID
c
DBTD C code segment public *'ROM'
c assume os:ocode, ds:nothing, es:notbing, ss:nothing
[
DBTD C pi_datal proe near
c
DBTD 90 C even ; word-align stack_rom
c
DBTE DDB2 R C astack_rom dw i_rom i return from i_opu
DB8O DDB8 R c dw i_rom_ret i return from rom_checksum
DB82 DDCT R c dw i_dmat ; return from i_rom
DB8A DDD3 R 4 dw i_doat_ret return from rte_ohk
DB86 DDE2 R c dw i_dmac i return from i_dmat
DBB8 DES1 R c dw i_doac_ret ; roturn from meatst
DBBA DE6B R c dw i_pic ; return from i_dmac
c
DBBC 52 65 73 69 61 65 C banner_am db tResident Diagnostics®,CR,LF
6E 73 20 44 69 61 c
67 6B 6P 73 73 69 [4
63 73 0D 0A c
DBA2 52 65 76 20 31 2E c db 'Rev 1.0 May 1984°',CR,LF,LF,NUL
30 20 20 4D 61 79 4
20 31 39 38 3% 0D c
04 04 00 c
c
DBBT OD OA 50 72 69 6D C bt_m db CR,LF, 'Prinary Boot-Strap...',CR,LF,NOUL
61 72 79 20 42 6F c
6F 74 2D 53 T4 72 4
61 70 2E 2E 2E 0D c
oA 00 c
DBD1 50 72 69 6D 61 72 C bt_merr db 'Pripary Boot-Strap DISK READ ERROR.',CR,NUL
19 20 32 6F 6F 74 c
2D 53 74 72 61 70 4
20 X3 29 53 3B 20 c
52 35 41 34 20 45 c
52 52 AF 52 2E 0D c
00 c
€ ; This line must have same number of blanks as the proceding has characters:
DBF6 20 20 20 20 20 20 C bt_spaces db N *,CR,NOL
20 20 20 20 20 20 c
20 20 20 20 20 20 c
20 20 20 20 20 20 c
20 20 20 20 20 20 4
20 20 20 20 20 oD c
oo c
c
DC1B  2A 20 49 6C 6C 65 C 111 m db '® Illegal Interrupt No, ',NUL
67 61 6C 20 49 6E c
74 65 72 72 75 70 [4
74 20 3E 6F 2E 20 c
00 c
DC34 68 20 61 74 20 00 C 111 _m2 db *h at ',NOL
DC3A 20 2A 00 C 411 _m3 db ' %1, NOL
c
DC3D 50 gg 61 73 73 0D C pass_o db ' Pass',CR,LF,NUL
A c
DC4S 20 46 61 69 6C 00 C fail m dv ' Fail',NUL
c
DC4B 43 50 55 20 28 69 C 4i_cpu.nm db *CPU (18086) *,NUL ; Pass/Fail
38 30 38 36 29 20 c
00 c
DCS8 52 4F D 20 4D 6F C 4_rom_m db "ROM Module ',NUL i Pass/Fail
64 75 6C 65 20 20 c
00 c
DC65 &4 4D ¥) 20 54 69 C 4i_doat_m db '"DMA Timer ',NUL ; Pass/Fail
6D 65 72 20 20 20 c
00 c
DCT2 44 4D 41 20 43 6F C i_dmao_m db 'DMA Control ', NUL ; Paso/Fail
6E 74 72 6F 6C 20 c
00 c
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DCTF

bpcac

DC99

DCAS

DCB3
DCBT
DCBB
DCBF

beee
DCDO

DCDD

DCEA
DCFA

DDO1

DDOE

bD1B

DD1F

bD28

DD35

DD5A

DDSA
DDSB
DD5D
DDEO
DD

DD62

BO
B

E
FC

o

T4
h

61

0378

12
20

6F
[1}

28
29

6C
20

6F
20

T4
T2

61
6D

52

6F
hF

70
29

70
29

72
20

20
20

69
20

(14
20

61
20

65
T4

6C
2B

6B
£

79
20

79
20

NN NNNNRN0NNNNNNNNNNNNNNNNNNNNNNNNON00NNNNANNNN000NNANNANN000NNNNANNANNNNNNNNNNNNANNNNANARRNANO0N0G0

iplem

i_kb_st_m
iprt_no

i_com_m

1_RAM_m

1_optROM_m

i_tdui_n

1_fduB_am

i_fdu_not_m
i_fdu_rdy o

i_hdu_am

1_alt_seleact_m

1

_ocal_val

pi_datal

db ‘Interrupts ',NUL ; Pasa/Fail/Fail:Ex

db 'Yidoo Board ',NUL ; Pass/Fail

db 'NPU (18087) ¢,NUL ; Passa/Fail

db *RT Cloak ', NUL i Pans/Fail/Pail:LO,HI,NR

db ':LO',NUL ; Error #1 (oust remain in
db *:HI',NDL ; Error #2 ordar for addr.
db TINRY,NDL ; Error 43 calculationl)
db *EKeyboard *,NUL ; Pass/Fall/Fail:ST

dp ':iST!,NUL

db 'Printer Port',NUL ; Pass/Fail:xx

db *Sertal Comm.',NUL ; Pass/Fail:xx

db ' kb RAM ' ,NUL ; Passa/Pail:ce:y000:zzzz NWWWirrrr
db 'Optional ROM',NUL ; Pass/Fail:xxxx

db ‘Floppy (A:) ',NOUL ; Ready/Not Ready/Fail:ixx

db TFloppy {(B:) ',NUL

db ' Not!' ; purposely no NULIIIIL

db ' Ready',CR,LF,NUL

db 'Fixed Disk ',NUL i Pass/Fail:xx

db 'Seleot Alternate CPU (y/n)?7',NUL

db 'Disk Diagnostiocs xxxxx'

db ‘Loop Diagnostics xxxxx'

db 'Primary BootStrap Ploppy (A:) Not Ready

db *Insert system disk and type any key.'

db "Primary BootStrap Floppy (A:) FPail:xx!

db "Primary BootStrap Floppy (B:) Fail:xx'

db 'Pripary BootStrap Fixed Disk Fail:xx"'

db tSelect Operating System?

db 'Serial BootStrap®'

db OFh ; port 07&h units of minutes (0-9)

db 07h i port 075h tens of minutes (0-5)

db OFh i port 076h units of hours (0~9)

dab 03h i port 077h tens of houra (0-2)

db OFh i port O78h = units of days (0-9)

db 03b ; port 079h = tens of days (0-3)

db 07h i port 0TAh = day of week (0-7)

db oFh i port O7Bh = tens of months (0-9)

db 01n i port 07Ch = units of months (0-1)

endp

diagnostics_)  proo near
assume cs:icode, da:nothing, es:nothing, sa:nothing
cli i disable interrupts
mov al,4ob i Cheeck Polat #0
DoV dx,378h i parallel port data port address
cut dx,al 3 output "Running- Checkpoint 0"
cld i clear string direction flag
i 8086 CPU Test
i
1_cpu:
; Flagas Test (All Set): SF, 2F, AF, PF, CF & OF.
i (Exercises flags and accumulator only.)
Doy ax,0FF00h ; ah = all 1's; al = all 0's
sahf i set SF, LF, AF, PF, & CF
ins 1_cpu_err ; SF met? if not, abort
jnz i_cpu_err i LF set? 1if not, abort
Jnp i_cpu_err i PF set? 1f not, abort
Jab i_cpu_err i CF set? if not, abort
aaa test 1f AF 1s aet, al must be <=
AF set, then: (ah +=1) == 0;

= ((al+6) & OFh)zz 6; CF = AF ==
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s
DD6F 73 1C 4 Jnb i_ocpu_err i CF = AF set? if not, abort
DDT1  OA Eb c or ah,ah ; ah = 07 1if not, abort
DD73 75 18 c Inz i_opu_err
c
DD75 BO 40 c mov al,d0h ; ab = 0
DD77 02 CO c add a 1 ; al = 30h « 40h = 80h = -128
DDT9 71 12 c Jno i_opu_err i OF set? 4f not, abort
c
C ; FPlags Test (All Reset): SF, ZF, AF, PF, CF & OF.
C ; (Exercises flags and acoumulator only.)
c
DD7B 33 cO c xor ax,ax iax = 0
DDTD 9E c sahf ; reset SF, ZF, AF, PF, & CF
DDTE 78 0D c m 1_cpu_orr ; SF resot? 4if not, abort
DDBO 76 OB c Jve i_cpu_err i ZF or CF reset? 4if not, abort
DD82 74 09 c i i_cpu_err i PF reset? 4if not, abort
c
DD8A 37 c aaa j to test if AP reset, al must be <= 9
c i Af AF reset, thon: ah unchanged;
c i al = (al & OFh) =2 0; CF = AF == 0
DD85 72 06 c b i_opu_err i CP = AF reset? if not, abort
DD87 03 CO c add ax,ax i ax = 07 4f not, abort
DD89 75 02 c Inz 1_opu_err
4 jax = 0 « 0 = 0, 80 should be no OF.
DDEB 71 11 c Joo 1_opu_ok i OF reset? if not, abort
c
4 assume cs:code, ds:code, es:abs0, ss:code
c
DD8D C i_opu_err:
DD8D 8C C8 c mov ax,os ; satisfy assumptions
DD8F B8E D8 4 mov ds,ax
DD91 8B DO c mov 88,ax i use ROM ‘'stack’
DD93 BC DBTE R c mov sp,o0n:(offaet stack rom)
c
DD96 BE DC4B R c mov oi,08:(offset 1_ocpu_m)
DD99 32 B4 c xor h ; olear ah (no error number to report)
DD9B B9 EOE9 R c Jop i_ratal H al will ‘ret' to i_rom
c
DD9E C i_opu_ok:
DD9E 8C C8 c mov ax, 08 ; satisfy assumptions )
DDAO 8E D8 c mov ds,ax \
DDA2 8E DO 4 mov 88,ax ; use ROM ‘'stack'
DDA BC DBTE R c mov sp,os:(offset stack_rom)
c
DDAT BO 41 c mov al,d1hb i Check Point #1
DDA9 BA 0378 c mov dx,378h i parallel port data port address
DDAC BRE c out x,a. i output "Running- Checkpoint 1%
C ; Reset the keyboard
c
DDAD BO 00 c Bov al,0
DDAF B6 61 c out p_kotrl,al
DDB1 €3 c ret i Will “ret’ to i_rom
c
c
c ROM Module Test
c
c
c assume cs:code, dsicode, ©s:abs0, ss:code
c
bDB2 C {_rom:
c
€ ; Caloulate Checksun of ROM.
c
DDB2 BE E000 c mov 31,0E000h ; ROM starts at ds:si = F000:E000
DDBS E9 ESE5 R 4 Jap rom_checksun ; ‘call' rom_checksunm
DDB8 C i_rom_ret: i will “ret' here
DDB8 74 06 c Iz i_rom_ok
c
c
DDBA C {_rom_err:
DDBA BE DC58 R c mov 8i,cs:(offset i_rom_nm)
DDBD E9 EOE9 R c Jop i_fatal i ah has illegal checksum
c ; i_fatal will ‘ret' to i_dmat
c
DDCO C 1_rom_ok:
DDCO BO 42 4 mov al,d2h i Check Point #2
DDC2 BA 0378 4 mov dx,378h i parallel port data port address
DDCS EE c out dx,al ; output "Running- Checkpoint 2"
pDC6  C3 c ret ; will ‘ret' to i_dmat
c
c
c 8253 p_dma p_timer Test
c N
c
c assune c3:code, ds:code, es:abs0, ss:code
c
DpCT C i_dmat: ~—
c
C ; Disable 8237A p_dna Controller before the testing of the 8253 p_dma p_timer channel.
c
DDCT BO 04 c mov al ,dma_comd_disable i disable p_dma controller command
DDC9 E6 08 c out dma_command, al
c
C ; Proceed with the testing of the 8253 p_dma p_timer channel ()p_8253_1.
c
DDCB  BO T4 c mov al,074h 3 01 11 010 0 -> p_8253_1, 1sb 1st, mode 2, no BCD
DDCD BA 0041 c @ov dx, p_8253_1 i select p_dma refresh counter
DDDO E9 E1F6 R c jmp rto_chk i “call' rto_chk
DpDD3 C 1_dmat_ret: ; will ‘ret' here
DDD3 74 06 c Jz i_doat_ok
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DDD5
DDD5
DpPDE

DDDB
DDDB
DPDD
DDEO
DDE1

DDE2

DDE2

DEOS
DECS
DEOA

DROC
DEOE

DE10
DE12

DEt4
DE16

DE18
DE1A

BE
E9

B6

BY
B4
75

BO
B6

B0
E6

BO
E6

BO
B6

B0
E6

DC65 R
EOE9 R

53
0378

0D
12

FPFF

0007

c3

B9

FF

01

58
0B

0o
08

00
04

T4
43

000NN NANNANN000ANOANANANNANANNNN0NANN0ANNNN0NNNN0a00N000N00000NNA0000NANNAN0NNN0Aa0NN0nNAN0NNANANNARNAN

i_dmat_err:

mov 8i,c8:{offset 1_dmat_m)
Jap 1_fatal ; ah bas error code to report.

3 1_fatal will “ret' to i_dmac

i_dmat_ok:

[ov al,43h i Check Point #3
mov dx,378n ; parallel port data port address
out dx,al i output "Running- Checkpoint 3%
ret ; will “ret' to i_dmac

8237 p_dma Controller Test -- Test Chip's Operation & Channel Registers

The 8237A p_dma Controller was disabled bofore the testing of the
8253 p_dma p_timer ohanmnel.

i_dmac:

assune os:code, ds:oode, os:abs0, ss:code

; Send a ‘master clear' to 8237 p_dma Comtroller.
out dma_master_clr,al i send master olear to port
The dma_command, dma_status, dma_request, dma_temp, and dma_ff registers

are clearod, and the dma_nask register is set (all off).
Tent readable ocontrol registers: dma_status & dma_temp)

oV ah,1 i TEMP Error #1
in al,dma_teap
or al,al 1= 0?

; a
Soz i_dnac_err ; Af not, abort

Test all § 16-bit readable/writeabls channel registers (address and count
registers for all 4 channels, i.6., ports 0 through 7) with register bit test:
(dma_addr_x & dma_ocount_x are tested with OPFPFh and then Oh for x = 0 to 3.)

mov bx,0PFFFh bx = 0 all bits reset

i_dmao_paas2: outer loop .
if 18t pass, bx = OPPFPh

if 2nd pass, bx = 0

mov dx,7 loop counter and port addreas!il!
i_dmac_lp: i ioner.loop

mov ax,bx ; got bit test pattern

out dx,al } write low byte of address/count

out dx,al 3 write high byte of addresa/oount

in al,dx i read low byte of address/count

mov ah,al i save low byte in ah

in al,dx ; read high byte of address/count

omp ax, bx i dooa what's been road » test pattern?

mov . i TEMP Error 42

nz 1i_dmao_err i 1f not, abort

deo dx ; did we deorcaent past port addresa 0?

Jos i_dzao_lp i if not, continue same pass for all B,

ine bx ; 18t paas? if so, bx = OPFFPh & loop

Jz 1_dmao_pans2 i 2nd pass? 4if so, bx = 0 & continue

We are done testing all § 16~-bit readable/writeable channel registers (lddreu
and ocount registers for all 4 channels) with the following results: All
address registers (dma_addr_x) and oount registers (dma ocount_x) bave bun
initialized to zero.

i Load 64k (OFFFPh+1) oount for RAM refresh p_dma oconmtroller ohannel.

zov al,0FFh
out dma_oount_0,al ; low byte of count for 63k RAM refresh
out dna_oount_0, 8l i high byte of ocount for 64k RAM refresh

Load modo for RAM rofresh p_dma controller ohannel: ohannel 0, road, auto-
initialize, iporement, single mode.

mov al,dma_pode_0 i mode for RAM refresh
out dma_mode, al

; Enable p_dma controller: memory-to-I/0, controller enable, normal, fixed
priority, lats write, and DREQ/~DACK.

zov al,doa_omd_onable i enable p_dma oontroller
out dma_conmand, al

The master olear command above hea masked off all ohannels. Now, we ‘unmask’
the RAM rofresh dme_mask bit. p_dma RAM refreash begins for the first timel

mov al,dma_unmask_0 ; turn on RAM refresh channel 0
out doa_mesk_bit,al

i Program p_8253_1 of 18253 p_timer to proper value for RAH refresh.

@ov al,tlend i seleot p_dma refresh counter
out p_8253_otrl,al
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DEIC B8 0013 mov ax, tloount i load p_dma refresh count
DE1F E6 21 out p_8253_1,al
DB21 84 C4 mov al,ah
DE23 E6 41 out p_8253_1,al
; Check dma_status for “hot' p_dma request from p_8253_1.
DB25 B4 03 mov h,3 i TEMP Error #3
DE27 B4 08 in al,dma_status ; test for RAM refresb request in status
DE29 48 10 test al,010h i bit #4 -> channel 0 request
DEB2B 75 31 oz 1_dmao_err ; 4f ‘hot' p_dma request is there, abort

; Initialize other p_dma counters and modes.
DE2D BA 000B mov dx, dna_node

Initialize p_dma channel 1 not used.

mov al,dma_mode_1 ; mode for not used

DE30 BO 41
EE out dx,al

DB32

Initialize p_dma channel 2 FDU.

mov al,dma_modo_2 ; mode for FDU

DE33 BO 56
EE out dx, al

DE35
Initialize p_dma channel 3 d

mov al,dma_mode_3 ; mode for display

DE36 B0 43
EBE out dx,al

DE38

Initialize p_dma Segment Nibble Latches to zero.
(dma_segm_x for x = 0 to 3 is port addresses 80b to 83h).

DE39 32 CO xor al,al ial =0

DE3B BA 0083 mov dx,083h ; loop counter and port addreost
; dx = dma_nsegm_3 = 083h

DE3E i_dmac_nib:

DE3E EE ou dx, al

DE3F FPE CA dec d1 ; when dl g from 80h (-128) to

DRA1 78 FB Jo i_dmao_nib i OTFh (+127) we will exit

8237 p_dma Controller Test -- Test Lowest 64k bank of RAM

assume cs:code, ds:data, es:abs0, as:code

DB43 2E: BB 1E E5F2 R mov da,word ptr os:[set_ds_word] ; satisfy assumptions
DE48 8B 36 0072 R mov 8i,word ptr ds:lreset_flag) i save reset_flag
DBAC 33 D2 xor dx, dx j dx = 0; tost 0000:0 to 0000:FFFF
DENE E9 E266 R jmp mentat ; “oall' memtat
DES1 1_dmac_ret: 3 will “raet' here
DBS1 2E: BE 1E ESF2 R mov ds,word ptr cs:[set_ds_word) ; satisfy unptions
DES6 89 36 0072 R mov word ptr ds:[reset_flag),si ; restore reset_flag
DESA B3 04 mov ah, 4 i TEMP Error #3
DESC 74 06 Jz 1-dmac_ok
DESE i_dmac_err:
DESE BE DC72 R mov 8i,08:(offset i_dmac_m)
DE61 E9 EOE9 R Jop 1_fatal ; ah has error code to report.
i i_fatal will “ret' to i_pic

DE6Y i_dmac_ok:
DE64 BO 44 mov al,44h i Check Point #4
DE66 BA 0378 mov dx,378h i parallel port data port address
DE69 EE out dx, al ; output "Running- Checkpoint 4"
DE6A C3 ret i will “ret' to_pic

H 82594 Programmable Interrupt Controller Test.

i

assume cs:code, ds:data, es:abs0, ss:stack_ram

DE6B i_pie:
DE6B B8 0030 mov ax,stack_seg ijInitialize RAM Stack
DE6E 8E DO mov 88,ax i on lower tested memory
DE70 BC 0100 mov 8p,100h

H Initialize & Disable 8259A Programmable Interrupt Controller.
DE73 E8 E1DC R call i_pic_init

; Install Interrupt Vectors for diagnostics.

; Install unexpected diagnostic interrupt vectors.

0NN NNNNNNNNANANNNNAN00A0NN0NN0AANN0ANNN0NN0N00AAA0N0000000000000000A0NN00NNN0ANA000ANAN0A00N0000000

DE76 33 F6 xor 84,84 ; es:isi = absO_seg:int00loon
DE78 8B FE mov di, 81 ; es:di = abs0_seg:int00locn
DETA B9 O1FE mov ex, (0400h-0004h)/2 ; words from 0:0004h to 0:0400h
DETD B8 DEDC R mov ax,cs:(offset 1_pic_err) i store offset i_pic_err

DE8O stosw

DE81 8cC c8 mov ax, cs ; store segment address
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DE83
DEBY4

DEB9

DEBB
DEBB
DEBE

DECO
DEC2

DECH
DEC6
DECY

DECB
DECC
DECE

DEDO
DED3
DEDS

DEDT7
DED7
DED8
DEDA

DEDC
DEDC

DEDF

AB

F3/ 26: A5

B8
BF
B1

B7

F6
EB

41
73

BC
51

DEA9 R
05

0004
F8

FF23 R
0020 R
08

FB

F5
33

02
2B

23

c9
FE

006B R
co
34

D8
FB

0100

0NN NNNNNNNNNNNNNNNNANANNNNN0N00NN0NNN00NNNNNN0N0ANNNNNNNNNNNN0NAN000NNNN00NNNA0NNNNNNN00N0NNNNNAAANMOO

stosw

rep movs  word ptr es:0004h,

; es:di = abs0_seg:int00locn + ¥
word ptr es:0000h ; replicate vector

i Install software diagnostic interrupt vectors.

Dov ax,cs:(offset i_pic_0_ok)
xor di,d1
mov cl,5
i_pie_soft:
stosw
ine di
ine di
add ax, b
lo0p i_pic_soft

; ax = offset i_pic_0_ok
; es:di = abs0_seg:int00locn
; load INT's Ob through &b,

; ax = (8%x)+(4i_pic_0_ok)
: es:di gets offset i_pio_x_ok
j skip segment (already = os)

; i_pic_x_ok are 4 bytes apart
i until ex = 0.

; Install hardware diagnostic interrupt vectors.

mov ax,os:(offset 111_int)
Bov di,es:(offset int08loon)
Bov el,8
i_pic_hard:
stosw
inc di
ine 1
loop i_pic_bard

i Test software interrupts first (ol = 0 4

mov bh,09n ;

div oh
Jup short i_pio_err
1_pio_0O_ok:

push bx
popf

Jap short i_pic_err
i_pilo_1_ok:

T 02n i

3mp short i_pic_err :
i_pio_2_ok:

INT 03b

nop H
jop short i_pie_err
1_ptao_3_ok:

INTO
nop i
Jup short 1_pic_err

1_pic_i_ok:

i Test hardware interrupts second.

; Test 8259A PIC interrupt mask with test

zov al,1 H

e i
Jne H
rel ’ H
Jne i_pic_test :
mov al ,0FFh F
call 1_out_mask ;
3ne i_pic_err ;

i Look for “hot' (active though masked off

ax = offset 1ll_int
di = abs0_seg:int08loon
load INT's 8h through Fh.

; es:di gets offset ill_int
i skip segment (already = os)

; until ex = 0.
f error).
bx has its Bth and 11th bits set.

ox = 0 from loop above.
generate a divide-by-zero INT 00h

bh = 09h. set trap & OF flags in bx
(bits 8 and 11 of flags).

put trap flags on stack

gonorate a single-step trap INT 01k
must be 4 bytes long!

generate a software interrupt INT 02h
oust be § bytes longl

gonerate a 1-byte break-point INT 03h
oust be 4 bytes long!

OF overflow flag 15 still set.
generate an overflow interrupt INT O&h
Dust be 4 bytes long!

patterns (el = 0 if error).

initialize mask value = 1

output pattern, test input
if not same pattern, abort
rotate test pattern

test again, if not finished

test pattern of all ones
output pattern, test imput
if not same pattern, abort

) PIC interrupts (cl = IR# if error).

i Enable Interrupts for the very first timel

st

xor ox,ex

loop

aov al,byte ptr ds:(intr_flag)
or al,al

Iz i_pic_ok

enable interrupts
delay awhile, waiting for
a “hot' interrupt.

get the flag from 111_int
intr_flag = 07
if so, we're all done.

i Convert “hot' interrupt mask (bit pattern) to IR# (1 to 8 error code).

i_pic_hot:

inc ex

rer al,1

Jab i_pic_hot
1_pic_err:

mov 8p,100h

push ex H
i Install Vector Table. H

ex = 0 from loop above.
increment cx (IR#+1).

mask's least significant bit.
if not set, continue.

(exit with el = 1 to 8.)

el = 0 or failing PIC “hot' active IR#
re-initialize stack

save error code.

set int10locn = code_seg:v_io, and

8-89



ROM BIOS
Listing

i set intiDloon = code_seg:v_parms.
DEEO E8 E1A0 R call i_vector
; Initialize Video.

DEE3 E8 E148 R call 1 d_init

i Display error message.

DEE6 BE DCTF R mov 8i,cs:(offset 1_pio_m)

DEE9 EB ESFA R call DRomString ; display failing test message.
DEEC BE DC45 R mov 8i,cs:(offset fail_nm)

DEEF E8 ESFA R call DRomString ; display fail message.

DEF2 59 pop ex ; restore error code.
DEF3 0A C9 or el, el i el = 0?
DEF5 7a OE 2z 1_pic_no_hot ; if 8o, we're done.

; Display ‘hot' interrupt number :Hx. (where x is the IR# from 0 to T7)

DEF7T E8 E626 R call DColon i diaplay a colon.

DEFA BB OE48 mov. ax,(0ER®100h)+'H" ; display ‘hot' interrupt symbol.
DEFD CD 10 int 10n

DEFF 8A C1 Bov al, ol ; transfer error code.

DF0O1 48 dec ax ; error code (1 to 8) to (0 to 7) IRS.
DF02 EB E650 R call DHoxNib ; display lowest nibble.

DFOS 41_pic_no_hot:

DFO5 EB E619 R ocall DCrLf

DFO8 EB 07 Jop short i_pic_end

DFOA F4 hit

DFOB i_piec_ok:

DFPOB 45 mov al,45h i Check Point #5

DFOD BA 0378 mov dx,378h ; parallel port data port addreas
DF10 EE out dx,al ; output "Running- Checkpoint 5%
DF11 i_pic_end:

Install Vector Table.

DF11  BC 0100 re-initialize stack

DF14 B8 E140 R

Bov 8p,100h
ocall 1_veotor

Determine System Configuration from Switches and Initialize Video.

DP17 E8 E138 R call 4 _d_init

; Display Passing Error Messages

i
DF1A disp_pass:
DF1A BE DBSC R mov 81,08:(offset banner_n)
DF1D E8 ES5FA R call DRomString
DF20 BE DCAB R mov si,es:(offset 1_opu_m)
DF23 B8 ESPA R call DRomString
DF26 BE DC3D R mov 8i,08:(offset pass_n)
DF29 BB ESFA R call DRonString
DF2C BE DCS8 R mov si,c8:(offoet 1_rom_m)
DF2F E8 ESFA R call DRomString
DF32 BE DC3D R mov 8i,08:(offset pass_m)
DF35 E8 ESFA R call DRomString
DF38 BE DC65 R mov si,on:(offset 1 _dmat_a)
DF3B E8 ESFA R call DRomString
DF3E BE DC3D R mov si,ca:{offset pass m)
DF&1 E8 ESPA R call DRomString
DFi4  BE DCT2 R mov 8i,08:(offset 1_dmac_n)
DF37 BB ESFA R oall DRoaString
DF4A BE DC3D R mov 81,08:(offset pass_m)
DFAD E8 ESFA R call DRomString
DF50 BE DCTF R mov 8i,es:(offset 1_pio_m)
DF53 EB ES5FA R call DRomString
DF56 BE DC3D R mov 8i,cs:(offset pass_a)
DP59 EB ESFA R call DRomString

Size & clear RAM at every 64k byte bank past the lowest 64k.

DF5C RAM_size_tsat:

assume cs:code, ds:data, es:absO, ss:atack_rao
DFSC BD 0040 mov bp,64 jinitialize memory count
DFSF 8B 36 0072 R mov si,word ptr ds:[reset_flag] ; got warm bootflag
DP63 81 EE 1234 sub 81,01234h ; 81a0 iff CTL ALT DEL sequence.
DP67 33 FF xor di,d4 j offset = 0000h

0NN NNNNNNNN0N0NNNNNNNNNNN0NAN0NNA000000N00N00NAN0NNANN0N00ANRNANNANN0NAANN0NNN00000N000000000000000000
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DF6Y  BA 1000 [ wor dx, 1000h ; start at 1000:0000 (dx keeps segment)
DFé6C C RAM_aize_ lp:
DF6C BE C2 c moy es, dx ; get segment
[
DFEE 26: 8B 05 c mov ax,word ptr ea:ldi] ; read existing ram value
DF71 F7 DO [ not ax i complement it
DF73 26: B9 05 [ wov word ptr es:[di]),ax i write complement back to RAM
c
DF76 26: 8B 1D [ mov bx,word ptr es:[di] i read back from RAM
c
DF79 3B C3 c omp ax,bx 3 verify to test for end of RAM
DF7B  F7 DO c not ax i reoreate original value
DF7D 75 2¢C c ine RAM_size_end ; Af verify fails, at end of RAM
c
DFTF  26: 89 05 c DoV word ptr es:[di),ax i restore original value back to RAM
DF82 0B F6 [ or ai, 81 i test warm boot flag
DFB4 74 1D c Jz RAM_size_nxt i if CTL ALT DEL sequente,
c don't elear memory
DFB6 EB E266 R [ oall aentst i test and clear memory
DF89 75 3E c oz RAM_orror i test flag from storage test
[
DFBB 83 C5 b0 < add bp, 64 increment mize
DFSE 56 [ push a3 save Varm Boot Flag
DFEF B8 0EOD c mov ax,0E0Dh 5 put out a CR
DF92 CD 10 c INT 10H
c
DF94 8B C5 c mov ax, bp ; display tested RAM
DF96 BB 0003 [ mov bx,3
DF99 EB E66D R c call DNun¥
DF9C BE DCEA R [4 mov si,08:{offset i_RAM_m)
DF9F B8 ESFA R c call DRonString
[
DFA2 5E c pop L33 i retrieve Varm Boot Flag
c
DFA3 C RAM_size_nxt: ; maximum RAM = 640k = 10 ® §4k
DFA3 80 C6 10 4 add dh, 100 i next segment
DFAS 80 FE A0 [ omp dh,0A0h top of RAK yet (A000:0000)7
DFA9 72 C1 c L} RAM_snize_lp if not, continue.
[
c assuno on:oode, dn:data, ea:absl, sn:stack_ram
DFAB C RAM_size_end:
DFAR OB F6 c or 54,81 ; test warm boot flag
DFAD 73 06 c iz RAM_size_end_1 i if CIL ALT DEL sequence,
DFAF BE DC3D R c 20v ai,co:(offset pass m)  ;Display OK
DFB2 EB ES5FA R c call DRomString
c
DFBS C RAM_size_end_1: i bx = RAM aize/16
DFB5 33 CO c xor ax,ax ; ax = 0
DFB7 BE CO c mov es,ax satisfy assumptions es = 0 = abal_seg
DFB9 BA C6 c @ov al,db ax = (RAM 8ize/16)/256 = RAK size/3k
DFBB D1 EO c shl ax,1 i ax = (RAM sizo/Uk) ® 2 = RAM aize/2k
DFBD D1 EO c ahl ax,1 i ax = (RAM size/2k) * 2 = RAM aize/1k
[
DFBF 2E: 8B 1E E5F2 R 4 mov ds,word ptr ca:[set_ds_word] i restore data segment pointer
DFC5 A3 0013 R [ pov word ptr ds:{memory_size),ax
c
c
c ; GoTo Display Passing Messages
c
DFC7 EB 30 c Jup short i_cal iGo cheok clock calendar
[
c
DFCY C RAM_error: 3 Brror message looks like: FPail:co:y000:zzeziwwww:irrrr
c ; where: oc = RAM configuration number
< i y000 = Segment of failure = dx = s
¢ ; 2zzz = Offset of failure 2 dy
c i wwww = Data that vas written = ax
c H rrer = Date that wao read = bx
c
DFC9 52 c push dx isave falling asegment
DFCA 1E [ push do jpave ds
DFCB 50 c push ax ; beve failing test pattern.
c
DFCC EB E619 R c oall nerLt iCarriags Return, Line Feed
DFCF BE DCA5 R [ pov si,08:(off30t fail_m)
DFD2 EB ESFA R c call DRonString i diaplay fail message.
c
DFD5 E8 E626 R [ call bcolon ; display a colon
c
DFDB E& 66 c in al,asya_conf_a ; get RAM configuration.
DEDA 24 OF c and al,0Fh i maak valid bits.
DFDC EB E643 R c call DHexByte i display RAM configuration.
c
DFDF E8 E626 R c oall DColon j displey a colenm
c
DPE2 8E DA c mov ds, dx i ds = failing segment = dx
DFES 8B CT c mov ax,di ; ax = failing segment = di
DFE6 E@ 2632 R c call DHexLong i display ds:ax
c
DFE9 B8 E626 R c call DColon ; display a colon
c
DFEC 1F c pop da ; da = failing test pattern o on stack
DFED 88 €3 c mov ax,bx i 8x = what was read = bx
DFEF E8 E632 R c call DiexLong ; display da:ax
DPF2 B8 E619 R c call perLf
[
DFF5 1F c pop da jreatore ds
DFF6  SA c pop dx irestore failing segment
DFF7 EB BC c Jmp short RAM_size_end_1
c
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i MM58174 Clock Calendar Device Test
; memeem—ae ——
assume ecsicode, ds:data, es:abs0, ssistack_ram
DFF9 1_cal:
; Read Clock Calendar Devica. ; bx = day (from 1-1 of leap year)
; ¢h = hour
DFF9 B4 FE aov ah,-2 ; ¢l = pinutes
DFFB  CD 14 int 140 ; dh = seconds
; dl = bundredths of seconds
i Check time & date read.
; Hundredths of Seconds.
DFFD B8 000A sov ; ax = 10; d1 = hundredths
E000 86 C2 xchg ; ax = hundredths; dl = 10
E002 F6 F2 div ; ab = remainder, al = quotient
; (can only read tenths of secocnds.)
E0OY 3D 0004 emp ax,10 ; ah should = 0, and al should ba < 10.
BOO7 73 15 Jae 1_cal_1_1_80 ; if not, test chip & write 1-1-80.
i Seconds.
EC09 80 PE 3C emp dn,60 ; dh = seconds should be < 60,
E0OC 73 10 Jjae 1 _cal_1_1_80 ; if not, test chip & write 1-1-80.
; Minutes.
E0OE 80 F9 3C cop 1,60 ; el = minutes should be < 60.
E011 73 0B jae 1_cal_1_1_80 ; if not, test chip & write 1-1-80.
; Hours.
E013 80 FD 18 enp oh,24 i ¢b = hour should be < 24.
E016 73 06 Jae 1 _cal_1_1_80 ; Af not, test chip & write 1-1-80.

; Days. /* '\

E018 81 FB 0B6A cmp bx,(2%366)+(6%365) i bx = day from leap year mod 8 should
5 be < (0-2921) = (0-0B69h)

BOIC 72 5D Jb 1_cal_end i if 30, valid time & day, skip test.

EO1E 1_cal_1_1_80: ; else invalid time & day, write 1-1-80,

; Initialize and Stop Clook.

BO1E 33 CO xor ax,ax ;ax = 0

B0O20 E6 70 out 70h,al ; teat only port = out of test mode

£022 E6 TE out 7Eh, 8l ; stop/start port = stop clock

; Output test pattern of maximum value with all bits set to read/writable ports.

000NN NANNNAANNNNNONNANNNANNaNANANANNNNNGANNONNNNANONON0NAAANNNNNAARRANONNNNANONANNNNANNANAaNAANAAA0AAG

BO24 BE DD51 R mov ai,ca:(offaet i_cal_val)

BO27 B9 0009 Dov ex,9 ; ch keeps 0; ex = §

E02A BA 0074 mov dx,0074b ; dh keeps 0; dx = T4h

E02D i_cal_pax:

BO2D 2B: AC lods byte ptr cs:[st] ; al get es:si (ds overriddenl).

EO2F 8A EO @ov ah,al i save maximum value.

E031 EE out dx,al ; ports 74 through 7C (units of minutes
; to tena of months) get max value.

E032 EC in al,dx j read 1t back.

E033 22 C4 and al,ah ; mask valid bits.

E035 34 C4 cop al,ah 3 13 1t equal to the value written?

E037 75 28 Jnz i_cal err ; if not, abort.

E039 42 inc dx i increment to next port

E03A E2 P1 loop i_cal_max

E03C BO 07 nov al,07h

EO3E B2 TF mov d1, 7k ; dh kept O; dx = 7Ph

E040 EE out dx, al ; interrupt (year mod 8) gets OFh.

E0&1  EC in al,dx i must do “in' from this port 3 times.

E042 EC in al,dx

EOA3 EC in al,dx

E0R3 24 07 and al,07h i mask valid bits.

BOA6 2C 07 sub al,07h i 13 it equal to the value written?

E0O48 75 17 Jnz i_cal_err i if not, abort.

; Write out Oh (bits of lower nibble reset} test pattern to read/writable porta, / \

; al kept Oh.

EORA B1 09 mov el,9 ; ch kept 0; ex = 9

EO4C B2 T4 mov dl,T4n i dh kept 0; dx = T4h Th——

EOSE i_cal_0:

EOJE EE out dx, al i ports 74 through 7C (units of ninutes
i to tens of months) get Oh.

EO4F EC io al,dx ; read it back.

E050 24 OF and al,0fh ; mask valid bits (lower nibble) = On?

