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ManuANTnAAR (Miscellaneous Control Code) {lusidmruauafiautisrasssuy

Aussenenmuuuteuld Maraunisuanuateseiesnanin Sdayalus 1 waslusi

2 fagul 1

_dasdnanodeusccivie T | desdninnndieye ¢

Foyalus 1 dayalusi 2 doyaludi 1 _ﬁamqutﬁﬁtmﬁﬁ Antia
14H 20H 1CH 20H Resume Caption Loading RCL
14H 21H 1CH 21H Backspace BS
14H 22H 1CH 22H Reserved (formerly Alarm Off) AOF
14H 23H 1CH 23H Reserved (formerly Alarm On) AON
14H 24H 1CH 24H Delete to End of Row DER
14H 25H 1CH 25H Roll Up Caption 2 Rows RU2
14H 26H 1CH 26H Roll Up Caption 3 Rows RU3
14H 27H 1CH 27H Roll Up Caption 4 Rows RU4
14H 28H 1CH 28H Flash On FON
14H 29H 1CH 29H Resume Direct Captioning RDC
14H 2AH 1CH 2AH Text Restart TR
14H 2BH 1CH 2BH Resume Text Display RTD
14H 2CH 1CH 2CH Erase Displayed Memory EDM
14H 2DH 1CH 2DH Carriage Return CR
14H 2EH 1CH 2EH Erase Non Displayed Memory ENM
14H 2FH 1CH 2FH End of Caption (Flip Memories) EOC
17H 21H 1FH 21H Tab Offset 1 Column TO1
17H 22H 1FH 22H Tab Offset 2 Columns TO2
17H 23H 1FH 23H Tab Offset 3 Columns TO3

71U 1 mssuanssidnaunuiinman

siamauAuiinnAnusiazfdnasanIswanIHaTedATaINanITaR N Y Tnausas

o < a o é’
AINTIERZLDEAANL

® Resume Caption Loading (RCL) \lusvismauquiiuaniAsesnansvialiidn dayaiiniu

nfluresdasdygndayadmiulunAtussenanin (Caption Mode) aazgnuamanalis

UL Tavil (Pop On Style) drluaAussnanminasuanIEAlULLILAEWIW (Roll Up Style)

= d o % o dl 1 o ] d' 4“ '
NTIBULLLABUNL (Paint On Style) mmimﬂmwwmew%m"luLﬂaﬂuuﬂm LUBANARINAN

fayanmmnazgniivlilumisamnusnliiuansuns (Non Displayed Memory)

® Backspace (BS) \lusiaarunnndsliiriasnansiausiuimesions (Curson ndulinng

e 1 anns (Column) uazaLFISNET YiFRIWANAILTIVA (Mid Row Code) Peg nd sinumds



S g

i s

§ &
it At

il tonbas AR

i el

-
A i

el iadivias

68

U 1HesRIndInsuanInatedATasnansiautingu 32 annsireussin necinnesiaeseg
dl rell 1 &V Vas o’ :’ij % [~3 1 o % [ o u:i r-a‘
faansn 1 agudn winldiusianaunnidnanfasilinaduls widresiaeasagnanusim

32 inafiaiiazdnanagianusin 31 uazausaanys YERTWANAWNUIIIANaL NN 31

Tnesndnus vidasianataussvianag tu aaNsN 32 avfivagAvnu

® Delete to End of Row (DER) ilusianiupundsliissesnansdiaausindneg uazsia

NANLIIA (Mid Row Code) Magjsiausiannsi (Column) Ninafigafag/liniaamaugavussiin

AANANNUUILIAIINAN

® Roll Up Caption 2-4 Rows (RU2-RU4) \ilusiamauauiiuenisiasnamsvialiidn deaya
fimamniiurestasdoyoyndeyadmiuluadiussenanin  Caption Mode) feazgnuans
T T (Roll Up Style) 2, 3 %38 4 us39im mmwiiﬁmmquﬁdam tnlumaAn
UFFNBANANAILAAINA T UL TRATL (Pop On Style) WeaLLLLAEUAL (Paint On Style) AN

U93LNENMAUAAIBYALYNALBBNANUUILAINIINLA

i
o o =

® Flash On (FON) {lusWamLANRLBNLATENNBATIATT FOSNHINATNNIAZYNULANINS
Tnefanwondusanewiu doudnuouzay o duldud 8, faaduls uazfiges azaufs
Tiasuuas wad 1#5usRana19129%e (Mid Row Code) MinNNazn1 linIsuanasianenay

¥

wgaad saALANtiazlnguunThasmilauiudnldFudesing 1 dadinan

® Resume Direct Captioning (RDC) Hlustianrupniueanipzasnansialiiin deyai
munflurastesdyyrndeyasdmiuluaatussenanin (Caption Mode) TAZQNUAAINS

Tuuuu@ewiu (Paint On Style) dasyatiazgnitisunseliimisaacinsiuanina (Displayed

Memory) YU lé5u
® Text Restart (TR) \JusiamauAniuaniAsenansialiidn deyanmunidue

tadtynyrndayadmiuiuadaninu (Text Mode) Asadnansiasasauniog A INRN& s
Tuadannulidnlivun uazaduinafigas (Curson NNNUTIVAN 1 @ANT (Column) 71 1

YY1 ¥

® Resume Text Display (RTD) \JusviamaupuiuaniAsadnansvialiiidn dayanmniuun
urasdasdnygrudayadmiuluadaninu Text Mode) i lunsdindnsdedayasasdas
¥ di nlz b3 td' o o -33’ o 1 a -dl '8 g
dounudeysdudunane dayafisnunassianauaniiazisngludiumiain Needises

(Curson) LAty audstayavastasdnynndoyaaudn
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® frase Displayed Memory (EDM) \flusviapauauiildiulunAussenanin (Caption
Mode) #slviirTasnansiasudayananainmitaninudiuaniua (Displayed Memory) 194

] 1% A’ v di o 1 = -=; ] i
TupAusstnanw  samauaniiladlfueniaiasnensiadn Imsuldeudesdyoyindeys

i
¥ Pl

Tayanmumndvegludesdyqrndayadaiuiudeysidemnneunisianunuil

® Carriage Return (CR) (lusviamauanndsliedasnansiatuussinlus lunsdifidaun
lutesdnyayrnudayad nsuTuaALs8Nen N (Caption Mode) BNRNAILAAIAILIIENENN
TunuL@a1aL (Roll Up Style) waIaNA IFFusiamauan g, ALITTENENINIULISTIALILG A
ATYNALBDNANNNUILIANNA LAZANNULNRD ANLTILNENINW ULV AR LA A B LA UNLNILY
t#l & & o 1 o a 1Y d' & ai v o [
N dowmaiiaas (Cursor) fhaguuussiadn wigheldnaaus (Column) @1 1 &wndda
[) d; Yas ar ‘:IJ U -3 1 o/ dndl
WARIAILTIENENIWIULLL (Style) B MnldTustianuANtldnanfas liflnadula Tunsdin
dannlwtesdtyqnudeyadwiuluadaninu (Text Mode) fiaafinastiatunussiiaf 1 8
14 n&eanildfusianiuauiluds refigefazaiusaunaguuusindall o aausm 1 s
tunefiefaguuussioh 15 udsannldFusianiuauiluda fermluusmind 1 azgnau
AENANANUILANINAT  UAZAINUTIAE  TaA N ULITIAAUAZIRDUIUN WL doulAaas

\IafENaLLULIYIAN 15 Wwhn widheliRaausii 1

® frase Non Displayed Memory (ENM) - \lusiaaruauinldiuluaaussanann

(Caption Mode) &alvilrFasnansiaaudayasanainmiaaausnlaiuaniua (Non Displayed
Memory) aeslumAussenan I sarcuanilildueniefasnansiiadn  fnisudAsudes

dyynudieyn  deyaiimnunndeatfludesdyondeysifastuiudayaiidaneuni

aAuANT
. < . v o oy o [
® End of Caption (EOC) vsa Flip Memories \fusviamauannldiulunatussenanin

(Caption Mode) A419lAT0900ATNA AALMUIEAINNIUARINS (Displayed Memory) ALUUUAE
ANA THUAAIHA (Non Displayed Memory) 184TuAANLSTENEINN WdAussenanniia)
Tumbszanudlivanmasnguuniiae sanuRuilfueniAresnansialifin daya
lﬂl ] b 4 o s [ d’ | o
nauniuresdedyyrnieyadmiutuaiussenanmisazgnuansus o e

(Pop On Style)

® Tab Offset 1-3 Columns (TO1-TO3) ilusiaaruaundslfistasnansiaasiuinesioas

(Cursor) v@stesdeycy nusdayatiis Tiln1eaan 1, 2 vide 3 aans (Column) TnafasnEs vise
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IANANLIIA (Mid Row Code) Nagnauninaafitaiudsanasiuudaazaausin swamnau

g v lﬂ' Ld o 1 [ 3 L8 o o’ [ o | v $ 73 [l o ] d'
ANTldNan uuAAUMsAefes AuFLARAILTIENENIN visadaadnIviag lusuumian
MNNZAN IHBIAINNTINUUARI LML SREsTARUWMLNLLB98W (Preamble Address Code) £1a

Tuazidaane



AMANUIN A
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mem_map
capt_status
capt_bytel
capt_byte2
osd_page
osd_scroll
io_switch

info

style
language

row

column
attribute
height
disp_mem
non_disp_mem

roll up

pop_on
paint_on

solid_space
legible_ space

;*******************************************************

start

start_erase _mem_loop

start_box row_loop
start_box column_loop

byte 3f

byte 0fo0

byte 0f1

byte 0f2

byte 0f4

byte 0fs

byte 0fs8

byte 0co

byte 0

byte 1

byte 2

byte 3

byte 4

byte 5

byte 6

byte 7

byte 0

byte 1

byte 2

byte 20

byte 1

org 0

mov r8,#80 ;erase osd memory
mov r9.,#0

mov ra, #40

mov rb, #0

mov r0, #0

sto r0,@r8:r9

add ro, #1

adc r8,#0

add EBIEr

suc ra, #0

jnz start_erase_mem_loop
mov r8,#0a0 ;write black box
mov r9, #82 ;in text memory
mov ra,#0f

mov r0,#legible_space
mov rl,#0

mov rb, #22

sto r0,@r8:r9

add r8,#10

sto r0,@r8:r9

sub r8,#10

add r9, #1

sto rl,@r8:r9

add r8,#10

sto rl,@r8:r9

sub r8,#10

add £9, #1

sub rb, #1

jnz start_box_column_loop
add r9,#3c

adc r8,#0

sub ra, #1

jnz

start_box row_loop
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start_info_channel loop

start_info_data_ loop

mov
mov
mov
sto
mov
sto
mov
sto
mov
sto
mov
mov
mov
sto
mov
sto
mov
sto
mov
sto

mov
mov
mov
mov
mov
mov
lod
sto
add
adc
add
sub
jnz
add
sub
jnz

mov
mov
mov
mov
mov
mov
sto

73

ro,#2
r9,#80
r8,#88
r0,@r8:r9
r8,#98
r0,@r8:r9
r8,#0a0
r0,@r8:r9
r8,#0bo
r0,@r8:r9
r0,#7

r9, #81
r8,#88
r0,@r8:r9
r8,#98
r0,@r8:r9
r8,#0a0
r0,@r8:r9
r8, #0b0
r0,@r8:r9

;write PAC

r8,#start_info _table H ;initial info table
r9,#start_info_ table L
ra, #info

rc, #4

rb, #0

rd, #8

r0,@r8:r9

r0,@ra:rb

r9,#1

r8,#0

rb, #1

rd, #1
start_info_data loop
ra,#1

re,#1.
start_info_channel loop

€230

r3,#0

r6,#0

r0, #0

ra, #mem_map
rb, #osd_page
r0,@ra:rb

;jset up register

;*******************************************************

wait_capt_data

page

mov
mov
lod
xor
jz

mov
lod
XOor
12

xXor

mov
add
mov
lod

ra, #fmem_map ;if data not come in
rb, #capt_status
r0,@ra:rb

r0, #0c
read_capt_data
rb,#io_switch
r0,@ra:rb

r0,r3
wait_capt_data
£3 . E0

;jthen
;if switch change

;then change disp

ra,#info
ra,r3

rb, #disp_mem
r0,@ra:rb



read_capt_data

error

pair

spc.

bytel check_00_0f

pair

bytel check_10_1f

error

pair

pair_check redundant

pair

pair_execute

bytel print
pair

code

shr
shr
shr
and
mov
mov
sto
jmp
mov
lod
mov
lod

mov

add
je
mov

mov

mov
mov
mov
mov

jmp

sub
jnc
mov

jmp

sub
jnc
mov
add

je
mov

jmp
mov
Xor
jnz
mov
xor
jnz
mov

jmp
mov
mov
mov
mov

jmp
mov

mov

ro0

r0

ro0

ro,#7

ra, #mem_map
rb, #osd_page
r0,@ra:rb
wait_capt_data
rb, #capt_bytel
r4,@ra:rb

rb, #capt_byte2
r5,@ra:rb

r0,r4

r0,#80
bytel check_00_0f
r6,#0

r0,#solid space

r8, #print H
r9,#print L

rc, #tbyte2 print H
rd, #byte2 print L
@r8:r9

r0,#10
bytel check 10_1f
r6,#0

byte2 print

r0,#10

bytel print

r0  ¥5
r0,#80

pair_check_redundant
ré6,#0

wait_capt_data
r0,r4

r0,x6
pair_execute
r0, 15

¥0., 7
pair_execute
ré6, #0

wait_capt_data
r6,r4

5., 5

r8, #command_H
r9, #command_L
@r8:r9

r6,#0

r0,r4
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;wait data
;jelse
;read data

;if byte 1 par.

;jthen clear last

; print solid

; print byte 2

;jelse if in 00-0f
;then clear 1last
i print byte 2
;jelse if in 10-1f
;then
;7if byte 2 par.,
ijthen clear last

; wait data
;jelse if same pair

;then clear last

; wait data
;ielse save last pair

- do command

;else clear last

# set byte 1



language

byte2_print
error

spc.

