




























































































































































































































































































































































































































































































Chapter 5. Macros

The SHIFTR macro generates nothing if the first parameter is neither R nor L. Therefore, the following calls
produce no code. The result in the object program is as though the SHIFTR macro does not appear in the
source program.

SHIFTR 5
SHIFTR ‘B’,2

The following call to the SHIFTR macro generates three RAR instructions:
SHIFTR ‘R’,3

Assume that a SET directive elsewhere in the source program has given COUNT the value 6. The following call
generates five RAL instructions:

SHIFTR ‘L",%COUNT—1

The following is a redefinition of the SHIFTR macro. In this definition, notice that concatenation is used to
form the RAR or RAL operation code. If a call to the SHIFTR macro specifies a character other than R or L,
illegal operation codes are generated. The assembler flags all illegal operation codes as errors.

SHIFTR MACRO X,Y
REPT Y
RA&X
ENDM
ENDM

NULL MACROS

A macro may legally comprise only the MACRO and ENDM directives. Thus, the following is a legal macro
definition:

NADA MACRO P1,P2,P3,P4
ENDM

A call to this macro produces no source code and therefore has no effect on the program.
Although there is no reason to write such a macro, the null (or empty) macro body has a practical application.
For example, all the macro prototype instructions might be enclosed with {F-ENDIF conditional directives.

When none of the specified conditions is satisfied, all that remains of the macro is the MACRO directive and
the ENDM directive.

SAMPLE MACROS

The following sample macros further demonstrate the use of macro directives and operators.
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Example 1: Nested IRPC

The following macro definition contains a nested IRPC directive. Notice that the third operand of the outer
macro becomes the character string for the IRPC:

MOVE  MACRO X,Y,Z

IRPC PARAM,Z
LHLD X&&PARAM
SHLD Y&&PARAM
ENDM

ENDM

Assume that the program contains the call MOVE SRC,DST,123. The third parameter of this call is passed to
the IRPC. This has the same effect as coding IRPC PARAM,123. When expanded, the MOVE macro generates
the following source code:

LHLD SRC1
SHLD DST1
LHLD SRC2
SHLD DST2
LHLD SRC3
SHLD DST3

Notice the use of concatenation to form labels in this example.

Example 2: Nested Macros Used to Generate DB Directives

This example generates a number of DB 0 directives, each with its own label. Two macros are used for this
purpose: INC and BLOCK. The INC macro is defined as follows:

INC MACRO F1,F2
$ SAVE GEN
F1&F2: DB 0 ;GENERATE LABELS & DB’s
$ RESTORE
ENDM

The BLOCK macro, which accepts the number of DB’s to be generated (NUMB) and a label prefix (PREFIX), is
defined as follows:

BLOCK MACRO NUMB,PREF1X
$ SAVE NOGEN
COUNT SET 0
REPT NUMB
COUNT SET COUNT+1
INC PREFIX,%COUNT ;NESTED MACRO CALL
ENDM
$ RESTORE
ENDM
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The macro call BLOCK 3,LAB generates the following source code:

BLOCK 3,LAB
LABT: DB 0
LAB2: DB 0
LAB3: DB 0

The assembler controls specified in these two macros (the lines beginning with $) are used to clean up the
assembly listing for easier reading. The source code shown for the call BLOCK 3,LAB is what appears in the
assembly listing when the controls are used. Without the controls, the assembly listing appears as follows:

BLOCK 3,LAB
COUNT SET 0
REPT 3
COUNT SET COUNT+1
INC LAB,%COUNT
ENDM
COUNT SET COUNT+1
INC LAB,%COUNT
LAB1: DB 0
COUNT SET COUNTH+I
INC LAB,%COUNT
LAB2: DB 0
COUNT SET COUNT+1
INC LAB,%COUNT
LAB3: DB 0

Example 3: A Macro that Converts Itself into a Subroutine

In some cases, the in-line coding substituted for each macro call imposes an unacceptable memory requirement.
The next three examples show three different methods for converting a macro call into a subroutine call. The
first time the SBMAC macro is called, it generates a full in-line substitution which defines the SUBR subroutine.
Each subsequent call to the SBMAC macro generates only a CALL instruction to the SUBR subroutine.

Within the following examples, notice that the label SUBR must be global so that it can be called from outside
the first expansion. This is possible only when that part of the macro definition containing the global label is
called only once in the entire program.

Method #1: Nested Macro Definitions

Macros can be redefined during the course of a program. In the following example, the definition of SBMAC
contains its own redefinition as a nested macro. The first time SBMAC is called, it is full expanded, and the
redefinition of SBMAC replaces the original definition. The second time SBMAC is called, only its redefinition
{a CALL instruction) is expanded.



SBMAC
SBMAC

LINK:
SUBR:

DUN:
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MACRO

MACRO

CALL SUBR ;;REDEFINITION OF SBMAC
ENDM

CALL SUBR

jMmp DUN

RET

ENDM

Notice that both versions of SBMAC contain CALL SUBR instructions. This is necessary to provide a return
address at the end of the SUBR routine. The jump instruction labelled LINK is required to prevent the SUBR
subroutine from executing a return to itself. Notice that the return address for the second CALL SUBR
instruction would be SUBR if the jump instruction were omitted. The JMP DUN instruction simply transfers
control past the end of the subroutine.

NOTE

The assembler allows the use of a source line consisting
only of a label. Such a label is assigned to the next source
line for which code or data is generated. Notice that
neither code nor data is generated for an ENDM directive,
so the label DUN is assigned to whatever instruction follows
the ENDM directive. This construct is required because the
ENDM directive itself may not be given a label.

Method #2: Conditional Assembly

The second method for altering the expansion of the SBMAC macro uses conditional assembly. In this example,
a switch (FIRST) is set TRUE just before the first call for SBMAC. SBMAC is defined as follows:

TRUE
FALSE
FIRST
SBMAC

FIRST
LINK:
SUBR:

DUN:

EQU OFFH
EQU 0

SET TRUE
MACRO

CALL SUBR

IF FIRST
SET FALSE
JmMP DUN
RET

ENDIF

ENDM
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The first call to SBMAC expands the full definition, including the call to and definition of SUBR:

SBMAC

CALL SUBR

IF FIRST
LINK: JMP DUN
SUBR:

RET
DUN:

ENDIF

Because FIRST is TRUE when encountered during the first expansion of SBMAC, all the statements between
IF and ENDIF are assembled into the program. In subsequent calls, the conditionally-assembled code is skipped
so that the subroutine is not regenerated. Only the following expansion is produced:

SBMAC
CALL SUBR
IF FIRST

Method #3: Conditional Assembly with EXITM

The third method for altering the expansion of SBMAC also uses conditional assembly, but uses the EXITM
directive to suppress unwanted macro expansion after the first call. EXITM is effective when FIRST is FALSE,
which it is after the first call to SBMAC.

TRUE EQU OFFH
FALSE EQU 0
FIRST SET TRUE
SBMAC MACRO
CALL SUBR
IF NOT FIRST
EXITM
ENDIF
FIRST SET FALSE
JMP DUN
SUBR:
RET
DUN:
ENDM



Example 4: Computed GOTO Macro
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This sample macro presents an implementation of a computed GOTO for the 8080 or 8085. The computed
GOTO, a common feature of many high level languages, allows the program to jump to one of a number of
different locations depending on the value of a variable. For example, if the variable has the value zero, the
program jumps to the first item in the list; if the variable has the value 3, the program jumps to the fourth

address in the list.

In this example, the variable is placed in the accumulator. The list of addresses is defined as a series of DW
directives starting at the symbolic address TABLE. This macro (TJUMP) also modifies itself with a nested
definition. Therefore, only the first call to the TJUMP macro generates the calculated GOTO routine. Subse-

quent calls produce only the jump instruction JMP TJCODE.

TjUMP MACRO

TJCODE: ADD
MVI
MOV
DAD
MOV
INX
MoV
XCHG
PCHL

TJUMP MACRO
JMP
ENDM
ENDM

D,0
E,A

EM

DM

TJCODE

;JUMP TO A—TH ADDR IN TABLE
sMULTIPLY A BY 2

;CLEAR D REG

JGET TABLE OFFSET INTO D&E

;ADD OFFSET TO TABLE ADDR IN H&L
JGET 1ST ADDRESS BYTE

;GET 2ND ADDRESS BYTE
;JUMP TO ADDRESS

;REDEFINE T)UMP TO SAVE CODE
iNEXT CALL JUMPS TO ABOVE CODE

Notice that the definition of the TJUMP macro does not account for loading the address of the address table
into the H and L registers; the user must load this address just before calling the TJUMP macro. The following
shows the coding for the address table (TABLE) and a typical call sequence for the TJUMP macro:

MVI
LXI
TJUMP

TABLE: DW
DW
DW

The call sequence shown above causes a jump to LOC2.

