














































































































































































































































































selnext 
· . , , 

· . , , 
ecnt 

; 
select · . , , 
ccnt 
select · . , , 

ecnt 

· . , , 

; 
endsel · . 1 , 

· . , , 
ccnt 

macro 
generate the next case 
gencase %ccnt,%ecnt 
increment the case element count 
set ecnt+l 
endm 

macro var 
generate case selection code 
set 0 ;;count "selects" 
macro v ;;redefinition of select 
select on v or accumulator contents 
if not nul v 
Ida v ;;load select variable 
endif 
genslxi %ccnt 
mov 
mvi 
dad 
dad 
mov 
inx 

e,a 
d,0 
d 
d 
e,m 
h 
d,m 

;;generate the lxi h,selv# 
;;create double precision 
; ; v in d, e pa i r 
;;single prec index 
;;double orec index 
;;low order branch addr 
;;to high order byte 
;;hiqh order branch index 
;;ready branch address in hI 
;;gone to the proper case 
;;element counter reset 

mov 
xchq 
pchl 
set 
endm 
invoke 
select 
selnext 
endm 

redefined select the first time 
var 

;;automatically select case 0 

macro 
end of select, generate case list 
gencase %ccnt,%ecnt ;;last case 
genslab %ccnt,%ecnt ;;case list 
increment "select" count 
set ccnt+l 
endm 

Figure 49b. Library for SELECT Statement (Con't). 
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CASEO@n: 
statement-set-n 
JMP ENDSO 

SELVO: 
DW 
DW 

DW 
ENDSO: 

CASEO@O 
CASEO@l 

CASEO@n 

Figure 49a contains the label generators GENSLXI (generate SELECT LXI), 
GENCASE (generate case labels, GENELT (generate select vector element), and 
GENSLAB (generate SELECT laben. Figure 49b contains the macro definitions for 
SELNEXT (select next case), SELECT, and ENDSEL. Referring to Figure 49b, the 
SELECT macro begins by zeroing CCNT which counts SELECT-ENDSEL groups and 
then redefines itself, similar to the WHEN and DOWHILE macros. The redefined 
SELECT macro then generates the select vector indexing operation by loading the 
indexing variable, if necessary, and then fetches the specific case address. Note that 
no machine code is generated to check that the indexing variable is within the proper 
range. The PCHL at the end of this code sequence performs the branch to the selected 
case. At the end of the redefined select macro, SELNEXT is invoked automatically 
to delimit the first case in the SELECT group (otherwise SELECT would have to be 
followed immediately by SELNEXT in the user program to generate the proper labels. 
SELECT also zeroes the ECNT variable which counts the cases until ENDSEL is 
encountered. 

SELNEXT, shown at the top of Figure 49b, is invoked by the programmer to 
delimit cases. The GENCASE utility macro is invoked which, in turn, generates a 
JMP instruction for the previous group, if this is not group zero, and then produces 
the appropriate case entry label. SELNEXT also increments the select element counter 
ECNT to accoJJnt for yet another case. 

Upon encountering the ENDSEL, the last macro in Figure 49b, GENCASE is 
again invoked to generate the JMP instruction for the last case. GENSLAB then 
produces the select vector by first generating the SELVn label, followed by a list of 
ECNT DW statements which have the case label addresses as operands. 

Figure 50a gives an example of a simple program which uses two SELECT groups. 
The first SELECT group executes one of five different MVI instructions based upon 
the value of X. The second SELECT group assumes that the 8080 accumulator contains 
the selector index, and executes one of three different MVI instructions. The program 
of Figure 50a is used only to illustrate the generated control structures, and does not 
itself produce any useful values as output. The sorted symbol table shown at the end 
of the listing gives the generated label addresses for the individual cases. 

Figure 50b shows a segment of the previous program with generated macro lines. 
Note the case selection code following "SELECT X" and the selection vector at the 
end of the listing. 

Figure 50c gives a more complete trace of the SELECT-ENDSEL group, showing 
the actions of the macros as they expand for the second SELECT-ENDSEL group of 
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MACLIB SELECT 
0000 SELECT X 
0010 3E00 MVI A,0 
0012 SELNEXT 
0015 3E01 MVI A,I 
0017 SELNEXT 
001A 3E02 MVI A,2 
001C SELNEXT 
001F 3E03 MVI A,3 
0021 SELNEXT 
0024 3E04 MVI A,4 
0026 ENDSEL 

; 
0033 SELECT 
0040 ~600 MVI B,0 
0042 SELNEXT 

I-l 
0045 0601 MVI B,I 

w 0047 SELNEXT 
0 004A 0602 MVI B,2 

004C ENDSEL 
; 

0055 X: DS 1 

0010 CASE0@0 0015 CASE0@1 001A CASE0@2 001F CASE0@3 0024 CASE0@4 
0029 CASE0@5 0040 CASE1@0 0045 CASEl@1 004A CASEl@2 004F CASEl@3 
e033 ENDS0 0055 ENDSI 0029 SELV0 004F SELVI 0055 X 

Figure 50a. Sample Program using SELECT with U_M +S" Options. 



MACLI8 SELECT 
SELECT X 

0000+3A5500 LDA X 
0003+212900 LXI H,SELV0 
0006+5F MOV E,A 
0007+1600 MVI D,0 
0009+19 111\D D 
000A+19 DAD D 
0008+5E MOV E,M 
000C+23 INX H 
000D+56 MOV D,M 
000E+EB XCHG 
000F+E9 PCHL 
0010 3E00 MVI A, eI 

SELNEXT 
0012+C33300 JMP ENDS0 
0015 3E01 MVI A,l 

SELNEXT 
0017+C33300 JMP ENDS0 
001A 3E02 MVI A,2 

SELNEXT 
001C+C33300 JMP ENDS0 
001F 3E03 MVI l\,3 

SELNEXT 
0021+C33300 JMP ENDS0 
0024 3E04 MVI A,4 

ENDSEL 
0026+C33300 JMP ENDS0 
0029+1000 DW CASE0@0 
002B+1500 DW CASE0@1 
eJ02D+1A00 DW CASE0@2 
002F+1F00 DW CASE0@3 
0031+2400 DW CASE0@4 

Figure 50b. Seqment of Fiq 50a with Mnemonics. 
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SELECT 
+ IF NOT NUL 
+ LOA 
+ ENDIF 
+ GENSLXI %CCNT 

0033+214F00 LXI H,SELV1 
+ ENDM 

(indexing code similar to Fig S0b) 

0000+~ ECNT SET " + GENCASE %CCNT,%ECNT 
+ IF o G'f 0 
+ JMP ENDS1 
+ ENDIF 
+ CASEl@0: 
+ ENDM 

0001+i ECNT SET ECNT+1 
+ ENDH 
+ ENDM 

0040 0600 HVI B,a 
SELNEXT 

+ GENCASE % CCNT , % ECNT 
+ IF 1 GT 0 

0042+C35500 JMP ENDS1 
+ ENDIF 
+ CASE1@1: 
+ ENDr·l 

0B02+i ECN'f SET ECNT+1 
+ ENDM 

(remaining cases are similar) 

ENDSEL 
+ GENS LAB %CCNT,%ECNT 
+ SELV1: 

'HHH}+~ ECNT SET " + REPT 3 
+ GENELT 1,%ECNT 
+ ECNT SET ECNT+1 
+ ENDH 
+ GENELT 1,%ECNT 

004F+4000 m'l CASE1@0 
+ ENDM 

0001+* ECNT SET ECNT+1 
+ GENELT 1,%ECNT 

0051+450e OW CASE1@1 
+ ENDM 

0002+# ECNT SET ECN'f+l 
+ GENEL'l' 1, %ECNT 

00S3+4AaO OW CASEl@2 
+ ENDr1 

0003+i ECN'l' SET ECNT+l 
+ ENOM 
+ ENDS1 : 
+ ENOM 

0002+# CCNT SET CCNT+l 
+ ENOM 

Figure SOc. Segment of Fig Sea with "+M" Option. 
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Figure 50a. The listing has been edited to remove the case selection code, which is 
listed in Figure 50b, as well as the code generated for case number 2. Figure 50c 
should be cross-referenced with the SELECT macro library given in Figures 49a and 
49b if confusion remains as to the actions of these macros. 

It is now possible to show a complete program which uses the WHEN, DOWHILE, 
and SELECT groups. Figure 51 shows a program which is similar in function to a 
more compli cated program which interacts with the console in executing single character 
input commands. In fact, the two CP 1M programs ED and DDT both take this general 
form (see the ED and DDT Users Guides for details). That is, a single letter is used 
to select a single action which may correspond to an edit request in the ED program, 
or a debug request in DDT. Upon completion of each command, control returns back 
to the main loop to accept another single letter com mand. 

The program given in Figure 51 begins by loading the macro definitions for the 
SIMPIO, NCOMPARE, WHEN, DOWHILE, and SELECT operations. Several messages 
are then sent to the console device, folJowed by a single DOWHILE-ENDDO group 
which encompasses nearly the entire program. The DOWHILE group is controlled by 
the X,NEQ, %'DT test and thus continues to loop while the X character is not the letter 
D. On each iteration of the DOWHILE group, a single letter is read from the console 
and converted to upper case, if necessary. In order to ensure that the letter is in 
the proper range of values, two WHEN groups follow which convert illegal values to 
the letter E, which will subsequently produce an error response. 

Following the WHEN tests in Figure 51, the character must be in the range 'A' 
through TE'. Before indexing into the SELECT group, this value is "normalized" to the 
absolute value 0 through 4 corresponding to each of the possible values. The SELECT 
statement uses the value in the accumulator to select one of the five cases, producing 
the appropriate response to the letters A through D, or an error response for the last 
case. Upon completion of the SELECT group, control returns to the DOWHILE where 
the last character typed is tested against the letter D. If X is not equal to the letter 
D, the iteration continues. Otherwise, the DOWHILE completes and control returns 
to the console processor. 

The control structures presented in this section are representative of the forms 
which can be implemented. Additional facilities, such as the controlled iteration found 
in Fortran DO loops, or Algol FOR loops can be implemented using essentially the 
same techniques used for the WHEN and DOWHILE. Further, Subroutine parameter 
mechanisms which pass actual values to subroutines for assignment to formal parameters 
can also be defined with macro libraries. Note also that it would be relatively easy 
to include control structures for the stack machine given in the previous section, thus 
allowing machine independent programming of control structures as well as arithmetic 
operations. 
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0100 

0100 
0127 
0150 

0174 
017C 
019C 

01A4 
01AC 3ABF02E65F 
01B4 

01B4 
01BC 3E4532BF02 
01Cl 

01Cl 
01CC 3E4532BF02 
01D1 

01Dl 3ABF02D641 
01D6 
01E3 
0204 
0207 
0228 
022B 
024C 
024F 
0270 
0290 
0293 
02AE 
02BB 

02BE C9 

02BF 00 

· , 
; 

· , 

· , 
X: 

ORG 
MACLIB 
MACLIB 
MACLIB 
MACLIB 
MACLIB 

100H :BEGINNING OF TPA 
SIMPIO ;SIMPLE READ/WRITE 
NCOMPARE:COMPARISON OPS 
WHEN :"WHEN" CONSTRUCT 
DOWHILE :"DOWHILE" CONSTRUCT 
SELECT ;"SELECT n CONSTRUCT 

USING THE CCP'S STACK, READ INPUT 
CHARACTERS, UNTIL A ·Z IS TYPED 
WRITE <SAMPLE CONTROL STRUCTURES> 
WRITE <TYPE SINGLE CHARACTERS FROM> 
WRITE <A TO 0, It'1'LL STOP ON 0> 

DOWHILE X,NEQ,%'D' 
WRITE <TYPE A CHARACTER: > 
READ X 

WHEN X,GEQ,%'A' 
LDA X! ANI 05FH! STA X ;CONV CASE 

ENDW 

WHEN X,LSS,%'A' 
MVI A,'E'! STA X ;SET TO ERROR 

ENDW 

WHEN X,GTR,%'E' 
MVI A,'E'! STA X ;SET TO ERROR 

ENDW 

LDA X! SUI 'A' :NORMALIZE TO 0-4 
SELECT ;BASED ON X IN ACCUM 

WRITE <YOU SELECTED CASE A> 
SELNEXT 
WRITE <YOU SELECTED CASE B> 
SELNEXT 
WRITE <YOU SELECTED CASE C> 
SELNEXT 
WRITE <YOU SELECTED CASE D> 
WRITE <SO I"M GOING BACKi!> 
SELNEXT 
WRITE <BAD CHARACTER> 

ENDSEL 
ENDDO 

RET 

DATA 
DB 

;BACK TO CCP 

AREA 
o :X=00 INITIALLY 

Figure 51. Program using WHEN, DOWHILE, and SELECT. 
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9.4. Operating Systems Interface. 

In a general-purpose computing environment, macros are often used to provide 
systematic and simplified mechanisms for programmatic access to operating system 
functions. Throughout this document, the examples have shown various low-level calls 
to the CP/M operating system which implement function such as single character input, 
single character output, and full message output. In each case, the macros simplify 
the operations by performing the low-level register set-ups and calls which perform 
the function. 

