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1. AN OVERVIEW OF CP/M 2.0 FACILITIES. 

CP/M 2.0 is a high-performance single-console operating system 
which uses table driven techniques ~o allow field reconfiguration to 
match a wide variety of disk capacities. All of the fundamental file 
restrictions are removed, while maintaining upward compatibility from 
previous versions of release 1. Features of CP/M 2.0 include field 
specification of one to sixteen logical drives, eacn containing up to 
eight megabytes. Any particular file can reacn the full drive size 
with the capability to expand to thirty-two megabytes in future 
releases. The directory size can be field configured to contain any 
reasonable numoer of entries, and each file is optionally tagged with 
read/only and system attrioutes. Users of CP/M 2.0 are physically 
separated oy user numbers, with facilities for file copy operations 
from one user area to another. ~owerful relative-record random access 
functions are present in CP/M 2.0 whlch provide direct access to any 
of the 65536 records of an eight megabyte file. 

All disk-dependent portions of CP/M 2.9 are placed into a 
BIOS-resident "disk parameter block" which is either hand coded or 
produced automaticaliy using the disk definition macro lib~ary 
provided with CP/M 2.0. The end user need only specify the maX1mum 
number of active disks, the starting and ending sector numbers, the 
data allocation size, the maximum extent of the logical disk, 
directory size information, and reserved track values. The macros use 
this information to generate the appropriate tables and table 
references for use during CP/M 2.0 operation. Deblocking information 
is also provided wnich aids in assembly or disassembly of sector sizes 
which are multiples of tne fundamental 128 byte data unit, and the 
system alteration manual includes general-purpose subroutines which 
use the this deolocking information to take advantage of larger sector 
sizes. Use ot these subroutines, togetner with the table driven data 
access algoritnms, make CP/M 2.0 truly a universal data management 
system. 

File expansion is achieved by providing up to 512 logical tile 
extents, where eacn logical extent contains 16K bytes of data. CP/M 
2.0 is structured, however, so that as mucn as l28K bytes of data is 
addressed by a single physical extent (corresponding to a single 
directory entry), tnus maintaining compatibility with previous 
versions while taking full advantage of directory space. 

Random access facilities are present in CP/M 2.0 which allow 
immediate reference to any record of an eight megabyte file. Using 
CP/M'S unique data organization, data blocks are only allocated when 
actually required and movement to a record position requires little 
search time. Sequential file access is upward com?atible from earlier 
versions to the full .eight megabytes, while random access 
compatibility stops at 5l2K byte files. Due to CP/M 2.9's simpler and 
faster random access, application programmers are encouraged to alter 
their programs to take full advantage of the 2.0 facilities. 

Several CP/M 2.0 modules and utilities have improvements whiCh 
correspond to the enhanced file system. STAT and PIP both account for 
file attributes and user areas, while the CCP provides a -login" 

(All Information Contained Herein is Proprietary to Digital Researcn.) 
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function to change from one user area to anotner. ~ne CCP also 
formats directory displays in a more convenient manner and accounts 
for both CRT and hard-copy devices in its enhanced line editing 
functions. 

The sections below point out the individual differences between 
CP/M 1.4 and CP/M 2.8: witn the understanding that the reader is 
either familiar with CP/M 1.4, or has access to the 1.4 manuals. 
Additional information dealing with CP/M 2.0 I/O system alteration is 
presented in the Digital Research manual "CP/M 2.0 Alteration Guide." 

(All Information Contained derein is Proprietary to Digital Research.) 

2 



2. USER INTERFACE. 

Console line processing takes CRT-type devices 
three new control characters, shown with an asterisk 
(the symbol "ctl" below indicates that the 
simultaneously depressed): 

into account with 
in the list below 
control key is 

rub/del 
ctl-C 
ctl-E 
ctl-H 
ctl-J 
ctl-M 
ctl-R 
ctl-O 
ctl-X 

removes and echoes last character 
reboot when at beginning of line 
physical end of line 
oackspace one cnaracter position* 
(line feed) terminates current input* 
(carriage return) terminates input 
retype current line after new line 
remove current line after new line 
backspace to beginning of current line* 

In ~articular, note that ctl-H produces the proper backspace overwrite 
function (ctl-H can be changed internally to another character, such 
as delete, through a simple single byte change). Further, the line 
editor keeps track of the current prompt column position so that the 
operator can properly align data input following a ctl-U, ctl-R, or 
ctl-X command. 

(All Information Contained Herein is Proprietary to Digital Research.) 

3 



3. CONSOLE COMMAND PROCESSOR (CCP) INTERFACE. 

There are four functional differences between CP/M 1.4 and CP/M 2." at the console command processor (CCP) level. 'rhe CCP now 
displays directory information across the screen (four elements per 
line), the USER command is present to allow maintenance of separate 
files in the same directory, and the actions of the "ERA *. *" and 
"SAVE" commands have changed. The altered DIR format is 
self-explanatory, while the USER command takes the form: 

USER n 

where n is an integer value in the range ., to 15. Upon cold start, 
the operator is automatically Hlogged M into user area number 0, which 
is compatible with standard CP/M 1.4 directories. The operator may 
issue the USER command at any time to move to anotner logical area 
within the same directory. Drives which are logged-in while 
addressing one user number are automatically active when the operator 
moves to another user numoer since a user number is simply a prefix 
which accesses particular directory entries on the active disks. 

The active 
subsequent USER 
is again assumed. 

user number is maintained until changed by a 
command, or until a cold start operation when user 0 

Due to the fact that user numbers now tag individual directory 
entries, the ERA *.* command has a different effect. In version 1.4, 
this command can be used to erase a directory whicn has "garbage" 
information, perhaps resulting from use of a diSkette under another 
operating system (heaven forbid!). In 2.0, however, the ERA w.* 
command affects only the cur rent user numoer. 'rnus, it is necessary 
to write a simple utility to erase a nonsense disk (the program simply 
writes the hexadecimal pattern E5 throughout the disk). 

The SAVE command in version 1.4 allows only a single memory save 
operation, with the potential of destroying the memory image due to 
directory operations following extent boundary changes. Version 2.~, 
nowever, does not perform directory operations in user data areas 
after disk writes, and thus the SAVE operation can be used any number 
of times without altering the memory image. 

(All Information Contained Herein is proprietary to Digital Research.) 
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4. STAT ENHANCEMENTS. 

The STAT program has a number of additional functions which 
allow disk parameter display, user number display, and file indicator 
manipulation. The command: 

STA'r VAL: 

l;>roduces a summary of the availaole status commands, resulting in the 
output: 

Temp R/O Disk: d:=R/O 
Set Indicator: d:filename.typ $R/O $R/w $SYS $DIR 
Disk status : OSK: d:DSK: 
User status : USR: 
Iobyte Assign: 
(list of possible assignments) 

whicn gives an instant summary of the possible STAT commands. The 
command form: 

STAT d:filename.typ ~S 

wnere "d:" is an optional 
unamoiguous or ambiguous 
format: 

Size 
48 
55 

65536 

Recs 
4B 
55 

128 

Bytes 
6k 

12k 
2k 

drive name, and "filename.typ" is an 
file name, produces the output display 

Ext Acc 
1 R/O A:EO.COM 
1 R/O (A:PIP.COM) 
2 R/w A:X.DAT 

where tne $S parameter causes the "Size" field to be dis1?layed 
(without the $S, the Size field is skipped, but the remaining fields 
are disl;>layed). The Size field lists the virtual file size in 
records, while the "Recs" field sums the numoer of virtual records in 
each extent. For files constructed sequentially, the Size and Recs 
fields are identical. The "Bytes" field lists the actual number of 
bytes allocated to the corresponding file. The minimum allocation 
unit is determined at configuration time, and thus the number of bytes 
corresponds to the recoro count plus the remaining unused space in the 
last allocated block for sequential files. Random access files are 
given data areas only when written, so the Bytes field contains the 
only accurate allocation figure. In the case of random access, the 
Size field gives the logical end-of-file record position and the Recs 
field counts the logical records of each extent (each of these 
extents, however, ~ay contain unallocated "holes" even though they are 
added into the record count). The -Ext" field counts the number of 
logical 16K extents allocated to the file. Unlike version 1.4, the 
Ext count does not necessarily correspond to the number of directory 
entries given to the file, since there can be up to 128K oytes (8 
logical extents) directly addressed by a single directory entry, 
depending upon allocation size (in a special case, there are actually 
256K bytes which can be directly addressed by a physical extent). 

The "Acc" field gives the R/O or R/w access mode, which is 
changed using the commands shown below. Similarly, the parentheses 

(All Intormation Contained Herein is Proprietary to Digital Research.) 
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shown around the PIP.COM file name indicate that it has the "system" 
indicator set, so that it will not be listed in OIR commands. 'rhe 
four command forms 

s'rAT d:filename.typ $R/O 
STAT d:filename.typ $R/w 
STAT d:filename.typ SSYS 
S'rAT d:filename.typ SDIR 

set or reset various permanent file indicators. The R/O indicator 
places the file (or set of files) in a read-only status until changed 
by a subsequent STAT command. The R/O status is recorded in the 
directory .with tne file so that it remains R/O through intervening 
cold start operations. The R/W indicator places the file in a 
permanent read/write status. The SYS indicator attaches the system 
indicator to the file, while the orR command removes the system 
indicator. The "filename.typ·· may be ambiguous or unambiguous, but in 
eitner case, the files whose attributes are changed are listed at the 
console when the change occurs. The dr ive name denoted by .t d:" is 
optional. 

when a file is marked R/O, subsequent attempts to erase or write 
into the file result in a terminal BOOS message 

Sdos Err on d: File R/O 

The BOOS then waits for a console input before performing a subsequent 
warm start (a "return" is sufficient to continue). The command form 

s'rAT d: OSK: 

lists the drive characteristics of the disk named by "d:" which is in 
tne range A:, B:, ••• , P:. The drive characteristics are listed in 
the format: 

d: Drive Characteristics 
65536: 128 Byte record Capacity 

8192: Kilobyte Drive Capacity 
128: 32 Byte Directory Entries 

8: Checked Directory Entries 
1824: Records/ Extent 

128: Records/ Block 
58: Sectors/ Track 

2: Reserved Tracks 

where "d:" is the selected drive, followed by the total record 
capacity (65536 is an 8 megabyte drive), followed by the total 
capacity listed in KiloDytes. The directory size is listed next, 
followed by the ·checked" entries. The number of checked entries is 
usually identical to the directory size for removable media, since 
this mechanism is used to detect changed media during CP/M operation 
without an intervening warm start. For fixed media, the number is 
usually zero, since the media is not changed without at least a cold 
or warm start. The number of records per extent determines the 
addressing capacity of each directory entry (1824 times 128 bytes, or 
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128K in the example above). The number of records per Dlock shows the 
oasic allocation size (in the example, 128 records/DloCk times 128 
bytes per record, or 16K oytes per block). The listing is then 
followed by the number of physical sectors ~er track and the number of 
reserved tracks. For logical drives which share the same physical 
disk, the number of reserved tracks may be quite large, since this 
mechanism is used to Skip lower-numbered disk areas allocated to other 
logical disks. The command form 

STA~ DSK: 

produces a drive cnaracteristics taole for all currently active 
drives. The final STAT command form is 

STAT USR: 

whicn produces a list of the user numbers which have files on the 
currently addressed disk. The display format is: 

Active User : 0 
Active Files: 0 1 3 

where the first line lists the currently addressed user number, as set 
by the last CCP USER command, followed by a list of user numbers 
scanned from the current directory. In the above case, the active 
user number is 0 (default at cold start), with three user numbers 
which have active files on the current disk. The operator can 
subsequently examine the directories of the other user numbers by 
logging-in with USER 1, USER 2, or USER 3 commands, followed by a DIR 
command at the CCP level. 
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5. PIP ENHANCEME~TS. 

PIP provides three new functions which account for the features 
of CP/M 2.0. All three functions take the form of file oarameters 
which are enclosed in square brackets following the appropriate file 
names. The commands are: 

Gn Get File from User number n 
(n in the range ~ - 15) 

W write over R/O files without 
console interrogation 

R Read system files 

The G command allows one user area to receive data files from another. 
Assuming the operator has issued the USER 4 command at the CCP level, 
the PIP statement 

PIP X.Y = X.Y[G2] 

reads file X.Y from user number 2 into user area number 4. The 
command 

PIP A:=A:*.*[G2] 

copies all of the tiles from the A drive directory for user number 2 
into the A drive directory of the currently logged user number. Note 
that to ensure file security, one cannot copy files into a different 
area than the one which is currently addressed by the USER command. 

~ote also that the PIP program itself is initially copied to a 
user area (so that subsequent files can be copied) using the SAVE 
command. The sequence of operations shown below effectively moves PIP 
from one user area to the next. 

USER 0 
ODT PIP.COM 
(note PIP size 

G0 
USER 3 
SAVE s PIP.COM 

login user a 
load PIP to memory 

s) 
return to CCP 
login user 3 

where s is the integral number of memory "pages" (256 byte segments) 
occupied by PIP. The number s can be determined when PIP.COM is 
loaded under DDT, by referring to the value under the "NEXT" display. 
If for example, the next available address is 1000, then PIP.COM 
requires lC hexadecimal pages (or 1 times 16 + 12 = 28 pages), and 
thus the value of s is 28 in the subsequent save. Once PIP is co~ied 
in this manner, it can then be copied to another disk belonging to the 
same user number through normal pip transfers. 