E052 75 0D Jnz i_cal_err i 1f not, abort,

E053 42 ine dx i increment to nmext port

EO55 E2 P7 loop {_cal_0

E057 B2 TF Dov d1,7Fh ; db kept 0; dx = TFh

E059 EE out dx, al ; interrupt (year mod 8) gets OFh.
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BOT7
EOT9

EOTB

EOTB

E08B
BO8D

BOBP
2091
E09&

E097
E099

E09B

BOSD
EO9F

EO0A1
E0AR
EOA6
E0AB

EOAA
EOAC

EBOAE
BOB1
EO0B3
EOBS

EOB7

33
33

BY
cD

BE
B8

B0
BA
BB
75

BO
B6

BO
BA
28

BO
E6

75

BO
E6

84
E6

BO
E6

8a
E6

oF
12

DCAG
ESFA
DCYS
ESFA
E619
o1

DB
c9

FF
14

DCA6
E5FA

35
o040
E1F6
2B

01
61

By
oos2
E1F6

00
61

mwwmm

mm

NOPPONNNNERNNONNNNARANNNNNNNaNNNNN0NNNN0NANNNN0N00NANANNNNANANNANaNNNANANNANNNAN0ANNNaNNANROARGNARAARQ00A

in
in
in
and
3z

i_cal_err:

mov
call
moy
call
call
Jap

blt

i_cal_ok:

xor
xor

Write & Start

woy
int

i_cal _end:

al,dx
al,dx
al,dx
al,0Fh
i_oal_ok

8i,0s:(offset i_rte_m)

DRomString

8i,05:(offset fail_m)

DRomString
DerLe .
short i_cal_ok

bx, bx
ox,0x

Clock Calendar Device.

ah,-1
140

i
H
i

wust do ‘in' from this port 3 times.

mask valid bits (lower nibble) = Oh?
if 8o, we're all done.
else, abort.

display fail message.

try to write 1-1-80, regardless...

1-1-80 43 day 0.
hours & minutes = 0.

bx = day (from 1-1 of leap year)
oh = hour
el = minutes

Output: ah = -1 implies date/time err
ah = 0 implies date/tims OK.

18253 Real-Time Time Clock Test (p_8253_1 tested in i_dmat)

i_rte:

assume cs:code, ds:data,

es:abs0, so:stack_ram

String to be displayed regardless of results,

oy
call

si,08:(offset {_rte_m)

DRomString

Test 18253 roal-time clock interrupt p_timer counter (p_8253_0).

mov
movy
call
jnz

al,034h

dx, p_B8253_0
rto_ochk

i rto_err

00 11 010 0 -> p_8253_0, 15b 1st, mode 2, no BCD
seleat real-time clook counter

if nz, ah bas error code to report.

Test 18253 tone generator p_timer counter (p_8253_2).

oy
out

moy
zov
call

mov
out

Jnz

al,1
p_kotrl,al

al,0B4h
dx,p_8253_2
rte_ohk

al1,0
p_kotrl,al

1_rte_err

H

clear kb interrupts, reset kb, disablé parity
turn off speaker data -- bit #1
tura on

speaker gate to p_8253_2 -- bit #0

10 11 010 0 -> p_8253_2, 1sb 1st, mode 2, no BCD
select tone gonerator counter

elear kb interruptas, reset kb, disable parity
turn off speaker data & gate -- bits #1 & #0

if nz,

ah has error code to report,

Initialize 18253 real-time clock interrupt p_timer counter (p_8253_0).

moy
out

moy
out
moy
out

a1, t0omd
p_8253_ctrl,al

ax, tOoount
p_8253_0,al

al,ah
p_8253_0,al

Initialize 18253 tone generator p_timer

moy
out

mov.
out
mov
out

jmp

1_rtc_err:

mov
call

mov
mov
xor
shl
shl

call
call

al, t2cmd
p_8253_ctrl,al

ax, t2count
.8253_2,al

al,ah
p_8253_2,al

short i_rtc_ok

81,08:(offoet rail_a)

DRomString

H

select real time clock counter

load real time clock count

counter (p_8253_2).

select tone generator counter

load tone generator count

ah has error code to report.

display fail message.

ai,os:(offaset i_rte_lo_m-(4%1))

al,ah
ah,ah

ax, 1

ax, 1

si,ax
DRoaString
pCrLf

index to (LO, HI, or NR message.)
display failing mode.

; al = error ccde = (1, 2 or, 3)

i ax = error code = {1, 2 or, 3)

; ax = 2%(error code) = (2, &, or 6)
; ax = 4%(error code) = (4, 8; or 12)
i

i
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c ~—
EOD2 EB OD c Jop short i_rtc_end
c
EODY4 PY c h1t
c
EODS € i_rto_ok:
EODS BE DC3D R c mov ai,co:(offoet pass_m)
EOD8 EB ESFA R c call DRomString
[4
EODB B0 48 c mov al,48h ; Cheok Point ¢8
EODD BA 0378 c mov dx,378h ; parallel port data port address
EOE0 EE c out dx,al ; output "Running- Checkpoint 8"
c
BOE1 C 4_rto_end:
EOB1 B8 O0EOT c mov ax, (0ER®100h)+BEL ; beop keyboard
EOE3 CD 10 c int 10h
c
c assume os8:code, ds:nothing, esinothing, se:istaok_ram
c
EOE6 E9 E2B4% R c Jup peinit
c
BOE9 C diagnostios_l endp
c
c
[} Patal Error Routine.
c
c Input: oo:8i = points to offset of failing error message
c ; if ah <> 0, do DHexByte of ah.
c if ah = 0, do nothing (Jjust print error).
c ; Output: None.
c i
c i Trash: al, dx, & si dostroyed.
[ 2]
c
EBOE9 C 4i_fatal proo near
c assume os:code, ds:inothing, es:nothing, ss:nothing
c
C ; Dieable 8237A p_dma Controller.
c
BOB9 BO 04 c mov al,doa_czd_dioable i disable p_dma ocontroller ocommand
BOBB B6 08 c out dma_oozmand, al
c
C ; Send a ‘master olear' to 8237 p_dma Controller.
c
BOED B6 0D [ out dma_nastor_olr,al i sond master olear port any garbage T
c .
C ; Load 64k (OPFPFh+1) count for RAM refroesh p_dma ocontroller ohannel.
c
BOBF BO PP 4 aov al,0PFh
BOF1 B6 01 [ out dma_oount_0,al i low byte of count for 64k RAM refresh
BOP3 E6 01 [ out dma_ocount_0,al ; high byte of oount for 64k RAM refresh
c
€ § Load mode for RAM refrosh p_dma controller channel: channel 0, read, auto-
C ; initialige, inorement, single mode.
. c
EOP5 BC 58 c mov al,dna_node_0 i mode for RAM refresh
BOP7T B6 0B c out dnma_pode, al
[
C ; Enable p_dma controller: memor. -1/0, controller enable, normal, fixed
C i priority, late writo, and DREQ/"DACK
c
EOF9 BO 00 c mov. al,dza_omd_enable i enable p_dma controller
BOFB B6 08 [ out doa_oonmand, al
¢ .
C ; The master olear command above has nasked off all ohannels., Now, we ‘unmask'
C ; the RAM refresh dma_: k bit. p_dme RAM refresh begins for the first timel
c
BOFD B0 00 4 wov al,dna_unmask_0 ; turn on RAM refresh ohannel 0
BOPF B6 04 c out doa_mask_bit,al
c
g i Program p_8253_1 of 18253 p_timer to proper value for RAM rofresh.
E101 BO T4 c mov al,tlomd j seleot p_dma rofresh oounter
E103 E6 143 c out p_8253_otrl,al
c
B105 B0 13 c mov al,tloount i load p_dma refresh count
E107 E6 &1 c out p_8253_1,al
E109 32 CO c xor al,
E10B  B6 &1 c out p_8253_1,a1
[4
c assume cos:oode, ds:nothing, es:nothing, as:staok_ram
c
E10D 8C D7 4 mov di,88 ; save atack pointer
E10F 8B EC c moy bp,ap
E111  BA 0030 c mov dx,ulek seg
E118  8E D2 [4 Bov 8o,
E116 BC 0100 c zov up,IOOh
c ~
E119 S50 c push ax ; save error code
c
€ ; Initialize & Disable 8259A Programmable Interrupt Controller.
c
E11A E8 EIDC R ¢ call 1_pie_init
4
€ ; Install Vector Table. ; set int10locn = code_seg:v_io, and
c i set intiDlocn = code_seg:v_parms.
E11D EB E1A0 R c call i_vector
c
C ; Initialize Video.
c
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E120

E123
E12%

E127
E12A

E12D
B12F

E131

E134
R136

B139
E139

B133
E145
B137
B148

E138

B148

E139
E14C

E13E
E150
E153

E15D

E15F
E161

E163
E165

E167
E169
E16B
E16D

BE
B8

oA
T4

B8
8a
E8

B8
BA
4

Fu

cD

B8
cp

EX

24
oc

84A
BS

23

3c
75

E148 R

ES5FA R

DCasS
ESFA

E4
08

B626 R
cy
E643 R

E619 R

0378

DT
ES

0040
D8

30
0010 R
10

0003
0010 R
10

-
D8

0000
26 0000

PP NNNNNNNANANNNNN0NNNNN0NNNNNN0NNNNNNNNNNNNN0NNN0NNN0NNANNN0NNN0NNNNNNNNNNNNANNNNNNNNNANANNNNRNNANANNOAA

call 1_d_init

; Display error message.

pop ax ;
call DRomString F
pov s1,08:(offaet fail_m)
call DRonString H
or ab,ab i
3z i_fatal_ret i
oall DColon ;
Bov al,ah i
call DHoxByte

i_fatal_ret:
oall oerLf

iOutput fatal error status for manufacturi

mov dx,378h i
in al,dx ;
xor al,03fh H
out dx,al i
assune

mov 88,dd H
mov ap, bp

i ret
hlt

1_fatal endp

reatore error code

display string at cs:si.

display fail message.

ah = 07
if 80, no argusents

display a colon

display error code

ng tests

parallel port address

road last checkpoint value

extraot checkpoint number from status
output "Not OK - number™

cs:code, da:nothing, es:nothing, ss:nothing

restore stack pointer

Input: None.
Output: None.

Determine System Configuration from Switches and Enable Video.

Trash: ax & cx destroyed.
1_d_init proc ne
assume cs:;code, ds:nothing, es:nothing, ss:staok_ram
push ds i save registers

i Initialize both boards.

assume c¢s:code, ds:data,
mov ax,data_sog
mov ds,ax

i Initialize monochrome board.

mov al,30h
mov word ptr ds:[switoh_bits],
INT 10h

i Initialize color board.

Bov ax,0003h
moy word ptr ds:[switch_bits],
INT 100

; Determine system configuration from swit

in al,sys_conf_b ;
i
i

and al,0Foh ;

or a1,00Dn :

nov el,al H

mov oh,03h H

and al,030n ;

3z 1_d_80x25 i

cap al,030n H

inz 1_d_ok ; Af not,

assume es:code, ds:v_ram,

push ds

nov ax, para_gono

mov ds, ax

mov al,0A5h

mov byte ptr ds:[0000n],al

oov ah,byte ptr ds:[0000h]

pop ds

es:nothing, ss:stack_ram

; ds = ax = data_seg = 0040h.
; (ab = 0.)

switch_bits for monochrome.

ax i set data for monoohrome.

i ab = 0 = v_set_mode,

; awitch_bits for not monochrome.
ax i set data for color.

ah = 0 = v_set_mode.
chos (low byte of switch_bits).

read higk nibdle of

system configuration switohes.

bits #7 - #6: (number of FDU's)-1
bits #5 - #3: monitor type

mask off low nibble (keep high nibble)
of low byte; clear high byte.

ALWAYS 64k planar RAM and >z 1 FDUI

ol 1s ok, excepts bits #5 & #4.
initialize display to mode #3 (default).

isolate display switches (bits #5 & #3).
if zero, default to 80x25 color.

is it the monochrome board?

R0x25 or 80x25 color ok.

es:nothing, ss:stack_ram

; save ds = data_seg = 0040h.
; satisfy assumptions

; test pattern

i Af so, is monochrome there?

; read monochrome RAM

i restore 'ds = data_seg = 0040h.
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B1TF
E181

B183
E185

E187
B187
B184

B18D

E1DA

34
%

BS

8o
80

32
A3

A8
BS

84
cp

A3
c3

ch
oy
07
06

E1 EP
c9 20

BA
c1
0010 R

20
01

c5
10

FF

c7
FF23 R
0008

oD
P9

06 0014 R FF54 R
06 0008 R F85F R

8c c8
8E D8
BE FEF3 R
B1 18
A5

AB

E2 FC
33 co
B9 01B8
F3/ AB
SE

SF

07

1F

000NN NNANNNNNNNNNNANAANNNNNNNNANNNN0NANNNNaNNNNNAN0NNN00000000ANANNN000NNNNANNNNNANNANANNAN0NAN00RO0A

assume os:code, ds:data, es:nothing, ss:stack_ram

omp al,ah ; 1f monochrome RAM is there,

Jnz 4_d_80x25 i then the board must be therel
i 4f not, default to 80x25 color

aov oh,0Th ; Af thero, we believe switches,

Jup short i_d_ok j initialize display to mode #7.

1_d_80x25:
: and ©ol,0EFh ; reset bit #4 for 80x25 color.
or ©l1,020h H set bit #5 for 80x25 color.

i_d_ok:

i Set system configuration (switeh_bits) from switoches.

xor ah, ab ; abh s 0.
mov al, 0l ; get data from switches.
mov word ptr da:[switch_bits],ax ; save data from switches

; Dotermine mode to initialize display monitor (from switches).

test al,020h ; does user want 40x25 color?

Jnz 1_d_mode

mov oh,01h i Af 80, initialize mode #1.
i_d_mode:

; Initialize desire board (from switches).

mov al,oh 3 transfer display modo to al.
INT 10h i ah = 0 = v_set_mode.
pop ds ; restore registers
rot
i_d_init endp

i

i Install Vector Table

Input: None.
Qutput: Nome.

Trash: ax = ox = 0 destroyed.

i_veotor prooc near
assune os:code, do:nothing, es:nothing, ss:stack_ram

push ds ; save registers
push es
push di
push 8

i Initialize Interrupt Vectors 00h through O7Th to known routines.

assume os:code, ds:abs0, es:abs0, ss:staok_ram

xor di,dd ; satisfy assumptions

mov ds, di i ds 3 68 s ax = abs0_seg = 0

mov es,di 0s8:di = abs0_seg:int00locn

mov ax,cs:(offset 111 _int) ax = offset 11l _int

nov ©x, (07Th-00h)+1 i load INT's 00h through 07h.
i_veo0: stosw ; 08:di++ gots offset 1l11_int

mov word ptr da:(di],es ; es:di gets os

ine d1 i dies

ine i

loop i_vead ; until ox = 0.

; load INT's 02h and 0S5h
amov word ptr ds:[int05loon),os:(offset s_int)
mov word ptr ds:(4int02locn),cs:(offset n_int)

i Initialize Interrupt Veotors 08h through 1Eh to known routines.

assume os:icode, ds:code, es:absl, ss:stack_ram

mov ax,cs ; satisfy assumptions

mov ds,ax ds = ax = os

mov si,c8:(uffset i_veo_tbl) ds:si =z code_seg:i_vec_tbl
es:di = abs0_seg:int08locn

mov ©l,(1Fh-08h)+1 i load INT's 08h through 1Fh.

1_veoB: movsw es:di+s goto ds:si  (offset)
0s3:di++ gots ax = ¢s (segmont)
loop i_vec8 i until ox = 0.

i Initialize Interrupt Veotors 20h and above to zero.

xor ax,ax ax = 0
es:di = abs0_seg:int20locn

mov ox, ((03F0h-0080h)/2) clear 0:0080h to 0:03FOh

; don't blow away stackl!
rep stosw ; es:diss gots 0
pop si j rostore registers
pop a1
pop es
pop ds
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E1DB
E1DC

E1E6
E1E8

E1E9
E1EP
E1EC

E1ED

EVF6

EIF6
E1F8

€3

BA
EE
a2
EE

BO
EE

BO

€3

8A
B9

oD

FF

E0
FFFF

OO NNAANANANNOANNNANAANANNAN0000ANANNNa000NNAANANN0AN0NNNANANNANRANONNANNNONNAAGNANN0NAANANNDNA0naAON

ret

i_vector endp

Initialize & Disa

Input: HNone,
Output: None,

ble 8259A Programmable Interrupt Controller.

Trash: al & dx destroyed.
i_pic_init proc near
assume os:code, ds:nothing, es:nothing, ss:stack_ram
mov dx,pie_0 ; dx = pio_0 (82594 ‘conmtrol' port)
mov al,ple_tewl ; edge triggered, single, iowd to follow
out dx,al
ine dx ; dx = plo_1 (82594 “data® port)
mov al,pio_icw2 ; interrupt veoctor base addreas
out dx, al
; since ve are single mode (no slave), skip low3
5 dx = pic_1 (82594 “data' port)
mov al,pic_icwi not speoial fully nested, bufferesd,
out dx, al master, normal end_of_int, 8086 mode
mov al,ple_of f_amsk ; mask &ll interrupts off for now
out dx, 8l ; dx = pile_1 (82594 ‘data’ port)
ret
1_pio_init endp

Output Mask to 82
Input: AL s mask

Output: Flags

59A Programmable Interrupt Controller.

pattern

Trash: ah destroyed.

1_out_pask proo near
assume os:code, da:nothing, es:nothing, as:ataak_ram

out ple_1,al joutput interrupt mask pattern

mov ab,al ;jsave pattern for compar

in al,pio_t ;get mask from 8259

omp ah,al ;ithe same 7

ret jreturn flags = result of compare
1i_out_mask endp

8253 p_timer test

Input: al =
dx .
Output: zf =
ah =

Trash: al, bx &

for one p_timer counter channel

8253 p_timer control byte
port address of 8253 p_timer data (counter)

set (z status) if no error; reset (nz status) if error
Error codes: => No Errort

=> Low below time interval window.

-> High above time interval window.

~> No Response.

whn o

ex destroyed.

rte_chk proc near

assune cs:oode,

mov ah,al

mov ex,0FFFFh
; Register Bit Test (All

mov bx, 0x

out p.8253 ot

xor al,al

out dx, al

ine al

out dx, al
rte_chk_reset_lp:

al,ah

and al,0C0h

out p_8253_ et

in al,dx

and bl,al

in al,dx

and bh, al

or bx, bx

ds:nothipg, es:nothing, ss:nothing

; save control byte for later.
i time out for both Register Bit Tests.

Reset): Count down from 100h until all bits resst.
i bx gets all its bits set.
rl,al ; send 18253 p_timer control byte.
; al = 00h
i load low byte of p_timer count.
; al = 0th
; load high byte of p_timer count.
i Bet control byte for read.
; mask off all but top 2 bits.
rl,a1 ; send latching comtrol byte for read.

get low bdyte of p_timer count.
“and’ low byte.
got high byte of p_timer count.
“and' high byte.

i 1s bx = 02
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B213 74 05 c Iz rto_chk_resot_ok ; if 80, we're done. ~
B215 E2 EEB c loop rto_chk_reset_lp ; 1f not, continue readin
c i (Note: loops less than |6 times.)
c
R217 € rto. nhk_ruot err: ; time out.
E217 B4 03 c ah,3 ; Erpor #3. (No Response.)
E219 €3 c ret i return nz status (loop leaves zf ok).
c
E214 C rto_ohk reset_ok:
c
C ; Register Bit Test (All Set): Count down from Oh (FPFFhe1) until all bits set.
[
E214 33 DB c xor bx,bx ; bx goets all its bits roset.
c
B21C 84 CB c mov al,ah get control byte for load.
B21E E6 13 c out p_8253_otrl,al send 18253 p_timer comtrol byte.
c
B220 32 CoO 4 xor al,al i 8l = 00b
B222 EE 4 out dx,al ; load low byte of p_timer count.
B223 EE [ out dx,al ; load high byte of p_timer count,
c
R224 € rto_chk_set_lp:
E224 8A Ca c ov al,ab ; got control byte for read.
B226 23 CO c and 81,0C0h ; mask off all but top 2 bits.
B228 E6 13 [ out p_8253_otrl,al ; send latohing ocontrol byte for read.
c
B224 EC c in al,dx H 50: low byte of p_timer oount.
B22B 04 D8 4 or bl,al Tor' low byte.
B22D EC c in al,dx ; got high byte of p_timer count.
B22E 04 P8 c or bh,al ; “or' high byte.
c
E230 81 FB FFPF c emp bx, 0FFFFh 1s bx = OFFFFh?
B234, 7% 05 [ 3z rto_ochk_set_ok if 80, we're done.
B236 E2 EC ¢ loop rto_ohk_sat_lp 1f not, contimue readin
c (Note: loops less than 16 times.)
c
B238 € rto_ohk_set_err: time out.
B238 BA 03 4 ah,3 Error #3. (No Response.)
B23a €3 [4 ret roturn nz status (loop leaves zf ok).
c ﬁ
B23B € rto_chk_set ok:
c
C ; p_timer Time Window Test: Test p_timer versus CPU & see if it falla within apeo.
c
B23B B4 C3 ¢ mov 2l,ab ; got control byte for read.
B23D 24 CO c and al,0C0h ; mask off all but top 2 bits.
B23F E6 33 4 out p_8253_otrl, sl i sond latching control byte for read.
<
B231 EC < in al,dx ; 8et low byto of p_timer ocount.
B242 8A D8 c nov bl,al ; save low byte.
B23% EC c in al,dx : get bigh byte of p_timer ocount.
E215 84 F8 c Dov bh,al ; save high byto.
c
E237 84 CA ¢ Dov al,ah ; get control byte for read.
B239 24 Co c and al,0C0h i mask off all but top 2 bits.
B24B E6 43 4 out p_8253_otrl,al i send latching control byte for read.
c
E28D EC c in al,dx i 8ot low byte of p_timer count.
E24E BA C8 c mov o1,8l ; save low byte
E250 EC c in al,dx i get bigh byte of p_timer count.
B251 84 EB c mov oh,al i save high byte.
c
E253 2B D9 c aub bx, ex i caloulate time difference.
c
€ ; Do Time Range Checkimg (4 <= bx <= 14),
c
E255 BY 02 c mov ah,2 i Error #2. (High above time window.)
E257 83 PB (OB 4 onp DX, 14
E254 77 09 c Ja rto_ohk_high i return nz otatus. {Jja has zf reset.)
c
E25C FE CC c deo ah 3 Error #1. (Low below time window.)
B25E 83 FB 04 c omp bx, 4
B261 72 02 c Jo rte_ohk_low i return nz atatus. (Jb has zf reset.)
c
B263 FE CC c dec ah ; Error #0. (No Errorl) return z status,
c
E265 C rto_chk_high:
E265 € rte_chk_low:
E265 C3 c ret
[
E266 C rto_ohk endp
c
c 3
c RAM (64k) Storage Teot. [~ N\
[
c Input: dx = segment of RAM to be tested
c
c ; Output: zf = set (z status) if no error; reset (nz status) if error N—
[ es:di = dx:di = failing RAM location if error; elmse di = O.
[ ax = test pattern (what was written).
c bx = if error, what was read.
e ex = number left to test if error; else cx = 0,
c 3
c Trash: None.
c
c
E266 C noemtsat proc near
¢ assune os:code, ds:nothing, es:nothing, ss:nothing
c
E266 B9 8000 c mov ©¢x,08000h i get word count
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¢ ; (64k = 32k * 2 bytes/word)
E269 8E C2 c mov es,dx
E26B 33 FF c xor di,d4 i es:di = address
E26D C memtst_wi: :
E26D 8B C7 c mov ax,di jdata = offset
E26F AB c stosw
B270 E2 FB c loop memtat_wi
E272 8E DA 4 mov ds,dx
E274 33 DB c xor bx, bx ;jda:bx = address
B276 B9 8000 c mov cx,08000h ; word count
E279 C memtst_ri:
E279 8B 07 c mov. ax, [bx) jread data
E27B 3B C3 c cop ax,bx iverify data
E27D 75 2C c Jne memtat_err
E27F a3 c ine bx
E280 43 c ina bx jnext address
E281 E2 F6 c loop memtat_r1
c
B283 B9 8000 c mov ¢x,08000h ; word ocount
B286 C nemtat_w2: 3 address is already ok
B286 8B CT c mov. ax,di ; data = offaset
E288 FT DO c not ax i complement it
E28A AB c stosw ifill memory
E28B E2 F9 c loop memtat_w2
c
E28D B9 8000 c mov ©x,08000h 3 word count
c
E290 C memtat_r2:
E290 8B 07 c mov ax, [bx] ; read data
B292 F7 DO c not ax i complement
E294 3B C3 c cap ax, bx i verify
E296 75 OF c Jne memtst_err_oc
c
B298 143 c ine bx ; update address
E299 143 c ino bx
B29A B2 FX c loop memtst_r2
B29C B8 0000 4 mov ax,0 i to olear memory
B29F B9 8000 c mov ©x,08000h word count
B2A2 F3/ AB c rep stosw
E2AR 0B CO c or ax,ax iset ZF
B2A6 C3 c rot
c
B2AT C memtst_err_c:
B2A7T P7 DO c not ax error duripg complemented
B2A9 P7 D3 c not bx address test
c
B24B C memtst_err:
B2AB 93 c xchg ax, bx ireturn registers as specified
B2ac cC3 c ret
c
B2AD C menmtst endp
c
E2AD C oode ends
C 1include pwrup0.asm
c
c
C jezossssczczescosccuseessnEEsesOSSoIoSEISSIISECEENoSECIEIRTNEIcaEEERETD
[ Filename: pwrupO.sre
c
c This module inoludes temporary hardware initialization.
c
c includes Diagnostios
c Cold Boot
c Device Drivers
c ;
c ; = s a sanmssa
c
E2AD C oode segment public 'ROM'
c assume os:code, ds:nothing, es:nothing, ss:nothing
c
c
E2AD C poO_datal prooc near
c
E2AD &F 70 73 69 6F 6E C opt_ROM_ = db ‘Optional ROM at ',NUL
61 6C 20 52 &F &D c
20 61 75 20 00 c
c
E2BE 03BC C p_tbl dw prt_data_a i printer in port address space
B2CO 0378 c dw ata_b i always on mother board.
E2C2 0278 c dw ata_c i printer in port address space
E2C3 0000 c v ; no printer
c
B2C6 0052 C Bsoo_tbl dw sco_otl_b ; rs232 SCC channel B
B2C8 0050 c dw soc_otl_a i rs232 SCC channel A
c
B2CA B545 R C alt_ret dw 1_alt_restart ; 00h 28000 restart sequonce offset
E2CC F000 c dw code_seg ; OBh 28000 restart sequence segment
c
E2CE 0016 C mastab dw ((mt_end)~(mastab)) i 00h master table byte length
c
E2D0 CC6T R c dw kb_data_table ; 02h kb xlation table offset
E2D2 F000 c dw code_seg i O4h kb xlation table segment
c
E2D4 FAGE R c dw font_lo_8x8 i 06h 13t 128 char.s 8x8 font offaet
E2D6 F000 4 dw code_nog ; 08h 1st 128 char.s 8x8 font segment
c
E2D8 CO060 R c dw font_lo_8x16 i OAh 1st 128 char.s 8x16 font offset
E2DA FO0O c dw code_seg i OCh 1st 128 ohar.s 8x16 font segment
c
B2DC 0000 c aw o ; OEh 2nd 128 char.s 8x16 font offset
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; O1H bit set,

so initialize to Deluxe Keyboard.

Listing
E2DE 0000 c dw 0 ; 10b 2nd 128 char.s 8x16 font segment
c
E2E0 0000 c dw 0 i 12h soft font utility offset
E2E2 0000 c dw [ ; 13b soft font utility segment
c
c i 16h ete...
E2E3 C nt_end label word
c
E2E4 C pO_datal endp
c
[
[ Initialize the basio hardware,
c ; Set up the interrupt pointers,
c ; Initialize all RAM variables,
c ; Clear the ascreen,
c Initialize the disk drivers,
[ and perfora the cold boot.
[
4
E2E% C peinit proc near
c
< assume os:code, ds:data, es:data, sa:stack _ram
c
B2B% B8 0030 [ mov ax,data_seg ; satisfy assumptions
E2BT 8E D8 c ov da,ax
B2B9 8B CO c mov es,ax
[
C ; Initialize Keyboard Controller.
[
B2EB 9C c pushf i save flags and
E2EC PA c o1 i disable interrupts
c
B2ED BA 0061 c Boy dx, p_kotrl ; dx = p_ketrl
E2F0 B0 30 ¢ nov al,30b ; remove keyboard reset
E2F2 EE c out dx, al
c
B2P3 33 C9 [4 xor ox, ox ; delay
E2P5 E2 FB [ loop 4
c
E2F7T B4 01 c mov ah,1 ;i enable self teat
B2F9 E8 B581 R c call kb_omd_send
B2PC 89 OE 0072 R c Bov word ptr ds:[reset_flag),ox ;
c
E300 33 C9 c xor ex,0x ; delay
B302 B2 FB [ loop $
€ ; Flush any keyboard scan code and store AAh if we get it,
c
£308 ¢ kb_flush:
B308 B3 $4 c in al,kb_status ; get 8041 status
BE306 A8 01 4 test al,1 i test output buffer bit
£308 73 09 (4 Jz kb_flush_back ; Jump if no character pending
8304 E3 60 c in al,p_kasocan ; 8ot scan code from data port
B30C 3C AA c omp al,0AAb ; vorify keyboard present
E30B 75 Fa c Jne kb_flush
B310 A3 0072 R c mov word ptr ds:[reset_flag),ax ; keyboard present
E313 € kb_flush_back:
E313 E2 EF c oop kb_flush iloop 1if zero
c
E315 33 C9 c xor ox,ex i delay
E317 E2 FE 4 loop
c
C ; Initialize System Variables.
c
E319 C7 06 0084 R E2CE R c mov word ptr ds:[mastor_tbl_ptr+0000h],co:(of faot mastad)
B31F BC OB 0086 R c mov word ptr ds:[master_tbl_ptre0002h],cs
c
C ; Initialize Keyboard Driver Variables.
c
E323 B8 001E R 4 mov ax,ds:(offset kb_buffer) i pointer to beginning of buffer
B326 A3 0014 R c mov word ptr ds:(buffer_head],ax ; keyboard output pointer offset
E329 A3 001C R c mov word ptr ds:[buffer_tail],ax ; keyboard input pointer offaet
E32C A3 0080 R c mov word ptr ds:[buffer_start],ax i keeps beginning of buffer
c
B32F C7 06 0082 R 003E R c mov word ptr ds:[buffer_end],ds:(offaet kb_buffer)«(size kb_buffer)
c
4 ; Aosume first not Deluxe Keyboard
c
B335 80 26 0017 R DF c and byte ptr do:[kb_flag),(not nua_lock_mode)
E334 80 26 0018 R FE c and byte ptr ds:[kb_flag 1),(not dlx_kb)
c
[ ; Send command to request ID code from keyboard.
c
B33P B3 05 c mov ah,05H ; Read keyboard type
E341 E8 BES581 R c call kb_cmd_send i -- send command.
c
E334 33 €9 c xor ox, ¢x ; aet up timeout count
B346 ¢ kb_type_wait:
E346 EX 63 c in al,kb_atatua ; get port statua
E338 A8 01 [ test al, j data byte available?
E33A 75 05 c inz kb_type_read s if so, go read it ,,
E34C E2 F8 c loop kb_type_wait i else wait awhile longer.
E34E BB 11 90 c Jop kb_aot_dlx i timeout, default to non-dlx
c
£351 C kb_type_read:
E351 E4 60 c in al,p_ksoan ; read ID byte,.
E353 A8 01 c test al,01H ; deluxe kbd. bit set?
E355 74 0A c Iz kb_not_dlx
c
c
c
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E357
B35C

B361
B361

80 OE 0017 R 20
80 OE 0018 R 01

9D

BO

BF 0078 R
B9 0004
F3/ AA

BO

BF 007C R
B9 0008
F3/ AA

8c
8B

32

BF
BE

BA

75
80

15

01

c8
D8

0008 R
B2BE R

15

Do
AS

(]
BF

c3
BT

0000 R

03FA

F8
o7

03r8

c3 02

02FA

F8
o7

02F8

€3 o2

66
08

E2C6 R

c3 o4

0201

OF
03

c3 10

00NN NNANNANAEANNNNANOANANOOANNNNNNNANNANaNNAN0NNANNN0ANNANOANNANNANNNNAN0AAaNNNNNANNNNNANNA00AN0AAOA

or
or

kb_not_dlx:

popf

mov
mov
mov
rep

mov
mov
aov
rep

assume

mov.
mov

xor

nov
aov

1_prt_loop:
lods:

or
Jz

@ov
aov
out

xchg

in
cmp
Joz

@ov

stosw

add

Jop

i_prt_exit:

Determine

aov

@ov

in
test

Jnz

mov

atosw

add

1_no_com_a:

oy

in
test

Jnz

mov

stoow

add

1_no_com_b:
in

test

J2

mov

movaw
movaw

add

i_no_scecs:
Deteraine Gape Card Configuration.

nov
in

test

Jnz

add

byte ptr ds:[kb_flag),num_lock_mode
byte ptr ds:[kb_flag 1],dlx_kb

i restore imterrupt-
; enable state.

Initialize Printer & Communication (RS-232) Driver Variables.

al,1 i printer default timeout = 20
di, du (of!nut printer_t_out)

ex,

atosb i es:di gets al

al,01h ; printer default timeout = 01
di,ds:(offset serial_t_out)

ox,

stosd j 03:di geta al

Determine Parallel Port Configuration.

os:code, do:code, es:data, sa:atack_ ram

ax,ca
ds,ax ; satisfy assumptiona
b1,bl ; clear high byte of switch_bits

di,es:(of fset printer_addr)
81,d8:(offoet p_tbl)

es:di points at printer_base
addresaes of prioter ports

ax gets dsisli port address.
valid port address?
exit if iovalid port address

ax,ax
i_prt_exit

dx,ax ; tranafer to data register
al,0A5h i load teat pattern
dx,al ; output teat pattern.
al,ah ; mov ah,al; trash al; & delay.
al,dx ; input test pattera back.
al,ah ; what we road = test pattern ?
4_prt_loop ; 4f not, loop as port is absent

' ; elsa, printar port'is preaent
ax,dx ; retrieve port addreas

; 02:di gets ax.

bl,080h ; add to high byto of owitch_bits
1_prt_loop ; will go around loop 3 times

Communication (RS-232) Configuration (SCC Z8530 & INS8250's).

di,es:(offset ra232_addr) i es:di points at rs232_base

dx,com_1id_a
al,

al,0F8h

i _no_com_a

read interrupt 1: n. register
for first 8250 p.

bits #3-7 are ulwayu low it
installed,

ax, con_data_a if present, load address of
first 8250 data port.
e0:di gets ax.

add to high byte of switch bits

1,002h
; es:di points next empty word

dx, com_4d_b read interrupt I.D. rogister

al,dx s for second 8250 port.
al,0P8h ; bits #3-7 are always low if
{_no_com_b ; installed.

ax, con_data_b if present, load address of
seaond azso data port.
es:d1 get

ax
b1,002h 244 to°high byte of switen_bits

read switch settinga to test
for SCC Z8530 chip

bit #5: SCC chip inatalled
if not, don't load SCC table

al,sys_conf_a
21,020n
1_no_scas

81,d8:{offaet sco_tbl) ;3 SCC 28530 control perts
i always 2 ports

; es:di gets ds:si (twice)
b1,2%(002h) add to high byte of switch_bits
es:di points next empty word

dx, game_card ; get game card address.
al,dx i bits #0-3 are low if installed

al,0Fh
1_no_game_card ; skip, if not present
b1,010h ; add to high byte of switch_bits

8-101



ROM BIOS

Listing
E3DS 1_no_game_oard:
i Initialize High Byte of switch_bits.
E3D5 26: 88 1E 0011 R mov byto ptr es:fswitch_bita+1]),bl ; save high byte of switch_bits

E3E7
B3B9
E3EB

E3Fd

E3FD
E3FD
E3FF

BRO1
B405

BAOT
BROA

BaoD
EaOF

E312
B415

B#17
ER1A
E31C

BO FC
BA 0021
EE

BO 61
BA 0020

B4 01
33 D2
cp 17

B9 0003
B8 PPE3
8B D1
ch 13

BB C800
8E DB
33 p6

81 3C AASS
75 43

BE E2AD R
B8 BSFA R
3 co

B8 B632 R

B8 0820
cD 10

B8 0040

8B CO
33 p6

7% 03

E9 E5DS R

53

26: CT 06 0067 R 0003
26: 8C 1E 0069 R

26: FF 1E 0067 R

5B

EB 04

81 C3 0080

PR 0NANNAANNaNANN0ANANONONaA0NNN0NN00AN0aNN0n0NANNN0NNanN00NNNNNNANNN0ANANNNNN0ANNA0NNNANNANNNARNN0N0N0

i Initialize 18259A PIC with appropriate interrupt mask and enable interrupts.

5 nov al,10111100b i p_timer & kb & dok at this poinmt
Bov al,11111100b i p_timer & kb only at this point.
mov dx,plo_1 i now set proper imterrupt mask
out dx, el

; Send speoific end of imterrupt (SEOI) to pic “command' port for keyboard.

mov al,plo_seol_1 ; specific end of inmterrupt
mov dx,plc_0 ; to pic 'command' port.
out dx, al :

ati ; emable interrupts

; Initialize Parallel Printer Interface.