The purpose of this section is to introduce more comprehensive operating system 
interface macros, and specifically show a sample macro library which allows simplified 
diskette file operations for sequential "stream" input/output operations. The principal 
macros of this library which allow file access are listed below: 

FILE 
GET 
PUT 
FINIS 
ERASE 
DIRECT 
RENAME 

- set up a named file for subsequent disk operations 
- read a single character from a specific data source 
- send a character to a specific data destination 
- terminate file access for a specific group of files 
- remove a specific diskette file 
- search for a specific file on the diskette 
- rename a specific diskette file 

Before introducing the macro library which performs these functions, the operation of 
each macro is described, followed by a si mple example. 

The FILE operation takes the form: 

FILE mode,fileid,diskname,filename,filetype,buffsize,buffaddr 

where the individual parameters of the FILE macro describe a particular file to be 
accessed in the program. The parameter values for the FILE macro are: 

mode 

fileid 

diskname 

filename 

filetype 

- in file (input file), 
- out file (output file), 
- set file (set up file name for ancillary functions), 

- file identifier for internal reference throughout 
the program 

- disk drive name (A, B, ... ) containing the file 
being accessed, or empty if the default drive is 
being used 

- the (up to eight character) file name of the diskette 
file being accessed; if "1" or "2" is specified, then 
the first or second default file name is used, 
respectively 

- the (up to three character) file type of the file being 
accessed; if "1" or "2" has been specified· for the 
filename parameter and an empty filetype is given, 
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buffsize 

buffaddr 

then the file type is taken from the selected default 
file name, otherwise the type is set to blanks 

- the size (in bytes) of the buffer area used for this 
file; the value is rounded down to an integral 
multiple of the diskette sector size; if the rounding 
produces a result which is too small, or if the para­
meter is empty, then only one sector is buffered. 

- the address of the buffer area to be used during 
accesses to this file; if empty, then the buffer 
address is assigned automatically 

The FILE statement 

FILE INFILE,ZOT,A,NAMES,DAT 

for example, sets up the file liN AMES.DAT" on diskette drive A for subsequent- access. 
Internal to the program, this file will be referenced by the name ZOT. Further, the 
buffer address is assigned automatically, and the buffer size is set to one sector 
(normally 128 bytes). In general, larger buffers are useful in minimizing rotational 
delay on the diskette due to "missed sectors" during the file operations. If the 
"NAMES.DAT" file does not exist, an error message is sent to the console, and the 
program is aborted. An output file can be created using the statement 

FILE OUTFILE,ZAP ,B,ADDRESS,DAT, 1000 

for example, which creates the file "ADDRESS.DAT" on drive B for subsequent output, 
referenced internally by the name ZAP. In this case, the buffer size is set to 1000 
bytes (rounded down to 7 * 128 = 896 bytes), and the base address of the buffer is 
set automatically. The sample programs show alternative FILE options. 

The GET macro invocation takes the form 

GET device 

where "device" specifies a simple peripheral or a diskette file defined by a previously 
executed FILE statement. The GET statement reads one byte of data into the 8080 
accumulator from the specified device. The possible device names are: 

key 
rdr 
fileid 

- console keyboard input 
- reader device 
- previously defined file identifier given in a FILE statement 

, 
The fonowing GET invocations perform the functions shown to the right below. 

GET KEY - read one keyboard character 
GET RDR - read one reader character (see CP/M Interface and 

Alteration Guides for READER entry point definition) 
GET ZOT - read one character from the file given by the in­

ternal name ZOT (i.e., the NAMES.DAT file if the 
above FILE statement had been executed) 
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The end of data can be detected in two ways: if the file contains character data, 
the end of file is detected by comparing the individual characters with the standard 
CP 1M end of file mark which is a control-Z (hexadecimal 1AH). The GET function 
also returns with the 8080 zero flag set to true if a real end of file is encountered 
so that pure binary files can be read to the end of data. 

The PUT macro performs the opposite function from the GET macro. The PUT 
invocation takes the form: 

PUT device 

where "device" specifies a simple output peripheral or a diskette file defined previously 
using the FILE macro. The possible device names are 

con 
pun 
1st 
fHeid 

- console display device 
- system punch device 
- system listing rlevice 
- previously rlefined output file identifier 

The following PUT invocations perform the functions shown to the right below: 

PUT CON - write the accumulator character to the console 
PUT PUN - write the accumulator charact.er to the punch 
PUT LST - write the accumulator character to the list device 
PUT ZAP - write the accumulator character to the file 

whose internal name is ZAP (i.e., the ADDRESS.DAT 
file in t.he above example) 

Note that the character in the accumulator is preserved during the invocation so that 
it may be involved in further tests or macro invocations following the PUT statement. 

The FINIS statement is usee to close a file or set of files upon completion of 
file access. In the case of an output file, the internaJ buffers are written to disk, 
and the file name is permanently recorded on the diskette for future access. The 
form of the FINIS invocation is 

FINIS filelist 

where "filelist" is a single internal name which appeared previously in a file statement, 
or a list of such file names enclosed within broken left and right brackets, and separated 
by commas. Although it is not necessary to close input files with the FINIS statement, 
it is good practice, since the file close operation may be required on future versions 
of the macro library. An example of the FINIS statement is: 

FINIS ZAP - write all buffers for the ZAP file, a.nd record the 
file in the diskette directory; in the above example, 
the ADDRESS.DA T file is closed. 

The ERASE macro allows programmatic removal of a diskette file given by the 
specified file identifier defined in a previous FILE statement. If the file identifier is 
not used in a GET or PUT statement, then the FILE statement can have the mode 
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"setfile" which requires less program space than an "infile" or "outfile" parameter. 
Specific cases of the ERASE statement will be given in the examples which follow. 
In the simple case 

ERASE ZOT 

however, the file NAMES.DAT would be removed from the diskette, given the previous 
FILE statement which defines ZOT. 

The DffiECT macro is used to search for a specific file on the diskette. Similar 
to t.he ERASE macro, the file identifier must be previously given in a FILE statement 
using one of the three possible file modes. The DIRECT invocation sets the 8080 zero 
flag t.o false if the file is present on the diskette. In both the ERASE and DIRECT 
macros, the file identifiers can reference file names and types with embedded "?" 
characters, similar to the normal CP/M "DIR" command, where the question mark will 
match any character in the file names being scanned. The macro invocation 

DIRECT ZAP 

for example, returns a non-zero flag if the file ADDRESS.DAT is present, and a zero 
flag if the file is not present, given the original FILE statement involving the ZAP 
file identifier. 

The RENAME macro takes the form 

RENAME newfile,oldfile 

where "new file" and "oldfile" are file identifiers which have appeared in previous FILE 
statements. The rename macro changes the file name given by new file to the file 
name given by oldfile. Similar to the ERASE and DIRECT macros, the file identifiers 
"new file" and "oldfile" must appear in previously executed FILE statements, but may 
have a mode of "set file" if they are not used in GET or PUT macros. If the drive 
names for t.he oldfile and newfile differ, then the drive name of the newfile is assumed. 
The sequence of macro invocations 

FINIS 
ERASE 
RENAME 

ZAP 
ZOT 
ZOT,ZAP 

;CLOSE "ZAP" 
;REM OVE "ZOT" 
;CHANGE NAMES 

for example, first closes the ADDRESS.DAT file on drive D, then erases the NAMES.DAT 
file on drive A. The RENAME macro then changes the ADDRESS.DAT file to the 
name NAMES.DAT file on drive A. 

Figure 52 shows the use of the FILE, GET, PUT, and FINIS macros in a working 
program. The purpose of this program is to read an input file, specified at the console 
command processor level as the first file name, and translate each lower case alphabetic 
character to upper case. The output is sent to the file given as the second parameter 
at the command level. Given that this program has been assembled, loaded, and stored 
as "CASE.COM" on the diskette, a typical execution would be 

CASE LOWER.DAT UPPER.DAT 
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01EC 

02EA 
02ED FE1A 
02EF CA0C03 

02F2 FE61 
02F4 DAFE02 
02F7 FE7B 
02F9 D2FE02 

02FC E65F 
02FE 
0306 
0309 C3EA02 

0350 

1270 = 
0370 

· , · , · , 
BOOT 
UCASE 

· , 

· , · , · , 
; 

· , · , · , 

; 

· , 
i 

· , 
i 
; 

ORG 100H 
COpy FILE 1 TO FILE 2, CONVERT 
TO UPPER CASE DURING THE COpy 
AND ECHO TRANSACTION TO CONSOLE 
MACLIB SEQIO ;SEQUENTIAL I/O LIB 
EQU 9000H iSYSTEM REBOOT 
EQU SFH iUPPER CASE BITS 

LXI SP,STACK 
DEFINE SOURCE FILE: 

INFILE = INPUT FILE 
SOURCE = INTERNAL NAME 
(NUL) = DEFAULT DISK 
1 = FIRST DEFAULT NAME 
(NUL) = FIRST DEFAULT TYPE 
2000 = BUFFER SIZE 

FILE INFILE,SOURCE,,1,,2000 

DEFINE DESTINATION FILE: 
OUTFILE = OUTPUT FILE 
DEST = INTERNAL NAME 
(NUL) = DEFAULT DISK 
2 = SECOND DEFAULT NAME 
(NUL) = SECOND DEFAULT TYPE 
2090 = BUFFER SIZE 

FILE OUTFILE,DEST,,2,,2000 

i READ SOURCE FILE, TRANSLATE, WRITE DEST 
CYCLE: GET SOURCE 

CPI EOF iEND OF FILE? 
JZ ENDCOPY iSKIP TO END IF SO 

NOT 
CPI 
JC 
CPI 
JNC 
MASK 
ANI 

END OF FILE, CONVERT TO UPPER CASE 

NOCONV: 

· , 

PUT 
JMP 

ENDCOPY: 

i 

STACK: 

FINIS 
JMP 

DS 

BUFFERS: 
MEMSIZE 

END 

, a ' 

NOCONV 
'z'+l 
NOCONV 

OUT LOWER 
UCASE 
PUT 
DEST 
CYCLE 

DEST 
BOOT 

32 

EQU 

;BELOW LOWER CASE nAil? 
;SKIP IF SO 
:BELOW LOWER CASE uZ .. ? 
:SKIP IF ABOVE 

CASE ALPHA BITS 

CON ;WRITE TO CONSOLE 
;AND TO DESTINATION FILE 
:FOR ANOTHER CHARACTER 

:END OF OUTPUT 
:BACK TO CCP 

;16 LEVEL STACK 

BUFFERS+@NXTB iPROGRAM SIZE 

Figure 52. Lower to Upper Case Conversion Program. 
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which causes the CASE.COM file to be loaded and executed in the transient program 
area. Before execution, the console command processor passes LOWER.DAT as the 
first default file name, and UPPER.DAT as the second file name (see the CP/M 
Interface Guide for exact detai1s). Referring to Figure 52, the CASE program begins 
by intializing the stack pointer to a local stack area in preparation for subsequent 
subroutine calls which occur within the various macros in the SEQIO macro library. 
The first. default file name is then taken as the SOURCE file, as defined in the first 
FILE macro. The second FILE statement assigns the second default file name as an 
output file with the internal name DEST. In both cases, the FILE statements open 
the respective files and initialize the buffer areas consisting of 2000 bytes (rounded 
down to a multiple of the sector size). Note that if the UPPER.DAT file already 
exists, the second file stat.ement removes the existing file and creates a new UPPER.DAT 
file before continuing. In either case, the appropriate error messages will appear at 
the console if the files cannot be accessed or created in the FILE statements. 

The CASE program's main loop is shown in Figure 52 between the CYCLE and 
ENDCOPY labels. Each successive character is read from the SOURCE file (in this 
case, LOWER. DAT) and tested to see if the character is in the range of a lower case 
"a" to lower case "z." If in this range, the character is changed to upper case. At 
the NOCONV label, the (possibly translated) character in the accumulator is sent to 
the console device using the "PUT CON" macro and then sent to the DEST file (in 
this case, UPPER.DAT). Looping continues back to the CYCLE label where another 
character is read and translated. Since the data file is assumed to consist of a stream 
of Ascii characters, the end of file is detected when a control-Z is encountered. When 
this character is found, control transfers to the label ENDCOPY where the DEST file 
is closed using the FINIS macro. Again note that errors in writing or closing the 
D EST file will produce an error message at the console,. and the program execution 
will be aborted immediately. Upon completion of the program, control is returned to 
the console processor through a system reboot (JMP BOOT). 

The SEQIO library macros assume that all file buffers are located at the end 
of the user's program, as shown in Figure 52. In particular, the label BUFFERS must 
nppear as the last label in the user's program, and becomes the base of the buffers 
al10cated automatically in the FILE statements. The actual memory requirements for 
the program can be determined using an "EQU" as shown in Figure 52, with a statement 
of the form 

lVIEMSIZ E EQU BUFFERS+@NXTB 

which produces the equated value 1270H at the left of the listing. In this particular 
case, the memory area beyond 1270H is not used by the program. 

