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TLCS-47/470/470A Series Instruction Set

7. TLCS-47/470/470A Series Instruction Set

There are 90, 92, 105 basic machine instructions in the TLCS-47/470/470A series instruction set with software
compatibility within the series. Table 1 (a) shows the instructions classified according to the number of bytes
and the number of cycles. The TLCS-47/470/470A series instruction set mainly consists of 1-byte 1-cycle
instructions, in consideration of program efficiency. In addition to basic machine instructions, expansion
machine instructions are also available in order to improve coding efficiency. Refer to “TLCS-47/470/470A

Development System Manua

In

for details concerning the expansion machine instructions.

Classification of instruction

Number of instruction

Classification of instruction

Number of instruction

47 470 470A 47 470 470A
1-byte 1-cycleinstruction 40 37 37 Data transfer
1-byte 2-cycleinstruction 11 11 11 * Load/Store/Move 14 14 14
e Tablelook-up 2 2 2
2 - byte 2 - Cycle inStrUCtiOn 39 43 45 .........................................................................................................
) ) Exchange 5 5 5
3-byte 3-cycleinstruction 0 1 12 |nput/output ..................................................................................
Total 90 92 | 105 * Input 2 2 2
e Output 3 3 3
(@) Classification by number of byte/cycle | e..2bittogbitdataconversion I . LSS S LI - L
Arithmetic & Logical operation
e Compare 6 6 6
e Arithmetic 10 10 10
(Addition and subtraction)
e Increment and decrement 6 6 6
sl CA A N
Rotation e o 2 22
Bit manipulation
e Clear 4 4 4
e Set 4 4 4
USOTANNNLL L SRR N LA SR [
Flag manipulation
e Carry flag manipulation 2 2 2
e Zero flag manipulation 1 1 1
.2 General flagmanipulation | 300 o
DataMemory Bank control ] O N A B
Branch e C N S 3.
Subroutine
e Call 2 2 2
....... RN e e
Interrupt control
e EIRmanipulation 1 1 1
e Interrupt latch, EIF manipulation 3 3 3
....... s Interruptreturn Lt Lol
STK13manipulation O .0 ] 4.
CPU control
e Nooperation 1 1 1
Total 90 92 105

Table 1.

(b) Classification by function

Classification of instruction
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TOSHIBA TLCS-47/470/470A Series Instruction Set

7.1 Description of symbols

Symbol Description Symbol Description
Acc Accumulator ROM [DTB - DCIL | Lower 4bits of program memory (Note 2)
. (Address DTB and DC)

HR H register

IR i ROM [DTB - DC]H | Higher 4bits of program memory (Note 2)
L register (Address DTB and DC)

DMB Data memory bank selector PORT [p] Port (Address p)

DTB Data table bank selector « Transfer

DC Data counter o Exchange

PC Program counter + Addition

SPW Stack pointer word - Subtraction

STACK [SPW] Stack (Stack Iocation.is indicated by the A Logical AND of the corresponding bits
contents of stack pointer word)
\Y Logical OR of the corresponding bits
SPW13 Stack pointer word for STK13 9 P 9
v Exclusive OR of the corresponding bits
STK13 [SPW13] | Stack for PCq3 P °
(Stack location is indicated by the SPW13 | - Concatenation
or SPW) .
null No operation
FLAG Flag
CF Carry flag . .
o PC12-6 Bit 12 and bit 6 of program counter
CF Inversion of carry flag contents
ZF Zero flag . . . .
LR3-2 Contents of bit assigned by bit 3 and bit 2
SF Status flag of L register
EIR Enable interrupt register IR
EIF . . 1-0 Contents of bit assigned by bit 1 and bit 0
Enable interrupt master Flip-Flop of L register
IL Interrupt latch
RAM [x] Data memory (Addressx) (Note 1) Note 1: TLCS-470, 470A need to set DMB otherwise.
RAM [y] Data memory (Address y in bank0) Note 2: TLCS-47 regard DTB as “0".
TLCS-470 regard DTB as "1”.
RAM [HL] Data memory (Address HL) (Note 1) 9
RAM [HL]y Contents of bit assigned by b of data

memory (Address HL) (Note 1)

Accp Contents of bit assigned by b of
accumulator
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Data . ExeCUt?d Description
instruction
The flag is not set and retains its value before
o instruction execution.
Carry or borrow Addition Sets “1” if an overflow occurs in the MSB.
information Otherwise, sets “0”.
C Subtraction Sets “0” if a borrow occurs from the MSB, that is,
/comparison the LSB of the following address.
Otherwise, sets “1”.
Rotation Sets data shifted out from the accumulator.
C Inverted carry data value
Zero detect Data transfer or Sets “1” if the data moved to the accumulator is
information exchange “0000g". Otherwise, sets “0”.
Input or rotation
Z Operation Sets “1" if the operation result is “0000g".
Otherwise, sets “0”.
Z Inverted zero detect data value
* Sets the value specified by the operation.
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7.2 Description of instructions

(1) Data transfer

C Lo
Object code Flags y P4 4
. . [« 4 : 7
Mnemonic Operation — Il7:7:¢
Binary Hexadecimal CF:ZF i SF (S) 10 A
LD A, @HL 0000 1100 0C Acc<+RAM[HL] -iz:1[1]oio:i0
Loads the contents of data memory at the address specified by the HL register pair in the accumulator.
With the TLCS-470 and 470A series, the bank need to be specified by DMB.
LD A, x 0011 1100 3C Acc+RAM[x] -izi1[2]|]0i0i0
XXXX XXXX XX P P
Loads the contents of data memory at the address specified by operand x in the accumulator. With the
TLCS-470 and 470A series, the bank need to be specified by DMB.
LD HL, x 0010 1000 28 LR<«RAM[x], HR«RAM[x+1] - - 112(0:i0:0
xxxx xx00 XX P
Loads consecutive two-words from the data memory address specified by operand x in the L and H
register pair. However, the lower two bits at the address of x must be “0”. That is, the lower four bits
must be Oy or 4y or 8 or Cy. With the TLCS-470 and 470A series, the bank need to be specified by
DMB.
Example DMB =0 and addresses 74 and 754 contain the values 3 and 9 respectively. Executing
LD HL, 74 resultsin HR =9 and LR = 3 (TLCS-470 series).
LDL A, @DC 0011 0011 | 33 [ Acc+ROM[DC]L |-iz:i1]2]oi0i0

Loads the lower four bits of the data read from the data table in program memory in the accumulator.
The data table address is specified by the data counter. (The address range is 000y to FFFy for the
TLCS-47 series and 1000y to 1FFFy for the TLCS-470 series. The program memory bank is specified by
the data table bank selector (DTB) in the TLCS-470A series.) The zero flag is set by the data loaded to
the accumulator.

LDH A, @DC+

0011 0010 | 32 [Acc«ROM[DC]H, DC«DC+l1 [-izi1[2]0i0:O

Loads the higher four bits of the data read from the data table in program memory in the
accumulator. The data table address is specified by the data counter. The data counter is incremented
at the completion of the operation. (The address range is 000y to FFFy for the TLCS-47 series and
10004 to 1FFFy for the TLCS-470 series. The program memory bank is specified by the data table bank
selector (DTB) in the TLCS-470A series.) The zero flag is set by the data loaded to the accumulator.

