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ARAR:

R'T0: AR PC
R'T2: AR  IR(0-11)
D7'IT3: AR  M[AR]
RT0: AR  0
D5T4: AR  AR + 1

ARLD)(INR) (CLR) (:

LD (AR) = R'T0 + R'T2 + D7'IT3
CLR (AR) = RT0
INR (AR) = D5T4
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RDR'T1 + D7'IT3 + (D0 + D1 + D2 + D6)T4
WRRT1 + D6T6  + (D3 + D5)T4
CSR'T1 + D7'IT3 + (D0 + D1 + D2 + D6)T4

AC

LD(D0 + D1 + D2)T5 + pB11 + (B9+B7+B6)r
INRrB5
CLRrB11
OED3T4 + pB10

AR

LDD7'IT3 + (T2 + T0)R'
INRD5T4
CLRRT0
OED4T4 + D5T5

PC

LDD4T4 + D5T5

INR
R'T1 + RT2 + (DR=0)D6T6 + AC15'rB4 + AC15rB3 + (AC=0)rB2 +
E'rB1 + (FGI)pB9 + (FGO)pB8

CLRRT1
OET0 + D5T4

DR
LD(D0 + D1 + D2 + D6)T4
INRD6T5
OED2T5 + D6T6

IR
LDR'T1
OER'T2

TR
LDRT0
OERT1

OUTRLDpB10
INROEpB11
SCCLRRT2 + r + p + (D0+D1+D2+D5)T5 + (D3 + D4)T4 + D6T6

R
JR'T1 + D7'IT3 + (D0 + D1 + D2 + D6)T4
KRT2

E
JrB8 + D1T5Cout + rB7AC0 + rB6AC15
KrB8 + D1T5Cout' + rB7AC0' + rB6AC15'
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FGICLRpB11
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IC4 .)word (IC

 .main.1.binmain.2.binIC
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inc .
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IDE
IDE .

IC4 .

IC .

Dual MemoryBuild .main.asm

main.1.binmain.2.bin.
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.

.

include .

.

include  'file.inc'
:

Lib

addr .addr

.

addraddr

Ptr,  addr Array
…
Array, …

Ptr,  dec 100
…
org 100
Array, …

NOPF020 .4.

16hex .bin

) (.

.

 .include

 .include

.

.

end .includeend.
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/****************************************
/ Calculator program for basic computer
/ Author: Mr.T (mrtofigh@gmail.com)
/ Last change: 1386.4.2
/ All rights reserved.
/****************************************

org 0

/------------------------------------------------
interrupt,

bun start

bun interrupt i

/------------------------------------------------
include 'math.inc'
include 'display.inc'
include 'keypad.inc'

/------------------------------------------------
start,
reset,

cla
sta operand
sta result
sta operator
sta eqWasEntered

bsa writeHex

loop,
bsa readNum16
sta newOperand
cla
cil
sta newOpEntered

bsa readKey
sta key

add resetKey
sza
bun noReset
bun reset

noReset,
checkOpEntered,

lda newOpEntered
sza
bun checkSuccess

checkEqKey,

mailto:mrtofigh@gmail.com
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lda key
add equalityKey
sza
bun noOperand
bun doOperand

checkSuccess,
lda newOperand
sta operand

lda eqWasEntered
sza
bun ignorePrevOperand
bun doOperand

ignorePrevOperand,
cla
sta operator

doOperand,
lda operator
bsa lookup
addr routines

sta routine
sze
bun callRoutine

lda operand
bun afterCall

callRoutine,
lda result
bsa routine i
addr operand

afterCall,
sta result
bsa writeNumber

lda key
add equalityKey
sza
bun noEqKey
bun eqKey

noOperand,
noEqKey,

lda key
sta operator

cla
bun loopEnd

eqKey,



17

cla
cma

loopEnd,
sta eqWasEntered

bsa waitNoKey
bun loop

key,
hex 0

newOperand,
hex 0

newOpEntered,
hex 0

eqWasEntered,
hex 0

operand,
hex 0

result,
hex 0

operator,
hex 0

routine,
hex 0

resetKey,
dec -13

equalityKey,
dec -15

routines,
dec 4
addr divide

dec 8
addr mul8

dec 12
addr sub16

dec 16
addr add16

dec 0

/----------------------------------------
divide,

nop

sta divide_Op1

lda divide i
sta divide_Op2
lda divide_Op2 i
sta divide_Op2
isz divide
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lda divide_Op1
bsa div16
addr divide_Op2
addr divide_Rem

bun divide i

divide_Op1,
hex 0

divide_Op2,
hex 0

divide_Rem,
hex 0

/----------------------------------------
end
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math.inc
/****************************************
/ Math routines
/ Author: Mr.T (mrtofigh@gmail.com)
/ Last change: 1386.4.2
/ All rights reserved.
/****************************************