The macro library for SEQIO is shown in Figures 53a, 53b, 53c, 53d, and 53e, 
which constitute the most comprehensive macro library shown in this· manual. The 
particular macro library contains an instance of nearly every macro facility available 
in MAC, and thus it is useful to read and understand the operations contained in the 
listing. The discussion below of SEQIO outlines the general functions of each macro, 
but it is left to the reader to investigate the exact operation of the library. 

The SEQIO segment shown in Figures 53a and 53b contain generally useful 
equates and utility macros. The label FILERR at the beginning becomes the destination 
of transfers upon encountering a file operation error and, since this is a SET statement, 
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sequential file i/o library 

Eilerr set 
@bdos equ 
@tfcb equ 
@tbuf equ 

e00eh 
9geSh 
e0Sch 
908eh 

ireboot after error 
ibdos entry point 
idefault file control block 
idefault buffer address 

I 

@msg 
@opn 
@cls 
@dir 
@del 
@frd 
@fwr 
@mak 
@ren 
@dma 

@sect 
eof 
cr 
If 
tab 
, 

bdos functions 
equ 9 
equ 15 
equ 16 
equ 17 
equ 19 
equ 2e 
equ 21 
equ 22 
equ 23 
equ 26 

equ 128 
equ 1ah 
equ edh 
equ Bah 
equ 99h 

isend message 
:file open 
:file close 
:directory search 
:file delete 
:file read operation 
:file write operation 
:file make 
: file rename 
:set dma address 

:sector size 
:end of file 
:carriage return 
:line feed 
:horizontal tab 

@key equ 
@con equ 
@rdr equ 
@pun equ 
@lst equ 

1 
2 
3 
4 
S 

:keyboard 
:console display 
ireader 
:punch 
i list device 

: keywords for Mfile" macro 
infile equ 1 i input file 
outfile equ 2 ioutputfile 
setfile equ 3 isetup name only 

I 

the following macros define simple sequential 
file operations: 

fillnam macro fc,c 
" fill the file name/type given by fc for c characters 
@cnt set c ; :max length 

@cnt 

irpc ?fc,fc ;ifill each character 
may be end of count or nul name 
if @cnt=0 or nul ?fc 
exitm 
endif 
db 
set 
endm 

• &? FC • 

@cnt-l 

pad remainder 
rept @cnt 
db· •• 
endm 
endm 

: i fill one more 
:idecrement max length 
; ;of irpc ?fc 

;i@cnt is remainder 
:ipad one more blank 
: :of rept 

filldef macro fcb,?fl,?ln 
fill the file name from the default fcb 
for length ?In (9 or 12) 
local psub 
jmp psub i:jump past the subroutine 

@det: i: thl S sUbrout.fil'eITIls from the tfcb i+Ibf 
mov a,m iiget next character to a 
stax d iistore to fcb area 
inx 
inx 
dcr 
jnz 
ret 

, I end of 
psub: 
fiUdef 

I 

lxi 
lxi 
mvi 
call 
endm 
f iUdef 
endm 

h 
d 
c i;count length down to 0 
@def 

fill subroutine 

macro ?fcb,?f,?l 
h~@tfcb+?f i:either @tfcb or ~tfcb+16 
d, ?fcb 
c,?l ::length = 9,12 
@def 

fcb,? fl ,? 1 n 

fillnxt macro 
II initialize buffer and device numbers 
@nxtb set 9 ::next buffer location 
@nxtd set elst+l ::next device number 
fillnxt macro 

endm 
endm 
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fillfcb macro fid,dn,fn,ft,bs,ba 
, , 
, , 
, , 
, , 
, , 
, , 
, , 

@c 

@c 

@c 

@c 

fill the file control block with disk name 
fid is an internal name for the file, 
dn is the drive name (a ,b •• ) , or blank 
fn is the file name, or blank 
ft is the file tYT?e 
bs is the buffer size 
ba is the buffer address 
local pfcb 

set up the file control block for the file 
look for file name = 1 or 2 
set 1 ;;assume true to begin with 
irpc ?c,fn 7;100k through characters of name 
if not ('S,?C' ::0 'I' or '&?C' = '2 ') 
set S ;;clear. if not 1 or 2 
endm 
@c is 
if 
fill 

true if fn = 1 or 2 at this point 
@c :;then fn = 1 or 2 

from default area 
if 
set 
else 
set 
endif 
filldef 
jmp 
ds 
fillnam 
else 
jmp 
if 
db 
else 
db 
endif 

nul ft ;;type specified? 
12 ;;both name and type 

9 ; ;name only 

fcb&fid,(fn-l)*16,@c lito select the fcb 
pfcb ;;past fcb definition 
@c ;:space for drive/filename/type 
ft,12-@c :;series of db's 

pfcb 
nul dn 
o 

;;past initialized fcb 

;:use default drive if name is zero 

;;use specified drive 

fillnam fn,8 :;fill file name 
now generate the file type with padded blanks 
fillnam ft,3 ;;and three character type 
endif 

fcb&fid equ $-12 770eginning of the fcb 
db 9 7;extent field a9 for setfile 
now define the 3 byte field, and disk map 
ds 29 ;;x,x,rc,dm9 ••• dmlS,cr fields 

if fid&typ<::o2 :;in/outfile 
generate constants for infile/outfile 
fillnxt ;;@nxtb::09 on first call 
if bs+9<@sect 

, , bs not supplied, or too small 
@bs set @sect ;;default to one sector 

else 
, , compute even buffer address 
@bs set (bs/@sect)*@sect 

endif 

now define buffer base address 
if nul ba 

II use next address after @nxtb 
fid&buf set buffers+@nxtb 

count past this buffer 
@nxtb set @nxtb+@bs 

else 
fid&buf 

endif 
, , fid&buf 
fid&adr: 

dw 
, , 
fid&siz 
fid&len: 

dw 
fid&ptr: 

ds 

set ba 

is buffer address 

fid&buf 

equ @bs ; ;literal size 

@bs ; ;buffer size 

2 ;;set in infile/outfile 
, , device number set 

set 
set 
endif 
endm 

@&fid 
@nxtd 

pfcb: 

@nxtd 77next device 
@nxtd+l 
7;of fid&typ<=2 test 
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file 

, , 

macro md,fid,dn,fn,ft,bs,ba 
create file using mode md: 

infile = I input file 
outfile = 2 output file 
setfile = 3 setup fcb 

(see fillfcb for remaining parameters) 
local psub,msg,pmsg 
local pnd,eod,eob,pnc 
construct the file control block 

fid&typ equ md ::set mode for later ref's 
fillfcb fid,dn,fn,ft,bs,ba 
if md=3 ::setup fcb only, so exit 
exitm 
endif 
file control block and related parameters 
are created inline, now create io function 
jmp psub ::past inline subroutine 
if md=l ::input file 

get&fid: 
else 

out&fid: 
. push psw ::save output character 

pnd: 

, , 

, , 

eod: 

emsq: 

endif 
lhld 
xchg 
lhld 
mov 
sub 
mov 
sbb 
jc 
end of 
!xi 
shld 

fid&len ::load current buffer length 
-:-uae 1S length 

fid&ptr ::load next to get/put to hI 
a,l :;compute cur-len 
e 
a,h 
d ;;carry if next<length 
pnc ::carry if len gtr current 

buffer, fill/empty buffers 
h,B 
fid&ptr ::clear next to get/put 

next disk sector: 
: : fid&ptr to de 

process 
xchg 
lhld fid&len :;do not exceed length 

next to fill/empty, hI is max len de is 
mov 
sub 
mov 
sbb 
jnc 
carry 
lhld 
dad 
xchg 
mvi 
call 
lxi 
if 
mvi 
else 
mvi 
endif 
call 
ora 
jnz 

a,e ::compute next-len 
I ::to get carry if more 
a,d 
h :;to fill 
eob 

gen'ed, hence more to fill/empty 
fid&adr ::base of buffers 
d ::hl is next buffer addr 

c,@dma ::set dma address 
@bdos ;;dma address is set 
d,fcb&fid ;:fcb address to de 
md=l ::read buffer function 
c,@frd ::file read function 

c,@fwr ;;file write function 

@bdos ::rd/wr to/from dma address 
a ::check return code 
eod :;end of file/disk? 

not end of file/disk, increment length 
d,@sect ::sector size lxi 

Ihld 
dad 
shld 
jmp 

end 
if 
Ihld 
shld 
else 

fid&ptr ::next to fill 
d 
fid&ptr ::back to memory 
pnd ::process another sector 

of file/disk encountered 
md=l :;input file 
fid&ptr ::length of buffer 
fid&len ::reset length 

fatal error, end of disk 
local 
mvi 
lxi 
call 
pop 
jmp 
db 
db 
db 
er:dif 

emsq 
c ,@msg 
d ,emsq 
@bdos 

: :wr i te the error 

::error to console 
osw ::remove stacked character 
Eilerr ::usually reboots 
cr,lf 
'disk full: &FID' 
's' 
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, , 
eob: 

pnc: 

, , 
psub: 

msg: 

pmsg: 

end of 
lxi 
mvi 
call 
lxi 
shld 

buffer, reset dma and pointer 
d,@tbuf 
c,@dma 
@bdos 
h,3 

-TIO&ptr -: :iiextt'O-- ge-t 

the next character process 
xchg 
lhid 
dad 
xchg 

::index to get/put in de 
fid&adr ::base of buffer 
d ::address of char in hI 

::address of'char in de 
::input processing differs 
::for eof check 

if 
lhld 
mov 
ora 
mvi 
rz 
ldax 
else 

md=l 
fid&len 
a,l 
h 
a,eof 

d 

::30007 

: :end of file? 
::zero flag if so 
;;next char in accum 

store next character from accumulator 
pop psw ;:recall saved char 
stax d ::character in buffer 
endif 
lhld fid&ptr ;:index to get/put 
inx h 
shld fid&ptr ::pointer updated 
return with non zero flag if get 
ret 

:;past inline subroutine 
xra a ::zero to acc 
sta fcb&fid+12 ::clear extent 
sta fcb&fid+32 ;:clear cur rec 
lxi h,fid&siz ::buffer size 
shld fid&len ::set buff len 
if md=l ::input file 
snld fid&ptr ::cause immediate read 
mvi c,@opn ::open file function 
else :;output file 
lxi h,0 ::set next to fill 
shld fid&ptr ::pointer initialized 

c,@del mvi 
lxi 
call 
mvi 
endif 

d,fcb&fid ::delete file 
@bdos ::to clear existing file 
c,@mak ::create a new file 

now open (if input), or make (if output) 
lxi d,fcb&fid 
call @bdos ::open/make ok? 
inr a ;:255 becomes 00 
jnz pmsg 
mvi c ,@msg 
lxi d ,msg 
call @bdos 
jmp filerr 

:;print message function 
::error message 
::printed at console 
::to restart 

db cr,1£ 
if md=l ::input message 
db no &FID file' 
else 
db 
endif 

no dir space: &FID' 

db '$' 

endm 
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I-L 
~ 
U1 

, 
finis 

eob?: 

peof: 

msg: 

pmsg: 

erase 

macro fid 
close the file(s) given by fid 
irp ?f,<fid> 
skip all but output files 
if ?f&typ=2 
local eob?,peof,msg,pmsg 
write all partially filled buffers 
::are we at the end of a buffer? 
lhld ?f&ptr ::next to fill 
mov a,l ::on buffer boundary? 
ani (@sect-l) and ~ffh 
jnz peof ::put eof if not ~~ 
if @sect>255 
check high order byte also 
mov a,h 
ani (@sect-l) shr 8 
jnz peof ::put eof if not ee 
endif 
arrive here if end of buffer, set length 
and write one mOre byte to clear buffs 
shld ?f&len ::set to shorter length 
mvi a,eof ::write another eof 
push psw ::save zero flag 
call put&?f 
pop psw ::recall zero flag 
jnz eob? ::non zero if more 
buffers have been written, close file 
mvi c,@cls 
lxi d,fcb&?f ::ready for call 
call @bdos 

a ::255 if err becomes 00 
pmsg 

inr 
jnz 
file 
mvi 
Ixi 
call 
jmp 
db 
db 
db 

cannot be closed 
c ,@msg 

endif 
endm 
endm 

macro 
delete 
irp 
mvi 
Ixi 
call 
endm 
endm 

d ,msg 
@bdos 
pmsg ::error message printed 
cr,lf 
'cannot close &?F' 
'$ , 

::of the irp 

fid 
the file(s) given by fid 
?f,<fid> 
c,@del 
d,fcb&?f 
@bdos 
::of the irp 

di rect macro fid 
, , 
, , 

perform directory search for file 
sets zero flag if not present 
Ixi 
mvi 
call 
inr 
endm 

d ,fco&fid 
c,@dir 
@bdos 
a :~~ if not present 

rename macro new,old 
:: rename file given by "old" to "new· 

local psub,ren~ 
include the rename subroutine once 
jmp psub 

~rens: ::rename subroutine, hI is address of 
::old feb, de is address of new feb 
push h ::save for rename 
lxi b.16 ::b=~B.e=16 
dad b ::hl = old fcb~16 

rene: ldax d : : new fcb name 
mov m,a ::to old fcb+16 
inx d ::next new char 
inx h ::next feb char 
dcr c ::count down from 16 
jnz ren0 
old name in first half, new in second half 
pop d ::recall base of old name 
mvi c,@ren ::rename function 
call @hdos 
ret ::rename complete 

psub: 
rename macro 

lxi 
Ixi 
call 
endm 
rename 
endm 

n.o ::redefine rename 
h,fcb&o ::old fcb address 
d.fcb&n ::new fcb address 
~rens ::rename subroutine 

new.old 

qet 

put 

macro dev 
read character from device 
if @&dev <= @lst 
simple input 
mvi c,@&dev 
call @bdos 
else 
call get&dev 
endm 

macro 
write 
if 
simple 
push 
mvi 
mov 
call 
pop 
else 
call 
endm 

dev 
character from accum to device 

@&dev <= @lst 
output 

psw ;:save character 
c,@&dev ::write char function 
e,a ::ready for output 
@bdos ::write character 
psw ::restore for testing 

put&dev 

Figure 53e. Seauential File TlO LihrRrv (r.nn't) 



may be changed in the user's program to "trap" error conditions rather than rebooting. 
The use of FILERR is apparent throughout the macro library. 

