
Heiki Kasemägi bakalaureusetöö: lisad

LISA 1

LKZ180 PÕHIMÕTTESKEEM

1



Heiki Kasemägi bakalaureusetöö: lisad

2



Heiki Kasemägi bakalaureusetöö: lisad

3



Heiki Kasemägi bakalaureusetöö: lisad

4



Heiki Kasemägi bakalaureusetöö: lisad

5



Heiki Kasemägi bakalaureusetöö: lisad

LISA 2

LOOGIKAANALÜSAATORI AJADIAGRAMMID

6



Heiki Kasemägi bakalaureusetöö: lisad

Ajadiagramm 1: Loogika−analüsaatori kõik 2048 lugemit ja 32 andmekanalit
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Ajadiagramm 2: Signaalid siinidel ühe programmi täitmise ajal
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Ajadiagramm 3: Eelmisel diagrammil oleva programmi esimesed käsud
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i ncl ude l kz180. i nc
; ##########################################################################
; Aut or :  Toi vo Vaj akas
; ##########################################################################

aseg
or g 1200h

_cp_bc_hl : ; unsi gned compar e
l d a, b ; i f  BC<HL t hen Car r y: =1 el se Car r y: =0
cp h ; i f  BC=HL t hen Zer o: =1 el se Zer o: =0
r et nz
l d a, c
cp l
r et

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
; hl −de cont ai ns 32−bi t  unsi gned i nt eger  −− di vi dend
; bc 16−bi t  di vi sor
;  r et ur ns de=r esul t  of  di vi son
;   hl =r emi nder
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
_di v16: l d a, l

sub c
l d a, h
sbc b
r et nc ;  r et ur n wi t h no car r y i f  over f l ow
l d a, b ; bc: =−bc
cpl
l d b, a
l d a, c
cpl
l d c, a
i nc bc
cal l l oop

l oop: l d a, d
l d d, e
l d e, 8

l oop1: add hl , hl
j p c, over
add a
j p nc, subt r
i nc hl

subt r : push hl
add hl , bc
j p c, ok
pop hl
dec e
j p nz, l oop1
l d e, a
scf
r et

ok: i nc sp
i nc sp
i nc a
dec e
j p nz, l oop1
l d e, a
scf
r et
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over : adc a, a
j p nc, over sub
i nc hl

over sub:  add hl , bc
dec e
j p nz, l oop1
l d e, a
scf
r et

cor r ect i on:
l d de, 0 ; i ni t i al  val ue
r et z ; i f  " −"
dec hl
r et

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
_mul t 16: ; 16bi t  by 16bi t  unsi gned i nt eger  mul t i pl y

; oper ands i n BC and DE,  r esul t  i n DEHL
; l ess t hen 781 cl ocks      Jour nal  ’ El ect r oni cs’  6/ 83

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
l d a, e
cal l bcmul t
push hl
push af
l d a, d
cal l bcmue0
l d d, a
pop af
add a, h
l d h, l
l d l , e
l d e, a
j p nc, nc1
i nc d

nc1: pop bc
add hl , bc
r et nc
i nc de
r et

bcmul t : ; AHL=A* BC
l d e, 0

bcmue0: l d h, e
l d l , e
add a, a
j p nc, zzz0
add hl , bc
adc e

zzz0: add hl , hl
adc a
j p nc, z1
add hl , bc
adc e

z1: add hl , hl
adc a
j p nc, z2
add hl , bc
adc e

z2: add hl , hl
adc a
j p nc, z3
add hl , bc
adc e

z3: add hl , hl
adc a
j p nc, z4
add hl , bc
adc e
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z4: add hl , hl
adc a
j p nc, z5
add hl , bc
adc e

z5: add hl , hl
adc a
j p nc, z6
add hl , bc
adc e

z6: add hl , hl
adc a
r et nc
add hl , bc
adc e
r et

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
;  conver t  16bi t  val ue i nt o unsi gned deci mal  5−di gi t  ASCI I
;  i n:  bc=hi ghest  di gi t  addr ess.  Al ways 5 di gi t s wi t h l eadi ng 0s
;  i n:  hl =val ue
;  no r egi st er s af f ect ed
;  uses 14 byt es of  st ack ( i ncl  r et  addr )
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
ut oa:

push bc
push af
l d a, ’ 0’
l d ( bc) , a
i nc bc
l d ( bc) , a
i nc bc
l d ( bc) , a
i nc bc
l d ( bc) , a
i nc bc
l d ( bc) , a
l d a, 10
cal l i t oa
pop af
pop bc
r et

_pr i nt x:  l d a, 16
j p pr i nt f

_pr i nt d: l d a, 10
j p pr i nt f

_pr i nt b:  l d a, 2
j p pr i nt f

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
; pr i nt f : ; send t o ASC1 ASCI I  number
; i n: hl =val ue, A=base
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
pr i nt f :

l d bc, pr nbuf +pr nbuf l en−1
push af
l d a, 0
l d ( bc) , a ; ASCI I Z t er mi nat or
pop af
dec bc
cal l i t oa
l d h, b
l d l , c
cal l put s
r et
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; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
;  conver t  16bi t  val ue i nt o ASCI I
;  i n:  bc=l owest  di gi t  addr ess,  f i l l s t o l ef t .  Leadi ng 0/ bl ank not  wr i t t en
;  i n:  hl =val ue
;  i n:  a= 2, 8, 10 or  16  numer i c syst em base
;  out :  bc=1st  di gi t  addr ess
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
i t oa: l d ( base) , a

push af
push de
push hl
ex de, hl

cvl oop: push bc
l d hl , 0
l d a, ( base)
l d c, a
l d b, 0
cal l di v16
pop bc
l d a, l
add a, ’ 0’

cp ’ 9’ +1
j p c, di gi ok
add a, ’ A’ −’ 9’ −1

di gi ok:
l d ( bc) , a
dec bc
l d a, e ; t est  de=0 ?
or d
j p nz, cvl oop
pop hl
pop de
i nc bc
pop af
r et