Bov ab,1 ; initialize primter...
xor dx,dx i -.-por
INT 178

; Initialize all 4 (2) 28530 Serial Communiocation Controller.
; NOTE: Special funsction cod_e (FF) for power up ONLY initialization of 8530

aov ax,?
ro_init:
aov ax,1111111111100011b ; initialize SCC RS-232
; 9600 baud,none,! stop & 8 data
mov dx, ox ; port nuaber = loop - 1
deo dx
INT

130
loop  ra_tmit

i
iTest for and Initialize optional ROMs
i

aesume os:code, ds:nothing, es:nothing, ss:nothing
mov bx,0C800h ; load starting segmont

rom_socan_loop:

ds, bx ; bx has pending segment
xor 8i,si ; offset 0000h
omp word ptr ds:[s11,0AA552
ine roo_scan_next
mov s1,08:(offset opt_ROM_n) ; indicate ROM detected
call DRoaString
xor '
call DHexLong ; ds:ax points at ROM
@ov ax, {OBR®100h)+* ' i put out SPACE
INT 10h
mov ax,data_soeg ; satisfy assumptions
mov es,ax ; for es in rom_check
xor si,al ; ds:si points to ROM to cheok
H Now: da:si = pointer to ROM to be tested
H bx = ds = pending segment of ROM under test
5 es: = data segment
assume cs:code, da:nothing, es:data, ss:nothing
xor ax,ax i clear al
Dov ah,byte ptr ds:{ai+2) i ax = (ROM length/512) * 256
shl ax,1 ; ax = (ROM length/512) * 512
; ax = ROM length in bytes
push ax ; save ROM length
mov ol, b
shr ax, el ; advance segment for next ROM
add bx,ax ; by the number of paragraphs
Pop ox ; restore ROM length in ex
call rom_checksum_cnt ; Bet the checksum of the ox-
5 byte ROM.
iz rom_chksua_ok 3 OK if the checksum waa zero
Jup rom_err ; error the checksum wasn't zero

rom_chksum_ok:

ush bx i save the segment for next ROM
mov word ptr es:[io_rom_1init]),0003h

mov word ptr es:[lo_rom_seg],ds

call dword ptr es:[io_rom_init] ; initialize the ROM

pop bx ; restore segment for next ROM
Jop short rom_scan_exit

rom_scan_next:
add

bx,(800n/10h) add 2k to the pending segment
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E48E
EBYE
EB52

EA52
ER56

E458
BaSE
E45F

BA61
ER64

EQ67

EATD

ERTE
B4 81

BB 82
p-13.13

E385
E387
B389
BASF

EA93

81 FB F600
7C A9

33 co
8E D8

41 0103
0B 06 0106
75 1¢

BE DD28 R
E8 BS5FA R

E8 CP9P R

2E: 8B 1B BSF2 R
80 3E 0075 R 00
15 o7

BC 0100

FA
B8 E1A0 R

FA

BA 0021
EC

28 PC
EB

33 co
8E D8
c7 06

0060 R PB6O R
8C OB R

0062

4]

BE DDO1 R
E8 ESFA R

BD 0003
B8 0201

BB 7C00

B9 0001
33 b2

55
50
06
cD 13
07
58
5D
73 08
4D
75 E2

BE DD1B R

A NNENONNNEANNANANNNANNBANNANANNNNNNANNANNANN0NANNNANONANNNANNNNNNANNNNANANNANNNNNANNNANANNONNANNANOA

ros_scan_exit:
omp bx,0F600h

are we done?

jnge  rom_scan_loop ; 1f not, continue
i
; HDU Test
;

assume osicode, ds:abs0, es:nothing, ss:stack_ram

xor ax,ax ; satisfy assumptions

mov da,ax

; Check int 81h to see if any one installed a HDUD

mov ax,word ptr da:[(3®31n)+0000h])

or ax,word ptr da:[{4%41h)+0002h]

Jnz 1_hdu_ok H
; If not, call HDU initialization routine.

mov si,c8:(offset 1_hdu_m)

oall DRomString ;

call h_init

assune os:code, ds:data, es:nothing,

mov ds,word ptr cs:(set_ds_word]

omp byte ptr ds:[hf_num],0

Jnz 1_hdu_ok

zov sp,100h ;

oli ;

oall 1_vector H
1_hdu_ok:

; Clean Up after Option ROM's

parameter table pointer.

if so, let them be...

print test message

ss:stack_ram

satisfy asaumptions
number of hard disks.
i1f ok, leave everything alone,

re-initialize staok
disable interrupts
re-install old vectors

alt i disable interrupts
mov dx, pro_t ; get ourrent imterrupt mask
in al,dx
f ind al,10111100b ; p_timer & kb & dsk at this point.
and al,11111100b ; p_timer & kb must be on at thia point.
out dx,al
assume os:code, ds:abs0, es:nothing, ss:stack_rem
xor ax,ax
mov ds, ax
mov word ptr da:[1nt1810cns0000n],08:(offa0t bt_int)
Bov word ptr ds:[int18locn+0002h],0s ; (ROM BASIC not available)
st1 ; enable interrupts
FDU Test

; Initialize Ploppy Disk Controller and related Driver Variablea

xor ax,ax i
xor bx,bx
xor cx, ex
xor dx,dx
INT 13b
i Dummy Disk Attachment Teat to Spin Up Drive for
mov s1,05:(of faet 1i_fduA_nm)
call DRonmString H
mov bp,3 i
i1_fdu_lp:
mov ax,0201h i
xor bx,bx
mov ds, bx
mov es,bx H
mov bx,7C00h i
mov ¢x,0001h H
xor dx,dx H
push bp i
push ax H
push es
INT 138 B
pop es ;
pop ax
pop bp i
ine 1_fdu_ok [
dec P i
inz i fdu_lp ;
mov si,cs:(offset 1_fdu_not_m) H

initialize the disk routines

INT 19h (boot-strap).

print test message
lo0p counter

read ome sector

xfer_segment
xfer_offset

track 0;
head 0;

sector 1
drive 0

save retry count
save return registers

bx, ox, dx, & ds preserved
restore return registers

restore retry count

error during read?

if so, decrement retry count
and try again

drive not ready message.
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ENC8 EB 03 c Jop short i_fdu_end
c
E4CA C 1_fdu_ok:
E4CA BE DDIF R c aov si,cs:(of fset 1_fdu_rdy_m) i drive ready message.
c
E4CD C 1_fdu_end:
E4CD EB ESFA R 4 call DRonString
4
C ; Initialize & enable NMI's (parity register).
4
E4DO  BA 0061 c mov dx, p_ketrl
EaD3 EC c in al,dx
E4DA 0C 30 c or al,030h ; enable bits #5 & #4
E4D6 EE c out dx,al
c
C ; If alternate processor is available, lot user select which one to use.
c
E4DT C 1_alt_cpu:
E4DT 9C c pushf ; preserve state for int 19h
E4D8 50 4 push ax
E4D9 53 c push bx
BADA 51 c push ox
EADB 52 c push dx
E4DC 55 c push bp
B4DD 57 c push di
E4DE 56 c push 51
EADP 1E c push ds
ERRO 06 c push s
c
c assume os:code, ds:data, es:nothing, ss:nothing
c
EAE1 2E: 8B 1B B5F2 R c mov ds,word ptr o set_ds_word] ; satisfy assumptions
E4E6 A1 0072 R c mov ax,word ptr da: set_flag) i result of keyboard test
E4B9 3C AA c cmp al,0AAh ; is keyboard attached?
B4EB 74 03 c Jeo i_alt_ocont ; Jump if yes (continue)
E4ED EB 7D 90 4 Jmp i_init_end i Jump if no (in mfg)
c
B4FO C 1i_alt_cont:
c
B4FO PA c ol1 ; disable interupts
c
c assume cs:code, da:abs0, es:nothing, ss:nothing
<
BaP1 33 cO c xor ax,ax i set up absolute zero address
E3F3 B8E D8 4 mov ds,ax 3 for alternato cpu semaphore
E3PS 8B 16 0000 c mov dx,vord ptr ds:0 i save word at 0:0
BAP9 52 c push dx
BAFA A2 0000 c mov byte ptr ds:0,al ; request alt opu id (0:0 = 0)
c
BAFD BA 80CH c mov dx,80C1h ; 28000 liaison port
E500 BO 01 c mov al,! i ALz1 starts 28000
E502 BE c out dx, al ; try to boot 28000
B503 B9 OOFF c @ov ox,0FFh i loop counter
c
B506 C 1_alt_teat:
B506 80 3E 0000 01 c omp byte ptr ds:0,01h ; has the semaphore changed?
ES0B 74 0% c Je i_alt_found i Jump 1if yes (28000 id z 1)
BS0D B2 PT7 c loop i_alt_test i wait for 28000 to gain control
BSOF EB 56 [ Jmp short i_alt_end ; Jump: no alternate opu
c
B511 C 4_alt_found:
B511 5 c pop ax ; restore word at 0:0
B512 A3 0000 4 mov word ptr ds:0,ax
B515 50 c push ax ; resave for future pop
B516 FB c ati i enable interupts
BS17 EB B619 R c call berLf
E51A BE DD35 R 4 wov 8i,08:(offset 1_alt_select_m) i ask user if alt. cpu used
E51D B8 BSFA R c call DRonString
B520 33 D2 c xor dx, dx ; for int 13h
c
BS22 C 4_alt_inq:
B522 B4 01 4 mov ah,1 ; has a key been struck?
E52% CD 16 c INT 16h
B526 T4 FA c Jz i_alt_inq i 1f not, stay in loop
c
B528 32 EA c xor ah,ah ; 4f 80, get the keystroke
E52A CD 16 c INT 16h
ES2C 0C 20 c or al,00100000b i force lower case
E52E 3C 79 c omp al,'y' ; did user mean "yes"
E530 74 02 c Jeo 1_alt_echo ; jump 1f yes
ES32 BO 6E c mov al,'n’' i force "mo"
¢
E53% C {_alt_echo:
ES34 BY OB c mov ah,0Eh ; echo "y" or "n"
BS36 CD 10 c INT 10h
B538 3C 79 c omp al,'y' ; was ansver "yes"
ES3A 75 2B c ine 1_alt_end i Jump 1f no
E53C B8 E619 R c ocall perLe
c
E53F FA c oli ; disable interupts
B580 C6 06 0000 OF c mov byte ptr ds:0,0Fh ; tell Z8000 to take over
4
E5135 C 4_alt_restart: i entry for re-entering 28000 (assume 0:0 setup)
E535 BA 80C1 4 mov dx,80C1h ; 28000 liaison port
E548 B0 01 c mov al,1 3 AL=1 starts Z8000
ES4A EE c out dx,al i pass control to 28000
c
E54B B9 OOFF c mov ox,0FFh : loop counter
ESYE E2 FE c loop $ i wait for 28000 to gain control
c

~
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¢ ; we're here only if Z8000 released control
E550 33 CO c xor ax,ax ; reset segment register
E552 B8E D8 c mov s, ax H to absolute zero
E55k 80 3E 0000 10 c cap byte ptr ds:0,30h 5 4s a Jump requestad?
ES59 72 0OC c ib 1_alt_end i no, try to boot (or orash)
ESSB 8C €8 < mov ax,os ; pass return registers so that:
ES5D B8E CO c mov es,ax ; Jop es:(bp]
E55F BD E2CA R c mov bp,offoet alt_ret H restarts 28000 as desired
c impr 0,0 ; intersegment direot jmp to 0:0
ES562 EA C+ db 0EAh
ES63 0000 C+ dw 0
ES565 0000 C+ dw o
c
C ; End of Ipitialization.
4
ES67 C 4i_alt_end:
E567 58 c pop ax ; restore word at 0:0
ES68 A3 0000 < Dov word ptr ds:0,ax
E56B FB c ati i enable interupts
c
ES6C C 4i_init_end:
ES6C BA 0378 c mov dx,0378h ; printer port
E56P B0 80 c mov al,80n i OK status
BS71 EE c out dx, al ; tell mfg tester R
c
E572 07 4 (131 es j reatore state for boot
B573 1P c pop ds
B575 SE c pop L33
BS5T5 SF 4 Pop [EY
B576 SD 4 pop bp
E577 SA c pop dx
EST8 S9 c pop ox
EST9 5B c pop bx
E57A 58 c pop ax
ESTB 9D c popl
c
BS7C E8 E619 R c call perLf
ESTF CD 19 c INT 19h ; 80 to boot-strap routine
c
ES81 C peinit endp
c
/ \ C ; Send oommand in AH to keyboard interface processor. AX is used.
c
BS81 C kb_omd_send proc near
c
8581 C kb_omd_wlup:
B581 E& 63 c in al,kb_status get 8081 port status
B583 A8 02 c test al,10b i ready to reoceive?
B585 75 FA c Jnz kb_cnd_wlup
c
B587 8A C& c Bov al,ah ; roady, send command
BS589 B6 60 c out p_ksoan, al
B588 C3 [ rot
c
B58C C kb_omd_send endp
c
B58C C oode ends
C 1aclude pwrup2.aan
c
c : sszmmzsce — 222z
c Filename: pwrup2.asro
c
c This module inoludes 8259 Interrupt, Video Controller, 8087
¢ 3 RPU, and 8253 & MM58174 Clook tests.
¢
¢ i szssxzzeszsass -
c
B58C C oaode segment public *ROM'
c assune os:code, ds:nothing, es:nothing, ss:nothing
c
c 3 SECEESINCESEEISTCIcEEORUSEEC =szasss sszcxsasascose
[ Note: We are oalled frem 111 int ONLY (see vector.sra), and
c 3 stack looks like this:
c ; High Address
c s===ec-cmemec-ce-=| <-- sp before ill_int trap
[4 (10) retura fsw flags
c -——
c (o) return os segmen
c [
c (oc) return ip offset
[ B T T <-- sp after 111_int trap
c (o) ax
c RN,
[4 (08) i ds
[ e ———. <-- sp after 111_int pushes
c (06) i near call hers
c <=- sp after 111_int calls ill_trap
c (0a) ax
c [
c (o2) dx
c [,
c (00) sl
c ¢-- sp after 1ll_trap pushes
c Low Address
c zz2ssaazesezz axzaz zzzssasszzzass
c
c assune as:cods, ds:nothing, es:nothing, ss:inothing
c
E58C C 1l1_trap proc near
c
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C ; Turn off floppy disk drives.
C ~ 7
E58C 50 c push ax ; save registers
E58D 52 c push dx
B58E 56 c push 81
c
ES8F E8 EF4F R c call astop_disk ; destroys ax & dx
c
E592 E8 ESCU R c call 111 _1n
E595 BE DC1B R c mov 8i,c8:(offset 111_m1) ; part 1 of message
E598 E8 ESFA R 4 call DRoaString
c
E59B 8B FA c nov 81,8p
E59D 36: 8E 5C OF c mov ds,word ptr ss:[si+0Eh] ; on past si,dx,ax,ret,ds,ax,ip
B5A1 36: 8B Tu OC c mov si,word ptr 8s:[si+0Ch) ; ip past si,dx,ax,ret,ds,ax
c
ES5A5 AE c dec ai ; 81 points to interrupt number
ESA6 8A 04 4 mov al,byte ptr das:lsi) ; print illegal interrupt number
BSA8 EB E643 R c call DHexByte
E5AB 4E c deo 8i i 81 points to interrupt instr.
ES5AC 8B C6 c mov ax,si i save pointer
c
ESAE BE DC34 R 4 mov 8i,os:(offset 111_m2) i part 2 of message
E5B1 E8 ES5FA R c call DRomString
C
B5B4 B8 E632 R 4 oall DHexLong i print illegal ca:ip = ds:ax
4
E5BT BE DC3A R 4 mov 8i,cs:(offset 111_m3) i part 3 of mossage
ESBA E8 ESFA R c call DRomString
BSBD E8 E5C3 R c call 111_1n
c
E5CO SE c pop 81 i restore registers
E5C1 54 c pop dx
B5C2 58 c pop ax
B5C3 €3 c ret
4
c
B5Ch E8 E619 R C 411_1ln: oall DCrLf i prints a line of ‘®'s
ESCT B2 2A c mov d1,82
c
E5C9 B8 OB2A C 111_1p: mov ax, (OER®100h)+( %)
ESCC CD 10 c INT 10h
ESCE FE CA c dec d
E5D0 75 PT c Jnz 111 1p
ES5D2 BB &5 90 c Jap DCrLf -
c
E5D5 C 111_trap endp
c
ES5D5 C oode ends
C 1inolude pwrup3.asm
4
€ j328c8ScSSEsESESCsSEINGSSsERECESIISNSSSINSSESSEEANENEINEINTAEEESESEaED
c Filename: pwrup3.sre
c
c ; This module inoludes 8041 keyboard, communioation LSI, RAM, and
c ; optional ROM tests.
c
€ izessszsssszsseszssssssssssssssssscssscssssassssaszssaEsscsassssaszsas
4
E5DS C oode segment publio 'ROM'
c
4 assume os:code, ds:nothing, es:data, ss:nothing
4
c
c Input: ds = segment of ROM under test
c ; o8 = firmware data segment
c
4 ; Trash: All other registers except bx destroyed (in general).
(]
c
E5D5 € rom_err proc near
c assume cs:code, ds:nothing, es:data, ss:nothing
c
E5D5 8C D8 [4 mov ax,ds
ESDT 26: 88 26 0015 R c @ov byte ptr es:(mfg err_flag)l,ab ; high byte of ROM addresas
c
E5DC BE DCAS R c @ov si,cs:(offset fail_m) ; indicate ROM failed
ESDF EB E5FA R [ oall DRomString
E5E2 EB 35 90 4 Jop DCrLf
c
B5ES C rom_err endp
c
c
c
4 assume cs:code, ds:nothing, es:nothing, ss:nothing
c
c
c Input: ds:si = pointer to ROM to be teasted .
c : —_
[ Output: ah = checksum for the ROM
c ox =0
c 8l = pointer to byte past ROM
c zf = state of checksum for the ROM
¢
c : Trash: al destroyed.
c
c
B5ES € rom_checksun proc near
c assume cs:icode, ds:nothing, es:nothing, as:nothing
c
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ESE5 B9 2000 c nov ¢x,2000h
4
E588 € room_checkaun_ecnt:
E5SE8 33 CO [ xor ax,ax i clear ah
c
BSEA C rom_checksun_loop:
ESEA AC 4 lodsb ; 12 al gets ds:ai
ESER 02 EO c add ah,al i 3
ESED E2 FB c loop rom_checksua_loop ;17
c
ESEF OA EX c or ah,ah
ES5F1 C3 c ret
c
ES5F2 C rom_checksun endp
c
ESF2 C code ends
C 4inoclude pwruph.asm
c
C jasszscssesusas
c Filename purupi. sre
[
[ This module includes disk drive tests, aystem initialization,
c keyboard boot-strap options, and message routines.
¢
c
c
B5F2 C code segment public 'ROM!
c assume cs:code, ds:nothing, es:nothing, sa:nothing
c
C jzsszscssssessamssszssss == sesze
c Utility Routines:
c 3
c ; DRomString DString perLf DColon
c DHexLong DHexWord DHexByte DHoxNib
c DRua DNunW
C ;esszessssese = sz== =z sazzzazszsssas
c
E5F2 C phi_datal proc near
c
C even
c
ESF2 0030 C set_ds_word dw data_seg ;i 2 bytes = 0 clooks
c
BSFY C ph_datal endp
c
c
BSFP3 C sot_ds proc near ; set da to firmware data segment
4 assume c¢s:code, ds:nothing, es:nothing, ss:inothing
c
BSFA 2E: 8B 1E ES5F2 R C zov ds,vword ptr es:[set_ds_word] i 5 bytes 2+9+6 = 17 olooks
BSF9 C3 c ret 3 1 byte = 8 olooks
c HE i —
BS5FA C set_ds endp
C jsscusssssmsssscsaszsssssssssssssds sss 2=z '
c Display ASCII String Utilities
c s
c
BSPA C DRomString proc near ; Displays NUL terminated string at os:ai
c assume ca:oode, ds:nothing, es:nothing, ss:nothing
4
E5FA 1B 4 push da ; a1l registers saved
BSFB OB c push o ; ds gots as
BSFC 1P c pop da
BSFD E8 B602 R 4 oall DString
B600 1F 4 pop ; restore ds
B601 €3 c ret
8602 C DRomString endp
c
B602 C DString proc near ; Displays NUL terminated string at ds:asi
c assume cs:code, ds:nothing, es:nothing, 8s:nothing
c
B602 50 c push ax ; all registers & flags saved
B603 53 c push bx
E604 56 c push 81
B605 9C c pushf
B606 PC c old ; auto inerement
E60T B3 01 c mov bl,1 j select foreground oolor for grafix modes
E609 AC C DS_lp: lodsb i al gets ds:si and ai++
E60A O0A& CO c or al,al i NUL ?
E60C 73 06 c Je DS_ret
B60E B3 OB c mov ah,0Eh ; tty emulator
B610 CD 10 c INT 10h
B612 EB FS 4 Jap short DS_1lp
E61% C DS_ret:
E613 9D c popfl ; restore registers & flags
B615 5B c pop a1
8616 5B c pop bx
B617 58 c pop ax
B618 €3 c ret
8619 ¢ DString ondp
c
£619 C beCrLf proe near ; Displays a CR & LF.
c assume cs:code, ds:nothing, es:nothing, ss:nothing
E619 50 c push ax ; all registers preserved
B61A B8 OEOD c mov ax,(0Eh®100h)+CR
E61D CD 10 c INT 10h i tty emulator
E61F B8 OBOA 4 mov ax,(0Eh®100h)+LF
E622 CD 10 c INT 10h i tty eamulator
B624 58 c pop ax i restore ax
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E625 C3 c ret
E626 C DperLf endp
c
E626 C DColon proc near i Displays a '
4 assume cs:code, ds:nothing, es:nothing, as:nothing
E626 50 4 push ax ; all registers preserved
E627 53 c push bx
E628 B3 c mov bl,1 ; select foreground color for grafix modes
E62A B8 OE3A c mov ax, (0En®100h)+':"
E62D CD 10 c INT 10n tty emulator
E62F 5B c pop bx ; reatore registers
B630 58 c pop ax
B631 C3 4 rot
E632 C DColon endp
c
[ 20EC2EOEISSIECEIZSSSSEGSISEEEED
c Display Hexade in CII Utilities
C jsssasszzccszsszssssas sEzsssscsz. imEEEEsSEoossassEas
c
E632 C DHexLong proc near ; Displays ds:ax in ASCII
c assume os:code, ds:nothing, es:nothing, so:nothing
E632 50 c push ax ; all registers preserved
B633 8C D8 c mov ax,ds i display segmont first
E635 B8 E63C R c call DHexWord
c
E638 EB E626 R 4 call DColon ; display a colon
c
E63B 58 4 pop ax i restore ax
c ; Jop short DHexWord ; fall through: display offset second
c
B63C C DHexLong endp
c
B63C C DHexWord prooc near i Displays ax in ASCII
c assume os:ocode, ds:nothing, es:nothing, ss:nothing
B63C 50 c push ax ; all registers preserved
B63D B8A Ca c Dov al,ah
E63F B8 E643 R c call DHexByte ; display high byte first
B632 58 4 pop ax ; restore ax
c Jop short DHexByte ; fall through: display low byte second
c
E633 C DHexWord ondp
c
B633 C DHexByte proc near ; Displays al in ASCII
c assume os:code, ds:nothing, es:nothing, ss:nothing
B633 50 c push ax ; all registers preserved
E633 DO C8 c ror al,1
B636 DO C8 c ror al,1
E648 DO C8 c ror al,1
B64A DO C8 4 ror Al ; move high nibble to low nibbdle
E6AC E8 B650 R c .. call DHexNib ; display high nibble in ASCII
B6BF 58 c pop ax ; restore ax
c Jup short DHexNib i fall through: display low nibble in ASCII
c
E650 C DHexByte endp
c
B650 C DHoxNib proe near i Displays low nibble of al in ASCIIX
¢ assume os:code, ds:nothing, es:nothing, 8s:nothing
E650 S0 4 push ax all registoers preserved
E651 53 c push bx
B652 B3 01 4 mov bl,1 i seleot foreground color for grafix modes
B654 23 OF c and al,ofh i clear high nibble
B656 03 30 c add al,'o'
B658 3C 39 c cap al,'9’
B65A 76 02 c Jbe NibOk i '0' <= al <= '9' ?
B65C 03 07 c add al,'A'-10'-10
E65E B3 OE C NibOk: mov ah,0Bh i tty emulator
B660 CD 10 c INT 10h
B662 5B 4 pop bx ; restore registers
E663 58 c pop ax
E665 C3 c ret
E665 C DHexNib ondp
c
c ELTES
¢
C jasszassa
c
E665 C DNum proec noar i Displays decimal of ax in ASCII in min width
c assume os:code, ds:nothing, ¢s:nothing, ssa:nothing
E665 53 c push bx i all registors preserved
B666 33 DB c xor bx,bx i minimum width
E668 E8 E66D R [4 call DN um¥ i display ax
B66B 5B c pop bx i restore bx
B66C C3 c ret
E66D C DNum endp
c
B66D C  DNumW proec near i Displays decimal of ax in ASCII of width bx
c assume cs:code, ds:nothing, os:nothing, ss:nothing
c
E66D 50 4 push ax ; all registers preserved
B66E 53 c push bx
B66F 51 c push ox
B670 52 c push dx
B6T1 56 c push 84
c
E672 BE 000A c mov 81,10 ; decimal modulus
E675 33 C9 4 xor ox,o0x ; olear digit counter
E677 C DNum¥_loop:
E677 33 D2 c xor dx, dx j dx:ax = docimal number
E6T9 FT F6 c div EES j dbh = 0
c ; d1 = remainder = (0-9)
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ax = quotient = higher order digits

assune cs:aode, ds:nothing, es:nothing, ss:nothing

INS8250 Compatible Line Status Bits (ab) for 28530 SCC Re-Mapping

0080 aon_te equ 80n ; time out error (bit #7)
0020 con_txd equ 20h ; transmit ready (bit #5)
0008 com_fe equ 08h ; framing error (bit #3)
0004 com_pe equ o4h ; parity error (bit #2)
0002 com_oe equ 02h ; overrun error (bit #1)
= 0001 com_rxd equ 01h ; receive ready (bit #0)
: INS8250 Compatible Modem Status Bita (al) for 28530 SCC Re-Mapping
= 0020 com_dar equ 20h ; data set ready (bit #5)
0010 con_cts equ 100 ; clear to send ({bit #4)
ﬂ\ ; INS8250 Compatible Modem Control Bits.
i
= 0002 com_rta equ 02h ; request to send (bit #1)
= 0001 com_dtr equ o1h ; data terminal ready (bit ¢0)
i
i 28530 SCC Status Register (Read Register #0)
i
= 0004 sce_txd equ Olh i transmit ready {(bit #2)
= 0001 sce_rxd equ 01h ; receive ready (bit #0)

c i
E67B 52 c push dx ; save the digit on stack
E67C 31 c ine ex ; increment count of what's on stack
B67D OB CO c or ax,ax ; are we done?
E6TF 15 F6 c jnz DNum¥_loop
[
E681 2B D9 [ sub bx, ex ; subtract digit count from width
E683 76 08 c Ibe DNuo¥_skip ; akip spaces if bx is not > ex
c
8685 C DNumW_spaces:
E685 B8 0E20 c ax, (OBh®100h)+* * ; display a space
2688 CD 10 c INT
B68A 4B c deo bx ; decrement count of spaces
E68B 75 F8 [ inz DNum¥_spaces ; keep golng
c
E68D C  DNuaM_skip:
E68D B3 01 c aov 51,1 ; foreground color for grafix modes
E68F 58 4 pop ax ; remove digit from stack
E690 03 30 [ add al,'0’ i convert to ASCII
E692 BA OE c mov ab,0Eh ; display the digit
B692 €D 10 c INT 10h
E696 B2 PS5 c loop DNuaW_skip
[
E698 SE c pop a1 ; restore registers
B699 54 c pop dx
E694 59 [ pop ox
B69B 5B c pop bx
B69C 58 c pop ax
B69D C3 < ret
E69E C DNuo¥W  endp
<
EB69R C ocode ends
€ 1ioolude bootl.asm
[
¢ jasas smEssEsazs
< Filename: boot1,.src
c
c This module inoludes the ORG'd jump to INT 19h (boot2.sro)
<
c = sssssamazs == R
[
E698 C oacde segment public *ROM!
c assune ca:code, ds:nothinmg, ea:nothing, ss:nothing
<
B6F2 c ORG OE6P2h
c
E6F2 C bt_jmp proc near
c
£6F2 B9 F860 R ¢ jmp bt_int ; necessary jump for ORG
c
EGPS C bt_jmp eadp
[
E6FS C code ends
C 1inolude coml.asa
c
c smsssszssmssszsaas sesx
c
c
c This module, com2, and com3 supply INT 13h.
c
c =
[
E6FS € code segoent public *ROM'
c
[
[
c
[
c
[
[
[
[
c
[
c
[
[
c
c
[
[
c
c
[
[
[
c
[
¢
c
c
<
[
[
[
[
c
c

H 28530 SCC Error Register (Read Register #1)

8109



ROM BIOS

Listing
c
c
= 0040 C soc_fe equ 40h ; framing error (bit #6)
= 0020 C sco_oe equ 20h ; overrun error (bit #5)
= 0010 C wsce_pe equ 10h ; parity error (bit #4)
c
c
c INS8250 Asynchronous Communication Chip Baud Rate Time Constants
c ; (baud rate generator signal is 3.686% MRz put through a
c divide~by-2 circuit.
¢
¢ i (3,686,500 Hz)/2) = Input Froq.
c Time Constamt =
c ; (16)%(baud rate)
c
c
BT729 c ORG O0E729h
c
BT29 C ocom_datal proc
c
B729 O0MI7 C com_baud dw 1047 (0)
ET2B 0300 c dw 768 (1)
B72D 0180 c dw 384 (2)
B72F 00CO c dw 192 (3)
BT31 0060 c dw 96 (a)
E733 0030 c dw 48 (5)
B735 0018 c daw 24 (6)
B737 oo0o0C c dw 12 ($2]
C .list
c
BT39 € ocom_datal endp
c
c
c : 28530 Serial Communication Controller Baud Rate Time Constants
c ; (baud rate generator aignal is 3.686% MHz)
c (NO divide-by-2 circuitliil)
¢
c (3,686,800 Bz) = Input Freq.
c ; Time Constant = -2
c (16)9(2)%(vaud rate)
¢
c : NOTE: These values are the SAME as the above EXCEPT for the - 21111
c
c
C ;sco_baud dw 1045 H 110 baud (0)
c dw 766 H 150 baud (1)
[ 2] dw 382 i baud (2)
c dw 190 H d (3)
c ; dw 9% H (%)
[ dw 46 i 2400 baud (5)
c dw 22 i 5800 baud (6)
[ dw 10 i 9600 baud ($2]
€ .list
c
c
c INT 14h -- RS-232 Software Interrupt Request Routin
¢
c ; Assunes: INSB250 port addresses are > 256. That 1s, the
c ; high byte of the port address is nonzero, if and
c only 1if, the port is a INS8250. (e.g. com_a ports
[ are 03F8h - 03FFh & com_b ports are 02F8h - 02FFh.)
c
c ; Similarly: 28530 port addresses are < 256. That is, tho
c high byte of the port address is zero, if and
c only if, the port is a 28530. (e.g. sco_a ports
c are 0050h - 0051h & sco_b ports are 0052h - 0053h.)
c
c : 28530 Note: For the resot during power-up, DTR and RTS must be
c set lovw which is the only difference from a normal
c reset (AH=0). This is accomplished by a special
c function code (AR=0FFh).
C jassssscssssssssssssassccosssssasasssisase sssszsecscosssassasszaa
c
E739 c ORG OE739h
c
B739 C serial_io proc ear
c assume os:code, ds:nothing, es:nothing, ss:nothing
c
ET39 FB c ati i enable interrupts
c
ET3A 55 4 push bp ; save register
c
E73B 83 PA 04 c cmp dx, 4 ; 4 RS-232 channels allowed max
E73E 73 3D c Jae rs_nop
c
ET40 8B E8 c mov bp, ax ; save original function code
E742 80 FC FF c emp ah,0FFh i power-up reset?
ET4S 75 02 c Jne rs_norm i Jump 1f no
ET47 32 E4 c xor ah,ah i same as reset, BP remembers FF
c
ETH9 C rs_norm:
E749 80 FC 03 c cmp ah,03h 7 input out of range?
ET4C 77 2F c Ja rs_nop
c
c assune os:code, ds:data, es:nothing, ss:nothing
c
ETHE S2 c push dx ; save reglsters
ETAF 51 c push ex
ET750 53 c push bx
E751 1E c push ds i save ds

a

~
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2E: 8E 1E ES5F2 R
8B DA

c9
BA 8F 007C R

E3

8B 97 0000 R

0B D2
74 10

oA F6
75 03

80 ca ox

8a DC

D1 E3

2E: FF 97 ETTF R
5B

59

5A

5D
CF

L]
@
5
-
PEEFEPTE]

52

8a EB

BO 80

83 c2 03
EE

E8 EBE2 R
8A DD

81 E3 00EO
B1 03

D2 EB

2E: 8B 87 ET29 R
54

EE

E8 EBE2 R

8A c¥
&2

EE
E8 EBE2 R

8a €5

RN NBONANNANNNNONANANONNNANAANNANNNO0ANNNNNNNN000ANANNANON0NAN0ANN0NNNNANNNNaNNNNN0ANANONNNAN0ANAANAD

mov ds,word ptr cs:[set_ds_word] ; satisfy assumptions
mov bx, dx ; get port number (0-3)
xor ex,ex ; elear ch
mov cl,byte ptr ds:[bxsserial_t_out] ; get RS-232 time-out
sbl bx,1 ; make word index
mov dx,word ptr ds:[bx+rs232_addr] ; get address of RS-232
; data port
pop ds j restore ds
assume cs:code, ds:nothing, es:nothing, ss:nothing
or dx, dx ; RS-232 port presemt?
3z ra_ret ; if not, leave
or dh, dh ; are we a INSB250 chip?
Inz rs_ok ; if so, take jump
add an,n ; 1f SCC 28530 acld & to function
ra_ok:
mov bl,ah i bx = function number
ahl bx,1 i bx = 2%(function number)
call ca:ilbx+(offsat ra_tbl}) ; perform rs232 function
ra_ret:
pop bx ; restore registers
pop ex
pop dx
rs_oop:
pop bp
iret
i
i INT 14h Jump Table
:
ra_tbl dw com_4imit = 00h for INS8250
dw com_pb = 01h for INS8250
dw com_gb = 02h for INSB250
dw com_atat = 03h for INS8250
dw sco_4init = 00bh for SCC z8530
dw ascc_pb = 01h for SCC 28530
dw sco_gb = 02h for SCC 28530
dw sco_stat = 03bh for 3CC 28530
serial_io endp
i Initialize RS-232 Inmterface.
H
i Ioput: al = input parsmeters
H dx = address of RS-232 ohannel
H Output: ax = RS=232 channel status
i
H al initlalizes port with: bit # 7 6 54 3 2 1 0
H 4otm bbb bosos
H IslpIBIRIPIS] |
P 4etmtebmtatmbosat
H Baud (BBB): Parity (PP): Stop Bits (S): Data Bita (DD):
i 0 = 110 & = 1200 x0 = Nome 0 =1 10 =1
H 1 2150 5 = 2500 01 = 0dd 122 1 8
H 2 = 300 6 2 4800 11 = Bven (oo 52)
i 3 5 6007 = 9600 (01 = 672)
H Assumos: com_int_x = com_data_x ¢ 1 = dx + 1
H com_lctl_x = oom_data_x + 3 = dx + 3
i
com_init proc near i ah = 00h
assume cs:code, ds:nothing, es:nothing, ss:nothing
push dx ; save dx = com_data_x
mov ch,al ; save input parameters.
mov al,080h ; access divisor latch of
; baud count register.
add dx,3 i dx = com_lectl x
out dx,al ; write to line control register
call ro_dly
mov bl,ch ; got input parameters.
and bx,11100000b ; get bits #5, 6, & 7 (clear bh)
mov el,
shr bl,ol ; move to bits #1,2,& 3
; bx is word index
mov ax,word ptr ca:{bx+com_baud] i got 8250 baud count
pop dx j restore dx = com_data_x
out dx,al ; output low byte of baud rate
call ra_dly
mov al,ah ; transfer high byte to low byte
ine dx ; dx = com_int_x
out dx, al ; output high byte of baud rate
call ra_dly
mov al,ch ; 8ot input parameters.
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E7B8 24 1F [ and 2l,00011111b i get bits #0 thru #
E7BA 42 c ine dx
E7BB 42 c inc dx 7 dx = com lotl_x
ETBC BE c out dx,al ; write to line control register
ETBD E8 EBE2 R c call re_dly ; disable access divisor lateh,
c ; set data & stop bits, & parity
c
E7CC 32 CO [ xor al,al ; disable all interruptsit
B7C2 A4A [ dee dx
ETC3 AA c deoc dx ; dx = com_int_x
E7Ch BE c out dx,al ; write to interrupt ID register
[
E7C5 XA c dec ; dx = com_data_x
B7C6 E9 E8TF R c Jmp com_stat j return status
c
E7CY ¢ com_init endp
c
ETCY € code ends
C inolude kbl.asm
c
[ czzazazs zezezszeses
[ Filename: kb1.sre
[
c This module includes INT 09h & 16h.
¢ ;
¢ i =22 == ssssszssesaaazes
c
ETCY C ocode segment public 'ROM'
c assune os:oode, ds:nothing, es:nothing, s3:nothing
c
C jeazsesss =zsswczssezzssszssssasse cumusconzezzazasaszaces
[ INT 16h -- 18031A Keyboard Software Interrupt Request Routine
c sesessz czoseazan = mazezez
c
c Input: ab = funotion nusber (00h <= ah <= 03h)
c Output: ab = (ab - 2) if ah >=
c
c Trash: Nonme. (bx & ds if ROM stack)
[
[ Note: The stack never gets deeper than 6 wordsil!
[
[ High Address
4 === e | <-- sp (at entry & exit}
c | return fov flags |
c [EEEELd e
c | return os segment}
c [ meememmam——an
[ | return ip offaet |
c lmmmeun | <= sp after kb trap
c
c
c
[ I
c I 1 near oall |
c |-vmmmmenccecanennn] <-- 8p (at its deepestil)
c Low Address
c
c meazescczszzzess szazezezze ssauszcmzas
c
B82E c ORG 0E82Eh
c
EB2E € k. to proec near
c assume os:code, ds:nothing, es:nothing, ss:nothing
c
EB2E FB [ ati ; enable interruptst!
E82F 1E c push ds ; save ds
E830 2E: BE 1E E5F2 R [ noy ds,word ptr cs:lset_ds_word] ; avoid potential staok problems
E835 53 c push bx ; save b P
c
c assume oa:code, ds:data, es:nothing, ss:nothing
[
E836 80 FC 01 c cap ah,1 ;ah <=1 ?
EB39 72 04A c i k_read ; jump i€ ah = 0
EB3B 74 23 [ Je k_look i Jump if ah = 1
£83D 80 FC 02 [ cap ah,2 ; ah=2 ?
E840 T4 27 c Je k_stat
c
EBh2 5B C k_ret: pop bx ; restore registera
EBN3 1F c pop da
B84 CF c iret
c
EB45 € k.io endp
[
[}
c ; Wait for key and extract if from the keyboard buffer.
c
c Output: ah = raw scan code
c ; al = ASCII translated key
c ; or
c ; ah =  tranalated key
c ; al = 00h
c
c ; Trash: Nene.
[
[
E845 C k_read proe near
c assume cs:codo, da:data, es:nothing, sa:nothing
c
E845 FB c sti ; enable interrupts (again)
EBB6 E8 E854 R c call k_see ; is there a character present?
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interrupts come back disabled!