The equates which follow define the usual BDOS entry points and functions, 
along with the diskette sector size (@SECT), and special non-graphic characters (EOF, 
CR, LF, and TAB). 'The equates for @KEY through @LST are used in the GET and 
PUT macros to determine the source or destination device. The INFILE, OUTFILE, 
and SETFILE equates are used in the FILE macro as mnemonics for the file mode 
attribute. 

Referring again to Figure 53a, FILLN AM is a utility macro which is used in the 
construction of a file control block. In particular, it accepts a file name or file type 
along with a field size and builds a sequence of DB's which fill the name or type field 
with padded blanks. FILLDEF is again a utility macro similar to FILLNAM, but fills 
the file control block name or type field from the default file control block at. @TFCB 
or @TFCB+16. FILLDEF is invoked to extract either the default file name (first 8 
characters) or default file type (following 3 character field). Note that the FILLDEF 
macro constructs an inline subroutine to perform the data move operation the first 
time it is invoked and calls the inline subroutine (@DEF) upon subsequent invocations. 

The last macro definition shown in Figure 53a is FILLNXT which is used to 
initialize two assembly time variables: @NXTB and @NXTD. @NXTB is used to count 
the accumulated size of buffers as they are automatically allocated in the FILE 
statement, while @NXTD is used to count files in the FILE macro for later reference 
in GET and PUT statements. They are included within a macro so that they will be 
properly initialized in the two successive passes of the macro assembler. FILLNXT 
is invoked by the FILE macro where the expansion initializes @NXTB and @NXTD. 
Note that FILLNXT then redefines itself as an empty macro so that subsequent FILE 
invocations do' not reset the two counters. 

A major utility macro, called FILLFCB, is shown in Figure 53b. The primary 
purpose of this macro is to construct a file control block in the CP 1M standard format, 
where FID is the file identifier, DN is the disk name, FN is the file name, FT is the 
file type, BS is the buffer size, and BA is the buffer address, as described in the FILE 
statement above .. Recall that some of these parameters may be empty, causing default 
conditions to be selected. The FILLFCB macro begins by searching for a "1" or a "2" 
as the FN parameter, indicating that either default name 1 or 2 is to be selected for 
the file. Note t.hat the IRPC loop involving ?C will result in a value of 1 for @C if 
either FN=l or FN=2, and a value of 0 for @C if FN is not 1 or 2. The FILLFCB 
macro then selects either the default name, or the user specified name along with the 
default or user specified drive number. The equate for FCB&FID then produces the 
address of the file control block for the file identifier followed by "DB 0" for the 
extent field and "DS 20" for the remainder of the file control block. The reader may 
wish to cross-reference the file control block format shown in the CP 1M Interface 
Guide for exact formats. 

The remainder of the FILLFCB macro, shown in the lower half of Figure 53b, 
is devoted to storage allocation for buffer areas. The @BS variable is set to the 
buffer size after rounding and size checks. FID&BUF then becomes the address of 
the file's buffer area, and FID&ADR labels a "DW" containing this literal value. 
FID&SIZ becomes the literal size of the buffer, and FID&LEN labels a "DW" containing 
the literal size. FID&PTR is also allocated as a double byte which will subsequently 

146 



hold the buffer index to the next character to get or put in the file. All of these 
values will be used in the file operations which occur later. 

The principal file access macro, caned FILE, is shown in Figure 53c, and is 
used to set· up the file control block, buffers, and access subroutines for a particular 
file. Similar to the FILLFCB macro, the parameters FID, DN, FN, FT, BS, and BA 
describe the particular characteristics of a file. The MD parameter, however, is 
present to indicate the file mode and must have the value 1, 2, or 3. The FILE macro 
begins by assigning the mode value to FID&TYP so that subsequent macros can determine 
the type of access for this file. The FILLFCB macro is then invoked to construct 
the file control block for this macro, and sets generally useful parameters for the file, 
as discussed above. The FILE macro then generates either the label GET&FID or 
PUT&FID for input and output files, respectively, followed by a subroutine which GET's 
a single character or PUT's a single character for this file. 

In general, the GET&FID reads a single character from the input buffer and, 
when the input buffer is exhausted, fills the buffer area again in preparation for 
following GET operations .. Upon detecting a real end of file, the EOF character is 
returned with the zero flag set. Similarly, the PUT&FID subroutine generated for 
output files stores the accumulator character into the output buffer at the next 
character position and, vJhen the buffer is full, writes the sequence of sectors and 
returns to accept more output characters. In the case of an output error, the appropriate 
message is printed, and control transfers to FILERR which usually remains at OOOOH, 
causing a system reboot. 

The generated code which follows the label PSUB in Figure 53d is used to 
initialize the file pointers to the proper positions for file access. The file extent and 
next record fieJds of the file control blocks are zeroed for both input anc output files. 
In the case of an input file, the buffer index variable FID&PTR is set to the end of 
the buffer, causing an immediate read operation when the first character is read. In 
the case of an output file, the FIO&PTR is set to zero, indicating that the next 
position to fill is the first character of the output buffer. If the file is an output 
file, any duplicate files are erased, and a new file is created. In both cases, the file 
is opened upon completion of the FILE operation, and the buffer pointers arc set for 
the next GET or PUT invocation. Note that the FILE statement is "executable" in 
the sense that it must occur ahead of the GET or PUT statements for the file, and 
performs its function each time control passes through the FILE machine code. 

The FINIS, ERASE, DIRECT, REN AME, GET, and PUT macros are shown in 
Figure 53e. The FINIS macro, shown on the left, serves to empty the output buffers 
and close the file for output. Input files are skipped since no actions need take place 
to close an input file. The main purpose of the FINIS macro is to fill the remaining 
buffer segment (one sector size) with EOF's, then write the partially filled buffers. 

The ERASE macro accepts a file identifier or list of file identifiers and 
successively calls the BDOS to erase each file, while the DIRECT macro searches only 
for a single file given by the file identifier FID. In the case of the DIRECT macro, 
the non-zero flag is set if the file exists. No prechecks are made to see if the file 
exists before the ERASE operation takes place, although erasing a non-existant file is 
of no consequence. The DIRECT macro can, of course, be used to check if a file 
exists before the ERASE is executed if deemed necessary by the programmer. 
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The RENAME macro shown in Figure 53e (right) allows a file to be renamed 
by accepting two file identifiers, denoted by NEW and OLD. These file identifiers 
must correspond to the FCB names created by FILLFCB in an earlier FILE invocation, 
and has the effect of renaming the OLD file to the NEW file name. This is accomplished 
within the RENAME macro through an inline subroutine, called @RENS, which is 
included the first time the RENAME macro is invoked. The inline subroutine moves 
the new file control block information (first 16 bytes) into the second half of the old 
file name in the form required for a rename operation under CP/M (see the CP/M 
Interface Guide). The BDOS is then called to perfor'm the rename function. Note 
again that there is no check to ensure the old file exists before the rename takes 
place. 

The GET and PUT macros shown in Figure 53e are similar in structure: both 
accept a device or file identifier as the formal parameter DEV, and perform the 
corresponding input or output function on that device. If the device is a simple 
peripheral, the BDOS is called directly to perform the input or output function. If 
instead, the device na.me was created by a FILE macro, the corresponding GET&FID 
or PUT&FID subroutine is called to accomplish the input or output operation. Note 
that the accumulator is preserved (PUSH PSW) upon output to a simple peripheral 
within the PUT macro, while the save/restore sequence is performed within the PUT&FID 
subroutine if the destination is a diskette file. 

Figures 54a, 54b, and 54c show the full expansion of a segment of the case 
conversion program of Figure 52 (using the "+M" assembly parameter). Figure 54a 
shows the invocation of FILE, followed by FILLFCB, again followed by FILLDEF. The 
@DEF subroutine is included inline, and the FILLDEF macro is redefined to exclude 
the subroutine. Upon completion of the FCB construction, the file parameters are 
generated, as shown in Figure 54b, along with the beginning of· the GETSOURCE 
subroutine. Note that the conditional assembly ignores the portions of this FILE macro 
expansion which are related to output files while including the machine code for the 
input SOURCE file. In each case, the "&FID" labels result in names with the prefix 
or suffix "SOURCE" in order to associate the generated labels with this particular 
internal name. Figure 54c contains the end of the PUTSOURCE subroutine, followed 
by the machine code which initializes the file control block fields and buffer pointer. 
Upon completion of the FILE macro, the SOURCE file is ready for access. In particular, 
each ,call to GETSOURCE reads one more character into the accumulator. Due to 
the ~ength of the expanded macro form, the remainder of the case translation program 
is not shown. 

In order to illustrate the facilities of the SEQIO macro library, two ad.ditional 
programs are given. The first, called PRINT, formats the output from the macro 
assembler for printing on the system line printer. The second, called MERGE, performs 
a simple merge operation on two diskette files. 

The PRINT program, shown in Figure 55, is executed under the console command 
processor by typing 

PRINT filename 

where "filename" is the name of a previously assembled program. PRINT assumes that 
there is a "PRN" file on the diskette, and possibly a "SYM" file on the same diskette 
drive. The PRN file is first printed, with a form feed at the top of each 56 line 
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+ 
+ 

0001+= 
+ 
+ 

0001+# 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

00CC+f 
+ 
+ 
+ 
+ 
+ 

0103+C30F01 
+ 

0106+7E 
0107+12 
0108+23 
0109+13 
010A+0D 
e10B+C20601 
010E+C9 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

010F+215C00 
0112+111D01 
0115+0E0C 
0117+C00601 

+ 
+ 

011A+C34401 
0110+ 

+ 
0000+1 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

0110+= 
0129+00 
012A+ 

FILE 
LOCAL 
LOCAL 

SOURCETYP 
FILLFCB 
LOCAL 

@C SET 
IRPC 
IF 

@C SET 
ENDM 
IF 

@C SET 
ENDM 
IF 
IF 

@C SET 
ELSE 

@C SET 

@DEF: 

??0009: 

ENOIF 
FILLOEF 
LOCAL 
JMP 

MOV 
STAX 
INX 
INX 
OCR 
JNZ 
RET 

FILLDEF 
LXI 
LXI 
MVI 
CALL 
ENDM 
FILLOEF 
LXI 
LXI 
MVI 
CALL 
ENDM 
ENDM 
JMP 
OS 

@CNT SET 
IRPC 
IF 
EXITM 
ENDIF 
DB 

@CNT SET 
ENDM 
IF 
EXITM 
REPT 
DB 
ENOM 
ENDM 
ELSE 
JMp· 
IF 
DB 
ELSE 
DB 
ENDIF 
FILLNAM 
FILLNAM 
ENOIF 

FCBSOURCE 
DB 
DS 

INFILE,SOURCE,,1,,2000 
PSUB,MSG,PMSG 
PNO,EOO,EOB,PNC 
EQU INFILE 
SOURCE"l,,2000, 
PFCB 
1 
?C,l 
NOT ('&?C' = '1' OR '&?C' = '2') 
o 

NOT ('1' = '1' OR '1' = '2') 
o 

@C 
NUL 
12 

9 

FCBSOURCE,(1-1)*16,@C 
PSUB 
??0009 

A,M 
D 
B 
o 
C 
@DEF 

MACRO ?FCB,?F,?L 
H,@TFCB+?F 
O,?FCB 
C,?L 
@DEF 

FCBSOURCE,(1-1)*16,@C 
H,@TFCB+(1-1)*16 
0, FCBSOURCE 
C,@C 
@OEF 

??0008 
@C 

12-@C 
?FC, 
@CNT=0 OR NUL ?FC 

'&?FC' 
@CNT-1 

@CNT=0 OR NUL 

@CNT 

1,8 
,3 

EQU $-12 
o 
20 
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+ IF SOURCETYP<=2 
+ FILLNXT 

0~HHHi @NXTB SET " 0006+1 @NXTD SET @LST+l 
+ FILLNXT MACRO 
+ ENDM 
+ ENDM 
+ IF 2000+0<@SECT 
+ @BS SET @SECT 
+ ELSE 

0780+i @BS SET (2000/@SECT)*@SECT 
+ ENDIF 
+ IF NUL 

0370+1 SOURCEBUF SET BUFFERS+@NXTB 
0780+1 @NXTB SET @NXTB+@BS 

+ ELSE 
+ SOURCEBUF SET 
+ ENDIF 
+ SOURCEADR: 

013E+7003 DW SOURCEBUF 
0780+= SOURCESIZ EQU @BS 

+ SOURCELEN: 
0140+8007 DW @BS 

+ SOURCEPTR: 
0142+ DS 2 . 
0006+# @SOURCE SET @NXTD 

......... 
+-J 

0007+1 @NXTD SET @NXTD+1 7:: 
0 + ENDIF 0 + ??0008: ENDM .......... 