Under normal operation, PIP will not overwrite a file which is 
set to a permanent R/O status. If attempt is made to overwrite a R/O 
file, the prompt 
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OFRTINATION FILE IS a/o, DELETE (fIN)? 

is issued. If the operator responds with the character .y. then the 
file is overwritten. Otherwise, the response 

** NOT DELETED ** 

is issued, the file transfer is ski~~~ed, and PIP continues with the 
next operation in sequence. In order to avoid the prompt and response 
in the case of R/O file overwrite, the command line can include the W 
parameter, as shown below 

. PIP A:-S:*.COM[W1 

which copies all non-system files to. the A drive from the B drive, and 
overwrites any R/O files in the process. If the operation involves 
several concatenated files, the w parameter need only be included with 
the last file in the list, as shown in the following example 

PIP A.DAT = B.DAT,F:NEW.DAT,G:OLD.DAT[w] 

Files with the system" attribute can be included in PIP transfers 
if the R parameter is included, otherwise system files are not 
recognized. The command line 

PIP ED. COM = S:ED.COM[R] 

for example, reads the ED.COM file from the B drive, even if it has 
been marked as a R/O ana system file. The system file attributes are 
copied, if present. 

It should be noted that downward compatibility with previous 
versions of CP/M is only maintained if the file does not exceed one 
megaoyte, no file attributes are set, and the file is created by user 
9. If compatibility is required with non-standard (e.g., Hdouble 
density") versions of 1.4, it may be necessary to select 1.4 
compatibility mode "when constructing the internal disk parameter olock 
(see the "CP/M 2.0 Alteration Guide," and refer to Section 19 which 
describes SIOS differences). 
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6. EO ENHANCEMENTS. 

The CP/M standard 9rogram editor provides several new facilities 
in the 2.0 release. Experience has shown that most operators use the 
relative line numbering feature of ED, and thus the editor has the "v" 
(Verify Line) o9tion set as an initial value. The operator can, of 
course, disable line numbering by typing the ~-v~ command. If you are 
not familiar with the EO line number mode, you may wish to refer to 
tne Appendix in the £0 user's guide, where the "v" command is 
descr ibed. 

EO also takes file attributes into account. 
attempts to edit a read/only file, the message 

** FILE IS READ/ONLY ** 

If the operator 

appears at the console. The file can be loaded· and examined, but 
cannot be altered in any way. Normally, the operator simply ends the 
edit session, and uses STAT to change the file attribute to R/W. If 
the edited file has the "system" attribute set, the message 

"SYSTEM" FILE NOT ACCESSIBLE 

is displayed at the console, and the edit session is aborted. Again, 
the STAir program can be used to change the system at tr ibu te, if 
desired. 

Finally, the insert mode ( .. i") command allows CRT line edi ting 
functions, as described in Section 2, above. 
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7. THE XSUB FUNCTION. 

An additional utility program is supplied with version 2.1 of 
CP/M, called XSUB, which extends the p'ower of the SUBMIT facility to 
include line input to programs as well as the console command 
processor. The XSUB command is included as the first line of your 
submit file and, when executed, self-relocates directly below the CCP. 
All subsequent submit command lines are processed by XSUB, so that 
progr~s which read buffered console input (BOOS function 11) receive 
their input directly from the submit file. For example, the file 
SAVER. SUB could contain the submit lines: 

XSUB 
DDT 
I$l.HEX 
R 
GI 
SAVE 1 $2.COM 

with a subsequent SUBMIT command: 

SUBMIT SAVER X Y 

which SUbstitutes X for $1 and Y for $2 in the command stream. The 
XSUB program loads, followed by DDT which is sent the command lines 
uIX.HEXM MR" and MGI· thus returning to the CCP. The final command 
·SAVE 1 Y.COM" is processed by the CCP. 

The XSUB program remains in memory, and prints the message 

(xsub active) 

on each warm start operation to indicate its presence. Subsequent 
submit command streams do not require the XSUB, unless an intervening 
cold start has occurred. Note that XSUB must be loaded after DESPOOL, 
if both are to run simultaneously. 
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8. BOOS INTERFACE CONVENTIONS. 

CP/M 2.~ system calls take place in exactly the same manner as 
earlier verSlons, with a call to location 0005H. function number in 
register C, and information address in register r;:>air DE. Single byte 
values are returned in register A, with double byte values returned in 
fiL (for reasons of compatibility, register A = L and register a = H 
upon return in all cases). A list of CP/M 2.0 calls is given below, 
with an asterisk following functions which are either new or revised 
from version 1.4 to 2.0. Note that a zero value is returned for 
out-of range function numbers. 

rJ System Reset 19* Delete File 
1 Console Input 20 Read Sequential 
2 Console Output 21 write Sequential 
3 Reader Input 22* Make File 
4 Punch Output 23* Rename File 
5 List OutJ;>ut 24* Return Login Vector 
6* Di rect Console I/O 25 Return Current Disk 
7 Get I/O Byte 26 Set DMA Address 
a Set I/O Byte 27 Get Addr (Alloc) 
~ Pr int Str ing 28* write Protect Disk 

10* Read Console Buffer 29* Get Addr(R/O Vector) 
11 Get Console Status 30* Set File Attributes 
12* Return Version Number 31· Get Addr(Oisk Parms) 
13 Reset Disk System 32* Set/Get User Code 
14 Select Disk 33* Read Random 
15* Open File 34* Write Random 
16 Close File 35* Com~ute File Size 
17* Search for First 36* Set Random Record 
18* Search for Next 

(Functions 28, 29, and 32 should be avoided in application programs to 
maintain upward compatibility with MP/M.) The new or revised functions 
are described below. 

Function 6: Direct Console I/O. 

Direct Console I/O is supported under CP/M 2.0 for those 
applications where it is necessary to avoid the aDOS console I/O 
operations. Programs whicn currently perform direct I/O through the 
SIOS should be changed to use direct I/O under SOOS so that they can 
be fully supported under future releases of MP/M and CP/M. 

Upon entry to function 6, register E eitner contains hexadecimal 
FF, denoting a console input request, or register E contains an 
character. If the inout value is FF. then function 6 returns 
if no character is ready, otherwise A contains the next console 
character. 

If the input value in E is not FF, then function 6 assumes 
E contains a valid ASCII character which is sent to the console. 

ASCII 
A = 00 

input 

that 
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Function 10: Read Console Buffer. 

The console buffer read operation remains unchanged except that 
console line editing is supported, as described in Section 2. Note 
also that certain functions which return the carriage to the leftmost 
position (e.g., ctl-X) do so only to the column position where the 
prompt ended (previously, the carriage returned to the extreme left 
margin). This new convention makes operator data input and line 
correction more legible. 

Function 12: Return Version Number. 

Function 12 has been redefined to provide information which 
allows version-independent programming (this was previously the "lift 
head" function which returned HL=0000 in version 1.4, but performed no 
operation). The value returned by function 12 is a two-byte value, 
with H = 00 for the CP/M release (H = 01 for MP/M), and L = 00 for all 
releases previous to 2.0. CP/M 2.0 returns a hexadecimal 20 in 
register L~ with subsequent version 2 releases in the hexadecimal 
range 21, 22, through 2F. Using function 12, for example, you can 
write application programs which provide both sequential and random 
access functions, with random access disabled when operating under 
early releases of CP/M. 

In the file operations described below, DE addresses a file 
control block (FCB). Further, all directory operations take place in 
a reserved area which does not affect write buffers as was the case in 
version 1.4, with the exception of Searcn First and Search Next, where 
compatibility is required. 

The File Control Block (FCB) data area consists of a sequence of 33 
bytes for sequential access, and a series of 36 bytes in the case that 
the file is accessed randomly. The default file control block 
normally located at 005C8 can be used for random access files, since 
bytes 00708, 007EH, and 007F8 are available for this purpose. For 
notational purposes, the FCB format is shown with the following 
fields: 
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------------------------------------------------------------
Idrlf1lf21/ /lf8It1It2It3Iexls1Is2Ircld01/ /ldnlcrlr0lr1lr21 
------------------------------------------------------------

00 01 02 ••• 08 09 10 11 12 13 14 15 16 • • • 

where 

dr drive code (9 - 16) 
o => use default drive for file 
1 => auto disk select drive A, 
2=> auto disk select drive B, . . . 
16=> auto disk select drive P. 

fl ••• f8 contain the file name in ASCII 
upper case, with high bit = 0 

tl,t2,t3 contain the file type in ASCII 
upper case, with high bit = 0 
tl', t2', and t3' denote the 
bit of these Dositions, 
tl' = 1 => Read/Only file, 
t2' = 1 => SYS file, no DIR list 

31 32 33 34 35 

ex contains the current extent number, 
normally set to 00 by the user, but 
in range 0 - 31 during file I/O 

sl reserved for internal system use 

s2 reserved for internal system use, set 
to zero on call to OPEN, MAKE, SEARCH 

rc record count for extent "ex," 
takes on values from 0 - 128 

d0 ••• dn filled-in by CP/M, reserved for 
system use 

cr current record to read or write in 
a sequential file operation, normally 
set to zero by user 

r0,rl,r2 optional random record number in the 
range 0-65535, with overflow to r2, 
r0,rl constitute a l6-bit value with 
low byte r0, and high byte rl 

Function 15: Open File. 

The Open File operation is identical to previous definitions, 
with the exception that byte s2 is automatically zeroed. Note that 
previous versions of CP/M defined this byte as zero, but made no 

(All Information Contained Herein is Proprietary to Digital Research.) 

14 



cnecks to assure compliance. Thus, the byte is cleared to ensure 
upward compatibility with the latest version, where it is required. 

Function 17: Searcn for First. 

Search First scans the directory for a match with the file given 
by the FCB addressed by DE. The value 255 (hexadecimal FF) is 
returned if the file is not found, otherwise a value of A equal to D, 
1, 2, or 3 is returned indicating the file is present. In the case 
tnat the file is found, the current DMA address is filled with the 
record containing tne directory entry, and the relative starting 
position is A * 32 (i.e., rotate the A register left 5 bits, or ADD A 
five times). Although not normally required for application programs, 
the directory information can be extracted from the buffer at this 
position. 

An ASCII question mark (63 decimal, 3Fhexadecimal) in any 
position from fl through ex matches the corresponding field of any 
directory entry on the default or auto-selected disk drive. If the dr 
field contains an ASCII question mark, then the auto disk select 
function is disabled, the default disk is searched, with the search 
function returning any matched entry, allocated or free, belonging to 
any user number. This latter function is not normally used by 
application programs, out does allow complete flexibility to scan all 
current directory values. If the dr field is not-a question mark, the 
s2 byte is automatically zeroed. 

Function 18: Search for Next. 

The Search Next function is similar to the Search First 
function, except that the directory scan continues from the last 
matched entry. Similar to function 17, function 18 returns the 
decimal value 255 in A when no more directory items match. 

Function 19: Delete File. 

The Delete File function removes files which match the FCB 
addressed by DE. The filename and type may contain ambiguous 
references (i.e., question marks in various positions), but the drive 
select code cannot be ambiguous, as in the Search and Search Next 
functions. 

Function-19 returns a decimal 255 if the reference file or files 
could not be found, otherwise a value in the range 8 to 3 is returned. 
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Function 22: Make File. 

~he Make File operation is identical to previous versions of 
CP/M, except that byte s2 is zeroed upon entry to the BOOS. 

Function 23: Rename File. 

The Actions of the file rename functions are the same as 
previous releases except that the value 255 is returned if the rename 
function is unsuccessful (the file to rename could not be found), 
otherwise a value in the range 0 to 3 is returned. 

Function 24: Return Login Vector. 

The login vector value returned by CP/M 2.0 is a 16-bit value in 
BL, where the least significant bit of L corresponds to the first 
drive A, and the high order bit of B corresponds to the sixteenth 
drive, labelled P. Note that compatibility is maintained with earlier 
releases, since registers A and L contain the same values upon return. 

Function 28: write Protect Current Disk. 

The 
protection 
the disk, 
message 

disk write protect function provides tem90rary write 
for the currently selected disk. Any attem9t to write to 
before the next cold or warm start operation produces the 

Bdos Err on d: R/O 

Function 29: Get R/O Vector. 

Function 29 returns a bit vector in register pair Bt which 
indicates drives which have the temporary read/only bit set. Similar 
to function 24, the least significant oit corresponds to drive A, 
while the most significant bit corresponds to drive P. ~he R/O bit is 
set either by an explicit call to function 28, or by the automatic 
software mechanisms within CP/M which dete9t changed disks. 

Function 38: Set File Attributes. 

The Set .. File Attributes function allows programmatic 
manipulation of permanent indicators attached to files. In 
particular, the R/O and System attributes (tl' and t2' above) can be 
set or reset. The DE pair addresses an unambiguous file name with the 
appropriate attributes set or reset. Function 30 searches for a 
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matcn, and chanqes the matched directory entry to contain the selected 
inaicators. Indicators fl' through f4' are not ~resently used, but 
may be useful for applications ~ro9rams, since they are not involved 
in the matching process during file open and close operations. 
Indicators f5' tnrough fS' and t3' are reserved for future system 
eX1?ansion. 

Function 31: Get Disk Parameter' Block Address. 

'rhe address of the BIOS resident (Usk parameter block is 
returned in HL as a result of this function call. This address can be 
used for either of two pur~oses. First, the disk parameter values can 
De extracted for display and space·computation purposes, or transient 
programs can dynamically change the values of current disk parameters 
when the disk environment changes, if required. Normally, a1?9lication 
programs wi.!l not require this facility. 

Function 32: Set or Get User Code. 

An application program can change or interrogate the currently 
active user number Dy calling function 32. If register E = FF 
nexaoecimal, then tne value of the current user number is returned in 
register A, where the value is in the range 0 to 31. If register E is 
not FF, then the current user number is changed to the value of E 
(modulo 32). 