Example 1 DC=0C704 and the content of program memory at address 1C70y is 9E. Executing
LDH A, @DC + resultsin Acc =9y and DC=0C714. (TLCS-470 series).
Example2 : DC=0C704, DTB =3y, and the contents of program memory address 3C70y are 9E.
Executing LDH A, @DC+ results in Acc=9y, DC=0C714, and DTB=3. (TLCS-470A
series).
ST A, @HL 0000 1111 | OF |RAM[HL]+Acc [-i-i1][1]oioio
Stores the contents of the accumulator in data memory at the address specified by the HL register pair.
With the TLCS-470 and 470A series, the bank need to be specified by DMB.
ST A, @HL+ 0001 1010 | 1A [RAM[HL]<Acc, LR<LR+l |-izic|[1]oioio
Stores the contents of the accumulator in data memory at the address specified by the HL register pair.
The L register is incremented at the completion of the operation. The status flag and zero flag are set
by the increment result of the L register.
ST A, @HL- 0001 1011 | 1B |RAM[HL]+Acc, LR<LR-1 |-izic|[1]oio:i0
Stores the contents of the accumulator in data memory at the address specified by the HL register pair.
The L register is decremented at the completion of the operation. The status flag and zero flag are set
by the decrement result of the L register.
Example DMB = 1y, HR=7y, LR=0y, and Acc=34. Executing ST A, @HL- writes 34 to address
704 of bank 1, and resultsin HR =7, LR=Fy, SF =0, and ZF = 0 (TLCS-470 series).
ST A, x 0011 1111 3F RAM[x]<«Acc -i-i1l2]0i0i0
XXXX XXXX XX . oo

Stores the contents of the accumulator in data memory at the address specified by operand x. With
the TLCS-470 and 470A series, the bank need to be specified by DMB.
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C H :
Object code Flags Y|4 P4 ;
Mnemonic Operation — <|: 7 P70 0
Binary Hexadecimal CF:iZFiSF é) U
ST #k, @HL+ 1111 kkkk Fk RAM[HL]<k, LR<LR+1 -iz:c|1|oioio

Stores immediate value k in data memory at the address specified by the HL register pair. The L
register is incremented at the completion of the operation. Specifying k = 0 is equivalent to the clear
instruction. The status flag and zero flag are set by the increment result of the L register. For example,
the status flag is cleared to “0” if the content of the L register before execution is OF.

ST #k, y 0010 1101 2D RAM[y]<k -i-i1|2]]0i0:0
kkkk yyyy ky P P
Stores immediate value k in the address specified by y in page 0 of bank 0 of data memory (address
range 00y to OFH). Specifying k = 0 is equivalent to the clear instruction.

LD A, #k 0100 kkkk [  Ck  [Accek |-izi1][1]oioio
Loads immediate value k in the accumulator. Specifying k=04 is equivalent to the clear instruction.
Example Executing LD A, #5 resultsin Acc =5 and ZF = 0.

LD H, #k 1100 kkkk | 4k [HR<k [-i-i1]1]oioio
Loads immediate value k in the H register. Specifying k = 0y is equivalent to the clear instruction.
Example Executing LD H, #0Ey resultsin HR = OEy.

LD L, #k 1110 KKkK | Ek [LR<k [-i-i1][1]Joioio
Loads immediate value k in the L register. Specifying k = 0y is equivalent to the clear instruction.
Example Executing LD L, #3y resultsin LR=3y.

LD HL, #jk 1100 3333 cj HR<] i-i1]2]00:0
1110 kkkk Ek LR<k . -
Loads the immediate data jk of the instruction field in the pair of the H and L registers.

MOV H, A 0001 0000 ] 10  [Acc<HR [-izi1]J1]Joioio
Loads the contents of the H register in the accumulator. Sets the zero flag to 1 when HR = 0y;
clears the zero flag to “0” when HR+ 0y.

MOV L, A 0001 0001 | 11 [Acc<LR [-izi1[1]o:0i0

Loads the contents of the L register in the accumulator. Sets the zero flag to “1” when LR = 0y;
clears the zero flag to “0” when LR+ Oy.
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(2) Exchange
. C oig
Object code Flags y P4
. . [« 4 : 27
Mnemonic Operation — {7 7 0
Binary Hexadecimal CF: ZF : SF (g) : 0 CA
XCH A, @HL 0000 1101 0D AcceRAM[HL] -izi1|1]0i0i0
Exchanges the contents of the accumulator with the contents of data memory at the address specified
by the HL register pair. Sets the zero flag to “1” when the content of RAM[HL] is 00005 before
execution.
XCH A, x 0011 1101 3D AccoRAM[x] - z 112 OOO
XXXX XXXX XX P P
Exchanges the contents of the accumulator with the contents of data memory at the address specified
by operand x. Sets the zero flag to “1” when the content of RAM[x] is 00005 before execution.
XCH HL, x 0010 1001 29 LRoRAM[x], HRoRAM[x+1] -i-112]|10i010
xxxx xx00 XX Pl I
Exchanges the contents of the HL registers with the two consecutive memory words at the address
specified by operand x (the lower two bits of x must be “0”).
XCH A, H 0011 0000 | 30 [AccoHR [-izi1]2]oioio
Exchanges the contents of the H register with the contents of the accumulator. Sets the zero flag to
“1" when HR is 00005 before the exchange.
Example : Acc=4yand HR=8,. Executing XCH A, H resultsin Acc =8y, HR=4y, and ZF = 0.
XCH A, L 0011 0001 | 31 |AccoLR | iz:1]2]oi0:0
Exchanges the contents of the L register with the contents of the accumulator. Sets the zero flag to
“1" when LR is 00005 before the exchange.
Example: Acc=Byand LR=0y. Executing XCH A, Lresultsin Acc=0y, LR=By, and ZF=1.
(3) Input/Output
. C o4
Object code Flags y P4
. . c|4:5:7
Mnemonic Operation — [17i7 i
Binary Hexadecimal CF ZF SF (g) g 0 P A
IN 7Zp, A 0011 1010 3A Acc<«PORT[p] -i1z:Z[2]|0i0i0
0010 pppp 2p P P
Inputs data from the port specified by operand p (port number : 00 to OF) to the accumulator. Clears
the status flag to “0" if the input data are 0000;. Otherwise, sets the status flag to “1”.
IN Zp, A 0011 1010 3A Acc<PORT[p] - Z 112 - OO
0000 pppp Op P P
Inputs data from the port specified by operand p (port number : 104 to 1Fy) to the accumulator.
IN Z%p, @QHL 0011 1010 3A RAM[HL]<PORT[p] - g - g Z|2]|0:i0}i0O
0110 pppp 6p P P
Inputs data from the port specified by operand p (port number : 004 to OF,) to the address in data
memory specified by the HL register pair.
IN Z%p, QHL 0011 1010 3A RAM[HL]<«PORT[p] -i-it1|2)-1010
0100 pppp 4p P P
Inputs data from the port specified by operand p (port number : 104 to 1Fy) to the address in data
memory specified by the HL register pair.
OUT A, %p 0011 1010 3A PORT[p]<«Acc -i-i1]2]oi0io
10p0 pppp 8+2p°p I P
Outputs the contents of the accumulator to the port specified by operand p (port number : 00y to
1Fy).
Example : When Acc=6y, executing OUT A, %04y outputs value 6 to port R4.
OUT @HL, %p [0011 1010 3A PORT[ p]<«RAM[HL] -i-i1]2]0i0i0
11p0 pppp | OCy+2p°p P P
Outputs the contents of data memory at the address specified by the HL register pair to the port
specified by operand p (port number : 004 to 1Fy).
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C : :
Object code Flags Y| 4i4: ‘7‘
Mnemonic Operation — f 7: 7%,
Binary Hexadecimal CFiZFiSFI &1 i 0:a
OUT #k, %p 0010 1100 2C PORT[p]+«k -i-i11]2]0i0i0
kkkk pppp kp . -
Outputs immediate value k to the port specified by operand p (port number : OO to OF)
OUTB (@HL 0001 0010 12 PORT[2] - PORT[1]+ -i-i12]0i0i0
ROM[ OFEQy+CF - RAM[HL]] - -