+ IF INFILE=3 +-J 
+ EXITM r::: 

Q) 
+ ENDIF S 0144+C3B401 JMP ??0001 OJ) 
+ IF INFILE=1 Q) 

+ GETSOURCE: r:n. 
+ ELSE r::: 
+ PUTSOURCE: 0 

'til + PUSH PSW r::: 
+ ENDIF (;t$ 

0... 0147+2A4001 LHLD SOURCE LEN ~ 
014A+EB XCHG ~ 
014B+2A4201 LHLD SOURCEPTR ~ 
014E+7D MOV A,L ~ 
~n4F+93 SUB E -~ 015~H7C MOV A,H 
01S1+9A SBB D Q) -01S2+DA9D01 JC ??0007 0... 
0155+210000 LXI H,0 S 
0158+224201 SHLD SOURCEPTR (;t$ 

r:n. 
+ ??0004: 

01SB+EB XCHG 
.ci 01SC+2A4001 LHLD SOURCE LEN 
~ 015F+7B MOV A,E tn 

0160+95 SUB L 
Q) 

0161+7A MOV A~b r-. 
0162+9C saa B ::s 

OJ) 
0163+D28F01 JNC ??0006 ii: 0166+2A3E01 LHLD SOURCEADR 
0169+19 DAD D 
016A+EB XCHG 
016BHlE1A MVI C,@DMA 
016D+CD0500 CALL @BDOS 
0170+111D01 LXI D,FCBSOURCE 

+ IF INFILE=l 
0173+0E14 MVI C,@FRD 

+ ELSE 
+ MVI C,@FWR 
+ ENDIF 

0175+CD05'H' CALL @BDOS 
0178+B7 ORA A 
en 79+C28901 JNZ ??0005 
017C+118000 LXI D,@SECT 
017F+2A4201 LHLD SOURCEPTR 
0182+19 DAD D 
0183+224201 SHLD SOURCEPTR 
0186+C3SB01 JMP ?10004 
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+ 
+ 

~nS9+2A42~1 
01SC+224901 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

'nSF+11S~~~ 
0192+9E1A 
0l94+CD05ge 
0197+21eege 
el19A+224201 

+ 
019D+EB 
~19E+2A3E01 
0lA1+19 
01A2+EB 

+ 
fHA3+2A40fH 
el1A6+7D 
01A7+B4 
01AS+3E1A 
el1AA+CS 
01AB+1A 

+ 
+ 
+ 
+ 

01AC+2A42el 
01AF+23 
01B0+224201 
01B3+C9 

+ 
01B4+AF 
IHB5+3 229 01 
01BS+323D01 
ellBB+21S007 
el1BE+2 2 4~Hn 

+ 
01Cl+224201 
01C4+0E0F 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

el1C6+111D~n 
01C9+CDel5e1~ 
01CC+3C 
el1CD+C2EC01 
01D~+0E09 
01D2+11DB01 
01D5+CD0500 
01D8+C3e1e1e1e1 
01DBHm0A 

+ 
01DD+6E6F20534F 

+ 
+ 
+ 

01EB+24 
+ 
+ 

??0005: 
IF 
LHLD 
SHLD 
ELSE 
LOCAL 
MVI 
LXI 
CALL 
POP 
JMP 

EMSG: DB 
DB 
DB 
ENDIF 

??0006: 
LXI 
MVI 
CALL 
LXI 
SHLD 

??0007: 
XCHG 
LHLD 
DAD 
XCHG 
IF 
LHLD 
MOV 
ORA 
MVI 
RZ 
LDAX 
ELSE 
POP 

'STAX 
ENDIF 
LHLD 
INX 
SHLD 
RET 

??000l: 
XRA 
STA 
s'l'K 
LXI 
XHLD 
IF 
SHLD 
MVI 
ELSE 
LXI 
SHLD 
MVI 
LXI 
CALL 
MVI 
ENDIF 
LXI 
CALL 
INR 
JNZ 
MVI 
LXI 
CALL 
JMP 

??el002: 

??00~n : 

IF 
DB 
ELSE 
DB 
ENDIF 
DB 

ENDH 
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INFILE=l 
SOURCEPTR 
SOURCE LEN 

EMSG 
C ,@MSG 
D,EMSG 
@8DOS 
PSW 
FILERR 
CR,LF 
'disk full: SOURCE' 
, $ , 

D,@TBUF 
C,@DMA 
@BDOS 
H,~ 
SOURCEPTR 

SOURCEADR 
D 

INFILE=l 
SOURCE LEN 
A,L 
H 
A,EOF 

D 

PSW 
D 

SOURCEPTR 
H 
SOURCEPTR 

A 
FCBSOURCE+12 
YCBS'OURCE"+ 3"2"" 
H,SOURCESIZ 
SOURCE LEN 
INFILE=l 
SOURCEPTR 
C.@OPN 

H,~ 

SOURCEPTR 
C,@DEL 
D,FCBSOURCE 
@BDOS 
C,@MAK 

D,FCBSOURCE 
@BDOS 
A 
??0~03 
C,@MSG 
D,??elel02 
@BDOS 
FILERR 
DB CR,LF 
INFILE=1 
'no SOURCE file' 

'no dir space: SOURCE' 

. ......... 
+oJ 
-C 
o 
() -



page. If the SYM file exists, it is also printed using the same formatting. If the 
files are sucessfully printed, they are both erased from the diskette. 

Referring to Figure 55, the PRINT program begins by saving the console 
processor's stack, with the intention of returning directly to the CCP, without a system 
reboot. The input printer file is then defined with a FILE statement which specifies 
the internal name PRINT, and obtains the file name from the console command line. 
The file type, however, is set to PRN in this case. After performing an initial page 
eject, the program loops between the PRCYC (print cycle) and ENDPR (end print) 
labels by successively reading characters from the PRINT source, and writing to the 
printer through the LISTING subroutine. On detecting an end of file character, control 
transfers to the ENDPR label where the PRN file is erased from the diskette. 

As shown on the left of Figure 55, the program then checks for the presence 
of the SYM file by invoking the FILE macro with a SETFILE mode. This creates the 
proper file control block for the input file with type SYM, but does not create buffers 
nor does it open the file for access. Following the FILE macro, the DIRECT statement 
performs a directory search and, if the file is not present, control transfers to the 
ENDLST (end listing) label where execution terminates. 

If the SYM file exists, the program proceeds to perform another page eject, 
and then opens the SYM file for access. It should be noted that the third FILE macro 
(Figure 55, left) accesses the SYM file using the internal name SYMBOL, but shares 
the buffer areas of the PRINT file. This is possible since the PRINT file has been 
erased at this point in the program and thus the buffers are available for use. 

If the SYM file is present, the program loops between the SYCYLE (symbol 
cycle) and ENDSY (end symbol) labels where characters are read from the SYMBOL 
file and again sent to the printer through the LISTING subroutine. Upon detecting 
the end of file, control passes to the ENDSY label where the SYM file is removed 
from the diskette. If no errors occur, control eventually reaches the ENDLST label 
where the printer page is ejected. The entry stack pointer is then retrieved from 
OLDSP, and control returns to the console command processor, thus completing execution 
of the PRINT program. 

The next program, called MERGE, is somewhat more complicated. The purpose 
of the MERGE program is to accept two file names as input, taking the general 
command form 

MERG E filename 

where "filename" is the name of a master file, with assumed file type of MAS, as 
well as an update name with assumed file type UPD. The files consist of text files 
with varying length records, starting with a six character numeric "sequence numberu 

followed by textual material, and terminated with a carriage-return line-feed sequence. 
The lines of information in the master and update files are assumed to be in ascending 
numeric order according to their sequence numbers. The purpose of the MERGE 
program is to read these two files and "shuffle" the records together to form a new 
file consisting of numerically ascending sequence numbered lines. 

Upon completion of the merge operation, the newly merged file becomes the 
new master file: update records are properly interspersed within the new master file 
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~ c.n. 
w 

fllf'0 

e0ec 
0038 

eHHl 210000 
0103 39 
U04 22CF03 
0107 31CF03 

0UJA 

01F2 CD8A03 
'BF5 
01F8 FE1A 
eiFA CA0302 
0lFD CD5103 
02lH' C3F501 

0203 

020B 
023A 
0243 CA3C03 

0246 CD8A03 
0249 

0326 
0329 FE1A 
032B CA3403 
032E CD5103 
0331 C32603 

0334 

033C CD8A03 
033F 2ACF03 
0342 F9 
0343 C9 

, 

ORG 100H 
MACLIB SEOIO :SEQUENTIAL I/O LIB 
PRINT THE X.PRN AND X.SYM FILES ON THE 
LINE PRINTER WITH PAGE FORMATTING. 

FF EOU 9CH 
EOU 

:FORM FEED 
MAXLINE 56 :MAX LINES PER PAGE 

SAVE THE ENTRY STACK POINTER 
LXI H,0 
DAD SP :ENTRY SP TO HL 
SHLD OLDSP :SAVE ENTRY SP 
LXI SP,STACK:SET TO LOCAL STACK 

FILE INFILE,PRINT"l,PRN,1088 
READ THE PRINT FILE UNTIL END OF FILg 
CALL EJECT :TOP OF PAGE 

PRCYC: GET PRINT 
CPI EOF 
JZ ENDPR :SKIP IF END FILE 
CALL LISTING :WRITE TO LISTING DEV 
JMP PRCYC 

INDPR: :END OF PRINT FILE, DELETE IT 
ERASE PRINT 

, 

CHECK FOR THE OPTIONAL .SYM FILE 
FILE SETFILE,SYMCHK"l,SYM 
DIRECT SYMCHK :IS IT THERE? 
JZ ENDLST :SKIP SYMBOL IF SO 

SYMBOL FILE IS PRESENT, PAGE EJECT 
CALL EJECT :TO TOP OF PAGE 
FILE INFILE,SYMBOL"l,SYM,1900,PRINrBUF 

SYCYCLE: 

, 

GET 
CPI 
JZ 
CALL 
JMP 

ENDSY: ERASE 
, 
ENDLST: 

CALL 
LHLD 
SPHL 
RET 

SYMBOL 
EOF 
ENDSY SKIP TO END ON EOF 
LISTING SEND TO PRINTER 
SYCYCLE FOR ANOTHER CHAR 

SYMBOL :ERASE .SYM FILE 

:END OF LISTING - EJECT AND RETURN 
EJECT 
OLDSP ENTRY STACK POINTER 

RESTORE STACK POINTER 
TO CCP 

0344 
IU4C 210203 
034F 34 
0350 C9 

0351 FE0C 
0353 C25F03 
0356 AF 
0357 320103 
035A 320283 
0350 3E0C 
035F FE0A 
0361 C27403 
0364 AF 
0365 320203 
0368 2lDUn 
936B 34 
036C 7E 
0360 FE38 
036F 08 
0370 3600 
0372 3E0C 
0374 FE99 
0376 C28703 

0379 3E20 
037B CD4403 
037E 3AD203 
0381 E607 
0383 C27903 

0386 C9 

0387 C34403 

038A 3E0C 
038C C34403 

038F 

03CF 
030] 
0302 

0303 

: UTILITY SUBROUTINES 
LISTOUT: 

:SEND 
PUT 
LXI 

A SINGLE CHARACTER TO THE PRINTER 
LST 
H,CHARC :CIIARACTER COUNTER 

INR M :INCREMENT POSITION 
RET 

: 
LISTING: 

:WRITE 
CPI 
JNZ 
XRA 

CHARACTER FROM REG-A TO LIST DEVICE 
FF :FORM FEED? 

-*TA 
STA 
MVI 

LIST0: CPI 
JNZ 
XRA 
STA 
LXI 
INR 
MOV 
CPI 
RC 

LIST0 
A 

·LINiC-­
CHARC 
A,FF 
LF 
LIST! 
A 
CHARC 
H,LINEC 
M 
A,M 
MAXLINE 

MVI M,0 
MVI A,FF 

LIST!: CPI TAB 
JNZ LIST2 

:CLEAR LINE COUNT 

CLEAR TAB POSITION 
RESTORE FORM FEED 
END OF LINE? 