Function 33: Read Random. 

'l'he Read Random function is similar to the sequential file read 
operation of previous releases, except that the read o1?eration takes 
place at a particular record number, selected by the 24-bit value 
constructed from the three byte field following the FCB (byte 
positions r0 at 33, rl at 34, and r2 at 35). Note that the sequence 
of 24 Dits is stored with least significant Dyte first (r0), middle 
Dyte next (rl), and high byte last (r2). CP/M release 2.~ does not 
reference byte r2, except in computing the size of a file (function 
35). Byte r2 must be zero, however, since a non-zero value indicates 
overflow past the end of file. 

Thus, in version 2.0, the r0,rl byte pair is treated as a 
double-byte, or "word" value, which contains the record to read. This 
value ranges from 0 to 65535, providing access to any particular 
record of the 8 megabyte file. In order to ~rocess a file uS1ng 
random access, the base extent (extent ·0) must first be opened. 
Although the base extent mayor may not contain any allocated data, 
this ensures that the file is properly recorded in the directory, and 
is visible in oIR requests. The selected record number is then stored 
into the random record field (r0,rl), and the BOOS is called to read 
the record. Upon return from the call, register A either contains an 
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error code, as listed below, or the value 00 indicating the operation 
was successful. In the latter case, the current DMA address contains 
the randomly accessed record. Note that contrary to the sequential 
read operation, the record number is not advanced. ThuS, subsequent 
random read operations continue to read the same record. 

Upon each random read operation, the logical extent and current 
record values are automatically set. 'rhus, the file can be 
sequentially read or written, starting from the current randomly 
accessed position. Note, however, that in this case, the last 
randomly read record will be re-read as you switch from random mode to 
sequential read, and the last record will be re-written as you switch 
to a sequen~ial write operation. You can, of course, simply advance 
the random record position following each ranaom read or write to 
obtain the effect of a sequential I/O operation. 

Error codes returned in register A following a random read are 
listed below. 

01 reading unwritten data 
02 (not returned in random mode) 
03 cannot close current extent 
04 seek to unwritten extent 
05 (not returned in read mode) 
06 seek past physical end of disk 

Brror code 01 and 04 occur when a random read operation accesses a 
data olock which has not been previously written, or an extent which 
has not been created, which are equivalent conditions. Error 3 does 
not normally occur under proper system operation, out can be cleared 
by simply re-reading, or re-opening extent zero as long as the disk is 
not physically write protected. Error code 06 occurs whenever byte r2 
is non-zero under the current 2.0 release. Normally, non-zero return 
codes can be treated as missing data, with zero return codes 
indicating operation complete. 

Function 34: write Random. 

The Write Random operation is initiated similar to the Read 
Random call, except that data is written to the disk from the ,current 
DMA address. Further, if the disk extent or data block which is the 
target of the write has not yet been allocated, the allocation is 
performed before the write operation continues. As in the Read Random 
operation, the rando~ record number is not changed as a result of the 
writ~. The logical extent number and current record positions of the 
file control block are set to corresoond to the random record which is 
being written. Again, sequential- read or write operations can 
commence following a random write, with the notation that the 
currently addressed record is either read or rewritten again as the 
sequential operation begins. You can also simply advance the random 
record position following each write to get the effect of a sequential 
write operation. Note that in particular, reading or writing the last 
record of an extent in random mode does not cause an automatic extent 
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switch as it does in sequential mode under either CP/M 1.4 or CP/M 
2.~. 

'rhe error codes returned by a random write are identical to the 
random read operation with the addition of error code dS, which 
indicates that a new extent cannot be created due to directory 
ove rflow. 

Function 35: Compute File Size. 

when computing the size of a file, :the DE register pair 
addresses an FCB in random mode format (bytes r0, rl, and r2 are 
present). The FCB contains an unambiguous file name whiCh is used in 
the directory scan. Upon return, the random record bytes contain the 
"virtual" file size which is, in effect, the record address of" the 
record following the end of the file. if, following a call to 
function 35, the high record byte r2 is aI, then the file contains the 
maximum record count 65536 in version 2.0. Otherwise, bytes r0 and rl 
constitute a 16-bit value (r0 is the least significant byte, as 
before) which is the file size. 

Data can be apgended to the end of an existing file by simply 
calling function 35 to set the random record position to the end of 
file, tnen performing a sequence of random writes starting at the 
preset record address. 

Tne virtual size of a file corresponds to the physical size when 
the file is written sequentially. If, instead, the file was created 
in random mode and "holes" exist in the allocation, then the file may 
in fact contain fewer records than the size indicates. If, for 
example, only the last record of an eight megabyte file is written in 
random mode (i.e., record number 65535), then the virtual size is 
65536 records, although only one block of data i"s actually allocated. 

Function 36: Set Random Record. 

The Set Random Record function causes the aDOS to automatically 
produce the random record position from a file which has been read or 
written sequentially to a 9articular point. The function can be 
useful in two ways. 

First, it is often necessary to initially read and scan a 
sequential file to extract the. positions of various "key" fields. As 
each key is encountered, function 36 is called to compute the random 
record position for the data corresponding to this key. If the data 
unit size is 128 bytes, the resulting record position is placed into a 
table with the key for later retrieval. After scanning the entire 
file and tabularizing the keys and their record numbers, you can move 
instantly to a particular keyed record by performing a random read 
using the corresponding random record number which was saved earlier. 
The scheme is easily generalized when variable record lengths are 

(All Information Contained Herein is Proprietary to Digital Research.) 

19 



involved since the program need only store the buffer-relative byte 
position along with the key and record number in order to find the 
exact starting position of the keyed data at a later time. 

A second use of function 36 occurs when switching from a 
sequential read or write over to random read or write. A file is 
sequentially accessed to a ~articular point in the file, function 36 

. is called which sets the record number, and subsequent random read and 
write operations continue from the selected pOint in the file. 

This section is concluded with a rather extensive, but complete 
example of random access operation. The program listed below performs 
the simple function of reading or writing random records upon command 
from the terminal. Given that the program has been created, 
assembled, and placed into a file labelled RA~DOM.COM, the CCP level 
command: 

RANDOM X.DA'f 

starts the test program. 'fhe program looks for a file by the name 
X.DAT (in this 9articular case) and, if found, proceeds to prompt the 
console for input. If not found, the file is created before the 
prompt is given. Each ~rompt takes the form 

next command? 

and is followed by operator input, terminated by a carriage return. 
The input commands take the form 

nR o 
where n is an integer value in the range 0 to 65535, and W, R, and Q 
are simple command characters corresponding to random write, random 
read, and quit processing, respectively: If the W command is issued, 
the RANDOM program issues the prompt 

type data: 

The operator then responds by typing up to 127 characters, followed by 
a carriage return. RANDOM then writes the· character string into the 
X.DA'f file at record n. If the R command is issued, RANDOL" reads 
record number n and displays the string value at the console. If the 
o command is issued, the X.DAT file is closed, and the program returns 
to the console'command processor. In the interest of brevity (ok, so 
the program's not so brief), the only error message is 

error, try again 

The program begins with an initialization section where the 
input file is opened or created, followed by a continuous loop at the 
label "ready" where the individual commands are interpreted. 'rhe 
default file control block at 005CH and the default buffer at 0080H 
are used in all disk operations. 'fhe utility subroutines then follow, 
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which contain the ~rincipal input line processor, 
'1'his 1?articu1ar program shows the elements of 
processing, and can be used as the basis for 
development • 

called 
random 
further 

"readc." 
access 

program 

0190 

0000 = 
0905 = 
'Ut0l = 
0002 = 
0809 = 
tHJ0a = 
kJtHJc = 
(l00f = 
0icH0 = 
0016 = 
~hi2l = 
0~22 = 
~85c = 
007d = 
007f = 
0980 = 
000d = 
000a = 

0100 3lbc8 

8B'}3 0e0c 
0185 cd050 
0188 fe20 
0Hla d2l6a 

0l0d lllb9 
0118 cdda0 
0113 c3000 

• *************************************************** I 

.* * , 
;* sample random access program for c~/m 2.0 * 
.* * I 

.*************************************************** , 

· , reboot 
bdos 
· , coninp 
conout 
,,?string 
rstring 
version 
openf 
closef 
makef 
readr 
writer 
· , fcb 
ranrec 
ranovf 
buff 

cr 
If 
· , 

org 

equ 
equ 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

equ 
equ 
equ 
equ 

equ 
equ 

l00h 

0000h 
0005h 

1 
2 
9 
10 
12 
15 
16 
22 
33 
34 

00Sch 
fcb+33 
fcb+35 
0080h 

0dh 
Bah 

:base of tpa 

= system reboot 
ibdos entry point 

iconso1e input function 
iconsole output function 
;print string until 1$1 
:read console buffer 
:return version number 
:file open function 
;close function 
:make file function 
:read random 
:write random 

;default file control block 
:random record position 
;high order (overflow) byte 
;buffer address 

;carriage return 
:line feed 

.*************************************************** , 
• * * , 
;* load SP, set-up file for random access * 
.* * '" .*************************************************** , 

lxi s~,stack 
• , 
· version 2.8? , 

mvi c,version 
call bdos 
cpi 2.0h iversion 2.0 or better? 
jnc versok 

· bad version, message and go back , 
lxi d ,badver 
call t;>rint 
jmt;> reboot 

· , versok: 
: correct version for random access 
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0116 0e8f mvi c,openf ;open default fcb 
0118 11Sc8 lxi d,fcb 
0llb cd8S" call bdos 
0lle 3c inr a ;err 255 becomes zero 
allf c2310 jnz reaay 

· , · cannot open file, so create it , 
d122 0e16 mvi c,makef 
0124 11Sc0 lxi d,fcb 
0121 cd0S0 call bdos 
0l2a 3c inr a ;err 255 becomes zero 
0l2b c23}0 jnz ready 

• , 
· cannot create file, directory full , 

0l2e 113a0 lxi d,nospace 
8131 cdda0 call orint 
0134 c30S8 jmp reboot ;back to ccp 

· . , 

0131 cdeS0 
0l3a 221d0 
0l3d 2l1f0 
0140 3600 
3142 feSl 
0144 c2S60 

0141 0eli 
8149 11Sc0 
8l4c cd8S0 
014f 3c 
0150 cab98 
0153 c3S0e 

8156 feS1 
0158 c2890 

015b 114d0 
elSe cdda0 

.*************************************************** , 

.* * , 
· * , 
.* , 

loop back to .. ready" after each command * 
* 

.*************************************************** , 
· , ready: 
• file is ready for processing , 
· , call readcom ;read next command 

snld ranrec ;store input recordi 
lxi h,ranovf 
mvi m,0 ;clear high byte if set 
cpi • O· ;quit? 
jnz notq 

• , 
· quit processing, close file , 

mvi c,closef 
lxi d,fcb 
call bdos 
inr a ;err 255 becomes 0 
jz error ;error message, retry 
j mp reboot ;back to ccp 

· , .*************************************************** , 
.* * , 
;* end of quit command, process write * 
.* * , 
.*************************************************** , 
notq: 
· not the quit command, random write? , 

cpi • W' 
jnz notw 

· , · this is a random wr i te, fill buffer until cr , 
lxi d,datmsg 
call print ;data prompt 
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0161 0e7f 
8163 21800 

0166 c5 
0167 e5 
wl168 cdc20 
0160 e1 
kl16c c1 
016d fe0d 
016f ca780 

0172 77 
0173 23 
0174 "d 
0175 c2660 

"178 36130 

0l7a 0e22 
0l7c llSc0 
0l7f cd050 
0182 b7 
0183 c2b9tJ 
~ld6 c337rl 

0189 fe52 
018b c2b90 

0l8e 0e2l 
0190 llSc0 
0193 cd0S0 
0196 b7 
0197 c2b90 

0l9a cdcf0 
0l9d tae80 
019f 21800 

01a2 7e 
01a3 23 
01a4 e67f 
01a6 ca370 
01a9 c5 
01aa e5 

r1oop: 

· , 

erloop: 
• , 

• , 
· , 

· , 

mvi 
1xi 
, read 
pusn 
push 
call 
pop 

c,127 IUP to 127 characters 
h,buff Idestination 

next character to buff 
b ;save counter 
h ,next destination 
getchr ;charactex to a 
h Irestore counter 
b ;restore next to fill 
cr fend of line? 
erlooo 

pop 
cl;)i 
jz 
not 
mov 
inx 
dcr 
jnz 

end, store character 
m,a 
h 
c 
rloop 

;next to fill 
;counter goes down 
fend of Duffer? 

end of read loop, store 00 
mvi m,0 

write the record to selected record number 
mvi c,writer 
lxi d,fcb 
call bdos 
ora a ;error code zero? 
jnz error ;message if not 
jmp ready ;for another record 

.*************************************************** , 

.* * , 
;* end of write command, process read * 
.* * , 
.*************************************************** , 
notw: 
• not a write command, read record? , 

cpi • R' 
jnz error ;skip if not 

· , 
• read random record , 

mvi c,readr 
lxi d,fcb 
call bdos 
ora a Ireturn code 00? 
jnz error 

· , 
• read was successful, write to console , 

call crlf ;new line 
mvi c,128 Imax 128 characters 
lxi h,buff ;next to get 

wloop: 
mov a,m ;next character 
inx h ;next to get 
ani 7fh Imask parity' 
jz ready ;for another command if 00 
push b ;save counter 
push h ;save next to get 
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01ab £e20 
01ad d4c80 
01bki el 
dlbl cl 
01b2 0d 
dlb3 c2a20 
dlb6 c3370 