/----------------------------------------
/ div16 routine
/ divides one word by another
/ input:
/   ac        first operand >= 0
/   pointer   second operand <> 0
/ output:
/   ac        ac div second operand
/   pointer   ac mod second operand
/-----------------------------------------
div16,
  nop

  sta   div16_Divided

  lda   div16 i
  sta   div16_DividedBy
  lda   div16_DividedBy i
  sta   div16_DividedBy
  isz   div16

  lda   div16 i
  sta   div16_Param3
  isz   div16

  cla
  sta   div16_Remainder
  sta   div16_Result

  lda   div16_Divided
  bsa   countBits
  addr  div16_Divided

  cma
  inc
  sta   div16_DBC

div16_Loop,
  lda   div16_DBC
  inc
  spa
  bun   div16_Cont
  sza
  bun   div16_End

div16_Cont,
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  sta   div16_DBC

  lda   div16_Divided
  cil
  sta   div16_Divided

  lda   div16_Remainder
  cil
  sta   div16_Remainder

  lda   div16_DividedBy
  cma
  inc
  add   div16_Remainder

  cle

  sna
  bun   div16_DivideRem

  lda   div16_Result
  cil
  sta   div16_Result

  bun   div16_Loop

div16_DivideRem,
  sta   div16_Remainder

  lda   div16_Result
  cme
  cil
  sta   div16_Result

  bun   div16_Loop

div16_End,
  lda   div16_Remainder
  sta   div16_Param3 i

  lda   div16_Result

  bun   div16 i

div16_Result,
  hex   0
div16_Param3,
  hex   0
div16_Divided,
  hex   0
div16_DividedBy,
  hex   0
div16_Remainder,
  hex   0
div16_DBC,
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  hex   0
/----------------------------------------

/----------------------------------------
/ countBits routine
/ Counts bits of a number
/ input:
/   ac        number
/ output:
/   ac        number of bits (position of leftmost bit + 1)
/   pointer   right shifted ac (it's left-most bit is placed at msb)
/-----------------------------------------
countBits,
  nop

  sta   countBits_Num

  lda   countBits i
  sta   countBits_Ptr2
  isz   countBits

  cla
  sta   countBits_Count

  lda   countBits_Num
  sza
  bun   countBits_Loop
  bun   countBits_End

countBits_Loop,
  lda   countBits_Num
  cle
  cil

  sze
  bun   countBits_First1
  sta   countBits_Num

  isz   countBits_Count
  bun   countBits_Loop

countBits_First1,
  lda   countBits_Count
  cma
  inc
  add   countBits_Const
  sta   countBits_Count

countBits_End,
  lda   countBits_Num
  sta   countBits_Ptr2 i

  lda   countBits_Count

  bun   countBits i
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countBits_Num,
  hex   0
countBits_Ptr2,
  hex   0
countBits_Count,
  hex   0
countBits_Const,
  dec   16
/----------------------------------------

/----------------------------------------
/ toBCD routine
/ Converts a word to BCD format
/ input:
/   ac        number
/ output:
/   ac        BCD number
/-----------------------------------------
toBCD,
  nop

  sta   toBCD_Num

  cla
  sta   toBCD_BCD

  lda   toBCD_DigitCount
  sta   toBCD_DC

toBCD_Loop,
  lda   toBCD_Num
  bsa   div16
  addr  toBCD_Ten
  addr  toBCD_Remainder
  sta   toBCD_Num

  lda   toBCD_BitCount
  sta   toBCD_BC

toBCD_NextBit,
  lda   toBCD_Remainder
  cir
  sta   toBCD_Remainder

  lda   toBCD_BCD
  cir
  sta   toBCD_BCD

  isz   toBCD_BC
  bun   toBCD_NextBit

  isz   toBCD_DC
  bun   toBCD_Loop
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  lda   toBCD_BCD
  bun   toBCD i

toBCD_Num,
  hex   0
toBCD_BCD,
  hex   0
toBCD_Ten,
  dec   10
toBCD_Remainder,
  hex   0
toBCD_DigitCount,
  dec   -4
toBCD_DC,
  hex   0
toBCD_BitCount,
  dec   -4
toBCD_BC,
  hex   0
/-----------------------------------------