:CLEAR TAB POSITION 

LINE COUNTER 
INCREMENTED 
CHECK FOR END OF 
LINE OVERFLOW? 
RETURN IF NOT 
CLEAR LINEC 
SEND PAGE EJECT 
TAB CHARACTER? 

PAGE 

: FEED BLANKS TO NEXT TAB POSITION 
TABOUT: MVI A~ 

CALL LISTOUT 
LOA CHARC :CHARACTER POSITION 
ANI 7H :MOD 8 
JNZ TABOUT :FOR ANOTHER BLANK 
ON CHARACTER BOUNDARY 
RET 

LIST2: :SIMPLE CHARACTER 
JMP LISTOUT :PRINT AND RETURN 

, 
EJECT: :PERFORM PAGE EJECT 

MVI A,FF :FORM FEED 

STACK 

JMP LISTOUT 

DATA AREAS 
OS 64 

OLDSP OS 2 
LINEC OS 1 
CHARC os 1 
, 
BUFFERS: 

END 

;32 LEVEL STACK 

ENTRY STACK POINTER 
LINE COUNTER 
CHARACTER COUNTER 

Figure 55. Program for Line Printer Page Formatting. 



according to numeric order, and any update record which matches a master record 
results in replacement of the master record by the update record. Upon successful 
completion of the merge operation, the original master file is renamed to have the 
extension MBK (master back-up), the original update file is renamed to the type UBK 
(update back-up), and the newly created file becomes the new MAS file. In this way, . 
the operator can return to the backup files in case of error so that the source data 
is not destroyed. 

The MERGE program is shown in Figures 56a, 56b, and 56c. Utility subroutines 
are listed first in Figure 56a, including the DIGIT subroutine which tests for valid 
decimal digits in sequence numbers. The IRPC which follows the DIGIT subroutine 
generates two distinct subroutines, called READU and READM for reading the update 
and master files, respectively. The generation of these two subroutines has been 
suppressed in the listing (see the $+PRINT and $-PRINT inline parameters) to keep the 
listing short. In general, these two READ subroutines fill their respective sequence 
number buffers from the input source so that the merge operation can take place 
based upon the current sequence number values. Upon detecting an end of file, the 
sequence number is set to OFFH as a signal that the input source has been exhausted. 

The utility subroutines shown in Figure 56b include SEQERR, WRITESEQ, and 
COMPARE. The SEQERR subroutine reports an error condition when a non numeric 
character is detected in the sequence number field. Although the error reporting is 
somewhat spartan, sequence errors are easily found using the TYPE command on the 
master or update file. The WRITESEQ subroutine sends the buffered sequence number 
addressed by HL to the new file. WRITESEQ is called whenever the source for the 
next record has been determined. The COMPARE subroutine is used to determine the 
next source r~cord (master or update) by comparing the buffered sequence numbers 
from left to right while they are equal. If a mismatch occurs in the sequence number 
scan, COMPARE returns with the carry flag and zero flag set to indicate which file 
holds the next source record. 

Execution of. the MERGE program begins following the START label in Figure 
56b where the update, master, and new files are defined. The UFILE and MFILE 
sources are defined with the same buffer sizes (as determined by the earlier USIZE 
and MSIZE equates). Both take their primary name from the default value specified 
at the CCP level by the operator. The new file is created as a temporary, with name 
TEMP and type $$$, but will be altered upon completion of the program to become 
the master file. 

The merge operation proceeds in Figure 56b as follows. First the READU and 
READM subroutines are called to fill the sequence number buffers. The loop between 
MERGE and ENDMERGE in Figure 56c is then repetitively executed until the merge 
is complete. On each iteration of this loop, the COMPARE subroutine is called to 
compare the buffered sequence numbers. If the· update sequence number is smaller 
than the master sequence number, it is moved to the new file and data is copied from 
the update file to the new file until the end of the current record is encountered. 
Upon completion of the copy operation, the READU subroutine is called again to refill 
the update sequence number buffer. 

If the COMPARE subroutine instead detects equal sequence numbers, control 
transfers to the SAME label in Figure 5Sc where master record is deleted. Alternatively, 
the COMPARE subroutine will cause control to transfer to the MASLOW label when 
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~lHH' 

0000 
0006 
03E8 
03E8 
07D0 

0100 31EC05 
0103 C3C801 

0106 FE30 
0108 D8 
0109 FE3A 
010B 3F 
010C C9 

ORG 100H 
FILE MERGE PROGRAM 
MACLIB SEQIO ;SEQUENTIAL FILE I/O 

, 
BOOT EQU 
SEQSIZ EQU 
USIZE EQU 
MSIZE EQU 
NSIZE EQU 

0000H ;SYSTEM REBOOT 
6 :SIZE OF THE SEQUENCE ,-S 
1000 ;UPDATE BUFFER SIZE 
USIZE :MASTER BUFFER SIZE 
USIZE+MSIZE iNEW BUFF SIZE 

, 

LXI 
JMP 

SP,STACK 
START iTO PERFORM THE MERGE 

UTILITY SUBROUTINES 

DIGIT: ;TEST ACCUMULATOR FOR VALID DIGIT 
RETURN WITH CARRY SET IF INVALID 
CPI .. 0-
RC :CARRY IF BELOW 0 
CPI -9-+1 ;CARRY IF BELOW 10 
CMC iNO CARRY IF BELOW 10 
RET 

; ERROR MESSAGES FOR READU AND READM 
SEQERRU: 

010D 7570646174 DB -update seq error-,0 
SEQERRM: 

011E 6D61737465 DB -master seq error-,0 

GENERATE READU AND READM SUBROUTINES 
IRPC ?F,UM 

; INLINE SEQUENCE NUMBER BUFFER 
?F&SEQ: DB 0 ;TO START PROCESSING 

OS SEQSIZ-1;REMAINING SPACE FOR SEQ# 
, 
READ&?F: 

LXI 
MOV 

-nfR 
RZ 

H,?F&SEQ 
A,M 
J •• 

;SEQUENCE BUFFER 
iIS IT FF (END FILE)? 
i FF----sECOMES .~« 
iSKIP THE READ 

READ THE. SEQUENCE NUMBER PORTION 
MVI C,SEQSIZ ;SIZE OF SEQUENCE * 

RD&?F&0: 

, 

PUSH H 
PUSH B 
GET ?F&FILE 
pop B 
POP H 
CPI EOF 
JZ EOF&?F 

iSAVE NEXT TO FILL 
iSAVE NUMBER COUNT 
iREAD THE FILE 
iRECALL COUNT 
:RECALL NEXT FILL 
:END FILE? 

CALL DIGIT :ASCII DIGIT? 
LXI D,SEQERR&?F :ERROR MESSAGE 
JC SEQERR iSEQUENCE ERROR 
NO SEQUENCE ERROR, FILL NEXT DIGIT POSITION 
MOV M,A 
INX H 
DCR C 
JNZ RD&?F&0 
RET 

iNEXT TO FILL 
:COUNT=COUNT-l 
:FOR ANOTHER DIGIT 
iEND OF FILL 

EOF&?F: iEND OF FILE, SET SEQ# TO 0FFH 
A,0FFH MVI 

STA 
RET 
ENDM 

Figure 56a. 

?F&SEQ iSEQ# SET TO FF 

File Merge Program. 
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SEQERR: 
WRITE ERROR MESSAGE FROM (DE) TIL 813 

e18F lA LDAX 0 
13190 B.7 ORA A 
0191 CAe0e0 JZ BOOT 

OTHERWISE, MORE TO PRINT 
~n94 05 PUSH 0 
0195 PUT CON :WRITE TO CONSOLE 
0190 01 POP 0 
0l9E 13 INX 0 
8l9F C38Fel JMP SEQERR :FOR ,MORE CHARS 

: 
WRITESEQ: 

iWRITE THE SEQUENCE NUMBER GIVEN BY HL 
:TO THE NEW FILE 

0lA2 8E86 MVI C,SEQSIZ iSIZE OF SEQt 
e1A4 7E WRIT8: MOV A,M 
0lAS 23 INX H ;NEXT TO GET 
0lA6 ES PUSH H iSAVE NEXT ADDR 
~nA7 CS PUSH B iSAVE COUNT 
0lA8 PUT NEW ;WRITE TO NEW 
0lAB Cl POP B :RECALL COUNT 
0lAC E1 POP H :RECALL ADDRESS 
0lAD 80 OCR C ;COUNT=COUNT-I 
0lAE C2A401 JNZ WRIT0 ;FOR ANOTHER CHAR 
0lB1 C9 RET 

COMPARE THE UPDATE SEQUENCE NUMBER WITH 
THE MASTER SEQUENCE NUMBER, SET: 

CARRY IF UPDATE < MASTER 
ZERO IF UPDATE = MASTER . -ZERO IF UPDATE > MASTER , 

COMPARE: 
0lS2 ll2F0l LXI D,USEQ :UPDATE SEQt 
01SS 21SF0l LXI H,MSEQ :MASTER SEQt 
0lS8 eE06 MVI C,SEQSIZ ;SEQUENCE SIZE 
0lBA IA CLOOP: LDAX 0 ;UPDATE DIGIT 
-ffISB SE :ems K -i"UPDAT E-MAST Elf 
~l1SC 08 RC :CARRY IF LESS 
0lSD C0 RNZ ;NZERO IF GTR 

ITEMS ARE THE SAME, CHECK FOR 0FFH 
0lSE FEFF CPI 8FFH ;END OF FILE 
0lC0 C8 RZ ;SOTH ARE 0FFH 
0lCI 13 INX 0 ;NEXT UPDATE 
0lC2 23 INX H ;NEXT MASTER 
0lC3 90 OCR C ;COUNT DOWN 
0lC4 C2SA01 JNZ CLOOP :FOR ANOTHER DIGIT 
0lC7 C9 RET ; ZERO FLAG IF EQUAL 

; MAIN PROGRAM STARTS HERE 
START: 

: UPDATE FI~E, WITH ASSUMED .UPD TYPE 
0lC8 FILE INFILE,UFILE"l,UPD,USIZE 

; 
:MASTER FILE, WITH ASSUMED TYPE .MAX 

02S8 FILE INFILE,MFILE"l,MAS,MSIZE 
; 
:NEW FILE, TEMP.$$$ (RENAMED UPON EOF'S) 

038C FILE OUTFILE,NEW"TEMP,$$$,NSIZE 
: 

0470 CD3S01 CALL READU ;INITIALIZE UPDATE RECORD 
0480 CD6S01 CALL READM ;INITIALIZE MASTER RECORD 

rAE'RGE: ;MAIN MERGING LOOP 
13483 CDB201 CALL COMPARE ;CARRY SET IF UPDATE<MASTER 
0486 CAAD04 JZ SAME ;ZERO IF IDENTICAL SEQ* 
0489 D2C884 JNC MASLOW ;MASTER LOW? 

UPDATE SEQUENCE NUMSER IS LOW 
048C 212F0l LXI 8,USEQ :COPY SEQUENCE NUMBER 
048F CDA201 CALL WRITESEQ:WRITE THE SEQUENCE * 

Figure 56b. File Merge Program (Con't). 
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0492 
049"S FS 
0496 
0499 Fl 
049A FE0A 
049C CAA704 
049F FEIA 
04Al CAA704 
04A4 C39204 

04A7 CD3501 
04AA C38304 

04AD 3ASF0l 
04BO FEFF 
04B2 CAE904 

04BS 
04B8 FEIA 
04BA CAC204 
04BD FE0A 
04BF C2B594 
04C2 CD6S'll 
'l4C5 C383'l4 

04C8 2l5F~n 
'l4CB CDA2'll 
'l4CE 
9401 FS 
0402 
0405 Fl 
0406 FE9A 
0408 CAE394 
04DB FEIA 
0400 CAE394 
04E0 C3CE94 

04E3 CD6S9l 
04E6 C38304 

04E9 

0S29 
0558 

0580 
0SAF 

95B7 

0SCC 

146C ;: 
0SEC 

TO NEW FILE 
;CHARACTER TO A 
;SAVE IT 

ULOOP: ;UPDATE 
GET 
PUSH 
PUT 
POP 
CPI 

RECORD 
UFILE 
PSW 
NEW 
PSW 
LF 
ENDUP 
EOF 
ENDUP 
ULOOP 

:OUTPUT TO NEW FILE 
;RECALL CHARACTER 
;LINE FEED? 

JZ 
CPI 
JZ 
JMP 

, 
ENDUP: CALL 

JMP 
READU 
MERGE 

iCYCLE IF NOT END REC 

:READ ANOTHER SEQ. 
iFOR ANOTHER RECORD 

, 
SAME: :SEOUENCE NUMBERS ARE IDENTICAL 

LOA 
CPI 
JZ 

MSEQ iCHECK FOR 0FFH 
OFFH 
ENDMERGE 

; NOT THE SAME, DELETE MASTER RECORD 
DELMAS: GET MFILE 

EOF ;END OF FILE? 
GETMAS :GET" SEQ# FF 
LF 

CPI 
JZ 
CPI 
JNZ DELMAS ;FOR ANOTHER CHAR 

GETMAS: CALL READM ;TO NEXT RECORD 
JMP MERGE ;FOR ANOTHER 

, 
MASLOW: 

LXI 
CALL 

MLOOP: GET 

;MASTER SEQUENCE NUMBER IS LOW 
H,MSEQ 
WRITESEQ;SEQUENCE NUMBER 
MFILE 

"PUSB 
PUT 
POP 
CPI 
JZ 
CPI 
JZ 
JMP 

"P"S'W " i SAVE MA"STE'RP 

"CllAn~ 

, 

NEW 
PSW 
LF 
ENDMS 
EOF 
ENDMS 
MLOOP 

;LF OR EOF? 