Reads the 8-bit data from the data table in program memory and outputs the Iower four blts to port
P1 and the higher four bits to port P2. The address of the contents to be read, is the sum of the offset
value, and the 5-bit value, determined by linking the carry flag and the contents at the data memory
address specified by the HL register pair.
Example (If program memory size is 4K bytes)
CF=1, HR=8, LR =2 and the content of data memory address 82}, is 54. The 5-bit value determined
by linking the carry flag and the data at the address specified by the HL register pair is 154 (10101g).
Adding the offset value (= OFEQy) (see note) to 5-bit value 15y results in a data table address of OFF5,
in program memory.
If the contents at this address (OFF5y) is 6Dy, 64 is output to port P2 and 0Dy is output to port P1.
Note :The data table is allocated to the final 32 bytes of program memory. Consequently, the offset
value varies according to the size of program memory.
For example, if the program memory size is 4K bytes, the offset value is OFEQy.
memory is 16K bytes, the offset value is 3FEQ.

If the program

(4) Arithmetic and Logical Operation
. C oia
Object code Flags y D4
. . [« 4 : : 7
Mnemonic Operation — I7:7:ig
Binary Hexadecimal CF @ ZF : SF é) 0 ‘A

CMPR A, @HL [0001 0110 16 RAM[HL]-Acc ciz:iz|1]|0:i0:i0
Compares the contents of the accumulator with the contents of data memory at the address specified
by the HL register pair. Sets the carry flag to “1” when RAM[HL]Z Acc; clears the carry flag to “0“
when RAM[HL] < Acc.

CMPR A, x 0011 1110 3E RAM[x]-Acc Ciz:iZ|2 OOO
XXXX XXXX XX P P
Compares the contents of the accumulator with the contents of data memory at the address specn‘led
by operand x. Sets the carry flag to “1” when RAM[x]= Acc; clears the carry flag to “0” when
RAMI[x] < Acc.

CMPR y, #k 0010 1110 2E k-RAM[y] ciziz|2|oioioO
kkkk yyyy ky . -
Compares the contents of the address specified by operand y in page 0 of bank 0 of data memory with
immediate value k. Specifying k = 0y is equivalent to the data memory test instruction . Sets the carry
flag to “1" when RAM[y] = k; clears the carry flag to “0” when RAM[y] >k.

CMPR A, #k 1101 KKKK | Dk |k—Acc ciziz|[1]oio:iO
Compares the accumulator contents with immediate value k. Specifying k=0y is equivalent to the
accumulator test instruction. Sets the carry flag to “1” when Acc= k; clears the carry flag to “0” when
Acc>k.

Example When Acc = 2, executing CMPR A, #1 resultsinSF=1,ZF=0, and CF=0.
CMPR H, #k 0011 1000 38 k-HR -:1Z2:C12]0:0:0
1101 kkkk Dk o N
Compares the contents of the H register with immediate value k. Specifying k Oy is equivalent to the
H register test instruction. Sets the status flag to “1” when HR=k; clears the status flag to “0” when
HR>k.
Example When HR = 3y, executing CMPR H, #5 resultsinSF=1and ZF=0.

CMPR L, #k 0011 1000 38 k-LR -izic|2]|o0i0:i0
1001 kkkk 9k ol P
Compares the contents of the L register with immediate value k. Specifying k=04 is equivalent to the
L register test instruction. Sets the status flag to “1” when LR=k; clears the status flag to “0” when
LR>k.
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C H :
Object code Flags y gl
. . (9 4 H H 7
Mnemonic Operation T [17:7:g
Binary Hexadecimal CFiZFiSF | 10 A
ADD A, @HL 0001 0111 17 Acc<Acc+RAM[HL] -izic|[1]oio:o0
Adds the contents of data memory at the address specified by the HL register pair, to the contents of

the accumulator. Loads the result to the accumulator.

ADDC A, @HL

0001 0101 | 15 | Acc+Acc+RAM[HL]+CF cizic[1]oioio

Adds the carry flag and contents of data memory at the address specified by the HL register pair to the
contents of the accumulator. Loads the result to the accumulator.

ADD @HL, #k

0011 1000 38 RAM[HL ]«RAM[HL]+k -iziCl2|loi0i0
0100 kkkk 4k N N

Adds immediate value k to the contents of data memory at the address specified by the HL register
pair. Loads the result to data memory. Specifying k =6y or k =-10y is equivalent to the hexadecimal
to decimal conversion instruction.

ADD vy, #k 0010 1111 2F RAM[y]<«RAM[y]+k -1Z2iC|2]|10i0:0
kkkk yyyy ky P P
Adds immediate value k to the contents at the address specified by operand y in page 0 of bank 0 of
data memory. Loads the result to data memory.

ADD A, #k 0011 1000 38 Acc<Acc+k -:1z:C|2|0o:i0:i0
0000 kkkk Ok N S
Adds immediate value k to the contents of the accumulator. Loads the result to the accumulator.
Specifying k =6y or k =-104 is equivalent to the hexadecimal to decimal conversion instruction.
Example : When Acc=9y, executing ADD A, #0E resultsin Acc=7y,SF=0,and ZF=0.

ADD H, #k 0011 1000 38 HR<HR+k -iz:icl2]oioio
1100 kkkk Ck A o
Adds immediate value k to the contents of the H register. Loads the result to the H register. Specifying
k=1y is equivalent to the H register increment instruction, k=0Fy, to the H register decrement
instruction.

ADD L, #k 0011 1000 38 LR«LR+k -iz:i€|2]|0i0i0
1000 kkkk 8k P N

Adds immediate value k to the contents of the L register. Loads the result to the L register. Specifying
k = 1y is equivalent to the L register increment instruction, k = OF, the L register decrement instruction
(see the INCL and DEC L instructions).

SUBRC A, @HL

0001 0100 | 14 | Acc+«RAM[HL]-Acc—CF cizicl1]|oioio

Subtracts the contents of the accumulator and the inverted contents of the carry flag from the
contents of data memory at the address specified by the HL register pair. Loads the result to the
accumulator.