/----------------------------------------
/ sub16 routine
/ subtracts two words
/ input:
/   ac        first operand
/   pointer   second operand
/ output:
/   ac        ac - second operand
/-----------------------------------------
sub16,
  nop

  sta   sub16_Op1

  lda   sub16 i
  sta   sub16_Ptr2
  lda   sub16_Ptr2 i
  isz   sub16

  cma
  inc
  add   sub16_Op1

  bun   sub16 i

sub16_Op1,
  hex   0
sub16_Ptr2,
  hex   0
/-----------------------------------------

/----------------------------------------
/ add16 routine
/ adds two words
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/ input:
/   ac        first operand
/   pointer   second operand
/ output:
/   ac        ac + second operand
/-----------------------------------------
add16,
  nop

  sta   add16_Op1

  lda   add16 i
  sta   add16_Ptr2
  lda   add16_Ptr2 i
  isz   add16

  add   add16_Op1

  bun   add16 i

add16_Op1,
  hex   0
add16_ptr2,
  hex 0
/-----------------------------------------

/----------------------------------------
/ mul8 routine
/ multiplies two small words
/ input:
/   ac        first operand
/   pointer   second operand
/ output:
/   ac        ac * second operand
/-----------------------------------------
mul8,
  nop

  sta   mul8_Op1

  lda   mul8 i
  sta   mul8_Op2
  lda   mul8_Op2 i
  sta   mul8_Op2
  isz   mul8

  cla
  sta   mul8_Result

mul8_Loop,
  lda   mul8_Op1
  sza
  bun   mul8_NoZero
  bun   mul8_End
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mul8_NoZero,
  cle
  cir
  sta   mul8_Op1
  sze
  bun   mul8_Add
  bun   mul8_AfterAdd

mul8_Add,
  lda   mul8_Op2
  add   mul8_Result
  sta   mul8_Result

mul8_AfterAdd,
  lda   mul8_Op2
  cle
  cil
  sta   mul8_Op2

  bun   mul8_Loop

mul8_End,
  lda   mul8_Result
  bun   mul8 i

mul8_Result,
  hex   0
mul8_Op1,
  hex   0
mul8_Op2,
  hex   0
/-----------------------------------------
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display.inc
/****************************************
/ Display routines
/ Author: Mr.T (mrtofigh@gmail.com)
/ Last change: 1386.4.2
/ All rights reserved.
/****************************************

/----------------------------------------
/ writeNumber routine
/ Displays a word in it's decimal format
/ input:
/   ac        number to be displayed
/-----------------------------------------
writeNumber,
  nop

  bsa   toBCD
  bsa   writeHex

  bun   writeNumber i
/----------------------------------------

/----------------------------------------
/ writeHex routine
/ Displays a hex number
/ input:
/   ac        number to be displayed
/-----------------------------------------
writeHex,
  nop

  sta   writeHex_Num

  lda   writeHex_Count
  sta   writeHex_C

  lda   writeHex_SegA
  cma
  sta   writeHex_Seg

writeHex_Loop,
  lda   writeHex_Num
  and   writeHex_f4
  cma

  and   writeHex_Seg
  cma
  out

  lda   writeHex_Seg
  cle
  cme
  cil
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  sta   writeHex_Seg

  lda   writeHex_Num
  cir
  cir
  cir
  cir
  sta   writeHex_Num

  isz   writeHex_C
  bun   writeHex_Loop

  bun   writeHex i

writeHex_Num,
  hex   0
writeHex_segA,
  hex   800
writeHex_Seg,
  hex   0
writeHex_Count,
  hex   -4
writeHex_C,
  hex   0
writeHex_f4,
  hex   0f
/---------------------------------------
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keypad.inc
/****************************************
/ Keypad routines
/ Author: Mr.T (mrtofigh@gmail.com)
/ Last change: 1386.4.2
/ All rights reserved.
/****************************************

/----------------------------------------
/ lookup routine
/ Searches a key in a table and returns it's associated data
/ input:
/   ac        key
/   pointer   table. a 0 value indicates end of table
/ output:
/   ac        data stored in table after found key
/   e flag    1 = found, 0 = not found
/-----------------------------------------
lookup,
  nop

  sta   lookup_Key

  lda   lookup i
  sta   lookup_Table
  isz   lookup

  bun   lookup_LoopStart

lookup_Loop,
  isz   lookup_Table

lookup_LoopStart,
  lda   lookup_Table i
  isz   lookup_Table

  sza
  bun   lookup_Cont
  bun   lookup_NotFound

lookup_Cont,
  cma
  inc
  add   lookup_Key

  sza
  bun   lookup_Loop

lookup_Found,
  lda   lookup_Table i

  cle
  cme
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  bun   lookup_End

lookup_NotFound,
  cle

lookup_End,
  bun   lookup i

lookup_Table,
  hex   0
lookup_Key,
  hex   0
/----------------------------------------