A2

H,TABLE

LOCO
LOC1
LOC2

5-21
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Example 5: Using IRP to Define the Jump Table

The TJUMP macro becomes even more useful when a second macro (GOTO) is used to define the jump table,
load the address of the table into the H and L registers, and then call TJUMP. The GOTO macro is defined as
follows: )

GOTO MACRO INDEX,LIST
LOCAL JTABLE
LDA INDEX ;LOAD ACCUM WITH INDEX
LXI H,) TABLE ;LOAD H&L WITH TABLE ADDRESS
TJUMP ;CALL TJUMP MACRO
JTABLE: IRP FORMAL LIST>
DW FORMAL ;SET UP TABLE
ENDM
ENDM

A typical call to the GOTO macro would be as follows:
GOTO CASE <COUNT, TIMER ,DATE ,PTDRVR>

This call to the GOTO macro builds a table of DW directives for the labels COUNT, TIMER, DATE, and
PTDRVR. It then loads the base address of the table into the H and L registers and calls the TJUMP macro.
if the value of the variable CASE is 2 when the GOTO macro is called, the GOTO and TJUMP macros
together cause a jump to the address of the DATE routine.

Notice that any number of addresses may be specified in the list for the GOTO routine as long as they all fit
on a single source line. Also, the GOTO macro may be called any number of times, but only one copy of the
coding for the TJUMP is generated since the TJUMP macro redefines itself to generate only a JMP TJCODE
instruction.



6. PROGRAMMING TECHNIQUES

This chapter describes some techniques that may be of help to the programmer.

BRANCH TABLES PSEUDO-SUBROUTINE

Suppose a program consists of several separate routines, any of which may be executed depending upon some
initial condition (such as a number passed in a register). One way to code this would be to check each condition
sequentially and branch to the routines accordingly as follows:

CONDITION = CONDITION 1?
IF YES BRANCH TO ROUTINE 1
CONDITION = CONDITION 2?
IF YES BRANCH TO ROUTINE 2

BRANCH TO ROUTINE N
A sequence as above is inefficient, and can be improved by using a branch table.

The logic at the beginning of the branch table program loads the starting address of the branch table into the H
and L registers. The branch table itself consists of a list of starting addresses for the routines to be branched to.
Using the H and L registers as a pointer, the branch table program loads the selected routine’s starting address
into the program counter, thus effecting a jump to the desired routine. For example, consider a program that
executes one of eight routines depending on which bit of the accumulator is set:

Jump to routine 1 if the accumulator holds 00000001

b g » 00000010
T " 00000100
" " ” LY ” ” 00001000
”» " ” g o " » 00010000
" " ”» 6" " 00100000
s " ” 77" ” 01000000
" " ” g” " ” " 10000000

A program that provides such logic follows. The program is termed a ‘pseudo-subroutine’ because it is treated as a
subroutine by the programmer (i.e., it appears just once in memory), but is entered via a regular JUMP instruction
rather than via a CALL instruction.

6-1
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Main Program Branch Table Jump
Program Routines

normal subroutine return
sequence not followed by
branch table program
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Label

START:

GTBIT:

GETAD:

BTBL:

Code
LXI

RAR
jc
INX
INX

Jjmp
MOV
INX

MOV
XCHG

PCHL

DW
DW
DW
DW
DW
DW
DW
DW

Operand

H,BTBL

GETAD

GTBIT
EM

DM

ROUT1
ROUT?2
ROUT3
ROUT4
ROUTS
ROUT6
ROUT7
ROUTS
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;REGISTERS H AND L WILL
;POINT TO BRANCH TABLE

;(H,L)=(H,L)+2 TO
;POINT TO NEXT ADDRESS
;IN BRANCH TABLE

;BIT FOUND
;LOAD JUMP ADDRESS
;INTO D AND E REGISTERS

;EXCHANGE D AND E
WITH H AND L
;JUMP TO ROUTINE
;ADDRESS

;BRANCH TABLE. EACH
;ENTRY IS A TWO-BYTE
;ADDRESS

;HELD LEAST SIGNIFICANT
;BYTE FIRST

The control routine at START uses the H and L registers as a pointer into the branch table (BTBL) corresponding
to the bit of the accumulator that is set. The routine at GETAD then transfers the address held in the corres-
ponding branch table entry to the H and L registers via the D and E registers, and then uses a PCHL instruction,
thus transferring control to the selected routine.

TRANSFERRING DATA TO SUBROUTINES

A subroutine typically requires data to perform its operations. In the simplest case, this data may be transferred

in one or more registers.

Sometimes it is more convenient and economical to let the subroutine load its own registers. One way to do this
is to place a list of the required data (called a parameter list) in some data area of memory, and pass the address

of this list to the subroutine in the H and L registers.

6-3
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For example, the subroutine ADSUB expects the address of a three-byte parameter list in the H and L registers.
It adds the first and second bytes of the list, and stores the result in the third byte of the list:

Label Code Operand Comment
LXI H,PLIST ;LOAD H AND L WITH
;ADDRESSES OF THE PARAM-
;ETER LIST
CALL ADSUB ;CALL THE SUBROUTINE
RET1:
PLIST: DB 6 ;FIRST NUMBER TO BE ADDED
DB 8 ;'SECOND NUMBER TO BE
;ADDED
DS 1 ;RESULT WILL BE STORED HERE
LXI H,LIST2 ;LOAD H AND L REGISTERS
CALL ADSUB ;FOR ANOTHER CALL TO ADSUB
RET2:
LIST2: DB 10
DB 35
DS 1
ADSUB: MOV AM ;GET FIRST PARAMETER
INX H ;INCREMENT MEMORY
;ADDRESS
MOV B,.M ;GET SECOND PARAMETER
ADD B ;ADD FIRST TO SECOND
INX H ;INCREMENT MEMORY
;ADDRESS
MOV M,A ;STORE RESULT AT THIRD
;PARAMETER STORE
RET ;RETURN UNCONDITIONALLY

The first time ADSUB is called, it loads the A and B registers from PLIST and PLIST+1 respectively, adds them,
and stores the result in PLIST+2. Return is then made to the instruction at RET1.
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First call to ADSUB:

H L
ADSUB: 1 [

~—— ——
06 PLIST
08 PLIST+1
‘———» | OEH PLIST+2

The second time ADSUB is called, the H and L registers point to the parameter list LIST2. The A and B

registers are loaded with 10 and 35 respectively, and the sum is stored at LIST2+2. Return is then made to
the instruction at RET2.

Note that the parameter lists PLIST and LIST2 could appear anywhere in memory without altering the results
produced by ADSUB.

This approach does have its limitations, however. As coded, ADSUB must receive a list of two and only two
numbers to be added, and they must be contiguous in memory. Suppose we wanted a subroutine (GENAD)

which would add an arbitrary number of bytes, located anywhere in memory, and leave the sum in the accumu-
lator.

This can be done by passing the subroutine a parameter list which is a list of addresses of parameters, rather
than the parameters themselves, and signifying the end of the parameter list be a number whose first byte is
FFH (assuming that no parameters will be stored above address FFOOH).

Call to GENAD:

GENAD:

//, 8 PARM1
ADRI 16 PARM4
ADR2

ADR3 13 PARM3
ADR4

FFFF 82 PARM?2

As implemented below, GENAD saves the current sum (beginning with zero) in the C register. It then loads the
address of the first parameter into the D and E registers. If this address is greater than or equal to FFOOH, it
reloads the accumulator with the sum held in the C register and returns to the calling routine. Otherwise, it
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loads the parameter into the accumulator and adds the sum in the C register to the accumulator. The routine
then loops back to pick up the remaining parameters.

Label Code Operand Comment
LXI1 H,PLIST ;LOAD ADDRESS OF
CALL GENAD iPARAMETER ADDRESS LIST
HALT
PLIST: DW PARM1 ;LIST OF PARAMETER ADDRESSES
DW PARM2
DW PARM3
DW PARM4
DW OFFFFH ;TERMINATOR
PARM1: DB
PARM4: DB 16
PARMS3: DB 13
PARM2: DB 82
GENAD: XRA A ;CLEAR ACCUMULATOR
LOOP: MOV CA ;SAVE CURRENT TOTAL INC
MOV EM ;GET LOW ORDER ADDRESS BYTE
jOF FIRST PARAMETER
INX H
Mov AM ;GET HIGH ORDER ADDRESS BYTE
;OF FIRST PARAMETER
CPi OFFH ;COMPARE TO FFH
JZ BACK IF EQUAL, ROUTINE 1S COMPLETE
Mov D,A ;D AND E NOW ADDRESS PARAMETER
LDAX D ;LOAD ACCUMULATOR WITH PARAMETER
ADD C ;ADD PREVIOUS TOTAL
INX H JINCREMENT H AND L TO POINT
;TO NEXT PARAMETER ADDRESS
jmMp LOOP ;GET NEXT PARAMETER
BACK: MOV AC ;ROUTINE DONE — RESTORE TOTAL
RET ;RETURN TO CALLING ROUTINE
END
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Note that GENAD could add any combination of the parameters with no change to the parameters themselves.

The sequence:

LXI H,PLIST
CALL GENAD
PLIST: oW PARM4
DW PARM1
DW OFFFFH

would cause PARM1 and PARM4 to be added, no matter where in memory they might be located (excluding
addresses above FFOOH).

Many variations of parameter passing are possible. For example, if it is necessary to allow parameters to be
stored at any address, a calling program can pass the total number of parameters as the first parameter; the
subroutine then loads this first parameter into a register and uses it as a counter to determine when all param-
eters had been accepted.

SOFTWARE MULTIPLY AND DIVIDE

The multiplication of two unsigned 8-bit data bytes may be accomplished by one of two techniques: repetitive
addition, or use of a register shifting operation.