byte2_ check 20_7f

code

language

75

;*******************************************************

print

offset

and ro, #7f 5 respect to
mov ra,#info » channel
add ra;xr2
mov rb, #language
lod rl,@ra:rb
add ¥0.,.Trl
mov r8, #print_H ; print byte 1
mov r9, #print_L
mov rc, #byte2 print H 7 print byte 2
mov rd, #byte2_print_L
jmp @r8:r9
mov r0,r5 ;if byte 2 par.
add r0,#80
je byte2_check 20_7f
mov r0,#solid_space ;then print solid
mov r8, #print_H
mov r9,#print_L
mov rc, #wait capt_data_ H 7 wait data
mov rd, #wait_capt_data_L
jmp @r8:r9
sub r0, #20 ;else if in 20-7f
j& wait_ capt_data
mov 0 o1 8 190 2 ) jthen set byte 2
and r0, #7f ; respect to
mov ra,#info i channel
add ra,r2
mov rb, #language
lod rl,@ra:rb
add L0t
mov r8, #print_ H i print byte 2
mov r9, #print_L
mov rc, #wait_capt_data H ; wait data
mov rd, #wait_capt_data_L
jmp @r8:r9
mov ra, #info ;offset =
add ra 2 ;jrow*128 + col*2 + 2
mov rb, #row
lod r8,@ra:rb
mov rb, #column
lod r9,@ra:rb
mov rl,#0
shr r8
src rl
shl r9
add 9, ¥l
add r9, #2
mov rb, #style ;1f style = pop on
lod rl, @rasirb
xor rl, #pop_on
jnz print_disp_mem
mov rb, #non_disp_mem ;then address =



print_disp mem
offset

Mai_Han_ Ar Kad
Ra

Sa_Ra I

Sa_Ra_E

Sa_Ra_Ue

Sa_Ra_U

Mai_Tai_Koo

print_upper

code

Sa_Ra_Ou
Ra

Sa_Ra_Oo

lower_dot

print_lower

code

Mai_Eak

lod

add

jmp
mov

lod
add

XOor

jnz
mov
jmp
Xor
jnz
mov
jmp
Xor
Inz
mov
jmp
Xor
jnz
mov
jmp
XOor
jnz
mov
jmp
XOor
jnz
mov
sub
lod

and
or
sto

jmp
XOor

jnz
mov
jmp
Xor
jnz
mov
jmp
Xor
jnz
mov
sub
lod

and
or

sto
jmp

Xor

rl,@ra:rb
8,7l

Mai_Han_ Ar_ Kad
rb, #disp_mem

rl,@ra:rb
r8,ril

r0, #0d1

Sa_Ra I

r0, #4
print_upper
r0,#5
Sa_Ra_E
r0,#8
print_upper
0, #1
Sa_Ra_Ue
r0, #0c
print_upper
r0,#3
Sa_Ra U
r0,#10
print_upper
r0,#1
Mai_Tai_Koo
r0,#14
print_ upper
r0,#30
Sa_Ra_Ou
ro, #18

ro, #1
rl,@r8:r9

rl,#0e3
X0, 51
r0,@r8:r9
@rc:rd

ro, #3f

Sa_Ra_Oo
ro,#1
print_lower
r0,#1
lower_dot
ro, #2
print_lower
r0, #3
Mai_Eak
ro,#3

ro,#1
rl,@r8:r9

rl,#0fc
EOLEL
r0,@r8:r9
@rc:rd

xr0,#32
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i + non disp mem

;else address =

H + disp mem

;1f char = upper Sa

;then replace old
; upper Sa Ra

; with new code

3 return

;if char = lower Sa

;then replace old
3 lower Sa Ra

; with new code

i return

;if char = Wa Na Yuk



Mai_To

Mai_Tri

Mai_Ja_Ta_Wa

Ka_Ran

print_wanayuk

print_middle

char

print_right legible_spc

char

print_step_cursor

jnz
mov
jmp
b'{o} o
jnz
mov
jmp
xor
jnz
mov
jmp
Xor
jnz
mov
jmp
xor
jnz
mov
sub
lod
and
or

sto

jmp

XOor
sto
add
mov
sto

sub
lod

PXOX

jnz
mov
sto
add

mov
sto
sub

add
lod
XOr
jnz
mov
sto
add

mov
sto

mov
lod
add
mov
XOor
jnz
mov

Mai_To

r0,#20
print_wanayuk
ro,#1

Mai_Tri

r0, #40
print_wanayuk
ro, #3
Mai_Ja_Ta_Wa
r0,#60
print_wanayuk
ro, #1

Ka_Ran

r0,#80
print_wanayuk
Yo #7
print_middle
r0,#0a0

r9,#1
rl,@r8:r9
rl,#01f

r0 x5l
r0,@r8:r9
@rc:rd

r0, #0ec
r0,@r8:r9
r9,#1

r0, #0
r0,@r8:xr9

r9,#3
r0,@r8:xr9
r0,#0

print right legible_spc

r0,#legible_space
r0,@r8:r9
r9, #1

r0,#0
r0,@r8:r9
r9, #1

ro, #4

r0,@r8:r9

r0, #0
print_step_cursor
r0,#legible_space
r0,@r8:xr9

ro,#1

r0, #0
r0,@r8:r9

rb, #column
r0,@ra:rb
r0,#1

¥1,;¥0

ri,#21
print_return
r0,#20

7

;then replace old
; Wa Na Yuk code
; with new code

; return

;else
;write char

;if left is empty

;then write
; legible space
; at left of

;if right is empty

;then write

5 legible space

; at right of

0l = col + 1

#if eol = 33

;then col = 32
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print_return sto r0,@ra:rb
jmp @rc:rd ;jreturn
'-*******************************************************
command mov r0,r5 ;if byte 2 in 00-1f
sub r0,#0a0
jnc PAC_check
mov rc,#wait_capt_data H ;then wait data
mov rd, #wait_capt_data_ L
jmp @rc:rd
e e T T T I AN AR TRRIN SRR
PAC_check mov X0, ES ;jelse if in 40-7f
and r0, #40
jz MID_ check
mov Yo, rd ;then
and r0,#8 ;jchange data channel
shr ro0
shr ro
shr r0
and r2,#0fe
or x2,x0
mov Y0 ,Tr4 ;look up row
and ro,#7
shl ro
mov LUFED
and rl,#20
shl 1o
shl rk
shl rl
slc rl
or L0y B
mov ra,#PAC_row_table H
mov rb, #PAC_row_table L
add LRLEQ
adc ra, #0
lod r8,@ra:rb
xor r8,#0 ;if row = 0
jnz PAC_column
mov rc,#wait_capt data H ;then wait data
mov rd, #wait_capt_data L
jmp @rc:rd
PAC_column mov 0,5 ;else if byte 2 in
and r0,#10 2 50-5f,70-7£f
jz PAC_attribute
mov £0,L5 ijthen look up column
and r0, #0e
shr ro
mov ra,#PAC_column_table H
mov rb, #PAC_column_table L
add rb,; X0
adc ra, #0
lod r9,@ra:rb
mov rl,#7 i attr = white
jmp PAC underline
PAC attribute mov r0,rs5 ijelse look up attr
and r0, #0e
shr ro

mov ra,#PAC_attr table H



PAC_underline

PAC_caption

offset

mov
add
adc
lod
mov

mov
and
shl
shl
shl
shl
or

mov
and
jz

mov
add
mov
sto
mov
sto
mov
lod
mov
shr
src
mov
lod
add
mov
sto
add
sto
mov
mov

jmp

mov
add
mov
lod
xXor
92

mov
sto
mov
sto
mov
sto
mov
shr
src
mov
lod
XOor
jz

mov

lod

rb,#PAC_attr_table L
rb,r0

ra, #0

¥l ,@ra:rb

r9,;#1

¥, x5
r0, #1
r0
r0
r0
r0
vl ;110

r0,r2

r0,#2
PAC_caption
ra,#info
Ya,r2

rb, #column
r9,@ra:rb

rb, #attribute
rl,@ra:rb

rb, #row
r8,@ra:rb
r9,#0

r8

r9
rb,#disp_mem
r0,@ra:xrb
r8,r0

202
r0,@r8:r9
r9,#1
rl,@r8:r9
rc,#wait_capt_data H
rd, #wait_capt_data L
wresrd

ra,#info
ra. r2

rb, #style
r0,@ra:rb
r0,#roll_up
PAC_roll _up
rb, #row
r8,@ra:rb
rb, #column
r9,@ra:rb
rb, #attribute
rl,@ra:rb

r9, #0

r8

ro9

rb, #style
r0,@ra:rb
r0, #pop_on
PAC_pop_on

rb, #disp mem

r0,@ra:rb
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; column = 1

;junderline = byte 2
; bit 0

;if channel = text

;then
;set cursor column
;set attribute

;jaddress =
;row*128 + disp mem

jwrite PAC

;wait data

;else
;if style /= roll up

;then
;set cursor row
;set cursor column

;set attribute

;joffset = row * 128

;if style /= pop on

;then address =

7 + disp mem



PAC_pop_on
offset

PAC_pop_paint_finish

PAC_roll_up

row

PAC_move_up_skip

1
PAC_move_up_check des

PAC_move_up_erase

is

PAC_move_up_erase_row
PAC_move_up_erase_col

add
jmp
mov

lod
add
mov
sto
add
sto
mov
mov

jmp

mov
sto
mov
sto
mov
lod
sto

mov
sub
iz

jnc

mov

lod
mov
add
sub
%

jc

jmp
mov
mov

add
sub
jz

je

jmp
mov
lod

mov
sub
sub
mov
shr
src
add
mov
mov
sto
add
sub
jnz
add
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r8,r0

PAC_pop_paint_finish
rb, #non_disp mem ;else address =

r0,@ra:rb H

r8,r0

ro, #2

r0,@r8:r9

r9,#1

rl,@r8:r9

rc,#wait_capt_data_H

rd,#wait_capt_data_ L

@rc:rd

+ non disp mem

;write PAC

;wait data

rb, #attribute
rl,@ra:rb

rb, #column
r9,@ra:rb

rb, #row
rd,@ra:rb
r8,@ra:xb

;else
;set attribute
;set cursor column

j8et cursor row

9, r8

r8,rd
PAC_roll up_ finish
PAC_move_down

;compare new row
;with old row

rb, #height ;1f new row < old

rc,@ra:rb ;then

r8,rd ;1f top row src is
r8, #1 = out of screen
2 i~ T g

PAC_move_up_skip
PAC_move_up_skip
PAC_move_up_check des

rerrd ;jthen reduce counter
r8, #1 H top row src =
ro,#1 ;1f top row des is
i) BE i out of screen

PAC_move_up_erase

PAC_move_up_erase

PAC_move_up_move

rb, #disp_mem ithen erase src row
r0,@ra:rb 7 that des row
ra,#1 7 out of screen
ra,;r9

re,ra

r9,#0

r8

9

¥8,¥0

r0, #0

rb, #46

r0,@r8:r9

r9,#1

rb, #1

PAC_move_up_erase_col

r9, #3a



PAC_move_up_move

PAC_move_up_move_row
PAC_move_up move_column

PAC_move_down
row

PAC_move_down_reduce
PAC_move_down_move

adc
sub
jnz
mov
add
mov
lod
mov
lod
add
sub
mov
shr
sre
add
mov
add
sub
mov
shr
src
add
mov
mov
lod
sto
add
sto
add
sub
jnz
add
adc
add
adc
sub
jnz
jmp

mov

lod
mov
add
sub
12

Jje

jmp
mov
mov
add
mov
lod
mov
lod
mov
shr
src
add
mov
mov
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r8,#0

ra,#1

PAC_move_up_erase_row

ra,#info ;move sSrc row
ra. r2 ;to des row

rb, #disp _mem
r0,@ra:rb
rb, #row
r8,@ra:rb
r8,#1

¥E,xre

r9,#0

r8

r9

r8,;ro

ra,rd

ra,#1

ra, re

rb, #0

ra

rb

ra,r0

rl, #0

rd, #46
r0,@ra:rb
rl,@ra:rb
b1
r0,@r8:r9
o, #

rd, #1
PAC_move_up_move_column
rb, #3a

ra, #0

r9,#3a

r8,#0

e, #1
PAC_move up_move_row
PAC_roll up finish

rb, #height ;if new row > old
rc,@ra:rb ;then
r8,rd ;if top row src is
r8,#1 7 out of screen
r8,rc

PAC_move_down_reduce
PAC_move_down_reduce
PAC_move_down_move

ke ; rd ;then reduce counter
ra,#info ;move src row
ra,r2 ;jto des row
rb, #disp_mem

r0,@ra:rb

rb, #row

r8,@ra:rb

r9,#0

r8

r9

r8,r0

ra, rd

rb, #0



PAC_move_down_move_ Trow
PAC_move_down_move_col

PAC_roll up finish

o o o e o o O o o o b S o o

MID_ check

shr
src
add
mov
mov
lod
sto
add
sto
add
sub
jnz
sub
suc
sub
suc
sub
jnz

mov
add
mov
lod
mov
lod
mov
shr
src
add

mov

sto

mov
lod
add
sto
mov
mov

jmp

mov
and
XOT
jnz
mov
and
XOr
jnz

mov
and
shr
shr
shr
and
or

mov
and
shr
mov

ra

rb

ra, o

rl,#0

rd, #46

r0,@ra:rb

rl,@ra:rb

b, #1.

xr0,@r8:¥9

r9;4#1l

rd,#1
PAC_move_down_move_col
rb, #0c6

ra,#0

r9,#0c6

r8,#0

e H1
PAC_move_down_move_row

ra,#info
ra,x2

rb, #row
r8,@ra:rb
rb, #disp_mem
r0,@ra:rb
r9, #0

r8

9

rE=E0

r0,#2

r0,@r8:r9

rb, #attribute
r0,@ra:rb

r9,#1

r0,0r8.:1r9
rc,#wait_capt_data_H
rd, #wait_capt_data_L
@rc:rd

r0,r4

ro, #7

ro, #1

MISC check
¥0,¥5

r0,#70

r0,#20
spec_char check

r0,r4
r0, #8
r0

r0

r0
r2,#0fe
¥2,%20

r¥0,x5

r0,#0e

r0

ra, #MID_attr_ table_ H
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;jaddress =
;row*128 + disp mem

;write PAC

;wait data

;else
;if byte 1 = 11,19

;then
;if byte 2 in 20-2f
;then

;change data channel

;look up attr



italic

MID underline

offset

MID_disp mem
offset

MID_print

mov
add
adc
lod
mov

add
mov
mov
Xor
jnz
lod
and

mov
and
shl
shl
shl
shl
and
or

sto

mov
lod
mov
lod
mov
shr
src
shl
add
add

mov
lod
xor
jnz
mov

lod

add

jmp
mov

lod
add

mov
sto
add
sto

sub
lod
xXor
jnz
mov
sto

rb, #MID_attr table_L
rb, r0
ra, #0
r0,@ra:rb
ra, #info

e, r2

rb, #attribute
il ;60

r0,#8
MID_underline
r0,@ra:rb
ro,#1£

rl,x0

0,5
r0,#1

r0

r0

ro

ro0
rl,#0ef
/1L ol 0]
rl,@ra:rb

rb, #row
r8,@ra:rb
rb, #column
r9,@ra:rb
r0,#0

r8

r0

Y

9 0
r9,#2

rb, #style
r0,@ra:rb
r0, #pop_on
MID disp_mem
rb, #non_disp mem

r0,@ra:rb
r8,r0
MID print
rb, #disp_mem

r0,@ra:rb
8,10

r0, #3
r0,@r8:r9
ro,#1
rl,@r8:r9

r9,#3

r0,@r8:r9

r0, #0

MID right_legible_spc
r0,#legible_space
r0,@r8:r9
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;if new attr =

;then add italic
7 to old attr

;underline = byte 2
i bit 0

;set attribute

;offset =
;row*128 + col*2 + 2

;if style = pop on

;then address =

; + non disp mem

;else address =

v + disp mem

;write MID

;if left is empty

;then write
H legible space



MID_right_legible spc

MID

MID_step_cursor

MID finish

R ot o L A o S St B S R B S SRR R I

spec_char_check

spec_char_print

char

R R o T T NI R AR SRR

MISC_check

add
mov
sto
sub

add
lod
xXor
jnz
mov
sto
add

mov
sto

mov
lod
add
mov
Xor
jnz
mov
sto
mov
mov

jmp

mov
and
Xor
jz

mov
mov

jmp

mov
and
shr
shr
shr
and
or

mov

and
mov
mov
add
adc
lod

mov
mov
mov
mov

jmp

mov
and

ro,#1
r0, #0
r0,@r8:r9
r9,#1

r9, #4

r0,@r8:r9

r0, #0

MID_step cursor
r0,#legible_ space
r0,@r8:r9

r9, #1

r0, #0
r0,@r8:r9

rb, #column

r0,@ra:rb

r0, #1

ri;ro

1, 42K

MID finish

r0,#20

r0,@ra:rb
rc,#wait_capt_data H
rd, #fwait_capt_data L
@rc:rd

r0, x5

r0,#70

r0,#30

spec_char print
rc,#wait_capt_data H
rd,#wait_capt_data L
@rc:rd

r0,r4
r0, #8
ro

r0

r0
r2,#0fe
¥2, 0

r0,r5

ro,#0f

ra, #spec_char_table H
rb, #spec_char_table L
rb,r0

ra, #0

r0,@ra:rb

r8,#print_H
r9,#print_L
rc,#wait_capt_data H
rd, #wait_capt_data L
@r8:r9

r0,r4
x0;#7
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- at left of MID