/----------------------------------------
/ waitKey routine
/ waits until a key being pressed
/-----------------------------------------
waitKey,
  nop

waitKey_Loop,
  bsa   readKey
  sza
  bun   waitKey_End
  bun   waitKey_Loop

waitKey_End,
  bun   waitKey i
/----------------------------------------

/----------------------------------------
/ waitNoKey routine
/ waits until no key being pressed
/-----------------------------------------
waitNoKey,
  nop

waitNoKey_Loop,
  bsa   readKey
  sza
  bun   waitNoKey_Loop

  bun   waitNoKey i
/----------------------------------------

/----------------------------------------
/ readNum16 routine
/ waits for entering a number,
/   displays number on 7-segments
/   returns when a non-digit key pressed
/ output
/   ac        number
/   e flag    1 = a number returned in ac, 0 = no number
/-----------------------------------------
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readNum16,
  nop

  cla
  sta   readNum16_NumEntered
  sta   readNum16_Num

readNum16_Loop,
  bsa   readKey

  sza
  bun   readNum16_Cont
  bun   readNum16_Loop

readNum16_Cont,
  sta   readNum16_Key

  bsa   keyToDigit
  sta   readNum16_Digit

  sze
  bun   readNum16_DigitKey
  bun   readNum16_NonDigitKey

readNum16_DigitKey,
  cla
  inc
  sta   readNum16_NumEntered

  lda   readNum16_Num
  bsa   sub16
  addr  readNum16_4Digit

  sna
  bun   readNum16_Loop

  lda   readNum16_Num
  bsa   Mul8
  addr  readNum16_Ten

  add   readNum16_Digit
  sta   readNum16_Num

  bsa   writeNumber
  bsa   waitNoKey

  bun   readNum16_Loop

readNum16_NonDigitKey,
readNum16_End,
  lda   readNum16_NumEntered
  cir

  lda   readNum16_Num
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  bun   readNum16 i

readNum16_NumEntered,
  hex   0
readNum16_Digit,
  hex   0
readNum16_Num,
  hex   0
readNum16_Key,
  hex   0
readNum16_4Digit,
  dec   1000
readNum16_Ten,
  dec   10
/---------------------------------------

/----------------------------------------
/ keyToDigit routine
/ returns digit from its key code
/ input:
/   ac        Key code
/ output:
/   ac        digit
/   e flag    1 = digit, 0 = non-digit
/-----------------------------------------
keyToDigit,
  nop

  bsa   lookup
  addr  keyToDigit_Digits

  bun   keyToDigit i

keyToDigit_Digits,
  dec   1
  dec   7

  dec   2
  dec   8

  dec   3
  dec   9

  dec   5
  dec   4

  dec   6
  dec   5

  dec   7
  dec   6

  dec   9
  dec   1
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  dec   10
  dec   2

  dec   11
  dec   3

  dec   14
  dec   0

  dec   0
/---------------------------------------

/----------------------------------------
/ readKey routine
/ returns code of pressed key
/ output:
/   ac        0 = no key pressed, non-0 = key code
/-----------------------------------------
readKey,
  nop

  cla
  sta   readKey_Result
  sta   readKey_Col

  lda   readKey_RowCount
  sta   readKey_RC

  lda   readKey_Row
  sta   readKey_R

readKey_RowLoop,
  lda   readKey_R
  and   readKey_Keypad
  cma
  out

  inp
  sza
  bun   readkey_Pressed

  lda   readKey_R
  cle
  cme
  cil
  sta   readKey_R

  lda   readKey_Result
  add   readKey_Four
  sta   readKey_Result

  isz   readKey_RC
  bun   readKey_RowLoop

/-- end of RowLoop --
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  cla
  bun   readKey_End

readKey_Pressed,
  cle
  cir
  sze
  bun   readKey_Pressed2
  isz   readKey_Col
  bun   readKey_Pressed

readKey_Pressed2,
  lda   readKey_Result
  add   readKey_Col
  inc

readKey_End,
  bun   readKey i

readKey_Keypad,
  hex   0feff
readKey_Result,
  hex   0
readKey_Four,
  hex   4
readKey_Row,
  hex   0fffe
readKey_R,
  hex   0
readKey_RowCount,
  hex   -4
readKey_RC,
  hex   0
readKey_Col,
  hex   0
/---------------------------------------
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