01b~ 11590 
01bc cdda0 
01b£ c3370 

01c2 0e01 
01c4 cd9S0 
01c7 c9 

alcS 0e02 
01ca Sf 
01cb cd0S0 
01ce c9 

Wllc£ 3e0d 
01dl cdca0 
"'ld4 3e0a 
01d6 cdc80 
01d9 c9 

01da dS 
01db cdcf~ 
~lde dl 
01a£ 0e09 
01el cd0S0 
01e4 c9 

cpi ;qraphic? 
cnc putcnr ;skip output if not 
pop h 
pop b 
dcr c ; count=count-l 
jnz wloop 
jmp ready 

• , 
.*************************************************** , 
.* * , 
;* end of read command, all errors end-uo here * 
.* * , 
.*************************************************** , 
• , 
error: 

• , 

lxi 
call 
jmp 

d ,er rmsq 
print 
ready 

.***********************************.**************** , 

.* * , 
;* utility subroutines for console i/o * 
.* * , 
.*************************************************** , 
qetchr: 

· , putchr: 

; 
crlf: 

· , pr int: 

· , 
readcom: 

;read next console character to a 
mvi 
call 
ret 

c,coninp 
bdos 

;wr ite character from a to console 
mvi 
mov 
call 
ret 

c,conout 
e,a ;character to send 
bdos ;send character 

;send carriage return line feed 
mvi a,cr ;carriage return 
call putchr 
mvi a,lf ;line feed 
call putchr 
ret 

;print 
push 
call 
pop 
mvi 
call 
ret 

the buffer addressed by de until $ 
d 
crlf 
d inew line 
c,pstring 
bdos iprint the strinq 
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81e5 116b0 
B1e8 cdda8 
81eb 0e0a 
Bled 111a0 

"81f0 cd85B 

01f3 210BB 
81f6 111c0 

• , 

01f9 1a readc: 
.,lfa 13 
01fb b1 
01fc c8 

81fd d630 
B1ft te8a 
0281 d2130 

8204 29 
0205 4d 
8206 44 
8201 29 
0208 29 
0209 09 
02lfJa 85 
~2!t?o 6f 
020c d2f90 
k'J20f 24 
02ld c3f98 

0213 c630 
0215 fe6l 
0211 d8 

0218 e65f 
82la c9 

• , 

• , 

endrd: 
· , 

· , 

· , 

,read 
1xi 
call 

the next command line to the conbuf 
d,prompt 

mvi 
1xi 
call 
command 
1xi 
1xi 
1dax 
inx 
ora 
rz 

~rint ,command? 
c,rstring 
d,conbuf 
bdos Jread command line 
line is present, scan it 
h,0 :start with 8088 
d,conlin,command line 
d ,next command Character 
d ,to next command ~osition 
a ,cannot be end of command 

zero, numeric? not 
sui 
cpi 
jnc 
add-in 
dad 
mov 
mov 
dad 
dad 
dad 
add 
mov 
jnc 
inr 
jmp 

." . 
10 :carry if numeric 
endrd 

next digit 
h ': *2 
c,l 
b,h 
h 
h 
b 
1 
l,a 
readc 
h 
readc 

:bc = value * 2 
:*4 
:*8 
:*2 + *8 = *18 
:+digit 

:for another char 
:overflow 
:for another char 

end of read, restore value in a 
adi '0' ,command 
cpi 'a' : translate case? 
rc 
lower case, mask lower case bits 
ani l0l$1111b 
ret 

.*************************************************** , 

.* , ,* string data area for console messages 
* 
* 

· * * , 
.*************************************************** , 

" badver: 
02lb 536f19 db 'sorry, you need cp/m version 2$' 

nosJ?ace: 
823a 4e6f29 db 'no directory spaceS' 

datmsg: 
024d 541910 db 'type data: $' 

errmsg: 
k'J259 451212" db 'error, try again.$' 

prompt: 
026b 4e6510 db 'next command? $' 

· , 
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027a 21 
027b 
027c 
0021 = 

029c 

tJ2bc 

.aaaaaaaaaaaa***a*****a***************************** , 

.* * , ,* fixed and variable data area * .* * , 

.*************************************************** , 
conbuf: db 
consiz: ds 
conlin: ds 
conlen equ . , 

ds 
stack: 

end 

conlen ,length of 
1 ,resulting 
32 ;length 32 
$-consiz 

console buffer 
size after read 
buffer 

32 ;16 level stack 
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9. CP/M 2.0 MEMORY OaGA~IZATION. 

Similar to earlier versions; CP/M 2.0 is field-altered to fit 
various memory sizes, depending upon the host computer memory 
configuration. Typical base addresses for popular memory sizes are 
shown in the table below. 

Module 
CCP 
BOOS 
BIOS 
TOp of Ram 

20k 
3400H 
3C00H 
4A00H 
4FFFH 

24k 
4400H 
4C00H 
5A00H 
5FFFH 

32k 
6400H 
6C00H 
7A008 
7FFFB 

48k 
A400H 
AC008 
BA00H 
BFFF8 

64k 
E400H 
EC00H 
FA008 
FFFF8 

The distribution disk contains a CP/M 2.0 system configured for a 20k 
Intel MOS-800 with standard IBM ad floppy disk drives. The disk 
layout is shown below: 

Sector 
1 
2 
3 
4 
5 
6 
7 
ti 
9 

l~ 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Track 00 Module 
(Bootstrap Loader) 
34008 CCP + 000H 
3480H CCP + 0808 
35008 CCP + 100H 
3580H CCP + 1808 
3600H CCP + 2008 
3680H CCP + 280H 
37~~H CCP + 300H 
3780H CCP + 3808 
38008 CCP + 400H 
3S8~H CCP + 480H 
39008 CCP + 5008 
39808 CCP + 580H 
3A008 CCP + 6008 
3A808 CCP + 680H 
3B008 CCP + 700B 
3BS0H CCP + 780H 
3C00H BOOS + 000H 
3C80H BOOS + 080H 
3000H BOOS + 100H 
3D80H BOOS + 180H 
3E00H BOOS + 200H 
3E80H BOOS + 280H 
3F00H BOOS + 300H 
3F80H BOOS + 380H 
4000H BOOS + 400H 

Track 01 .Module 
40808 BOOS + 480H 
4100H BOOS + 500H 
41808 BOOS + 580H 
42008 BOOS + 600H 
4280H BOOS + 680H 
4309H BOOS + 700H 
4380H BOOS + 780H 
44008 BOOS + 800H 
44808 BOOS + 880H 
4500H SOOS + 900H 
4580H BOOS + 980H 
4600H BOOS + A00H 
46808 BOOS + A80H 
4700H BOOS + B00H 
4780H BOOS + B80H 
4800H BOOS + C00H 
4880H BOOS + C80H 
49008 BOOS + 000H 
4980H BOOS + D80H 
4A00H BIOS + 000H 
4A80H BIOS + 080H 
4S00H BIOS + 1008 
4B80H BIOS + l80H 
4C00H BIOS + 200H 
4C80H BIOS + 280H 
4D0tH BIOS + 300H 

In particular, note that the CCP is at the same position on the disk, 
and occupies the same space as version 1.4. The BOOS portion, 
however, occupies one more 256-byte ~age and the BIOS portion extends 
through the remainder of track 01. Thus, the CCP is 800H (2048 
decimal) bytes in length, the SDOS is E00H (3584 decimal) bytes in 
length, and the BIOS is up to 380H (898 decimal) bytes in length. In 
version 2.0, the BIOS portion contains the standard subroutines of 
1.4, along with some initialized table space, as described in the 
following section. 
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10. SIOS DIFFERENCES. 

The CP/M 2.1 Basic I/O System differs only slightly in concept 
from its Dredecesssors. Two new jump vector entry pOints are defined, 
a new sector translation subroutine is included, and a disk 
characteristics table must be defined. The skeletal form of these 
changes are found in the program shown below. 

1: 
2: 
3: 
4: ; 
5: 
6: 
7: 
a: ; 
9: bpb 

rpb 
maxb 

; 
boot: 
• , 

org 
maclib 
jmp . . . 
jmp 

4000h 
diskdef 
boot 

listst ;list status 
sectran ;sector translate 
4 

jmp 
disks 
large 
equ 
equ 

capacity drive 

equ 
diskdef 
diskdef 
diskdef 
diskdef 

ret 

16*1024 ;bytes per block 
bpb/12B :records per block 
65535/rpb ;max block number 
0,1,58,3,bpb,maxb+l,128,0,2 
1,1,58"bpb,maxb+l,128,0,2 
2,0 
3,1 

listst: xra 
ret 

a 

; 
seldsk: 

• , 
selsec: 

. , 

;drive number in c 
lxi h,0 ;000~ in hI Droduces select error 
mov a,c ;a is disk number 0 ••• ndisks-l 
cpi ndisks ;less than ndisks? 
rnc :return with HL • 0000 if not 
proper disk number, return dpb element address 
mov l,c 
dad h :*2 
dad h ;*4 
daa h ;*8 
dad h ;*16 
lxi d,dpbase 
dad d :HL=.dpb 
ret 

;sector number in c 
lxi h,sector 
mov 
ret 

m,c 

10: 
11: 
12: 
13: 
14: 
15: 
16: 
17: 
ld: 
19: 
21d: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
2B: ; 
29: 
30: 
31: 
32: 
33: 
34: 
35: 
36: 
37 : 
38: 
39: 
40: 
41: 
42: 
43: 
44: 
45: 
46: 
47: 

sectran: 
;translate sector Be using table at DE 

:HL = .tran xchg 
dad b :single precision tran 
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48: : 
49: 
50: : 
51: 
52: 
53: 
54: 
55: 

if double precision tran dad b again 
mov I,m 
fill both a and 
ret 

1 
sector: ds 

endef 
end 

1 

:only low byte necessary here 
L if double precision tran 
:aL - 118S 

Referring to the program shown above, lines 3-6 represent the 
BIOS entry vector of 17 elements (version 1.4 defines only 15 jum9 
vector elements). The last two elements provide access to the 
hLISTST" (List Status) entry point for DESPOOL. The use of this 
particular entry point is defined in the DESPOOL documentation, and is 
no different than the previous 1.4 release. It should be noted that 
the 1.4 DESPOOL Drogram will not operate under version 2.0, but an 
update version will be available from Digital Research in the near 
future. 

The "SECTRAN" (Sector Number Translate) entry shown in the jump 
vector at line 6 provides access to a BIOS-resident sector translation 
subroutine. This mechanism allows the user to specify the sector skew 
factor and translation for a particular disk system, and is described 
below. 

A macro library is shown in the listing, called DISKDEF, 
included on line 2, and referenced in 12-15. Although it is not 
necessary to use the macro liorary, it greatly simplifies the disk 
definition process. You must have access to the MAC macro assembler, 
of course, to use the DISKDEF facility, while the macro library is 
included with all CP/M 2.0 distribution disks. (See the CP/M 2.0 
Alteration Guide for formulas which you can use to hand-code the 
tables produced by the DISKDEF library). 

A BIOS disk definition consists of the following sequence of 
macro statements: 

MACLIB DISKDEF 
• • • • • • 
DISKS n 
DISKDEF I, ... 
OISKDEF 1, ... 
• • • • • • 
DISKDEF n-l · . . . . . 
ENOEF 

where the MACLIS statement loads the DISKOEF.LIB file (on the same 
disk as your BIOS) into MAC's internal tables. The DISKS macro call 
follows, which specifies the number of drives to be configured with 
your system, where n is an integer in the range 1 to 16. A series of 
DISKOEF macro calls then follow which define the characteristics of 
each logical disk, 0 through n-l (corresponding to logical drives A 
through Pl. Note that the DISKS and OISKDEF macros generate in-line 
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fixed data tables, and thus must be placed in a non-executable portion 
of your BIOS, typically directly following the BIOS jump vector. 

The remaining portion 
DISKDEF macros, with the 
END statement. The ENDEF 
necessary uninitialized RAM 

of your BIOS is defined following the 
ENDEF macro call immediately preceding the 

(End of Diskdef) macro generates the 
areas which are located above your BIOS. 

The form of the DISKDEF macro call is 

DISKDEF dn,fsc,lsc,[skf],bls,dks,dir,cks,ofs,[0] 

where 

dn is the logical disk number, 0 to n-l 
fsc is the first physical sector number (0 or 1) 
lsc is the last sector number 
skf is the optional sector skew factor 
bls is the data allocation block size 
dir is the number of directory entries 
cks is the number of "checked" directory entries 
ofs is the track offset to logical track 00 
[0 ] is an optional 1.4 compatibility flag 

'fhe value "dn" is the drive number being defined wi th this OISKDEF 
macro invocation. The "fsc" parameter accounts for differing sector 
number ing systems. and is usually 0 or 1. The "lsc" is the last 
numbered sector on a track. when present, the "skf" parameter defines 
the sector skew factor which is used to create a sector translation 
table according to the skew. If the number of sectors is less than 
256, a single-byte table is created, otherwise each translation table 
element occupies two bytes. No translation table is created if the 
skf parameter is omitted (or equal to 0). The "bls" parameter. 
specifies the number of bytes allocated to each data block, and takes 
on the values 1024, 2048, 4096, 8192, or 16384. Generally, 
performance increases with larger data block sizes since there are 
fewer directory references and logically connected data records are 
physically close on the disk. Further, each directory entry addresses 
more data and tqe BIOS-resident ram space is reduced. The "dks" 
specifies the total disk size in "bls" units. That is, if the bls = 
2048 and dks = l0e0, then the total disk capacity is 2,048,000 bytes. 
If dks is greater than 255, then the block size parameter bls must be 
greater than 1024. The value of "dir" is the total,number of 
directory entries which may exceed 255, if desired. The licks" 
parameter determines the number of directory items to check on each 
directory scan, and is used internally to detect changed disks during 
system operation, where an intervening cold or warm start has not 
occurred (when this situation is detected, CP/M automatically marks 
the disk read/only so that data is not subsequently destroyed). 
Normally the value of cks = dir when the media is easily changed, as 
·is the case with a floppy disk subsystem. If the disk is permanently 
mounted, then the value of cks is typically 0,. since the probability 
of changing disks wi thout a restart is qui te low. The "ofs" value 
determines the number of tracks to skip when this particular drive is 
addressed, which can be used to reserve additional operating system 
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space or to simulate several logical drives on a single large capacity 
physical drive. Finally, the [8] parameter is included when file 
compatibility is required with versions of 1.4 which have been 
modified for higher density disks. This parameter ensures that only 
16K is allocated for each directory record, as was the case for 
previous versions. Normally, this parameter is not included. 