SUBR @HL, #k

0011 1000 38 RAM[HL]+«k-RAM[HL] -1z2iC|2|0i010
0101 kkkk S5k P P

Subtracts the contents of data memory at the address specified by the HL register pair from immediate
value k. Loads the result to the data memory address. Specifying k=04 is equivalent to the data
memory twos complement instruction; K = OFy, to the ones complement (data inversion) instruction.

SUBR A, #k 0011 1000 38 Acc+k-Acc -1zZ2iC|2]|]0i0:0
0001 kkkk 1k . N
Subtracts the contents of the accumulator from immediate value k and places the result in the
accumulator. Equivalent to the accumulator twos complement instruction if k = Oy or the accumulator
ones complement (data inversion) instruction if k = OFy.
Example : When Acc=4y, executing SUBR A,#0By resultsin Acc=7y,SF=1,and ZF=0.

INC @HL 0000 1010 | 0A |RAM[HL]<+RAM[HL]+1 |[-izic][1]oioio
Increments the contents of data memory at the address specified by the HL register pair.

DEC @HL 0000 1011 | 0B |RAM[HL]<+RAM[HL]-1 [-izic][1]oio:o
Decrements the contents of data memory at the address specified by the HL register pair.

INC A 0000 1000 | 08 |Acc<—Acc+1 | - z C | 1 |O P00

Increments the contents of the accumulator.
Example 1 :  When Acc =7, executing INC Aresultsin Acc=8y,SF=1,and ZF=0.
Example2 : When Acc=0Fy, executing INC Aresultsin Acc=0y,SF=0,and ZF=1.
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Object code Flags g 4 4 ‘71
Mnemonic Operation — 17:7:
Binary Hexadecimal CF: ZF : SF (s) 0 CA
DEC A 0000 1001 09 Acc+Acc-1 -iz:c|[1]|0:0:0
Decrements the contents of the accumulator.
Example 1 : when Acc= 5y, executing DEC Aresultsin Acc=4,SF=1,and ZF=0.
INC L 0001 1000 ] 18  [LR<LR+l [-iz:c[1]O0IO
Increments the contents of the L register.
DEC L 0001 1001 | 19  [LR<LR-1 [-iz:ic[1]OI0I0
Decrements the contents of the L register.
AND A, @HL  [0001 1110 1E  [Acc+AccARAM[HL] [-i1z:iz[1]O:0:0

Performs a bitwise logical AND on the contents of data memory at the address specified by the HL
register pair and the contents of the accumulator. Loads the result to the accumulator.

AND @HL, #k

0011 1000 38 RAM[HL ] «RAM[HL]AK ~1z12]2]00:0
0111 KKKk 7k B L

Performs a bitwise logical AND on the contents of data memory at the address specified by the HL
register pair and immediate value k. Loads the result to data memory.

AND A, #k 0011 1000 38 Acc<AccAk -iz2:2|2]|0:0i0
0011 kkkk 3k P I
Performs a bitwise logical AND on immediate value k and the contents of the accumulator. Loads the
result to the accumulator.
Example When Acc=0011g, executing AND A, #0101 results in Acc=0001g, SF=1, and ZF = 0.

OR A, @HL 0001 1101 | 1D | Acc+AccyRAM[HL] -i1z2:z[1]O:0:0
Performs a bitwise logical OR on the contents of data memory at the address specified by the HL
register pair and the contents of the accumulator. Loads the result to the accumulator.

OR (@HL, #k 0011 1000 38 RAM[HL]<RAM[HL]vk -12:Z212(0:0:0
0110 kkkk 6k P P
Performs a bitwise logical OR on the contents of data memory at the address specified by the HL
register pair and immediate value k. Loads the result to data memory.

OR A, #k 0011 1000 38 Acc«Accvk -iz:z|2]Oi0:0
0010 kkkk 2k P P
Performs a bitwise logical OR on immediate value k and the contents of the accumulator. Loads the
result to the accumulator.
Example When Acc = 1100z, executing OR A, #0101 resultsin Acc=1101g,SF=1, and ZF=0.

XOR A, @HL  [0001 1111 | 1F [Acc+AccyRAM[HL] |-:z:2[1]OIOIO

Performs a bitwise exclusive OR on the contents of data memory at the address specified by the HL

register pair and the contents of the accumulator. Loads the result to the accumulator.

Example HR =2y, LR=54, Acc=0110g, and the content of data memory address 25, is 1010g.
Executing XOR A, @HL resultsin Acc= 1100g, SF=1, and ZF = 0. (TLCS-47 series).
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(5) Rotation

C : :
Object code Flags y a4
. . (9 4 : H 7
Mnemonic Operation . I17:7:
Binary Hexadecimal CFiZFISF| £0: A
1 HOH®

ROLC A 0000 0101 05 ~1z.¢C
Lo 2 |

(rotate left by 1bit)

Cyclically rotates the contents of the accumulator and the carry flag by one bit to the left. Loads the
inverted value of the data shifted out of the accumulator into the carry flag, to the status flag.
Equivalent to the left shift instruction (twice contents of the accumulator) if the carry flag is “0" before

execution.
Example : When Acc=1011g and CF=0, executing ROLC A results in Acc=0110g, CF=1, SF=0,
and ZF=0.
RORC A 0000 0111 07

(rotate right by 1bit)

Cyclically rotates the contents of the accumulator and carry flag by one blt to the right. Loads the
inverted value of the data shifted out of the accumulator into the carry flag, to the status flag.
Equivalent to the right shift instruction (half contents of the accumulator) if the carry flag is “0” before

execution.
Example : When Acc=0100z and CF=1, executing RORC A results in Acc=1010g, CF=0, SF=1,
and ZF=0.
(6) Bit Manipulation
C Poia
Object code Flags Yigai4i5
Mnemonic Operation — f 7:7%4,
Binary Hexadecimal CF:ZF : SF (s) 10 CA
CLR @HL, b 0101 01bb 5+4+b RAM[HL ] b<0 -i-i1 1O O He)
Clears a bit in data memory. Operand b specifies the bit and the HL register pair specifies the data
memory address.
CLR y, b 0011 1001 39 RAM[y]b<0 - - 1 2 (O O O
01bb yyyy 44b-y P

Clears a bit in page 0 of bank 0 of data memory. Operand b specifies the blt and operand y specrfles
the address in page 0 of bank 0 of data memory.

Example : When the content of address 0Cy of bank 0 is 1101g, executing CLR 0Cy, 2 results in the
content of address 0Cy changing to 1001g.
CLR Zp, b 0011 1011 3B PORT[p]b<«0 -i-i1|2 O?O?O

01bb pppp 4+b°p

Clears a bit in a port. Operand b specifies the bit and operand p specifies the port (port number OOH
to OFH)

CLR @L 0011 0101 | 35 | PORT [ LR3-2+4 ]LR1-0«0 - -:1[2]0:0:0
Clears the bit specified by the lower two bits of the L register in the port specified by the higher two
bits of the L register (port 4 (00) to 7 (11)).