;if right is empty

;then write

2 legible space

; at right of

;jcol = col + 1

;if col = 33

;then col = 32

;wait data

;jelse
;if byte 2 in 30-3f

;jthen
;change data channel

;look up special

;print spec char

;wait data

;if byte 1 = 14,1c



MISC_execute

e e N e S S S N U R AR

TOn_check

invalid_command

TOn

TOn_finish

e o e o o o L O A A A AR PR R SRS

RCL

XOor Y0, #4

jnz TOn_check

mov ¥r0;r5

and ro,#70

Xor r0,#20

jz MISC execute

mov rc,#wait_capt_data H
mov rd, #wait_capt_data L
jmp @rc:rd

mov 0,5

and r0,#0£

shl ro

mov ra,#MISC_func_table H
mov rb, #MISC_func_table L
add b, 0

adc ra, #0

lod r8,@ra:rb

add rb, #1

adc ra,#0

lod r9,@ra:rb

jmp @r8:r9

mov r0,r4

and ro,#7

Xor DO,

jnz invalid command

mov royes

sub r0, #0al

jc invalid_ command

sub ro, #3

je TOn

mov rc,#wait_capt_data H
mov rd, #wait_capt_data_L
jmp @rc:rd

mov r0,r4

and ro,#8

shr ro

shr ro

shr r0

and r2,#0fe

or r2,¥0

mov ra,#info

add ra.,x2

mov rb, #column

lod r0,@ra:rb

add r0.,rs5

sub r0, #0ao0

mov ¥l, 0

sub rl,#21

Jie TOn_finish

mov r0,#20

sto r0,@ra:rb

mov rc,#wait_capt_data H
mov rd,#wait_capt_data L
jmp @rc:rd

mov r0,r4

and r0, #8

85

;then
;if byte 2 in 20-2f

;then
;look up function

;do function
;else

;1if byte 1 = 17,2t

; byte 2 in 21-23

;then
;change data channel

;icol = col + byte 2

i = 20

;if col > 32

ithen col = 32

;wait data

;ichange data channel
;to caption



e i o o ot R R R SRR R

BS

BS_execute

offset

BS_disp_mem
offset

BS_print_blank

shr ro0

shr ro

shr r0

and r2,#0fc

or 2,10

mov ra, #info

add ra,r2

mov rb, #style

mov r0, #pop_on

sto r0,@ra:rb

mov rc,#wait_capt_data H

mov rd, #wait_capt_data_L

jmp @rc:rd

mov r0,r4

and r0,#8

shr ro0

shr r0

shr r0

and r2,#0fe

or r2,r0

mov ra,#info

add o, Ld

mov rb, #column

lod r9,@ra:rb

mov x0,xr9

XOor r0,#1

jnz BS_execute

mov rc,#wait_capt_data_H

mov rd,#wait_capt_data_L

jmp @rc:rd

mov rb, #row

lod r8,@ra:rb

mov r0,#0

shr r8

src ro

shl r9

add 9 ,¥0

mov rb, #style

lod r0,@ra:rb

Xor r0, #pop_on

jnz BS_disp_mem

mov rb, #non_disp mem

lod r0,@ra:rb

add ¥r8., 0

jmp BS_print_blank
mov rb, #disp_mem

lod r0,@ra:rb

add r8,r0

mov r0,#0

sto r0,@r8:r9

add r9,#1

sto r0,@r8:r9
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;set style to pop on

;wait data

;change data channel

]
[y

;if cQlumn

;then wait data

;else
;offset =
;jrow*128 + col*2

;if style = pop on

;jthen address =

; + non disp mem

;jelse address =

7 + disp mem

;write blank



D o S o Y A H R TR AR

DER

offset

DER_disp_mem
offset

DER_erase_mem
DER_erase_mem_loop

e Rt i b o o o o o S S S R R R SRR R SRS

RUn

mov rb, #column
lod r0,@ra:rb
sub r0,#1
sto r0,@ra:rb
mov rc,#wait_capt_data H
mov rd, #wait_capt_data L
jmp @rc:rd
mov r0,r4
and r0,#8
shr ro
shr ro0
shr r0
and r2,#0fe
or r2, 0
mov ra,#info
add ra,r2
mov rb, #row
lod r8,@ra:rb
mov rb, #column
lod r9,@ra:rb
mov ro,#0
shr r8
sYc r0
shl r9
add r9,r0
add r9,#2
mov rb, #style
lod r0,@ra:rb
Xor r0, #pop_on
jnz DER_disp_ mem
mov rb, #non_disp mem
lod r0,@ra:rb
add 28590
jmp DER_erase_mem
mov rb, #disp mem
lod r0,@ra:rb
add r8,x0
mov r0,#0
sto r0,@r8:r9
add ro,#1
sto r0,@r8:r9
add r9,#1
mov Bl ;%9
and Tl . #7E
Xor rl, #46
jnz DER_erase_mem_loop
mov rc,#wait_capt_data H
mov rd, #wait_capt_data_L
jmp @rc:rd
mov ro,r4
and ro, #8
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;jcolumn = column - 1

;wait data

;change data channel

;offset =
;TOW*128 + col*2 + 2

;if style = pop on

;jthen address =

5 + non disp mem

;jelse address =

; + disp mem

;write blank
;until end of row

;wait data

ichange data channel
jto caption



RUn_erase_disp row

RUn_erase_disp_column

up

RUn_roll_up

shr
shr
shr
and
o

mov
add
mov
lod
Xor
A

mov
lod
mov
mov
mov
mov
sto
add
sub
jnz
add
adc
sub
jnz
mov

mov
sto
mov
mov
sto
mov
mov
sto
mov
lod
add
mov
mov
sto
add
mov
sto

jmp

mov
sub
mov
lod
mov
sub
jz

je

mov
lod
add
sub
1%

je

X0

ro

r0
r2,#0fc
¥2,r0

ra,#info
¥a,r2

rb, #style
r0,@ra:rb
r0, #roll _up
RUn_roll _up
rb, #disp mem
r8,@ra:rb
r9,#80

r0, #0
rc,#0f

rd, #46
r0,@r8:r9
9, #Y

rd#1

RUn_erase disp column

r9,#3a

r8,#0

rc, #1
RUn_erase_disp row
r0,#roll_up

rb, #style
r0,@ra:rb
r0, #0f

rb, #row
r0,@ra:rb
r0, "7

rb, #attribute
r0,@ra:rb
rb, #disp_mem
r8,@ra:rb
188 k7

r9,#80

r0, #2
r0,@r8:r9
r9,#1

r0,#7
r0,@r8:r9
RUn_finish

r0,;r5
r0,#0a3
rb, #height
rc,@ra:rb
rd,rec
{0 % o 0]
RUn_finish
RUn_finish
rb, #row
r8,@ra:rb
r8,#1
r8,rd

RUn_roll up erase_skip
RUn_roll up_erase_skip

88

iif style /= roll up

;then
jerase disp mem

;set style to roll

;set cursor row =

;set attr = white

;address =
715%128 + disp mem

;write PAC

;1f new height <
; old height

;then
;1f top row is
2 out of screen

15



RUn_roll up_erase_skip

RUn_roll_up erase

height

RUn_roll up erase_row

RUn_roll up_ erase_col

RUn_finish

23

R i o T T I IR I R RS

FON

jmp RUn_roll_up_erase
add e, 8

sub re,#1

mov r8,#1

mov ¥o0,re

sub r0, #1

and r0,#80

jnz RUn_finish
mov rb, #disp_mem
lod r0,@ra:rb
mov r9, #0

shr r8

src r9

add r8,r0

mov r0,#0

mov rd, #46

sto r0,@r8:r9

add r9), #il

sub rd, #1

jnz RUn_roll up erase_col
add r9, #3a

adc r8,#0

sub ¥, #1

jnz RUn_roll up_erase_row
mov ro,#¥

mov rb, #column
sto r0,@ra:rb
mov BONDS

mov rb, #height
sub r0,#0a3

sto r0,@ra:rb
mov rc,#fwait_capt_data_H
mov rd,#wait_capt_data L
jmp @rc:rd

mov ho{ 0,0,

and r0, #8

shr r0

shr ro0

shr ro0

and r2,#0fe

or ¥2,t0

mov ra, #info

add ¥a,r2

mov rb, #attribute
lod rl,@ra:rb

or rl,#20

sto rl,@ra:rb
mov rb, #row

lod r8,@ra:rb
mov rb, #column
lod r9,@ra:rb
mov ro,#0

shr r8

src ro

shl r9

89

;then reduce counter
. top row = 1

;if counter > 0

;then erase row
7 that higher
; than new

;jcolumn = 1

;height = byte 2 -

;wait data

;change data channel

;add flash to attr

;set attribute

;offset =
;row*128 4+ col*2 + 2



offset

FON_disp_mem
offset

FON_print

FON_right_legible spc

FON

FON_step_cursor

FON_finish

e o ot 1 o L T S S S R AR R AR

RDC

add
add

mov
lod
xor
jnz
mov

lod

add

jmp
mov

lod
add

mov
sto
add
sto

sub
lod
Xor
jnz
mov
sto
add
mov
sto
sub

add
lod
XOor
jnz
mov
sto
add

mov
sto

mov
lod
add
mov
xor
jnz
mov
sto
mov
mov

jmp

mov
and
shr
shr
shr

r9,r0
ro, #2

rb, #style

r0,@ra:rb

r0, #pop_on

FON_disp mem
rb,#non_disp mem

r0,@ra:rb
r8.,x0
FON_print
rb, #disp_mem

r0,@ra:rb
r8,r0

ro,#3
r0,@r8:r9
r9, #1
rl,@r8:r9

ro(#3

r0,@r8:r9

r0,#0
FON_right_legible_spc
r0,#legible_space
r0,@r8:r9

r9,#1

r0, #0

r0,@r8:r9

r9,#1

ro,#4

r0,@r8:r9

r0, #0

FON_step cursor
r0,#legible space
r0,@r8:r9

ro,#1

r0, #0
r0,@r8:r9

rb, #column
r0,@ra:rb

ro,#1

¥l,r0

rl,#21

FON_finish

r0,#20

r0,@ra:rb

rc, #wait_capt_data_H
rd, #wait_capt_data_L
@rc:rd

r0,r4
r0,#8
r0
EQ
ro

90

;if style = pop on

;then address =

; + non disp mem

;else address =

; + disp mem

;write FON

;if left is empty

;then write
7 legible space
5 at left of FON

;if right is empty

;then write

; legible space

- at right of

760l = ¢col + 1

;if col = 33

jthen col = 32

;wait data

;change data channel
;to caption



91

and r2,#0fc
or r2,¥0
mov ra,#info iset style to paint
on
add raE2
mov rb, #style
mov r0, #paint_on
sto r0,@ra:rb
mov rc,#wait_capt_data H ;wait data
mov rd,#wait_capt_data L
jmp @rc:rd
D e i o o o o e o o T S S R S SR NI
TR mov r0,r4 ;change data channel
and r0,#8 ;jto text
shr ro
shr r0
shr ro0
and r2,#0fc
er X2¢x0
or r253%2
mov ra,#info ;write black box
add ra,r2 ;to text memory
mov rb, #disp_mem
lod r8,@ra:rb
mov r9,#80
mov r0,#legible_space
mov rl,#0
mov el
TR_box_row_loop sto rl:, @E8+ 19
add r9,#1
sto rl,@r8:r9
add E9EE
mov rd, #22
TR_box column_loop sto r0,@r8:r9
add ro,#1
sto rl,@r8:r9
add ro,#1
sub rd, #1
jnz TR_box_column_loop
add r9,#3a
adc r8,#0
sub re,#1
jnz TR_box row_loop
mov ro,#1 ;row = 1
mov rb, #row
sto r0,@ra:rb
mov rb, #column jcolumn = 1
sto r0,@ra:rb
mov rl,#7 ;attribute = white
mov rb, #attribute
sto rl,@ra:rb
mov rb, #disp_mem ;jwrite PAC
lod r8,@ra:rb
mov r9,#80
mov ro, #2

sto r0,@r8:r9



add
sto

mov
mov

jmp

92

r9,#1

rl,e@r8:r9
rc,#wait_capt_data H ;jwait data
rd, #wait_capt_data L

@rc:rd

D b o S R A R R R R R

RTD

mov
and
shr
shr
shr
and
or

or

mov
mov
jmp

¥0,rd
r0, #8
r0

ro

r0

2 , 4 0fc
Y2, X0
2, #2

;change data channel
;o text

rc,#wait_capt_data H ;jwait data
rd, #wait_capt_data L

@rc:xrd

P b T T S S S R R R A R R R

EDM

EDM_erase_row_loop
EDM_erase_column_loop

mov
and
shr
shr
shr
add
mov
lod
mov
mov
mov
mov
sto
add
sub
jnz
add
adc
sub
jnz
mov
mov

jmp

ra,r4

ra, #8

ra

ra

ra

ra,#info

rb, #disp mem
r8,@ra:rb

r9, #80

r0,#0

rc,#0f

rd, #46

r0,@r8:r9

ro,#1

R =
EDM_erase_column_loop
r9,#3a

r8, #0

re,#1
EDM_erase_row_loop
rc,#wait_capt_data H
rd, #wait_capt_data_L
@rc:rd

;jerase caption
;jdisplay memory

;wait data

e R N I R LA R R,

CR

mov
and
shr
shr
shr
and
or

mov
and
w |-

mov
add
mov
lod
xXor

jz

r0,r4
r0,#8
0

ro0

r0
r2,#0fe
r2,x0

;jchange data channel

x0,xr2 ;if data channel
¥0.,#2 7 = text
CR_caption
ra, #info
ra,¥2

rb, #row
r0,@ra:rb
¥0,#0E
CR_move_up

;then
;if row = 15

;then move up 1 row



CR_caption

CR_move_up

CR_move_up_check_des

CR_move_up_skip

CR_move_up_move

CR_move_up_row_loop

CR_move_up_column_loop

Xor
add
sto
jmp

mov
add
mov
lod
XOor
Jjz

mov
mov
jmp

mov
xor
jnz
mov
mov
sto

mov
lod
sub
mov
lod
sub
j&

je

jmp
add
sub
mov

mov
lod
mov
add
mov
shr
src
add
mov
shr
src
add
sub
1¢

mov
lod
add
sto
add
sub
jnz
add
adc
add
adc

ro,#0f
ro,#1
r0,@ra:rb
CR_finish

ra,#info

TE, 2

rb, #style

r0,@ra:rb
r0,#roll_up
CR_move_up
rc,#wait_capt_data H
rd, #wait_capt_data L
@rc:rd

£0 ;X2

0,3
CR_move_up_check des
r8, #mem_map

r9,#osd scroll
r0,@r8:r9

rb, #height
rc,@ra:rb

¥, #1

rb, #row
r8,@ra:rb

R 6

CR_move_ up_skip
CR_move_ up_skip
CR_move up move
- T8

rc,#1

r8,#1

rb,#disp_mem
r0,@ra:rb
ra,r8

ra,#1

r9,#0

r8

9

8,10

rb, #0

ra

rb

ra,r0

re,#1
CR_base_row
rd, #46
r0,@ra:rb
rb, #1
r0,@r8:r9
ro,#1

rd, #1

CR_move_up_column_loop

rb, #3a
ra, #0
r9,#3a
r8,#0

9

;else row = row +1

;jelse if style /=
; roll wup

;then wait data

;1f data channel =
; disp channel

;then smooth scroll

;if top row des is
7 out of screen

;jthen reduce counter

7 top row des

;move up 1 row

3



CR_base_row

box

CR_base_row_box loop

CR_base_row_erase

CR_base_row_erase loop

CR_finish

white

D R R T T I R A IR R I

ENM

jmp

mov
and
92

mov

mov
sto
add
sto
add
mov
sto
add
sto
add
sub
jnz
jmp
mov
mov
sto
add
sub
jnz

mov
mov
add
mov
sto
mov

mov
sto
mov
lod
mov
lod
mov
shr
src
add
mov
sto
add
sto
mov
mov
jmp

mov
and
shr
shr
shr
add
mov
lod
mov

CR_move_up_row_loop

E0, 2

ro, #2

CR_base_row_erase
r0,#legible_space

r1.#0

¥l,@%8:1r9

r9,#1

rl,@r8:r9

9, #i

rd,#22

r0,@r8:r9

ro,#1

rl,@r8:r9

9, #1

rd; #1

CR_base row_box_loop
CR_finish

rd, #46

r0, #0

r0,@r8:r9

r9,#1

rd, #1
CR_base_row_erase_loop

r0,#1

ra, #info
ra,r2

rb, #column
r0,@ra:rb
rl, #7

rb, #attribute
rl,@ra:rb

rb, #disp_mem
r0,@ra:rb

rb, #row

r8,@ra:rb

r9,#0

r8

r9

r8,xr0

ro,#2

r0,@r8:r9

Y9 .41

rl,@r8:r9
rc,#wait_capt_data H
rd, #wait_capt_data L
@rc:rd

ra,r4

ra,#8

ra

ra

ra

ra,#info

rb, #non_disp mem
r8,@ra:rb

r9, #80
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;if data channel
§ = text