;MORE TO COpy 

ENDMS: CALL 
JMP 

READM 
MERGE 

:READ NEW SEQ NUMBER 
:TO MERGE ANOTHER 

, 
ENDMERGE: 

:CLOSE ALL FILES FOR RENAMING 
FINIS <UFILE,MFILE,NEW> 
:OLD MASTER FILE FOR ERASE/RENAME 
FILE SETFILE,OLDMAS"l,MBK 
ERASE OLDMAS 
:RENAME MASTER TO .MBK 
RENAME OLDMAS,MFILE . , 
;OLD UPDATE FILE FOR ERASE/RENAME 

STACK: 

FILE SETFILE,OLDUPD"l,UBK 
ERASE OLDUPD 
iRENAME UPDATE TO .UBK 
RENAME OLDUPD,UFILE 
, 
;RENAME NEW TO MASTER FILE 
RENAME MFILE,NEW 
JMP BOOT 

OS 32 :16 LEVEL STACK 

; BUFFER AREA 
BUFFERS: 
MEMSIZE EOU BUFFERS+@NXTB 

END 
:END OF MEMORY 

Figure 56c. File Merge Program (Con't). 
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the master sequence number is low. In this case, the master sequence number and 
data record are copied to the new file in exactly the same manner as an update 
record. 

Upon completion of the merge operation (end of file detected in both the update 
and master files), control transfers to the ENDMERGE label where the files are closed 
and renamed. Following the· FINIS statement, the previous MBK file (possibly from 
an earlier execution) is' erased so that the current master (MAS) can be renamed to 
the master backup (MBK). Similarly, any previous UBK file is erased, and the current 
update file is renamed to become the new UBK file. Finally, the new file (TEMP.$$$) 
is renamed to become the new master file (MAS) before execution is stopped. 

Figure 57 shows an example of the files which are involved in a typical merge 
operation. In this application, the sequence numbers control the ordering of a list of 
names which is updated periodically. The NAMES.MAS file is the original master, 
which will be updated by merging the NAMES.UPD file, also shown in the figure. The 
merge operation is initiated by typing 

MERGE NAMES 

and, upon completion, produces the new NAMES.MAS shown to the right in Figure 57. 

The SEQIO library is typical of the interface one can construct to provide a 
higher-level interface between assembly language programs and their operating environ­
ment. Although the library shown here performs only simple sequential file input/output, 
one can construct more comprehesive libraries for random access based upon this 
library. 
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NAMES.MAS 

000100 ABERCROMBIE, SIDNEY 
800200 CARLS~AD, YOLANDA 
800300 EGGBERT, EBENIZER 
000400 GRAVELPAUGH, HORTENSE 
800500 ISENEARS, IGNATZ 
000'600 KRABNATZ, TILLY 
800700 MILLYWATZ, RICARDO 
800800 OPFATZ, ADOLPHO 
800900 QUAGMIRE, DONALD 
801000 TWITSWEET, LADNER 
801090 VERANDA, VERONICA 
801100 WILLOWANDER, PRATNEY 
801200 YUPPGANDER, MANNY 

NAMES.UPD· 

000110 BERNSWEIGER, ALFRED 
800200 CRUENCE, CLARENCE 
000210 DENNINGSKI, HUBERT 
800330 FINKLESTEIN, FRANK 
800410 HILLSENFIELDS, RANDOLPH 
800540 JOLLYFELLOW, JUNE 
000620 LAMBAA, WILLY 
800710 NEEBEND, ASTRID 
800820 PRATTWITZ, HEADY 
800930 RUBBLEMEYER, RUNYON 
800960 SWIGSTITTS, ULYSSIS 
801010 UMPLANDER, XAVIER 
801110 XYLOPH, ERHARDT 
001210 ZEPLIPPS, EGGERWORTZ 

Figure 57. Sample MERGE Disk Files. 

new NAMES.MAS 

000100 ABERCROMBIE, SIDNEY 
800110 BERNSWEIGER, ALFRED 
800200 CRUENCE, CLARENCE 
000210 DENNINGSKI, HUBERT 
800300 EGGBERT, EBENIZER 
800330 FINKLESTEIN, FRANK 
800400 GRAVELPAUGH, HORTENSE 
000410 HILLSENFIELDS, RANDOLPH 
800500 ISENEARS, IGNATZ 
800540 JOLLYFELLOW, JUNE 
800600 KRABNATZ, TILLY 
000620 LAMBAA, WILLY 
000700 MILLYWATZ, RICARDO 
000710 NEEBEND, ASTRID 
800800 OPFATZ, ADOLPHO 
800820 PRATTWITZ, HEADY 
800900 QUAGMIRE, DONALD 
000930 RUBBLEMEYER, RUNYON 
900960 SWIGSTITTS, ULYSSIS 
801000 TWITSWEET, LADNER 
001010 UMPLANDER, XAVIER 
001090 VERANDA, VERONICA 
901100 WILLOWANDER, PRATNEY 
801110 XYLOPH, ERHARDT 
001200 YUPPGANDER, MANNY 
001210 ZEPLIPPS, EGGERWORTZ 



10. ASSEMBLY PARAMETERS 

Assembly parameters can be included when the assembly begins to control various 
assembler functions. In general, the macro assembler is initiated with the name of 
the source file, followed by the assembly parameters, indicated by a preceding dollar 
symbol ($). The parameters are indicated by single controls which denote particular 
functions. The letter or digit shown to the left below corresponds to the function 
shown to the right. 

A controls the source disk for the .ASM file 
H controls the destination of the .HEX machine code file 
L controls the source disk for the .LIB files (see MACLIB) 
M controls MACRO listings in the .PRN file 
P controls the destination of the .PRN file contain.ing the listing 
Q controls the listing of LOCAL symbols 
S controls the generation and destination of the .SYM file 
1 controls pass 1 listing 

Any or all of the above parameters can be included. In the case of tDe A, H, 
L, and S parameters, they are followed by the drive name to obtain or receive the 
data, where the drives are labelled A, B, . . . ,Z. By convention, the X disk 
corresponds to the userTs console, the P disk corresponds to the system line printer 
(logical LIST device), and the Z disk corresponds to a null file which is not recorded. 
The following is a valid assembly parameter list following the' MAC command and 
source file name 

$PB AA HB SX 

which directs the .PRN file to disk B, reads the .ASM file from disk A, directs the 
.HEX file to the B disk, and sends the .SYM file to the userTs console. Blanks are 
optional between parameter specifications. 

The parameters L, S, M, Q, and 1 can be preceded by either + or - symbols 
which enable or disable their respective functions. These functions are listed below 

+L list the input lines read from the macro library (see MACLIB) 
-L suppress listing of the macro library (default value) 
+S append the .SYM to the end of the .PRN output 
-S suppress the generation of the sorted symbol table 
+M list all macro lines as they are processed during assembly 
-M suppress all macro lines as they are read during assembly 
*M list only "hex" generated by macro expansions 
+Q list all LOCAL symbols in the symbol list 
-Q suppress all LOCAL symbols in the symbol list 
+1 produce a listing file on the first pass (for macro debugging) 
-1 suppress listing on pass 1 (default) 

The following is an example of a valid assembly parameter list which uses a 
number of the parameter specifications given above: 

$PB+S-M HB 
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In this case, the .PRN file is sent to disk B with the symbol list appended (no .SYM 
file is created), all macro generations are suppressed, and the .HEX file is sent to 
disk B with the .PRN file. 

Note that the M parameter can be optionally preceded by the u*u symbol which 
causes the assembler to list only macro generations which produce machine code, and 
is used to suppress the listing of the instructions which are produced (i.e., all positions 
beyond the hex fields are not listed). Under normal operation, the macro assembler 
lists only generations which produce machine code, along with the generated line. 

Given that disk d is the currently logged drive, the macro assembler defaults 
these parameters as' follows: the .ASM and .LIB files are assumed to originate on 
drive d, the .HEX, .PRN, and .SYM files are sent to drive d, a symbol table is generated 
with LOCAL symbols suppressed (i.e., all symbols beginning with U??" are not listed), 
and macro lines which generate machine code are listed. Note, however, that the 
filename following the MAC com mand can be preceded by a drive name, in which case 
the P parameter overrides the drive name, if supplied. Whenever a parameter is 
repeated in the assembly parameter specification, the last value is always assumed. 
Valid assembly statements are shown below, assuming the file to be assembled is called 
"sample." 

MAC sample $PX +S-M 

assembles the file sample.ASM with listing to the console, symbols at the console, and 
no list ing of genera ted macros. 

MAC A:sample $+8 -m+q 

assembles sample.ASM from disk A, creating sample.PRN (with appended symbols) on 
the currently logged drive, suppressing generated macros, and listing symbols which 
begin with the characters "??" in addition to the normally listed symbols. 

MAC sample 

assembles sample.ASM from the currently logged drive, creating sample.PRN along 
with sample.SYM (containing the symbol table) and sample.HEX which holds the Intel 
format "hexU file in ASCII form. 

MAC sample $AB HA PB +Q +S +L *M 

assembles the sample.ASM file from drive B, produces the file sample.HEX on drive 
A, with the sample.PRN file on drive B. The symbol table includes ?? symbols, the 
symbol table is placed at the end of the .PRN file on drive B, the .LIB files are listed 
with the .PRN file as the .LIB files are read, and the instructions which correspond 
to generated macro lines are not included (although generated machine code is listed). 

In addition to the parameters shown above, the programmer can intersperse 
controls throughout the assembly language source 'or library files. Interspersed controls 
are denoted by a u$u in the first column of the input line, where the form shown to 
the left below corresponds to the action given to the right. 
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$-PRINT 
$+PRINT 
$-MACRO 
$+MACRO 
$*MACRO 

stops the output listing by discarding formatted lines 
enables the output printing when previously disabled 
disables genera ted macro lines, as in ,,-M" above 
enables full macro trace, as in "+M" above 
enables partial macro trace, as in "*M" above 

Since MAC allows each line to be optionally prefixed by a line number, the "$" control 
can be included directly following this line number, if desired. 
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11. DEBUGGING MACROS 

In completing the discussion of the macro assembler, it is worthwhile considering 
com mon debugging practices used in developing macros and macro libraries. One 
technique, called "iterative improvement," is often used in the design of programs, and 
is most useful in building macros. The basic idea of iterative improvement is that a 
small portion of the overall macro set is first implemented and tested before continuing 
to more complicated macros. In this way, errors can be isolated at each step as the 
macro evolve. Further, if errors occur in the macro generations after a small portion 
of the macro set has been improved, it is most likely the case that the error is being 
caused by the macros which were changed. 

In the case of the Hornblower Highway System macro libraries, for example, 
iterative improvement was used to evolved the final macro library. In particular, only 
the simplest macros were first implemented, including the SETLITE, TIMER, and RETRY 
macros (see Section 10.1). Debugging facilities were then added to these macros so 
that the programs could be traced at the console. Upon successful testing of the 
basic macro facilities, the PUSH?, CLOCK?, and TREAD? macros where individually 
written, added, and tested, resulting in the final macro library. 

At each step, the programmer can use the various assembly parameters to 
control the debugging information. If the macro generations are not producing the 
proper machine code, it may be necessary to obtain a full trace, using the n+M" option 
when MAC is started. If the program produces too much output with the full trace 
enabled, the programmer can use the "$+MACRO" and "$-MACRO" commands inter­
spersed throughout the assembly language source program, resulting in full macro 
generation traces only in the regions selected for debugging consideration. 

If macro generation errors are caused by macro libraries, the program mer can 
use the "+L" parameter when MAC is started to cause the libraries to be included in 
the list ing as they are read. 

As a final consideration, it may be necessary to enable the first pass listing of 
the assembly language using the "+1" parameter. In this case, MAC will list the 
program as it is being read on the first pass as well as the second pass. Note, 
however, that the listing will contain spurious error messages on this pass which may 
disappear on the second pass. The principal purpose of the first pass listing parameter 
is to allow the programmer to view the macro generations on the two successive 
expansion passes to ensure that the assembler is processing the program in the same 
way in both cases. 