Example : When LR=0110g and the output latch of port R5 is 1101p, executing CLR @L results in
the output latch of port R5 changing to 10015.
SET @HL, b  [0101 00bb| 5:0+b [RAM[HL]b<l -i-i1]1]0:0:0

Sets a bit in data memory. Operand b specifies the bit and the data memory is specified by the HL
register pair.

SET vy, b 0011 1001 39 RAM[y]b<«l S1oi1]2 oioio
00bb yyyy by P

Sets a bit in page 0 of bank 0 of data memory. Operand b specifies the bit and operand y specrfles the
address in page 0 of bank 0 of data memory.
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C : :
Object code Flags Y|4 P4 ;
Mnemonic Operation — T 7:7:9
Binary Hexadecimal CF:ZF:SF (‘;—‘) : 00 A
SET Zp, b 0011 1011 3B PORT[p]p+l - - 112 OOO
00bb pppp bp o P
Sets a bit in a port. Operand b specifies the bit and operand p specifies the port (port number OOH to
OFR).
SET @L 0011 0100 | 34 | PORT [ LR3-2+4 | Lr1-0+1 |-i-i1]2]O:0:0

Sets the bit specified by the lower two bits of the L register in the port specified by the higher two bits
of the L register (port 4 (00) to 7 (11)).

TEST @HL, b

0101 10bb [ 5°-8+b [SF<RAM[HL]} [ - «[1[]Oi0i0

Loads the inverted bit of data memory in the status flag. Operand b specifies the bit and the data
memory is specified by the HL register pair.

TEST y, b 0011 1001 39 SF<«RAM[y]p -i-1x[2]O:I0:0
10bb yyyy | 8+b°y L P
Loads the inverted bit in page 0 of bank 0 of data memory in the status flag. Operand b specifies the
bit and the data memory in page 0 of bank 0 is specified by operand y.

TESTP y, b 0011 1001 39 SF<RAM[y]p -i-ix|2|0 O O
11bb yyyy | C+b'y P
Loads a bit in page 0 of bank 0 of data memory in the status flag. Operand b specifies the bit and the
data memory in page 0 of bank 0 is specified by operand y.

TEST %p, b 0011 1011 3B SF<PORT[p]p -i-ix [2[OI0I0
10bb pppp 8+b*p . P

Loads the inverted bit from a port in the status flag. Operand b specifies the bit and operand p (port
number : 004 to OFy) specifies the port (output latch if output port; input pin |f I/O or input port).

TESTP %p, b

0011 1011 3B SF«PORT[p]p -i-iw]2 OéOéO
11bb pppp C+b*p P

Loads a bit from a port in the status flag. Operand b specifies the bit and operand p (port number
00y to OFy) specifies the port (output latch if output port; input pin if I/0 or input port).

TEST QL 0011 0111 | 37 [ SF<PORT[LR3-2 +4]Lr1-0 [--i«]2]O0:0
Loads the inverted bit from a port in the status flag. The lower two bits of the L register specify the bit
and the higher two bits of the L register specify the port (port 4 (00) to 7 (11)).

TEST A, b 0101 11bb [ 5°-C+b [SF+Accp | - +[1]0:0:0

Loads the inverted bit of the accumulator in the status flag. Operand b specifies the bit.

Example When Acc = 1001, executing TEST A, 3 resultsin SF=0.
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(7) Flag Manipulation

C : :
Object code Flags y|4:i4: ;
Mnemonic Operation — T17:7; 0
Binary Hexadecimal CFizFisFIQ| %A
TEST CF 0000 0110 06 SF<CF, CF+<0 0:-:+]1]0:0:0
Loads the inverted contents of the carry flag in the status flag, then clears the carry flag to “0”.
Example If CF =1, executing TEST CF resultsin SF=0and CF=0.
TESTP CF 0000 0100 | 04 [SF<CF, CF<l [1:-«[1]OIOIO
Loads the contents of the carry flag in the status flag, then sets the carry flag to "1”.
Example If CF =0, executing TEST PCF resultsin SF=0and CF=1.
TESTP ZF 0000 1110 | OE [ SF<ZF [-i-i+[1]OI0IO
Loads the contents of the zero flag in the status flag.
CLR GF 0000 0010 | 02 [GF«0 [- -1 ]1]JO- -
Clears the contents of the general flag to “0”.
SET GF 0000 0011 | 03 [GF«1 [-i-i1[1]O:- -
Sets the contents of the general flagto “1".
TESTP GF 0000 0001 | 01 | SE<GF [-i-i«[1]Oi-1-
Loads the contents of the general flag in the status flag.
(8) Data Memory Bank Control
. ¢ P4
Object code Flags Yiga:i4:5
Mnemonic Operation — i 7:70,
Binary Hexadecimal CFiZF:iSF (‘;—‘) U
CLR DMB 0011 1011 3B DMB+0 -i-i1]| 2] -0 -
0111 1001 79 : P
Clears the data memory bank selector to “0".
SET DMB 0011 1011 3B DMB+1 -ioir|2]-i0% -
0011 1001 39 : P
Sets the data memory bank selector to “1“.
TEST DMB 0011 1011 3B SF<DMB -i-ix|2]-:00 -
1011 1001 B9 : P
Loads the inverted contents of the data memory bank selector in the status flag.
TESTP DMB 0011 1011 3B SF+<DMB -i-ix]2]-i00 -
1111 1001 F9 Lo
Loads the contents of the data memory bank selector in the status flag.
CLR DMBO 0011 1011 3B DMBg+«0 -i-ir 2. O
0111 1001 79 : :
Clears data memory bank selector 0 to “0”.
SET DMBO 0011 1011 3B DMBg<1 Si-aitf2]-:i-10
0011 1001 39 : :
Sets data memory bank selector 0 to “1“.
TEST DMBO 0011 1011 3B SF<+DMB -t ]2)-:-:0
1011 1001 B9 P :
Loads the inverted contents of the data memory bank selector 0 in the status flag.
TESTP DMBO 0011 1011 3B SF«+DMB( -i-i12]-:-:0
1111 1001 F9 :
Loads the contents of the data memory bank selector 0 in the status flag.
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C . .
Object code Flags y 4 P4 ;
Mnemonic Operation — § 7 D7 0
Binary Hexadecimal CFiZF i SF (s) U

CLR DMB1 0000 0011 03 DMB;<0 -i-i113]-1-10
0011 1011 3B P :
0101 1001 59

Clears data memory bank selector 1 to “0”.

SET DMBI1 0000 0011 03 DMB;«1 -i1|3-i-1:0
0011 1011 3B : :
0001 1001 19

Sets data memory bank selector 1 to “1”.

TEST DMBI 0000 0011 03 SF<DMB) -ix 3 -:-:0
0011 1011 3B :
1001 1001 99 Lo
Loads the inverted contents of the data memory bank selector 1 in the status flag.

TESTP DMBI 0000 0011 03 SF+DMB) -i-ix[3]-:0-:0
0011 1011 3B :
1101 1001 D9
Loads the contents of the data memory bank selector 1 in the status flag.

LD DMB, #k 0000 0011 03 DMB<k -1 3 - O
0010 1100 2C : ;
00kk 1001 k9
Loads immediate value k (2 bits) in the data memory bank selector.