Repetitive addition provides the simplest, but slowest, form of multiplication. For example, 2AH*74H may be
generated by adding 74H to the (initially zeroed) accumulator 2AH times.

Shift operations provide faster multiplication. Shifting a byte left one bit is equivalent to multiplying by 2, and
shifting a byte right one bit is equivalent to dividing by 2. The following process will produce the correct 2-byte

result of multiplying a one byte multiplicand by a one b;lte multiplier:

A.  Test the least significant bit of multiplier. If zero, go to step b. If one, add the
multiplicand to the most significant byte of the result.

B.  Shift the entire two-byte result right one bit position.

C. Repeat steps a and b until all 8 bits of the multiplier have been tested.
For example, consider the multiplication: 2AH*3CH=9D8H

Step 1: Test multiplier 0-bit; it is 0, so shift 16-bit result right one bit.

Step 2: Test multiplier 1-bit; it is 0, so shift 16-bit result right one bit.

Step 3: Test multiplier 2-bit; it is 1, so add 2AH to high-order byte of result and shift 16-bit
result right one bit.
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Step 4: Test multiplier 3-bit; it is 1, so add 2AH to high-order byte of result and shift 16-bit
result right one bit.

Step 5: Test multiplier 4-bit; it is 1, so add 2AH to high-order byte of result and shift 16-bit
result right one bit.

Step 6: Test multiplier 5-bit; it is 1, so add 2AH to high-order byte of result and shift 16-bit
result right one bit.

Step 7: Test multiplier 6-bit; it is 0, so shift 16-bit result right one bit.
Step 8: Test multiplier 7-bit; it is 0, so shift 16-bit result right one bit.

The result produced is 09D8.

HIGH-ORDER BYTE LOW-ORDER BYTE

MULTIPLIER MULTIPLICAND OF RESULT OF RESULT

Start 00111100(3C) 00101010(2A) 00000000 00000000
Stepl a.......... i

b 00000000 00000000
Step 2@ .. .

b 00000000 00000000
Step 3 a. ... .. e e 00101010 00000000

b 00010101 00000000
Step 4 a. ... . e e 00111111 00000000

b 00011111 10000000
Step 5a....... .. . . .. e 01001001 10000000

b 00100100 11000000
Step 6a . ... ... .. e 01001110 11000000

b 00100111 01100000
Step 7 @ .. . e

b 00010011 10110000
Step 8a....... ... ...

b 00001001 11011000(9D8)

Since the muitiplication routine described above uses a number of important programming techniques, a sample
program is given with comments.

The program uses the B register to hold the most significant byte of the result, and the C register to hold the
least significant byte of the result. The 16-bit right shift of the result is performed in the accumulator by two
rotate-right-through-carry instructions.



Zero carry and then rotate B:

B
| X
Then rotate C to complete the shift:
B
X
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\J

T

Register D holds the multiplicand, and register C originally holds the multiplier.

MULT: MVI

mvi
MULTO: MOV
RAR
MOV
DCR
Y4
MoV
JNC
ADD

MULT1: RAR

MOV

JMP
DONE:

8,0

E,9
AC

C,A

E
DONE
AB
MULT1
D

B,A
MULTO

INITIALIZE MOST SIGNIFICANT BYTE
jOF RESULT

;BIT COUNTER

;ROTATE LEAST SIGNIFICANT BIT OF
;MULTIPLIER TO CARRY AND SHIFT
;LOW-ORDER BYTE OF RESULT

;EXIT IF COMPLETE

;ADD MULTIPLICAND TO HIGH-
JORDER BYTE OF RESULT IF BIT
3WAS A ONE

iCARRY=0 HERE SHIFT HIGH-
;ORDER BYTE OF RESULT

An analogous procedure is used to divide an unsigned 16-bit number by an unsigned 16-bit number. Here, the
process involves subtraction rather than addition, and rotate-left instructions instead of rotate-right instructions.
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The following reentrant program uses the B and C registers to hold the dividend and quotient, and the D and E
register to hold the divisor and remainder. The H and L registers are used to store data temporarily.

DIV: MOV A,D ;NEGATE THE DIVISOR
CMA
MOV D,A
MOV AE
CMA
MOV E,A
INX D ;FOR TWO’S COMPLEMENT
LXI H,0 JINITIAL VALUE FOR REMAINDER
MVI A17 JINITIALIZE LOOP COUNTER
DVO: PUSH H ;SAVE REMAINDER
DAD D ;SUBTRACT DIVISOR (ADD NEGATIVE)
JNC DV1 JUNDER FLOW, RESTORE HL
XTHL
DV1: POP H
PUSH PSW SAVE LOOP COUNTER (A)
MOV AC :4 REGISTER LEFT SHIFT
RAL WITH CARRY
MOV C,A CY->C—>B—>L—>H
MOV A,B
RAL
MOV B,A
MOV AL
RAL
MOV LA
MOV AH
RAL
MOV H,A
POP PSW ;RESTORE LOOP COUNTER (A)
DCR A ;DECREMENT IT
INZ DVO :KEEP LOOPING

;POST-DIVIDE CLEAN UP
;SHIFT REMAINDER RIGHT AND RETURN IN DE

13

ORA A
MOV AH
RAR

MOV D,A
MOV AL
RAR

MOV E,A
RET

END
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MULTIBYTE ADDITION AND SUBTRACTION
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The carry flag and the ADC (add with carry) instructions may be used to add unsigned data quantities of
arbitrary length. Consider the following addition of two three-byte unsigned hexadecimal numbers:

32AF8A

+84BA90

B76A1A

To perform this addition, add to the low-order byte using an ADD instruction. ADD sets the carry flag for use
in subsequent instructions, but does not include the carry flag in the addition. Then use ADC to add to all

higher order bytes.

B7
carry =1 4—1—'

The following routine will perform this multibyte addition, making these assumptions:

BA
6A

carry = lj

8A
90

1A

The E register holds the length of each number to be added (in this case, 3).

The numbers to be added are stored from low-order byte to high-order byte beginning at memory locations

FIRST and SECND, respectively.

The result will be stored from low-order byte to high-order byte beginning at memory location FIRST, replacing

the original contents of these locations.

MEMORY

LOCATION Dbefore

FIRST
FIRST+1

FIRSTt2

SECND

SECND+1

SECND+2

8A

AF

32

90

BA

84

—»> + ——

-

A
i

+
{l

\j

>+

|

v

after

1A

6A

B7

> carry
) carry

90

BA

84

6-11



Chapter 6. Programming Techniques

The following routine uses an ADC instruction to add the low-order bytes of the operands. This could cause
the result to be high by one if the carry flag were left set by some previous instruction. This routine avoids
the problem by clearing the carry flag with the XRA instruction just before LOOP.

Label Code Operand Comment
MADD: LXI B,FIRST ;B AND C ADDRESS FIRST
LXI H,SECND ;H AND L ADDRESS SECND
XRA A ;CLEAR CARRY FLAG
LOOP: LDAX B ;LOAD BYTE OF FIRST
ADC M ;ADD BYTE OF SECND
;sWITH CARRY
STAX B ;STORE RESULT AT FIRST
DCR E iDONE IFE =0
|z DONE
INX B ;POINT TO NEXT BYTE OF
;FIRST
INX H ;POINT TO NEXT BYTE OF
;SECND
jMP LOOP ;ADD NEXT TWO BYTES
DONE:
FIRST: DB 90H
DB OBAH
DB 84H
SECND: DB 8AH
DB O0AFH
DB 32H

Since none of the instructions in the program loop affect the carry flag except ADC, the addition with carry will
proceed correctly.

When location DONE is reached, bytes FIRST through FIRST+2 will contain TA6AB7, which is the sum shown
at the beginning of this section arranged from low-order to high-order byte.

In order to create a multibyte subtraction routine, it is necessary only to duplicate the multibyte addition routine
of this section, changing the ADC instruction to an SBB instruction. The program will then subtract the number
beginning at SECND from the number beginning at FIRST, placing the result at FIRST.

DECIMAL ADDITION

6-12

Any 4-bit data quantity may be treated as a decimal number as long as it represents one of the decimal digits
from 0 through 9, and does not contain any of the bit patterns representing the hexadecimal digits A through F.
In order to preserve this decimal interpretation when performing addition, the value 6 must be added to the
4-bit quantity whenever the addition produces a result between 10 and 15. This is because each 4-bit data
quantity can hold 6 more combinations of bits than there are decimal digits.
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Decimal addition is performed by letting each 8-bit byte represent two 4-bit decimal digits. The bytes are
summed in the accumulator in standard fashion, and the DAA (decimal adjust accumulator) instruction is then
used to convert the 8-bit binary result to the correct representation of 2 decimal digits. For multibyte strings,
you must perform the decimal adjust before adding the next higher-order bytes. This is because you need the
carry flag setting from the DAA instruction for adding the higher-order bytes.

To perform the decimal addition:

2985
+4936
7921
the process works as follows:
1. Clear the Carry and add the two lowest-order digits of each number (remember that each 2

decimal digits are represented by one byte).

85 =10000101B
36 = 001101108
carry = 0

/@1011313

Auxiliary Carry = 0

Carry =0
The accumulator now contains OBBH.