For convenience and economy of table space, the special form 

DISKDEF i,j 

gives d~isk i th.e same characteristics as a previously defined drive j. 
A standard four-drive single density. system, which is compatible with 
version 1.4, is defined using the following macro invocations: 

DISKS 
DISKDEF 
DISKDEF 
DISKDEF 
DISKDEF 

. . . . 
ENDEF 

4 
0,1,26,6,1024,243,64,64,2 
1,0 
2,0 
3,0 

with all disks having the same parameter values of 26 sectors per 
track (numbered 1 through 26), with 6 sectors skipped between each 
access, 1024 bytes ?er data block, 243 data blocks for a total of 243k 
byte disk capacity, 64 checked directory entries, and two operating 
system tracks. 

The definitions given in the program shown above (lines 12 
through 15) provide access to the largest disks addressable by CP/M 
2.0. All disks have identical parameters, except that drives 0 and 2 
skip three sectors on every data access, while disks 1 and 3 access 
each sector in sequence as the disk revolves (there may, however, be a 
transparent hardware skew factor on these drives). 

The DISKS macro generates n udisk header blocks,u starting at 
address DPBASE which is a label generated by the macro. Each disk 
header block contains sixteen bytes, and correspond, in sequence, to 
each of the defined drives. In the four drive standard system, for 
example, the DISKS macro generates a table of the form: 

DPBASE 
DPE0: 
DPEl: 
DPE2: 
DPE3: 

EQU $ 
DW XLT0, 0000H, 8008H, 0800H ,DIRBUF ,DPB0 ,.CSV8 ,ALV8 
OW XLT0,0000H,0000H,8008H,DIRBUF,DPB0,CSVl,ALVl 
DW XLT0,0000H,0000H,0000H,DIRBUF,DPB0,CSV2,ALV2 
DW XLT0,0000H,0000H,0000H,DIRBUF,DPB0,CSV3,ALV3 

where the DPE (disk parameter entry) labels are included for reference 
purposes to show the beginning table addresses for each drive 0 
through 3. The values contained within the disk parameter header are 
described in detail in the CP/M 2.0 Alteration Guide, but basically 
address the translation vector for the drive (all reference XLT0, 
which is the translation vector for drive 0 in the above example), 
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followed· by three 16-bit "scratch" addresses, followed by the 
directory buffer address, disk parameter block address, check vector 
address, and allocation vector address. The check and allocation 
vector addresses are generated by the ENDEF macro in the ram area 
following the BIOS code and tables. 

The SELDSK function is extended somewhat in version 2.0. In 
particular, the selected disk number is passed to the BIOS in register 
C, as before, and the SELoSK subroutine performs the appropriate 
software or hardware actions to select the disk. Version 2.8, 
however, also requires the SELDSK subroutine to return the address of 
the selected disk parameter header (oPE8, OPEl, DPE2, or DPE3, in the 
above example) in register aL. If SELoSK returns the value HL • 
8880H, then the BOOS assumes the disk does not exist, and prints a 
select error mesage at the terminal. program lines 22 through 36 give 
a sample CP/M 2.0 SELDSK subroutine, showing only the disk parameter 
header address calculation. 

The subroutine SECTRAN is also included in version 2.8 which 
performs the actual logical to physical sector translation. In 
earlier versions of CP/M, the sector translation process was a part of 
the BDOS, and set to skip six sectors between eaCh read. Due 
differing rotational speeds of various disks, the translation function 
has become a part of the BIOS in version 2.8. Thus, the BOOS sends 

, sequential sector numbers to SECTRAN, starting at sector number 8. 
~he SECTRAN subroutine uses the sequential sector number to produce a 
translated sector number which is returned to the BOOS. The SOOS 
subsequently sends t'he translated sector number to SELSEC before the 
actual read or write is performed. Note that many controllers have 
the capability to record the sector skew on the disk itself, and thus 
there is no translation necessary. In this case, the "skf" parameter 
is omitted in the macro call, and SECTRAN simply returns the same 
value which it receives. The table shown below, for example, is 
constructed when the standard skew factor skf = 6 is specified in the 
OISKOEF macro call: 

XLT0: DB 
DB 

1,7,13,19,25,5,11,17,23,3,9,15,21 
2,8,14,28,26,6,12,18,24,4,18,16,22 

If SECTRAN is required to translate a sector, then the following 
process takes place. The sector to translate is received in register 
pair BC. Only the C register is significant if the sector value does 
not exceed 255 (8 = 00 in this case). Register pair DE addresses the 
sector translate table for this drive, determined by a previous call 
on SELoSK, corresponding to the first element of a disk parameter 
header (XLT9 in the case shown above). The SECTRAN subroutine then 
fetches the translated sector number by adding the input sector number 
to the base of the translate taole, to get the indexed translate table 
address (see lines 46, 47, and 48 in the above program). The value at 
this location is then returned in register L. Note that if the number 
of sectors exceeds 255, the translate table contains 16-bit elements 
whose value must be returned. in HL. 

Following the ENDEF macro call, a number of uninitialized data 
areas are defined. These data areas need not be a part of the BIOS 

(All Information Contained Herein is Proprietary to Digital Research.) 

32 



which is loaded upOn cold start, but must be available between the 
BIOS and the end of memory. The size of the uninitialized RAM area is 
determined by EOU statements generated by the ENOEF macro. For a 
standard four-drive system, the ENOEF macro might produce 

4C72 = 
4080 = 
0l3C = 

BEGOAT EOU $ 
(data areas) 
ENDDAT EQU $ 
DATSIZ .EQU $-BEGOAT 

which indicates that un initialized RAM begins at location 4C72H, ends 
at 40B0H-l, and occupies 0l3CH bytes. You must ensure that these 
addresses are free for use after the system is loaded. 

CP/M 2.0 is also easily adapated to disk subsystems whose sector 
size is a multiple of 128 bytes. Information is provided by the BDOS 
on sector write operations which eliminates the need for pre-read 
operations, thus allowing olocking and deblocking to take place at the 
BIOS level. 

See the uCP/M 2.0 Alteration Guide" for additional details 
concerning tailoring your CP/M system to your particular hardware. 

(All Information Contained Herein is proprietary to Digital Research.) 
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CP/M is a nonitor control Irogram for microcanputer system developnent 
which uses IBM-canpatible flexible disks for backup storage. Using a canputer 
mainfrcrne based uJ;On Intel's 8080 microcanputer, CP/M Irovides a general 
environnent for program construction, storage, an1 editing, along with 
assembly an1 Irogram dleck-out facilities. An imp:>rtant feature of CP/M is 
that it can be easily altered to execute with any canputer configuration which 
uses an Intel 8080 (or Ziloq Z-80) Central Processing Unit, and has at least 
16K bytes of main memory with up to four IBM-canpatible diskette drives. A 
detailed discussion of the nodifications required for any particular hardware 
environnent is given in the Digital Researdl document entitled "CP/M System 
Alteration Guide. u Although the standard Digital Research version operates on 
a single-density Intel M.IS 800, several different hardware manufacturers 
support their own input-output drivers for CP/M. 

The CP/M m::mitor provides rapid access to programs through a 
canprehensive file management packaqe. '!be file subsystem supports a named 
file structure, allowing dynamic allocation of file space as well as 
sequential am ran1an file access. Usin;J this file system, a large nurrber of 
distinct Irograms can be stored in both !Durce an1 machine executable form. 

CP/M also supports a p:>werful context editor, Intel-canpatible assembler, 
and debugger subsystems. Optional software includes a J;Owerful 
Intel-canpatible macro assembler, symbolic debugger, along with various 
high-level languages. When coopled with CP/M's Q:msole canmaoo Processor, the 
resulting facilities equal or excel similar large canputer facilities. 

CP/M is logically divided into several distinct parts: 

BIOS Basic I/O System (hardware dependent) 

B~ Basic Disk OperatiB:) System 

CCP Console canmand Processor 

TPA Transient Program Area 

The BIOS provides the primitive operations necessary to access the 
diskette drives am to interface stardard peripherals (teletype, eRr, Paper 
Tape Reader,lPtmdl, am user-defined peripherals), an1 can be tailored by the 
user for artf particular hardware enviromtent by "patching" this p:>rtion of 
CP/M. The BDCl:) lXovides disk management by controlling one or nore disk 
drives containing irrlependent file directories. The sra; implements disk 
allocation strategies lrthich FCovide fully dynamic file construction while 
minimizirg head novement across the disk durirg access. Any particular file 
may contain any nUJl'ber of records, not exceedin;J the size of any single disk. 
In a standard CP/M system, each disk can contain up to 64 distinct files. The 

35 



BOOS has entry p::lints \tbich include the followin:J IX'imitive operations \tbich 
can be IX'ogramrnatically accessed: 

SEARaf 

OPEN 

CLOSE 

READ 

WRITE 

SELEcr 

Look for a particular disk file by name. 

Open a file for further operations. 

Close a file after processin:J. 

Change the name of a particular file. 

Read a record from a particular file. 

Write a record onto the disk. 

Select a pa.rticular disk drive for further 
operations. 

The CCP provides syrrbolic interface between the user" s console and the 
remainder of the CP/M system. The CCP reads the console device and p:ocesses 
commands \tbich include listinq the file directory, IX'intirq the contents of 
files, and controllin; the operation of transient programs, such as 
assemblers, editors, and debuggers. The standard canmands \tthich are available 
in the CCP are listed in a followin; section. 

The last segment of CP/M is the area called the Transient Program Area 
(TPA) • The TPA holds programs \tbich are loaded from the disk under canrnand of 
the CCP. Durinq p:ogram editinq, for example, the TPA holds the CP/M text 
edi tor rrachine code and data areas. Similarly, p:ograms created under CP/M 
can be checked out by loadin; and executing these p:ograms in the TPA. 

It smuld be mentioned that any or all of the CP/M can};X>nent subsystems 
can be "overlayed" by an executinq p:ogram. That is, once a user" s p:ogram is 
loaded into the TPA, the CCP, BDOS, and BIOS areas can be used as the 
program's data area. A "bootstrap" loader is programmatically accessible 
whenever the BIOS 'fX)rtion is not overlayed; thus, the user p:ogram need only 
branch to the bootstrap loader at the end of execution, and the complete CP/M 
monitor is reloaded fran disk. 

It srould be reiterated that the CP/M operating system is partitioned 
into distinct I1Odules, includin; the BIOS IX>rtion \tbich defines the hardware 
envirorment in \rklich CP/M is executin;. Thus, the standard system can be 
easily I10dified to any non-standard environment by charqin; the paripheral 
drivers to handle the custom system. 
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2. ~TICNAL IESCRIPl'IOO CF CP/M. 

The user interacts with CP/M J.:I."imarily through the CCP, Vlich reads and 
interprets canmams entered through the console. In general, the CCP 
addresses one of sereral disks \>bich are online (the stamSlrd system addresses 
up to four different disk drives). These disk drives are labelled A, B, C, 
am D. A disk is "logged in" if the CCP is currently addressing the disk. In 
order to clearly imicate \>bich disk is the currently logged disk, the CCP 
always J.:I."anpts the q>erator with the disk nane followed by the synbol ")" 
imicating that the CCP is rea:]y for another camnand. Upon initial start up, 
the CP/M system is brought in fran disk A, and the CCP displays the message 

xxK CP/M VER m.m 

where xx is the memory size (in kilobytes) which this CP/M system manages, and 
m.m is the CP/M version l'll1J'It)er. All CP/M systems are initially set to q>erate 
in a 16K. memory space, but can be easily reconfigQI'ed to fit any memory size 
on the host system (see the M)VCPM transient camnand). Following system 
signon, CP/M autanatica1ly lO:Js in disk A, J.:I."anpts the user wi. th the symbol 
It A) It (imicating that CP/M is currently addressing disk "A"), and waits for a 
canmam. The canmams are implemented at two levels: built-in camnarrls and 
transient canmams. 

2.1. GENERAL CDMMAND STIUClURE. 

Built-in canmams are a part of the CCP prO:Jram itself, \>bile transient 
canmams are l~ed into the TPA fran disk am executed. The built-in 
camnams are 

ERA 

DIR 

REN 

SAVE 

Erase specified files. 

List file nanes in the directory. 

Rename the specified file. 

Save memory contents in a file. 

Type the contents of a file on the lO:Jged disk. 

Nearly all of the canmams reference a particular file or group of files. The 
form of a file reference is specified below. 

2.2. FILE REFERENCES. 

A file reference identifies a particular file or group of files on a 
particular disk attached to CP/M. These file references can be either 
"\:I'lambigLDus" (ufn) or "ambigLDuS" (afn). An \:I'lambigLDus file reference 
uniquely identifies a single file, \>bile an anbiglDus file reference may be 
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satisfied by a number of different files. 