LD DMB, @HL |0000 0011 03 DMB+«RAM[HL]1-¢ -1 3]-i-i0
0011 1010 3A : :
1110 1001 E9 o P
Loads the lower two bits of the contents of a data memory in the data memory bank selector. The

data memory is specified by the HL register pair.

MOV A, DMB |0000 0011 03 DMB<Acc1-0 -1 [3]-i-:0
0011 1010 3A o g
1010 1001 A9 :

Loads the lower two bits of the accumulator in the data memory bank selector.
Example When Acc = 1101, executing MOV A, DMB resultsin DMB =015.

MOV DMB, A 0000 0011 03 Acci-9«DMB - z Z[(3[|-:-:0
0011 1010 3A Acc3-9<0 o :
0010 1001 29 Pl -
Loads the contents of the data memory bank selector to the lower two bits of the accumulator. Loads
“0" in the higher two bits of the accumulator.

Example When DMB = 10g, executing MOV DMB, A resultsin Acc=0010g, ZF=0, and SF=1.

ST DMB, @HL [0000 0011 03 RAM[HL]1-9<«DMB -i-iZ3]-1-10
0011 1010 3A RAM[HL]3-2+0 I :
0110 1001 69 P -

Stores the contents of the data memory bank selector in the lower two bits of the data memory at the
address specified by the HL register pair. Stores “0"” in the higher two bits of data memory.
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(9) Branch
. C o4
Object code Flags Y[, 4 : 7
Mnemonic Operation — f 7:75,
i i : : e (0
Binary Hexadecimal CF : ZF E SF © YA
BSS a 10dd dddd 8+d+d if SF=1 then SRR B OOO
PC<«a(a=PCi3-¢-.-d)else null P P
<branch within a page>
Performs a branch within a page if the status flag is “1”. The effect is to load immediate value d to the
lower six bits (00 to 03Fy) of the 14-bit program counter (TLCS-470A series) after the program counter
is incremented at the completion of the instruction. The higher eight bits retain their values.
Therefore, if this instruction appears at the final address in a page, the instruction branches to an
address in the next page.
When the status flag is “0”, the instruction sets the status flag to “1” and executes the instruction at
the next address.
BS a 0110 eeee 6e if SF=1 then -1-11[12]0:0:0
eeee eeee ee PC«a(a=PCj3-12.e)else null N P
<branch within a bank>
® For TLCS-47 series
If the status flag is “1”, loads immediate value a to the program counter.
If the status flag is “0", sets the status flag to 1" and executes the instruction at the next address.

® For TLCS-470 and 470A series
Performs a branch within a bank if the status flagis “1”. The effect is to load immediate value e to
the lower twelve bits (004 to 03Fy) of the program counter after the program counter is
incremented at the completion of the instruction. The higher two bits retain their values.
Therefore, if this instruction appears at the final address in a bank, the instruction branches to an
address in the next bank.
When the status flag is “0", the instruction sets the status flag to “1” and executes the instruction
at the next address.

BSL a 0000 0010 02 if SF=1 then -i-i1]3]-:0:0
0110 eeee 6e PC+a(a=0.0.e)else null P P
eeee eeee ee P
0000 0011 03 if SF=1then Si-oi1]3
0110 eeee 6e PC<«a(a=0.l.e)else null P
eeee eeee ee P
0001 1100 1C if SF=1 then -i-i1]3
0110 eeee 6e PC+«a(a=1.0.e)else null P
eeee eeee ee P
0000 0001 01 if SF=1 then -i- 013
0110 eeee 6e PC<a(a=1l.1l.e)else null P
eeee eeee ee
If the status flag is “1”, loads immediate value a to the program counter.

When the status flag is "0, the instruction sets the status flag to “1” and executes the instruction at
the next address.

Note:  TLCS-47 Assembler optimizes B instruction (extended instruction) to BSS or BS BSL instruction automatically.
So users have only to describe B instruction.
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(10) Subroutines

Object code Flags g IR ;
Mnemonic Operation — e D7 0
Binary Hexadecimal CFiZF i SF (?) 105
CALLS a 0111 nnnn n STACK[ SPW]<PC12-0, -i-:1-12]10:0:0
STK13[SPW]<PC13, o P
SPW«SPW-1, PC<«a
a=8n+6(n+0), 0086y(n=0)

Performs a short-form subroutine call. The instruction saves the contents of the program counter to
the stack (location : SPW) and decrements the stack pointer word. The instruction then loads the value
determined by operand n (for example, 000E, when n = 1) to the program counter.

CALLSS n 0111 nnnn n STACK[SPW]«PC, SPW<«SPW- | -:-:-]2|0i0:0O

bd
PC+8n+6 (n#0),
0086H (n=0) P P
Carries out the short form subroutine call specified by the entry number n of instruction field. Refer to
“CALL instruction” for operation of explanation.

CALL a 0010 Oaaa 2a STACK[SPW]<«PC19-0, -i-i- 21000
aaaa aaaa aa STK13[SPW]<«PC13, SPW«SPW- P :
1, PC«a

Calls a subroutine. The instruction saves the contents of the program counter to the stack (location:
SPW) and decrements the stack pointer word. The instruction then loads immediate value a to the
program counter. Note that the entry address for the subroutine must be in the range 0000 to 07FFy,.
RET 0010 1010 2A SPW<«SPW+1, - - -1210:0:0
PC12-0«STACK[SPW], A N
PC13+STK13[SPW]

Returns from a subroutine. The instruction increments the stack pointer word and restores the return
address from the stack (location: SPW) to the program counter.
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(11) Interrupt Control
. C R
Object code Flags Y[, 4 7
Mnemonic Operation — f 7:7:
Binary Hexadecimal CF:ZF i SF (?) 10 A
XCH A, EIR 0001 0011 13 EIReAcc -i-i1[1]O:0:0

Exchanges the contents of the interrupt enable register and the accumulator.

Example When Acc=1101B and EIR=0001g, executing XCH A, EIR results in Acc=0001g and
EIR=1101p.

EICLR IL, r (0011 0110 36 EIF<l, IL<ILAr -i-i1[2]0I00
Olrr rrrr 44r-T P P
Sets the interrupt enable master F/F to “1” (enable interrupts). The interrupt latch ILi (i=0 to 5) is
cleared if operand riis “0".

EI 0011 0110 36 EIF<«l -i-i1 201010
0111 1111 7F o
Sets the interrupt enable master F/F to "1 (Interrupt enable).

DICIR 1IL, r 0011 0110 36 EIF«0, IL<ILAr -1 ]1210:0:0
10rr rrrr 8+r°r Pl N

Clears the interrupt enable master F/F to “0” (disable interrupts). The in

cleared if operand rjis “0".

terrupt latch ILi (i=0 to 5) is

DI 0011 0110 36 EIF<«0 -1 ]1210:0:0
1011 1111 BF o .
Clears the interrupt enable master F/ F to “0" (Interrupt disable).