;then write black

i in base row

;jelse clear base row

;set column = 1

;set attribute =

;write PAC

;wait data

jerase caption
;jnon display memory



ENM_erase_row_loop
ENM_erase_column_loop

e b b it o T I HE O R R R R

EOC

page

EOC_finish

’-*******************************************************

start_info_table

mov r0,#0

mov rc,#0f

mov rd, #46

sto r0,@r8:r9

add ro, #1

sub rd, #1

jnz ENM_erase_column_loop
add r9,#3a

adc r8,#0

sub rc,#1

jnz ENM_erase_row_loop
mov rc,#wait_capt_data_H
mov rd,#wait_capt_data L
jmp @rc:rd

mov r0,r4

and r0,#8

shr ro

shr r0

shr r0

and r2,#0fc

or r2axo

mov ra, #info

add ra,r2

mov rb, #style

mov r0, #pop_on

sto r0,@ra:rb

mov rb, #disp_mem

lod r0,@ra:rb

mov rb, #non_disp mem
lod rl,@ra:rb

sto r0,@ra:rb

mov rb, #disp mem

sto rl,@ra:rb

mov r0, X2

Xor O 353

jnz EOC_finish

shr ica

shr 3 8

shr rl

and rl,#7

mov ra,#mem_map

mov rb, #osd_page

sto rl,@ra:rb

mov rc,#wait_capt_data H
mov rd, #wait_capt_data L
jmp @rc:rd

db pop_on

db 0

db 1

db 1

db 7

db 4

db 80

db 88

95

;wait data

;jchange data channel

;to caption

;set style to pop on

;swap disp mem
;with non disp mem

;if disp channel =
i data channel

;jthen change disp

;wait data

s = A
;English



PAC_row_table

PAC_column_table

PAC _attr_table

MID attr_ table

& &&EEEEEE BBEEEEEE BEEEEEERGBH58288 feeeeppaogaoeeeeRRRRRRRR

0a0
0as
roll up

O uUTOo B WEFENDJ
Hh

~

CC 2
;Thai

P IXT 1
;English

FIXT 2
;Thai

;10,18/4x,5x
;10,18/6x%,7x
;11,19/4x, 5%
7 11,19/6x, Tx
;12,1a/4x,5x
;12,1a/6x, 7x
13 ,;1b/4x, 5x
;13,1b/6x, 7x
;14,1c/4x,5x
;14,1c/6%,7x
;15,1d/4x,5x
;15,1d/6x, 7x
;16,1le/4x%x,5x
;16,1e/6x,7x
#17,;1F/4%,5%x
:i17,1f/6x, 7%

#50:, 5l ;7071
152,58, 72;73
354,55 ;74,75
756 ,5%7:;76,:77
158,59,78,79
+5a,5b; 74a; 7b
;5¢,5d,%7¢,7d
;5e,5f,7e,7f

;40,41,60,61
;42,43,62,63
;44,45,64,65
;46,47,66,67
;48,49,68,69
;4a,4b,6a,6b
;4c,4d,6c,6d
;4e,4f,6e,6f

+11,19/20,21
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spec_char_table

MISC_func_table

bEEEEEEEEEEEEEE8656000B0000080RS BORREERRRRRRR22E RRRRRRE

Q
o

O Ul W N

10
i
12
13
14
15
16
157
18
08
la
1b
1c
1d
le
1f

RCL_H
RCL L

BS H

BS L

wait capt_data H
wait capt_data L
wait_capt_data H
wait _capt_data L
DER H

DER T,

RUn_H

RUn_L

RUn_H

RUn L

RUn_H

RUn L

FON_H

FON_L

RDC_H

RDC_L

$41.,19/22 .23
;11,19/24,25
#11,19/26,27
#11,19/28,29
;11,19/2a,2b
;11,19/2¢c,2d
;11,19/2e,2f

;11,19/30
;11,19/31
;11,19/32
511 ;19/33
711.,19/34
;11,19/35
;11,19/36
+11.,19/37
;11,19/38
711,19/39
;11,19/3a
;11,19/3b
711,19/3¢
:11,19/34
;11,19/3e
+11,19/3fF
714,1c/20
;14,1c/21
714,1c/22
;14,1c/23
114,1c/24
;14,1¢/25
;14,1c/26
714 .9¢/27
;14,1c/28
;714,1¢/29
:14,1e/2a
714,1c/2b
114,1c/2c
114,1e/2d
;14,1c/2e

:14,1c/2f

97



NANUIN A

‘i’lﬂﬂzlailﬂ‘ﬂﬂﬁtﬂiuﬂ‘a‘&lﬂ'lﬂ’l VHDL v'h‘i’fa'ammuﬁ'faﬂszmana



ENTITY cpu IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
halt :IN vlbit; --Active high
din 1IN vlbit_1d(7 downto 0);
dout :OUT vlbit_1d(7 downto 0) ;
addr :OUT vlbit_1d(15 downto 0) ;
rd :OUT vlbit; --Active low
wr :OUT vlbit --Active low

)5

END cpu;

ARCHITECTURE struct OF cpu IS

COMPONENT condecu

PORT (

rst :IN vlbit;

clk :IN vlbit;

halt :IN vlbit;

inst :IN vlbit_ 1d (15 downto 0) ;
cin :IN vlbit;

zin :IN vlibit;

rd :0UT vlbit;

wr :OUT vlbit;

irfeth :OUT vlbit;

irfetl :OUT vlbit;

iry :OUT vlbit_1d(1 downto 0) ;
rfw :OUT vlbit_1d(4 downto 0);
rfx :OUT vlbit 1d(4 downto 0);
rfy :OUT vlbit_1d(4 downto 0);
auoper :OUT vlbit_1d(4 downto 0);
aden :OUT vlibit;

adlat :OUT vlbit;

dien :OUT vlbit;

dolat :OUT vlbit

)
END COMPONENT;

COMPONENT regfile

PORT (

Est : IN vibit:;

clk :IN vlbit;

wen :IN vlbit;

wnum :IN vlbit_1d(3 downto 0);
win :IN vlbit_1d(7 downto 0) ;
xen :IN vlbit;

xnum :IN vlbit_1d(3 downto 0);
xout :OUT vlbit_1d(7 downto 0) ;
yen :IN vlbit;

ynum :IN vlbit_1d(3 downto 0);
yout :OUT vlbit_1d(7 downto 0)

) }
END COMPONENT;

COMPONENT alsu

PORT (
ren :IN vlbit;
oper :IN vlbit_1d(3 downto 0);
xin :IN vlbit_1d(7 downto 0);

yin 1IN vlbit_1d(7 downto 0);
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rout :OUT vlbit_1d(7 downto 0);
cout :OUT vlbit;
zout :OUT vlbit
)
END COMPONENT;
COMPONENT instreg
PORT (
rst :IN vlbit;
clk :IN vlbit;
feth :IN vlbit;
fetl :IN vlbit;
yen : IN vlbit;
ynum :IN vlbit;
din :IN vlbit_1d(7 downto 0);
inst :OUT vlbit_1d(15 downto 0);
yout :0UT vlbit_1d(7 downto 0)

)i;
END COMPONENT;

COMPONENT addrreg

PORT (
rst :IN vlbit;
clk :IN v1lbit;
en :IN vlibit;
lat :IN vlibit;
xin :IN vlbit 1d(7 downto 0) ;
yin +IN vlbit_1d(7 downto 0);
addr :0UT vlbit_1d(15 downto 0)

)i
END COMPONENT;

COMPONENT dinbuf

PORT (
en :IN vlbit;
din : IN vlbit_1d(7 downto 0);
rout :OUT vlbit_1d(7 downto 0)

)z
END COMPONENT;

COMPONENT doutreg

PORT (
rst :IN vlbit;
clk :IN vlbit;
lat :IN vlbit;
xin :IN vlbit_1d(7 downto 0);
dout :OUT vlbit_1d(7 downto 0)
)i
END COMPONENT ;
SIGNAL inst_sig :vlbit_1d(15 downto 0);
SIGNAL cin_sig svibit;
SIGNAL zin sig :Vlbit;
SIGNAL irfeth sig :vlbit;
SIGNAL irfetl sig svlbit;
SIGNAL iry sig :vlbit_1d(1 downto 0);
SIGNAL rfw_sig :vlbit_1d(4 downto 0);
SIGNAL rfx sig :vlbit_1d(4 downto 0);
SIGNAL rfy sig :vlbit_1d(4 downto 0);
SIGNAL auoper_ sig :vlbit_1d(4 downto 0);
SIGNAL aden_sig svlbit



SIGNAL adlat_sig
SIGNAL dien_sig
SIGNAL dolat_sig
SIGNAL xbus
SIGNAL ybus
SIGNAL rbus

BEGIN

uls condecu

PORT MAP (
rst =>
c¢lk =5
halt =
inst =>
¢in =>
zin =>
rd =>
wr =>
irfeth =>
irfetl =>
iry =5
rfw =5
rfx >
rfy =
auoper =>
aden =5
adlat >
dien =>
dolat =>

)i

u2s regfile

PORT MAP (
rst =
clk =>
wen =5
wnum =>
win =>
xen =5
Xnum =>
xout =>
yen =>
ynum =5
yout =5

)i

udis alsu

PORT MAP (
ren =>
oper =5
xin =>
yin =5
rout =5
cout =>
zout =>

)%

u4: instreg

PORT MAP (

rst =>

:vlbit;
=1lbit;
:vlbit;
:vlbit_1d(7 downto 0);
:vlbit_1d(7 downto 0);
:vlbit_1d(7 downto 0);

rst,

el)c,

halt,
inst_sig,
cin_sig,
zin_sig,
rd,

wr,
irfeth_sig,
irfetl_ sig,
iry sig,
rfw_sig,
rfx sdidq,
rfy sigf;
auoper_sig,
aden_sig,
adlat_sig,
dien_sig,
dolat_sig

rsty

clk,

rfw_sig(4),
rfw_sig(3 downto 0),
rbus,

rfx sig(4),

rfx sig(3 downto 0),
xbus,

rfy sig(4),

rfy sig(3 downto 0),
ybus

auoper_sig(4),
auoper_sig(3 downto 0),
xbus,

ybus,

rbus,

cin_sig,

zin_ sig

et ;
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eclk
feth
fetl
yen
ynum
din
inst
yout

ubs addrreg
PORT MAP (
ESt
clk
en
lat
xin
yin
addr
Vi

ué: dinbuf
PORT MAP (
en
din
rout

N

U7 - doutreg
PORT MAP (
rst
clk
lat
xin
dout
)

END struct;

clk,

irfeth sig,
irfetl sig,
iry sig(1),
iry sig(0),
din,
inst_sig,
ybus

rst,

clk,
aden_sig,
adlat_sig,
xbus,
ybus,

addr

dien_sig,
din,
rbus

xat;

clk,
dolat_sig,
xbus,

dout
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ENTITY condecu IS

PORT (
rst
clk
halt
inst
cin
zin
rd
wr
irfeth
irfetl
iry
rfw
rfx
Efy
auoper
aden
adlat
dien
dolat

)3

END condecu;

: IN
: IN
: IN
:IN
:IN
:IN
:OUT
+QUT
:OUT
:OUT
:OUT
:OUT
:0OUT
:OUT
s OUT
:OUT
:OUT
:OUT
:OUT

vlbit;
vlbit.;
vlbit;

vlbit_1d(15 downto 0);

vlbit;
vlbit;
vlbit;
vlbit;
vlbit;
vlbit;
vlbit_1d(1
vlbit_1d(4
vlibit_1d(4
vlbit 1d(4
vlbit_1d(4
vlbit;
vlbit;
vlbit;
vlbit

ARCHITECTURE behave OF condecu IS
TYPE state_type IS (RESET,HIGHZ,

SIGNAL state
SIGNAL rst_ctr
SIGNAL cflag
SIGNAL zflag
SIGNAL iflag
BEGIN

PROCESS

BEGIN

FET1, FET2,FET3,FET4, FET5, FET6,

ALSOP,

LDST1,LDST2,LDST3,

JABS1,JABS2,
JREL1,JREL2) ;
:state_type;

--State transition

:vlbit_ 1d(5 downto 0) ;

:vlbit;
LIS
:vlbit;

WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
state<=RESET;

ELSE

CASE state IS

WHEN RESET

WHEN HIGHZ

WHEN FET1
WHEN FET2
WHEN FET3
WHEN FET4

=>

=>

--Active

--Active

--Active
--Active
--Active
--Active
--Active
--Active

103

low
high

high
high
low
low
high
high

--"1lX"=Read to Y bus
--"1XXXX"=Write from R bus
--"1XXXX"=Read to X bus
--"1XXXX"=Read to Y bus

--"1XXXX"=ALS Op.
--Active high
--Active high
--Active high
--Active high

to R bus

state PROCESS

IF (rst_ctr(4 downto 0)/=B"11111") THEN

state<=RESET;

ELSE

state<=HIGHZ;

END IF;

IF (halt='1') THEN

state<=HIGHZ;

ELSE
state<=FET1;
END IF;

state<=FET2;
state<=FET3;
state<=FET4;
state<=FET5;
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WHEN FETS => state<=FET6;
WHEN FET6 => IF (inst(15)='0') THEN
state<=ALSOP;
ELSE
IF (inst(14)='0') THEN
IF (inst(13)='0') THEN
state<=ALSOP;
ELSE
IF (inst(12)='0') THEN
state<=ALSOP;
ELSE
state<=JABS1;
END IF;
END IF;
ELSE
IF (inst(13)='0') THEN
state<=LDST1;
ELSE
IF (inst(12)='0') THEN
IF (inst(11)='0') THEN
IF (inst (10)=cflag) THEN
state<=JREL];
ELSE
IF (halt='1') THEN
state<=HIGHZ;
ELSE
state<=FET1;
END IF;
END IF;
ELSE
IF (inst(10)=zflag) THEN
state<=JREL1;
ELSE
IF (halt='1') THEN
state<=HIGHZ;
ELSE
state<=FET1 ;
END IF;
END IF;
END IF;
ELSE
state<=JREL1;
END IF;
END IF;
END IF;
END IF;

WHEN ALSOP => IF (halt='1') THEN
state<=HIGHZ;
ELSE
state<=FET1;
END IF;

WHEN LDST1 => state<=LDST2;
WHEN LDST2 => state<=LDST3;
WHEN LDST3 => IF (halt='1') THEN
state<=HIGHZ;
ELSE
state<=FET1;
END IF;
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WHEN JABS1 => state<=JABS2;
WHEN JABS2 => IF (halt='1') THEN
state<=HIGHZ;
ELSE
state<=FET1;
END IF;

WHEN JREL1 => state<=JREL2;
WHEN JREL2 => IF (halt='1') THEN
state<=HIGHZ;

ELSE
state<=FET1;
END IF;
END CASE;
END IF;
END PROCESS;
——======================================rst_ctr PROCESS
PROCESS --Count from 0 to 31 when reset to clear all register

BEGIN
WAIT UNTIL ((rst='0') OR PRISING (clk)) ;
IF (rst='0') THEN
rst_ctr<="000000";
ELSE
rst_ctr<=ADDUM(rst_ctr (4 downto 0),"00001");
END IF;
END PROCESS;
T-=========s=============s====s=========cflag PROCESS
PROCESS --Save carry flag when state=ALSOP
BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
cflag<="'0";
ELSE
IF (state=ALSOP) THEN
IF (inst(14)='1') THEN
cflag<=cin;
ELSE
IF (inst(15)='1""THEN
IF (inst (13 downto 12) /=B"00") THEN
cflag<=cin;
END IF;
END IF;
END IF;
END IF;
END IF;
END PROCESS;
T-=ss===================================zflag PROCESS
PROCESS --Save zero flag when state=ALSOP
BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
zflag<='0";
ELSE
IF (state=ALSOP) THEN
IF (inst(15)='0') THEN
IF (inst (14 downto 12)/=B"000") THEN
zflag<=zin;
END IF;
ELSE
IF (inst (13 downto 10)/=B"0000") THEN
zflag<=zin;
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END IF;
END IF;
END IF;
END IF;
END PROCESS;
s-======================================iflag PROCESS
PROCESS --Save internal carry flag used for increasing IP
BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk));
IF (rst='0') THEN
iflag<='0"';
ELSE
CASE state IS
WHEN FET2 => iflag<=cin;
WHEN FET5 => iflag<=cin;
WHEN JREL1 => iflag<=cin;
END CASE;
END IF;
END PROCESS;
T ESEEEs==s==s=s=s========================0Qutout of ENTITY

rd <= 'Z' WHEN state=RESET ELSE

'Z' WHEN state=HIGHZ ELSE

'0' WHEN state=FET2 ELSE

'0' WHEN state=FET3 ELSE

'0' WHEN state=FETS5 ELSE

'0' WHEN state=FET6 ELSE

'0'" WHEN ((state=LDST2) AND (inst(12)='0')) ELSE

'0' WHEN ((state=LDST3) AND (inst(12)='0')) ELSE L3
wr <= '0' WHEN ((state=LDST2) AND (inst (12)='1')) ELSE