E829 73 FA Jz k_read i loop until something in buffer
E84B B8 EB6E R call k_adv_ptr ; move pointer to next position
EBRE 89 1E 001A R oov word ptr ds:[buffer_head],bx ; store value in variable
B852 EB EE Jap short k_ret
E85% FA k_see: eli ; disable interruptsll!
EB55 8B 1E 001A R mov bx,word ptr ds:[buffer_head) ; get pointer to head of buffer
B859 3B 1E 001C R onp bx,word ptr d buffer_tail) ; if equal, then nothing there
E85D 8B 07 Bov ax,word ptr ds:[bx]) ; get scan code and ascii ocode
E8SF C3 rot
EB60 k_read endp

i

H Cheoks for key in keyboard buffer, but does not extract it.

H Output: 1f key is im buffer, then:

H zf = 0 (nz = reset)

] ah = raw scan code

H al = ASCII translated key

; or

3 ah = translated key

i al = 00n

i else:

i zf = 1 (z = set)

: ax = 16th previous key

; Trash: ax 15 trashed if keyboard buffer is empty.
B860O k_look proc far i must be fariill

assume on:oode, ds:data, es:nothing, ss:nothing

1o there a character present?
interrupts come baok disabled!

E860 B8 E853 R call k_seo

AN NONNNNNNNN0ANNNNNNANNNNNNNANNANNNNNANNANNNNNANNNNNNNNANNNN000NNNNNNAN0ANANANNAAa00

d
i
B863 FPB sti ; must return interrupts enabled
EB63 5B pop bx ; restore registers
BB65 1F pop da i blow eway flags returning:
B866 CA 0002 ret 2 i zf & ax = k_see output, & oti
2869 k_look endp
H Returns keyboard shift state kb_flag in al.
; ou'tpul: ah = 0.
i al = kb_flag
i Trash: None.
EB69 k_stat proc near
assume cs:code, ds:data, es:nothing, ss:nothing
E869 A0 0017 R mov al,byte ptr ds:[kb_flag) i get the shift status flags
EB6C EB D4 Jop short k_ret
BB6E k_stat endp
H Advances kb_buffer ring buffer pointer.
i
H Input: bx
i Output: bx
i Trash: None.
i
EB6E k_adv_ptr proc near
assume cs:code, ds:data, es:nothing, ss:nothing
BB6E 43 inc bx ; move to next word im list
E86F a3 inc bx
EB70 3B 1E 0082 R cap bx,word ptr ds:[buffer_end) ; end of buffer ?
E874 75 0B Jne k_adv_end ; no, continue
E876 8B 1B 0080 R mov bx,word ptr ds:[buffer_start] ; yes, buffer to beginning
EB7A k_adv_end:
E874 C3
E8TB k_adv_ptr endp
E87B code ends
C include com2.asm
c
c sssssssssazssssscs
4
c
c zzsszszzazz sszszsszzzzaszac
c
EB7B C code segnent public 'ROM'
c assume cs:code, ds:nothing, es:nothing, ss:nothing
c
c
c ; Read Status of RS-232 Interface. (rs_stat)
c 3
c Input: dx = if dh = 0, then address of Z8530 channel (scc_ctl_x).
c if dh <> 0, then address of 8250 data port (com_data_x).
[ Output: ax = RS-232 (INSB250-compatible) channel status.
c

Trash: None.
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H Assumes: com_lstat_x = com_data_x + 5 = dx + 5 (line status)
3 com_mstat_x = com data_x + 6 = dx + 6 (modem statua)
femeemmm e mmeemm—e e - emmmm————
E8TB rs_stat proc near ; ah = 03h
assume cs:code, ds:nothing, es:nothing, ss:nothing
E8TB OA F6 or dh,dh ; are we a SCC 28530 chip?
EB7D 74 0B 3z scc_stat i if so, take jump
E8TF com_stat: ; INS8250 read status routine.
; Get Line Statua,
EBTF 52 push dx ; save dx = com_data_x
E880 83 C2 05 add dx,5 ; dx = com_lstat_x
E883 EC in al,dx ; get line status
EBB4 BA EO Dov ah,al i line status comes back in high byte
; Get Modem Status.
E886 42 inc dx ; dx = com_mstat_x
EB87 EC in al,dx i get modem atatus in low byte
E8B8 54 pop dax ; restore dx = com_data_x
E889 3 ret
E882 sco_stat: i SCC 28530 read status routine,
; Get Channel Status.
EB8A 33 coO xor ax,ax ; al = seleacts 0 ; ah = no errors
EB8C EE out dx,al ; dx = seo_otl_x
E88D E8 EBE2 R call rs_dly
E890 EC in al,dx ; get channel status
B891 AB 04 test al,sco_txd ; test for transmit ready
E893 74 03 3z sec_no_txd m
E895 80 CC 20 or ah,com_txd ; 1f 80, set INS8250-compatible bit.
E898 soc_no_txd:
E898 a8 01 test al,scc_rxd ; test for receive ready
E89A 74 03 Jz scc_no_rxd
E89C B0 CC 01 or ah, con_rxd ; Af 80, set INSB250-compatible bit,

E89F sec_no_rxd:
i Get Error Status.
EB9F BO 01 mov al,1 ;3 get errors
E8A1 EE out dx,al ; dx = sco_otl_x
E8A2 E8 EBE2 R call ra_dly
E8A5 EC in al,dx ; get error status
EBAG A8 30 test al,sca_fe ; test for framing error
EBA8 73 03 Jz sce_no_fe
E8a4 80 CC 08 or ah, con_fe ; 1f 30, set INSB250-compatible bit.
E8AD scc_no_fe:
EBAD A8 10 teat al,scc_pe ; test for parity error
ESAF 74 03 Jz sce_no_pe
EBB1 80 CC 04 or ah, con_pe i 1f so, set INSB250-compatible bit.
E8B4 sco_no_pe:
E8B4 A8 20 test al ,acc_oe ; test for overrun error
E8B6 174 03 Jz sec_no_oe
EBBS 80 CC 02 or ah, com_oe ; 1f so, set INSB250-compatible bit.
E8BB sca_no_oe:
; Set Modem Status.
EBBB B0 30 mov al, (com_dsr+con_cta) ; al = DSR and CIS
ESBD C3 ret
ESBE ra_stat endp

Wait for Status of RS-232 Interface. (rs_ws)

RS-232 channel status for which to wait

RS-232 time-out

if db = 0, then address of 28530 channel (scec_otl_x).
if dn <> 0, then address of 8250 data port to poll.

Input: ah
ox

ax

Status.
set, if status matches.
reset, 1if time-out.

Output: AH
iF

Trash: al & bx destroyed.

line status)
moden status)

Assumes: com_lstat_x = com_data_x + 5
com_mstat_x = com_data_x + 6

4
aw

wu

P NANONPOaNNNONNNN0NNARNNNNANANNANANONAANNANNANNNANNNN0ANAARNAANONAARNN000aNNRNNNNNARAE0AAN0NNNNNOAnNaoan
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ESBE C rs_ws proc near
c assume cs:code, ds:nothing, es:nothing, ss:nothing
c
B8BE 51 c push ox ; save time-out
B8BF 33 DB c xor bx,bx j olear bx
B8C1 87 CB c xchg ox,bx i BL nov has rs232_time_out.
c
BBC3 C ra_we_lp:
B8C3 0A F6 c or dh, dh ; are we an INSB250 ohip?
B8C5 75 06 c oz ra_ws_com ;i if 8o, take jump
c
B8CT 32 CO c xor al,al ; al = melects 0 on SCC 28530
E8C9 EBE c out dx, al 3 dx = soc_otl x
ES8CA BB E8E2 R c call ro_dly
c
BBCD C rs_ws_oonm:
E8CD BC c ip al,dx i got channel atatus
BSCE 84 F8 c mov bh,al ; save atatus in BH.
E8DO 22 CA 4 and al,ah ; maask bits we're waiting for
B8D2 34 C¥ c onp al,ah i are they all on?
[
E8DA 7h 08 c Iz rs_wa_exit ; 4f so, exit with zf set
c
E8D6 E2 EB c lo0p ra_ws_1p : inner loop
E8D8 PB CB c dec bl
B8DA 75 ET c jnz ro_ws_1lp ; outer loop
c
B8DC OA B} c or ah,abh i time-out, exit with zf raset
B8DE C rs_ws_ exit:
BEDE 8A BT c wov ah, bh ; move status to AR,
B8RO 59 c pop ox ; restore time-out
B8B1 €3 c ret
c
B8 B2 C ra_ws endp
c
c
B8E2 C rs_dly proc near
c assume os:oode, ds:nothing, es:nothing, ss:nothing
c
R8E2 9C c pushr
E8E3 51 c push ox
EBBA B9 0008 < mov ox,8
B8ET B2 FB € ra_lp: loop ra_lp
B8E9 59 c pop ox
E8EA 9D c popt
BSEB C3 c ret
c
BBEC ¢ rs_dly endp
c
c assupe cs:code, ds:nothing, es:nothing, ss:nothing
c
c
c
4 INS8250 Put Byte (com pb) & SCC 28530 Put Byte (soc_pb)
4
c Transmit Character to RS-232 Interface.
c
c Input: al = character to transmit
c ex = RS-232 time-out
c dx = if db = 0, then address of 28530 chanmel (sco_otl_x).
c 3 if dh <> 0, then address of 8250 data port (com_ data x).
c ;3 ah = line status
c ; bx destroyed.
c
c ; Asoumes: com_mctl_x = com_data_x + 4 = dx + 4
c com_lstat_x = com_data x + 5 = dx + 5
g com_mstat_x = com_data_x + 6 = dx + 6
c sce_data_x = sco_otl_x + 1 = dx + 1
c
c
EBEC C com_pb proc near ; ah = 01b
c assume cs:0ode, ds:nothing, es:nothing, ss:nothing
c
EBEC 52 c push dx ; save dx = com_data_x
E8ED 50 4 push ax ; save character to output in al
c
EBER BO 03 c mov al, (com_rta+com_dtr) ; signal RTS & DTR
E8F0 83 C2 04 c add dx, 2 ; dx = com_metl_x
E8F3 BE c out dx, al ; send to modem control register
c
B8FA B& 30 c Bov ah, (com_dsr+con_cts)} ; wait for DSR & CTS
EBF6 32 c ine dx
B8F7 &2 c inc dx ; dx = com_mstat_x
EBFB E8 EBBE R c call rs_ws ; wait for modem status regiaster
E8FB 75 13 c inz rs_pbe ; if time-out, take jump
c
EBFD B4 20 c movy ah, com_txd i wait for transmit ready
E8PF 44 c dec dx ; dx = com_latat_x
E900 EB EBBE R c call rs_ws ; wait for line status register
E903 75 0B c dnz rs_pbe ; if time-out, take jump
c
E905 58 [ pop ax ; restors character to output im al
£906 8A D8 c mov bl,al i save character input/output in bl
£908 EB8 EBTB R c call rs_stat i get return status
E90B 8a C3 c mov al, bl ;i reatore character input/output in al
E90D 54 c pop dx ; restore dx com_data_x
B90E EE 4 out dx, al ; else, output the oharacter
c
c

exit for put and get byte
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E9OF C ra_pb gb: ; 4f SCC 28530, dx = scc_ctl X
c
E90F €3 c ret
c
E910 C rs_pbe: j exit for put byte error
E910 5B c pop bx : restors character to output in bl
E911 5 c pop dx j if SCC 28530, roestore dx a sco_otl x
c ; else INSB250, restore dx = ooz _data_x
c
E912 E8 B8TB R c call ra_satat ; 8et return status
E915 8A C3 c mov al, bl ; restore oharacter to output in al
E917 80 CC 80 4 or ah,com_te ; indicate timeout error
E91A €3 c ret
c
E91B € oom_pb endp
14
c
E91B € soo_pb proc near ; ah = 01h
c assume cs:code, ds:nothing, es:nothing, ss:nothing
c
E91B 52 4 push dx ; save dx = sco_otl_x
ES1C 50 c push ax i save character to output in al
c
B91D B3 04 c mov ah,scc_txd ; wait for transmit ready
B91F EB BBBE R c call rs_vs
B922 175 EC c oz rs_pbe i if time-out, take jump
c
E924 58 c pop ax ; restore character to output in al
E925 &2 < inc dx ; dx = soc_data_x
B926 EE c out dx, al ; else, output the oharacter
<
E927 54 c pop dx ; restore dx = soc_ctl_x
E928 BB ES c Jop short rs_pb_gb
c
E924 C sco_pb endp
c
[
c ;
[ INS8250 Get Byte (com_gb) & SCC 28530 Get Byte (sco_gb)
[+
c ; Receive Character to RS-232 Interface.
¢
c ; Input: ox =  RS-232 time-out
c ; dx = if dh = 0, then address of 28530 chanmnel (sce_ctl_x).
c ; if dh <> 0, then eddresa of 8250 data port {com_date_x).
c ; Output: al = character received
[ ah = line atatus
c ; Trash: bx deatroyed.
¢
c ; Assumes: cow_metl_x = com_data_x + & = dx + ¥
c ; com_lstat_x = com_data_x + 5 = dx + 5
c ; com_mstat_x = com_data_x + 6 = dx + 6
c 3
c scc_data_x = soo_otl_x + 1 = dx + 1
c
c
B92A C com_gb proc near ; ah = 02h
4 assume cs:code, ds:nothing, es:nothing, ss:nothing
c
E924 52 4 push dx i save dx = com_data_x
E92B BO 01 c mov al,con_dtr ; signal DTR
E92D 83 C2 o4 c add dx, ¥ i dx = com_motl_x
E930 EE c out dx, al ; send to modem control regiater
c
E931 B4 20 c mov ah, com_dsr i wait for DSR
E933 42 [ inc dx
E934 42 c inc dx ; dx = com_mstat_x
E935 EB EBBE R c call rs_ws ; wait for modem status register
E938 75 OE c Jnz rs_gbe ; if time-out, take jump
c
B93A B4 01 c mov ah, com_rxd ; wait for receive ready
E93C aa c dec dx ; dx = com_ lstat_x
E93D ES8 E8BE R < call ra_ws ; wait for line status register
E940 TS5 06 c Jnz ra_gbe i if time-out, take jump
c
E942 80 E4 OF c and ah, OEh ; Only interested on low nibble,
E935 SA < pop dx ; restore dx = com_data_x
E946 EC c in al,dx i else get character
B934T C3 [ ret
c
c
E9u8 C rs_gbe: ; exit for get byte error
B948 SA c pop dx 7 if SCC 28530, restore dx = scc_otl x
4 ; else INS8250, restore dx = com_data_x
E93g B0 CC 80 c or ah,com_te i indicate timeout error )
E94C C3 c ret
c
E94D C ocom gb endp
c
[
E93D C acc_gb proc near ; ah = 02h
c assume cs:code, ds:nothing, es:nothing, 8s:nothing
c
Egu4D 52 c push dx ; save dx = scc_ctl_x
c
B94E B4 01 c mov ah, soc_rxd ; wait for receive ready
E950 E8 EBBE R c call ra_ws
E953 75 F3 c Jnz rs_gbe ; 4f time-out, take jump
[
E955 42 c ine dx ; dx = sce_data_x
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E956

E957
B958

E95A
E95A

E954

2987

E996
B998

E994
B99D
E99E

E9 A0
E9 A2

E9A3
E9AS5

E9A6

E9B2

B9B
E9B8

E9BC
E9BE
E9CO

E9CY
E9C6
E9CB

EC

54
EB BS

1E
2E: 8E 1E BS5F2 R
06

E3 60
8A EO

BA 0061
8A D8

oc 8o
EE

8A €3
EE

75 06
EB EBC3 R

25 TF

C3 3E 00BN R
26: C4 TD 02

33 DB
33 €9
8A 2E 0017 R
8a DB
D1 E3
D1 E3

EENNNNNNNNO0ANNANNNNNANNNN0NNNN0NANANNNNANANNANNNNANANN00NNNNNNAANANANNNNNNNANNNN00NNN00N0NNNNNNNNN0NN

in al,dx
pop dx ir
imp short rs_pb_gb

scc_gb endp

code ends

include kb2.aso

sezzzzzss

Filename:

kb2, sre

This module includes INT 09h & 16h.

zzzzzaszscs

code segment public 'ROM!
assume cs:code, ds:nothing,
ORG 08987

INT 09h =~ 180314 Keyboard Hardware

es:nothing,

; else get character

estore dx = sac_otl_x

szzzsszmassszzEsasssEass

ss:pothing

Interrupt Service Routine

i
P
i
i Hote:
i

‘make' ~-> key is depressed -> O0Oh + key scan code
“break' -> key is released -> 80h + key socan code
2s22 szazsssszazoazs s2zazsszzsszzssssszeses
k_int proa near
assume es:code, ds:nothing, os:nothing, ss:inothing
sty ; re-epable inmterrupts
old ; clear direotion flag
push ax
push bx
push ox
push dx
push a1
push di
push ds
mov ds,word ptr cs:[set_da_word] ; avoid potential stack problems
push es
assume cnicode, ds:data, es:nothing, ssinothing

; Get the scan code.

in al,p_kscan
mov ah, al

; Reset the keyboard.
Dov dx, p_ketrl
in al,dx
mov bl,al
or al,080h
out dx,al
Bov al,bl
out dx,al

; Retrieve the scan code in both al & ah.
mov. al,ah

i Test for overrun scan code from keyboard

; got scan code from data port
; save socan code in ah

; get control port address
; get the status
; save the status in bl

i set bit #7 -- reset
; reset keyboard

; retrieve original status
i send it back to keyboard

; scan code in both registers

= OFFh.

; Note: 20 key scan codes can be buffered up by the keyboard.
enp al,0FFh ; an overrun scan code?
inz k_ok i Af not, continue
call k_beep ; beep the speaker
Jop k_nop
k_ok:
ah = scan code {(make/break) al = scan code (make/break)
bx =7
ex = ?
dx = ?
es:idi = 7
and al,07Fh ; al = scan code make
les di,dword ptr ds:[master_tbl_ptr] ; es:di points to master table
les di,dword ptr es;:[d1+0002h]) i es:di{ points to p_kscan table
xor bx, bx i clear bh
xor ex,ex ; elear ¢l
mov ch,byte ptr ds:[kb_flagl
mov bl,al ;i bx = scan code make
shl bx,1 7 bx = 2%(scan code make)
shl bx,1 ; bx = 4%{scan code make}
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c
c
c ah = scan oode (make/break) al = socan code (make)
c bx = 49(scan code make) s 4%al
c ; ch = kb_flag ol = 0
c ; dx =7
[ 63:di = p_ksoan base
c
c
E9CA 4B 4 doc bx ;i bx = 4%(scan codo make)-1
c
B9CB F6 C5 08 4 test oh,alt_shift i alt state?
E9CE 75 32 4 Jnz k_ix ; Af 8o, has highest priority
4
E9DO 3B 4 dec bx i bx = 4%(scan ocode make)-2
c
E9DY P6 C5 04 c test oh,entrl_shift ; control state?
E9D4 75 2C c jnz k_1 i Af so, next highest priority
c
E9D6 4B [4 dec bx ; bx = 4%(scan code make)-3
c
C ; Handle CapLk Case.
4
E9DT 3C 37 c enp al,55 3 0 <= scan code <= (7%8)-1
B9D9 77 OC c Ja k_no_ocap ; tost Nuolk ocase.
c
B9DB P6 C5 %0 4 test ch,caps_lock _mode ; caplock state?
E9DE 74 1C 4 iz k_no_look ; Af not, test shift states
c
E9E0 E8 EB85 R c call k_bit i get kb_cap_flags bit in of
E9B3 73 17 c job k_no_lock i (Jnc) swap if of set
c
E9E5 EB 0D c Jmp short k_loock ; honor ocaps look.
c
B9ET C k_no_cap:
c
C ; Handle NunLk Case.
4
E9E7 3C 47 c omp al,71 ; soan code >= 717
B9E9 72 11 c ) k_no_look
E9BB  3C 53 c cop al,83 ; soan code <= 837
E9ED 77 0D c Ja k_no_lock
E9EF P6 C5 20 [ test oh,nun_lock_mode ; numlook state?
E9F2 73 08 4 Jz k_no_lock ; if not, test shift states
c
E9PY4 € k_lock: ; oither caps or num look.
E9FA P6 C5 03 c test oh,(left_shift+right_shift) ; if so0, and shift state
B9F7 78 09 [ Jz k_ix i also true
c
E9F9 4B c dec bx i bx = 4%(scan code make)-8
B9PA EB 06 c Jop short k_ix i (base case)
c
E9FC C  k_no_lock: i neither caps or num loock.
B9PC P6 C5 03 4 test oh,(left_shifteright_shift) ; (shift state)
E9PP 75 01 c inz k_ix
EAO1 2B c dec bx i bx = A%(scan codo make)-4
c ; Jap short k_ix ; (base case) fall through
c
c
EAO2 € k_ix: i bx = index into p_kscan table
EAO2 D1 E3 c shl bx,1 i bx = p_kscan word index
EAOS 03 FB 4 add di,bx i add p_kscan base & index
c
EAO6 26: 8B 15 c mov dx,vword ptr es:[di] ; got data word from table
c
EA09 33 DB c xor bx, bx i elear bh
EAOB  8A DA c mov bl,dl ; move translated key to bx
BAOD F6 06 0018 R 01 c teat byte ptr da:[kb_flag 1],dlx_kb ; are we a deluxe keyboard
EA12 T8 02 c iz k_xlat i key
c
BA1&  8A DE c mov bl,dh i move translated doluxe
c H key to key
EA6 C k_xlat: i bx has translated byte (bhz0)
c
[
[ ah s sean code (make/break) al = scan code (make)
c bx = deluxe keyboard translated byte (bh = 0
c ch = kb_flag el = 0
c dx = es:[di]) (could be deluxe key code)
c es:di = p_kscan base + p_kscan scan code word index
c -
¢
C ; Registers are all loaded up. Start going through the cases.
c
EA16  0A D2 4 or d1,d1 ; deluxe scan codes are
EA8 784 1C [ iz k_no_case i NEVER special casesillil
c
C ; Test for apecial cases.
4
EATA 80 FB CO c cmp bl,0C0h i xlated byte special case?
EAID 72 17 c FLJ k_no_case ; Af not, handle unspecial case
EAMF 80 FB D8 c cap bl,0D8h i 0COh <= xlated byte <z 0D8h
EA22 77 12 c Ja k_no_case i if so, do the special funotion
c
€ ; Test for “break' of special case.
c
EA24 80 FB C8 c cmp bl,0C8h i 18 xlated byte a shift key?
EA27 72 04 c b k_Jjop ; if so, do ‘break' of shift key
4 ; 0COh <= xlated byte < 0C8h
EA29 OA E4 4 or ah,ah
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EA2B 78 2E c is k_none ; nothing for “break' of others.
c
EA2D € k_jap: ; jump to special case routine.
EA2D 8B F3 c mov s1,bx ; if 3o, si gets special index
EA2F D1 E6 c shl 51,1 ; make it a word index
EA31 2BE: FF A4 EA66 R [ jmp ca:(si+((offset k_case)-(2%0C0n)))
c
EA36 C k_no_case:
c
C ; Test for “break' of non special case,
c
EA36 OA EY [ or ah,ah
EA38 78 21 [ 3 k_none ; do nothing if “break' of key.
c
C ; Test for ‘unpause' case.
c
EA3A F6 06 0018 R 08 [ test byte ptr da:(kb_flag 1),pause_mode ; are we in hold atate?
EA3F 74 OB c 3z k_no_hol ; if not, continue.
EAR1  3C &S c cap al,num_lock_key ; don't clear hold atate
EAS3 T4 16 c e k_none ; on num_lock_key (Pause).
EAR5 80 26 0018 R P7 c and byte ptr ds:{kb_flag 1],not pause_mode ; reset hold state bit &
EASA EB OF c Jmp short k_none ; ignore the key.
c
EANC € k_no_hold:
c
C ; Test for deluxe scan code.
c
EAYC  0A D2 c or d1,d1
EA4E 75 04 c jnz k_no_xcode
c
EA50 8B C2 [ nov ax,dx ; move deluxe key to scan ocode
EA52 EB 02 c Jmp short k_buf ; put ax into the buffer
c
EASH C %_nao_xcode:
EASH  8A C3 c nov al,bl ; move translated key to key
c .
BA56 C k_buf: ; put ax into kb_buffer.
[ ; try to put ax into kb_buffer.
EA56 E8 EBAD R c call k_try ; zf set (z)  if buffer is full
EA59 T4 03 c 3z k_nop ; 2f reset (nz) if buffer got ax
c
EASB C k_none: ; noan code translate to nothing
c
C ; Send specific end of interrupt (SEOI) to pic ‘command' port.
c
EASB E8 EBAY R c call k_eol ; send specific ond of interrupt
c
EASE 07 € k_nop: pop es ; rastore registers without issuing SEOL
EASF 1P c pop ds
EA6O SF c pop a
EA61 SE c pop TS
EAG62 SA c pop dx
EA63 59 c pop ex
EAGR 5B c pop bx
EA65 58 [ pop ax
EA66 CF c iret
c
c
g H Test for system reset sequence. ‘make' only.
c
BA6T 80 E5 OC C k_res: and ch, (alt_shifteentrl_shift)
EA6A 80 FD OC c cmp oh,(alt_shifteontrl_shift) ; 48 it CTL ALT shift?
EA6D 75 EC c Jne %_none
c
C ; CTL ALT DEL system reset.
c
EA6F CT7 06 0072 R 1234 c mov word ptr ds:[reset_flag],01234h ; set flag for warm boot
EA7S E9 DDSA R c Jop diagnostics_1 ; re-boot
c
c
c ; Pause waiting for another key. ‘make' only.
c 3
c
EAT8 C k_pause:
EA78 80 OE 0018 R 08 c or byte ptr ds:(kb_flag 1),pause_uode ; set the pause bit,
c
EATD ES EBA4 R c call k_eol ; send specific end of interrupt
c
€ ; Note: Video not disabled during vertical retrace.
c
EAB0 80 3E 0049 R 07 [ cop byte ptr ds:(v_mode),7 ; never on a monochrome card
EAB5 T4 OB c Je k_hold
c
EA87 8B 16 0063 R c @ov dx,word ptr ds:{v_base6835) i 8et G845 pointer register
EA8B 83 C2 o4 c add dx, ; get 68R5 mode control register
EABE A0 0065 R [4 mov al,byte ptr ds:[v_3x8) ; get the video mode last sent
EA91 EE c out dx,a ; enable video
c
EA92 F6 06 0018 R 08 € k_hold: test byte ptr ds:[kb_flag 1],pause_mode ; test the pause bit.
EA97 75 F9 c inz k_hold ; loop until pause bit cleared
EA99 EB C3 < Jap short x_nop
c
[
c ; Print Screen sequence. ‘make' only.
c
c
EA9B E8 EBAN R C k_prt: call k_eoi ; send specific end of interrupt
EA9E CD 05 c INT 5h ; issue print. screen interrupt
EAA0 EB BC c Jmp short k_nop
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i
i Deluxe code put NUL into kb_buffer. ‘make' only.
;
EAA2 BB 0300 k_nul: mov ax,0300h i NUL=X03
EAAS EB AF Jop short k_buf : put ax into the buffer

BAC1
EAC3
BAC6
BACS
EACB

EACD
EACF
BAD2

EADY
EAD6

BADS8
EADC

EADE
BAB2
BAB6

EAET
EBAES
EAED

EAEE
EAFO

EAF3
EAFS
EAF9
EAPB
EAFD

EROO
EBO2

EBO4
EBOS

EBO8

EB1F
EB20

BO
B8

20
EAD4 R

10
BADAR

EB EB

0A
78

84

B4
OF

06 0018 R

75 08

08
c3
F6
€3

BO
EB

BO
EB

Bo

E8
EB

o0&
78
c3
Fé

20
c3

5y
41

06 0018 R
06 0017 R

Do
06 0018 R

08
EBOF R

3 co
06 0019 R
co

EASE R

ok
06

02
o2

EBOF R
BO

ER

05

06 0017 R

Do
06 0017 R

N NNONANNNNaNNEANAANNNNNNANN0NNNN0N0a0N0aNaANNNNNNNaNANAanNANNNNa0NANNNNN0N0NAANNARNNAN0NNNNNNNa000Aa000

i
; Pour state shifts. "make' & “break' in kb_flag_1 plus history in kb_flag.

or

mov
Jmp

k_oap: mov
call
wov
call
k_nont: jmp

k_pum: mov
call
mov
call
Jap

k_ser: mov
oall
Jmp

k_4tog: or
Js
test
Jnz
or
xor

k_fret: ret

k_irea: not

and
ret

al,insert_shift
k_Btog

ah,an
k_none
ax, (insert_key®100h)+00h
k_buf

al,caps_look_shift

_Atog
¢1,00000001b
k_LED_ocap

short k_none

al,nun_look_shift
k_itog
©1,00000010b

k_LED_num
short k_nont

al,sorl_lock_shift
k_3tog
short k_noni

ah, ab
k_Hres

byte ptr ds:[kb_flag 1),al
k_iret

byte ptr ds:[kb_flag 1],al
byte ptr da:[kb_flagl,al

a1
byte ptr ds:[kb_flag 11,al

INS togale lock
togale 3 state

is INS toggle “make' ?
if pot, exit

; eloe,
put ax into the buffer

; CAPS LOCX toggle lock
toggle 4 atate
CAPS LOCK LED is bit #0.
sond LED information

i NUM LOCK toggle lock
toggle &4 state
NUM LOCK LED is bit #1.
send LED information

i SCROLL LOCK toggle look
toggle 4 astate

is toggle shift “make' 7
if “break' reset kb_flag 1

if ‘make', test bit.
return if already pressed

sot the bit.
toggle kb_flag history.

1f “break', reset bit only.

Two state shiftas.

“make' & “break'

in kb_flag only.

x_alt: mov
call

k_lsh: mov
Jop

k_rsh: mov
i Jmp

k_2ret:
call
J=p

k_2tog: or
s
or
ret

k_2res: not
and
ret

al,alt_shift
k_2tog

ax,ax
al,byte ptr ds:[alt_input]

al,ontrl_shift
short k_2ret

al,left_shift
short k_2ret

al,right_shift
short k_zret

k_2tog
short k_nonl

ah,ab
k_2res

byte ptr ds:[kb_flagl,al

al
byte ptr da:[kb_flagl,al

ALT sot/reset kb_flag
toggle 2 state

soan code of ah = 0.
alt_input gets 0.

vas alt_input 07

if so, do mothing.

else, put it into buffer.

CTL set/reset kb_flag
toggle 2 state and return

LEFT SHIFT set/reset kb_flag
toggle 2 state and return

RIGHT SHIFT set/reset kb_flag
fall through

toggle 2 atate

18 set/reset shift “make' ?
if “break', reset bit only.
if ‘wmake', sot bit only.

if “break', reset onmly.

Alternate Numeric Keypad.

“make!

only.