File references consist of two parts: the p:imary nane and the secondary 
name. Altoough the secondary nane is q:>tional, it usually is generic, that 
is, the secondary nane "Af.M," for example, is used to denote that the file is 
an assembly language 9)urce file, W:lile the IX'imary nane distinguishes each 
particular 9)urce file. The two nanes are separated by a "." as sroWll below: 

PH:JPPPPP.sss 

\tihere pppppppp represents the J;C imary nane of eight dlaracters or less, am 
sss is the secondary nane of no !'fOre than three dlaracters. As nentioned 
above, the nane 

PPWPPPP 

is also allowed am is a:Juivalent to a secondary nane consisting of three 
blanks. The dlaracters used in sp:!cifyi1'YJ an unambiguous file reference 
cannot contain any of the special characters 

\tihile all alphanumerics and remaining special dlaracters are allowed. 

An anbiguous file reference is used for directory search am pattern 
matchi1'YJ. The form of an ambigoous file reference is similar to an 
unambiguous reference, except the symbol "?" may be interspersed throughout 
the Ir imary am secondary nanes. In various canmands throughout CP/M, the "?" 
syrrbol I1Btches any character of a file nane in the "?" p:>sition. Thus, the 
ambiguous reference 

X?Z.c?M 

is satisfied by the lIlambiguous file mInes 

XYZ.OOM 
and 

X3Z.C'AM 

Note that the ambiguous reference 

* * • 

is equivalent to the ambiguous file reference 

??????????? 

\tihile 
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PJ!1:HO'PPP. * 
and 

*.S88 

are abbreviations for 

and 
PfiOPPPPP.111 

11111111.S88 

respectively. As an example, 

DIR *.* 
is interpreted by the CCP as a CCI1II'IIaIX1 to list the names of all disk files in 
the directory, W1ile 

DIR X.Y 

searches only for a file by the name X.Y Similarly, the C<JIIIIIal'd 

DIR X?Y.C?M 

causes a search for all (unilllbigoous) file names on the disk mich satisfy 
this anbigoous reference. 

The fbllowiR] file names are valid O'lClllbigmus file references: 

x 

X.Y 

XYZ 

XYZ.aJ4 

As an added cawenienee, the ~ogranrner can generally specify the disk 
drive name alon;J with the file name. In this case, the drive name is given as 
a letter A through Z followed by a colon (:). '!he sp!Cified drive is then 
-logged in" before the file q;>eration occurs. Thus, the followiR] are valid 
file names with disk name ~efixes: 

A:X.Y B:XYZ C~ 

Z:XYZ.aJ4 B:X.A?M C:*.ASM 

It slDuld also be noted that all alphabetic lower case letters in file 
and drive names are always translated to UJ;tler case men they are ~ooessed by 
the CCP. 
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3. swrrauoo DISKS. 

The q;>erator can switch the currently logged disk by typing the disk 
drive nane (A, B, C, or D) followed by a colon .(:) Mlen the CCP is waiting for 
console irput. Thus, the SEqUence of pranpts am camnands smwn below might 
occur after the CP/M systen is loaded fran disk A: 

16K CP/M VER 1.4 

A>DIR List all files on di sk A. 

SAMPLE AS4 

SAMPLE PRN 

A>B: SWi tch to disk B. 

B>DIR *.AS4 List all MAS4- files on B. 

B>A: SWi tch back to A. 
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4. THE 1'011' CP BJIIll'-IN CDMM.&.NtS. 

The file am device reference £onns described above can now be used to 
fully sp!cify the structure of the built-in C<JIIIIIal'ds. In the description 
below, assume the £ollowin;J abbreviations: 

ufn 

afn 

cr 

lIlambigoous file reference 

ambigoous file reference 

carr iage return 

Further, recall that the CCP always translates lower case characters to UR?er 
case characters internally. Thus, lower case alphabetics are treated as if 
they are lJR?er case in camnard runes am file references. 

4.1 ERA afn cr 

The ERA (erase) camnaoo renoves files fran the currently logged-in disk 
(i.e., the disk nane currently tranpted by CP/M '(receding the -> .. ). The files 

which are erased are tmse \1bich satisfy the ambigoous file reference afn. 
The followil'lJ examples illustrate the use of ERA: 

ERA X.Y 

ERA X.* 

ERA *.Af14 

ERA X?Y.C?M 

ERA *.* 

ERA B:*.PRN 

The file naned X. Y on the currently logged disk 
is removed fran the disk directory, am the sp!lce 
is returned. 

All files with trimary nane X are rE!ftDved fran 
the rurrent disk. 

All files wi th secomary nane A9I are removed 
fran the cur rent disk. 

All files on the current disk mich satisfy the 
ambigoous reference X?Y.C?M are deleted. 

Erase all files on the current disk (in this case 
the CCP pranpts the CQ'lSOle with the message 

-ALL FIIES (YIN) 1-
Which requires a Y response before files are 
actually removed). 

All files on drive B Which satisfy the ambigoous 
reference ????????PRN. are deleted, irrlepemently 
of the currently logged disk. 
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4.2. DIR afn cr 

The DIR (directory) canmand causes the nernes of all files \!bieb satisfy 
the ambiglJ)uS file nane afn to be listed at the console device. As a sp!cial 
case, the camnand 

DIR 

lists the files on the rurrently logged disk (the canmard HDIR" is Equivalent 
to the camnand "DIR *.*"). Valid DIR cCJ1lJ1lalds are sID"," below. 

DIR X.Y 

DIR X?Z.c?M 

DIR ??Y 

Similar to other CCP canmands, the afn can be p:eceded by a drive nerne. 
The 1bllowirg DIR camnacrls cause the selected drive to be a:3dressed before the 
directory search takes place. 

DIR B: 

DIR B:X.Y 

DIR B:*.A?M 

If no files can be found on the selected diskette \!bieb satisfy the 
directory rEquest, then the nessage "NO!' R>tN)1f is typed at the console. 

4.3. REN ufnl=ufn2 cr 

The Rm (rename) CCII1I'RaJ'd allows the user to dlaRJe the nanes of files on 
disk. The file satisfyirg ufn2 is dlaRJed to ufnl. '!be currently logged disk 
is aSSt.Jned to contain the file to rename (ufnl). The CCP also allows the user 
to type a left-directed arrow instead of the equal sign, if the user's console 
supports this graphic dlaracter. Examples of the REN cCrnmarXi are 

Rm X.Y:.Q.R 'lbe file O.R is dlaRJed to X. Y. 

Rm XYZ .CXJot=xyz.xxx 'lbe file XYZ.XXX is dlaRJed to XYZ.a:M. 

'.ftle cperator can p:ecede either ufnl or ufn2 (or both) by an optional 
drive a:3dress. Given that ufnl is p:eceded by a drive nerne, then ufn2 is 
assuned to exist on the sane drive as ufnl. Similarly, if ufn2 is p:eceded by 
a drive nane, then ufnl is assuned to reside on that drive as well. If both 
ufnl am ufn2 are p:eceded by drive nanes, then the sane drive must be 
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specified in both cases. 'l'he followillJ R!N CCIIIMms illustrate this format. 

R!N A:X.ASM • Y.ASM 

REN B:ZAP.BAS-ZOT.BAS 

REN B:A.ASM = B:A.BAR 

'lhe file Y.ASM is dlarr;Jed to X.ASM on 
drive A. 

'lhe file rot.BAS is dlaRJed to ZAP.BAS 
on drive B. 

'lhe file A.BAR is renamed to A.ASH on 
drive B. 

If the file ufnl is already lXesent, the REN camnarr3 will respond with 
the error "FIlE EXISTS" and not perform the d'laRJe. If ufn2 does not exist on 
the specified diskette, then the messcqe "NO!' f01H)" is lX inted at the 
console. 

4.4. SAVEn ufn cr 

The SAVE camnand places n pcges (256-byte blocks) onto disk fran the TPA 
and nanes this file ufn. In the CP/M distribution system, the TPA starts at 
lllH (hexadecimal), tr.hich is the second page of memory. Thus, if the user's 
program occupies the area fran lllR through 2FFB, the SAVE camnand must 
specify 2 pages of memory. The IIBchine code file can be sti:>sequently loaded 
and executed. Examples are: 

SAVE 3 X.COM 

SAVE 41 0 

SAVE 4 X.Y 

Copies lllH through 3FFB to X.COM. 

Copies lllR through 28FFB to Q (note 
that 28 is the page count in 28FFB, 
and that 28H = 2*16+8 = 41 decimal). 

Copies lllH through 4FFB to X.Y. 

The SAVE camnarr3 can also specify a disk drive in the afn J;Ortion of the 
camnand, as stDwn below. 

SAVE 11 B:ZOT.COM 

4.5. 'lYPE ufn cr 

Copies 11 pages (lllR through 8AFE1I) to 
the file ZOT. roM on drive B. 

The TYPE camnarr3 displays the contents of the ASCII source file ufn on 
the mrrently logged disk at the console device. Valid TYPE camnands are 

TYPE X.Y 
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TYPE X.Put 

TYPE XXX 

The TYPE canmaoo expands tabs (clt-I characters), assunmirq tab tDsitions 
are set at eJery eighth coltmn. The ufn can also reference a drive name as 
shown below. 

TYPE B:X.PRN The file X.PRN fran drive B is displayed. 
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S. LINE mITING AND 00l'PUl' CDN'J.'R)L. 

The CCP allows certain line aU tin;J £\l'lctions lihile typin;J CXIIIDam lines. 

rubout 

ctl-U 

ctl-X 

ctl-R 

ctl-E 

ctl-C 

ctl-Z 

Delete am echo the last character typed at the 
CQ'lSOle. 

Delete the entire line typed at the CCIlSOle. 

(Same as ctl-U) 

Retype current camna.oo line: types a "clean line" £01-
lowin;J character deletion wi. th rubouts. 

Physical eoo of line: carriage is returned, but line 
is not sent mtil the carricge return key is depressed. 

CP/M system reboot (warm start) 

End iJl)ut fran the console (used in PIP am ED). 

The control £mctions ctl-P am ctl-S affect console output as sb:>wn below. 

ctl-P 

ctl-S 

Copy all slbse:;Juent console output to the currently 
assigned list device (see the STAT cCltlInal'd). OUtput 
is sent to both the list device am the console device 
lI'ltil the next ctI-P is typed. 

Stop the console output temp:>rarily. Program execution 
am output continue \tilen the next character is typed 
at the console (e.g., another ctl-S). 'Itlis feature is 
used to stop output on high speed consoles, stx:h as 
CRl"s, in order to view a se.;JIDent of output before con­
tinuin;J. 

Note that the ctI-key se::Juences smwn above are obtained by depressil'¥:J the 
control am letter keys simultaneously. FUrther, CCP camnam lines can 
generally be up to 255 characters in leD;Jth: they are not acted up:>n mtil the 
carriage return key is typed. 
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6. TRANSImr <IHIANI6. 

Transient camnands are loaded fran the currently logged disk and executed 
in the TPA. The transient canmands defined for execution lI'lder the CCP are 
shown below. Additional fll'lctions can easily be defined by the user (see the 
LOAD command definition). 

S~ List the number of bytes of storage remaining on the 
currently logged disk, p:OIlide statistical information 
about particular files, and display or alter device 
assignment. 

oor 

PIP 

ED 

SYSGEN 

SUBMIT 

DUMP 

MJVCPM 

Load the CP/M assenbler and assenble the specified 
p:ogram from disk. 

Load the file in Intel "hex" machine code format and 
p:oduce a file in machine executable form which can be 
loaded into the TPA (this loaded ~ogram becanes a 
new camnand lI'lder the CCP) • 

Load the CP/M debugger into TPA and start execution. 

Load the Peripheral Interchange Program for subsequent 
disk file and peripheral transfer operations. 

Load and execute the CP/M text editor p:ogram. 

Create a new CP/M system diskette. 

Subni t a file of canmands for batch ~ocessing. 

Dump the contents of a file in hex. 

Regenerate the CP/M system for a particular memory 
size. 

Transient camnands are specified in the same manner as built-in canmands, and 
additional camnands can be easily defined by the user. As an added 
convenience, the transient command can be p:eceded by a drive name, \ti'lich 
causes the transient to be loaded fran the specified drive into the TPA for 
execution. Thus, the canmand 

B:STAT 

causes CP/M to tenJ;X>rarily "log in" drive B for the SDurce of the STAT 
transient, and then return to the original .logged disk for stbsequent 
processing. 
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'!be basic transient camnands are listed in detail below. 

6.1. STAT cr 

'ltle STA'1' camoam J;r0\7ides general statistical information about fne 
storcge am device assignment. It is initiated by typing one of the followi~ 
forms: 

Special forms of the "camnam line" allow the current device assignment to be 
examined am altered as well. The various canmand lines _deb can be 
specified are sb:>wn below, wi th an explanation of each form smwn to the 
right. 

STAT cr 

STAT x: cr 

STAT afn cr 

If the uEier types an anpty C<JIIDInd line, the" STAT 
transient calculates the storcge remainin) oil all 
active drives, and p: ints a DeSS2lge 

x: RIW, SPACE: nnnK 
or 

x: R/O, SPACE: nnnK 

for each active drive x, mere RIW indicates the 
drive may be read or written, ardR/O indicates 
the drive is read only (a drive becaDes R/O by 
explicitly setting it to read only, as shown 
below, or by inadvertantly c:hm;JiD;J "diskettes 
"without performiRl a warm start). '!be space 
remaining on the diskette in drive X" is given 
in kilobytes by nnn. 