CLR IL, r 0011 0110 36 IL«ILAr -i-:1]2]0:0:0
llrr rrrr C+rer I
The interrupt latch clear instruction. ILi (i = 0to 5) is cleared if riis “0”.
Example Executing CLR IL, 101100 instruction clears ILg4, IL1, and ILy. The remaining ILs do not

change.
RETI 0010 1011 2B SPW<SPW+1, * 1ok ik |2

FLAG*PC19-0«STACK[SPW],
PC13+STK13[SPW], EIF<l

0070

Returns from an interrupt service routine. The instruction increments the stack pointer word and
restores the return address and flag data from the stack (location: SPW) to the program counter and

flags. The instruction then sets the interrupt enable master F/F to “1” (enable interrupts).
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(12) STK13 Manipulation

Object code Flags g IR ;
Mnemonic Operation — M7 D7 0
Binary Hexadecimal CFiZF i SF (?) 105
CLR STKI13 0000 0010 02 SPW13<«Acc, =121 ]3] - o)
0011 1010 3A STK13[SPW13]<0 . :
1000 0100 84

Stores the contents of the accumulator in SPW13 and clears the STK13 whose location is specified by
the new SPW13 contents.

SET STK13 0000 0011 03 SPW13<«Acc, -i- i1 3]-i-i0
0011 1010 3A STK13[SPW13]<«1 P :
1000 0100 84

s specified by

Stores the contents of the accumulator in SPW13 and sets 1 in the STK13 whose location
the new SPW13 contents.

MOV A, SPW13|0011 1010 3A SPW13<Acc - - 112]-:-:0
1000 0100 84 P P
Stores the contents of the accumulatorin SPW13.

MOV STK13, A[0011 1010 3A Accg«STK13[SPW13] izt 2]-i-%0
0000 0100 04 Acc3-140 P o

Loads the contents of the STK13 whose location is specified by SPW13 in the lower bit of the
accumulator. Zero-clears the higher three bits of the accumulator.

(13) CPU Control

C : :
Object code Flags y 4 4: ;
Mnemonic Operation — f 7:7:9
Binary Hexadecimal CF:iZF:SF (E) P00,
NOP 0000 0000 00 no operation -i-i-[1]oi0:0
No operation (nothing is executed, execution proceeds to the next instruction).
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7.3 Instruction table

Flags S 4 4 4
Function Mnemonic Object code Operation T T § 7 g g
CFiZF i SF | e A
H (s) B DA
LD A, @HL oc Acc<RAMIHL] -iz:i1[1]O0:0:i0O
LD A x 3c xx Acc—RAMIx] -izi1|2[0i0iI0O
LD HL,x 28 xx LR<RAMI[x] HR<RAMIx +1] - i-i1]2]0:0:0
5 LDL A, @DC 33 Acc«<ROMIDTB -DCl;, -izi1]2[0:0:0
«- LDH A, @DC+ 32 Acc<ROM[DTB-DClz,DC«<DC+1 | — iz i1 |2 |0 :i0:i0
« ST A, @HL OF RAM[HL]«Acc - i=-:1[1]0:0:0
c ST A, @HL+ 1A RAM[HL]«<Acc, LR<LR+1 —izic|1]0:0:i0
N ST A, @HL— 1B RAM[HL]«Acc, LR<LR—1 —izic|1]0:0:!0
- ST A, x 3F XX RAM[x]<Acc —i-11]2|0:i0:0
o ST #k,@HL+ Fk RAMI[HL]<k, LR<LR+1 -izic|1|O0i0i0O
- ST #k, v 2D Ky RAM[yl<k - =—:1 |20 :0:0
e [up A, #k 4% Accek —izi1|1]OiOIO
o LD H, #k ck HR<k —-i-i1]1|0i0I0O
LD L, #k Ek LR<k - —i1f1]0oi0iO
MOV  H, A 10 Acc<HR —iz:i1[1[0:0:0O
MOV L A 11 Acc<LR -z 1]|1]|0i0i0
» |XCH A, @HL 0D AccoRAMIHL] -1z:1[1]0:0:0
o |XCH A x 3D xx AccoRAMIx] —izi1]|2|0i0i0
S |xem HLx 29 xx LRoRAM(x], HRORAM[x +1] - i-i1]2|l0i0:i0O
<« c |XCH AH 30 AccoHR -iz:1]|2]0:0:0
w o |XCH AL 31 AccoLR —:7Z:1[2]0:0:0
IN %p, A 3A 2p Acc+PORT[p]  (00=p=0Fy) -iziz|2]|0:0:0
IN %p, A 3A op Acc<PORT[p] (10g=p=1Fy) -izi1]|2]|-:0:0
.| %p, @HL 3A 6p RAM[HL]«PORT[pl(00<p=0Fy) |- i—iZ |2 |0 :i0;:O0O
S5 |~ %p, @HL 3A 4p RAM[HL]<PORT[pl10y<p=<1Fy) | — ' —:1 |2 |- :0:0
> a |OUT A, %p 3A 8+2py'p PORT[pl«<Acc —i-11]2]0:i0:0
27 |our  @HL %p 3A C+2p,°p PORT[p]«-RAM[HL] —-i-11]2]|0:0:0
— o |OUT _ #k, %p 2C kp PORT[pl<k (00=<p=0Fg) - i—-11]12]0:0:0
OUTB @HL 12 PORT[2] * PORT[1]< —i—-i1]2]|0:i0:iO0O
ROMI[3FEQy +CF * RAM[HL]] : : : :
® CMPR A, @HL 16 RAMIHL] — Acc ciziz|1]0Oi0:i0O
- CMPR A, x 3E XX RAMIx] — Acc ciziz|2|0i0:0
°  |cMPR y, #k 2E ky k — RAMIy] ciziz|2]|0:i0:i0
€ CMPR A, #k Dk k — Acc ciziz|1[O0:0!0O
o CMPR H, #k 38 Dk k — HR —-iz:ic|2]0:0:0
e CMPR L, #k 38 9k k—LR —iz:c|[2]0:0:0
ADD A, @HL 17 Acc—Acc+RAM[HL] —iz:i¢c|1]|0:i0:i0
c ADDC A, @HL 15 Acc—Acc+RAM[HL]+CF cizic|1[|O:0:0
° ADD  @HL, #k 38 4k RAM[HL]<RAM[HL]+k —izic|z2|O0i0iO0O
- ADD  y, #k 2F ky RAMI[yl<RAMI[yl+k —iziCc|2|0:0:0
© ADD A, #k 38 ok AccAcc+k —izic|2|0i0i0
- ADD  H, #k 38 ck HR<HR+k —izig|2|0i0!0
o |abp L, #k 38 8k LR<LR+k - iz:¢c|2]0i0:0
° SUBRC A, @HL 14 Acc—RAMI[HL] — Acc — CF c:z:c|1]O:0:0
SUBR @HL, #k 38 5k RAM[HL]«<k — RAM[HL] —izic|2|[0:i0:i0O
o LSUBR A4, #k 38 1k Accck — Acc - z:¢c|2|0i0:0
o INC @HL 0A RAM[HL]<RAM[HL]+1 —:z:¢c|[1[0:0:0
> DEC @HL 08 RAM[HL]«<RAM[HL]-1 —izig|1|O0iOiO
° INC A 08 AccAcc+1 -:1z:¢|1]|0:0:0
o DEC A 09 Acc—Acc—1 —iz:i¢c|1]0:0:0
INC L 18 LR<LR+1 -iz:iC|1|0:i0:0
? loEc L 19 LR<LR-1 - iz:C|1]0:0:0
© AND A, @HL 1E Acc—AccARAM[HL] —iz:izZ|[1[0:0:0
AND  @HL, #k 38 7k RAM[HL]«RAM[HLIAk -iz:iZ|2[0:0:0
2 |anp A, #k 38 3K AccAce/k —iziz|2|0i0i0
- OR A, @HL 1D Acc—AccVRAMIHL] -iz:Z|1[0:0:0
"E’ OR @HL, #k 38 6k RAM[HL]«RAM[HL]vk -iz:z2|2|0:0:0
OR A, #k 38 2k Acc—Acevk -iz:z2|2[0:0:0
XOR A, @HL 1F Acc—AceyRAM[HL] —iz:z|[1]O0O:0:0
‘2 ROLC A 05 |(_| oF <] T |_| *ZC 1 OOO
+ N AN N H
2 RORC A 07 |—>| CF |—>| Acc |—, *§Z§C ! Ogoéo
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CLR @HL,b 5-4+b RAM[HL],<-0 -i=-:i1|1]0:0:0
< CLR y,b 39 4+b-y RAMI[yly,<0 -i—-i1|l2]0i0i0O
Z CLR  %p, b 3B 4+b-p PORT[pl},«0 -i-i1]12|0:0:!0
- CLR __ @L 35 PORTI[LR 3.5 +4] 1p1.0<-0 —i-i1]l2]0i0i0O
© SET @HL,b 5b RAM[HL]},«1 —i—-i1]1]0:i0:i0
2 SET  y,b 39 by RAMIyl,«1 -i-if1|2]0i0i0
a SET  %p, b 3B bp PORTI[p]},<1 —-i—-i1]l2|l0i0i0O
- SET @L 34 PORTILR g 5 +4] 15, 0«1 —i—-i1]l2]0i0i0
5 |TEST @HL b 5-8+b SF<RAMIHLI, -i-:*]1]0:0:0
£ TEST y,b 39 8+b-y SF<RAMIyl, —i=t*x [210:0:0