'0' WHEN ((state=LDST3) AND (inst(12)='1')) ELSE tLY 3

irfeth <= 'l' WHEN state=FET3 ELSE J19) N

irfetl <= 'l' WHEN state=FET6 ELSE SEEES

iry <= "10" WHEN ((state=ALSOP) AND (inst (15)='0')) ELSE
"10" WHEN state=JREL1 ELSE
"11l" WHEN state=JREL2 ELSE "O0X";

rfw <= "l"s&rst_ctr(3 downto 0) WHEN state=RESET

ELSE

L 6 s L WHEN state=FET2 ELSE
11110 WHEN state=FET3 ELSE
LU I B By L WHEN state=FETS5 ELSE
¥11.1.10" WHEN state=FET6 ELSE
'l'&inst (11 downto 8) WHEN ((state=ALSOP) AND (inst(15)='0')) ELSE
'l'&inst (7 downto 4) WHEN ((state=ALSOP) AND (inst (15)='1')) ELSE
'1'&inst (11 downto 8) WHEN ((state=LDST3) AND (inst (12)='0')) ELSE
e T B WHEN state=JABS1 ELSE
w11 E10% WHEN state=JABS2 ELSE
L I 8w i B WHEN state=JREL1 ELSE
Ll 93 b o RO L) WHEN state=JREL2 ELSE
"OXXXX™";

rfx <= "l"&rst_ctr(3 downto 0) WHEN state=RESET

ELSE
L 9 o WHEN state=FET1 ELSE
Y1111.0™ WHEN state=FET4 ELSE
'1'&inst (11 downto 8) WHEN ((state=ALSOP) AND (inst(15)='0')) ELSE

'1'&inst (7 downto 4) WHEN ((state=ALSOP) AND (inst(15)='1')) ELSE
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'l'&inst (7 downto 4) WHEN state=LDST1 ELSE
'1'&inst (11 downto 8) WHEN ((state=LDST2) AND (inst (12)='1')) ELSE
G o g U R WHEN state=JREL1l ELSE
113 10v WHEN state=JREL2 ELSE
"OXXXX";

rfy <= "l"&rst_ctr(3 downto 0) WHEN state=RESET

ELSE
L1 s 6 o o L WHEN state=FET1 ELSE
LU B i s L WHEN state=FET2 ELSE
v11110% WHEN state=FET3 ELSE
55 o 1 s B L WHEN state=FET4 ELSE
r11313a" WHEN state=FET5 ELSE
i B 5 e WHEN state=FET6 ELSE
'l'&inst (3 downto 0) WHEN ((state=ALSOP) AND (inst(15)='1')) ELSE
'1'&inst (3 downto 0) WHEN state=LDST1 ELSE
'1'&inst (3 downto 0) WHEN state=JABS1 ELSE
'1'&inst (7 downto 4) WHEN state=JABS2 ELSE
"OXXXX";
auoper <= "10011" WHEN state=RESET
ELSE
L5 s D e o L WHEN state=FET2
ELSE
"1110"&iflag WHEN state=FET3
ELSE
"1 1101" WHEN state=FETS
ELSE
"1110"&iflag WHEN state=FET6
ELSE

"100"&inst (13 downto 12) WHEN ((state=ALSOP) AND (inst (15 downto
14)=B"00")) ELSE

"110"&inst (13)&'0" WHEN ((state=ALSOP) AND (inst (14 downto
12)=B"1X0")) ELSE

"1l0"&inst (13) &cflag WHEN ((state=ALSOP) AND (inst (14 downto
12)=B"1X1")) ELSE

"100"&inst (11 downto 10) WHEN ((state=ALSOP) AND (inst (15 downto
12)=B"1x00")) ELSE

"110"&inst (11)&'0! WHEN ((state=ALSOP) AND (inst (15 downto
10)=B"1XX1X0")) ELSE

"110"&inst (11) &cflag WHEN ((state=ALSOP) AND (inst (15 downto
10)=B¥1XX1X1")) ELSE

"101"&inst (11)&'0" WHEN ((state=ALSOP) AND (inst (15 downto
10)=B"1X1XX0")) ELSE

"101"&inst (11) &cflag WHEN ((state=ALSOP) AND (inst (15 downto
10)=B"1X1XX1")) ELSE

"10000" WHEN state=JABS1
ELSE

"10000" WHEN state=JABS2
ELSE

"11000" WHEN state=JREL1
ELSE

"1100"&iflag WHEN state=JREL2
ELSE

"OXXXX™";

aden <= '0' WHEN state=RESET ELSE
'0' WHEN state=HIGHZ ELSE '1l‘';

adlat <= 'l' WHEN state=FET1 ELSE
'l' WHEN state=FET4 ELSE
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'l' WHEN state=LDST1 ELSE '0';

dien <= 'l' WHEN ((state=LDST3) AND (inst (12)='0')) ELSE '0';

’

dolat <= 'l' WHEN ((state=LDST2) AND (inst (12)='1')) ELSE vt s
END behave;



ENTITY regfile IS
PORT (

¥st :IN
clk :IN
wen :IN
wnum :IN
win SIN
xen + IN
xXnum :IN
xout :OUT
yen 1N
ynum :IN
yout :0UT

)7
END regfile;

vlbit;
vlbit;
vlibit;
vlbit_1d(3
vlbit_1d(7
vlbit;
vlbit_1d(3
vlbit_1d(7
vilbit;
vlbit_1d4(3
vlbit_1d(7

downto
downto

0);
0);

0) ;
0

downto
downto

downto 0) ;
downto 0)

ARCHITECTURE behave OF regfile IS

COMPONENT ramlé6x8b

PORT (
we tIN
a s+ IN
d :IN
le} :OUT

)3
END COMPONENT ;

SIGNAL we_sig
SIGNAL ax_sig
SIGNAL ay_sig
SIGNAL ox_sig
SIGNAL oy_sig
SIGNAL hclkl
SIGNAL hclk2
SIGNAL dclk
SIGNAL hdclkl
SIGNAL hdclk2
SIGNAL ddclk
SIGNAL phil
SIGNAL ph2
SIGNAL ox ff
SIGNAL oy ff
BEGIN
ux: ramlé6x8b
PORT MAP (
we => we_sig,
a => ax_sig,
d => win,
o => ox_sig
);
uy: ramléx8b
PORT MAP (
we => we_sig,
a > ay_sig,
d => win,
o => oy_sig

==================hclkl

vlbit;

vlbit_1d(3 downto 0);
vlbit_1d(7 downto 0);
vlbit_ 1d(7 downto 0)

:vlbit;
:vlbit 1d(3 downto 0);
:vlbit_1d(3 downto 0);
:vlbit_1d(7 downto 0);
:vlbit_1d(7 downto 0) ;
:v1bit:
:vlbit;
szlbit-;
:vlbit;
:vlbit;
:vlbit;
:vlbit;
:vlbit;
:vlbit_1d(7 downto 0);
:vlbit_1d(7 downto 0);

--Active

--Active

--Active

--Active

--XC4000

Memory PORT MAP

PROCESS
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high

high

high
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PROCESS --Half frequency of clk
BEGIN
WAIT UNTIL ((rst='0') OR PRISING (clk)) ;
IF (rst='0') THEN

helkle='0";
ELSE

hclk1l<=NOT hclkil;
END IF;

END PROCESS;
--====s=================================hclk2 PROCESS
PROCESS --Half frequency of clk, delay from hclkil 1/2 period of clk
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN

helk2<="0";
ELSE

hclk2<=hclkl;
END IF;

END PROCESS;
TT=========ss========s=========z=========dclk Equation

T ESSEEEE==sss=s=========================hdclkl PROCESS
PROCESS --Half frequency of dclk
BEGIN
WAIT UNTIL ((rst='0') OR PRISING (dclk)) ;
IF (rst='0') THEN

hdclkil<='0"';
ELSE

hdclk1<=NOT hdclkil;
END IF;

END PROCESS;
T EEE==SS=s==s===========================hdclk2 PROCESS
PROCESS --Half frequency of dclk, delay from hdclkil 1/2 period of
dclk
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING (dclk) ) ;
IF (rst='0') THEN

hdelk2<=10";
ELSE

hdclk2<=hdclkil;
END IF;

END PROCESS;
TTEESSSSsssss==s=======s=================ddclk, phl, ph2 Equation
ddclk <= hdclkl XOR hdclk2;
phl <= ddclk OR clk;
ph2 <= ddclk AND clk;
T-==s=======sss===s=s====================0Xx_ff PROCESS
PROCESS --Save reg x value after read
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING(clk)) ;
IF (rst='0') THEN
ox_ff<="00000000";
ELSE
ox_ ff<=ox_ sig;
END IF;
END PROCESS;
s-=======================ss=============0y ff PROCESS
PROCESS --Save reg y value after read
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN



oy ££<="00000000";
ELSE
oy_ff<=oy sig;
END IF;
END PROCESS;
T TESSESSSSssss==s=s===s=================we_sig, ax_sig, ay sig Equation
we_sig <= wen AND NOT phil;
ax _sig <= xnum WHEN ph2='1' ELSE wnum;
ay_sig <= ynum WHEN ph2='1l' ELSE wnum;
T-=====s==ss=============================Output of ENTITY
xout <= ox_ff WHEN xen='1l' ELSE "ZZZZZZZZ";
yout <= oy ff WHEN yen='l' ELSE "ZZZZZZZZ";
END behave;

1
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ENTITY alsu IS

PORT (
ren :IN vlbit; --Active high
oper :IN vlbit_1d(3 downto 0); --"0000"= Y | "1000"=X+Y+0
xin :IN vlbit 1d(7 downto 0); --"0001"=X&Y | "1001"=X+Y+1
yin :IN vlbit_1d(7 downto 0); --"0010"=X|Y | "1010"=X-Y-0
rout :OUT vlbit_1d(7 downto 0); ~=MgOLIw=X*Y | M1011"=X-¥-1
cout :0UT v1lbit; --"0100"=X:0 | "1100"= Y+0
zout :0UT vlbit =="0101"=X:1 | "1101"= Y+1
) -=MO110"=02X | "1110"= ¥-0
END alsu; -="0111M=1:X | "1111%= ¥-1
ARCHITECTURE struct OF alsu IS
COMPONENT arithu
PORT (
en :IN vilbik;
op :IN vlbit_1d(2 downto 0);
xi :IN vlbit_1d(7 downto 0);
yi :IN vlbit 1d(7 downto 0);
ro :OUT vlbit 1d(7 downto 0) ;
co :OUT vlbit
) ;
END COMPONENT ;
COMPONENT logicu
PORT (
en :IN vlbit;
op :IN vlbit_1d(1 downto 0) ;
xi :IN vlbit_ 1d(7 downto 0);
yi ¢IN vlbit_1d(7 downto 0);
ro :OUT vlbit 1d(7 downto 0)
);
END COMPONENT ;
COMPONENT shiftu
PORT (
en :IN vlbit;
op :IN vlbit_1d(1 downto 0);
xi :IN vlbit_1d(7 downto 0) ;
ro :OUT vlbit_1d(7 downto 0) ;
co :OUT vlbit
)i
END COMPONENT;
SIGNAL aen_sig s1bik ;
SIGNAL len_sig sV1IbiE ;
SIGNAL sen_sig svlbit;
SIGNAL ro_sig :vlbit_1d(7 downto 0);
SIGNAL aco_sig :vlbit;
SIGNAL sco_sig +V1bit;
BEGIN
aen_sig <= 'l' WHEN (ren='1l' AND oper(3)="1"7) ELSE '0';

len_sig <= 'l' WHEN (ren='1l' AND oper (3 downto 2)=B"00") ELSE Lo R~
sen_sig <= 'l' WHEN (ren='1l' AND oper (3 downto 2)=B"01") ELSE LI R

au: arithu
PORT MAP (
en => aen_sig,
op => oper (2 downto 0),



xi, =5 xin,
yi => yin,
ro => ro_sig,
co => aco_sig
)
Ja: logicu
PORT MAP (
en => len sig,
op => oper (1l downto 0),
xi => xin,
yi => yin,
ro => ro_sig
)
su: shiftu
PORT MAP (
en => sen_sig,
op => oper (1l downto 0),
xi => xin,
ro => ro_sig,
co => sco_sig
)3
rout <= ro_sig;
cout <= aco_sig WHEN aen sig='1l' ELSE
sco_sig WHEN sen_sig='1l' ELSE 'X';
zout <= 'l' WHEN (ren='1l' AND ro_sig=B"00000000") ELSE

END struct;

'0' WHEN (ren='1l' AND ro_sig/=B"00000000") ELSE
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ENTITY arithu IS

PORT (
en :IN vlbit; --Active high
op 1IN vlbit_1d(2 downto 0);  --"000"=X+Y+0 | "100"=Y+0
xi :IN vlbit_ld(? downto 0) ; --"001"=X+Y+1 ] "101"=Y+1
yi :IN Vlbit_ld(7 downto 0) ; --"010"=X-Y-0 | "110"=Y-0
ro :OUT vlbit _1d(7 downto 0);  --"011"=X-Y-1 | "111"=Y-1
co :OUT vlbit --Active high

)
END arithu;

ARCHITECTURE behave OF arithu IS

COMPONENT addsub8b --XC4000 Library
PORT (
add :IN vlbit;
a 1IN vlbit_1d(7 downto 0);
b :IN vlbit_1d(7 downto 0);
Gl :IN vlibit;
s :0UT vlbit 1d(7 downto 0);
co :0UT vlbit;
ofl :OUT vlbit

it
END COMPONENT ;

SIGNAL add_sig :v1bit ;

SIGNAL a_sig :vlbit 1d(7 downto 0);
SIGNAL b_sig :vlbit_1d(7 downto 0);
SIGNAL ci_sig :vlbit;

SIGNAL s_sig :vlbit 1d(7 downto 0);
SIGNAL co_sig :vlbit;

BEGIN

add_sig <= NOT op(1) ;

a_sig <= xi WHEN op(2)='0' ELSE yi;

b_sig <= yi WHEN op(2)='0' ELSE "00000000";
ci_sig <= op(l) XOR op(0);

ulsz addsub8b

PORT MAP (
add => add_sig,
a => a_sig,
b => b sig,
ci => ci_sig,
s => s_sig,

co => co_sig

)i

Yo <= s_Sig WHEN en='1' ELSE WZZ2Z2ZZZZZ" ;
co <= op(l) XOR co_sig;
END behave;



ENTITY logicu IS

PORT (
en
op
xi
yi
ro

)

END logicu;

:IN
:IN
:IN
:IN
:OUT

vlbit;

vlbit_1d(1 downto
vlbit_1d(7 downto
vlbit_1d(7 downto
vlbit_1d(7 downto

ARCHITECTURE behave OF logicu IS
SIGNAL ro_sig

BEGIN
ro sig <=
ro &=

END behave;

--Active high

0); --"00"= Y
0); --"01"=X AND Y
0); --"10"=X OR Y
0) --"11"=X XOR Y

:vlbit_1d(7 downto 0);

yi WHEN op=B"00" ELSE
xi AND yi WHEN op=B"01" ELSE
xi OR yi WHEN op=B"10" ELSE

xi XOR yi;

ro_sig

WHEN en='1" ELSE

"ZZZZZZZZ";
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ENTITY shiftu IS
PORT (
en
op
X1
ro
co
g
END shiftu;

+IN
: IN
:IN
:0OUT
:OUT

vlbit;
vlbit_1d(1 downto 0) ;
vlbit_1d(7 downto 0);
vlbit_1d(7 downto 0);
vlbit

ARCHITECTURE behave OF shiftu IS

SIGNAL ro_sig
BEGIN

ro_sig <= xi(6 downto 0)&op(0) WHEN op(l)="0"

ro <= ro_sig

co <= %1.(7)
END behave;

:vlbit_1d(7 downto 0);

WHEN en='1"

WHEN op(1)='0

--Active
--"00"=X
-="Q1"=X
-="10"=X
—="11"=X

116

high

SHL '0'
SHI: "1.'
SHR '0'
SHR "1°

ELSE op(0)&xi (7 downto 1) ;
ELSE "ZZZZZZZZ";
ELSE xi(0) ;



i,

ENTITY instreg IS

PORT (
rst : IN vlbit; --Active low
elk :IN vibity
feth $IN vlbit; --Active high
fetl :IN vibit; --Active high
yen : IN vlbit; --Active high
ynum :IN vibit;
din 1IN vlbit_1d(7 downto 0);
inst :OUT vlbit_1d(15 downto 0);
yout $QUT vlbit_1d(7 downto 0)