k_alt9: inc
k_alt8: inc

ox

Alternate Numeric Keypad #9
Alternate Numeric Koypad #8
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EB21 41 € k_alt7: ine ox ; Alternate Numeric Keypad #7
EB22 41 € k_alté: inc ex ; Alternate Numeric Keypad #6
EB23 21 C x_alt5: inc ox i Alternate Numeric Keypad #5
EB23 &1 C k_alth: imc ex ; Alternate Numeric Keypad #4
EB25 &1 € x_alt3: inc ex ; Alternate Numeric Keypad ¢3
EB26 21 C k_slt2: inmc ex ; Mlternate Numeric Keypad #2
EB27 41 € k.alti: inmc ex ; Alternate Numeric Keypad #1
EB28 C k_alto: ; Alternate Numeric Keypad #0
c
EB28  BO OA c zov 21,10
EB2A F6 26 0019 R c mul byte ptr ds:[alt_input] ; alt_input = (10%alt_input)+cl
EB2E 02 C1 [ add al, el
EB30 A2 0019 R c mov byte ptr ds:[alt_input],al
EB33 EB 84 c Jop short k_noni
c
c
c Double Zero on Keypad. ‘make' only.
c 3
c
EB35 B0 30 € k_00: mov 21,'0" ; try to put ax into kb_buffer.
EB37 EB EBAD R c call k_try i zf set {(z) if buffer ia full
EB3A T4 03 c iz k_nop1 ; zf reset (nz) if buffer got ax
EB3C E9 EAS6 R c Jop k_buf ; put it into buffer, again.
[
EB3F E9 EASE R € k_nopl: jmp k_nop
c
[
c Break key sequence. ‘make' only.
c
c
EB42 BB OO1E R € k_.brk: mov bx,ds:(offset kb_buffer)
EBA5 89 1E 001A R c mov word ptr ds:[buffer_head],bx ; reset buffor to empty
EB49 89 1E 001C R c mov word ptr ds:[buffer_taill,bx
EBAD C6 06 0071 R 80 c @ov byte ptr ds:(bloa_break),80h ; turn op bios_break bit
EBS2 CD 1B [ INT 18b ; break interrupt vector
EBS4 33 CO c xor ax,ax ; ax gets deluxe 00h
EB56 E9 EAS6 R [ Jop k_buf ; put ax into the buffer
c
EB59 C k_int ondp
c
[
c Puts keyboard LED's in correot state after CAPS/NUM LOCK.
¢
[ Input: ah = scan code (make or break)
c al = kb_flag bit for CAPS/NUM LOCK (caps_lock shift or mum_look_shift)
c ; cl a 00000001b for CAPS LOCK LED or 00000010b for NUM LOCK LED.
[ Output: None.
[
c Trash: al & cl destroyed.
c 3
c
EBSY C k_LED_nun proc near
c assume cs:code, ds:data, es:nothing, sa:nothing
c
EB59 P6 06 0018 R 01 c test byte ptr ds:[kb_flag 1),dlx_kb ; are we a deluxe keyboard
EBSE T4 03 [ iz k_LED_cap i if kb, LED is num_lock
EB6O 80 F1 80 [ xor €1,10000000b ; 1f deluxe kb, LED i3
c i “num_lock
c
BB63 C Kk_LED_cap:
EB63 0A Ed [ or ah,ah ; 13 CAPS/NUH LOCK ‘make' ?
EB65 78 1D c is k_LED_ret 3 if not, exit
c
EB6T 84 06 0017 R c test byte ptr de:[kb_flagl,al ; i3 CAPS/NUM LOCK kb_flag set 7
EB6B T4 03 c Iz k_LED_cmd ; Af not, LED data is ok.
EBSD 80 F1 80 [ zor €1, 10000000b ; else, flip sonse of LED data.
c
EBTO € k_LED_cmd: ; polling loop to send command.
EBT0 EA 64 c in al,kb_status ; got 8031 statua
EBT2 A8 02 c test al,00000010b ; test input buffer bit
EBT4 75 FA [ inz k_LED_cad i if not ok to write cmd, loop.
c
EB76 B0 13 ¢ wov al,013h ; keyboard “LED' command.
EBT8 E6 60 g out p_kacan, al ; send keyboard "LED' command.
EBTA C k_LED dat: ; polling loop to send data,
EBTA E4 64 c in al,kb_status ; got 8081 status
EBTC A8 02 c test a1,00000010b ; test ipput buffer bit
EBTE 75 FA g Jnz %_LED_dat i if not ok to write data, loop.
EB30 84 C1 [ mov al,el ; rotrieve keyboard ‘LED' data.
EB82 E6 60 [ out p_kscan,al i send keyboard 'LED' data.
EB8A € k_LED_ret:
EB8N €3 c rot
c
EB8S C %_LED_num ondp
c
c
c Get kb_cap_flags bit into the carry flag (ef).
[
c Input: al = scan code (make)
c el =
c en: = p_kscan base
c Output: of set if kb_cap_flags bit
[
c Trash: si destroyed.
[
c
EBS5 C k_bit proe near
< assune cs:code, ds:data, es:nothing, ss:nothing
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c
EB85 8B F3 c mov 81,bx ; save bx
c
EB87 33 DB c xor bx,bx ; clear bh
BB89 84 D8 4 @ov bl,al ; bx = scan code (make) index
4 ; bx = 00000000 00xxxyyy
4
EB8B B1 03 c mov e1,3 ; rotate right bx 3
EB8D D3 CB c ror bx, ol ; bx = yyy00000 00000xxx
c
EB8F B1 03 c mov el,3 ; rotate left bh 3
EB91 D2 CT c rol bh, el i bx = 00000yyy 00000xxx
c ; bh = remainder = (0-T)
[ i bl = quotient = (0-6)
c
EB93 8A CF c mov cl,bh ; el = remainder = (0-7)
EB9S 32 FF c xor bh, bh ; bx = quotient = (0-6)
c
c
BB97 26: 84 59 F9 c mov bl,byte ptr es:[di+bx-7] ; bl = proper cap_flags byte
c
EB9B D2 D3 4 rel bl, 0l ; rotate (0-7) times into bit #7
EB9D 32 C9 c xor el,0l j ol =
EB9F DO D3 c rol b1,1 ; rotate into of bit #7
4
BBA1 8B DE c mov bx, sl ; restore bx
EBA3 €3 c rot
c
EBAY C k_bit endp
c
[
c ; Input: None.
c ; Output: None.
¢
c : Trash: al & dx destroyed.
[
c
EBAY C k_eoi proc near
c
C ; Sond specific end of interrupt (SEOI) to pic ‘command' port.
c
EBAY FA c oli ; disable interrupts
EBA5 BO 61 c mov al,pic_seoli_1 ; specific end of interrupt
EBAT BA 0020 [4 mov dx, pio_0 ; command to pic ‘command' port.
EBAA EE c out dx,al
EBAB FB c sty i enable interrupts
EBAC C3 c roet
c
EBAD C k_eoi endp
c
[ ]
c ; Try to put ax into the kb_buffer.
c 3
c ; Input: ax = word to put in kb_buffer.
c ; Output: zf set (z) 4if buffer is full. (ax trashed)
c zf reset (nz) 1if buffer got ax. (ax saved)
c
c Trash: bx, cx, dx, & si destroyed (inm general).
c
c
EBAD C k_try proc near
4 assune os:code, das:data, es:nothing, ss:nothing
c
EBAD 8B 1E 001C R c mov bx,word ptr da:[buffer_taill ; get buffer end pointer
EBB1 8B F3 4 mov 84,bx ; save the value
EBB3 E8 EB6E R c call k_adv_ptr ; advance the tail
c
EBB6 3B 1E 001A R c cmp bx,word ptr ds:[buffer_head] i has the buffer wrapped around
EBBA 74 07 ¢ je k_beep
c i 2f ia reset (nz)
BBBC 89 03 c aov word ptr ds:[si],ax ; store the value
EBBE 89 1E 001C R c mov word ptr ds:[buffer_taill,bx ; move the poimter up
EBC2 C3 c ret ; return zf reset (nz)
c
EBC3 C k_try endp
4
c
c ; Input: Nonme.
c ; Output: zf set (z) always.
c
c ; Trash: ax, bl, ex, & dx destroyed.
c
c
EBC3 C k_beep proc near
c assume cs:code, ds:data, es:nothing, ss:nothing
4
EBC3 E8 EBA4 R c call k_eol ; send specific end of interrupt
c
EBC6 BA 0061 c mov dx, p_kotrl ; get kb control port address
EBC9 EC c in al,dx ; get control data
EBCA 8A EO0 c mov ah,al ; save control data
c
EBCC B3 80 c mov b1,80n ; outer loop counter
c
EBCE 24 FC C k_lp: and al,0FCh i turn off speaker data
EBDO EE 4 out dx,al
c
EBD1 BY 0048 c mov cx,48n ; set up count
EBDY E2 FE c loop $ ; delay awhile
c
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EBD6 0C 02 c or al,02h ; turn on speaker
EBD8 EE c out dx,al
[
EBD9 B9 0048 c mov cx,48h ; set up count
EBDC E2 FE [ loop s ; delay awhile
c
EBDE FE CB c dec bl ; deoreaent outer loop counter
EBEO 175 EC c Jnz k_1p
c i 2f 1s set (z)
EBE2 B4 CB c @ov al,ah ; restore control data
EBE} EE < out dx,al
EBE5 C3 c ret ; return zf aet (z)
c
EBE6 C k_boep endp
c
c
EBE6 C k.datal proc
c
EBRS BAAT R C k_case dw k_ios kbins (0COh) -
EBE8 EABS R 4 dw k_cap kboap ]
EBEA EACI R c dw k_nun kbnum |
EBEC RACD R c du k_sor kbser |
EBEE EAEE R c dw k_alt kbalt ‘make' & ‘break'
EBFO BBOO R c dw k_otl kbotl 1
EBF2 EBO4 R [ dw k_1lsb kbl ah |
EBFY  EBOS R [ dw k_rshb kbrash v
c
EBF6 EA6T R c dw k_res kbres (0C8h) -
EBFS EB42 R c dv k_brk kbbrk
EBFA EA78 R c dw k_pause pause
EBFC EA9B R c dw k_prt kbprt
EBPE EAAZ R c dw k_nul i kbnul
ECO0 EASB R c dv k_none ; NONE
c
BCO2 EBIF R c dw k_altg kdeog
BCO EB20 R c dw k_alt8 kdeod
ECO§ EB21 R c dw k_alt? kdeoT ‘make' omly
ECO8 EB22 R [ dv k_alté ; kdeab
ECOA EB23 R c dv k_alts kdeoS
ECOC EB24 R c dw k_alth kdeok
/ N ECOE EB25 R c dw k_alt3 kdeo3
EC10 EB26 R c dw k_alt2 kdeo2
EC12 EB2T R c dw k_altl kdeo1
EC14 EB28 R c dv k_alto kdecO
c
EC16 EB35 R c dv x_00 kdblo (0DBh) v
c
EC18 € k_datal endp
c
EC18 € ocode onds
€ include fdul.asn
c
c HEH
c
EC18 € code segment public 'ROM'
c assume cs:code, ds:data, ea:nothing, sa:nothing
c
EC18 C f_nec_reset proc near
c
EC18 BA O3F4 90 c mov dx, f_nec_status ; NEC status port
ECIC EC c in al,dx
ECID 3C 10 c cap al,10h ; NEC busy.
EC1F 75 OE c jne f_nec_roset_ret i no.
EC21 A0 0031 R c @ov al,diskette_status ; save from previous operation.
EC28 50 c push ax
EC25 33 €O c xor ax,ax ; reset call.
EC27 BB DO < mov dx,ax
EC29 CD 13 [ int 13b
EC2B 58 c pop ax
EC2C A2 001 R c @ov diskette_status,al ; restore from previous op.
EC2F C f_nec_reset_ret:
EC2F C3 c
c
EC30 C f_nec_reset endp
<
EC30 € code ends
€ include fdul.asm
c
c Sisiiiiiiiii EQUATES ;33
c Controller constants
c
= 000C c equ 11006 ; HBTPI Step Rate Time (6 ms @ 4 Mhz)
/".*M = 000E c equ 1110b  ; 96TPI Step Rate Time (4 ms € § Mhz)
= 000F c equ 1111b ; Head Unload Time (380 ms @ § Mhz)
s = 0001 c equ 1 ; Head Load Time (4 ms & 4 Hhz)
= 0000 c equ 0 ; Hot DMA bit (0 = dma on)
c
= 0025 € f_motor_wait equ 37 ; no. of RTC tioks before turaing
c ; motor off. (f_motor_wait x 55ma)
[
= € f_drive equ [bp+0] i byte pointer.
= C f head equ [bps1]) ; byte poimter,
= € f_numseas equ [bpe2) ; byte pointer.
= C f_command equ [bp+3] ; byte pointer.
= C f_bufoff equ [bpes) ; word pointer.
B C f_secnun equ [bp+6] i byte pointer.
= c f_eyl equ {bp+7] ; byte pointer.
= € f_real_drive equ [bp+8) ; byte pointer.
c
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c Floppy Disk port addresses =
c
= 03F2 C f_motor_port equ 03F2h  ; drive select port
= 03FY C f_nec_status equ 03F4h  ; disk controller status port
= 03F5 C f_nec_data equ 03FSh  ; disk controller data port
c
c Floppy Disk commands
c
= 0OE6 C f_read_cmd equ OE6h i read data
= 00C5 € f_write_cod equ 0Cs5h ; write data
= 004D C f_format_cmd equ 04Dh ; format
= 0007 C f_recal_cmd equ 007h ; rocalibrate
= 0008 C f_snsint_cad equ 008n i sense interrupt
= 0004 C f_snadrv_omd equ 00un ; sense drive
= 0003 C f_specify_cud equ 003h ; specify
= 000F C f_seek_cad equ 00Fh ; seek
c
c 3
c
EC30 C code segment pubdlic 'ROM'
4 assume c¢s:code, ds:data, es:anothing, ss:inothing
c
c
c
c
c
EC59 c ORG 0EC59h
EC59 C fd_io proc far
c
EC59 FB c st ; enable interupts
EC5A 55 c push bp
EC5B 1E c push ds
ECSC 56 [ push ai
EC5D 57 c push dg
ECSE 52 c push dx ; head & drive#
EC5F 51 c push ex ; oyl. & sec#
EC60 53 c push bx ; buffer offset
BC61 50 4 push ax i command & #secs
EC62 52 c push dx ; this one gots modified(96 TPI)
EC63 8B EC c zov bp, 3p ; BP preserves SP throughout / N\
¢ \
C ; teat command code & use jump table to jump to appropriate routine
c
EC65 2E: BE 1E E5F2 R [ @ov ds,word ptr cs:lset_ds_word] ; DS = data_seg (40h)
EC6A 80 26 003F R OF c and motor_status,0Fh ; preserve motor on bits.
ECSF 80 FA 01 - c cmp a1,1 ; max. drives
ECT2 77 05 c Ja f_tol i drive out of range.
ECT3 80 FC 05 c cnp ah,5 ; max. command.
ECTT o7 c Jve diskette_fol ; command in range
ECT9 C f_do1:
ECT9 C6 06 0031 R 01 c mov diskette_status,omd_error ; 01h
ECTE EB 1B c Jep short f_io ret ; quick return
ECB0 C diskette_iol:
ECB0 FC c cld ; Autoincrement for strings.
EC81 E8 EFAD R c call f_sheck_valid ; Will not return if error.
EC8% 32 FF [ xor ; olear high byte
EC86 8A DC 3 mov i move selection imto low byte
ECE8 D1 E3 c shl i multiply by 2
EC8A 2E: FF A7 ECBF R c
[
¢ iiEs
c
EC8F C f_table label word
c
ECBP ECBF R c dw f_reset H 0 (reset)
EC91 BC9B R < av f_io_ret ; 1 (status)
EC93 ED65 R < dw f_rdata : 2 (read)
EC95 ED39 R c dw f_wdata H 3 (write)
EC97 ED65 R c dw f_rdata 3 & (verify)
EC39 ED39 R [ dw f_vwdata ; 5 (format)
c
c
c
EC9B c
€ ; f_noc_reset is located in the module called special.sre.
EC9B EB EC18 R c call £_nec_reset i reset if necessary.
EC9E BB 0002 c DoV bx,2 ; motor_wait parameter.
ECA1 EB EDFF R < call f_got_var ; Returns 0 in AH.
ECAR A2 0040 R [ mov motor_count,al i motor shut off value.
c
ECAT 32 CO c xor al,al ; zero AL.
ECA9 84 26 0031 R c mov ah,diskette_status
¢ S
BCAD 80 FC 01 c cmp an,1
ECBO F5 c omo
c
ECBT 8B E5 c mov sp,bp i for safety sake. ———
ECB3 58 < pop 3 discard DX.
ECBA 5B c pop bx ; discard AX.
ECB5 5B c pop bx
ECB6 59 c pop ox
ECBT 54 c pop dx
ECB8 5F [ pop a1
ECBY9 5E c pop 81
ECBA 1F c pop ds
ECBB 5D c pop bp
c
ECBC CA 0002 c ret 2
[
ECBF C fd_io endp
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ECBP f_reset proc

ECBF FA eld ; disable interrupts

ECCO BO 66 mov al,pic_seol_§ ; apegific end of interrupt
ECC2 BA 0020 mov dx,pie_0 3 to pic ‘ocommand' port.
ECC5 EE out dx,al

ECC6 k2 ine dax ; pic ‘data' port.

ECCT BC in al,dx ; read mask.

ECC8 24 BF and al, 101111110 ; enable IR6.

ECCA EE out dx, al

; Develop mask for motor control port.

ECCB A0 003F R mov al,motor_status ; which motor is running?
ECCE 23 OF and 81,0Fn ; blow off high 4 bits.
ECDO 74 OE Jz f_r2 ; no motors running.
ECD2 8A EO mov ah,al
ECD® B1 0% mov el,b
ECD6 D2 EO ahl al,ol i @ove to high nib.

3 A motor is on. Find out which one.
ECD8 f_ri:
ECD8 DO EC ahr ab, 1 ; determine drive select
ECDA T2 04 e f_r2 ; from motor epable bit,
ECDC FE CO ine al
ECDE EB F8 Jop short f_ri
ECBO f_r2:

; Reset signal has to be maintained for at least 13 clocks.

ECBO C6 06 0041 R 00 mov diskette_status,0
BCE5 0C 08 or , ; set bit 3.
RCE7 BA 03F2 mov dx, f_motor_port
ECEA EE out dx,al ; send reset sigaal.
ECEB 0C 03 or al,b i set bit 2.
BCBD C6 06 003E R 00 woy seek_status,0
ECF2 EE out dx, al ; clear reset.
ECF3 FB st
ECPX E8 EF82 R call f_sis ; senss int. status
ECF7 B4 03 aov ah, f_specify_cmd
ECF9 EB EEOC R oall f_put_byte
ECPC BB 0000 Doy bx,0 ; 1at specify byte.
ECFF E8 EDFF R call f_get_var
ED02 84 EO mov ah, al
EDO4 E8 EEOC R call f_put_byte
EDO7 BB 0001 moy bx,1 i 2nd specify byte.
EDOA E8 EDFF R call f_get_var
EDOD 8A EO mov ah,al
EDOF B8 EEOC R call f_put_byte
ED12 EB 87 Jap f_lo_ret
ED13 f_reset endp
i {f_motor_on)
5 INPUT: none
i
; OUTPUT: Carry set if motor was off, cleared otherwise.
i DESTROYS : AX, cX
i
ED13
ED13 C6 06 0030 R FF mov motor_count,0FFh ; max. time for motor.
ED19 8A 4E 00 mov cl,f_drive i drive,
EDIC BO 01 aov al,1
EDIE D2 EQ shl al,ol ; mask for motor atatus.
ED20 B84 06 003F R test al,motor_status ; test always clears carry.
ED2} 75 12 joz f_po_ret ; already running.
ED26 A2 003F R mov motor_status,al ; set correct bit. N
ED29 8A El mov ah,cl ; drive into AH.
ED2B  B1 04 moy cl,4
ED2D D2 EO snl al,el ; motor on bit to high nibble.
ED2F 0C 0C or al,0Ch ; set bits 2 & 3 (0000 1100).
ED31 0A C4 or al,ah ; drive bits ( 0 & 1),
ED33 BA 03F2 mov dx, f_motor_port
ED36 EE out dx,al ; turn on the motor.
ED37 F9 ate ; motor was off indicator.
ED38 f_mo_ret:
ED38 €3 ot

EEAANANRNNNANANONANANANNNaaNNANNAANANNANANANNNANN0NNARNAANNNN0NNNAANNNNNNNANANANANNNNNANNNNNAANOAARGGNANAN
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ED39 f_motor_on endp

ED39 f_wdata proc near

ED39 EB8 ED14 R call f_motor_on ; sets carry if motor was off.
ED3C 73 1 Jne f_wd1 ; motor was on, akip delay.
ED3E E& 67 in al,sys_conf_b ; read switch.

ED40 F6 DO not al ; toggle the sense.

ED42 24 02 and al,2 ; 1solate slow motor bit.
ED4Y 8A C8 mov el,al

ED46 BA 007D mov dx, 125 ; 125 ms delay to start with.
ED49 D3 E2 shl dx, el ; 125 x &

ED4B BB 0004 mov bx; 10 ; motor start delay parameter,
EDYE EB EDFF R call f_got_var ; returns paras. in .

EDS51 32 E& xor ah,ah ; for good measure.

BD53 FT E2 mul dax ; AX has total delay

ED55 8B C8 mov ex, ax

ED57 f_wd_loop:

ED57 E8 BFAT R call f_wait_one_ps

ED5A E2 loop f_wd_loop

ED5C f_wdl:

ED5C 80 OE 003F R 80 or motor_status,080h ; net high bit, indicate write,
ED61 BO 44 mov al,04An ; DMA mode byte: channel 2,

BD63 EB 22

ED6S

ED65 B0 26 003F R TF
BD6A EB ED14 R

ED6D 73 OF
ED6F BR 67
BDT1 A8 02
ED73 75 08

EDT5 B9 O1F4
EDT8

ED78 E8 EF4T R
EDTB E2 FB

EDTD
EDTD BO A6

EDTF 80 TE 03 03
ED83 75 02
ED8S BO 82

ED8T

EDBT

ED87 C6 06 0040 R FF
ED8C E8 BET3 R

EDBE 06
ED90 1E
ED91 07
ED92 32 CO

EDA3 Bh C5
EDAS 80 FA 03
EDAB T4 09
EDAA B3 4D

NN NNN0NANANNNNNENEAANAADR0NNaNANaANN0NNNA00AANNANONNN0NNN0NNN0ANaANN0NANNNNANNNNN0NNNNNNNNNNN0NNANNAAN

asingle mode, read transfer

Jop short f_rw_common
f_wdata endp

f_rdata proc  near
and motor_status,0TFh ; clear high bit, indicate read
call f_motor_on
ine £_rd1 ; motor was om, no delay.

; slow motor delay loop

io al,sys_conf_b ; read configuration switoh(7W)
test al,2 ; bit 1 = aslow drive bit
Jnz f_rd1 i 1 = 250 ms motors, no delay
Dov ¢x,500 : approx. 500 ms delay for
i slow motora
f_rd_loop:
call f_wait_one_ms
loop f_rd_loop
f_rdl:
pov al,046h ; DMA mode byte: channmel 2,
i single mode, write transfer.
cop byte ptr f_conmand,i ; Is it a verify command?
jne f_rw_conmon ; No, must have been a read.
mov al,082h ; DMA mode byte: chenmmel 2,
i

aingle mode, verify transfer.

f_rdata endp

Comnon (f_ru_conmon)
INPUT: AL dna mode byte.

OUTPUT:

DESTROYS:

f_rv_comaon proc near
mov sotor_count,0FFh ; long walt,
call f_set_dma i pasa mode byte on through.

; Clear out status from previous operation.

push  es

push s

pop es

Tor al,al

mov ox,T

mov di,offset nec_status

rep stosd

pop os

call f_seek ; On return, f_drive has
head bit or'd in.

mov d1,byte ptr f_command ; get command

mov ah, f_write_om

camp d1,3 ; Is it a write copmand?

Je _rwt i yes

Dov ah,f_format_cmd

omp d1,5 ; Is it e format command?
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EDAF 74 02 Jo £_rwt ; ves
EDB1 B4 E6 mov ah, f_read_cmd ; Dust be read or verify.
EDB3 f_rwt:

call f_put_byte send command.

EDB6 B8A 66 00 aov ah, f_drive ; has head and drive bits.
EDBY E8 EEOC R call f_put_byte

EDBC 80 7E 03 05 omp byte ptr f_command,5 ; was it a format cobmand?
EDCO 74 15 Je f_rv_skip ; yes, skip next 3 params.
EDC2 8A 66 07 mov ah,f_cyl

EDC5 B8 EBOC R call f_put_byte

EDCB 8A 66 01 mov ah, f_head

EDCB 80 E& 01 and ah,1 ; blow off high T bits.
EDCE E8 EEOC R call f_put_byte

EDD1 B8A 66 06 Doy ah, f_setnun

call f_put_byte

; Get bytes 3,4,5,6 from table.
; If we are formatting then we need bytes 3,4,7,8 from table.

c
c
c
c
c
c
4
c
c
c
c
c
c
4
c
c
c
c
c
EDDT C f_ru_skip:
EDDT B9 0004 c mov cx, 8
EDDA BB 0003 c Bov bx,3 ; no. bytes per sector.
EDDD C f_rw2:
EDDD E8 EDFF R c call f_get_var
EDE0 8A BO c zov ah
BDE2 E8 EEOC R c call f_put_byte
EDE5 43 c ine bx
EDE6 83 FB 05 c cmp bx,5 ; time to check for format?
EDE3 75 09 c Jne f_rv3 3 No.
EDEB 80 7B 03 05 c cap byte ptr f_command,5 ; was it a format command?
EDEF 75 03 c ine £_ru3 i no.
EDP1 BB 0007 c mov bx,7 ; Tth parameter in table.
EDF3 C f_rw3:
EDF4 B2 E7 c loop f_rv2
c
EDF6 E8 EF8D R c call f_wait_for_nec
EDF9 E8 EBR29 R c call byte ; get the results.
c
EDFC C f_rw_ret:
EDPC B9 EC9B R c Jmp
c
EDFF € f_rw_copmon
c
C isiiiiiiisiiiiig
c
c Get specified byte from fdu parameter tabdle (f_get_var)
c
c INPUT: BX parameter number (0 - 10)
c
[ OUTPUT: AL The requested byte.
c
c DESTROYS : AR
c
[ 2]
c
EDFF c
c
EDFF 1E c
EE00 33 CO c
EE02 8B D8 c @ov ds,ax i segment 0
c
c assume ds:abs0l ; tell assembler seg 0:
c
EEO4 C5 36 0078 R c lds si,dword ptr [int1Elocn] i DS:SI points to table
EE08 8A 00 c mov al,[bxesi)
EEOA 1F c pop ds
c
c assume ds:data i tell assembler seg 40:
EEOB C3 c ret
c
EEOC C f_get_var endp
c
c ;
c
c Send a byte to the NEC controller (f_put_byte)
c
g ; INPUT: AR byte to output.
[ OUTPUT:
c
c
c
EEOC C f_put_byte proc near
c
EEOC E8 EF6B R c call f_nec_rdy ; returna MSR byte in AL.
EEOF A8 40 [4 test al,d0h ; direction bit.
C .list
EE11 75 05 c jnz f_pb_erret ; wrong direction.
EE13 42 c ine dx ; NEC data port 3F5h
EE12 BA Cb c aov al,ah
BE16 EE c out dx,al
c
EE17 C f_pb_ret:
EE1T €3 c ret
c
EE18 C f_pb_erret:
EE18 C6 06 0041 R 20 c mov diskette_status,fdc_error
EE1D E9 EC9B R c Jmp f_io_ret
c
EE20 C f_put_byte endp
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[
[
c
c Read the results bytes from the NEC controller (fdu_datal)
c
< INPUT: none
c
c OUTPUT:
c
c
c
[
c
c
EE20 C rdu_datal proc
c
EE20 € f_gb_table label byte
EE20 04 c db 4 ; record not found.
EE21 00 4 db 0 ; dumoy
EE22 10 c db 10h i ore error.
EB23 08 c db 8 ; doma error.
EB2%F 00 c db 0 i dumay.
EE25 04 c db 5 ; sector not found.
EB26 03 < db 3 ; write protect.
EE2T 02 c db 2 ; address mark error.
EB28 20 [ db 20h ; fde error.
[
BE29 C fdu_datal endp
c
BR29 C f_get_byte proc near
c
EE29 06 c push os
EE2A 1E C push ds
EE2B 0T c pop as
EB2C BF 0032 R c nov di,offset nec_status ; ES:DI 1s now ready for stosb,
EB2F 8B ¥7 c mov ai,di j offset of nec _satatus iao SI.
EE31 B9 0007 c mov ex,7 ; maximum no. of bytes.
EE34 C f_gb_loop:
EB34 EB EF6D R 4 call f_neq_rdy i Returns MSR byte in AL.
4 ; will not return if error.
EB37 A8 10 c test al,10h i busy bit.
BB39 T4 36 c iz f_gb_ret i done.
EE3B A8 &0 c teat al,40h ; direction bit.
BE3D 74 05 c 3z f_ghb_out ; wrong direction.
BE3F 42 c inc dx i point to nec data port (3P5h)
EE40 EC c in al,dx
BER1  AA c stoab
EER2 E2 FO c oop f_gb_loop
BE4A C f_gb_out:
EER4 80 TB 03 00 c omp byte ptr f_command,0 j was it reset command?
BENS T4 27 ¢ je £_gh_ret ; yes.
EB3A AC [ lodab i get STO in AL.
EE4B A8 20 c test al,20b ; seek end?
EBAD 75 22 c Jnz f_gb_ret i yes.
BBAF A8 CO [ test al,0C0h
BES1 78 1A [ 3z f_gb_Jjomp
c
BB53 C6 06 0041 R 20 c mov diskette_status,fdoc_error
BE58  AC c lodsb ; get ST1 in AL,
BES9 B9 0008 c mov cx,8
EESC 33 DB ¢ xor bx,bx
EBSE C f_gb_loopl:
EESE DO CO c rol al,1
EE60 72 03 ¢ Jo f_gb_dacode
EB62 43 [ ine bx
BB63 E2 F9 < loop f_gb_loopl
EE65 ¢ f_gb_decode:
EE65 2E: 8A 87 EE20 R [ aov al,es:f_gb_table(bx]
EE6A A2 0041 R c mov diskette_status,al
EE6D C f_gb_jmp:
EEB6D 07 c pop en
ER6E E9 EC9B R ¢ Jmp f_io_ret
c
EET1 C f_gb_ret:
EET1 07 c pop es
EET2 €3 c ret
c
EET3 C f_get_byte endp
c
c
[
c Test for boundary crossing case thenm program the
c DMA controller (f_set_dma).
c
c INPUT: AL mode byte
4 ES segment of uaer buffer.
c
c OUTPUT:
<
c DESTROYS : AXx, BX, CX, DX
c
c
c
EET3 C f_set_dma proc near
c
EET3 €6 06 0041 R 09 c aov diskette_status,dma_seg error
EET8 E6 0C c out dma_frf_clr,al ; set to known state.
EETA E6 OB c out dma_mode, al ; send mode byte.
EE7C 8B S5E 04 c mov bx,word ptr f_bufoff ; offset of user buffer.
EETF 8C CO c oov ax,es 3 offset of user buffer.
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EECD

EECD
EEDO
EED2
EEDR
EED8
BEDA

oA
06 0041 R 00

4E 00
01

EO
06 003E R
28
06 003E R

0002

EEOC R
66 00
EEOC R
EF82 R

06 0032 R CO
0A

ET
06 0031 R 40
EC9B R

R0 RNNANNACNNANN00ANNNaNN00NNNNNN00ANNANANNNNNN0Na0000NNNNNNNNNNANNAN0N0AAAN00NNNNNANNNNNAN00NA0AAAO

nov cl, ¥
rol ax, el
mov ch, al
and oh,0Fh
and al,0F0h
add bx,ax
Jae f_sdl
ine ch
f_sd1:
mov al,ch
out dma_segn_2,al
mov al,
out dma_mask_bit,al
mov al,
out dma_addr_2,al
mov al,bh
out dma_addr_2,al
wov dx, bx
mov bx,3
call f_get_var
zov el,al
mov
xor
shr
shl
dec
add
Jae
jap f_io_ret
f_sd2:
cut dpa_count_2,al
mov al,
out dma_count_2,al
mov al,
out dma_maak bit, a1
mov dibkette,. stacu,
f_sd_ret:

re
f_set_dma

i

£_saeek

; TWo recalibrate coommanda required in the case

INPOT:

OUTPUT:

DESTROYS:

proc near
mov el,f_drive

mov al,

ashl al,el

teat seek_status,al
Jnz 8

or seek_status,al

f_s_recal:

i possibly test
test

fs1:

£_cont:

wov ex,2
mov ah, f_recal_ond
push ex

call f_put_byte

mov ah, f_drive
call f_put_byte
call f_sis

pop ox

nec_status,0COh

iz £_s1
loop f_s_recal
mov diskette_status,seek_error
Jmp f_lo_ret
aov ah, f_seok_cnd
call f_put_byte

; prepare second byte of scek command.
mov al,f_head
and al,!
shl al,1
sn} al,1
or al,f_drive
mov f_drive,al
mov ah,al
call £ put byte
aov ah, f_
test byn p:r f_head,80h
iz f_cont
shl ah,1
eall f_put_byte
call f_s1s

bit 3 as well (equipment check..

shift count

move high nibd around.

save high nib.

isolate high nib

prepare for offset calculation
20 bit caloulation.

high nib

high nib. to latch
disable channel 2.
low byte of address.

high byte of addresa.
save buffer offset.
bytes/sector param
get param from table
save for shift ocount
get #sectors.

AX = #seotors x 256
AX = #sectors x 128
multiply by bytes/sector.
DHAC ccunts zero.
add count to offset

exit boundary crossing.
low byte of ocount,
high byte of count,

enable chamnel 2

get drived as shift oount.
mask for recal.

no recal. requi
set the oorrupondinu bit.

of 96 TPI drives.

loop count for 96 TPI

recal, oommand
save 1t,

drive bit.

end of command phase,
Sense Interrupt Status
restore it.

track 0 not reached)

equipment OK 8o restora.

blow of f high 7 bita.
move head to bit 2.

combine drive bit with heac
and save it,

test 80 track bit.
eyl x 2

end of seek command.
Semse Interrupt Status
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EF2C P6 06 0042 R CO 4 test nec_status,0C0h i test for seek ond.
4
EF31 75 13 4 Jnz f_s_ret
EF33 BB 0009 c mov bx,9 ; hoad settle parameter.
EF36 EB EDFF R c call f_get_var
EF39 0A CO c or al,a.
EF3B 74 09 c Jz f_a_ret i head settle = 0.
EF3D 84A C8 c mov el,al ; use settle parm. al loop index
EF3F 32 ED c xor oh, oh
EF41 C f_head _settle:
EF41 EB EFAT R c call f_wait_one_ams
EF4% E2 FB c loop f_head_settle
EF46 C f_s_rot:
EF46 C3 c ret
c
EF4T C f_seek endp
4
[
c ;
c One millisecond delay loop (approximately)
c ;
c The CALL is 19 olocks.
c ; The callers LOOP statement is 17 clooks.
c ; No flags affeoted.
c
c
c
EF47 C f_wait_one_ms proc near
EF47 51 c push ex i 11 clocks
EF48 B9 0176 c nov ex,374 i 4 clocks
EF4B  E2 FE C w_one: 1loop w_one 3 (17 x CX) + 5 clocks
EFED 59 c pop ox ; 8 clocks
EF4E C3 c ret 3 16 olocks
EF4F € f_wait_one_ms endp
c
c
c
c
c
c s
c
EF4F € stop_disk proc near \
c
EP4F BO 0C c mov al,0Ch
EFS1 BA 03F2 c mov dx,f_motor_port
EFS4 EE c out dx,al
EF55 C3 c ret
EPS6 C stop_disk endp
c
€ include fdu2.asam
c
c
c
c
c INPOT: none
c
tC: OUTPUT: MSB of seek_status is set if NEC interrupts.
c DESTROYS : nothing
c
c iiiiiiig i
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E6

2E: 8E 1E B5F2 R

80
1F
58
CcF

E8
E9

20
OE 003E R 80

P6
06 0041 R 80
EC9B R

EF8D R
08

EEOC R
EE29 R

03E8

06 003E R 80
oD

EF4T R

F

4
06 0041 R 80
EC9B R

26 003E R 7F

CANNANNONANNNNNNANNAANONAANNNOANNNNN00A0NNNNNN00NNNANNNANNNANNNNN00000NNNNNN0N0000NNNNNN0NNNNNNN0NRANOO

ORG OEF57h
fd_int proc near
sti ; enable interupts
push ax
push ds
mov al,pic_seol 6 ; specific end of interupt
out pic_0,al ; send to 8259
mov ds,vord ptr cs:[set_ds_word) ; set DS to segment 30h
or seok_status,80h ; interupt indicator
pop ds
pop ax
iret

fd_int endp

NEC ready (f_nec_rdy)
INPUT: none

OCTPOT: AL Main Status Register byte.
DX Points to port 3Fih

DESTROYS:

mov dx, f_nec_status ; Main status register(3F3h)

in al,dx

test al,080h i RQM

Jnz f_nr_ret ; NEC 13 ready.

loop f_nr1

mov diskette_status, time_out

Jmp f_io_rot ; Took too long to respond.
f_nr_ret:

pop ox

ret

Sense Interrupt Status (f_sis).

INPUT: none

OUTPUT:

DESTROYS :

f_sis proc near
call f_wait_for_nec ;i no roeturn on error.
mov ah,f_snsint_cad ; end of command phase.
call f_put_byte i no returm on error.

Jop f_got_byte

f_sis endp

AR AR R R R R R R R R AR R R R R R R R R AR RE R E]

Wait for NEC to interupt on completion of execution phase or
time out if NEC never interupts (f_wait_for_nec).

INPUTS: none
OQUTPUTS:

for_nec proc near

sti i enable interupts

push ex

mov ex, 1000 i wait a while
v_nec:

test seek_status,80h ; test MSB (int_flag)

Jnz v_nec_ret

call f_wait_one_ms

loop w_nec

@ov diskette_status,time_out

Jop f_io_ret
w_nec_ret:

and seok_status,07Fh ; clear MSB.

pop

ret

f_wait_for_nec endp
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jiid

i Check Valid (f_check_valid)

This routine deternines the 'validity of the request based on
drive type (30 or 80 trk) and media type (40 or 80 trk)

Bit 7 of sys_conf_b port: 0 = 40 trk drive, 1 = 80 trk drive
Bit 7 of head parameter(DH): 0 = 840 trk media, 1 = 80 trk media

pedia

i OUTPUT: The MSB of the drive parameter at bpel is set

H Af the drive is BO track and the media is 40 track.
; This is used by seek to determine if double stepping
: 1s necessary.

f_check_valid  proc near
50 push ax
E8 67 in al,sys_conf_b ; switch port
24 01 and al,1 ; blow off high 7 bits
vo c8 ror al,1 ; move it into the high bit
30 46 01 xor f_head,al ; head param. {xor clears carry)
19 0C ins f_cv_ret ; media & drive agree
48 80 toat al,B80h i Is drive 80 track.
75 08 Jnz f_ev_ret 5 1t was,
C6 06 0041 Kk 01 mov diskette_status,cmd_error
E9 ECIB R Jmp f_to_ret
f_cv_ret:
58 pop ax
c3 ret
f_check_valid endp
tnelude fdul.asm
fd_parms
i This 13 the set of parameters required for diskette operation.
i They are pointed to by interrupt vector 1Eb (0:78h). To modify
H the parameters, build another parameter block and point disk_poinmter
P to ft.
EFCT ORG OEFCTh
EFCT fdu_data2 proc
EFCT rd_paras label  byte
CF db (f_srt_48 shl 4) « f_hut i SRT + HUT .
02 db (f_hlt shl 1) + f_ndma i HLT + DMA mode
25 db f_motor_wait ; motor of f delay
02 db 2 i 512 bytes per sector
08 db 8 ; EOT last sector on cyl
24 db 02Ah i gap length
FF db OFFh ; DIL
50 db 050h ; gap length for foramat
Fé db OF6h i i1l byte for format
19 db 25 ; head settle time (m3)
ou db 4 ; motor atart time
fdu_data2 endp
EFD2 code ends
include prt.asm
zzezszaz
H Filename prt.sre
; This module includes INT 17h.
: sxax
EFD2 code segment public 'ROM’

assume e¢s:code, ds:nothing, es:nothing, ss:nothimg

NN aNANNNANNANANNNNNPRARANANNNNANNNANONNANAONNNANNANNNANNAANNANANANNNANANANAANNNNNANANOANNANNNANANANNOOA

: =z zazzazeza:
H INT 17h Prioter Software Interrupt Request Routine

H Input: ah = 0 print character

H al = character to print

B dx = printer port number (0,1,2,3)

; Output: ah = status of printer: bit #0 set if time out
H al = character to print (presaerved)

H

i Input: ah = 1 injtialize the printer port

; dx = printer port number (0,1,2,3)

; Output: ah = status of printer
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EFD2
EFD2

EFD2

EFD3
EFD6

EFD8
EFD9
EFDA
EFDB

EFDD
EFDE

EFE3
EFES
EFE7
EFEB
EFED
EFEF

EFF3

FOOB
FOOD

FB

83 FaA
73 32

$1
52

57
86 cu

1E
2E: BE 1E ESF2 R

8B FA
33 ¢9
8A 8D
D1 El
03 FF
8B 95

8a ci
EE

o4

0078 R

0008 R

ANO0NNAANNNN0NNNNNNN0NNANNANNNONN0NANNNAAANNANNANANAtANNANNNANNNNNNOA0NAGANONNN0NANAN000ANANNNANAN0OAG

; al preserved
H Input: ah = 2 read the printer status
] dx = printer port nuamber (0,1,2,3)
i Output: ah = status of printer
H Trash: ah = (ah - 2) if ah > 2
H al preserved
i Assumes: prt_stat_x = prt_data_x + 1 = dx + 1
; prt_cmd_x = prt_data_x + 2 = dx + 2
; Printer Status Byte from prt_stat x:
H bit 40 = time-out on printing character (p_out).
; set by software; no hardware significance.
H bits #1-2 = no significance (always cleared).
H bit 3 = hardware: 1/0 error.
; bit "= hardware: selected.
; bit "5 o hardware: out of paper.
i bit "% = hardware: acknowledge.
i bit " = hardware: not busy.
; "Good" Statuses are: 90h & 10h if a printer is connected.
H 30h if printer is disconnected.
ORG OEFD2h
p_1o proc near
assume cs:code, ds:nothing, es:nothing, ss:nothing
sti ; enable interrupts
cop dx, b ; 4 printers allowed max
Jae p_nop
assume es:code, ds:data, es:nothing, ss:nothing
push ex ; save registers
push dx
push di
xchg al,ah ; reverse al & ah
; ah saves al throughout
push ds save d.
Doy ds,word ptr ca:[set_ds_word] ; satiafy assuoptions
mov d1,dx ; get port number (0-3)
xor ex,ex ; clear ch
mov cl,byte ptr ds:[dieprinter_t_out} ; get printer time-out
sal ex,1 ; double it 4 faster cpu
add d1, 41 ; make word index
mov dx,word ptr ds:[disprinter_addr] get address of printer
data port
pop ds restore ds
assume cs:code, ds:nothing, es:nothing, ss:nothing
or dx,dx ; is a printer there?
iz p_ret
xor di,de ; clear di
or al,al i al = 07
3z p_out i dx = prt_data_x
inc dx 5 dx = prt_stat_x
3ub al,2 5 al = 1 ¢ 22
ib p_init ; dx = prt_stat_x
; al = 27
Je p_stat i dx = prt_stat_x
p_ret: xchg al,ah reverse al & ah back
ah saved al throughout
pop d restore registers
pop dx

pop
p_nop: iret

Print Character

to Parallel Printer Interface.