If a particular macro expands improperly, and the source of the error is not 
evident after examining various traces, it may be necessary to remove the offending 
macro from the program and create an isolated smaller test case where the error is 
reproduced. Full traces can then be examined to determine the source of the error 
and, after fixing the macro, it can be replaced in the larger program and retested. 
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12. SYMBOL STORAGE REQUffiEMENTS 

The maximum program size which can be assembled by MAC is determined only 
by the symbol table storage requirements for the program. The symbol table itself 
occupies the region above the macro assembler in memory, up to the base of the 
CP 1M operating system. Thus, the size of the symbol table depends upon the size of 
the current MAC version (approximately 12K program and data, plus 2.5K for I/O 
buffers) and the size o( the user's CP 1M configuration. In any case, the symbol table 
size is dynamically determined by MAC upon startup, and fills as symbols are en­
countered. In order to provide some insight regarding storage requirements, the basic 
item size for identifiers and macros is given below. 

A name used as a program label, data label, or variable in a SET or EQUATE 
requires 

N = L + 5 

bytes, where L is the length of the identifier name. Thus, the statement 

PORTV AL EQU 37FH 

makes an entry into the symbol table which occupies 

N = 7 +5 = 12 bytes 

of symbol table space. Recall that LOCAL symbols take the form ??nnnn which 
generates a name of length L = 6. 

Macro storage is somewhat more complicated to compute. The general form 
is given by 

M=L+7+H+T 

where L is the macro name length, H is the parameter header storage requirement, 
and T is the ntacro text storage requirement, computed as 

II = Pl + P2 + · · · + Pn + n 

where P. is the length of the i th parameter name. The text length T is the number 
of charabters in the macro body, including tab and end of line characters. Reserved 
symbols, however, are reduced to a single byte, instead of their multi-character 
representations. The jump, call, and return on condition operators, however, require 
their full character representations. Comments starting with double semicolon are not 
included in the character count. In fact, the comment line is "backscanned" to remove 
preceding tab or blank characters in this case. For example, the macro 

LOADR MACRO 
MVI 
ENDM crlf 

REG,ALPHA ;FILL REGISTER crlf 
REG,'&ALPHA' ;;DATA crlf 

contains a macro header, followed by two macro lines, where each line is written with 
tab characters (rather than spaces) and terminated by carriage-return line-feeds (crlf's). 
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In this case, the macro name length (LOA DR) is five characters (L = 5), and 
the parameter name lengths are three characters (REG) and five characters (ALPHA), 
resulting in the parameter header storage requirement of 

H = PI + P2 + 2 = 3 + 5 + 2 = 10 bytes 

The first macro line contains a leading tab (one byte), the MVI instruction (reduced 
to one byte), another tab character (one byte), the operands REG,'&ALPHA' (t.welve 
characters), and the end of line (two characters) for a total of seventeen bytes. Note 
that the comment, with the preceding tab, is removed from the line. The second line 
contains a tab (one byte), ENDM (one byte), and end of line (two characters) for a 
total of four bytes. Sum m ing the textual characters, the total is T = 21 bytes. As 
a result, the total macro storage for LOADP is 

M = L + 7 + H + T = 5 + 7 + ]0 + 21 = 43 bytes 

No permanent storage is required for REPT's, IRPC's, or IRP's, although temporary 
storage in the symbol table is used while the groups are activeJy iterating. In particular, 
the characters conta ined within the group bounds (from the header to the corresponding 
ENDM) are stored in the symbol table in their literal form, with no reduction of 
reserved symbols to single bytes. Upon completion of the iteration, the st.orage is 
returned for other purposes. Similarly, active parameters for macro expa.nsions require 
temporary storage in the symbol table which is returned upon completion of the macro 
expansion. 

In any case, a symbol table overflow message will result if the total amount 
of free symbol table space is usee up. As mentioned previously, the user can regenerate 
the CP 1M system, up to the maximum memory space of the 8080 processor, to increase 
the symbol table area. Note that the "percentage" of symbol table utilization is always 
printed at the console at the end of the assembly. The form of the printout is 

OhhH USE FACTOR 

where hh is a hexadecimal value in the range 00 to FF, where 00 results from a near 
empty table, and FF js produced for a nearly full table. The value 080H, for example, 
is printed when the symbol table is half fun. The programmer should keep note of 
the use factor as a particular program is c1eveloped in oreer to guage the relative 
amount of free space as the program is enhanced. 

In many of the examples shown in this manual, macros include inline subroutines 
which are generated at the first invocat ion and called upon subsequent invocations (see 
the TYPEOUT macro in Figure 10, for example). These subroutines can be included 
in the mainline program to reduce symbol table storage requirements, if necessary. 
In this case, the subroutines are assumed to exist when the macro is invoked the first 
time, and thus are not generated by the macro. 
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13. ERROR MESSAGES 

When errors occur within the assembly language program, they are listed as 
single character flags in the leftmost position of the source listing. The line in error 
is also echoed at the console so that the source listing need not be examined to 
determine if errors are present. The single character error codes are: 

B Balance error: macro doesn't terminate properly, or conditional assembly 
operation is ill-formed. 

C Comma error: expression was encountered, but not delimited properly 
from the next item by a comma. 

D Data error: element in a data statement (DB or DW) cannot be placed 
in the specified data area. 

E Expression error: expression is ill-formed and cannot be computed at 
assembly time. 

I Invalid character error: a non graphic character has been found in the 
line (not a carriage return, line feed, tab, or end of file); re-edit the file, delete the 
line with the I error, and retype the line. 

L 
label). 

Label error: label cannot appear in this context (may be a duplicate 

M Macro overflow error: internal macro expansion table overflow; may be 
due to too many nested invocations or infinite recursion. 

N Not implemented error: features which will appear in future MAC versions 
(e.g., relocation) are recognized, but flagged in this version. 

o Overflow error: expression is too complicated (i.e., too many pending 
operators), string is too long, or too many successive substitutions of a formal parameter 
by its actual value in a macro expansion. This error will also occur if the number 
of LOCAL labels exceeds 9999. 

P Phase error: label does not have the same value on two subsequent passes 
through the program, or the order of macro definition differs between two successive 
passes; may be due to MACLIB which follows a mainline macro (if so, move the 
MACLIB to the top of the program). 

R Register error: the value specified as a register is not compatible with 
the operation code. 

S Statement error: the fields of this statement are ill-formed and cannot 
be processed properly; may be due to invalid characters or delimiters which are out 
of place. 

V Value error: operand encountered in an expression is improperly formed; 
may be due to delimiter out of place or non-numeric operand. 

166 



Several error messages are printed at the console indicating terminal error 
conditions which abort the MAC execution. Whenever possible, the disk drive name, 
followed by .the relevant file name is printed with the message. 

NO SOURCE FILE PRESENT: The source program file (.ASM) following the 
MAC command cannot be found on the specified diskette. Use the DIR command in 
the CCP to locate the source file. 

NO DIRECTORY SPACE: The diskette directory is full. Use the ERA command 
of the CCP to remove files which you do not need. There are often superfluous .HEX, 
.PRN, and .SYM files which can be removed. 

SOURCE FILE NAME ERROR: The form of the source file name is invalid, or 
not specified. The command form must be: 

MAC filename $assembly parameters 

where the "filename" is the (up to eight character) primary name of the source file, 
with an assumed file type of If.ASM'' (which is not specified). 

SOURCE FILE READ ERROR: The source file cannot be read properly by the 
macro assembler. Use the CCP TYPE command to display the file contents at the 
console. 

OUTPUT FILE WRITE ERROR: An output file cannot be written properly, 
probably due to a full diskette. As in the directory full error above, use the CCP 
commands to erase unnecessary files from the diskette. 

CANNOT CLOSE FILE: An output file cannot be closed. The diskette may be 
write protected. 

UNBALANCED MACRO LIBRARY: A MACRO definition was started within a 
macro library, but the end of file was found in the library before the balancing ENDM. 
was encountered. Examine the macro library using the TYPE command of the CCP, 
or use the "+L" assembly parameter, to ensure that the library is properly balanced. 

INVALID PARAMETER: An invalid assembly parameter was found in the input 
line. The assembly parameters are printed at the console up to the point of the error. 
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Appendix 

8080 CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE 

OP OP OP OP OP OP 
CODE MNEMONIC CODE MNEMONIC CODE MNEMONIC CODE MNEMONIC CODE MNEMONIC CODE MNEMONIC 

00 NOP 2B OCX H 56 MOV O,M 81 ADD C AC XRA H 07 RST 2 
01 LXI B,016 2C INR L 57 MOV O,A 82 ADD 0 AD XRA L 08 RC 
02 STAX B 20 OCR L 58 MOV E,B 83 ADD E AE XRA M 09 ---
03 INX B 2E MVI L,08 59 MOV E,C 84 ADD H AF XRA A OA JC Adr 
04 INR B 2F CMA 5A MOV E,O '85 ADD L BO ORA B DB IN 08 
05 OCR B 30 --- 5B MOV E,E 86 ADD M B1 ORA C DC CC Adr 
06 MVI B,08 31 LXI SP,016 5C MOV E,H 87 ADD A B2 ORA 0 DO ---
07 RLC 32 STA Adr 50 MOV E,L 88 AOC B B3 ORA E DE SBI 08 
08 - -- 33 INX SP 5E MOV E,M 89 AOC C B4 ORA H OF RST 3 
09 DAD B 34 INR M 5F .MOV E,A 8A AOC 0 B5 ORA L EO RPO 
OA LOAX B 35 OCR M 60 MOV H,B 8B AOC E B6 ORA M E1 POP H 
OB OCX B 36 MVI M,08 61 MOV H,C 8C AOC H B7 ORA A E2 JPO Adr 
OC INR C 37 STC 62 MOV H,O 80 AOC L B8 CMP B E3 XTHL 
00 OCR C 38 - - - 63 MOV H,E 8E AOC M B9 CMP C E4 CPO Adr 
OE MVI C,08 39 DAD SP 64 MOV H,H 8F AOC A BA CMP 0 E5 PUSH H 
OF RRC 3A LOA Adr 65 MOV H,L 90 SUB B BB CMP E E6 ANI 08 
10 -- - 3B OCX SP 66 MOV H,M 91 SUB C BC CMP H E7 RST 4 
11 LXI 0,016 3C INR A 67 MOV H,A 92 SUB 0 BO CMP L E8 RPE 
12 STAX 0 3D OCR A 68 MOV L,B 93 SUB E BE CMP M E9 PCHL 
13 INX 0 3E MVI A,08 69 MOV L,C 94 SUB H BF CMP A EA JPE Adr 
14 INR 0 3F CMC 6A MOV L,O 95 SUB L CO RNZ EB XCHG 
15 OCR 0 40 MOV B,B 6B MOV L,E 96 SUB M C1 POP B EC CPE Adr 
16 MVI 0,08 41 MOV B,C 6C MOV L,H 97 SUB A C2 JNZ Adr ED -- -
17 RAL 42 MOV B,O 60 MOV L,L 98 SBB B C3 JMP Adr EE XRI 08 
18 - - - 43 MOV B,E 6E MOV L,M 99 SBB C C4 CNZ Adr EF RST 5 
19 DAD 0 44 MOV B,H 6F MOV L,A 9A SBB 0 C5 PUSH B FO RP 
1A LOAX 0 45 MOV B,L 70 MOV M,B 9B SBB E C6 AOI 08 F1 POP PSW 
1B OCX 0 46 MOV B,M 71 MOV M,C 9C SBB H C7 RST 0 F2 JP Adr 
1C INR E 47 MOV B,A 72 MOV M,O 90 SBB L C8 RZ F3 01 
10 OCR E 48 MOV C,B 73 MOV M,E 9E SBB M C9 RET Adr F4 CP Adr 
1E MVI E,08 49 MOV C,C 74 MOV M,H 9F SBB A CA JZ F5 PUSH PSW 
1F RAR 4A MOV C,O 75 MOV M,L AO ANA B CB --- F6 ORI 08 
20 - -- 4B MOV C,E 76 HLT A1 ANA C CC CZ Adr F7 RST 6 
21 LXI H,016 4C MOV C,H 77 MOV M,A A2 ANA 0 CD CALL Adr F8 RM 
22 SHLO Adr 40 MOV C,L 78 MOV A,B A3 ANA E CE ACI 08 F9 SPHL 
23 INX H 4E MOV C,M 79 MOV A,C A4 ANA H CF RST 1 FA JM Adr 
24 INR H 4F MOV C,A 7A MOV A,O A5 ANA L DO RNC FB EI 
25 OCR H 50 MOV O,B 7B MOV A,E A6 ANA M 01 POP 0 FC CM Adr 
26 MVI H,08 51 MOV O,C 7C MOV A,H A7 ANA A 02 JNC Adr FO ---
27 OAA 52 MOV 0,0 70 MOV A,L A8 XRA B 03 OUT 08 FE CPI 08 
28 --- 53 MOV O,E 7E MOV A,M A9 XRA C 04 CNC Adr FF RST 7 
29 DAD H 54 MOV O,H 7F MOV A,A AA XRA 0 05 PUSH 0 
2A LHLO Adr 55 MOV O,L 80 ADD B AB XRA E 06 SUI 08 

08 = constant, or logical/arithmetic expression that evaluates 
to an 8 bit data quantity. 

016 = constant, or logical/arithmetic expression that evaluates 
to a 16 bit data quantity. . 

Adr = 16-bit address. 

Reproduced with Permission from Intel Corporation, Santa Clara, CA. 
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