2. Perform a DAA operation. Since the rightmost four bits are greater than 9, a 6 is added to the
accumulator.

Accumulator = 101110118
6= 01108
110000018

Since the leftmost bits are greater than 9, a 6 is added to these bits, thus setting the carry flag.

Accumulator = 11000001B
6 =0110 B

11001000018

7

Carry flag = 1
The accumulator now contains 21H. Store these two digits.
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3. Add the next group of two digits:

29 = 00101001B
49 = 01001001B

carry = 1

/Q 011100118
Carry = 0

The accumulator now contains 73H.

Auxiliary Carry = 1

4. Perform a DAA opération. Since the auxiliary carry flag is set, 6 is added to the accumulator.

Accumulator = 01110011B
6= 0110B

/:QIOHHOO]B

Since the leftmost 4 bits are less than 10 and the carry flag is reset, no further action occurs.

Carry flag = 0

Thus, the correct decimal result 7921 is generated in two bytes.

A routine which adds decimal numbers, then, is exactly analogous to the multibyte addition routine MADD of
the last section, and may be produced by inserting the instruction DAA after the ADC M instruction of that
example.

Each iteration of the program loop will add two decimal digits (one byte) of the numbers.

DECIMAL SUBTRACTION

6-14

Decimal subtraction is considerably more complicated than decimal addition. In general, the process consists of
generating the tens complement of the subtrahend digit, and then adding the result to the minuend digit. For
example, to subtract 34 from 56, form the tens complement of 34 (99-34=65+1=66). Then, 56+66=122. By
truncating off the carry out of the high order digit, we get 22, the correct result.

The problem of handling borrows arises in multibyte decimal subtractions. When no borrow occurs from a sub-
tract, you want to use the tens complement of the subtrahend for the next operation. If a borrow does occur,
you want to use the nines complement of the subtrahend.

Notice that the meaning of the carry flag is inverted because you are dealing with complemented data. Thus, a
one bit in the carry flag indicates no borrow; a zero bit in the carry flag indicates a borrow. This inverted carry
flag setting can be used in an add operation to form either the nines or tens complement of the subtrahend.
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The detailed procedure for subtracting multi-digit decimal numbers is as follows:
1. Set the carry flag = 1 to indicate no borrow.
2. Load the accumulator with 99H, representing the number 99 decimal.

3.  Add zero to the accumulator with carry, producing either 99H or 9AH, and resetting the
carry flag.

4.  Subtract the subtrahend digits from the accumulator, producing either the nines or tens
complement.

5.  Add the minuend digits to the accumulator.

6. Use the DAA instruction to make sure the result in the accumulator is in decimal format, and
to indicate a borrow in the carry flag if one occurred.

7. If there are more digits to subtract, go to step 2. Otherwise, stop.
Example:
Perform the decimal subtraction:

4358D
-1362D

2996D
1. Set carry = 1.
2.  Load accumulator with 99H.
3.  Add zero with carry to the accumulator, producing 9AH.
Accumulator = 10011001B

=00000000B
Carry = 1

10011010B = 9AH
4,  Subtract the subtrahend digits 62 from the accumulator.

Accumutator = 10011010B
2 = 100111108

1]00111000B
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5. Add the minuend digits 58 to the accumulator.

Accumulator = 001110008
58 = 010110008

/Q 100100008 = 90H
Carry = 0

6. DAA converts accumulator to 96 (since Auxiliary Carry = 1) and leaves carry flag = 0
indicating that a borrow occurred.

Auxiliary Carry = 1

7. Load accumulator with 99H.
8.  Add zero with carry to accumulator, leaving accumulator = 99H.
9. Subtract the subtrahend digits 13 from the accumulator.

Accumulator = 10011001B
T3=11101101B

11 100001108
10. Add the minuend digits 43 to the accumulator.

Accumulator = 10000110B
43 = 01000011B

/g 1100&18 = C9H

Carry =0 Auxiliary Carry = 0
11.  DAA converts accumulator to 29 and sets the carry flag = 1, indicating no borrow occurred.
Therefore, the result of subtracting 1362 from 4358 is 2996.
The following subroutine will subtract one 16-digit decimal number from another using the following assumptions:
The minuend is stored least significant (2) digits first beginning at location MINU,
The subtrahend is stored least significant (2) digits first beginning at location SBTRA.

The result will be stored least significant (2) digits first, replacing the minuend.
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Label

DSUB:

LOOP:

DONE:

Code

LXI1
LXI

MVi

STC

mvi

ACI
SUB

XCHG

ADD
DAA

MOV
XCHG

DCR
JZ
INX
INX

JMP
NOP

Chapter 6. Programming Techniques

Operand Comment

D,MINU ;D AND E ADDRESS MINUEND

H,SBTRA ;H AND L ADDRESS SUBTRA-
;HEND

C8 ;EACH LOOP SUBTRACTS 2

;DIGITS (ONE BYTE),
;THEREFORE PROGRAM WILL
;SUBTRACT 16 DIGITS.

;SET CARRY INDICATING

;NO BORROW
A99H ;LOAD ACCUMULATOR
WITH 99H.
0 ;ADD ZERO WITH CARRY
M ;PRODUCE COMPLEMENT

;OF SUBTRAHEND
;SWITCH D AND E WITH

;HAND L
M ;ADD MINUEND
;DECIMAL ADJUST
;ACCUMULATOR
M,A ;STORE RESULT

;RESWITCH D AND E
WITH H AND L

C ;DONE IFC =0
DONE
D ;ADDRESS NEXT BYTE
;OF MINUEND
H ;ADDRESS NEXT BYTE
;OF SUBTRAHEND
LOOP ;GET NEXT 2 DECIMAL DIGITS






7. INTERRUPTS

INTERRUPT CONCEPTS

The following is a general description of interrupt handling and applies to both the 8080 and 8085 processors.
However, the 8085 processor has some additional hardware features for interrupt handling. For more infor-
mation on these features, see the description of the 8085 processor in Chapter 1 and the descriptions of the
RIM, SIM, and RST instructions in Chapter 3.

Often, events occur external to the central processing unit which require immediate action by the CPU. For
example, suppose a device is sending a string of 80 characters to the CPU, one at a time, at fixed intervals.
There are two ways to handle such a situation:

A.

A program could be written which accepts the first character, waits until the next character is
ready (e.g., executes a timeout by incrementing a sufficiently large counter), then accepts the
next character, and proceeds in this fashion until the entire 80 character string has been received.

This method is referred to as programmed Input/Output.

The device controller could interrupt the CPU when a character is ready to be input, forcing a
branch from the executing program to a special interrupt service routine.

The interrupt sequence may be illustrated as follows:

INTERRUPT
Normal - Program _
Program i Execution
Execution Continues

Interrupt Service
Routine

7-1
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The 8080 contains a bit named INTE whnich may be set or reset by the instructions EI and DI described in
Chapter 3. Whenever INTE is equal to 0, the entire interrupt handling system is disabled, and no interrupts
will be accepted.
When the 8080 recognizes an interrupt request from an external device, the following actions occur:

1. The instruction currently being executed is completed.

2. The interrupt enable bit, INTE, is reset = 0.

3. The interrupting device supplies, via hardware, one instruction which the CPU executes. This
instruction does not appear anywhere in memory, and the programmer has no control over it,
since it is a function of the interrupting device’s controller design. The program counter is not
incremented before this instruction.

The instruction supplied by the interrupting device is normally an RST instruction (see Chapter 3), since this
is an efficient one byte call to one of 8 eight-byte subroutines located in the first 64 words of memory. For
instance, the device may supply the instruction:

RST OH

with each input interrupt. Then the subroutine which processes data transmitted from the device to the CPU
will be called into execution via an eight-byte instruction sequence at memory locations 0000H to 0007H.

A digital input device may supply the instruction:
RST 1H

Then the subroutine that processes the digital input signals will be called via a sequence of instructions
occupying memory locations 0008H to 000FH.

Device ‘a’ Transfers L ¢
control to Beglnnlr-1g 0
—= (0000 subroutine for
supplies RST OH 0007 device ‘a’
. Transfers o
Device ‘b control to Beginning of
> 0008 subroutine for
supplies RST 1H 000F device ‘b’
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Transfers L
e Gy control to 0038 Beginning of
Device ‘x > subroutine for
supplies RST 7H 003F device ‘x’

Note that any of these 8-byte subroutines may in turn call longer subroutines to process the interrupt, if
necessary.

Any device may supply an RST instruction (and indeed may supply any one-byte 8080 instruction).

The following is an example of an Interrupt sequence:

ARBITRARY
MEMORY ADDRESS INSTRUCTION
3CoB MOV CB ————— ¢ Interrupt from Device 1 A
——» 3C0C MOV EA
Device 1 supplies
RST OH
Program Counter =
3COC pushed onto B
the stack.
Control transferred to
to 0000
0000 Instruction 1
Instruction 2
RET ¥
Stack popped into C
program counter

Device 1 signals an interrupt as the CPU is executing the instruction at 3COB. This instruction is completed.
The program counter remains set to 3COC, and the instruction RST OH supplied by device 1 is executed.
Since this is a call to location zero, 3COC is pushed onto the stack and program control is transferred to
location 0000H. (This subroutine may perform jumps, calls, or any other operation.) When the RETURN is
executed, address 3COC is popped off the stack and replaces the contents of the program counter, causing
execution to continue at this point.