3 Input: ah = character to print
; ex = printer time-out
dx = address of printer data port (prt_data_x).
di = 0
; Output: ah = character to print
; al = status of printer: bit #0 set if time out
dx = address of printer status port (prt_stat_x).
Trash: ox & di destroyed.
Assumes: prt_stat_x prt_data_x + 1 = dx + 1
prt_cmd_x prt_data_x + 2 = dx + 2
assume ca:code, ds:nothing, esinothing, ss:nothing
p_out: mov al,ah ; get character to print
out dx,al output character
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¢ N
FOOE a2 [4 inc dx ; dx = prt_stat x -
c
FOOF EC C p_lp: 1in al,dx ; get printer status
FO10 24 FB c and al,0F8h ; clear bogus printer bits
Fo12 34 49 [ xor al,049h ; flip acknowledge & 1/0 err bit
c i & set printer time-out bit #0
Fo1a 78 07 c Js p_ok ; walt for not busy bit #7 set
[
FO16 4F [ dec d1 ; inner loop counter
FO1T 75 F6 c Inz p_lp i inner loop
FO19 E2 F4 c loop p_lp ; duter loop
FO18 EB E§ c Jmp short p_ret ; return status with time-out
c
FOID 42 C p_ok: inc dx 3 dx = prt_emd_x
FO1E BO 0D [ wov al,0Dh ; set strobe high (al = 0Dh)
F020 EE [ out dx,al
FO21 90 c nop
F022 48 c dec ax ; set strobe low (al = 0Ch)
F023 EE [ out dx,al
FO24  4a [4 dec dx ; dx = prt_stat x
c
F025 EB 0D < Jop shert p_stat
c
c ; S
c Initialize Parallel Printer Interface.
c
c Input: ah = byte to return in al,
c dx = address of printer status port (prt_stat_x).
c Output: al = status of printer
c dx = address of printer status port (prt_stat x).
c Trash: cx = 0 destroyed.
[N
[ Aasumes: prt_stat_x = prt_data_x + 1 = dx + 1
c prt_cmd_x pri_data_x + 2 = dx + 2
€ jecmmmmmmmmeeammeceoo oo
[
c assume csicode, dsinothing, esinothing, ss:nothing
c
F027 BO 08 C p_init: mov al,08h ; request init (hold line low)
F029 42 c inc dx i dx = prt_cmd_x
FO2A EE c out dx,al
c
FO2B B5 05 [ mov ch,05h ; delay awhile {ex = 0577h)
F02D E2 FE [ loop 4
c
FO2F BO 0C [ mov a1,0Ch ; disable interupts, manual 1f
FO31 EE c out dx,al i (init done - lirce set high)
F032 90 c nop
- [
FO33 4A c dec dx i dx = prt_stat_x
c Jop short p_stat ; fall through
c
c -
c Read Status of Parallel Printer Interface.
[
(-] Input: dx = address of printer status port (prt_stat_x).
[
c Output: al = status of printer
c dx = address of printer status port (prt_stat_x).
c
[ Assupes: prt_stat_x = prt_data_x + 1 = dx « 1
€ jomemesmmecccemcmecoasaceeas
[
[ assume cs:code, ds:nothing, es:nothing, ss:nothing
c
F034 EC C p_stat: in al,dx ; get printer status
F035 24 F8 c and al,0F8h ; clear bogus printer bits
F037 34 18 [ xor al,048h ; flip acknowledge & I/O err bit
F039 EB CA 4 Jap short p_ret ;o exit
c
FO3B € p_io endp
[
FO38 ¢ code ends
€ include vid.asa
c
[
[ Filename vid.sre
[
[ This module includes INT 10h, the display routines.
c
c szazz szzazzzzseazazazes
<
C ; These constants muat be defined (amount to scroll/clear during vert retrace):
0004 c V_KSCROLL equ 4 i & rowa, plus ’
0007 c V_KCLEAR equ 7
c R
PO3B € code segment public ‘ROM'
c assume ca:code, ds:nothing, es:nothing, ss:nothing
c
€ jmmme- - ceman me———-
c ROM data
c Sy eemmmmmmmme e
c
Fo3s c ORG 0F045h
c
Foas € v_datal proe near
c
PO4S FOFC R € v_tbl dw v_aet_mode i ah = 00h
POBT FIE9 R c dv v_cura_type ; ah = 01h
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FOAd
FOAR
FOAR

.,
w
>
)

WD IIOIDIDWDODOD

FC OF
38

8E VE ESF2 R

C7 F800

26 0049 R

FF 95 FO45 R

0NN NNNNLNANAANNANNANAANANNANNANNNANNNNNANNNANNANNNNNNNANNNNNNANNANNNNNONNNNANNANNANNNNANANNNNANNNNADA

dw v_curs_pos = 02h
dw v_r_curs_pos = 03h
dw grf_light_pen z 08h (see graph.src)
dw v_page = 05h
dw v_scrl_up = 06k
dv v_serl_dn = 07h
dv v_rac = 08h
dv v_wac = 09h
dw v_we = 0Ah
dw v_col = 0Bh
dw grf_write_dot = 0Ch (see graph.src)
dv grf_read_ = 0Dh (see graph.src)
dw v_terainal = OEh
dw v_stat = OFh

v_datal endp

=z zzzzzz z2zzaazasz
H INT 10h -~ Video Interrupt Service Routine.

==z

Set CPU flags.
-- Segoent registers properly loaded.

zzzzzzzsszzezz

-- CALLs routines with: -- al, bx, cx, dx intact
- ah = v_mode
-- 31 = 2 % (function that was in ab)

-- dt
-- bp

bits #4 & 5 of switch_bits
value of ax to be returned

number (00h <= ah <= OFh)

ds, & es if ROM stack)

zzzzzzos

ORG OF065h

v_io proc near

assume cs:icode, ds:nothing, es:nothing, ss:nothing

sty ; enable interrupts
cap ah,0Fh input out of range?
Ja v_nop
push es ; save 'trashable' registers
push ds
Dov ds,word ptr cs:(set_ds_word) ; avoid potential stack problems
push dL
push st
push bp
assume cs:code, ds:data, es:nothing, ss:nothing
push ax i save ax
mov al,ah ; al = function nuaber
add al,ah s 2
cbw
push ax ; save for CALL later.
@ov di,para_graph i get screen segment ..
@ov al,byte ptr ds:[switch_bits) i .. check switch bits ..
test al,20n
Jz v_colour 5 .. Af either is 0, it's
test a1,10n ; color display board
iz v_colour
add di,para_mono-para_graph i .. it's a monochrome board
v_colour:
aov es,di ; set es = video ram
pop 41 ; Get index to call table.
pop ax ; restore ax
aov ah,byte ptr ds:(v_mode] ; get display driver mode
@ov bp, ax ; bp saves ax throughout
i (return ah = v_mode
; unless specific ret. value)
cld ; String ops move UP, mostly.
call cs:[dis(offset v_tbl)] i perform display function
pop bp restore 'trashed' registers
pop st ; (destroyed if ROM stack)
pop di
pop ds
pop es
v_nop:
iret
v_io endp
2zzzzsssszcscscscoomzanasrasIeEanIaIIETEEISSIEISSASES
ORG OFOANR
v_data2 proc near

v_paras label byte

; 6845 Parameters except register 3h (Horizontal Synch Width).
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FOA4 38 28 2D 06 C v_md_u0 db 38h,28h,2Dh,06h ; text 40 x 25
FOA8 1F 06 19 1C c db 1Fh,06h,19h,1Ch ; mode 0 -> monochrome
FOAC 02 07 06 07 c db 02h,07h,06h,07h ; mode 1 -> color
FOBO 00 00 00 00 c db 00h,00h,00h,00h
c
FOBY 71 50 54 oC C v_md_80 db 71h,50h,5Ah,0Ch ; text 80 x 25
FOB8 1F 06 19 1C c db 1Fh,06h,19h,1Ch ; mode 2 -> monochrome
FOBC 02 07 06 07 c db 02h,07h,06h,07h ; mode 3 -> color
FOCO 00 00 00 00 c db 00h,00h,00h,00h
c
FOC4 38 28 2D 06 C v_md_graph db 38h,28h,2Dh,06h ; graphics
FOC8 7F 06 64 70 c db 7Fh,06h,64h,70h ; mode & <> 320 x 200 color
Focc 02 01 06 07 c db 02h,01h,06h,07h ; mode 5 -> 320 x 200 monochrome
FODO 00 00 00 00 c db 00h,00h,00h,00h ; mode 6 -> 640 x 200 monochrome
c
FOD4 61 50 52 OF € v_md_mono db 61h,50h,52h,0Fh ; monochrome card 80 x 25
FOD8 19 06 19 19 c db 19h,06h,19h,19h ; mode 7 -> monochrome card
FODC 02 0D OB OC c db 02h,0Dh,0Bh,0Ch ;
FOEO 00 00 00 00 c db 00h,00h,00h,00h
C .list
c
FOE4 0800 C v_md_len dw 2048 i box2s5 modes 0 & 1
FOE6 1000 4 dw 4096 i 80x25 modes 2 & 3
FOE8 4000 c dw 16384 ; graphics modes 4 & 5
FOEA 4000 c dw 16384 i amode 6
C jonly in 1050 dw 32768 H modes 64 & 72
c
FOEC 28 ¢ v_md_wid db 40 i 0 => text 40x 25 monochrome
FOED 28 c db 50 i1 => text 40x 25 color
FOEE 50 c db 80 i 2 => text 80x 25 monochrome
FOEF 50 4 db 80 i 3 -> text 80x 25 color
FOFO 28 c db 40 i 4 -> graphics 320x200 color
FOF1 28 4 db 40 3 5 => graphies 320x200 monochrome
FOF2 50 c dab 80 i 6 -> graphics 640x200 monochrome
FOF3 S0 4 db 80 i T => text 80x 25 monochrome card
C .1list
FOF4 2C C v_md_enable db 2Ch i 0 => text 40x 25 monochrome
FOF5 28 c db 28h i1 => text 40x 25 color
FOF6 2D c db 2Dh i 2 => text 80x 25 monochrome
FOFT 29 c db 29h i 3 => text 80x 25 color
FOF8 2A c db 2An ; b -> graphics 320x200 color
FOF9 2E c db 2Eh ; 5 -> graphics 320x200 monochrome
FOFA 1E c db 1Eh ; 6 => graphics 640x200 monochrome
FOFB 29 c db 29h i T => text 80x 25 monochrome card
C .list
FOFC C v_data2 endp
c
C jsssmsssssssssssssssssszass szzmssszszsssssssssszsszszszsssssaszas
c
c
c Set Mode & Clear Screen ah = 00h
c
c Input: al = mode = 0 ~> text 40x 25 monochrome
c 3 =1 => text 40x 25 color
c = 2 =) text 80x 25 monochrome
c ; = 3 => text 80x 25 color
c = 4 -> graphics 320x200 color
c = 5 -> graphics 320x200 monochrome
c = 6 -> graphics 640x200 monochrome
c ; = 7 -> text 80x 25 monochrome card
c 64 -> graphics 640x400 monochrome
[ = 72 -> graphics 640x400 monochrome tinytext
c
c Output: ah = 00h
c al = v_colorpal
c
c ; Assume: contents of v_base684S = pointer register (3p4n)
c (contents of v_base6845)+1 = data register (305h)
c ; (contents of v_base6845)+4 = mode control register (308h)
[ (contents of v_base6B845)+5 = overscan register (3p9h)
c (contents of v_base68U5)+6 = status register (3DAh)
c (contents of v_base6845)+10 = mode control register #2 (3DEh)
c
c Trash: si & di destroyed.
c ; mem———
c
FOPC C v_set_mode proc near
c
c assume os:code, ds:data, es:v_ram, ss:nothing
c
FOFC 52 c push dx i save dx
FOFD 51 c push ox ; save ox
c
C ; Get Color/Monochrome dependent stuff,
¢ .
FOFE 32 E4 4 xor ah,ah i AH = mode ctrl., color board
F100 BA 03D4 4 mov dx,color_pointer ; color 6845 pointer register.
c
F103 F6 06 0010 R 10 c test byte ptr ds:(switch_bits),10h ; monochrome board?
F108 748 0 c iz v_set_mode_color ; Af not, skip monochrome stuff.
F10A F6 06 0010 R 20 c test byte ptr ds:[switch_bits),20h
F10F 78 06 c iz v_set_mode_color
c i It's a monochrome board, so..
F111 B8 0107 c mov ax,0107h 3 (Al = (overwrite mode
c ; for monochrome, mono. mode)
F118 83 C2 EO c add dx,v_pointer-color_pointer; monochrome pointer register.
c
F117 C v_set_mode_color:
c
€ ; Save CRT Mode & 6845 address, and reset display monitor with mode control,
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F117
P11A
PIE
F120
P123
F12u
F127

F129

Fi12a
F12C
F12E

F132
F135
F137
F139
F13B
F13D
F13F
F14y
Fiu3
F145

Fiu7
F1u7

F1u9
F14B
Fluc
F1uD
FIuE
FIUF
F150

F152

F153
F155
F157

F173

F175
F178
F179
F17

F17D

F17F
F182
Fi8u
F185

F188

A2 0039 R
89 16 0063 R
EO

83 c2 o4
EE

83 EA 04
BA C&

33 F6
8E DE
c5 36 007% R

B9 0010
3¢ 02
72 0E
03 F1
3C 04
72 08
03 F1
3¢ 07
75 02
03 F1

8a chu
32 Eu
88 FO

B9 2000

3C o4
72 OE

b1 EN
33 ¢co
EB 05
BS 08
B8 0720

33 FF
F3/ AB

83 c2 06
EC

28 10

00 EO

Do EO

83 FE 40
72 04

a0
BE 0006

PO NNNARNNNNNNNNNNNNANNNNNNNNANNNNNNNNANNNgNNANNNNAANANNNANNANNNANNNONNAANNANONANANNANNNNNNNNNNNONANNNA

sov byte ptr ds:(v_mode],al ; save mode.

sov word ptr ds:[v_base6845]),dx ; ssve 6845 pointer register.
xchg ah,al i AB=mode, ALzmode ctrl.

add dx, 4 ; get 6835 mode control register
out dx,al ; resest display

ubd dx, 4 ; restore 6845 address.

nov al,sh ;i restors mode in al

; Get pointer to displey parameters.

push ds
assune
xor s1,81
aov ds, st
1ds si,dword ptr ds:(intiDloen)

; ds:sf in effect points to ca:v_parms.

save ds = data_seg

os:code, ds:abs0, es:v_ram, ss:nothing

satisfy assunptions
display parameter pointer

cs:code, ds:code, es:v_ram, 8ss:nothing

: Determine which set of parameters to use from mode.

ov ex,16
cmp a1,2
0 v_set_mode_lp
add a1, cx
cap al,u
b v_set_asode_lp
adg a1, ex
cmp al,?
ine v_set_mode_lp
add 81, ex

count of parameters

40x25 mode? (0 & 17)

if so, we're done

next set of parameters

80x25 mode? (2 & 37)

if s0, we're done

next set of parameters
graphics mode? (4,5,6,64,727)
if so, we're done

olse, monochrome card (7)

i Loop through 6845 initialization table outputting register number and data

v_set_mode_lp:

get 6845 register number =
= (16 - cl) (unscrambled)

output to register port
point to 6845 data register
get parm value: al gets ds:si
output to data port

poiat back to pointer register
next register

dx = pointer register

restore ds = data_seg

save mode in ah & al
ax mode

oov al, 16 ;
sub al, el ’
out dx,al ;
inec dx i
lodad H
out dx, al i
dec dx i
loop v_set_mode_lp :
assume caicode, ds:data, es:v_ram, Ss:nothing
pop ds H
mov al,ah H
xor ah,ah :
zov 81,ax H

; Clear the screen.

mov c¢x,2000h

emp a1,

) v_md_oclr_8k

emp al,

je v_md_clr_2k

) v_amd_clr_graphics

shl ex, 1
v_md_clr_graphica:

° ax,ax
imp short v_md_clr

v_md_eclr_2k:

mov ch,08h
v_od_clr_8k:

aov ax, (7#100R) (" '}
v_md_elr:

xor d1,d1

rep atosw

; Set mode control register #2

; Handle underline on shades-of-gray monitor.

add dx, 6

in al,dx
and al,010h
shl al,1
shl al,1

; Handle double scan line modes 63 & 72.

emp 31,613

1 v_nd_dbl

ine ax

@ov 31,6
v_@d_dbl:

31 = mode hence...

assume 8k words to olear

40x25 or 80x25 text modes 0-37

if so, clear 8k words.

monochrome card mode 77

if a0, clear 2k words.

graphics mode -6 clear 8k wds
mode 63 & 72 clear 16k wds

graphics mode
clear screen with zeroes

ex = 0800Ch

clear with attribute & space

es:di gets ax

dx = pointer register

get 6845 status register
get CRT status

isolate color/shades bit #5§
move it to underline bit #6

dx = 6885 status ragister

modes 0 through 77

if so, single scan line mode

olse mode 64 or 72, set bit #0

modas 64 & 72 look like mode 6
from now on

double scan line mode.
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F188 83 Cc2 04 c add dx, 4 ; get mode control register ¢2
F18B EE c out dx,al
c
C ; Enable display monitor with mode conmtrol.
c
F18C 2E: 84 84 FOF4 R [ aov al,byte ptr cs:[sisv_nd_enable]
F191 A2 0065 R c mov byte ptr da:[v_3x8],al i save the value for later
c i dx = mode control register ¢2
F194 B3 EA 06 c sub dx,6 ; get 6835 mode control register
F197 EE c out dx,al ; enable display
4
C ; Determine width & length of screen,
4
F198 33 coO c xor ax,ax i elear ah
F19A 2E: 8A 84 FOEC R [ mov al,byte ptr cs:(siev_md_wid]
F19F A3 0044 R [4 aov word ptr ds:[v_width],ax
c
F1A2 81 E6 000E < and 81,08 ; make word index divided by 2
F1A6 2E: 8B 84 FOE4 R c mov ax,word ptr cs:(stev_nd_len]
F1AB A3 0CAC R [ mov word ptr ds:[v_height),ax
c
C ; Set up overscan register & v_colorpal.
c
F1AE BO 30 c mov al,030h 3 v_colorpal for modes 0-5 & 7
F1BO 8A 26 0049 R c mov ah,byte ptr ds:[v_mode] ; retrieve v_mode
FiB4 80 FC 06 [ cmp ah,6 ; modes 0-5 7
F1B7 72 0D c i v_ovr_ok i if so, we're ok.
4
F1B9 73 09 c je v_ovr_not_ok ; 640x200 graphics mode 6 7
c ;i if so, change v_colorpal
c
F1BB 80 FC a0 c cap ah,64 ; 640x400 graphics mode 64, 72 ?
F1BE 72 06 [ ib v_ovr_ok i if not, we're ok.
c
< i Af so we sat v_height wrong,
F1CO D1 26 004C R c shl word ptr da:[v_height),1 i double v_height from 16k to 32k
[
Ficy € v_ovr_not_ok:
Fic4 B0 3F c mov al,03Fh i v_colorpal for modes 6,64,72
c
F1C6 C v_ovr_ok: ; dx = 6845 mode control register
F1C6 A2 0066 R [ mov byte ptr da:[v_colorpall,al i save the value for later
F1C9 42 [ inc dx i get 6815 overscan register
FICA EE c out dx,al
c
€ ; Clear all cursor positions.
<
[ assune csicode, da:data, es:data, ss:nothing
c
FICB 1E < push ds ; set es = firmware data area
FicC 07 [ pop es
4
F1CD BF 0050 R c mov di,ds:(offset v_curpos) ; get address [defined by DB]
F1DO B9 000§ c mov cx,
FiD3 33 co0 [ xor ax,ax ; ax = 0
F1D5 F3/ AB [ rep stosw ; es:di gets ax = 0
c
C ; Clear other firmware data variables (ax = 0).
c
FIDT A3 QOUE R c aov word ptr ds:[v_top),ax ; set starting offset to 0
FIDA A2 0062 R [ Dov byte ptr da:[v_apage],al ;i set current active page to 0
FIDD €7 06 0060 R 0607 [ moy word ptr ds:{v_cursize],0607h ; set cursor mode
4
C ; Clean up,
4
F1E3 A0 0066 R c mov al,byte ptr ds:[v_colorpal]
F1E6 59 ¢ pop ex i restore cx
F1ET 51 c pop dx i restore dx
F1EB C3 c ret
c
F1E9 € v_set_mode endp
<
c
[ Set Cursor Value ah = 01h
[
[ Input: ch = bits #0-4 = starting line for cursor
c ¢ = bits #0-8 = ending line for cursor
c Output: ah = 10
[ al = el
c
[4 Trash: si & di destroyed. (si s dx; di = ecx)
€ jmmemmmemmmccccccmeccrmrceccmccmcrenssmsubememem——ee————
4
F1E9 C v_curs_type proe near
[4 assume cs:icode, ds:data, es:v_ram, ss:nothing
c
F1E9 89 OE 0060 R [ zov word ptr ds:[v_cursize],ox ; save the cursor value
¢
F1ED 8B F9 4 mov di,ex i di saves ox
4
FIEF B4 0A c mov ah,10 ;i 6845 oursor set register z 10
F1F1 E8 F262 R c call v_6845 ; set cursor; ah 6845 gets ox
4 i 81 = dx destroyed
c i ah = preserved = 10; al = ol
c i di restores cx
FIFR 84 C1 c Dov al,cl i restore al with original ol
F1F6 C3 c ret
F1PT C v_oura_type endp
<
<

)
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FIFT

FIFT

F1F9
FIFB
F1FD
F201

F203

F207
F208

F20D
F20F

F210

F210
F212

Fa15

F215

F22¢C

F22¢
F22F

F231
F23s

F236
F238
F23c

F23E
F23E
F2m

8p
EB

25
8B

A2
kel

88

88

A3
D1

E6 0007

94 0050 R

3E 0062 A

c2
42 90

E3 0007
97 0050 R

OE 0060 R

0007
E8

0062 R
08

FA
26 004C R
b7

00%E R
F8

0 NANANANAONBAANNAONONANANNABNANNNAAANNNANANNAAANANNNNNOANNNNNNONANNN0ANAANANNANANANNNNAANNNANOOANNANANAN

i Set Cursor Position abh = 021
H Input: bh = page number (0-7)
H (dh,d1) {row,col) of curreat cursor from (0,0)
i Output: 1f bh = v_apage, ah = 13
; al = low byte of cursor position
H elase, ah = v_mode
: al 1 preserved
i Trash: si & d1 destroyed. (si = dx, di = cx)
v_curs_pes proc near
assune cs:code, ds:data, es:v_ram, 33:nothing
Dov d1,ex ; save cx
ooV el, bh
mov s1,ex
and 21,7 ; mask to 8 pages
add s1,81 ; %2 => word index
mov word ptr ds:[siev_curpos],dx ; save the cursor position
cmp bh,byte ptr da:[v_apage) ; 1f active page, put the cursor
je v_set_cur ; on the screen.
; not active page, 3o just
aov ex,di i Trestore ex
ret ; and exit
v_set_curs: ; active page, 30 set cursor..
nov ax,dx ; ax gets curaor position
imp v_set_cur_pos ; set cursor; ah 6845 gets cx
; s8i = dx destroyed
; ah = preserved = 14
; al = low byte of cursor posn
v_curs_pos endp
H Read Cursor ah = 03h
B Input: b page number (0-7)
H OQutput: (dh,dl) (row,col) of curreat curser from (0,0)
i {eh,cl) = current cursor mode setting
i ax = dx
H Trash: None.
¥y_r_curs_pos proc near
assume cs:code, ds:data, es:v_ram, sa:nothing
nov ax,dx
aov ex,bx i save bx
wov b1, dh
and bx,07h ; page number mod 8
shl bx,1 ; page number mod 8 word index
zov dx,word ptr ds:[bxev_curpos]
zov bx,cx ; reatore bx
Zov cx,word ptr ds:[v_cursize]
ret
v_r_curs_pos endp
; fead Light Pen (see graph,src) ah = Ob4h
; Set Active Diaplay Page ah = 05h
; Input: al = new page number (0-7 for modes O-t; 0-3 for 2-3)
H Output: 6845 13 reset to diasplay the new active page
i ah = 18
; al = low byte of cursor position
i Trash: bp, 81 & di destroyed. (51 = dx, di = cx
v_page proc near
assume cs:icode, da:data, es:v_ram, 3s:nothing
and ax,07h ; page number mod 8
mov bp,ax ; save ax = page number mod 8
20V byte ptr ds:lv_apagel,al ; save active page number (0-7)
Jz v_page_0 ; page number = 07
wov d1,dx ; save dx
amul word ptr ds:[v_height] ; dx:ax = (page number)®v_height
2ov dx,d4 ; restore dx
v_page_0:
wBov word ptr ds:[v_topl,ax ; save starting sddress of page
sar ax,1 ; divide by 2 for byte count
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[
F243 8B F9 c mov di,ex ; save ox
[
F245 BB C8 c mov ex,ax ; ex gets offset of active page
F247 B3 OC c mov ah,12 ; 6845 cursor set address = 12
F249 EB F262 R c call v_6845 ; set cursor; ah 6845 gets cx
c ; ai = dx destroyed
[ ; ah = preserved = 12; al = el
c i di restores cx
[
F24C BB €5 c mov ax, bp ; restore ax = page number mod 8
F24E D1 EO [ shl ax,1 ; page number mod 8 word index
F250 8B FO c @ov si,ax
F252 8B 84 0050 R c mov ax,vord ptr ds:[si+v_curpos] ; get page's cursor position
c
F256 C v_set_cur_pos: ;(ah,al) = (row,col) cursor pos.
[ i = value to return in ex
F256 E8 F52B R < call v_poan ; (ah,al) -> ax offset; si trash
F259 03 06 004E R c add ax,vord ptr ds:[v_top] ; add offset of active page
F25D D1 F8 [ sar ax,1 i divide by 2 for byte count
c
F25F BS5 OF c mov ch, 14 ; 6845 cursor pos register = 14
F261 91 c xchg ex,8x
[
[
C ; Now: ah 6845 register selection
c ch first data byte to (ah) 6845 internal register
c cl second data byte to (ah+1) 6845 internal register
c d1 value to return in cx
c
c
F262 C v_6845: ; program 6845 cursor:
[
F262 8B F2 [ mov a1,dx i save dx
F264 EB F273 R c call v_out_byte ; output to 6845
F267 FE C4 [ ine ah ; next 6845 register
F269 8A E9 c mov ch,cl ; get the register input
F26B E8 F273 R [ call v_out_byte ; output to 6845
F26E 8B D6 [ mov dx, si ; restore dx value
F270 8B CF [ aov ex,dl ; set up return value
F272 €3 c ret
F273 C v_page endp
¢ i
[ T e e T T T T -----
[t Output two byte to the selected 6845 registers
c
c Input: ah = 6845 register selection
c ch = first data byte to (ah) 6845 internal register
c el = second data byte to (ah+1) 6845 internal register
[ di = value to return in ¢x
c
[ Assume: contents of v_base6845 = pointer register
c (contents of v_base6845)+1 = data register
c
c Output: ah = 6845 register selection
c al = second data byte
c ox = di
¢ B e LR L R e
<
F273 C v_out_byte proc near
c
c assume cs:eode, ds:data, es:v_ram, ss:inothing
c
F273 8B 16 0063 R c mov dx,word ptr ds:[v_base6845] ; get 6855 pointer register
F277 8A Cu c zov al,ah ; get the register address
F279 EE c out dx,sl ; select the data register
c
F2TA 42 c inc dx ; next register
F27B 8A C5 c mov al,ch ; get second data byte
F27D EE c out dx,al j output a data byte to 6845
F27E €3 [ ret
[
F21F C v_out_byte endp
[
c ; -
c Scroll Active .:3e Up ah = 06h
¢
c Input: if al - 0, then clear entire window with attribute in bh
c else, al = number of rows to “scroll’ up
c = number of rows to clear at bottom of window
[ bh = attribute to be used on blank row(s)
c ; (eh,cl) {row,col) of upper left corner of window from (0,0)
c {dh,d1) = (row,col) of lower right corner of window from (0,0)
[ Output: ah = attribute to be used on blank row(s)
c if v_mode = 7, al = 20h = space
¢ ; else al = v_3x8
c
[ Assume: (contents of v_base6845)+6 = status register
¢
c Trash: bp, ai, & di destroyed. (bx thru dx destroyed 1f ROM stack)
-]
<
F2TF € v_sorl_up proc near
c
4 assume oa:code, ds:data, es:v_ram, ss:nothing
c
F27F E8 F53C R , < call v_txt_md i all registers preserved
r282 72 03 c Jb v_txt_up
P284 E9 D8TH R c Smp grf_graphics_up i jump if graphics
F287 € v_txt_up:
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F287
F288
F289

F28A
F28C
F28BE
F291

F293

F295
F295

F297
F29¢C

F29E
F2a0
F2a0

F2m
F2A5

F2A8
F2A9

F24F
F2B0
F2B0
F2B1
F2B3

F285

F2B6

F2B7
F2BA
F2BC

P2BD
F2BE

Fa2co

F2c2

Fa2ca
F2cé

F2cs

F2ca

F2Ca
Facs
F2CcD

52
53
8A DB

E8 FAD
T8 62

8A EV

80 3E
18 49

8A CA

52

0049 R 07

0063 R

83 c2 06

06
1F

EC

72 FB
FA

EC
73 FB
AS

EC

BA 004
SA

a9
75 0A
03 F5

03 FD

FE CC
T4 2C

BA CA

1E
1
P3/ AS
iF

03 FS

o

M0N0 NANANNNNNNNNNNNANNNNNNNNNNANNANNN0NNNNNANNANNANNNNNNNNNNAANNNNNNNNNNNNANNNNNANNNANANNANANANAANOAGA

push
push
push

aov
oov
call
Jz

dx
ex
bx

b1, a1
ax,ex
v_scrl_pos
v_elr_bot

; Seroll ¢l rows up.

iv_mv_up:
add

; Seroll el

push
pop

si,ax

rows up/down (based on bp &

an, el

byte ptr ds:(v_mode],7

v_av_flp

el,dl

dx
dx
assuze

es
ds

; Wait for horizontal retrace...

v_av_hi:
in
rer
Je

el

v_av_lo:
in
rer
Jne
Jlist

@ovsw

; Worst case:

in

mov
mov
pop

dec
Jnz

add

dec
Jz

al,dx
al,1
v_av_hi

al,dx
al,1
v_nov_lo

(B+2+16)+(8+2+48)4(18)

al,dx
assume
dx,data_seg
ds,dx

dx

ex
v_av_nxt

s1,bp

a1, bp

ah
v_mv_end

e1,d1

dx.zord ptr ds:[v_base68ss]

cs:code, ds:data

i save registers

save line count

pass upper left coordinates....

to common scroll positioning routine
clear rows if nothing to move

i add (bytes/row)®(rows to scroll) to
; ‘from' address for scrol

direction flag DF).
i ah gets number of rows to move = cl

; Jump to fast loop
; no. of columns to move up/down per row
; save dx

i
; get 6885 pointer register
; get 6845 status register

es:code, ds:v_ram, es:v_ram, ss:inothing

; satisfy assuaptions
; ds gets es

get CRT status
test display enable (bit #0)
wait for display enable low (cf)
interupts are disabled ..

H

; disadle now

08 get CRT atatus
test display enable (bit #0)
16101 wait for display enable hi (of)

; 18 move word (es:di gets ds:si)

= 58 cycles = 72.5% of 80 cycles

; 08 get CRT status (vert synch slow)

, es:v_ram, ss:nothing

;on satisfy assumptions
i 02
;08 restore dx

i 03 decroment columns to move
i 08/16 did we move the last column?

03 add/subtract number of byt
to skip in row to/from !rol‘
address for scroll up/down
03 add/subtract number of bytes
to skip inm row to/from ‘to'
address for scroll up/down

i 03 decrement rows to move
i 4/16 414 we move the last row?

02 oumber of columns to move
; up/down per row

; Worst case: [58]+(8+84248)4(348)4(3+43)+(34842) = 102 cycles = 12.75 usec

v_av_nxt:

sty
test
3z

al,o08n
v_av_past

i enable interrupts immediately
i 04 check for vertical retrace
i 16/03 junp past vertical retrace code

;i We get here if vertical retrace has started..,

v_mv_row:
push
push
pop
rep
pop

al, V_KSCROLL

NOTE: interrupts disabled for 1.lms!l
on at most V_ESCROLL rows per
vertical retrace ...

i 11417980 move row (es:di gets es:si)

i 03 add/subtract number of bytes
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H to skip in row to/from ‘from'
; address for acroll up/down
F2D9 03 FD add d1,bp 03 add/subtract number of bytes
to skip in row to/from 'to'
address for scroll up/down
F2DB FE CC dec ah 03 decrement rows to move
F2DD 74 15 Jz v_nv_end ; 04/16 did we move the last row
F2DF 84 CA mov el,dl 3 02 number of columns to move
H up/down per row
F2E1 FE C8 dec al i 03
F2E3 75 EC Jnz v_ov_row ; 04716
3 Worst case:[98)+(Heleli)+[69(1369+434343484243)14[5%16)4(4)
; = 98+412+48322480+4 = 8516 cycles = 88.71% ® 9600 cycles = 1.065as < 1.2ms
F2E5 v_mv_past:
F2E5 EB B9 jop short v_mv_lp
F2E7 v_mv_flp: ; ah has number of rows to move
F2ET BA Ch mov el,dl ; number of columns to move
F2E9 F3/ 26: A5 rep movs word ptr es:[di),word ptr es:(ai]
; move the row (es:di gets es:si)
F2EC 03 F5 add si,bp add number of bytes to skip in row to
“from' address for scroll
F2EE 03 FD add di,bp add number of bytes to skip in row to
“to' address for scroll
F2F0  FE CC dec ah
F2F2 75 F3 inz v_zv_rlp
F2Fa v_av_end:
F2F4 FB st ; enable interrupts immediately
; Clear bl rows below.
F2F5 v_elr_bot:
; Clear bl rows below/above if scroll up/down (based on bp & direction flag DF).
F2rs v_clr:
F2F5 8 E7 nov ah, bh
F2F7 B0 3E 0O49 R OT emp byte ptr ds:[v_mode],?
F2FCc 74 N1 Je v_clr_fast i jump to fast loop
F2FE B4 CA mov el,d1 ; el = no. of columns to clear per row
5 (bl = number of rows to clear)
F300 v_elr_1lp:
F300 B7 20 mov bh, ' ¢ ; bh = blanking character
F302 52 push dx 5 save dx
F303 8B 16 0063 R mov dx,word ptr ds:[v_base6845] ; get 6845 pointer register
F307 83 c2 06 add dx, 6 ; get 6B4S status reglster

; Wait for horizontal retrace...

F304 wait till we're in a scanline

0ANNAONNANNAAANAAAANNNNANNNANNANAANAANNAAAANANNNANNNANNNANRONONANNNNNANANNNANANANNANNNNANANANANAANNAA0A0D

v_elr_hi: H
F30A EC in al,dx ; get CRT status
F30B DO D8 rer al,1 i test display enable (bit 20)
F30D 72 FB Je v_elr_hg ; wait for display enable low (cf)
F30F FA cld ; disable ints first.
F310 v_elr_lo: ; wait till start of horiz. blanking
F310 EC in al,dx ; 08 get CRT status
F311 DO D8 rer al,1 ;02 test display enable (bit 40)
F313 73 FB inc v.elr_lo ; 16/04  waft for display enable hi (ef)
F315 84 €7 mov al,bh ;02 al= bhz ' ' = blanking character
J1ist
F317 AB stosw P clear word (es:di gets ax)
; Worst case: (B+2+416)+(8+244)4(2411) = 53 cycles = 66.25% of 80 cycles
F318 EC in al,dx ; 08 get CRT status (vert synch slow)
F319 54 pop dx ; 08 restore d
F31A 49 dec ex ; 03 decrement columns to clear
F31B 75 08 jnz v_elr_nxt ; 04/16 did we nove the last column? / \
F31p 03 FD add di,bp i 03 add/subtract number of bytes
H to skip in row to/from “to'
; address for clear for up/down ~—
F31F FE CB doc bl i 03 decrement rows to clear
P321 78 28 iz v_serl_ret ; 08716 did we clear the last row?
F323 8A CA mov cl,dl ; 02 number of columns to clear
i per row
; Worat case: [53)+(8+48)+(3+48)+(3)+(3+4+2) = 8B cycles = 11.00 usec
F325 v_elr_nxt:
F325 FB st
F326 48 08 test al,08h ; 0% check for vertical retrace
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F328 74 12 c 3z v_clr_past ; 16/0% jump past vertical retrace code
[
C ; We get here if vertical rotrace has atarted...
c
c ; NOTE: interrupts disabled for 1.1mal
[
P32 8 CT c @ov al,bh i 02 alz bh= ' ' = blanking character
[
F32¢ 87 07 C mov. bh, V_KCLEAR 3 ou at post 7 (not 10) rows per pass
c
F32E C v_clr_row:
F32E F3/ AB C rep stosw ; 09+410%80 clear the row (es:di gets ax)
c
F330 03 FD [ add dt, bp i 03 add/subtract number of bytes
c 3 to skip in row to/from ‘to'
c ; address for clear for up/down
c
F332 FE CB c dec [3% ;03 decrement rows to clear
F334 78 15 c Jz v_scrl_ret i O4/16 did we clear the last row?
c
F336 B8A CA c mov cl,d1 FCH nunber of columns to clear
[ ; up/down per row
F338 FE CF c dec bh ;03 still working on 10 scan lines??
F33A 175 F2 c Inz v_elr_row ; 08716
c
€ i Worst case:[88)+(8eUe248)4[109(809+3+3+542+43)]+[9916)4(4)
€ i = BB+14sB2U041HUsN = BBYO cycles = BB.44S * 9600 cycles = 1.061ns < 1.2ms
c
F33C C v_clr_past:
F33C FB c sty ; enable interrupts immediately
F33E EB C1 c Jop short v_clr_lp
c
[ - ——--
c
F33F C v_clr_fast: ; ah has attribute for blank line(s)
F33F B0 20 c @ov al,' ! i al = blanking character
c ; (bl = number of rows to clear)
F341 C v_elr_flp:
F3a1 8A CA c mov el,dl ; nupber of columns to clear
F343 F3/ AB c rep stosw ; clear the row (es:di gets ax)
F3u5 03 FD c add di, op ; add number of bytes to skip im row to
c i 'to' address for scroll
F347 FE CB c dec bl
F349 75 F6 c Inz v_clr_flp
c
c 3
c
F3u3 C v_scrl_ret: ; common clean up routine
F3uB  FB c st1 ; enable interrupts immediately
c
F34C 80 3k 0049 R 07 c cap byte ptr ds:[v_model,?
F351 78 03 c Je v_scrl_mode_7
F353 A0 0065 R c mov al,byte ptr ds:[v_3x8) ;
F356 C v_scrl_mode_7:
c
C ; We did't disadle display during vertical retrace...
c
C i Clean up.
c
F356 FC c cld ; in case we are ‘call'ed & scroll down
F357 5B c pop bx ; restore registers
F358 59 c pop ex
F359 SA c pop dx
F354 €3 c ret
c
F355 C v_scrl_up endp
c
€ jmmeecmcmememmaeaes --- -
c Scroll Active Page Down ah = 07h
¢
c Input: 4f al = 0, then clear entire window with attribute in bh
3 else, al = number of rows to ‘scroll' down
c = number of rows to clear at top of window
[ bh = attribute to be used on blank row(s)
c (ch,cl) = (row,col) of upper left corner of window from (0,0)
c (dh,d1) = (row,col) of lower right corner of window from (0,0)
c Output: ah attribute to be used on blank row(s)
c if v_mode = 7, al = 20h = space
c else al = v_3x8
c
c Assuge: (contents of v_base6845)+6 = status register
c
/‘ N 4 Trash: bp, si, & di destroyed. (bx thru dx destroyed if ROM stack)
c -
c
F358 € v_serl_dn proc near
c
4 assume c¢s:code, ds:data, es:v_ram, ss:nothing
c
F358 FD c std ; NOTE: scroll down everything backwards
c
F35C EB8 F53C R c oall v_txt_md ; all registers preserved
F35F 72 03 4 L} v_txt_dn .
F361 E9 D909 R c Jmp grf_graphics_down i Jump if graphics
7368 C v_txt_dn:
[
F368 52 c push dx ; save registers
F365 51 c push ex
F366 53 [ push bx
c
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F367 8a D8 mov bl,al ; save line count

F369 8B C2 mov ax,dx ; pass lower right coordinates....