_scanf d:  l d A, 10
cal l scanf 1
r et

_scanf x:  l d A, 16
cal l scanf 1
r et

scanf 1:  
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
; conver t  st r i ng f r om ASC1 i nput  ASCI I  t o i nt eger
;  i n:  A=base ( 2, 8, 10 or  16)
;  l eadi ng whi t espace al l owed.  Leadi ng ’ +’  or  ’ −’  s i gn al l owed
;  over f l ow not  t est ed.
;  out :  HL=val ue
; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

ex de, hl ; DE=di gi t  pt r
l d ( base) , a
l d hl , 0 ; HL=val ue=0
l d a, 0
l d ( si gn) , a ; si gn=0

wsl oop:  ; wai t  f or  whi t espace
cal l get cheu
cp ’  ’
j p z, wsl oop
cp TAB
j p z, wsl oop
cp ’ +’
j p z, di gi t l oop
cp ’ −’
j p nz, got di gi t
l d a, 1
l d ( si gn) , a
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di gi t l oop:
cal l get cheu

got di gi t :
sub ’ 0’
j p m, er r
cp 10
j p c, noadj ust
cp ’ A’ −’ 0’
j p c, er r
sub ’ A’ −’ 9’ −1

noadj ust :
l d b, a
l d a, ( base)
cp b ; i f  base<=di gi t val ue t hen er r or
j p c, er r
j p z, er r
push bc
l d b, h ; bc=ol dval ue
l d c, l
cal l bcmul t ;  ahl  : = a* bc = base* ol dval ue
pop bc
l d a, b ; A=new di gi t
add a, l
l d l , a
l d a, 0
adc a, h
l d h, a
j p di gi t l oop

er r : r et

_del ay: ; del ay mi cr osec
push af
push bc

bcl oop: dec bc
l d a, b
or c
j p nz, bcl oop
pop bc
pop af
r et

; −−−−−−−−−−−−−−−−−−−−−  I NPUT FROM CONSOLE  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
_kbhi t :  ; t est  f or  consol e keyboar d st at us

;  i f  no char  t hen A=0 ZF=1
;  el se A<>0,  ZF=0
i n0 a, ( st at 1)
and r xr dy
r et

_get ch:   ; r et ur n A=byt e f r om ser i al  i nput ,  wai t  f or  char ,  no echo
;  out :  A=char
cal l kbhi t
j p z, get ch
i n0 a, ( r dr 1)
r et

_get che:  ;  r et ur n A=byt e f r om consol e,  wai t  f or  char ,  echo back
cal l get ch
cal l put ch
r et

_t oupper :  ; conver t s char  i n A i nt o upper case
cp ’ a’
r et c
cp ’ z’ +1
r et nc
sub ’ a’ −’ A’
r et

_get cheu:  cal l get che
cal l t oupper
r et
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_put ch: ; wai t  unt i l  t r ansmi t t er  r eady,  send out  1 byt e
; i n:  A=byt e.  No r egi st er s af f ect ed
push bc
push af

put c1l oop:  
l d bc, st at 1
i n a, ( c)
and t xr dy
j p z, put c1l oop
pop af
l d bc, t dr 1
out ( c) , a
pop bc
r et

_put s: ; i n:  hl =st r i ng addr ess.  sends dat a out .  
push hl

put s1l oop:
l d a, ( hl )
and a
j p z, put s1end
cal l put ch
i nc hl
j p put s1l oop

put s1end:
pop hl
r et

; −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

j pbase equ 1000h
or g j pbase+0h
j p _put ch
or g j pbase+8h
j p _put s
or g j pbase+10h
j p _pr i nt d
or g j pbase+18h
j p _pr i nt x
or g j pbase+20h
j p _pr i nt b

or g j pbase+28h
j p _get ch
or g j pbase+30h
j p _get che
or g j pbase+38h
j p _get cheu
or g j pbase+40h
j p _kbhi t
or g j pbase+48h
j p _scanf d
or g j pbase+50h
j p _scanf x

or g j pbase+58h
j p _mul t 16
or g j pbase+60h
j p _di v16
or g j pbase+68h
j p _cp_bc_hl
or g j pbase+70h
j p _del ay
or g j pbase+78h
j p _t oupper

or g 0f 800h

base ds 1
si gn ds 1
pr nbuf l en equ 16
pr nbuf ds pr nbuf l en
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end

; st andar dal ampr ogr ammi d 
j pbase equ 01000h

put ch equ j pbase+0h
put s equ j pbase+8h
pr i nt d equ j pbase+10h
pr i nt x equ j pbase+18h
pr i nt b equ j pbase+20h

get ch equ j pbase+28h
get che equ j pbase+30h
get cheu equ j pbase+38h
kbhi t equ j pbase+40h
scanf d equ j pbase+48h
scanf x equ j pbase+50h

mul t 16 equ j pbase+58h
di v16 equ j pbase+60h
cp_bc_hl  equ j pbase+68h
del ay equ j pbase+70h
t oupper equ j pbase+78h
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