73
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WRITING INTERRUPT SUBROUTINES

74

In general, any registers or condition bits changed by an interrupt subroutine must be restored before returning
to the interrupted program, or errors will occur.

For example, suppose a program is interrupted just prior to the instruction:
JC LOC .

and the carry bit equals 1. If the interrupt subroutine happens to reset the carry bit before returning to the
interrupted program, the jump to LOC which should have occurred will not, causing the interrupted program
to produce erroneous results.

Like any other subroutine then, any interrupt subroutine should save at least the condition bits and restore them
before performing a RETURN operation. (The obvious and most convenient way to do this is to save the data
in the stack, using PUSH and POP operations.)

Further, the interrupt enable system is automatically disabled whenever an interrupt is acknowledged. Except in
special cases, therefore, an interrupt subroutine should include an El instruction somewhere to permit detection
and handling of future interrupts. One instruction after an El is executed, the interrupt subroutine may itself be
interrupted. This process may continue to any level, but as long as all pertinent data are saved and restored,
correct program execution will continue automatically.

A typical interrupt subroutine, then, could appear as follows:

Code Operand Comment
PUSH PSW ;SAVE CONDITION BITS AND ACCUMULATOR

El ;RE-ENABLE INTERRUPTS
;PERFORM NECESSARY ACTIONS TO SERVICE
;THE INTERRUPT

POP PSW ;RESTORE MACHINE STATUS
RET ;RETURN TO INTERRUPTED PROGRAM



APPENDIX A. INSTRUCTION SUMMARY

This appendix summarizes the bit patterns and number of time states associated with every 8080 CPU
instruction. The instructions are listed in both mnemonic (alphabetical) and operation code (numerical)
sequence.

When using this summary, note the following symbology.

DDD represents a destination register. SSS represents a source register. Both DDD and SSS are interpreted
as follows:

DDD or SSS Interpretation

000 Register B

001 Register C

010 Register D

011 Register E

100 Register H

101 Register L

110 A memory register or stack pointer or PSW

(flags + accumulator)
111 The accumulator

Instruction execution time equals number of time periods multiplied by the duration of a time period.

A time period may vary from 480 nanoseconds to 2 microseconds on the 8080 or 320 nanoseconds to 2
microseconds on the 8085. Where two numbers of time periods are shown (eq.5/11), it means that the
smaller number of time periods is required if a condition is not met, and the larger number of time periods
is required if the condition is met.

NUMBER OF TIME PERIODS

MNEMONIC Dy D¢ Dsg Dy Dy D, D4 Dg

8080 8085
CALL 1 1 0 0 1 1 0 1 17 18
CC 1 i 0 1 1 1 0 0 11/17 9/18
CNC 1 1 0 1 0 1 0 0 11/17 9/18
Ccz 1 i 0 0 1 1 0 0 11/17 9/18
CNZ 1 1 0 0 0 1 0 0 117 9/18
Ccp 1 1 1 1 0 1 0 0 1N17 9/18
M 1 1 1 1 1 1 0 0 1/17 9/18
CPE 1 1 1 0 1 1 0 0 1117 9/17
CPO 1 1 1 0 0 1 0 0 1117 9/18
RET 1 1 0 0 1 0 0 1 10 10
RC 1 1 0 1 1 0 0 0 5011 6/12
RNC 1 1 0 1 0 0 0 0 511 6/12
RZ i 1 0 0 1 0 0 0 5/11 6/12

ALL MNEMONICS®© 1974, 1975, 1976, 1977 INTEL CORPORATION
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Appendix A. Instruction Summary

NUMBER OF TIME PERIODS
MNEMONIC | D; | Dg| Ds| Dy | D3 | Dy | Dy | Dy 8080 | 8085
RNZ 1 1 0 0 0 0 0 0 511 6/12
RP 1 1 1 1 0 0 0 0 5/11 6/12
RM 1 1 1 1 1 0 0 0 5/11 6/12
RPE 1 1 1 0 1 0 0 0 5/ 6/12
RPO 1 1 1 0 0 0 0 0 511 6/12
RST 1 1 A A A 1 1 1 1 12
IN 1 1 0 1 1 0 1 1 10 10
ouT 1 1 0 1 0 0 1 1 10 10
LXI B 0 0 0 0 0 0 0 1 10 10
LXI D 0 0 0 1 0 0 0 1 10 10
LXI H 0 0 1 0 0 0 0 1 10 10
LXI SP 0 0 1 1 0 0 0 1 10 10
PUSH B 1 1 0 0 0 1 0 1 } 12
PUSH D 1 1 0 1 0 1 0 1 1 12
PUSH H 1 1 1 0 0 1 0 1 1 12
PUSH PSW | 1 1 1 1 0 1 0 1 1 12
POP B 1 1 0 0 0 0 0 1 10 10
POP D 1 1 0 1 0 0 0 1 10 10
POP H 1 1 1 0 0 0 0 1 10 10
POP PSW 1 1 1 1 0 0 o | -1 10 10
STA 0 0 1 1 0 0 1 0 13 13
LDA 0 0 1 1 1 0 1 0 13 13
XCHG 1 1 1 0 1 0 1 1 4 4
XTHL 1 1 1 0 0 0 1 1 18 16
SPHL 1 1 1 1 1 0 0 1 5 6
PCHL 1 1 1 0 1 0 0 1 5 6
DAD B 0 0 0 0 1 0 0 1 10 10
DAD D 0 0 0 1 1 0 0 1 10 10
DAD H 0 0 1 0 1 0 0 1 10 10
DAD SP 0 0 1 1 1 0 0 1 10 10
STAX B 0 0 0 0 0 0 1 0 7 7
STAX D 0 0 0 1 0 0 1 0 7 7
LDAX B 0 0 0 0 1 0 1 0 7 7
LDAX D 0 0 0 1 1 0 1 0 7 7
INX B 0 0 0 0 0 0 1 1 5 6
INX D 0 0 0 1 0 0 1 1 5 6
INX H 0 0 1 0 0 0 1 1 5 6
INX SP 0 0 1 1 0 0 1 1 5 6
MOV ri,ry | 0O 1 D D D s s s 5 4
MOV M, 0 1 1 1 0 S s s 7 7
MOV r,M 0 1 D D D 1 1 0 7 7
HLT 0 1 1 1 0 1 1 0 7 5
MVI r 0 0 D D D 1 1 0 7 7
MVI M 0 0 1 1 0 1 1 0 10 10
INR 0 0 D D D 1 0 0 5 4
DCR 0 0 D D D 1 0 1 5 4

ALL MNEMONICS © 1974, 1975, 1976, 1977 INTEL CORPORATION
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NUMBER OF TIME PERIODS
MNEMONIC | D; | Dg | Ds | Dy | D3 | Dy | Dy | D
8080 [ 8085

CMA 0 0 1 0 1 1 1 1 4 4
sTC 0 0 1 1 0 1 1 1 4 4
cMe 0 0 1 1 1 1 1 1 4 4
DAA 0 0 1 0 0 1 1 1 4 4
SHLD 0 0 1 0 0 0 1 0 16 16
LHLD 0 0 1 0 1 0 1 0 16 16
RIM 0 0 1 0 0 0 0 0 - 4
SIM 0 0 1 1 0 0 0 0 - 4
El 1 1 1 1 1 0 1 1 4 4
DI 1 1 1 1 0 0 1 1 4 4
NOP 0 0 0 0 0 0 0 0 4 4
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The following is a summary of the instruction set:
8080/85 CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE

oP oP op oP opP oP

CODE| MNEMONIC [CODLE| MNEMONIC [CODE| MNEMONIC| [CODE| MNEMONIC|CODE|MNEMONIC|CODE| MNEMONIC
00 NOP 2B DCX H 56 MOV DM 81 ADD C AC XRA H D7 RST 2
0l LXI B,D16 2C INR L 57 MOV DA 82 ADD D AD | XRA L D8 RC
02 STAX B 2D DCR L 58 MOV E.B 83 ADD E AE XRA M D9 | -
03 INX B 2E MVI L,D8 59 MOV EC 84 ADD H AF XRA A DA | JC Adr
04 INR B 2F CMA 5A MOV E,D 85 ADD L BO ORA B DB IN D
05 DCR B 30 SIM 5B MOV EE 86 ADD M B1 ORA C DC | CC Adr
06 MVI B,D8 31 LXlI SPD16| 5C MOV EH 87 ADD A B2 ORA D DD
07 RLC 32 STA Adr 5D MOV E,L 88 ADC B B3 ORA E DE | SBI D8
08 B 33 INX SP SE MOV EM 89 ADC C B4 ORA H DF RST 3
09 DAD B 34 INR M 5F MOV EA 8A ADC D BS ORA L EO RPO
0A LDAXB 35 DCR M 60 MOV H,B 8B ADC E B6 ORA M E1l POP H
0B DCX B 36 MVI M,D8 61 MOV H,C 8C ADC H B7 ORA A E2 JPO  Adr
oC INR C 37 STC 62 MOV H,D 8D ADC L B8 CMP B E3 XTHL
0D DCR C 38 — 63 MOV H.,E 8E ADC M B9 CMP C E4 CPO  Adr
OE MVI C,D8 39 DAD SP 64 MOV HH 8F ADC A BA | CMP D ES PUSH H
OF RRC 3A LDA Adr 65 MOV H,L 8G suB B BB CMP E E6 ANI D8
10 - 3B DCX SP 66 MOV HM 91 SUB C BC CMP H E7 RST 4
11 LXlI D,D16 3C INR A 67 MOV H,A 92 SUB D BD | CMP L E8 RPE
12 STAX D 3D DCR A 68 MOV L,B 93 | SUB E BE CMP M E9 PCHL
13 INX D 3E MVI A,D8 69 MOV L.C 94 SUB H BF CMP A EA JPE  Adr
14 INR D 3F CcMC 6A MOV L,D 95 SUB L Cco RNZ EB XCHG
15 DCR D 40 MOV BB 6B MOV L,E 96 SUB M C1 POP B EC CPE Adr
16 MVvlL D,D8 41 MOV B,C 6C MOV L H 97 SUB A C2 JNZ Adr| ED | —
17 RAL 42 MOV B,D 6D MOV L,L 98 SBB B C3 JMP  Adr | EE XR1 D8
18 — 43 MOV B,E 6E MOV Lt M 99 SBB C C4 CNZ Adr | EF RST 5
19 DAD D 44 MOV B,H 6F MOV LA 9A SBB D [8) PUSH B FO RP
1A LDAXD 45 MOV B,L 70 MOV M,B 9B SBB E C6 ADl D8 Fl1 POP PSW
1B DCX D 46 MOV BM 71 MOV M,C 9C SBB H Cc7 RST O F2 P Adr
1C INR E 47 MOV B,A 72 MOV M,D 9D SBB L Cc8 RZ F3 D!
1D DRC E 48 MOV C,B 73 MOV ME 9E SBB M Cc9 RET Adr| F4 cpP Adr
1E MVI  E,D8 49 MOV C,C 74 MOV M H 9F SBB A CA | JZ F5 PUSH PSW
1F RAR 4A MOV C,D 75 MOV M,L A0 ANA B cB e F6 ORI D8
20 RIM 4B MOV CE 76 HLT Al ANA C CcC (ov4 Adr | F7 RST 6
21 LXI H,D16 | 4C MOV CH 77 MOV M,A A2 ANA D CD | CALL Adr| F8 RM
22 SHLD Adr 4D MOV C,L 78 MOV A B A3 ANA E CE ACI D8 F9 SPHL
23 INX H 4E MOV CM 79 MOV AC A4 ANA H CF | RST 1 FA M Adr
24 INR H 4F MOV C,A TA MOV A,D AS ANA L DO RNC FB El
25 DCR H 50 MOV D,B 7B MOV ALE A6 ANA M D1 POP D FC CM  Adr
26 MVI H,D8 51 MOV D,C 7C MOV A H A7 ANA A D2 JNC Adr| FD | —
27 DAA 52 MOV D,D 7D MOV AL A8 XRA B D3 OuUT D8 FE CPl D8
28 — 53 MOV D,E 7E MOV A M A9 XRA C D4 CNC Adr | FF RST 7
29 DAD H 54 MOV D,H 7F MOV AA AA| XRA D D5 PUSH D
2A LHLD Adr 55 MOV D,L . 80 ADD B AB XRA E D6 SUI D8
D8 = constant, orlogical/arithmetic expression that evaluates D16 = constant, or logical/arithmetic expression that evaluates

to an 8 bit data quantity. to a 16 bit data quantity

Adr = 16-bit address

ALL MNEMONICS © 1974, 1975, 1976, 1977 INTEL CORPORATION
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In

struction Set Guide

The following is a summary of the instruction set:

Instruction Summary

ADD ADI
ADC ACI
SuUB SUl
SBB REGMg SBI Dg
ANA ANI
XRA XRI1
ORA ORI
CMP CPl
RLC RAL RRC
RAR CMA DAA
INR
DCR} REGMg
ACCUMULATOR]  FLAGS m)c( eMC HIGH LOW
MOV REGMg,REGMg| B | C IDCX} REG; SPHL»{ STACK | POINTER |e——
DAD T
| D | E I~ PCHL»{ PROGRAM | COUNTER |=RST
LXI REG,,,D XCHG \ +
16 16[ H L -
— |
JMP CALL RET
JC JNC CC CNC RC RNC
— XTHL— jz JNz| , €z cNz| o Rz RNZ|[
P M 16 cp cMm 16 RP RM 16
JPE JPO CPE CPO RPE RPO
LHLD} A l I
INP ouT P
STHD J ™6 8 8 CONTROL
LDAX} BC,DE INSTRUCTIONS
STAX MEMORY INPUT OUTPUT
PORTS PORTS RST
LDA A NOP
STA 16 HLT
El
MVI D8 DI
MOV REGMg,REGMg F————— = ———+ PUSH
8 8 STACK B,D,H,PSW SIML 5085 ONLY
POP RIM
CODE MEANING
REGM8 The operand may specify one of the 8-bit registers A,B,C,D,E,H, or L or M (a memaory
refercnce via the 16-bit address in the H and L registers). The MOV instruction, which
calls for two operands, can specify M for only one of its operands.
DS Designates 8-bit immediate operand.
A1 6 Designates a 16-bit address.
P8 Designates an 8-bit port number.
REG ¢ Designates a 16-bit register pair (B&C,D&E H&L,or SP).
D16 Designates a 16 -bit immediate opcrand.
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APPENDIX B. ASSEMBLER DIRECTIVE SUMMARY

Assembler directives are summarized alphabetically in this appendix. The following terms are used to describe
the contents of directive fields.

NOTATION

Term Interpretation

Expression Numerical expression evaluated during assembly; must evaluate
to 8 or 16 bits depending on directive issued.

List Series of symbolic values or expressions, separated by commas.
Name Symbol name terminated by a space.

Null Field must be empty or an error results.

Oplab Optional label; must be terminated by a colon.

Parameter Dummy parameters are symbols holding the place of actual

parameters {(symbolic values or expressions) specified elsewhere
in the program.

String Series of any ASCII characters, surrounded by single quote marks.
Single quote within string is shown as two consecutive single quotes.

Text Series of ASCII characters.

Macro definitions and calls allow the use of the special characters listed below.

Character Function
& Ampersand. Used to concatenate symbols.
O Angle brackets. Used to delimit text, such as lists, that contain

other delimiters.

5 Double semicolon. Used before a comment in a macro definition
to prevent inclusion of the comment in each macro expansion.

Exclamation point (escape character). Placed before a delimiter
to be passed as a literal in an actual parameter. To pass a literal
exclamation point, issue ‘1.’

% Percent sign. Precedes actual parameters to be cvaluated immediately
when the macro is called.
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Appendix B. Assembler Directive Summary

SUMMARY OF DIRECTIVES

FORMAT FUNCTION

Label Opcode Operand(s)

oplab: DB exp(s) or string(s) Define 8-bit data byte(s). Expressions must evaluate
to one byte.

oplab: DS expression Reserve data storage area of specified length.

oplab: DW exp(s) or string(s) Define 16-bit data word(s). Strings limited to 1-2
characters.

oplab: ELSE null Conditional assembly. Code between ELSE and

ENDIF directives is assembled if expression in IF
clause is FALSE. (See IF.)

oplab: END expression Terminate assembler pass. Must be last statement of
program. Program execution starts at ‘exp,’ if present;
otherwise, at location 0.

oplab: ENDIF null Terminate conditional assembly block.

name EQU expression Define symbol ‘name’ with value ‘exp.’ Symbol is not
redefinable.

oplab: IF expression Assemble code between IF and following ELSE or

ENDIF directive if ‘exp’ is true.
oplab: ORG expression Set location counter to ‘expression.’

name SET expression Define symbol ‘name’ with value ‘expression.’
Symbol can be redefined.

MACRO DIRECTIVES

FORMAT FUNCTION
Label Opcode Operand(s)
null ENDM null Terminate macro definition.
oplab: EXITM null Alternate terminator of macro definition. (See ENDM.)
oplab: IRP dummy param (list> Repeat instruction sequence, substituting one character

form ‘list’ for ‘dummy param’ in each iteration.

ALL MNEMONICS©1974, 1975, 1976, 1977 INTEL CORPORATION
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Label

oplab:

nufl

name

oplab:

FORMAT

Opcode

IRPC

LOCAL

MACRO

REPT

RELOCATION DIRECTIVES

Label

oplab:

oplab:

oplab:

oplab:

oplab:

oplab:

oplab:

FORMAT

Opcode

ASEG

CSEG

DSEG

EXTRN

NAME

PUBLIC

STKLN

Operand(s)

dummy param,text

label name(s)

dummy param(s)

expression

Operand(s)

null

boundary specification

boundary specification

name(s)

module—name

name(s)

expression

Appendix B. Assembler Directive Summary

FUNCTION

Repeat instruction sequence, substituting one
character from ‘text’ for ‘dummy param’ in each
iteration.

Specify label(s) in macro definition to have local
scope.

Define macro ‘name’ and dummy parameter(s) to be
used in macro definition.

Repeat REPT block ‘expression’ times.

FUNCTION

Assemble subsequent instructions and data in the
absolute mode.