F36B EB FuDE R call v_serl_pos i to common scroll positioning routine

F36E 74 07 iz v_elr_top i clear rows if nothing to move

i Seroll ¢l rows down.

F370 v_mv_dn: .

F370 2B FO sub si,ax ; subtract (bytes/row)*(rows to scroll)
; from ‘from' address for scroll

F372 F7 DD neg bp ; negate number of bytes to skip per row

F37h E9 F295 R Jup v_nv ; now identical to scroll up!

; Clear bl rows above.

F377 v_clr_top: .
F377 F7 DD neg bp negate number of bytes to skip per row
F379 E9 F2FS R Jup v_eclr ; now identical to v_clr_botl
F37C v_secrl_dn endp

i

H Read Attribute & Character at Cursor ah = 08h

: Input: bh = current active display page (0-7)

H Output: al = charagter read

H ah = attribute of character read

; Assume: (contents of v_base6845)46 = status register

'; Trash: si & di destroyed. (si = dx; di = bx)

i
F37C v_rac proec near

assume cs:code, ds:data, es:v_ram, ss:nothing
F37C EB8 F53C R call v_txt_md ; all registers preserved
F37F 72 03 L v_txt_rac
F381 E9 D96C R Jop grf_graphics_read i Jump if graphics
F384 v_txt_rac: f
F384 8B FB mov di,bx ; save bx
F386 E8 F50D R call v_fpos ax & si destroyed.
bx = offset into current page

F389 8B F2 mov s1,dx ; save dx
F38B BA 0006 mov x,6 get 6845 status reg. offset
F38E 03 16 0063 R add dx,word ptr ds:[v_base6845) ; add 6845 pointer

Wait for horizontal retrace... we can't read the screen during a trace
without disturbing the screen image.

F392 v_rac_inline: make sure we're in a scanline
F392 EC in al,dx get horiz. retrace blanking status
F393 DO D8 rer al,1 test for horiz. retrace
F395 72 FB Je v_rac_inline ; wait for display enable low (cf)
F397 FA eli ; disable ints FIRST
; wait for blanking:

F398 v_rac_inblank:
F398 EC in al,dx i Bet retrace blanking status
F399 DO D8 rer al,1 ; test display enable (bit #0)
F39B 73 FB Jne v_rac_inblank ; try again if still in scanline.
F39D 26: 8B 07 mov ax,es:[bx] char. and attr. now in AX
F340 FB sti j enable interrupts immediately
F3A1 8B D6 mov dx,si ; restore dx
P3A3 8B DF mov bx,di i restore bx
F3a5 C3 ret
F346 v_rac endp

H Write Attribute & Chardcter at Cursor ah = 09h

i

H Input: al = character to write

H bh = current active display page (0-7)

] bl = attribute of character to write

H ex = counter of characters to write

H bp = value to return in ax

H Output: al = character to write

ah = attribute of character to write

; Assume: (contents of v_base6845)+6 = status register

i .

H Trash: bp, si & di destroyed. (si =z cx; dx if ROM stack)

i
F3A6 v_wac proc near

assume cs:code, ds:data, es:v_ram, as:nothing

F3A6 B8 P53C R call v_txt_md 3 all registors proserved
F3A9 72 03 b v_txt_wao
F3AB E9 DAS9 R Jop grf_graphics_write 3 Jump if graphics
F3AE v_txt_wac:

0NONO0NNNNN00000NNNNNANNN0N0N00NN0NNaNN0NNANNN0NN00NNAANANNNNNNN0AANNNNNNNNANNNNNNNNANAANONNN0AANNAOANN
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F3c2

F3C5
F3C5
F3C6
F3C8
F3CA
F3CB
F3cB
F3cC
F3CE

F300
F3D2

F3D3
F3pu

F3D6

F307
F3p8

F3DA
F3DA

F30B
F3DC
F3DE

F30F

F3DF

F3DF
F3E2
F3Ea
F3E7

F3E7
F3E9
F3EC
F3EE
F3F0
F3F1
F3F3
F3F5

F3F7
F3FA

F3FE

F3PE
P3FE
F3FPP

FB
E2

Sh

€3

E8

E9

8B

87
8B
52
8B
8B

BA
03

EC
bo

FB

F50D0 R

16 0063 R
€2 06

D8
FB

D8
FB

D5
c2
E§

0006
16 0063 R

P ANARONAAANNANANNNNANANDNANANNNOAONNONANNNADNNANANNONNANNNANNNNNNAANNNANNAAANANNNANNNNNOANNNANOANONO

mov d1,bx ; save bx
call v_fpoa ; ax & st destroyed.

; bx = offset imto curreant page
xchg bx,d1 ; restore bx; di = transfer offset
mov ax, bp i restore ax
mov ah, bl i traansfer attribute byte to ah
mov bp,ax ; save attribute & character in bp
nov 81, cx ; save ex
push ax ; save dx
mov dx,word ptr ds:[v_base6845] i get 6855 pointer register
add dx,6 i get 6845 status register

; Wait for horizontal retrace blank interval ...

v_wac_hi: : wait till we're in a scanlinme..
in al,dx ; get CRT status
rer al,1 ; test display enable (bit #0)
I3 v_wac_hi ; wait for display enable low (ef)
el ; disable ints FIRST
v_wae_lo: ; now wait till start of blanking..
in al,dx ; 08 got CRT status
rer al,1 ;02 test display enable (bit #0)
yne v_wac_lo ; 16704 wait for display enadble hi (ef)
aov ax, bp ;02 restore ax
stosw AR R e3:di gets ax (attribute & char)
dec ex ; 02
Jlist
jz v_wac_end ; 08716
stosw P es:dl gets ax (attribute & char)

; Worat case: (B8e2+416)«(8+2+4U)e(2+411)«(24k411) = 70 cycles = 87.5%5 of 80 cycles

sti
loop v_wac_hi

enatle interrupts immediately
do 1t cx times

v_wac.end:
st enable interrupts immediately

pop dx ; restore dx
mov ex, sl i restore cox
ret

v_wac endp

Write Character at Cursor Position ah = OAR
Input: al character to write
bh current active display page (0-7)
ex counter of characters to write
bp value to return in ax

character to write

Cutput: al
ah = top byte of offset of character in page 0

Assume: (contonts of v_base6B45)«6 = status regiater

Trash: 31 & di destroyed. (si = ex; dx if ROM staok)

v_we proc near

assume c3:code, da:data, es:v_ram, ss:nothing

call v_txt_md ; all registers preserved

iv v_txt_we

J=p grf_graphics_write i Jump if graphics
v_txt_we:

mov di,bx ; save bx

call v_fpos 31 destroyed.

ax = offset into page O
bx = offset into current page
restore bx; di = transfor offset

xchg  bx,di

mov 8i,cx ; save ox

push dx ; save dx

mov dx, bp ; retrieve character in dl
wov al,dl ; get char in al (ah = attr.)
mov bp,ax ; bp = (attr. ohar)

mov dx,6 ; get 6835 atatus register
add dx,word ptr do:{v_baseb8a5] ; get 6845 pointer register

; Wait for horizontal retrace...
v_we_next:
v_we_hi:

in al,dx i get CRT atatus
rer al,1 ; teat display emable (bit #0)
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F#01 72 FB c je v_we_hi ; walt for display enable low (cf) -~
F403 PA c ely ; disable ints FIRST
c
Fao4 € v_we_lo:
F4ou EC c in al,dx ; 08 get CRT status
F405 DO DB c rer al,1 ;02 test display enable (bit #0)
F&07 73 FB [4 Jne v_we_lo ; 16704 wait for display enable hi (ecf)
c
FhO9 8B C5 c mov ax,bp i 02 restore ax = (attr, char)
F40B  AA 4 stosb HRR! es:di gets al (character)
[
Fh0C 49 c dec ex ; 02
C .list
FR0D 74 06 c Jz v_we_end ; 04/16
PHOF 47 c ine d1 ;02 skip past attribute byte
c
F410 AA c stosb P es:di gets al (character)
c
€ ; Worst case: (8+2+16)+(842+4)+(2411)+(2+44+2+11) = T2 cycles = 903 of 80 cycles
c
F411 FB c sti ; enable interrupts immedistely
Fa12 47 c inc di ; skip past attribute byte
F¥13 E2 E9 c loop v_we_next ; do it cx times
c
F415 C v_wc_end:
Fu15 FB c s ; enable interrupts immedlately
c
FU16 54 c pop dx j restore dx
F417 8B CE c mov ox, sl ; restore ox
F419 C3 c ret
c
Fi1a C v_we endp
c
Cc e-
c Set Overscan, Back, & Foreground Colors ah = OBh
c
c Input: bh = palette color ID to set (0-127)
c ; bl = color value to be used with that color ID
c Output: ah = v_mode
[ al = new v_colorpal /,Q\\
[
c Assume: (contenta of v_base6B84S5)s5 = overscan register
c 3
c Trash: si & di destroyed. (si = bx; di = dx)
[ --- .-
c
Fa1a C v_col proc near
c
c assume cs:code, ds:data, esiv_ram, ss:nothing
c
F41A A0 0066 R c mov al,byte ptr ds:(v_colorpall ; get current palette
[
F41D BB FA c mov di,dx ; save dx
FUIF 8B F3 c mov a1,bx ; save bx
c
Fi21 OA FF c or bh, bh ; palette color ID = 07
F423 74 OA [ iz v_col_0 ; handle color ID 0
c
F425 24 DF c and al,0DFh ; clear palette select bit 45
F427 DO DB c rer bl,1 i test new color (bit ¢0)
F429 73 0B c inb v_col_1 i 4f bit #0 set, all done
F42B  oC 20 c or al,20h i else set palette select bit ¢S
F42D EB 07 c jmp short v_col_1
c
Fu2F C v_col_0:
F42F 80 E3 1F c and bl,01Fh ; save bita #0-4 of new color
F432 24 EO [ and al,0E0h ; clear bits #0-4 of old color
F&34 0A C3 c or al,bl ; and combine the two.
c
Pu36 C v_col_1:
F536 BA 0005 c mov dx,5 ; get 6845 overscan reg. offset
F439 03 16 0063 R c add dx,word ptr ds:[v_base6845) ; add 6845 pointer register
F43D ZE c out dx,al ; output selection
c
F43E 8B DE c mov bx, s ; restore bx
F4%0 8B DT [ nov dx, di ; restore dx
c
F442 A2 0066 R c mov byte ptr ds:[v_colorpall,al ; save the value for later
Fh4s5 c3 c ret
[
Fhué € v_col endp
c
c BT T T T REEEE
c Write Dot (see graph.asre) ah = 0Ch
c - i
[
c S
c Read Dot (see graph.src) ah = 0bh
c ——-
c
c -
c Terminal Emulator to active page ah = OEh
c 3
[ Input: al = character to write
c bl = foreground color in graphics mode
c 3 bp c velue to return in ax
[ Output: All registers saved.
¢
¢ Trash: a1 & di destroyed. (si = cx; di = bxj dx L{f ROM stack)
¢

8-146



ROM BIOS
Listing

Paag v_terzinal proc near
assume cs:code, ds:data, es:v_ram, ss:nothing
Pag6  3C 07 cop al,BEL ; 13 it bell character?
Fazg 715 03 jne v_terao_nobell
FA4A E9 FSUE R smp v_bell
Faup v_tern_nobell:
Faup 52 push dx save dx
FA4E 8B F1 mov si,cx save cx
Fuso 88 FB mov di,dx i save bx

; Get cursor position {n active page.

Fis2 B7 07 aov bh,07h ask for page number, HOD 8

Fass 22 3E 0062 R and bh,byte ptr ds:(v_apage) get active page number (0-7)

Fis8 Ba 03 @ov an,03n : call v_r_curs_pos

FiSA  CD 10 INT 10n (dh,d1) = (row,col) of cursor
(ch,cl) = cursor mode setting

Fu5Cc 8B C5 sov ax, bp ; restore ax

F4SE B9 0001 mov ex, 1 ; character count for write char

Fu61 B4 0A @ov ah,0Ah i function code for write char

; Handle special cases: dx has (row,col) of current cursor position.

Fu63  3C 04 cmp al,LF i 43 1t a line feed?

FU65 74 14 Je v_f

Fu67 3C 0D cmp al,CR ; is it a carrisge return?
Fu6g 78 60 Je v_er

Fu6B 3C 08 cap al,BS ; 13 1t a backspace?

Fu6D 74 Su se v_ba

; Normal Case: write the character

c
[
c
c
[
c
[
c
[
c
[
c
[
[
c
[
c
c
[
c
[
c
c
c
[
c
[
[
[
[
[
c
c
c
c
c
c
c
[
FU6F €D 10 < INT 10h ; to write the character
_— c
FuT1 FE C2 c inc a1 ; increment the coluan
F473 34 16 COuA R 4 cap dl,byte ptr ds:[v_width) column overflow?
Fu7T 72 13 c ib v_set_new_cur set new cursor position
[
K479 32 D2 c xor d1,d1 ; carriage return cursor
c
F478 80 3E 0049 R 48 C v_1f: cmp byte ptr ds:[v_nmode],72 ; 13 this mode 72 7
Fugo Bs 31 4 mov ah, ; mode 72 has 50 rows
Fu82 7u 02 c se v_lrow juap if mode 72
F48u Bu 18 c mov ah,24 modes 4,5,6,68 have 25 rows
Fu86 3A Fu € v_lrow: cap dh, ah ; are we at last row yet?
Fu88 74 07 c Je v_serl_tty ; if yes, go scroll the screen
Fu8s FE C6 [ inc dh ; otherwise, inc to next row
Fu8C C v_set_new_cur:
Fu8C B4 02 c L ah,02h call v_curs_pos to set new
F48F EB 29 90 c Jmp v_tera_ret cursor positioen
[
Fi91 C v_serl_tty: i (dh,dl) = (row,col) = (24,0) or (49,0)
Fu91 B8 02 c mov ah,02h ; call v_curs_pos to set cursor
F893 CD 10 c INT 100 ; and 30 that we can read back
c ; the proper attribute byte
c
Fu95 32 EU < xor ah,ah ah = 0 for graphics
Fu97 E8 F53C R [ call v_txt_md i are we text mode?
Fu9a 73 0k [ inb v_scrl_tty_graphics ; Jump if graphics
c
Fagc B4 08 c Doy ah,08h i eall v_rac
F49E CD 10 ¢ INT 10n ; to get attribute byte im ah
[
FuAQ C v_scri_tty_graphies:
Fua0 33 C9 c xor ex,cx (ch,cl)s upper left (row,col)
[ 0,
FuA2 8A FC c Dov bh,ah store attribute in bh
FiAa BB 0601 c mov ax,0601h call v_scrl_up to scroll
c one line with attribute bh
FUAT 8A 16 004A R [4 zov dl,byte ptr ds:[v_width) (dh,dl)= lower right (row,col)
FuAB 80 EA 01 c sub d1,1 column = v_width-1
FUAE 80 3E 0049 R 48 [ cap byte ptr ds:[v_mode],72 ; 13 this sode 72 ?
FLB3  B6 31 c @ov dn, ; 4f yes then row = 49
FYB5 T4 02 [ je v_tero_ret Jupp if mode = 72
FuB? B6 18 [4 aov dh, 24 1f not mode 72 then row = 24
c
FaBg C v_term_ret:
FuB9 CD 10 c INT 10h
FuBB C v_ters nop:
[
C ; Clean up.
c
F4BB 8B 5 c mav ax, bp restore ax
FaBD BB DF c mov bx,di restore bx
F4BF 8B CE c mov cx,al restore cx
FaC1 SA < pop dx ; restore dx
Fuc2 c3 c ret
[
[
F4C3  0A D2 € v_bs: or dl,dl ; back space -~ column = 0 ?
FuC5 74 Fa c iz v_ters_nop ; don't change cursor position
FuCT FE CA [ dec a1
FuCy EB C1 c Jop v_set_new_cur
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FhcB
FacD

FA4CF

FACF

FA4CF
F4D3
FLD6
F4DA
FUDD

FU4DE

F4DE

32 p2
EB BD

84 26 004A R
AQ0 0049 R
8A 3E 0062 R
80 E7 07

€3

E8 F52B R

2A FS
FE C6
2A DY
FE C2

RN ANANNONANNNNNNNANANNNNNG0NAaNNNNAaNNNNN0NNN0NNNNNNNN00N0AN00Na0000ANANANNNOANNANNNANANNAAANOANNANOAGH

v_er: xor 1,41 ; carriage return
iop v_set_new_cur

v_terminal endp

; - -
H Read Current Video Status ah = OFh

; Input: None,

; Gutput: ah = nunber of character columns on screen
; al = display mode currently set

i bh = current active display page (0-T)

P

; Trash: None.

v_stat proc near

assupe cs:code, ds:data, es:v_ram, ssinothing

mov ah,byte ptr ds:[v_width]

mov al,byte ptr ds:(v_mode]

mov bh,byte ptr ds:(v_apage]

and bh,07h ; page number mod 8
ret

v_stat endp
page

tarting (row,col) position from (0,0)

Input: (ab,al) = 3
(eh,cl) for up / (dh,d1) for down
a

if bl = 0
b

bh ttribute to be used on blank row(s)
, then clear entire window with attribute in bh
else, 1 = number of rows to 'seroll' up / down
= number of rows to clear at top / bottom of window
(eh,cl) = (row,col) of upper left corner of window from (0,0) m
(dh,d1) = (row,col) of lower right corner of window from (0,0)
es: -
1 (ch,el) i
t [, H
| i !
| 1 1
i i | |
B | - cmem- |
i FI O | i
B 1 v - |
; l (dh,d1) H
3 .- p.
Output: zf = state of bl at entry (mz if scroll; z if clear only)
ax = (number of bytes/row) ® (number of rows to seroll)
; = (2 % bl * yv_width)
bh = attribute to be used on blank line(s)
H if bl = 0 at entry, then clear entire window with bl attribute
3 bl = dh = window height to clear
else, bl = number of rows to ‘seroll' up / down
; = number of rows to clear at top / bottom of window
ch = zero
el = number of rows to move
= delta of upper and lower coordinates-bl = (dh-bl)
(dh,d1) = delta of upper left and lower right coordinates
= window height and width
bp = pumber of bytes NOT to move per row (2%#(v_width -dl))
't “from' address for scroll
di “to' address for scroll
ds data_seg (preserved)
es para_gmono
H
: <em bp >
H es: cnm———-
: 1
- |
i >t i
| 1
3 tldn
T e | 1
i bl 1
; e |
i di offset if down |
i
i
page
v_sorl_pos proc near
assume cos:icode, ds:data, es:v_ram, sainothing
call v_posn ; (ah,al) -> ax offset; si trash
sub dn,ch ; (dn,dl) gets delta {drow,dcol)
inc dh i dh = number or rowa
aub d1,el
ine d1 ; d1 = number or columns
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F4E9
FAED
FAEF

FAF1
Far3
FafFs
FAF8
FAFA
F&FC

FUFE
F500

F502
FSo4

F506
FS08

FS0A

F50C
F50C

F50D

F50D

F50D

F52B

F52B
F52D
F531
F533
F537
F539
F53B

F53C

F53C

0A
75

8A

c3

D1
88
£8

c3

36
FO
FE

CE
cB

DB
02

1€

Fg

E6

84 0050 R

Q00XE R

004C R

F52B R
08

F
E6
cu

26
cé

OOFF

0034 R

0NN NANANNNNN0ANANANNNANNNAANANAANANNANNANANANNANNANANNNANANNNANANANNNNANANNNNANANNNNANANAAANNANAANNAAANND

mov si,word ptr des:[v_top) ; get offset of active page

add ai,ax ; add offset in page => 'from’
mov di, a1 i, 'to' addresses.

xor ex,cx ; init count register to zero.
mov el,dl i ex = number of columns z dl
sov ax,word ptr da:(v_width] i get acreen width

mov bp,ax i bp = v_width

aub bp, ex 3 bp = (v_width - d1)

ahl bp,1 i bp = 2 ® (v_width - dl)

shl al,1 i oal = 2 % v_width

@ul bl ; ax = 2%v_width®no. of rows
mov cl, dh

aub el,bl i el <= number of rows to move
or bl,bl i 1f rows to scroll,

snz v_serl_mv_and_clr ; then, move & clear row, return nz.
oov b1, dh ; else clear dh rows only, return z.

v_serl_ov_and_elr:

ret ; ZF indfcates state of BL at entry

v_serl_pos endp

page

Calculates video ranm buffer offset of a character in text mode

Input: bh current active display page (0-7)
Output: bx offset of character in text mode at display page
= (page number}®(v_height)soffset of v_curpos(bh)
ax = offset of character in text mode from page 0

Trash: si = destroyed.

v_fpos proc near
assume csicode, ds:data, es:v_ram, ss:inothing
@ov al,bh ; al gets page number
xor bx,bx i bx =
and 4x,07h ; ax = page numbet mod 8
@ov si,ax i 81 keeps page number mod B
3z v_fpos_0 i page number = 07
v_fpos_1p: .
add bx,word ptr ds:[v_height} ; optimization: word multipli-
dec ax ; cation by less than 8 without
Inz v_fpos_lp ; destroying dx (or ex).
v_fpos_0: ; bx = (page number)®(v_height)
shl 91,1 ; page number mod 8 word index
mov ax,word ptr da:{sisv_curpos}
call v_posn ; (ah,al) -> ax offaet; si trash
add bx,ax i bx = (page)®(v_height)soffset
ret
v_rpos endp

v_txt_nd

Calculates video ram buffer offset of a character in text mode

Input: (ah,al)
Output: ax

(row,col) position
offset of character in text mode.

Trash: si destroyed.

proc near

assume cs:code, ds:data, es:v_ram, ss:nothing

aov a1,ax
and 31 ,0FFh si keeps column (al)
mov al,ah . al gets row (ah)
Bul byte ptr ds:[v_width] ax gets (row v_width)
add ax, st ax gets (row ® v_width)+ column
shl ax, 1 ax gets 2%((row ® v_width)+column)
ret
endp

Is v_mode text or graphics or black/white card?

Input: HNons.

Output: carry flag {(cf) set if text. carry flag cleared if graphiea.
Text Modea: 0 to 3 and 7
Graphies Modes: 4 to 6, 64, and 72
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¢ -
c assume csicode, ds:data, es:v_ram, ss:nothing
[
F53C 80 3E 0033 R 0% c cop byte ptr ds:[v_mode],d
F581 72 09 c ib v_txt_ok
[
F543 B0 3E 0089 R 07 c cap byte ptr da:[v_mode),7
F588 78 02 [ Je v_txt_ok
F53% F8 c ele i graphics mode (CF = 0)
F54B €3 c ret ; modes & to 6, 6%, and 72
c
Fsuc C v_txt_ok:
F54C  F9 c ate ; text mode (CFP = 1)
FS4D €3 c ret ; modes 0 to 3 and 7
c
FSAE c
c
c
c
c
[
c
c
c
FSUE C v_bell proc near
[
c assume cs:code, ds:data, es:v_ram, ss:inothing
c
FSUE 50 c push ax
[
FSuF B0 B6 [ mov al, t2cad ; p_8253_2, 1sb 1st, mode 3,no BCD
F551  E6 43 c out p_8253_ctrl,al
F553  BO 00 < mov al,00h ; p_timer count
F555 Ef 42 c out p_8253_2,al ; least significant byte
F557 B0 06 c mov al,06h
F559 E6 42 c out p_8253_2,al ; most significant byte
c
Fu58 B4 61 c in al,p_ketrl ; get control data
F55D B4 EO ¢ mov ah, al ; save control status
F55F  0C 03 [ or al,03n i turn speaker on
F561 E6 61 [ out p_ketrl,al / N
[
F563 51 [ push ex
F564 B9 00C8 c 20v €x,200 ;512 msec
F567 C bell wait:
F567 EB EF87 R c call F_wait_one_ms jwalt for 1 ms
F56A E2 FB c loop bell_wait
F56C 59 c pop ex
c
F56D 84 Cb c Tov al,ah ; restore control status
F56F E6 61 c out p_ketrl,al
<
F571 58 c pop ax
F572 €3 c ret ; return from v_term
[
F573 C v_bell endp
[
F573 C code ends
C include com3.asm
c
c
c
c
c
c
F573 C code segment public *ROM'
c assume cs:code, ds:nothing, es:nothing, 3s:nothing
c
c
c R,
[ INSB250 Asynchronous Communication Chip Baud Rate Time Constants
c (baud rate generator signal is 3,6864 MHz put through a
c divide-by-2 circuit).
c
c ((3,686,400 Hz)/2) = Input Freq.
c Time Constant =
[ (16)*(baud rate)
€ jaemermeemece———aaes
c
F573 C sce_init proc near ; abh = 00h
[ assume cs:code, ds:nothing, es:nothing, ss:nothing
c -
F573  8A EB [ mov ch,al i save input parameters.
c
F575 32 CO c xor al,al
F577 EE € out dx,al ; dummy read on scc_otl_x S
F578 EB EBE2 R c call rs_dly
F57B  EC [ in al,dx ; insures proper register addr.
FS7C EB EBE2 R ¢ call rs_dly
c
FSTF BO 09 [ mov al,9 ; select write regiaster #9
F581 EE c out dx,al ; reset and disable inmt
F582 E8 EBE2 R c oall ra_dly
F585 BO C1 [ nov 21,11000001b ; bw reset, st=0, miezdis, nv=1
F587 EE c out dr,al
F588 E8 EBE2 R [ call rs_dly
c
F58B B0 04 c mov al,h ; select write register #3
F58D EE c out dz,al ; transfer parameters




ROM BIOS
Listing

E8 EBE2 R
BO 4%

8A ES
80 E& 0%
DO Ed
oA Ca

8A ES
80 Ea 18
B1 03
D2 EC
0A Ch

EE
E8 EBE2

=

BO 0B

EE
E8 EBE2 R
BO 55

EE
E8 EBE2

BO OC
EE
E8 EBE2

=

8A DD

2E: 8B 87 ET29 R
48
48

EE
E8 EBE2

BO 0D

EE
E8 EBE2

8A Cu

EE
E8 EBE2

BO OE

EE
E8 EBE2
BO 03

=

EE
E8 EBE2

BO 01

EE
E8 EBE2
32 co

»

EE
E8 EBE2

=

BO 03
EE
E8 EBE2

3

BO 01

A DD

81 E3 0003

2E: BA A7 F62E R
B1 06

D2 E¥

OA CU

EE

E8 E8E2 R
BO 05

EE

E8 EBE2 R
BO 08

95

OA E&

95

75 02
BO 84

DO EC
0A ci

EE
E8 EBE2 R

0NANNONNNNNNANANNNNNNANNNNaNNNNNANNNNN0NAN0NANANNANN00NN00ANNNNN00NNNANAANNA0NNNAN0ANNAN0AN0NAN0000OO

call

mov
and
shl
or

mov
and
@ov
shr
or

out
call

DoV
out
call
sov
out
call

Bov
out
call

nov
and
nov
shr

; NOTE: These values are the SAME as the com_bau

aov

mov
dec
dec

out
call

mov
out
call

ov
out
call

mov
out
call
aov
out
call

mov
out
oall
xor
out
call

mov
out
call

@ov

@ov
and
Bov
Bov
shl
or

out
call

Dov
out
call

mov
xchg
or
xchg
Jnz
mov

scc_pwrup:
shr
or

out
call

rs_dly
al,01000100b

ah, ch
ah,00000100b
ah,

al,ah

ah, ch
8h,00011000b
el,
ah,cl
al,ah

dx,al
rs_dly

al, 11
dx,al
rs_dly
al,01010101b
dx, al
rs_dly

al,12
dx,al
ra_dly

bl,ch
bx,11100000b
1,

bl,cl

ax,word ptr cs:[bxescc_baud]

ax,word ptr cs:[bx+con_baud]
ax
ax

dx,al
rs_dly

a1,13
dx,al
rs_dly

al,ah
dx, al
rs_dly

al, 14

dx,al

ra_dly

a1,00000011b
al

al,00000001b

b1, ch

bx,0000001 1

ah,byte ptr ca:(bxesce_dbit]
el,6

ah,cl

al,ah

dx, al
rs_dly

a1,5
dx, al
ra_dly

al,00001000b
ax, bp

ah,abh

ax, bp
ace_pwrup

al,10001010b

ah,1
al,ah
dx,al
rs_dly

16x, 8-bit syach, 1 or 2 stop
get input parameters,

get bit #2

move to bit ¢3

‘or' the bit

get input parameters.
get bits #3 & &

oove to bits #0 & 1
“or' the bits

all doneftl
select write register ¢11
clock mode control

no x,rzbr,tzbr,txc o,tx ck

select write register #12
low byte of baud rate const

get input parameters.
get bits #5, 6, & 7 (clear bh)

pove to bits #1,2,4 3
bx 1s word index

EXCEPT for the - 21111
get 8530 baud count
get 8250 baud count
and subtract 211111

output low byte of baud rate

select write register ¢13
high byte of baud rate const

output high byte of baud rate

select write register 014
baud rate generator enable

baud generator enable & source

select write register ¢1
data xfer mode definition
rx dis, tx dis
ext dis

Pty no spec,

select write register #3
RxD parameters and control

RxD enable

get input parameters.
get bits #0 & 1 (clear bh)

move data bits to 46 & 7
“or' the data bits

select write register ¢5
TxD parameters and control

TxD enabled. (power-up value)
get original function code
is it 0 or FF?

restore AX

Juop if original AH=OFFh
TxD, DTR,RTS enabled. (normal)

move bits #6 & 7 to #5 & 6
“or' the bits
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F62B

F62E
F62F
F630
F631
F632

F632

F632

F8&1
F8a1
FBUu1
F8h2

FB43
F8u6

F848
F8uB

F8acC

F84D

F84D
F84D
F84D
FBUE

FBUF
FB852

F854
F857

F858
F859

F859
F859
F859
F85A
F85C
F8SF

F85F

E9 EB8A R

FB

1E

B8 0040
8E D8

Al 0013 R

FB

E
B8 0040
8E D8

A1 0010 R
F

CF

F9
B8 86
€2 0002

nfoon0nnnannanaan

000NN NNNANNNANNNNNANNANNONNNNNANNNNN00NANNANNNNNNANANNANANONNNAAANANNANNNANANNNNNNANAAOO

Jop scc_stat ; return status

jesesceransscenoncnecannane .- - -
i 28530 Compatible Data-Bit Definitions for Mapping  bits
jemmmmmmmmcmm————- -
scc_dbit db 00b H 5 data bits (0) (nmon- )

db 10b i 6 d bits (1) (non- )

db 01b [ 7 data bits (2)

db 1b H 8 data bits (3)
sce_init endp
code ends

include men.asa

T L I T TP T Y
1 mem. src

i
H This module includes INT 12h, 11h, & 15h,

SEEEEIS222:NEEIIEXRESIITIIEESEET

code segment public 'ROM'
assume cs:code, ds:nothing, es:nothing, sa:nothing

ORG OFB4h

o_size proc near
assume cs:code, ds:nothing, es:nothing, ss:nothing

st

push ds

mov ax,data_seg
mov ds,ax

assume cs:code, ds:data, es:nothing, ss:nothing

wov ax,word ptr ds:[memory_size)
pop ds
iret

o_size endp

INT 11h -~ equipment check

ORG OF8uDh

m_equip proc near
assume ca:code, ds:nothing, es:nothing, ss:nothing

sty

push ds

@ov ax,data_seg
mov ds,ax

assume cs:code, ds:data, es:nothing, ss:nothing

aov ax,word ptr ds:[switch_bits)
pop s

iret

m_equip endp

n: INT 15h -~ cassotte I/0
i

ORG O0F859h
o_cass proc near

assume c¢s:code, ds:nothing, es:nothing, ss:nothing
ste ; error
mov ah,86h
ret 2
i iret
@_cass endp

code ends
include nzi,asa

2oeRESTECECISEIoTINONCNECSSSGSNENOIOZNITEEICCOAENNGOUNOENGAIRRGRRRRED
Filename: mmi.are

This module inoludes INT 02h.

88282 E0REECREEECECEIISEEESCINEEOENGSISNOEINNCNNRNCCRRSENOCNCEURERRESD
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F85F

F85F
F8SF

F85F
F860
F860

F860

CF

FB

55
56

2E:

c?
8c

BE
E8

32
53

8E

8E 1E ESF2 R
06 0085 R E2CE R
0B 0086 R

DBB7 R
ESFA R

DB

D8
co

connmrcanocnnacnnan

N ON0aNNNNAN0NAN00000ANNNN0NNN0000NNNNANNN0N0AANNANN0NNaANN0NANcANNANNNNONNAAN000AAAAN

code segoent public 'ROM'
assume cs:code, ds:nothing, es:nothing, ss:nothing

i INT 02h

fmemmm e mmmmmmmemmeeemmmeaa- [, e cmmmmmman mm————
0RG OF85Fh

n_int  proe near

assume cs:code, ds:nothing, es:nothing, as:nothing
iret

n_int endp

code ends

include boot2.asa

zezs =
Filename: boot.arc

i
i
H This module includes INT 19h.
H

code segment public 'ROM!
assume ca:code, ds:nothing, es:nothing, sa:nothing

zzzzzz B
INT 19h -~ Cold boot routine

This code reads Track 0, Side 0, Sector 0 into memory at
0000:7C00 and iret's into the secondary boot-strap loader

Note: The stack looks like this at exittlll

High Address
<=- sp (at entry & exit)

<-- ap after INT 19h trap

<-- sp at loading of return address
Low Address

Output:
(oL) = Driver Number [ 00h -> Floppy Drive (A:);

01h -> Floppy Drive (B:);

80h -> Fixed Disk  (C:). ]
(DK} = Head Humber [ These three parameters will
(cH) Cylinder Number specify the booted partition
(cL) Sector Number in the case of the fixed disk. ]
(4R) Successful status = 0.
(AL) Number of Sectors read (in order to read 512 bytesa. ]

(ES:BX) = Address of the transfer [0000:7C00]
(D5 :BX)

(CS:IP) = Address of entry point (0000:7C00]

(SS:SP) = Stack Segment and Pointer are left intact from the INT
19h invocation for multi-tasking enviromnments.

{IF) = The interrupt enable flag is left intact from the INT
19h invocation for multi-tasking environments.

Trash bp destoryed. (a1, di, & bp preserved.)

bt_int proc near
assume cs:code, ds:nothing, es:nothing, ss:nothing

st ; enable interrupts
push bp ; save BP & SI

push 81

assume da:data ; reset master table ptr to ROM
mov ds,word ptr os:(set_ds_word) i satisfy assumption

moy word ptr ds:(master_tbl_ptr+0000h),cs:{offset mastab)

mov word ptr ds:[master_tbl_ptr«0002h],ca

moy ai,ca:(offset bt_m) ; boot strap message

call DRomString i print banner

xor bl,bl i disable error message blinking
push bx ; save blink status

assune ds:abs0, es:abad

bt_o: ; boot atrap outer loop
xor ax,ax i AX = abs0_seg.
mov ds,ax ; satisfy asaumptions
mov es,ax

8-153



ROM BIOS
Listing

F881
F887

F88B
FB8E

FBBE
F890
F892
FB94
FB896
F898

F89A
F89D

F89F

€7 06 0078 R EFCT R
8C OE 007A R

BD 0003

B8 0201
BT 7C

a1

06
07

73 \E
58
T4 OE

BE DBD1 R
78 03
BE DBF6 R

E8 ESFA R
80 F3 80

BE DBF6 R
E8 ESFA R

8B EC
89 SE 02
8C 46 o4

0000
016E
02DB
o448

09FD

00NN NNANNNNNNANANANANOANNNANNANAANNNAANNANAANNANNdNANAANNNNNNANANANAANANAANANNANNNNNANANANANNANANNAAGAANAA

i Reset fd_parms table vector.

mov word ptr ds:[int1Blocns0},cs:(offset fd_parms)
mov word ptr ds:[int1Elocne2],cs

; Inttialize retry loop.

mov bp,3 retry counter

bt_4i: boot retry inner loop

i Inttialize the driver.

xor ax,ax i AX = 0.
mov bx,ax i BX = O.

mov cx i CX = 0.

mov ; DX = 0.