);
END instreg;

ARCHITECTURE behave OF instreg IS

SIGNAL reg :vlbit_1d (15 downto 0) ;

SIGNAL yout_sig :vlbit_1d(7 downto 0);

BEGIN

—~======================================high byte reg PROCESS
PROCESS --Get high byte instruction from din when feth is active
BEGIN

WAIT UNTIL ((rst='0') OR PRISING(clk));
IF (rst='0') THEN

reg (15 downto 8)<="00000000";
ELSE

IF (feth='1') THEN

reg (15 downto 8)<=din;

END IF;

END IF;
END PROCESS;

--======================================1ow byte reg PROCESS
PROCESS --Get low byte instruction from din when fetl is active
BEGIN

WAIT UNTIL ((rst='0') OR PRISING (clk)) ;
IF (rst='0') THEN

reg (7 downto 0)<="00000000";
ELSE

IF (fetl='1') THEN

reg (7 downto 0)<=din;

END IF;

END IF;
END PROCESS;

--======================================0utput of ENTITY
inst <= reg;
yout_sig <= reg(7 downto 0) WHEN ynum='0' ELSE

reg(9) &reg (9) &reg (9) &reg (9) &reg (9) &reg (9) &reg (9) &reg (8) ;
yout <= yout_sig WHEN yen='1l' ELSE "ZZZZZZZZ";

END behave;
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ENTITY addrreg IS

PORT (

rst :IN vilbit; --Active low
clk :IN vlibit;

en :IN vlbit; --Active high
lat 1IN vibit; --Active high
xin :IN vlbit_1d(7 downto 0) ;

yin :IN vlbit_1d(7 downto 0);

addr :OUT vlbit_1d (15 downto 0)

)i
END addrreg;

ARCHITECTURE behave OF addrreg IS

SIGNAL reg :vlbit_1d(15 downto 0) ;

BEGIN

T-====================c=================reg PROCESS
PROCESS --Update new address from xin:yin when lat is active
BEGIN

WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
reg<="0000000000000000" ;
ELSE
IF (lat='1') THEN
reg<=xin&yin;
END IF;
END IF;
END PROCESS;
TS eSS SSesssmsss=ssssssdooaa g Al Outplit of ENTITY
addr <= reg WHEN en='1l' ELSE "ZZZZ7272227Z22ZZ72772" ;
END behave;
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ENTITY dinbuf IS

PORT (
en :IN vlbit; --Active high
din :IN vlbit_1d(7 downto 0) ;
rout :OUT vlbit_1d(7 downto 0)
)7
END dinbuf;

ARCHITECTURE behave OF dinbuf IS
BEGIN

rout <= din WHEN en='1l' ELSE "ZZZZZ227Z7Z" ;
END behave;
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ENTITY doutreg IS

PORT (
rst : IN vlbit; --Active low
clk :IN vlbit;
lat : IN vlbit; --Active high
xin :IN vlbit_1d(7 downto 0) ;
dout :OUT vlbit_1d(7 downto 0)

L
END doutreg;

ARCHITECTURE behave OF doutreg IS

SIGNAL reg :vlbit_1d(7 downto 0);

BEGIN

S-======================================reg PROCESS
PROCESS --Update new data out from xin when lat is active
BEGIN

WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
reg<="00000000";

ELSE
IF (lat='1l') THEN
reg<=xin;
END IF;
END IF;

END PROCESS;
--======================================Output of ENTITY
dout <= reg;
END behave;



ENTITY osdgen IS
PORT (
rst
elk
Vs
hs
line
even

ver_pos
page
back
show
din
addr
rd
halt
rgb
sw
) &
END osdgen;

:IN
: IN
: IN
+IN
:IN
1IN
s IN
: IN
:IN
¢ IN
s IN
:OUT
:OUT
:OUT
:OUT
:OUT

vlbit;
vlbit;
vlbit;
vlbit;

vlbit_

vlbit;

vlibit_
VIbit

vlbit;
vlbit;

vlibit_
vlibit_

vlbit;
vlbit;

vibit |

vlbit

--Active

--Negative polarity
--Negative polarity

1d(5 downto 0) ;

low

--'1'=Even,

1d(3 downto 0);
1d(2 downto 0) ;

--Active high
--Active high

1d(7 downto 0) ;
1d (15 downto 0);
--Active

--Active high

1d(2 downto 0) ;
--Active

ARCHITECTURE struct OF osdgen IS

COMPONENT osdtimer

PORT (
rst
clk
vs
hs
line
even
ver_pos
halt
row
char line
column
char_dot
en

Wi

END COMPONENT ;

:IN
: IN
#IN
: IN
: IN
: IN
s IN
:OUT
:OUT
:OUT
:OUT
:OUT
$OUT

COMPONENT osdaddr

PORT (
rst
clk
row
char_line
column
char_dot
en
page
code
addr
rd

)7

END COMPONENT ;

s IN
: IN
:IN
«IN
ETN
: IN
: IN
:IN
: IN
:OUT
:OUT

COMPONENT osdcode

PORT (
rst
c¢lk

: IN
2 IN

vlibit;
vlbit;
vlibit;
vlbit;

vlbit

vlbit;

vlbit

vlbit;

g7 51t
vlbit
vlibit
vlbit_

vlbit

vlbit;
vibitk;

vlibit_
vlibit
vibit .

1d(5 downto 0) ;
1d(3 downto 0) ;

1d(3 downto 0);
1d(4 downto 0);
1d(5 downto 0);
1d(3 downto 0) ;

1d(3 downto 0);
1d(4 downto 0);
1d(5 downto 0) ;

vlbit_1d(3 downto 0);

vibit;

vlibit_
vlibit_
vlbit_

vlbit

vlbit;
vlbit;

1d(2 downto 0);
1d (15 downto 0) ;
1d(15 downto 0) ;

low

low

'0'=0dd field
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char_dot
en
din
code
)s
END COMPONENT ;

:IN
: IN
: IN
:OUT

COMPONENT osdfont

PORT (
rst
clk
char_dot
en
din
font

)5

END COMPONENT ;

:IN
+: IN
: IN
: IN
:IN
:OUT

COMPONENT osdfore

PORT (
rst
elk
code
char_dot
en
color
ital
under
flash

IF-

END COMPONENT ;

& IN
sIN
+ IN
: IN
: IN
:OUT
:OUT
:OUT
:OUT

COMPONENT osdback

PORT (
rst
clk
back
code
char_dot
en
box

Y

END COMPONENT ;

:IN
:IN
LN
:IN
: IN
: IN
: OUI,

COMPONENT osdlogic

PORT (
rst
clk
even
show
char line
char dot
en
box
color
ital
under
flash
font
rgb
sw

: IN
: IN
:IN
s IH
+ TN
s+ IN
:IN
:IN
: IN
: IN
: IN
:IN
: IN
:OUT
:OUT

vlbit_1d(3 downto 0);
vilbit;

vlbit_1d(7 downto 0);
vlbit_1d(15 downto 0)

vlbit;
vlbit;
vlbit_ 1d(3 downto 0);
vilbit:;
vlbit_1d(7 downto 0);
vlbit_1d (15 downto 0)

vlbit;
vlbit;
vlbit_1d (15 downto 0) ;
vlbit_1d(3 downto 0);
vlbit;
vlbit 1d(2 downto 0);
vlbit;
vlibit;
vlibit

vlbit;
vlbit;
vlbit;
vlbit_1d (15 downto 0);
vlbit_1d(3 downto 0);
vlbit;
vlbit

vlbit;

vlbit;

vlbit;

vlbit;

vlbit_1d(4 downto 0);
vlbit_1d(3 downto 0);
vlbit;

vlbit;

vlbit_1d(2 downto 0);
vilibit;

vlbit;

vlbit;

vlbit_1d (15 downto 0);
vlbit_1d(2 downto 0);
vlbit
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)i

END COMPONENT ;

SIGNAL row_sig :vlbit_1d(3 downto 0);
SIGNAL char line sig :vlbit_1d(4 downto 0);
SIGNAL column_sig :vlbit_1d(5 downto 0) ;
SIGNAL char_dot_sig :vlbit_1d(3 downto 0);
SIGNAL en_sig svilbity
SIGNAL code_sig :vlbit_1d (15 downto 0);
SIGNAL font_sig :vlbit_1d(15 downto 0) ;
SIGNAL color_sig :vlbit_1d(2 downto 0);
SIGNAL ital_sig :vlbit;
SIGNAL under_sig svlbit;
SIGNAL flash_sig Vilbit;
SIGNAL box_sig #vlbit;
BEGIN
ul: osdtimer
PORT MAP (
rst => rst,
clk => clk,
vs => VS,
hs => hs,
line => line,
even => even,
ver_pos => ver_pos,
halt => halt,
row => row_sig,
char_line => char line sig,
column => column_sig,
char_dot => char dot_sig,
en => en_sig
)i
u2: osdaddr
PORT MAP (
rst => rst,
clk => clk,
row => row_sig,
char_line => char_line sig,
column => column_sig,
char_dot => char dot_sig,
en => en_sig,
page => page,
code => code_sig,
addr => addr,
rd => rd
):
udi osdcode
PORT MAP (
rst => rst,
clk => clk,
char_dot => char dot_sig,
en => en_sig,
din => din,
code => code_sig
):
ué4: osdfont
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PORT MAP (
rst
c¢lk
char dot
en
din
font

)

us: osdfore

PORT MAP (
rst
clk
code
char dot
en
color
ital
under
flash

)

ué6: osdback

PORT MAP (
rst
clk
back
code
char dot
en
box

) ;

u7z: osdlogic

PORT MAP (
rst
clk
even
show

=>
=>
=>
=>

=>
=>
=5
=>

char_line =>

char_dot
en
box
coloxr
ital
under
flash
font
rgb
sw

)3

END struct;

=>
=>
=>
=>
=>
=>
=>
=>
=>

=>

rst,

=> clk,

char dot_sig,
en_sig,
din,

=> font_sig

rst,
clk,

> code_sig,

char dot_sig,
en_sig,
color_sig,
ital_sig,
under_sig,
flash_sig

rst,

= elk,

back,
code_sig,
char_dot_sig,
en_sig,

box sig

rat;

clk,

even,

show,

char line sig,
char dot_sig,
en_sig,

box sig,
color_sig,
ital_sig,
under_sig,
flash_sig,
font_sig,
rgb,

sw
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ENTITY osdtimer IS
PORT (

)
END

rst

clk

vs

hs

line
even
ver_pos
halt

row
char line
column
char_dot
en

osdtimer;

+ IN
s IN
s IN
#IN
:IN
:IN
:IN
:OUT
:OUT
:0OUT
sOUT
:OUT
:OUT

vlbit;
vibit;
vlbit;
vlibit;
vlbit_1d(5
vlbit;
vlbit_1d(3
vlibit;
vlbit_1d(3
vlibit_1d(4
vlbit_1d4(5
vlbit_1d(3
vlbit

ARCHITECTURE behave OF osdtimer IS

COMPONENT add8b

PORT (
a
b
ci
S
co
ofl
Vi

: IN
+IN
: IN
:OUT
:OUT
:OUT

END COMPONENT ;

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL ha

a_sig <= "00011101";

a_sig
b_sig
s_sig
top_line
stop_top
line ctr
disp_line
left etr
stop_left
hor ctr
stop_hor
ver_disp
en_sig

1t_sig

downto

downto

downto
downto
downto
downto

vlbit_1d(7 downto 0) ;
vlbit_1d(7 downto 0) ;

b_sig <= "0000"&ver pos;

ul: addsb

PORT MAP (
a => a_sig,
b => b_sig,
ci =» Qv
s => s_sig

)i

top_line <= s_sig(5 downto 0);

PROCESS

--vs='0"'

==> reset

vlibit;

vlbit 1d(7 downto 0);
vlbit;

vlbit

:vlbit_1d(7 downto 0) ;
:vlbit_1d(7 downto 0);
:vlbit_1d(7 downto 0);
:vlbit 1d(5 downto 0);
< Lbit ;

:vlbit_1d(8 downto 0);
:vlbit_1d(8 downto 0);
:vlbit_1d(7 downto 0) ;
wvilbit:

:vlbit 1d(10 downto 0) ;
:vlbit;

:vlbit;

:vlbit;

svlbit;

--Active low

--Negative polarity
--Negative polarity

--'l'=Even, '0'=0dd field

--Active high

--Active high

--XC4000 Library

stop_top PROCESS
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BEGIN --vs='l' --> At falling edge of hs,
line=top line
WAIT UNTIL ((rst='0') OR (vs='0') OR PFALLING (hs)) ;
IF (rst='0') THEN
stop_ top<='0"';
ELSIF (vs='0') THEN
stop top<='0"';
ELSE
IF (line=top line) THEN
stop top<='1";
END IF;
END IF;
END PROCESS;
--==:===================================1ine_ctr PROCESS

126

active when

PROCESS --stop_top='0' --> reset
BEGIN --stop_top='1l' --> At falling edge of hs, count up until
MSB='1"

WAIT UNTIL ((rst='0') OR (stop_top='0') OR PFALLING (hs)) ;
IF (rst='0') THEN
line_ctr<="000000000";
ELSIF (stop_top='0') THEN
line_ctr<="000000000";
ELSE
IF (line_ctr(8)='0') THEN
Tine ctr<=ADDUM(line ctr(7 downto 0),"00000001") ;
END IF;
END IF;
END PROCESS;
disp_line <= line_ctr(7 downto 0)&even;
--=s==s=ss==s=====soss=scsssssssoocooo-ooleft_ctr PROCESS

stop_left <= '1' WHEN left ctr(6 downto 0)=B"1111111" ELSE '0':

PROCESS --hs='0' --> reset
BEGIN --hs='1' --> count up until stop_left active
WAIT UNTIL ((rst='0') OR (hs='0") OR PRISING(clk)) ;
IF (rst='0') THEN
left_ctr<="00000000";
ELSIF (hs='0') THEN
left_ctr<="00000000";
ELSE
IF (stop_left:'O') THEN
left_ctr<=ADDUM(left_ctr(6 downto 0),"0000001") ;
END IF;
END IF;
END PROCESS;
ToS===ssss===============cc============chor_ctr PROCESS

stop_hor <= '1' WHEN hor_ctr(9 downto 0)=B"1000111111" ELSE '0';

PROCESS --hs='0' --> reset

BEGIN --hs='1' --> count up when en active until stop_hor active

WAIT UNTIL ((rst='0') OR (hs='0') OR PRISING (clk)) ;
IF (rst='0') THEN

hor_ctr<="00000000000";
ELSIF (hs='0') THEN

hor_ ctr<="00000000000";

ELSE
IF ((en_sig='1') AND (stop hor='0')) THEN
hor_ctr<=ADDUM (hor_ctr (9 downto 0),"0000000001") ;
END IF;
END IF;

END PROCESS;
- —======================================en_sig PROCESS

ver_disp <= 'l' WHEN ((stop_top='1l') AND (line_ctr(8)='0')) ELSE '0';
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PROCESS --ver_disp='0' --> reset
BEGIN --ver_disp='1l' --> active when stop left but not stop_hor
WAIT UNTIL ((rst='0') OR (ver_disp='0') OR PRISING (clk)) ;
IF (rst='0') THEN
en_sig<='0"';
ELSIF (ver disp='0') THEN
en_sig<='0";

ELSE
IF ((stop_left='1') AND (stop hor='0')) THEN
en sig<='1l"';
ELSE
en sig<='0"';
END IF;
END IF;

END PROCESS;
--======================================ha1t_sig PROCESS

PROCESS --ver _disp='0' --> reset
BEGIN --ver_disp='l' --> active before stop left 10 elk until
stop_hor

WAIT UNTIL ((rst='0') OR (ver_disp='0') OR PRISING(clk)) ;
IF (rst='0') THEN
halt_sig<='0"';
ELSIF (ver_disp='0') THEN
halt_sig<='0"';
ELSE
IF (left_ctr(6 downto 0)=B"1110101") THEN
halt _sgig<="1";
ELSIF (stop_hor='1') THEN
halt_sig<='0"';
END IF;
END IF;
END PROCESS;
T-=====s=============s=s=s===============Qutput of ENTITY

halt <= halt_sig;

row <= disp_line(8 downto 5);
char_line <= disp_line(4 downto 0);
column <= hor_ctr(9 downto 4);
char_dot <= hor_ctr(3 downto 0);
en <= en_sig;

END behave;