Assemble subsequent instructions and data in the
relocatable mode using the code location counter.

Assemble subsequent instructions and data in the
relocatable mode using the data location counter.

Identify symbols used in this program module but
defined in a different module.

Assigns a name to the program module.

ldentify symbols defined in this module that are to
be available to other modules.

Specify the number of bytes to be reserved for the
stack for this module.

ALL MNEMONICS®©1974, 1975, 1976, 1977 INTEL CORPORATION
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APPENDIX C. ASCII CHARACTER SET

(parity bit) always reset.

ASCII CODES
The 8080 and 8085 usc the seven-bit ASCII code, with the high-order eighth bit

GRAPHIC OR
CONTROL

NUL
SOH

STX

ETX

EOT

ENQ

ACK

BEL

BS

HT

LF

VT

FF

CR

SO

Sl

DLE

DC1 (X-ON)
DC2 (TAPE)
DC3 (X-OFF)
DC4 (FARE)
NAK

SYN

ETB

CAN

EM

SUB

ESC

FS

GS

RS

uSs

sp

!

#
$

ASCllI
(HEXADECIMAL)

00
01
02
03
04
05
06
07
08
09
0A
08
oC
0D
OE
OF
10
1
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27
28
29
2A

GRAPHIC OR
CONTROL

+

’

O ONOOOPd WN-= O~

CHYDIOOVOZErR-S-"IOTNMMOTOTWWDPE ™YY I A

ASClI
(HEXADECIMAL)

2B
2C
2D
2E
2F
30
31

32
33
34

35
36
37
38
39
3A
3B
3C
3D
3E
3F
40
41

42
43
44
45
46
47

48
49
4A
4B
4C
4D
4E
4F
50
51

52
53
54
55

GRAPHIC OR

ASCIlI

CONTROL (HEXADECIMAL)

a
b
c
d
e
f
g9
h
|

l

~

|
m
n
o]
p
q
r
S
t
u
\Y
w
X
Yy
z
'
|
'\ (ALT MODE)

~

DEL (RUB OUT)

56
57
58
59
5A
58
5C
5D
5E
5F
60
61
62
63
64
65
66
67
68
69
6A
68
6C
6D
6E
6F
70
71
72
73
74
75
76
77
78
79
7A
78
7C
7D

-
/

7F

C-1
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

obh N -

18

72
144
288
576

152
305
611
223

LaNn -

D-2

W H N =

17

70
140

281
562
125
251

503
007
014
028

057
115
230
460

921
843
686
372

[+ RN S

17

68
137
274
549

099
199
398
796

592
184
368
737

474
949
899
799

599
199
398
797

594
188
376
752

504
009
018
036

POWERS OF TWO

®bH N=

16

65
131
262
524

048
097
194
388

777
554
108
217

435
870
741
483

967
934
869
738

476
953
906
813

627
255
511
022

044
088
177
355

710
a1
842
685

370
740
481
963

927
855
AR
423

846
693
387
775

096
192
384
768

536
072
144
288

576
152
304
608

216
432
864
728

456
912
824
648

296
592
184
368

736
472
944
888

776
552
104
208

416
832
664
328

656
312
624
248

496
992
984
968

936
872
744
488

976
952
904
808

=

QWL NOUdL WN=0O

PN NN
DA WN

[{e e AN}

N
o

NN
WK~

N
H

NN N
~owm

WWN N
- 00w

WWw
AdWN

ww
~O,

S WwW
o wow

&b b
WA —

o
E~Y

aOnbHbd AHED
0w oo

ago,m
b WwN

oo
o~

[<2 3]
o ©

[ X=X ]
WN =

25
625
812

906
953
976
488

244
122
061
030

015
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

00y
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25

125
562
281

140
070
035
517

268
629
814
907

953
476
238
119

059
029
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25

625
312
156
578

789
394
697
348

674
837
418
209

604
802
901
450

725
862
931
465

232
116

029

014
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25
125

062
531
265
632

316
158
579
289

644
322
161
580

290
645
322
661

830
415
207
103

551
275
637
818

909
454
227
13

056
028
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25
625
812

406
203
101
550

775
387
193
596

298
149
574
287

643
321
660
830

915
957
978
989

494
747
373
686

843
4
210
105

5562
776
888
444

222
11
055
027

013

003
201

000
000
000
000

5

25
125

781

390
695
847
923

461
230
615
307

653
826
913
456

228
614
807
403

701
350
675
837

418
709
854
427

713
356
178
089

044
022
511
755

877
938
469
734

867
433
216
108

25

625
312
656
828

914
957
478
739

869
934
467
733

366
183
oNn
545

772
886
443
721

860
430
715
357

678
839
419
209

604
302
151
575

787
893
446
723

361
680
840
420

25
125

062
031
515
257

628
814
407
703

851
425
712
856

928
464
232
616

808
404
202
601

800
400
700
850

925
462
231
615

807
903
951
475

737
868
434
217

25
625
812

906
453
226
613

806
903
951
475

237
118
059
029

014
007
003
001

500
250
125
062

031
515
257
628

814
907
953
976

988
994
497
248

25

125
562
281

640
320
660
830

915
957
478
739

869
434
717
858

929
464
232
616

308
654
827
913

456
228
614
807

403
201
100
550

25

625
312
156
078

039
519
759
379

689
844
422
711

355
677
338
169

084
042
o2
510

755
377
188
094

547
773
886
443

25
125

062
531
765
882

941
970
485
242

621
810
905
452

726
363
181
590

295

823
411

205
602
80
400

25
625
812

406
703
351
675

337

334
667

333
166
583
79

395
697
848
924

962
981
490
745

5

25

125
562
781

890
945
472
236

618
809
404
702

851
925
962
481

240
120
560
280

25

625
312
656
328
164
082
541
270

135
567
783
391

695
347
173
086

25
125

062
031
015
507

253
676
813
906

953
976
988
994

25
625
812

906
950
476
738

369
684
342
171

5

25

125
562 6
281 25

140 625

570 312 5
285 156 25
142 578 125



72
1 162

23
163
DEO
8AC7

17
281
503
057
921

17
E8
918
S5AF3
8D7E
8652
4578
B6B3
2304

68
099
592
474
599
594
504

16
268
294
719
511
186
976
627
037
606

98

5F5
3B9A
5408
4876
D4AS
4E72
107A
A4C6
6FC1
5D8A
A764
89E8

65
048
777
435
967
476
627
044
710
370
927
846

10

—_

64
3E8
2710
86A0
4240
9680
E100
CA00
E400
E800

A000
4000
8000
0000
0000
0000
0000

16"
1
16
256
096
536
576
216
456
296
736
776
416
656
496
936
976

W N O N d W - O >

— ed e ed ed emd wmd md d b
© 0 N O U & W N = O

Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

POWERS OF 16 (IN BASE 10)

n
0 0.10000
1 0.62500
2 0.39062
3 0.24414
4 0.15258
5 0.95367
6 0.59604
7 0.37252
8 0.23283
9 0.14551
10 0.90949
n 0.56843
12 0.35527
13 0.22204
14 0.13877
15 0.86736

00000
00000
50000
06250
78906
43164
64477
90298
06436
91522
47017
41886
13678
46049
78780
17379

16"

00000
00000
00000
00000
25000
06250
53906
46191
53869
83668
72928
08080
80050
25031
78144
88403

POWERS OF 10 (IN BASE 16)

-n

10
1.0000 0000 0000
0.1999 9999 9999
0.28F5 C28F 5C28
0.4189 3748  C6A7
0.68DB 8BAC 710C
0.A7CS AC47 1B47
0.10C6 F7A0 B5ED
0.1AD7 F29A BCAF
0.2AF3 1DC4 6118
0.448B8 2FA0 9B5A
0.6DF3 7F67 SEF6
O0.AFEB FFOB CB24
0.1197 9981 2DEA
0.1C25 C268 4976
0.2009 3700 4257
0.480E BE78 9D58
0.734A CASF 6226
0.8877 AA32 36A4
0.1272 5DD1 D243
0.1D83 C94F B6D2

0000
999A
F5C3
EFQE
8296
8423
8D37
4858
73BF
52CC
EADF
AAFF
119
81C2
3604
566D
FOAE
B449
ABA1
AC35

00000
00000
00000
00000
00000
00000
25000
40625
62891
51807
23792
14870
09294
30808
56755
54721

X X X X X X X X X X X X X x X X

16"
1672
167°
1674
167°
1673
167°
1677
167%
1677
167°
]6-I0
16—“
16—!2
16-]3
16-]4
16—]4
16-15

X X X X X X X X X X ‘X

X X X X X X X

10
107!
1072
1073
1074
107¢
1077
1078
107°
10—10
10*]2
10—13
10—14
10—]5
10—16
10—]8
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION

The table below provides for direct conversions between hexadecimal integers in the range 0-FFF and decimal integers in the
range 0-4095. For conversion of larger integers, the table values may be added to the following figures:

Hexadecimal Decimal Hexadecimal Decimal

01 000 4 096 20 000 131072

02 000 8192 30 000 196 608

03 000 12 288 40 000 262 144

04 000 16 384 50 000 327 680

05 000 20480 60 000 393 216

06 000 24 576 70 000 458 752

07 000 28 672 80 000 524 288

08 000 32768 90 000 689 824

09 000 36 864 A0 000 655 360

0A 000 40 960 BO 000 720 896

08B 000 45 056 C0 000 786 432

0C 000 49 152 DO 000 851 968

0D 000 53 248 EO0 000 917 504

QOE 000 657 344 FO 000 983 040

OF 000 61440 100 000 1048 576

10 000 65 536 200 000 2097 152

11 000 69 632 300 000 3145 728

12 000 73728 400 000 4 194 304

13 000 77 824 500 000 5242 880

14 000 81920 600 000 6 291 456

15 000 86 016 700 000 7 340 032

16 000 90 112 800 000 8 388 608

17 000 94 208 900 000 9437 184

18 000 98 304 A00 000 10 485 760

19 000 102 400 B0O 000 11 534 336

1A 000 106 496 C00 000 12 582 912

1B 000 110 592 D00 000 13 631 488

1C 000 114 688 EOQO 000 14 680 064

10 000 118 784 FOO 000 16 728 640

1E 000 122 880 1 000 000 16 777 216

1F 000 126 976 2 000 000 33 554 432

0 1 2 3 4 5 6 7 8 9 A B C D E F

000 [ 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015
010 {0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
020 | 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
030 | 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063
040 | 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
050 [ 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
060 | 0036 0097 0098 0099 0100 0101 0102 0103 0104 0105 0!'06 0107 0108 0109 0110 01N
070 (0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
080 {0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
090 {0144 0145 0146 0147 0148 0149 0150 01561 0152 0153 0154 0156 0156 0157 0158 0159
0AO0 (0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0BO | 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191
0CO | 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0DO | 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
0EO0 [ 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
OF0 | 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont'd)

0 1 2 3 4 5 6 7 8 9 A B c D E F
100 | 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
110 | 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287
120 | 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
130 | 0304 0305 0306 0307 - 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
140 | 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0331 0333 0334 0335
150 | 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
160 | 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
170 | 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
180 | 0384 0385 0386 0387 0383 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
190 | 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1A0 | 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
1B0 | 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447
1CO | 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463
1D0 | 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E0 [ 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495
1FO | 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507/ 0508 0509 0510 0511
200 | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
210 { 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
220 | 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
230 | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0675
240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591
250 | 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607
260 | 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623
270 | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
280 | 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655
290 | 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671
2A0 | 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
2B0 | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C0 | 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D0 | 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
2E0 | 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751
2F0 | 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
300 | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
310 | 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
320 | 0800 0301 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
330 | 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831
340 | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847
350 | 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863
360 | 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
370 | 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895
380 | 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 ©0Q08 0909 0910 0911
390 { 0212 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927
3A0 | 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943
380 | 0944 0945 0046 0947 0048 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3C0 | 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
300 | 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991
360 | 0992 0993 0994 0995 (0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F0 | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’'d)

0 1 2 3 4 5 6 7 8 9 A 8 C D E F
400 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
410 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
420 | 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 | 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
440 |1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
450 | 1104 1105 1106 1107 1108 1109 110 1111 1112 1113 1114 1116 1116 1117 1118 1119
460 | 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
470 | 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
480 | 1152 1153 1154 1155 1156 11567 11568 1159 1160 1161 1162 1163 1164 1165 1166 1167
490 [ 1168 1169 1170 11N 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
4A0 | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
480 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 121 1212 1213 1214 1215
4C0 | 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D0 | 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4EQ0 | 1248 1249 1250 1251 1262 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F0 | 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
500 | 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295
510 (1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
520 | 1312 1313 1314 13156 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
530 | 1328 1329 1330 133 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
540 [1344 1345 1346 1347 1348 1349 1350 1351 1362 1363 1354 1355 1356 1357 1358 1359
650 | 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
560 | 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
570 | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
580 | 1408 1409 1410 141 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
590 | 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
5A0 | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
5B0 | 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
5CO | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
5D0 | 1488 1489 1490 149 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
S5EO0 | 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
5F0 | 1620 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1632 1533 1534 1535
600 | 1636 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
610 | 1552 15563 1554 1665 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
620 | 1568 1569 1570 1571 1672 1573 1574 1675 1576 1577 1578 1579 1580 1581 1582 1583
630 | 1584 1585 16586 1587 1688 1589 1580 1591 1692 1593 1594 1595 1596 1597 1598 1599
640 | 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615
650 | 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
660 | 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
670 | 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663
680 | 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
690 (1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6A0 | 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711
6B0 [ 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
6CO | 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
6D0 | 1744 1745 1746 1747 1748 1749 1750 1751 1762 1753 1754 17556 1756 1757 1758 1759
6EO [ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775
6F0 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’d)

0 1 2 3 4 5 6 7 8 9 A B cC D E F
700 {1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
710 | 1808 1809 1810 1811 1812 1813 1814 1816 1816 1817 1818 1819 1820 1821 1822 1823
720 | 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 | 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
740 | 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871
750 | 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
760 | 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
770 | 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
780 | 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 | 1936 1937 1038 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A0 | 1952 1953 1954 1956 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
780 | 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7C0 | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
700 | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
760 | 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F0 | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
800 | 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
810 | 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 | 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095
830 | 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
840 | 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
850 | 2128 2120 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
860 | 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2156 2156 2157 2168 2159
870 | 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
880 | 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191
890 | 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
BAO | 2208 2200 2210 2211 2212 2213 2214 2216 2216 2217 2218 2219 2220 2221 2222 2223
880 | 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8CO | 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255
8D0 | 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
8EQ | 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287
8F0 | 2288 2289 2200 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303
900 | 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
910 | 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2336
920 | 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
930 | 2352 2353 2354 2356 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
940 | 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 | 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
960 | 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
970 | 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
980 | 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
990 | 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
9A0 | 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
9B0 | 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 24965
9CO | 2496 2497 2498 2499 2500 2501 2602 2503 2504 2505 2506 2507 2508 2509 2510 2511
9D0 | 2512 2513 2514 2615 2516 2517 2518 2519 2620 2521 2522 2523 2524 2525 2526 2527
9E0 | 2528 2529 2530 2531 2532 2533 2634 2635 2536 2537 2538 2539 2540 2541 2542 2643
9F0 | 2544 2545 2546 2547 2548 2649 2550 2661 2662 2663 2554 2555 2556 2557 2558 2559
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Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’d)

0 1 2 3 4 5 6 7 8 9 A 8 C D E F

AO0 | 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575
A10 | 2576 2577 2578 2579 2580 2581 2682 2583 2584 2585 2586 2587 2588 2589 2590 2591
A20 | 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A30 | 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A40 | 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
A50 | 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
AB0 | 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
A70 | 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
AB80 | 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
AS0 | 2704 2705 2706 2707 2708 2709 2710 2711t 2712 2713 2714 2715 2716 2717 2718 2719
AAOQ | 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
ABO | 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 275t
ACO | 2752 2753 2754 2755 2756 2757 2758 2759 2760 4761 2762 2763 2764 2765 2766 2767
ADO | 2768 2769 2770 277 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AEOQ | 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AFO | 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BOO | 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
B10 | 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
B20 | 2848 2849 2850 3851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863
B30 | 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879
B40 | 2880 2881 2882 12883 2884 2885 2866 2887 2888 2889 2890 2891 2892 2893 2894 2895
B50 | 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B60 | 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927
B70 | 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940, 2941 2942 2943
B8O | 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959
B90O | 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975
BAO | 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991

BBO | 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007
BCO | 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023
BDO | 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BEO | 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BFO | 3056 3057 3038 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071

C00 | 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
C10 | 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C20 | 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119
C30 | 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C40 | 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151

C50 | 3152 3153 3154 3155 3156 3157 3158 3169 3160 3161 3162 3163 3164 3165 3166 3167

C60 | 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C70 | 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C80 | 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
C90 | 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231

CAO | 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247

CBO0 | 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263

CCO | 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CDO | 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295
CEO [ 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311

CFO | 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327




Appendix D. Binary-Decimal-Hexadecimal Conversion Tables

HEXADECIMAL-DECIMAL INTEGER CONVERSION (Cont’'d)

0o 1 2 3 a4 5 8 7 8 9 A B C D E F

DOO | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
D10 | 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3356 3356 3357 3358 3359
D20 [ 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D30 | 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D40 | 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
DSO | 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D60 | 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D70 | 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D8O | 3456 3457 3458 3450 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471
D90 | 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DAO | 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503
DBO | 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DCO | 3520 3521 3522 3523 3524 3626 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535
DDO | 35636 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DEO | 3552 3553 3554 3566 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DFO | 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583
EO0 | 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599
E10 | 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E20 | 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E30 | 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647
E40 | 3648 3649 3650 3651 3652 3653 3654 3656 3656 3657 3658 3659 3660 3661 3662 3663
E50 | 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E60 | 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695
E70 | 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
E80 | 3712 3713 3714 3716 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
E90 | 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EAO | 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EBO | 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775
ECO | 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
EDO | 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EEO | 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EFO | 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FOO | 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F10 | 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F20 | 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887
F30 | 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F40 | 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
FS0 | 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935
FE0 | 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F70 | 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967
FB0 | 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
FO0 | 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999
FAO | 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FBO | 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031
FCO | 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FDO | 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FEO | 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079
| FFO | 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095
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