INT

Je bt_nxt ; try again, if error

; Read the boot sector.

mov ax,0207h ; read one sector
; bl = 0,
@ov bh,7Ch ; xfer address = ES:BX = 0:7C00
i ex = 0.
inc ox ; track 0; sector 1
; dx = 0.
i head 0; drive 0
push o3 ; save return registers
INT 130 ; BX,CX,DX,SI,DI,BP, & DS saved
pop es ; restore return registers
bt_nxt:
Jne bt_ok 3 Jump 1f no error during read
pop bx ; get blink status
or bl,bl ; have 3 retries been completed?
Jz bt_dec i Jump if no
mov s1,cs:(offset bt_merr) ; blink error message on
Js bt_blnk ; blink state frow BL above
mov 8i,cs:(offset bt_spaces) ; blink error message off
bt_blnk:
call DRomString ; blink error message
xor b1,10000000b ; toggle blink state
bt_dec:
push bx ; resave blink status
dec op ; decrement retry count
jnz bt_1 ; and, try again
pop bx ; get blink status
or bl,1 ; enable error message blinking
push bx i save new status
Jop bt_o ; and try again, for now.
bt_ok:
mov si,cs:(offset bt_spaces) ; blink error message off
call DRomString
pop 31 i discard blink status
pop a1 i restore SI
mov bp,sp
mov word ptr ss:[bps2],bx ; return IP = BX = 7C00h
mov word ptr ss:(bpsd],es ; return CS = ES = 0000h
pop bp ; restore BP
iret ; return flags

bt_int endp

code ends
include calendar.asm

Filename

This module includes c_road and c_write of INT 1Abh.

=zzszzzozzazzizzesas:

=zzcsszzsszzzzszEsssasssszaszas

code segment public 'ROM'
assume cS:code, da:nothing, es:nothing, ss:nothing

c_datal proc

; Days per year,

c_dy_yr dw (0%9366)+(0%365) ; year 0 = leap year + 0
daw (19366)+(0%365) ; year 1 = loap year + 1
dw (19366)+(1%365) ; year 2 = leap year + 2
dw (1¢366)+(2#365) ; yoar 3 = leap year + 3
dw (19366)+(3%365) ; year 4 = leap year + 0
dw (2%366)+(3%365) ; yoar 5 = leap year + 1
dw (29366)+(4%365) ; year 6 = leap year + 2
dv (29366)+(5365) ; yoar 7 = leap yoar + 3

; Days per month.

8154
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F8F2

F8F2

F8F3
FBFE
F8FT
F8F8

F8FB

P8FD
F8FF

F902

F903

F905
Fg06

F909

F90A

F917
F919
F91B
F91D

F922

Fg24

BA 00TF
EC

EC

E8 F945 R

84 EB8

B2 7C
E8 F958 R

48

8B DB

4A
B8 F958 W

48

8B DO

ip

78 08

E8 F9FD R
03 po

4p

79 F8

33 pB
84 DD

D1 E3
2B: 03 97 P8D6 R
8B DA

B2 77

I EANNNARNANONONANAAANOANNNNaNANAANNANANCNNAN0ANNA0ANNAMNNANONNAO0NANONNNNAANNNN0NANNANNN0NNNNNAANNNNOAOO

e,

dy_mo db 31 ; month
db 28 i month
db 31 i sonth
db 30 ; month
db 31 ; month
db 30 ; month
db 3 i month
db 31 ; month
db 30 ; month
db 31 ; month
db 30 ; month
db 31 ; month

datal endp

Read or Write Clock Calendar Device

Input: ah
bx

EEe@aeNEWN 2O

-1 Write Clock Calendar Device,
day (froz 1-1 of leap year up to 12-31

of leap year up to 312-31

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Set
Nov
Dec

"

{c_read}

then:
of leap years7)

then:
of leap year+7)

= (0-2921) = (0-B69h)

ch = hour (0-23)

el = ainutes (0-59)
Output: ah =z -1 implies date/time error

ah = 0 izplies date/time 0K
Input: ah = -2 Read Clock Calendar Device,
Output: bx = day (from 1-1

ch = hour

cl = minutes

an = seconds

al = hundredths of seconds
Trash: None

c_read

near
es:code,

proec

assume ds:nothing,

Save registers.

push ax
Years,

mov dx,7Fh

in al,dx

in al,dx

ceall c_rpcob

@ov ch,al
Months.

@ov d1,07¢Ch

call c_rhex

dec ax

mov bx, ax
Days.

dee dx

call c_rhex

dee ax

Calculate Day (ax has day).
mov dx, ax

Calculate Month (bx has month).

dee bx

s e_ra0
c_rmlp:

call c_gdays

add

dec

ins
e_ro0:

es:nothing,

ss:inothing

interrupts (years mod 8)

al = years

¢ch = saves year mod 8

dl = tens of months port = 7Ch
Input: dl = tens of mon.s port = 7Ch
Output: ax = hex of months (1-12)

dx = day of week port = TAh
ax = map month (1-12) to month (0-11)

bx = saves month (0-11)

dl = tens of days port = 79h
Input: dl = tens of days port = 79h
Outp ax = hex of days (1-2)

dx = tens of hours port = T7h
ax = map days (1-7) to days {0-7)

dx = day

previous gonth
jump 1if 1t was zero

get days per month
dx = day + current smonth
previous month

zero case

; dx = day + month

Calculate Year (ch has month).

xor bx, bX clear bh

@ov bl,ch get year mod B

shl bx, 1 make word index

add dx,word ptr ca:{bdbxec_dy_yr)

Bov bx, dx ; bx = day + month + year
Hours.

mov da1,077h i d1 = tens of hours port = 77h
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F926 E8 F958 R call c_rhex ; Input: dl1 = tems of hours port = 77h
; Output: ax = hexadecimal of hours
H dx = tens of min.s port = T5h
F929 84 E8 mov ch,al ; ch = hours
; Minutes.
;5 dl = tens of minutes port = T5h
F92B E8 F958 R call c_rhox i Input: dl = temns of min.s port = T5h
; Output: ax = hexadecimal of minutes
H dx = tens of sec,s port s 73b
F92E 84 C8 sov cl,al i el = minutes
; Seconds.
; d1 = tena of seconds port = 73h
F930 E8 F958 R call c_rhex ; Input: dl = tens of sec.s port = 73h
; Output: ax = hexadecimal of seconds
H dx = tenths of sees port = T1h
F933 8A FO mov dh, al ; dh = seconds
F935 52 push dx ; save seconds (dh)

; Hundredths of Seconds.

dl = tenths of seconds port = T1h

call c_rBCD al = tenths of secomnda

F936 E8 F9s8% R H

F939 B84 EO aov ah, al ; move tenths of seconds to high byte
F93B 32 CO xor al,al ; ax = BCD of hundredths of seconds
F93D EB F962 R call e_BCD2hex ; ax = hex of hundredths of seconds
F9u0 54 pop dx ; restore seconds (dh)

Fo41 8a DO mov dl1,al ; dl = hex of hundredths of seaonds

; Restore regiastersa.

F9u3 58 pop ax
F9ua C3 ret
F9us 51 e_rBCD: push ex ; save ox
F9u6 B9 0003 mov ex,3 ; try 3 times onlyltl
Fou9 32 F6 xor dh,dn ; clear dh
F94B  EC e_rBlp: in 8l,dx ; get the byte
F9sC 24 OF and al,’ h i clear high nibble
F9UE 3C 0A cop al, J ; 13 it less than 107
F950 72 04 ib c_rBret ; if so, return
F952 E2 FT loop  c_rBlp ; else, try again
F954  BO Ot mov 1,1 ; if timeout, return one.
F956 c_rBret:
F956 59 pop ex ; restore ox
F957 C3 ret
F958 c_read endp
; Convert to Hex (c_rhex)
; Inputs both BCD bytes and converts to hexdecimal word.
H Ir-at: dl = pointer to tens of whatever port
; Ov-.put: ax = hexadecimal word (ah = 0)
: dx = pointer to tens of previous port (dh = 0)
; Trash: MNone.
F958 e_rhex proc near

assume c3:code, ds:nothing, es:nothing, ss:nothing

A AAANAAMAANANANNNAANANNAANNANNNANANANNANANNNNANANNNANNNANNBNNNAONNAANNONNONNAANNANNN0NNNNANGNNANAANONAN

F958 E8 F9uS R call c_rBCD ; in from tens of whatever
F95B B4 EO mov ah,al ; move tens of whatever to high byte
F95D 4A dec dx ; dx points to units of whatever port
F9SE EB F945 R call c_rBcp ; in from units of whatever
F961 ua dec dx ; dx points to tens of previous port
; KLY} short c_BCD2hex ; fall through
F962 c_rhex endp
BCD to Hexadecimal (o_BCD2hex) { \
Input: ah = high BCD digit
al = low BCD digit -
Output: ax = hexadocimal byte {(ah = 0)
dn = 0
3 Trash: None.
F962 c_BCD2hex proc noar
assume os:icode, ds:nothing, es:nothing, ssinothing
F962 8A Fa mov db,ah ; db = hi BCD digit
F963 DO E sh1 db, 1 ; db = 2%(hi BCD digit)
F966 DO E6 shl dn,1 ; db = &%(hi BCD digit)
F968 02 F2 add dh,ah ; db = 5%(hi BCD digit)
F96A DO E6 anl dh,1 ; db = 10%(hi BCD digit)
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F96C
F96E
F970
F972

F973

F973

F983
7983
985
F986

F987
F989
F98B

F994
F996

F9BD
P9BF
P9co

02 C6
32 E4
32 F6
c3

80 F9 3C

3

80 FD 18
73 6E

81 FB 0B6A
73 68

33 co
E6 TE

B2 T4
8a C1
E8 F9EC R

8A C5
E8 F9EC R

8B D3
BB 0010

4B

4B

2E: 3B 97 F8D6 R
72 P17

2E: 2B 97 F8D6 R
D1 EB

8A EB

BB FFFF
43

E8 F9FD R
2B DO

73 F8

03 c2

B2 78
40
B8 F9EC R

52
8B €3

0
B8 F9EC R

N0 NNANNNNNNNNNNANANNNNNAANNANANNNNNANNANNANANNNANNANANNNONNANN0ANNNNNNANANAAN0NNNNANNNNNNNANNAAANNAN

add al, dh H = 10%(hi BCD digit)+(low BCD digit)
xor ah, ah i ax = 10%(hi BCD digit)+(low BCD digit)
xor dh, db ; dh = 0
ret
©_BCD2hex endp
H Write Clock Calendar Device (c_write)
; Input: ah = -1 X
i bx = day (from 1-1 of leap year up to 12-31 of leap year+7)
' .= (0-2921) = (0-B69h)
3 ch = hour (0-23)
: el = minutes (0-59)
; Output: ah = -1 implies date/time error
H ah = 0 implies date/time OK
H Trash: None,
c_write proc near
assume cs:code, ds:nothing, es:nothing, ss:nothing
i Check for errors.
cmp 01,60 ; cl = minutes (0-59)
Jae c_werr
cmp ch,24 i ¢h = hour (0-23)
Jae c_werr
cmp bx, (29366)+(6%365) ; bx = day from leap year mod 8
Jae c_verr H = (0-2921) = (0-0B69h)
; Save registers.
push ax
push bx
push ox
push dx
; Initialize and Stop Clock.
xor ax,ax i ax = 0
out 70h,al ; test only port = out of test mode
out 7Eh, al ; Stop/start port = stop clock
i Minutes.
mov d1,074h i dl = units of minutes port = Tih
mov al, el i al = sinutes (0-59)
call c_whex i Input: al = hexadecimal of minutes
i dl = units of min.s port = T4h
; Output: ax = trash
H dx = units of hours port = 76h
; Hours,
. i dl = units of hours port = T6h
Bov al,ch ; al = hours (0-23)
call c_whex i Input: al = hexadecimal of hours
i dl units of hours port = 76h
i Output: ax = trash
H dx = units of days port = 78h

e_

Calculate Year.

@ov
mov
wylp:
dec
dec
cap
b

sub
shr
mov

dx, bx
bx,(8%2)

bx

bx

dx,word ptr cs:(bxec_dy_y
c_wylp

dx,word ptr cs:[bxec_dy_y
bx,t
ch, bl

Calculate Days & Months.

Bov

c_wolp:

inc
call
sub
Jae

add
Days.
@ov

inc
call

Months.

ine
Bov
ine
call

bx, -1

d1,078h
ax
o_whex

dx
ax,bx
ax
c_vhex

dx = day from leap year mod 8
word index of year

rl

r) i dx = saves day of year
; bl = year mod 8
i ch = saves year mod 8

start at January

next month
get days per month

bx = month (0-11)
ax = day  (0-7)

dl = units of days port = 78h
al = map days (0-?) to days (1-2)
Input: al = hexadecimal of days

dl = units of days port = 78h
=z trash

Output: ax .
dx day of woek port = TAb

dl = units of months port = 7Bh
al = month (0-11)
al = pap month (0-11) to month (1-12)
Input: al = hexadecizal of months
dl = units of mon.s port = TBh
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c 7 Output: ax = trash ~_
[ H dx = leap year port = TDh
C ; Leap Years,
c dx = leap year port = TDh
P9CA 80 08 c mov al,08n set leap year bit
F9cC 84 CD c Dov cl,ch got year mod 8
P9CE B0 E1 03 c and c1,03h ;i get year mod &
F9D1 D2 EB [ shr al,cl ; shift leap year bit into position
F9D3 EB c out dx,al
c
C ; Years.
[
F9D &2 c inc dx ; dx = stop/start = TEh
F9D5 42 c ine dx dx = interrupt = TFh
F9D6 BA C5 c @ov al,ch get year mod 8
F9D8 0C 08 c or al,o08h set ‘repeated interrupt' bit
F9DA EE [ out dx, al
F9DB3 90 c nop
F9DC EC c in al,dx
F9DD 90 c nop
F9DE EC c in al,dx
F9DF 90 c nop
F9E0 EC c in al,dx
c
C ; Start Clock.
c
F9EY BO FF c zov al,0FFh ; al = OFFh
F9E3 kA c dec dx dx = stop/start = TEh
F9E4 EE c out dx, al start clock
[
C ; Restore registers,
c
FOES 54 < pop dx
F9E6 59 c pop cx
F9ET 5B c pop bx
F9EB 58 c pop ax
F9E9 32 E¥ c xor ah,ah ; ah =0 no error
c
F9EB C c_werr: i eh = -1 error
F9EB €3 c ret m
c
F9EC C c_write endp
c
¢ - ———-
[ Converts hexadecimal byte to BCD and outputs both bytes. (c_whex}
c
c Input: al = hexadecimal byte
c dl = pointer to units of whatever port
c Output: dx = pointer to units of next port (dh = 0)
c
c Trash: ax destroyed.
c cemmeman
c
F9EC c proc near
c assume cs:code, ds:nothing, es:nothing, sa:nothing
c
F9EC 32 Ea [ xor ah,ah ; ax = hexadecimal byte
F9EE 86 0A [ mov dh,10 i dh = divisor
F9FO F6 F6 < div dh i ab = remainder = low BCD digit (0-9)
c ; al = quotient = high BCD digit
F9F2 86 Cu [ xchg al,ah ; ah = quotient = high BCD digit
[ ; al = remainder = low BCD digit (0-9)
c
F9F4 32 F6 [ xor dh, dh dx points to units of whatever port
F9F6 EE c out dx, al out to units of whatever
F9FT 84 C4 c aov al,ah oove tens of whatever to low byte
F9F9 42 c inc dx dx points to tens of whatever port
F9FA EE 4 out dx, a1 out to tens of whatever
F9FB 42 c inc ax dx points to units of next port
F9FC €3 c ret
c
F9FD € c_whex endp
c
€ je-
c
c Get Days per Month. {(c_gdays)
c
c This routine caleulates the nunber of days
c per month based on the year without checking validity of month.
c 3
c Input: bx = month (assumes bx < 12)
c ch * year
c Output: ax : days in month, if month valid; else garbage —
€
c Trash: None. !
c cecnen —————
c ——
F9FD € c_gdays proc near
[ assume os:code, ds:nothing, es:nothing, sa:nothing
c
F9FD 33 CO c xor ax,ax ; clear ah
F9FF 2E: 8A B7 FBE6 R [4 mov al,es:[bxec_dy_nmo]
<
FAOR 80 FB 01 ¢ cmp b1,1 i 1s 1s February?
FAOT 75 06 < jnz c_gret ; if not Pebruary, retura
[
FAG9 F6 C5 03 [ tost ch,03h ; if year = 0 mod 4, leap year
FAOC 175 01 c Jnz c_gret ; if not leap year, ax = 2Bth, so return
¢
FAOGE %0 ¢ ine ax ; load ax with February 29th
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FAOF
FA10

FA10

FA10

FAGE
FAGE

c3

RN NNNNNNNANNANANANNNNNNANANN00NNNNN0NNNNNANNNNAGAN0N0AANNANNNNN00NAANNNANNNNNNN0NAN0AN0NA

c_gret:

ret

c_gdays endp

code ends

H ORG'd Font Tables
i

code segment public 'ROM'

assume

ORG

font_lo_8x8
fontloB.asm

include

fontlo8

proc near ;

OFA6Eh

label byte

00h,00h,00h,00h
00h,00h,00h,00h
07eh,081h,085h,081h
0bdh,099h,081h,07eh
07eh,0fh,0dbh,0rfh
0e3h,0e7h,0ffh,07eh
036h,07fh,07fh,07fh
03eh,01ch,08h,00h
08h,01ch,03eh,07fh
03eh,01ch,08h,00h
018h,03ch,0e7h,0eTh
066h,018h,018h,03ch
018h,03ch,07eh,0ffh
offh,07eh,018h,03ch
00h,00h,018h,03¢ch
03¢h,018h,00h,00h
0ffh,0frh,0e7h,0c3h
0c3h,0e7h,00h,0ffh
00h,03ch,024h,042h
0u2h,024h,03ch,00h
0ffh,0¢3h,099h,0bdn
0bdh,099h,0c3h,0fh
01€h,07h,0dh,019h
078h,0cch,Oceh,078h
03ch,066h,066h,03ch
018h,07eh,018h,018h
018h,014h,012h,012h
014h,070h,000h,060h
01£h,011h,01fh,011h
013h,037h,072h,020h
018h,0dbh,03ch,0e7h
03ch,0dbh,018h,00n
050h,070h,07¢h,07fh
07ch,070h,040h,00n
01h,07h,01€h,07Ch
01rh,07h,01h,00h
018h,03ch,07eh,018h
018h,07eh,03¢ch,018h
00h,033h,033h,033h
033h,00h,033h,00h
07fh,0dbh,0dbh,07bh
©1bh,015h,01bh,00n
03eh,061h,03ch,066h
066h,03¢h,086h,07ch
00h,00h,00n,00h
07eh,07¢h,07eh,00n
018h,03ch,07eh,018h
07eh,03¢h,018h,07en
018h,03¢ch,07eh,018h
018h,018h,018h,018n
018n,018h,018h,018h
018h,07eh,03¢ch,018n
0ch,06h,07(h,06h
0¢h,00h,00h,00n
018h,030h,07fh,030n
018h,00h,00h,00h
00h,00h,060h,060h
060h,07€h,07Ch,00n
00h,024h,066h,0fCh
066h,024h,00h,00h
00h,00h,018h,03ch
07eh,0ffh,00h,00n
00h,0ffh,07eh,03ch
018h,00h,00h,00h
00h,00h,00h,00h
00h,00h,00h,00h
018h,03ch,03¢h,018h
018h,00h,018h,00h
036h,036h,01%h,00h
00h,00h,00h,00n
036h,036h,07¢h,036h
07€h,0368,036h,00n
018h,03eh,060h,03¢ch
06h,07ch,018h,00h
00h,063h,066h,0ch
018h,033h,033h,00h
01ch,036h,01ch,03bh
06eh,066h,03bh,00h
018h,018h,030h,00h
00h,00h,00h,00h
0ch,018h,030h,030h
030h,030h,018h,0ch

cs:code, ds:nothing,

es:nothing,

25

ss:nothing

System Font Table for M2h4
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N 0NMNNANNNANANAANANNANANNNNAANNANANANNNNNNNNNN0N0NANNANNONNANNNNNNANNAANNNNNNN0ANANANNNANNNNAANNNNN0OO

030h,018h,00h,0ch

Och,0ch,018h,030h ;)¢
00h,066h,03ch,0ffh
030h,066h,000,00n ;'8¢
00n,018h,018h,070h
018h,018h,00h,000  ;'s'
00k, 00h,00n,00h
00n;018h,0181,0300 ;',*
00h,00h,00h,07eh
00h,005,00h,00h oot
00h,001,00h,00h
00h,018h,0180,000  ;'.*
03h,068,0¢h,018h
030h,060h,080h,00n ;'/*
03¢h,063h,067h,06fh

07bh,073h,030h,00n ;'0'
Och,01¢h,0ch,0ch

oOch,0ch,03rh,00h i
01fh,033h,03h,00h
018h,033h,03fh,00n ;'2¢
01eh,033h,03h,0eh

03h,033h,01en,00n  ;'3¢
0ch,016h,036h,066h
07¢h,06h,07h,00h pae
03rh,030h,030h,03h

03h,033h,01eh,00b  ;'S*
06h,018h,030h,03¢h
033h,033h,01eh,00n ;'6'
03fh,033h,03h,06h
Och,0ch,0ch,00h T
(Heh 033!! 033)! Oloh

;180

e

00h,018h,018h;00n
00h,018h,018h,00h
00h,018n,018n,00n
00h,018h,018h,030h ;1
06h,0ck,018h, 030k

018h,00h,06n,00n prer
00h,00h,07eh,00h
00h,07eh,00h,00n jrev
030h,018h,0ch,06h
0ch,018h,030h,00n  ;'>*
036h,063h,03h,06h
0ch,00n,0ch,00h pvee
03eh,063h,06¢h,06fh

06¢h,060h,03eh,00n ;'8¢
08h,01¢h,036h,063b
07h,063h,0630,00n ;' A
076h,033h,033h,030n
033h,033h,07eh,00n ;B!
0len,033h,060n,060n

29

32
33
34
35
36
317
38
39
3a
3b
3c

3e
3r
Lo

L]

,00h
07fh,031h,034h,03ch
034h,031h,077h,00h
07fh,031h,034h,03ch
034h,030h,078h,00h
016h,033h,060h,060h
067h,033h,01dh,00n ;'G
063h,063h,063h,07¢h
063h,063h,063h,00k
03ch,018h,018h,018h
018h,018h,030h,00n 11!
0fh,06h,06n,06h
066h,066h,030n,00n ;14
073h,036h,03ch,038nh
03ch,036h,073h,00h ;'K*
078h,030h,030h,0300
030h,033h,07¢h,000 ;'L
063_’!.011‘.07fh,06°h
063h,063h,063h,00n ;'K
063h,073h,07bh, osfh

067h,063h,063 PN
01ch,036h,063
063h,036h,010 itor

07eh,033h,0330,036b
030h,030h,078h,00b ;'p*
01ch,036h,063h,063n
063n,036h,01ch,07h  ;'Q*
0eh, 03,0330, 03en
036h,0330,033
03eh, 063,030 wn
06h,063h,036h,008 ;'S¢
07eh,05ah,018h,018n
0181,018h,030h,000 4T+
063b,063h,063h,063h
063h,063h,030h,00b ;10"
063b,063h, ossn osan

JURY

sV

05bh
06bh, °7fh 036h oon ;'
063b,063h,036h,01ch

036n,063h,063h,00n ;1X°
066n,066h,066h,030n
0181,018h,030h,00n ;'Y*
07b,063b,06h,0ch

0180,033b,077h,000  ;'2*
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PEGE

00NN NNNAANNNN0ANNaNNNNNNAANNNANAN0AN0aNANNN000NNN00600N0NNN0AN0NANAN0AAAN0000A

co0n0n0n0nnnn0000000n

;End of
fontlo8

code

DB
font
endp

ends

03ch,030h,030h,030n
030h,030h,03ch,00h
020h,030h,018h,0¢h
06h,03h,01h,00h
03ch,0ch,0ch,0ch
Och,0ch,03ch,00h
08h,01ch,036h,063h
00h,00h,00h,00h
00h,00F 10h,00h
00h,00t )7fh,00h
018h,010h,0ch,00h
00h,00h,000,00h
00h,00h,03ch,06h
03eh,066h,03bh,00h
070h,030h,03eh,033h
033h,033h,06eh,00n
00h,00h,03¢h,061h
060h,061h,03eh,00n
0Oeh,06h,03eh,066h
066h,066h,03bh,00h
00h,00h,03¢h,063h
07fh,060h,03fh,00n
01eh,033h,0300,07¢h
030h,030h,078h,00h
00h,00h,03bh,066h
066h,03eh,046h,03ch
070h,030n,036h,03fh
033h,033h,0730,00n
0ch,00h,01ch,0ch
Och,0ch,01eh,00h
0ch,00n,01eh,0ch
Och,0cch,0cch,078h
070h,030h,033h,036h
03ch,036h,073h,00h
0lch,0ch,0ch,0ch
Och,0ch,01eh,00h
00h,00h,066h,07fh
06bh,06bh,06bh,00h
00h,00h,06eh,033h
033h,033h,033h,00n
00h,00h,01eh,033h
033h,033h,01eh,00n
00b,00h,06eh,033h
033h,03eh,030h,078h
00h,00h,03bh,066h
066h,03eh,06h,0rh
00h,00h,06eh,03bh
030h,030h,078h,00n
00h,00h,03fh,060h
03¢h,03h,07eh,00h
08h,018h,03eh,018h
018h,01bh,0eh,00h
00b,00h,066h,066h
066h,066h,03bh,00h
00h,00h,063h,063h
036h,01¢ch,08h,00h
00h,00h,063h,06bh
06bh,07fh,036h,00h
00h,00h,063h,036h
01ch,036h,063m,00m
00h,00h,066h,066h
066h,03eh,06h,07ch
00h,00h,076h,04ch
018h,032h,07eh,00h
0eh,018h,018h,070h
018h,018h,0eh,00h
018n,018h,018h,00h
018h,018h,018h,00n
070h,018h,018h,0¢eh
018h,018h,070h,00h
03bh,06eh,00h,00h
00b,00h,00h,00h
00h,08h,01¢h,036h
063h,063h,07£h,00n
matrix

include rte.asm

63
64
65
66
67
68
69
6a
6b
6e
6d

Ge

73
74
5
76
77

Te
"

segaent
asaume

public *ROM!
cs:code, da:moth

ing,

es:nothing,

szzz zzzess 2zaes
INT 1AD ==
Input: ah = 0 Read the Clock,

Output: ex

al =

then:

ss:nothing

High Portion of Clock (t_hi_order)
Low Portiom of Clock (t_low_order)
1 1f 26 hours have elapsed (t_overflow);

zzz

Tizme of Day Software Interrupt Request Routine

0 otherwise

8-161

P
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FEA8 2E: 8E 1E E5F2 R

Listing
c
c Input: 1 Set the Clock, then:
c High Portion of Clock (t_hi_order)
c Low Portion of Clock (t_low_order)
c
c Trash: ah (ah - 1) 1if ah <> 0
c 22z
] Inpu -1 ¥Write Clock Calendar Device, then
[ day (from 1«1 of leap year up to 12-31 of leap year+7)
c (0-2921) = (0-B69h)
c Bour (0-23)
[ minutes (0-59)
c Output: -1 implies date/time error
c 0 implies date/time OK
c
c Input: Read Clock Calendar Device, then:
c Output: day (from 1-1 of leap year up to 12-31 of leap year+7)
[ hour
c minutes
c seconds
c hundredths of seconds
c
c
[
c
FEGE c ORG OFE6Eh
c
FEGE ¢ t_day proc near
c assume ecs:code, ds:nothing, es:nothing, ss:nothing
[
FE6E FB [ st1 ; enable interrupts
[
FE6F 80 FC FE < cmp ah,0FER ; LF set if FEh, CF roset if FFh
FET2 75 0¥ c ine t_nFE ; ah = -2 = OFER ?
[
FET4 EB FBF2 R [ call c_read i read calendar chip
FE7T? CF ¢ iret
FET8 € t_nFE:
[
FE78 72 04 ¢ Jb t_nFF i ah = -1 = OFFh > OFEh 7 m
c
FETA E8 F973 R [ call c_urite ; set calendar chip
FETD CF c iret
FETE C t_nFF:
[
< assume cs:code, ds.data, es:nothing, ss:nothing
[
FETE 1E c push da ; save regiatera
FETF E8 ESF4 R [ call set_da ; satisfy assumptions
c
FEB2 FA c elt i interrupts off]
c i (shared variables)
¢
FEB3 80 EC 01 [+ sub ah,1 i DON'T DECREMENT (CF needed!)
FE86 73 0D [ jae t_set ;ah = 0 <17
<
C ; Read Time of Day.
c
FEB8 32 E4 [ xor ah,ah ; ah = 0 & 2F aet!
FEBA 8B OE 006E R ¢ mov ex,word ptr ds:{t_hi_order]
FEBE 8B 16 006C R < aoy dx,word ptr ds:{t_low_order)
FE92 A0 0070 R [ zov al,byte ptr ds:{t_overflow] ; t_overflow = 0 by setting time!
c i fall through (ah = 0 & ZF set)
[
FE95 75 OC C t_set: Jnz t_end i was ah = 1? (ia ah = 0 now)?
[
€ ; Set Time of Day.
[
FE97 89 OE 006E R c mov word ptr ds:[t_hi_order],cx j 1t's ok, if we fell through.
FE9E 89 16 006C R [ mov word ptr ds:{t_low_order],dx i (a bit slower, but smallerl)
FE9F 88 26 0070 R [ mov byte ptr ds:{t_overflow),ah ; ab = 0 (in all oases...)
<
FEA3 F ¢ t_end: pop ds ; restore regiatera
FEAN CF < iret
[
FEAS ¢ t.day endp
c
€ jaszzes zzszzcsemsmesmess 2x2z zzzs
c p_timer Hardware Interrupt Service Routinme
C jaezzz: zxzzszsassscazsascesazz
c
FEAS [ 0RG OFEASH
[
FEAS ¢ t_iat  proc near ! \
[4 assume cs:code, ds:nothing, es:nothing, ss:nothing
[
[ interrupts off!}
< i (shared variables)
c
FEAS 50 c pushb ax ; preseorve registers
FEA6 52 c push dx
FEAT 1E c push ds
<
¢ assume cs:code, ds:data, es:nothing, ss:nothing
c
[
€
€
€
c

FEAD FE OE 0040 R

Bov ds,word ptr cs:[set_da_word] ; satisfy assumption
; Handlo turning off floppy disk drive motor.

dec byte ptr ds:[motor_count] ; decrement wmotor on count
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FEB1 175 08 c ynz t_ine ; should we turn off drive?
¢
FEB3 EB EP4F R c call  stop_disk i 1f 30, stop disk motor
FEB6 80 26 003F R FO c and byte ptr ds:[motor_status),0F0h ; clear low nibble of status
¢
FEBB c t_ine:
c
C i Increment long p_timer count
¢
FEBB FF 06 006C R c ine word ptr ds:[t_low_order] ; increment low byte of counter
FEBF 175 04 c inz t_nt i skip t_hi_order
¢
FEC1 PF 06 006E R ¢ ine word ptr ds:[t_hi_order] ; increment high byte of counter
FECS C t_hi:
c
C ; Handle 24 hour overflow situation
c
FEC5 81 3E 006C R 00BO c cap word ptr ds:(t_low_order],0080h ; has 24 hours elapsed?
FECB 15 14 c Sne t_ofl i Lf not, skip t_overflow
¢
FECD B3 3E 00GE R 18 c emp word ptr ds:[t_hi_order],2h i has 23 hours elapsed?
FED2 15 0D c Sne t_of} i if not, skip t_overflow
c
FED4 C6 06 0070 R 01 c mov byte ptr ds:[t_overflow],01h
FED9 33 CO c xor ax,ax
FEDB A3 006C R c nov word ptr ds:[t_low_order],ax
FEDE A3 006E R ¢ mov word ptr ds:[t_hi_order],ax
FEE1 C t_ofl:
c
FEE1 FB c st1 ; enable fnterrupts
c i (no more shared variables)
C ; Invoke any user p_timer break routinme.
¢
FEE2 CD 1C c T 1cn
c
C ; Send specific end of interrupt (SEOI} to pic 'command' port AFTER p_timer
C i break, because user may be out-to-lunch for quite awhile....
¢
FEE4 B0 60 ¢ sov al,ple_seol_0 i specific end of interrupt command
m PEES E6 20 c out pie_0,al i to ple ‘command port.
c
k FEES 1F c pop ds ; restore registers
FEE9 54 ¢ pop dx
FEEA 58 c pop ax
FEEB CF c iret
c
FEEC C t_int endp
c
FEEC € code ends
C include vector.asm
c
¢ szsascs
c Filenane vector.are
¢
¢ This module includes the table of ROM inmterrupt vectors & 1ll1_int
¢ hardvare diagnostic & fllegal software interrupt service routine.
c
13 N PR,
05-11-84
¢
FEEC C code  segment pudlic 'ROM!
c assune cs:code, ds:nothing, es:nothing, ss:nothing
c
FEP3 c oRG OFEF3h
c
FEF3 C 4i_vec_tbl proc near
¢
FEF3 PEAS R c an t_int i tnt08loen see rte.sre
FEP5 E987 R c dw k_int i 1nt09locn see kb.sre
FEF7 FF23 R ¢ dw 1T1_tnt i intOAlocn
PEF9 FF23 R ¢ dw 111 1at } int0Blocn
FEFB PF23 R c dw 111”10t i 1nt0Clocn
FEFD FF23 R ¢ ™ 111_tnt i intoDlocn
FEFF BF57 R ¢ aw ra_int ; intOElocn see dsk.sre
FFO1 PF23 R c aw 17 int i intOFlocn
c
FFO3 FO065 R c aw v_to ; int10locn see vid.src
FFO5 P84D R c aw w_equip i inti1loen see mem, src
PPO7 FBA41 R c dw m_size int12loen see mea.src
FPO9 EC59 R ¢ aw fd_to int13locn see dak.sre
M‘\ FPOB ET39 R c ™ serial_io i intlilocn see com.arc
PFOD F859 R c ™ n_cass i inti5loen see mem.sre
FPOF EB2E R ¢ ™ k_io ; int16locn see kb.src
FF11 EFD2 R ¢ av p_io i int17loon see prn,srec
c
FF13 F860 A c av bt_int tnt18locn (We Don't Have BASICI)
FF15 FB60 R c aw bt_int 1at19loon see boot.arc
FF17 FE6E R c av t_day int1Aloen see rto.src
FF19 PFAB R c ™ duamy_iret int1Blocn s0e kb.sro
FPiB FFAB R c ™ dunny_iret intiCloen see rte.orc
FFID FOAY R c ™ v_parms intibloen see vid.sre
FPIF EFCT R c ™ £d_paroa i int1Elocn see dsk.sre
PP21 CB6O R ¢ aw font_hi_8x8 i int1Flocn see graph.sre
c
FF23 C i_vee_tbl endp
¢
[
c Interrupt Routime for Unused Hardware & Illegal Software Interrupts
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FP23
FF23
FF23

FF2y
FF27

FF29

FF2A
FF2cC
FF2E

FF30
FF32
FF34
FF36

FF38
FF3A

FF3C

FF3E

FF3E

FFu1

FF41
FFua
FFu8
FFU9
FFuA

FFUB

FF54

E8
88

1F

CF

E58C R

ESF4 R
26 0068 R

P ONONNNNoNNNANN0NNaNNANOANNN00ANANONN0NNaAAN0NNOaANANODANNNANANANAANNNNNANDNAANNANNNAANMANNONAANMAOAN.

ansume c¢aicode, ds:nothing, es:nothing, sa:nothing
ORG OFF23b
111_int proc near i trap for i1llegal interrupts
push ax ; save registers
; ah = -1; illegal software trap
mov ax, (OFFh*100h)+0Bh ;j al = OCW3 -~ read PIC's
out plec_0,al i in-service register
push ds ; save registers & delay

; Determine whether it 1s a hardware or software interrupt.

in al,pte_0 ; get active PIC IR#
or al,al ; are any active?
Jz 111_sw ; Af pot, illegal software trap.

If hardware interrupt, disable the 8259 PIC from further interrupts,

mov ah,al i return active PIC IR#
in al,pie_1 ; OCW) -~ get PIC interrupt mask
or al,ah ; shut off (aet) IR# bit,

out ple_1,al ; send PIC new mask.

aov 81, pio_neot i 0CW2 -~ send PIC a

out pLe_0,al ; nonspecific end_of_int

; Return ah = active PIC Interrupt Number in intr_flag.

Jop short 111_flg
111 _sw:

; Turn off floppy disk drives and notify user

illegal software trap; ah = -1

call 111_trap ; every register but ds saved!
Jlist

assume csicode, ds:nothing, es:nothing, ss:nothing
111_flg: ; set illegal trap flag

; 1llegal software trap; ah = -1

assume ocs:code, da:data, es:nothing, ssinothing

call set_ds ; satisfy assumptions

mov byte pt