If a drive nane is given, then the drive is 
selected before the storcge is ocmputed. 'Dlus, 
the CXJII'lJalXJ "STA'1' B:" could be issued tmile 
logged into drive A, result in) in the -SSa;Je 

BYrES ~ aq B: nnnK 

The cxmmand line can also specify a set of fUes 
to be scanned by STAT. The fUes ""ieb satisfy 
afn are listed in alphabetical order, wi th stor­
cge requirements for each file \I'lder the headiD;J 

RPX:S BY1'S EX D: FILBNNE. 'l'!P 
rrrr bl:i>K ee d:pppppppp.sss 

Wlere rrrr is the I'Ulber of l28-byte records 
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STAT x: afn cr 

STAT x:=R/O cr 

allocated to the file, bbb is the I'IJIIber of kilo­
bytes allocated to the file (bbb=rrrr*128/1024), 
ee is the number of 16K extensions (ee=bbb/l6), 
d is the drive name containing the file (A ••• Z), 
PmMW is the (up to) eight-character Jr imary 
file nane, am sss is the (up to) three-character 
secondary nane. After listing the irdividual 
files, the storage usage is stmnarized. 

As a convenience, the dr i ve name can be given 
ahead of the afn. In this case, the specified 
drive is first selected, am the form "STAT afn" 
is executed. 

This fonD. sets the drive given by x to read-only, 
which remains in effect lntil the next warm or 
cold start takes place. \'alen a disk is read-only, 
the messag-e 

BDC'S ERR CN x: READ cm.y 

will appear, if there is an attempt to write to 
the read-only disk x. CP/M waits lntil a key 
is depressed before ~rforming an autanatic warm 
start (at ltbich time the disk becanes R/W). 

The STAT camnand also allows control CNer the physical to logical device 
assignment (see the IOBYl'E function described in the manuals "CP/M Interface 
Guide" am "CP/M System Alteration Guide"). In general, there are four 
logical '[:eripheral devices lttbich are, at any particular instant, each assigned 
to one of several physical '[:eripheral devices. The four logical devices are 
named: 

<DN: 

RDR: 

pm: 

LST: 

'Itle system console device (used by CCP 
for canmunication with the q>erator) 

'Itle paper tape reader device 

'Itle paper tape plI'1ch device 

'!be output list device 

The actual devices attached to any particular canputer system are driven 
by sti:>routines in the Bla; p:>rtion of CP/M. Thus, the logical RDR: device, 
for example, cruld actually be a high sp!ed reader, 'D!letype reader, or 
cassette tape. In order to allow fDme flexibility in device naning am 
assignment, several physical devices are defined, as shown below: 
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T'lY: 

.eRr: 

BAT: 

UCl: 

Pl'R: 

tlRl: 

00: 

Pl'P: 

UPl: 

UP2: 

LPl': 

ULl: 

Teletype device (slow speed CCI'lSOle) 

Cat:OOde ray td:le device (high speed CCI'lSOle) 

Batch troceSSi1"M1 (console is current RDR:, 
output goes to current 1ST: device) 

User-defined console 

Paper tape reader (high speed reader) 

user-defined reader II 

User-defined reader 12 

Paper tape pU'lch (high speed punch) 

user-defined punch 11 

user-defined ptI'lch 12 

Line tr inter 

user-defined list device II 

It must be emphasized that the physical device nanes may or may not 
actually corre~nd to devices \libich the nanes imply. That is, the Pl'P: 
device nay be implemented as a cassette write ~ration, if the user wishes. 
The exact corre~ndence and drivi1"M1 subroutine is defined in the BIOS portion 
of CP/M. In the standard distribution version of CP/M, these devices 
corre~nd to their nanes on the MI:S 800 develqrnent system. 

The );Ossible logical to physical device assignments can be displayed by 
typi 1"M1 

STAT VAL: cr 

The STAT Irints the IX>ssible values \lbich can be taken on for each logical 
device: 

(DN. = 'rlY: CRl': BAT: UCl: 
RDR: - 'rlY: Pl'R: tlRl: 00: 
Pm: = 'rlY: Pl'P: UPl: UP2: 
1ST: - 'rlY: CRl': LPl': ULl: 

In eidl case, the logical device sOOwn to the left can take 8lrf of the four 
physical assignnents smwn to the right on each line. The current logical to 
physical nawi.n1 is displayed by typi1"M1 the ccmnand 

STAT lEV: cr 
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1IIh1c:h ~oduces a listing of each logical device to the left, am the current 
corresp>min} physical device to the right. For example, the list might 
aR;)ear as follows: 

CXJf: • CRr: 
R>R: .. 00: 
POl: • P1'P: 
ISr: • T'lY: 

The current logical to physical device assigrunent can be dlanged by typing a 
STAT canmam of the foen 

. STAT ldl = pU, ld2 ,. pd2 , ••• , Idn = pdn cr 

where ldl. through Idn are logical device nanes, and pdl through pdn are 
canpatible physical device nanes (i.e., ldi and pdi appear on the sane line in 
the "VH..:. canmam sOOwn above). The followin;J are valid STAT camnands ~ich 
chan;Je the current logical to physical device assignments: 

STAT roN: =eRr: cr 
STAT PQh ,. T'lY: ,IST:=LP1':, H)R:~: cr 

6.2. A9I ufn cr 

'11le A9t camnam loads and executes the CP/M 8888 asseni:>ler. '!he ufn 
specifies a S)urce file cootaining assembly language statements ~ere the 
secondary nane is assuned to be ASM, and thus is not ~ified. The following 
ASM camnands are valid: 

A91X 

The bfo-pass assembler is autanatically executed. If asseni:>ly errors occur 
durin} the second pass, the errors are };Xinted at the console. 

'ftle asseni)ler {X'oduces a file 

x.PRN 

where x is the primary nane specified in the ASH canmand. '11le Pm file 
contains a listin;J of the souree l,r¢gram (with ini>edded tab dlaracters if 
present in the S)urce {X'ogram), alorq with the madline code generated for each 
statement and diajnostic error meSS8qe!l;' tf any. The PRN file can be listed 
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at the ccnsole usirq the TYPE C<JIIIIaI¥I, or sent to a peripheral device usin;J 
PIP (see the PIP canmand structure below). Note also that the P.RN file 
contains the original source ~ogran, augmented by miscellaneous assenbly 
information in the leftnDst 16 col\Jllls (progran a3dresses and hexadecimal 
machine code, for example). Thus, the Pm file can serve as a backup for the 
original source file: if the S)urce file is accidently rm:wed or destroyed, 
the PRN file can be edited (see the ED operator" s guide) by rem:win] the 
leftnost 16 characters of each line (this can be done by issui1'¥l a sil'¥lle 
editor MmeroM camnam). '!1le resultin] file is identical to the original 
source file am can be renamed (REN) fran pm to ASH for smsequent eUtin] 
and assembly. The file 

x.HEX 

is also p:oduced mich contains 8080 machine J.ar¥}uage in Intel MhexM format 
suitable for s\bsequent loadin] am execution (see the LOt\D camnand). For 
canplete details of CP/M"'s assembly la1'¥luage p:ogram, seethe MCP/M AssenDler 
Language (ASM) User"s Guide.-

Similar to other transient CCJIIIIIaJ'ds, the S)urce file for assenbly can be 
taken fran an CL.ternate disk by p:efixin] the assent>ly lan:Juage file nane by a 
disk drive rune. Thus, the canmand 

ASM B:ALPHA cr 

loads the assembler fran the currently logged drive and qM!rates up>n the 
source p:ogram MaPHA.ASM on drive B. '!1le HEX am PRN files are also placed on 
drive B in this case. 

6.3. UW) ufn cr 

'!'be LOAD canmam reals the file ufn, mich is assaned to contain MhexM 
format machine code, and p:oduces a mettK)ty ima;Je file mich can be 
sdJsequently executed. The file nane ufn is ass\lDed to be of the form 

x.HEX 

am thus only the naoe x need be specified in the catIlIal'd. '!be UlM) CCIlIlIClId 
creates a file naned 

x.CD4 

which marks it as contain in] machine executable code. '!be file is actually 
loa:Jed into mettK)ty am executed ltlen the user types the file name x 
imediatelyafter the p:anptin] character M>M pl'inted by the CCP. 

In general, the CCP reals the nane x followirq the p:anptin] dlaracter 
and looks for a blilt-in ftnction nane. If no ftnction name is found, the CCP 
searches the systan disk directory for a file by the name 
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x.<DM 

If found, the machine code is loaded into the TPA, and the p:oqram executes. 
Thus, the user need only lOAD a hex file once: it can be subsequently 
executed any nurrt>er of times by simply typing the p:imary name. In this way, 
the user can "invent" new canmands in the ccp. (Initialized disks contain the 
transient canmaoos as roM files, \tihich can be deleted at the user's option.) 
The q;>eration can take place on an alternate drive if the file name is 
prefixed by a drive nane. Thus, 

I"CW) B: BETA 

brings the LaM> program into the TPA fran the currently logged disk ani 
operates upon drive B after execution begins. 

It must be noted that the BETA.HEX file must contain valid Intel format 
hexadecimal machine code records (as p:oduced by the ASH program, for example) 
which be:lin at HJSH, the beginnilXJ of the TPA. Further, the ajdresses in the 
hex records must be in ascendil'XJ order: qaps in tIlfilled memory regions are 
filled with zeroes by the LCW) canmaoo as the hex records are read. '!hus, 
I.Oru) must be used only for creating CP/M standard I'<X)M" files \ttbich operate in 
the TPA. Programs lIhich occupy regions of memory other than the TPA can be 
loajed tIlder DDl'. 

6.4. PIP cr 

PIP is the CP/M Peripheral Interchan;Je Program which implements the basic 
media conversion operations necessary to load, p:int, punch, copy, and canbine 
disk files. The PIP program is initiated by typil'¥j one of the following forms 

(1) PIP cr 
(2) PIP ·canmand line" cr 

In both cases, PIP is loaded into the TPA and -executed. In case (1), PIP 
reajs cannaoo lines directly fran the console, pranpted with the ,,* .. 
character, tIltil an enpty canmand line is typed (i.e., a single carriage 
return is issued by the operator). Each successive canmand line causes mme 
media conversion to take place accordil'XJ to the rules srown below. Form (2) 
of the PIP canmand is equivalent to the first, except that the single canmand 
line given with the PIP canmand is autanatically executed, ani PIP terminates 
imnediately with no further I;Canptil'¥j of the console for input canmand lines. 
The form of eadl camnand line is 

destination = source'l, sourcet2, ••• , sourcetn cr 

where "destination" is the file or p:!ripheral device to receive the data, and 
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-EDurcet1, ••• , EDurcetn- represents a series of one or lOre files or devices 
which are ~ied fran left to right to the destination. 

lt1en multiple files are given in the canmand line (i.e, n ) 1), the 
individual files are assumed to contain ASCII characters, with an assumed CP/M 
end-of-file character (ct1-Z) at the end of each file (see the 0 parameter to 
override this asstmtption). The equal synbo1 (=) can be replaced by a 
1eft-oriented arrow, if your console s~rts this ASCII character, to impI:ove 
rea1ability. IDwer case ASCII a1phabetics are internally translated to upper 
case to be consistent with CP/M file and device name conventions. Finally, 
the total camnand line 1ergth cannot exceed 255 characters (ctl-E can be used 
to force a physical carrieqe return for lines tilich exceed the console width). 

The destination and EDurce elements can be manbigoous references to CP/M 
source files, with or without a p:ecedirg disk drive name. '!bat is, any file 
can be referenced with a p:ecedirg drive name (A: , B:, C:, or D:) which 
defines the particular drive tilere the file may be obtained or stored. When 
the drive nane is not included, the currently logged disk is ass\ltled. 
Further, the destination file can also appear as one or nore of the EDurce 
files, in which case the S)urce file is not altered mtil the entire 
concatenation is canp1ete. If the destination file already exists, it is 
rerooved if the camnand line is p:oper1y formed (it is not rE!'OOVed if an error 
condition arises). 'the fo1lowirg camnand lines (with explanations to the 
right) are valid as input to PIP: 

x = Y cr 

X = Y,Z cr 

X.ASM=Y.ASM,Z.ASM,FIN.ASM cr 

NEW.ZOT = B:OLD.ZAP cr 

B:A.U = B:B.V,A:C.W,D.X cr 

Copy to file X fran file Y, 
tilere X and Yare manbigoous 
file names, Y renains mchaJ'¥1ed. 

Cbncatenate files Y and Z and 
copy to file X, withy and Z 
lI'lchaJ'¥1ed • 

Create the file LASM fran the 
concatenation of the Y, Z, and 
FIN files with type ASM. 

~e a copy of OW.ZAP fran drive 
B to the currently logged disk, 
nane the file tmf.zar. 

Concatenate file B.V fran drive B 
wi th C.W fran drive A and D.X. 
fran the logged disk, create 
the file A.U on drive B. 

For mre convenient use, PIP allows abbreviated canmands for transferri~ 
fUes between disk drives. The abbreviated forms are 
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PIP x:=afn cr 

PIP x:=y:afn cr 

PIP ufn = y: cr 

PIP x:ufn = y: cr 

The first form ccpies all files fran the currently loqged disk ~ich satisfy 
the afn to the sane file nanes on drive x (x = A ••• Z). The second form is 
equivalent to the first, ~ere the rource for the copy is drive y (y = A ••• 
Z) • The third form is equivalent to the canmand "PIP ufn=y: ufn cr" which 
copies the file given by ufn fran drive y to the file ufn on drive x. The 
fourth form is equivalent to the third, \1ibere the rource disk is explicitly 
given by y. 