TESTP y, b 39 CHbry SF<RAMIy], -i-is]2|l0i0i0O
T |tEST  %p, b 38 8+b-p SF<PORTIpl, -i-i*[2]0:0:0
o |TESTP %p,b 3B C+bp SFPORT[pl,, -i-i*l2]oio0ioO

TEST @L 37 SF<PORT[LR 35 +4] 110 —i=-:i*12]|10:0:0

TEST A, b 5-C+b SF<Accy —i—=1*11]0:0:0
I TEST CF 06 SF<CF, CF0 0:-:*]11]|]0:0:0
s c |TESTP CF 04 SF<CF, CF«1 1i=i*]1[O0:0:0
@ o |TESTP ZF 1] SF«<ZF —i=i1*11[0O010:10

o [cr orF 02 GFe0 —i-i1[1|O0i-i-
— oo |SET GF 03 GF<1 —i-i1|1|Oi-:~-
w E— |TESTP GF 01 SF<GF —i—i+ 1 |Oi=1=

CLR  DMB 3B 79 DMB<«0 —i—-:1]|2(-:0:~-
o SET DMB 3B 39 DMB«1 —i-i1|2]|-i0:i-
< TEST DMB 38 B9 SF<DMB —i-irl2 -0 -
. TESTP DMB 38 F9 SF<DMB — it |la|-t0: -
S CLR  DMBO 38 79 DMBy<0 —-i1]z2]-i-:0

SET  DMBO 3B 39 DMBy<1 —i-i1]2|=-i-10
~ TEST DMBO 3B BY SF<DMB, —i-i*l2=-:=-:0
© TESTP _DMBO 3B Fg ¢ SF<DMB, —i—ixlal-i-"0
@ |CLR DMBI 03 38 . 59 |DMB,<0 -i-it1[8]-i-1i0
> SET DMB1 03 3B 119 DMB, <1 -i=-i1|8|-i=-10
° TEST DMB1 03 3 i 99 SF«DMB, —i—i*|3]|-i-1i0
£ TESTP DMB1 03 3 : D9 SF<DMB, i e R B B e R ®)
s [tp  DuB, # 03 2 | k9 | DMBek -i-i1]s|[-i-i0
o LD DMB, @HL 03 3A i E9 DMB<RAMIHL], , -i-i1|s|[=-i-10
% |mov A pmB 03 38 ! A9 | DMB<Acey, -i=-i1|8]|-i-1i0
o MOV  DMB, A 03 3A 1 29 Ace, <DMB, Accg <0 -izi!Z|s|-i-%0

ST DMB, @HL 03 3 1 69 RAM[HL], («DMB,RAM[HLL,«0 |- i—1Z[3|-i-1{0O

BSS a 8+d-d : if SF=1 then PC<«a —i-i1 |1 )

else null, a=PCy3¢.d : H
BS a 6e ee if SF=1 then PC<«a - =11 2 : O
else null, a=PCy549.¢ H
< BSL a 0000g= 02 if SF=1 then PC<a 3 K
c SOFFFg| L oif dsenall 8=00-e b
© 10005= 03 if SF=1 then PC<a 3 @)
- éaélFFFH else null, a=01.¢
@ 20005 6CTTTTTTEe T e if SF=1then PC<a L 3" o
éaS2FFF‘H else null, a=10.¢
3000=" [ 01T ee T e T if SF=1 then PC<a == 3" o
{a<3FFFy else null, a=11.e H
CALLS a n STACK[SPWI]<PC, SPWSPW-1, | — :i— :— [ 2 HEe)
b PC<a,a=8n+6(n=0), 00865 (n=0) !
! g CALL a 2a aa STACKI[SPWI1<PC, -—i—-i-]2 :0
ER SPW<SPW—1, PC<a :
“ ~ |RET 2A SPW<SPW+1, PC<STACKISPW] | — i — :— [ 2 e

XCH A, EIR 13 EIR©Acc - -1 |1 )
a EICLR IL,r 36 4iper EIF<1, IL<ILAr —i-i1]2 Hie)
2% |DICLR 1L, r 36 8+r-r EIF<0, IL<ILAr —i—-i12 i)
o+ |CLR ILr 36 C+rer IL<ILAr —i—-i1]2 e}
T & [RETI 28 SPW<SPW +1, 0% 1% [ g 100
- v : FLAG * PC<STACK[SPW], EIF<1 : F
1 CLR _ STKI3 02 3R 84 SPW13<Acc, STK13[SPW13]<0 ——-:1]8|-:-:0

mao |SET  STK13 03 3A 1 84 SPW13<Acc, STK13[SPW13]<1 -—i—-i1]|s3|-i-1i0
Cco |MOvV A, sPWI3 3A 84 i SPW13<Acc —i-it1]2|=-i-10
o g > |MOV  STKi3, A 3A 04 Accy<STK13[SPW13], Accg <0 —izi1]2 e Re)
U ol | NOP 00 nooperation | -:i-:- 110:0:0
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