ENTITY osdaddr IS
PORT (

15
END

rst

clk

row
char_line
column
char_dot
en

page
code
addr

rd

osdaddr;

:IN
:IN
:IN
: IN
¢ IN
: IN
:IN
¢IN
:IN
:OUT
:OUT
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vlbit; --Active low
vlbit;

vlbit_1d(3 downto 0);

vlbit_1d(4 downto 0);

vlbit_1d(5 downto 0);

vlbit_1d(3 downto 0);

vlbit; --Active high
vlbit_1d(2 downto 0);

vlbit_1d(15 downto 0);

vlbit_1d(15 downto 0);

vlbit --Active low

ARCHITECTURE behave OF osdaddr IS

SIGNAL

SIGNAL rd_sig

SIGNAL
SIGNAL

addr_sig

code_upper
code_lower

CONSTANT upper table
B"OOOOOO_OOlOOOOO",B"000001_11010001",
B"OOOOlO_llOlOlOO",B"000011_11010101",
B"OOOlOO_llOlOllO",B"OOOlOl_llOlOlll",
B"000110_11100111",B"000111_11101101",
B"001000_11101000",B"OOlOOl_lOOOOOOO",
B"OOlOlO_lOOOOlOO",B"OOlOll_lOOOlOOl",
B"001100_10001101",B"OOllOl_lOOlOOOl",
B"OOlllO_lllOOlll",B"OOllll_llllllOO",
B“OlOOOO_lllOlOOl",B"010001_10000001",
B"010010_10000101",B"010011_10001010",
B"OlOlOO_lOOOlllO",B"OlOlOl_lOOlOOlO",
B"010110_11100111",B"010111_11111101",
B"011000_11101010",B"OllOOl_lOOOOOlO",
B"011010_10000110",B"OllOll_lOOOlOll",
B"011100_10001111",B"OlllOl_lOOlOOll",
B"011110_11100111",B"011111_11111110",
B"lOOOOO_lllOlOll",B"lOOOOl_lOOOOOll",
B"100010_10000111",B"lOOOll_lOOOllOO",
B"lOOlOO_lOOlOOOO",B"100101_10010100",
B"100110_11100111",B"100111_11111111",
B"101000_11101100",B"lOlOOl_llOlOOOl",
B"lOlOlO_lOOOlOOO",B"101011_11010101",
B"lOllOO_llOlOllO",B"lOllOl_llOlOlll",
B"101110_11100111",B"101111_11101101",
B"llOOOO_OOlOOOOO",B"110001_11010001",
B"110010_11010100",B"110011_11010101",
B"110100_11010110",B"110101_11010111",
B"110110_11100111",B"110111_11101101",
B"111000_00100000",B"111001_11010001",
B"111010_11010100",B"111011_11010101",
B"llllOO_llOlOllO",B"111101_11010111",
B"111110_11100111",B"111111_11101101");
CONSTANT lower_ table
B"OO_OOlOOOOO",B"01_11011000",B"10_11011001",B"11_11011010");

:vlbit_1d (15 downto 0);

iF1lbIta

:vlbit_1d(7 downto 0) ;
:vlbit_1d(7 downto 0);

:vlbit 2d(0 to 63,13 downto 0):=(

:vlbit_2d(0 to 3,9 downto 0):=(

__====================================addr_sig PROCESS
PLA_TABLE (code (7 downto 2),code_upper,upper_table);
PLA TABLE (code (1 downto 0) ,code_lower, lower table) ;
PROCESS

--en='0"

==> Yeget
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BEGIN --én='l"' --> Generate address to access RAM(code) and ROM
(font)
WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;
IF (rst='0') THEN
addr_sig<="0000000000000000";
ELSIF (en='0') THEN
addr_sig<="OOOOOOOOOOOOOOOO";
ELSE
CASE char_dot (3 downto 2) IS
WHEN B"00" => addr_sig<="10"&page&row&column&char_dot(1);
WHEN B"01" => addr_sig<="0l"&code (15 downto 8) &char_line&char dot (1)

WHEN B"10" => IF (code(15 downto 12)=B"0000") THEN
addr_sig<="0100100000"&char_line&char_dot(1);
ELSE
IF (char_line(4)='0') THEN
addr_sig<="01"&code_upper&char_line&char_dot(1);

ELSE
addr_sig<="01"&code_lower&char_line&char_dot(1);
END IF;
END IF;
WHEN B"11" => addr_sig<="XXXXXXXXXXXXXXXX";
END CASE;
END IF;
END PROCESS;
- -======================================rd_sig PROCESS
PROCESS --en='0"' --> set
BEGIN --eén='1l' --> Generate LOW pulse from char_dot 0 to char dot

i el
WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;
IF (rst='0') THEN

rd sig<="'171:
ELSIF (en='0') THEN
¥d sige="11!;
ELSE
IF (char_dot (3 downto 2)=B"11") THEN
¥d gige="1";
ELSE
rd sig<='0';
END IF;
END IF;

END PROCESS;
TTSS=ss=ssssss=s=ssss===ss==============Output of ENTITY
addr <= addr_sig WHEN en='1' ELSE "ZZZ7272727227Z72222272" ;

rd <= rd_sig WHEN en='1l' ELSE VZ:
END behave;
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ENTITY osdcode IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
char_dot :IN vlbit_1d(3 downto 0);
en : IN vilbit: --Active high
din :IN vlbit_1d(7 downto 0);
code :OUT vlbit_1d(15 downto 0)

Y
END osdcode;

ARCHITECTURE behave OF osdcode IS

SIGNAL code_sig :vlbit_1d (15 downto 0);

BEGIN

T TTmS=m==ssssss==s=======================high byte code_sig PROCESS
PROCESS --en='0' --> reset
BEGIN --én='1l' --> get high byte display code at char_dot 2

WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;
IF (rst='0') THEN
code_sig (15 downto 8)<="00000000";
ELSIF (en='0') THEN
code_sig (15 downto 8)<="00000000";
ELSE
IF (char_dot=B"0010") THEN
code_sig (15 downto 8)<=din;
END IF;
END IF;
END PROCESS;
T ESSS===sssss==s======s===F=zz=z=======Llow byte code_sig PROCESS
PROCESS --en='0' --> reset
BEGIN --eén='1l' --> get low byte display code at char_dot 4
WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;
IF (rst='0') THEN
code_sig(7 downto 0)<="00000000";
ELSIF (en='0') THEN
code_sig (7 downto 0)<="00000000";
ELSE
IF (char_dot=B"0100") THEN
code_sig(7 downto 0)<=din;
END IF;
END IF;
END PROCESS;
To=======s============ss================Output of ENTITY
code <= code_sig;
END behave;
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ENTITY osdfont IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
char_dot :IN vlbit_1d(3 downto 0);
en : IN vlbit; --Active high
din :IN vlbit_1d(7 downto 0);
font :OUT vlbit 1d(15 downto 0)

Mz
END osdfont;

ARCHITECTURE behave OF osdfont IS

SIGNAL font_sig :vlbit_1d (15 downto 0);
BEGIN
TTSS=ss=s====ss==========================high byte font_sig PROCESS
PROCESS --en='0' --> reset
BEGIN --en='1l' --> get high byte font at char dot 6 and char_dot

10
WAIT UNTIL ((rst='0') OR (en='0') OR PRISING (clk)) ;
IF (rst='0') THEN
font_sig (15 downto 8)<="00000000";
ELSIF (en='0') THEN
font_sig (15 downto 8)<="00000000";
ELSE
IF (char_dot=B"0110") THEN
font_sig (15 downto 8)<=din;
ELSIF (char dot=B"1010") THEN
font_sig (15 downto 8)<=font_sig (15 downto 8) OR din;
END IF;
END IF;
END PROCESS;
T EESSsSSsss===s=s==========s===========]ow byte font_sig PROCESS
PROCESS --en='0"' --> reset
BEGIN --en='1l' --> get low byte font at char_dot 8 and char dot 12
WAIT UNTIL ((rst='0') OR (en='0') OR PRISING (clk)) ;
IF (rst='0') THEN
font_sig(7 downto 0)<="00000000";
ELSIF (en='0') THEN
font_sig(7 downto 0)<="00000000";
ELSE
IF (char_dot=B"1000") THEN
font_sig(7 downto 0)<=din;
ELSIF (char_dot=B"1100") THEN
font_sig(7 downto 0)<=font_sig(7 downto 0) OR din;
END IF;
END IF;
END PROCESS;
TT==s=ss====s==s====s=====s===============0Output of ENTITY
font <= font_sig;
END behave;



ENTITY osdfore
PORT (
rst
clk
code
char dot
en
color
ital
under
flash
Yz
END osdfore;

Is

+IN
:IN
: IN
:IN
:IN
:OUT
:0OUT
:OUT
:OUT

vibits --Active low
vlbit;

vlbit_1d (15 downto 0);

vlbit_1d(3 downto 0);

vlbit; --Active high
vlbit_1d(2 downto 0); --RGB

vlbit; --Active high
vlbit; --Active high
vlbit --Active high

ARCHITECTURE behave OF osdfore IS
SIGNAL fore_attr

BEGIN

:vlbit_1d(5 downto 0);

——======================================fore_attr PROCESS

PROCESS
BEGIN
fore

--en='0"

==> reset
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--én='l' --> get fore attr at char _dot 0 when code=change

WAIT UNTIL ((rst='0') OR (en='0') OR PRISING (clk)) ;

IF (rst='0"'

) THEN

fore_attr<="000000";
ELSIF (en='0') THEN
fore_attr<="000000";

ELSE
IF ((char_dot=B"0000") AND (code (15 downto 9)=B"0000XX1")) THEN
fore_attr<=code (5 downto 0) ;
END IF;
END IF;

END PROCESS;

- —======================================Output of ENTITY
color <= fore attr(2 downto 0);

ital <= fore attr(3);
under <= fore_attr(4) WHEN code (15 downto 12)/=B"0000" ELSE '0':
flash <= fore attr(5);

END behave;

7



ENTITY osdback IS
PORT (
rst
clk
back
code
char dot
en
box
) ;
END osdback;

:IN
¢t IN
:IN
2 TN
:IN
+IN
:OUT

vlbit; --Active
Vlbits
vlbit; --Active

vlbit_1d (15 downto 0);
vlbit_1d(3 downto 0);
Vibit:; --Active
vlbit --Active

ARCHITECTURE behave OF osdback IS

SIGNAL box_sig
BEGIN

- ———————================================box_sig PROCESS

PROCESS ~=gR=g T
BEGIN ==ens

WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;

IF (rst="0")
box sig<='0

ELSIF (en='0') THEN

box sig<='0
ELSE

THEN

!
.

1
7

IF (char_dot=B"0000") THEN
IF (code (15 downto 8)=B"0000XXX0") THEN

box sig<='0"';

ELSE

box sig<=back;

END IF;
END IF;
END IF;
END PROCESS;

——======================================Output of ENTITY

box <= box_sig;
END behave;

low

high

high
high
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:vlbit;
--> reset
'1' --> get box at char_dot 0 when code!=no background



134

ENTITY osdlogic IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
even : IN vibit; --'l'=Even, '0'=0dd field
show :IN vlbit; --Active high
char_line :IN vlbit_1d(4 downto 0);
char_ dot :IN vlbit_1d(3 downto 0) ;
en :IN vlbit; --Active high
box :IN vibit; --Active high
color :IN vlbit_1d(2 downto 0); --RGB
ital :IN vlbit; --Active high
under :IN vibit; --Active high
flash : IN wlbit; --Active high
font : IN vlbit_1d (15 downto 0);
rgb :OUT vlbit_1d(2 downto 0);
sw :OUT vlbit --Active low

)
END osdlogic;

ARCHITECTURE behave OF osdlogic IS

SIGNAL ital ctr :vlbit_1d(2 downto 0);

SIGNAL ital dir :vibtt”

SIGNAL ital_font :vlbit 1d (15 downto 0);

SIGNAL under line ST1bit/;

SIGNAL wunder_font :vlbit 1d(15 downto 0) ;

SIGNAL flash_timer :vlbit_1d(5 downto 0) ;

SIGNAL dot :vlbit 1d(15 downto 0) ;

BEGIN

——======================================ital_ctr PROCESS
PROCESS --en='0"' -->/ peget
BEGIN --en='1l' --> load counter at char dot 12, count until max

WAIT UNTIL ((rst='0') OR (en='0') OR PRISING(clk)) ;
IF (rst='0') THEN

ital_ctr<="100";
ELSIF (en='0') THEN

ital_ctr<="100";
ELSE

IF (char_dot=B"1100") THEN

IF (ital="1l) THEN
ital ctr<="0"&(char_ line(4)&char_line(4) XOR char line(3 downto

ELSE
ital ctre="011";
END IF;
ELSE
IF (ital_ctr(2)='0') THEN
ital_ctr<=ADDUM(ital_ctr (1 downto 0),"01");
END IF;
END IF;
END IF;
END PROCESS;
--======================================ital_font PROCESS
ital_dir <= '0' WHEN ital='0' ELSE char line(4);

PROCESS --en='0' --> reset
BEGIN --eén='l"' --> load font at char_dot 13, shift until ital ctr
max

WAIT UNTIL ((rst='0') OR (en='0') OR PFALLING (clk)) ;
IF (rst='0') THEN

ital font<="0000000000000000";
ELSIF (en='0') THEN
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ital_font<="0000000000000000";
ELSE
IF (ital_ctr(2)='0') THEN
IF (char_dot=B"1101") THEN
IF (ital_dir='0') THEN
ital_font<=font;
ELSE
ital_font<=font (14 downto 0)&"O";
END IF;
ELSE
IF (ital_dir='0') THEN
ital_font<="0"&ital_ font (15 downto 1);
ELSE
ital_font<=ital_font (14 downto 0)&"0";
END IF;
END IF;
END IF;
END IF;

END PROCESS;
—————————————————————————————————————— under font SIGNAL

under_line <= '0' WHEN under='0"' ELSE
'"l' WHEN char line=B"11011" ELSE
'l' WHEN char_ 1line=B"11100" ELSE '0';
under_font <= ital font WHEN under line='0' ELSE
((NOT (ital_font (13 downto 0))&"11") AND

("11"&NOT(ital_font(15 downto 2)))) OR ital_font;
——================================:=====flash_timer PROCESS
PROCESS --Loop count every frame, bit 4's period is 32/25 second

BEGIN
WAIT UNTIL ((rst='0') OR PRISING (even)) ;
IF (rst='0') THEN
flash timer<="000000";
ELSE
flash_timer<=ADDUM(flash timer (4 downto @), "00001") ;
END IF;

END PROCESS;
—————————————————————————————————————— dot PROCESS

PROCESS --en='0' --> reset
BEGIN --én='1l"' --> load font at char dot 0, shift dot out

WAIT UNTIL ((rst='0') OR (en='0') OR PRISING (clk)) ;
IF (rst='0') THEN

dot<="0000000000000000" ;
ELSIF (en='0') THEN

dot<="0000000000000000" ;

ELSE
IF (char_dot:B"OOOO") THEN
IF ((flash='0') OR (flash_timer(4)='l‘)) THEN
dot<=under_ font;
ELSE
dot<="0000000000000000" ;
END IF;
ELSE .
dot<=dot (14 downto 0)&"0";
END IF;
END IF;

END PROCESS;
———————————————————————————————— Output of ENTITY

rgh <= (dot(lS)&dOt(lS)&dOt(lS)) AND color WHEN show='l' ELSE "o00";
Sw <= NOT(dot (15) OR box) WHEN show='1l' ELSE VTV
END behave;
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ENTITY osdctrl IS

PORT (
rst s LN vlbit; --Active low
clk :IN vlbit;
even :IN vibit; --'l'=Even, '0'=0dd field
cs :IN vlbit; --Active low
wr :IN vlbit; --Active low
ao :IN vlbit; --'0'=page, 'l'=scroll
din :IN vlbit_1d(7 downto 0);
ver_ pos :OUT vlbit_1d(3 downto 0);
page :OUT vlbit_1d(2 downto 0)

5
END osdctrl;

ARCHITECTURE behave OF osdctrl IS

SIGNAL scroll :vlbit;

SIGNAL ver_pos_sig :vlbit_1d(4 downto 0) ;

SIGNAL page_sig :vlbit_1d(2 downto 0);

BEGIN

--===================================--==g5croll PROCESS
PROCESS --Generate high pulse when cs and wr active at a0='1"
BEGIN

WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN
S8croll<="0";
ELSE
IF ((cs='0') AND (wr='0') AND (ab='1')) THEN
scrollc="'1";
ELSE
gcrolle="'0";
END IF;
END IF;
END PROCESS;
T EE S ss s ss s = mass=s==fes=t=============Ver poe)) sig PROCESS
PROCESS - -scroll=I——ss"get
BEGIN --scroll='0' --> at rising edge of even, count down until 0
WAIT UNTIL ((rst='0') OR (scroll='1') OR PRISING (even)) ;
IF (rst='0') THEN
ver_pos_sig<="01111";
ELSIF (scroll='1') THEN
ver pos_sig<="01111";
ELSE
IF (ver_pos_sig(3 downto 0)/=B"0000") THEN
Ver_pos_sig<=SUBUM (ver_ pos_sig(3 downto 0),"0001") ;
END IF;
END IF;
END PROCESS;
T-Ss============s========s================page_sig PROCESS
PROCESS --Update value when cs and wr active at a0='0'
BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
page_sig<="000";
ELSE
IF ((cs='0') AND (wr='0') AND (a0='0')) THEN
page_sig<=din(2 downto 0) ;
END IF;
END IF;
END PROCESS;
-—======================================Output of ENTITY
ver_pos <= ver_pos_sig(3 downto 0);
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page <= page_sig;
END behave;

AWIAINTAUNIINY 1A
CHuLALONGKORN UNIVERSITY
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ENTITY capdata IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
hs :IN vlbit; --Negative polarity
line :IN vlbit_1d(5 downto 0);
even :IN vlbit; --'l'=Even, '0'=0dd field
slice :IN vlbit;
cs :IN vlbit; --Active low
rd :IN vilbit; --Active low
al :IN vlbit; --"00"=Frame
a0 1IN vlbit; --"01"=Byte 1, "10"=Byte 2
dout :OUT vlbit_1d(7 downto 0)

) 3
END capdata;

ARCHITECTURE struct OF capdata IS

COMPONENT capclock

PORT (
rst :IN vlbit;
clk :IN vlbit;
hs :IN vlbit;
line :IN vlbit_1d(5 downto 0) ;
even :IN vlbit;
slice :IN vlibit;
celk :OUT vlbit;
finish :0UT vlbit

Y5
END COMPONENT ;

COMPONENT capshift

PORT (
rst :IN vlbit;
celk :IN vlbit;
slice :IN vlbit;
capreg :OUT vlbit_1d(18 downto 0)

)z
END COMPONENT ;

COMPONENT capio

PORT (
rst :IN v1lbit ;
clk :IN vlbit;
finish :IN vlbit;
cs :IN vlbit;
rd :IN vlbit;
al 1IN vlbit;
a0 :IN vlbit;
capreg :IN vlbit_1d(18 downto 0);
dout :0OUT vlbit_1d(7 downto 0)

)z
END COMPONENT;

SIGNAL cclk_sig :vlbit;

SIGNAL finish sig ivlbit;

SIGNAL capreg sig :vlbit_1d (18 downto 0);
BEGIN

ul: capclock



PORT MAP (
rst
clk
hs
line
even
slice
ceclk
finish
);

u2: capshift

PORT MAP (
rst
cclk
slice
capreg

);

u3: capio

PORT MAP (
rst
clk
finish
cs
rd
al
ao
capreg
dout

)i

END struct;

I
vV Vv

=> hS,

EStC,
clk;

line,

> even,

slice,
cclk eig,
finish sig

rst,
celk sig,
slice,

=> capreg_sig

rst,

clk,

finish sig,
es;

rd,

al;

ao,
capreg_sig,
dout
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ENTITY capclock
PORT (
rst
clk
hs
line
even
slice
celk
finish
)i
END capclock;

IS

: IN
:IN
:IN
:IN
:IN
:IN
:0OUT
:0UT
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vlbit; --Active low

vlbit;

vlbit; --Negative polarity
vlbit_1d(5 downto 0);

vlbit; --'l'=Even, '0'=0dd field
vlbit;

vlbit;

vlbit --Active high

ARCHITECTURE behave OF capclock IS
:vlbit_1d(9 downto 0);
:vlbit;

:vlbit;

:vlbit_1d (5 downto 0);
:vlbit;

SIGNAL runin c
SIGNAL stop_ ru
SIGNAL cclk pu
SIGNAL cclk _ct

tr
nin
1se
T

SIGNAL cclk_sig

SIGNAL bit_ctr
SIGNAL stop_ bi

SIGNAL finish

stop_runin <=

PROCESS
BEGIN
WAIT UNTIL
IF (rst='0"

=
sig

:vlbit_1d(5 downto 0);
:vlbit;
:vlbit;

=========—===============runin_ctr PROCESS

'l' WHEN
=~hg="'0"
--hs=11"
((rst='0"
) THEN

)

runin ctr(8 downto 0)=B"100011101" ELSE e A
--> reset

~-> count up until stop runin active

OR' (hs='0') OR PRISING (clk));

runin ctr<="0000000000";

ELSIF (hs="'

0') THEN

runin_ctr<="0000000000";

ELSE

IF (stop_runin='Q') THEN
runin_ctr<=ADDUM(runin_ctr(8 downto 0),"000000001") ;

END IF;
END IF;
END PROCESS;

T memSssssssss===ss==ss=ssccs=s=cooo-cclk _pulse PROCESS
PROCESS --Active when slice active in runin period
BEGIN

WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN
cclk_pulse<='0"';
ELSE
IF ((slice='1') AND (stop_runin='0')) THEN
cclk pulse<='1"';
ELSE
cclk pulse<='0"';
END IF;
END IF;
END PROCESS;

ST mmesssssss==s==ss=s=============c---cclk_ctr PROCESS
PROCESS --cclk _pulse='1l' --> reset
BEGIN --cclk _pulse='0' --> toggle MSB every 12 clk

WAIT UNTIL ((rst='0') OR (cclk_pulse:'l') OR PRISING(clk)) ;
IF (rst='0') THEN

cclk_ctr<="000000";
ELSIF (cclk_pulse='1') THEN
cclk_ctr<="000000";

ELSE
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IF (cclk_ctr(3 downto 0)=B"1011") THEN
cclk_ctr<=(NOT cclk _ctr(5))&"00000";
ELSE
cclk_ctr<=cc1k_ctr(5)&ADDUM(cclk_ctr(3 downto 0),"0001") ;
END IF;
END IF;
END PROCESS;
-—======================================CClk_Si9 PROCESS
PROCESS --Generate 19 cclk in line 18 odd field after runin
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN
cclk sig<='0"';
ELSE
IF ((1ine=B"010001") AND (even='0"') AND
(stop_runin='1') AND (stop bit='0')) THEN
cclk_sig<=cclk_ctr(5);
ELSE
cclk _sig<='0"';
END IF;
END IF;
END PROCESS;
——======================================bit_ctr PROCESS
stop_bit <= 'l1' WHEN bit_ctr (4 downto 0)=B"10011" ELSE Qs
PROCESS --hs='0"' /~-5 resget
BEGIN -~hs='1" #Z5/confit=up until\Nio
WAIT UNTIL ((rst='0') OR (hs='0') OR PFALLING(cclk_sig));
IF (rst='0') THEN
bit_ctr<="000000";
ELSIF (hs='0') THEN
bit_ctr<="000000";
ELSE
IF (stop bit='0') THEN
bit_ctr<=ADDUM(bit_ctr(4 downto 0),"00001");
END IF;
END IF;
END PROCESS;
--======================================finish_sig PROCESS
PROCESS --Generate HIGH pulse after all data is shift
BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk));
IF (rst='0') THEN
finish sig<='0"';
ELSE
IF (stop_bit='1') THEN
finish sig<=cclk ctr(5);
ELSE
finish sig<='0"';
END IF;
END IF;
END PROCESS;
-—======================================Output of ENTITY
cclk <= cclk_sig;
finish <= finish sig;
END behave;
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ENTITY capshift IS

PORT (
rst :IN vlbit; --Active low
celk :IN vlbit;
slice :IN vlbit;
capreg :OUT vlbit 1d(18 downto 0) --Frame, Byte 1, 2 (MSB->
LSB)

) ;
END capshift;

ARCHITECTURE behave OF capshift IS

SIGNAL reg :vlbit_1d (18 downto 0) ;

BEGIN

s-======================================reg PROCESS
PROCESS --Shift data into form Byte 2, Byte 1, Frame (MSB->LSB)
BEGIN

WAIT UNTIL ((rst='0') OR PRISING (cclk)) ;
IF (rst='0') THEN
reg<="0000000000000000000";
ELSE
reg<=slice&reg (18 downto 1) ;
END IF;
END PROCESS;
TS EESsssEE===s=s=s=====================0utput of ENTITY
capreg <= reg(2 downto 0)&reg (10 downto 3)&reg (18 downto 130
END behave;
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ENTITY capio IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
finish :IN vlbit; --Active high
Ccs :IN vlbit; --Active low
rd :IN vlbit; --Active low
al :IN vlbit; --"00"=Frame
ao +IN vlbit; —-“01"=Byte 1 "10"=Byte 2,
capreg :IN vlbit_1d(18 downto 0); --Frame, Byte 1, 2 (MSB-»>
LSB)
dout :0UT vlbit_1d(7 downto 0)
b
END capio;

ARCHITECTURE behave OF capio IS

SIGNAL cs_rd clk :vlbit;

SIGNAL status :vlbit;

SIGNAL dout_sig :vlbit 1d(7 downto 0);

SIGNAL parityl :vlbit;

SIGNAL parity2 :vlbit;

BEGIN

—-======================================cs_rd_c1k PROCESS
PROCESS --Delay cs and rd pulse when both active
BEGIN

WAIT UNTIL ((rst='0') OR PFALLING (clk)) ;
IF (rst='0') THEN
cs_rd_clk<='1';
ELSE
IF ((cs='0') AND (rd='0")) THEN
cs_rd_clk<='0';

ELSE
Cs_rd clk<='1"';
END IF;
END IF;
END PROCESS;
-—======================================Status PROCESS
PROCESS --finish=r1' -_ set
BEGIN --finish='0' --5 reget at rising edge of ¢s_rd _clk

WAIT UNTIL ((rst='0') OR (finish:'l') OR PRISING(cs_rd_clk));
IF (rst='0') THEN
status<='1"';
ELSIF (finish='1') THEN
status<='1"';
ELSE
status<='0"';
END IF;
END PROCESS;
——======================================Output of ENTITY
parityl <= capreg(15) XOR capreg(14) XOR capreg(13) XOR capreg(12) XOR
capreg(11l) XOR capreg(10) XOR capreg(9) XOR capreg(8) ;
parity2 <= capreg(7) XOR capreg(6) XOR capreg(5) XOR capreg(4) XOR
capreg(3) XOR capreg(2) XOR capreg(l) XOR capreg(0) ;
dout_sig <= "OOOO"&status&capreg(lB downto 16) WHEN al&a0=B"QQ" ELSE

parityl&capreg(14 downto 8) WHEN al&a0=B"01" ELSE
parity2&capreg(6 downto 0) WHEN al&a0=B"10" ELSE
"XXXXXXXX" ;

dout <= "ZZZZZZZZ" WHEN (cs='1' OR rd='1') ELSE dout_sig;

END behave;




ENTITY ioport IS

PORT (
cs :IN vlbit; --Active low
rd :IN vlbit; --Active low
pin 1IN vlbit_1d(1 downto 0) ;
dout :OUT vlbit_1d(7 downto 0)

13
END ioport;

ARCHITECTURE behave OF ioport IS
BEGIN

dout <= "ZZZZZZZZ" WHEN (cs='1l' OR rd='1') ELSE "000000"&pin;
END behave;
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ENTITY syncpro IS

PORT (
rst :IN vlbit; --Active low
clk :IN vlbit;
cs :IN vlbit; --Negative polarity
Vs :OUT vibit; --Negative polarity
hs :OUT vlbit; --Negative polarity
line :OUT vlbit_1d(5 downto 0);
even :OUT vlbit --'l'=Even, '0'=0dd field

)i
END syncpro;

ARCHITECTURE behave OF syncpro IS

SIGNAL cs_old
SIGNAL high ctr
SIGNAL low_ctr
SIGNAL vs_sig

:vlbit;
:vlbit_1d(9 downto 0);
:vlbit_1d(8 downto 0);
:vlbit;

SIGNAL hs_sig *Vlbits

SIGNAL 1line_sig :vlbit_1d(6 downto 0);

SIGNAL equal_ctr :vlbit;

SIGNAL even_sig hiARon ke,

BEGIN

To====sss=sssssss===s=ss=sssss=ssocsoooo--ocs 0ld PROCESS
PROCESS --Save value of cs at last clk

BEGIN
WAIT UNTIL ((rst='0') OR PRISING(clk)) ;
IF (rst='0') THEN
cs_old<='0"';
ELSE
cs_old<=cs;
END IF;
END PROCESS;

-===s==s======sss===ssss==cs==oc=o--oo-ochigh _ctr PROCESS

PROCESS --cs_old="0' --> reset
BEGIN --cs_old='1l'" --> count up until MSB='1'
WAIT UNTIL ((rst='0') OR (cs_o0ld='0') OR PRISING(clk)) ;
IF (rst='0') THEN
high ctr<="0000000000";
ELSIF (cs_old='0') THEN
high ctr<="0000000000";
ELSE
IF (high_ctr(9)='0') THEN
high ctr<=ADDUM (high ctr(8 downto 0),"000000001") ;
END IF;
END IF;
END PROCESS;

-—======================================low_ctr PROCESS

PROCESS --cs_old='1l' --> reset
BEGIN --cs_old='0' --> count up until MSB='1"'
WAIT UNTIL ((rst='0') OR (cs_old='1') OR PRISING(clk)) ;
IF (rst='0') THEN
low_ctr<="000000000";
ELSIF (cs_old='1') THEN
low_ctr<="000000000";
ELSE
IF (low_ctr(8)='0') THEN
low_ctr<=ADDUM(low_ctr (7 downto 0),"00000001") ;
END IF;
END IF;
END PROCESS;
-—======================================vs_sig PROCESS
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PROCESS --At rising edge of cs, cs='0'>21.33us --> LOW
BEGIN ) cs='0'<21.33us --> HIGH
WAIT UNTIL ((rst='0') OR PRISING(cs)) ;
IF (rst='0') THEN
Vs gilge="11:
ELSE
vs_s1g<=NOT low_ctr(8);
END IF;
END PROCESS;
S-======================================hs_sig PROCESS
PROCESS --Generate 1 clk width LOW pulse at falling edge of cs
BEGIN
WAIT UNTIL ((rst='0') OR PRISING (clk)) ;
IF (rst='0') THEN
hs_sig<='1"';
ELSE
IF ((cs='0') AND (cs_old='1')) THEN
hs_sig<='0"';
ELSE
hs sig<=11Y;
END IF;
END IF;
END PROCESS;
--======================================1ine_sig PROCESS
PROCESS --vs='0' ~--> reset
BEGIN --vs='l' --> At falling edge of hs, count up until max.
WAIT UNTIL ((rst='0') OR (vs_ sig="0') OR PFALLING (hs_sig)) ;
IF (rst='0') THEN
line sig<="0000000";
ELSIF (vs_sig='0') THEN
line sig<="0000000";
ELSE
IF (line_sig(5 downto 0)/=B"111111") THEN
line_sig<=ADDUM(line_sig(5 downto 0),"000001");
END IF;
END IF;
END PROCESS;
To====s======sss=========================equal_ctr PROCESS
PROCESS --Cs='1'>42.66us --> reset
BEGIN --Ccs='1'<42.66us --> At rising edge of cs_old, toggle
WAIT UNTIL ((rst='0') OR (high ctr(9)='1') OR PRISING (cs_old)) ;
IF (rst='0') THEN
equal ctr<='0";
ELSIF (high ctr(9)='1') THEN
equal_ctr<='0"';
ELSE
equal_ctr<=NOT equal_ctr;
END IF;
END PROCESS;
TT=S=s=====s=sss=s=s=s======cos=s=s=s=-=====even_sig PROCESS
PROCESS --At falling edge of vs, get field value
BEGIN
WAIT UNTIL ((rst='0') OR PFALLING(vs_sig));
IF (rst='0') THEN
even_sig<='0"';
ELSE
even_sig<=equal_ctr;
END IF;
END PROCESS;
T SSSSSss====s=sss==s======================0utput of ENTITY
vs <= vs_sig;
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hs <= hs_sig;
line <= line_sig(5 downto 0);
even <= even_sig;

END behave;
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