Note that the rource and destination disks must be different in all of 
these cases. If an afn is specified, PIP lists each ufn \1ibich satisfies the 
afn as it is beirg cq:>ied. If a fil~ exists by the sane nane as the 
destination file, it is renoved umn sIX:cessful canpletion of the cC/fl'f, and 
replaced by the cq>ied file. 

The followir¥:J PIP camnands give examples of valid disk-to-disk copy 
operations: 

B:=*.OJM cr 

A:=B:ZAP.* cr 

ZAP .ASM=B: cr 

B:ZOT.OJM=A: cr 

B:~.BA5 cr 

B:=A:GAMMA.BA5 cr 

Copy all files ~ich have the 
secoooary nane "a»t" to drive B 
fran the current drive. 

Copy all files \1ibich have the 
{Ximary name "ZAP" to drive A 
fran drive B. 

Equivalent to ZAP.ASM=B:ZAP.ASM 

Equivalent to B:ZOT.COM=A:ZOT.COM 

Same as B:~.~.BA5 

Same as B:~.BAS=A:GAz.t.1A.BA5 

PIP also allows reference to physical ard logical devices which are 
attached to the CP/M system. The device names are the same as given 1.I1der the 
STAT canmarrl, alon;J with a nmt>er of s~cially naned devices. The logical 
devices qi ven in the STAT camnand are 

~: (console), R:>R: (reader), PUN: (punch), and IST: (list) 

while the physical devices are 
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'1"lY: (c0n801e, reader, ptI'ldl, or list) 
CRl': (console, or list), tel: (console) 
Pl'R: (reader), 00: (reader), 00: (reader) 
Pl'P: (ptI'lch), UPl: (pmdl), UP2:~ (ptI'ldl) 
LPl': (list), UL1: (list) 

(Note that the ·BAT:· J;i1ysical device is not irx:luded, since this assignment 
is used only to iRiicate that the RDR: and IST: devices are to be used for 
console irput/output.) 

'!be K>R, IS!' , PUN, and CXJ!q devices are all defined wi thin the Bloo 
portion of CP/M, an:] thus are easily altered for any particular I/O system. 
('!be current physical device mawin;J is defined by ICBYl'E1 see the "CP/M 
Interface Guide" for a discussion of this fmction). '!be destination device 
must be capable of receivin:;J data (i.e., data cannot be sent to the pmch), 

. and the EDurce devices must be capable of generatin;J data (i.e., the LST: 
device cannot be read). 

'!be cddi tiona! device runes Vlich can be used in PIP CCJrI'lI8rds are 

NUL: 

ECF: 

INP: 

our: 

PRN: 

Send 48 "nulls" (ASCII 8"s) to the device 
(this can be issued at the end of pmched output). 

Send a CP/M end-of-file (ASCII ct1-Z) to the . 
destination device (sent autanaUcally at the 
em of all ASCII data transfers through PIP). 

Special PIP input S)urce Vlich can be "patched" 
into the PIP program itself: PIP gets the input 
data dlaracter-by-character by CALLin;J location 
183B, with data returned in location 189B (parity 
bi t must be zero). 

Special PIP output destination Vlich can be 
patched into the PIP program: PIP CALLs location 
186H with data in register C for each character 
to transmtt. "Note. that locations 189B through 
IFFB of the PIP memory image are not used am 
can be r£Placed by special purpose drivers usin;J 
DOl' (see the mr operator's manual). 

Same as LST:, except that tabs are expanded at 
fINery eighth character y;x>sition, lines are 
nmbered, am page ejects are inserted fNery 60 
lines, with an initial eject (same as [tBnp]). 

FUe an:] device nates can be interspersed in the PIP ccmnands. In each 
case, the specific device is read trltU em-of-fUe (ct1-Z for ASCII files, 
am a real em of fUe for noo-ASCII disk fUes). Data fran each device or 
fUe is cmcatenated fran left to right mtU the last data 9Jurce has been 
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read. The destination devi"ce or fUe is written usir~ the data fran the 
source files, am an erx3-0f-file dlaracter (ctl-Z) is a~nded to the result 
for ASCII files. Note if the destination is a disk file, then a temporary 
file is created ($$$ secondary nane) t.'hich is chan:Jed to the actual file name 
only IIp)n s1.l:cessful canpletion of the copy. Files wi th the extension "a::M­
are always assumed to be non-ASCII. 

The c~y q>eration can be aborted at any time by depressing arrt key on 
the keyboard (a rubout suffices). PIP will respooo with the message "ABJRl'ED" 
to iooicate that the q>eration was not canpleted. Note that if any operation 
is aborted, or if an error occurs duriB:J 1;Xocessing, PIP reroves any peooing 
canmaoos which \to1ere set up \1bile usinq the SUBMIT canmand. 

It sbJuld also be noted that PIP performs a sp!cial fmction if the 
destination is a disk file wi th type "HEX" (an Intel hex formatted machine 
code file), am the source is an external peripheral device, such as a psper 
tape reirler. In this case, the PIP program checks to ensure that the.·source 
file contains a p:operly formed hex file, with legal hexadecimal values ani 
checkslln records. When an invalid input record is found, PIP reports an error 
message at the console and waits for corrective action. It is usually 
sufficient to open the reader aOO rerun a section of the tape (pull the tape 
back about 29 inches). When the tape is ready for the re-read, type a single 
carria;Je return at the console, aOO PIP will attempt another read. If the 
tape p:>sition cannot be IXoperly read, simply continue the read (by typinq a 
return following the error messcge), aoo enter the record manually wi th the ED 
program after the disk file is constructed. For convenience,. PIP allows the 
end-of-file to be entered fran the console if the source file is a R>R: 
device. In this case, the PIP program reads the device aOO nonitors the 
keyboard. If ctI-Z is typed at the keyboard, then the read operation is 
terminated normally. 

Valid PIP canmaoos are shown below. 

PIP LST: = X.PRN cr 

PIP cr 

*OON:=X.ASM,Y.ASM,Z.ASM cr 

*X.HEX=CX:N: ,Y.HEX,PrR: cr 

*cr 
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Copy X.Pm to the LST device am 
terminate the PIP program. 

Start PIP for a sequence of 
camnaoos (PIP pranpts with "*"). 

Concatenate three ASM files and 
cq>y to the OON device. 

Create a HEX file by readirq the 
CDN (until a ctl-Z is typed), fol­
lowed by data fran Y.HEX, followed 
by data fran Pl'R until a ctl-Z is 
encountered. 

Single carriage return stops PIP. 



PIP PUN:=NUL:,X.ASM,EOF:,NUL: cr Send 48 nulls to the p.nch device, 
then cqJy the X.ASK file to the 
pmch, followed by an erK1-of-file 
(ctl-Z) lind 48 JIOre ~l charac­
ters. 

The user can also specify one or nore PIP parameters, enclosed in left 
and right square brackets, separated by zero or JlI)re blanks. Each parameter 
affects the c~y operation, and the enclosed list of parameters must 
immediately follow the affected file or device. Generally, each parameter can 
be followed by an q>tional decimal integer value (the S and 0 parameters are 
exceptions). The valid PIP parameters are listed below. 

B Block node transfer: data is buffered by PIP until an ASCII 
x-off character (ctl-S) is received fran the s>urce device. 
This allows transfer of data to a disk file fran a cootinuous 
recdiIrJ device, such as a cassette reader. Upon receipt of 
the x-off, PIP clears the disk buffers and returns for JlDre 
irt>ut data. The amount of data which can be buffered is de­
perrlent up:m the lISOOry size of the mst system (PIP will 
issue an error message if the buffers OU'erflow). 

Delete characters which extend past collllll n in the transfer 
of data to the destination fran the character s>urce. This 
parameter is used 1I'Ost often to truncate loog lines which are 
sent to a (narrow) 'printer or console device. 

E Echo all transfer operations to the console as they are being 
performed. 

F Filter form feeds fran the file. All i.ntledCJed form feeds are 
renoved. The P parameter can be used simultaneously to 
insert new form feeds. 

B Hex data transfer: all data is checked for p:oper Intel hex 
file format. Non-essential characters between hex records 
are removed durirq the COf1Y C4;)eration. The coosole will be 
pranpted for corrective action in case errors occur. 

I Ignore .. :08" records in the transfer of Intel hex format 
file (the I parameter autanatically sets the B parameter). 

L Translate UR?er case alp~tics to lower case. 

N Add line n.mt>ers to each line transferred to the destination 
startirq at one, and incrementil'¥J by 1. IeaiiIrJ zeroes are 
suppressed, and the nt11'Iber is followed by a colon. If N2 
is specified, then leaiirq zeroes are inclOOed, am a tab is 
inserted followiIrJ the J'IlI'Iber. The tab is expanded if T is 
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set. 

o (J)ject file (non-ASCII) transfer: the normal CP/M end of 
file is ignored. 

Pn Include page ejects at every n lines (wi th an initial page 
eject) • If n = 1 or is excluded altogether, page ejects 
0C0lI every 68 lines. If the F parameter is used, form feed 
suppression takes place before the new page ejects are 
inserted. 

OSfz ()lit copyirq fran the s:>urce device or file ~en the 
strirq s (terminated by ctl-Z) is encountered. 

Sstz Start copyirq fran the s:>urce device ~en the string s is 
encountered (terminated by ctl-Z). The S and 0 parameters 
can be used to "abstract" a particular section of a file 
(such as a slbroutine). The start and quit strings are al­
ways -inclu:3ed in the copy cperation. 

NOrE - the stri.rqs followirq the s and q parameters are 
translated to upper case by the CCP if form (2) of the 
PIP camnand is used. Form (1) of the PIP invocation, lDw­
ever, does not perform the autanatic ur;per case translation. 

(1) PIP cr 
(2) PIP "command line" cr 

Tn Expand tabs (ctl-I characters) to every nth colll1l'l during the 
transfer of characters to the destination fran the s:>urce. 

U Translate la.r case alphabetics to ur;per case during the 
the copy cperation. 

V Verify that data has been eopied correctly by rereadirq 
after the write cperation (the destination must be a disk 
file) • 

Z Zero the paritybH'M ilt'bt for each ASCII character. 

'l1le followirq are vaM'd ftPWiiilisrid. Wiich-specify parameters in the file 
transfer: 

PIP X.ABM=B: {v] cr 

PIP LPr:=X.ASM[nt8u] cr 

Copy X.ASM fran drive B to the current drive 
and verify that the data was p:operly copied. 

Copy X.ASM to the LPr: device: m.mber each 
line, expand tabs to every eighth colll1l'l, and 
translate la.r case alphabetics to tIR;)er 
case. 
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PIP PUN:=X.HEX[i] ,Y.ZOT[h] cr First copy X.HEX to the PUN: device and 
ignore the trailing ":00" record in X.HEX: 
then continue the transfer of data by reading 
Y.ZOT, which contains hex records, including 
arrt ":00" records which it cootains. 

PIP X.LIB = Y.A94 [ sSJBRl:tz qJMP L3tz 1 cr Copy fran the file Y.ASM 

PIP PRN:=X.ASM[p501 

6.5. ED ufn cr 

into the file X.LIB. Start the copy \tlhen the 
string "SJBRl:1f has been found, am quit copy­
irg after the string IfJMP L3" is encountered. 

Send X.ASH to the 1ST: device, with line num­
bers, tabs exparded to fINery eighth coll:lllll, 
and page ejects at fNery 50th line. Note that 
nt8p60 is the assll'lled parameter list for a PRN 
file: p50 OI1errides the default value. 

'Dle ED program is the CP/M system context editor, \tlhich allows creation 
ard alteration of ASCII files in the CP/M environment. Canplete details of 
operation are given the ED user's manual, "ED: a Context Editor for the CP/M 
Disk System." In general, ED allows the operator to create am operate upon 
source files \tlhich are organized as a sequence of ASCII characters, separated 
by end-of-line characters (a carriage-return line-feed sequence). 'Dlere is no 
practical restriction on line length (no single line can exceed the size of 
the workirg neroory), \tlhich is instea1 defined by the nunber of characters 
typed between cr' s. The ED program has a n.nnber of camnards for character 
string searching, replacenent, ard insertion, \tlhich are useful in the creation 
ard correction of programs or text files mder CP/M. AltOOugh the CP/M has a 
limi ted neroory work sp:lce area (approximately 5000 characters in a 16K CP/M 
system), the file size \lbich can be edited is not limited, since data is 
easily "paged" through this work area. 

Upon initiation, ED creates the specified source file, if it does not 
exist, am opens the file for acx:ess. The progranuoer then ·a~nds" data fran 
the B)urce file into the work area, if the source file alrea1y exists (see the 
A canmarx3), for editit'¥:f. The a~nded data can then be displayed, altered, 
ard written fran the work area back to the disk (see the W canrna.rd). 
Particular lX>ints in the program can be autanatically plged am located by 
context (see the N canmarx3), allowing easy acx:ess to' particular IX>rtions of a 
large file. 

Given that the operator has typed 

ED X.ASH cr 
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the ED program creates an intermediate ~rk file wi th the nane 

X.$$$ 

to mId the edited data durirq the ED nVl. Upon canpletion of ED, the X.ASM 
file (original file) is renamed to X.BAK, and the edited ~rk file is renamed 
to X.AStl. Thus, the X.BAK file contains the original (unedited) file, and the 
X.ASH file contains the newly edited file. '!he operator can always return to 
the (revious version of a file by renoviB:J the nost recent version, and 
renamirg the lXevioos version. S~se, for example, that the current X.AStl 
file was im{roperly edited: the sE:quence of CCP camnand smWl'l below \«)Uld 
reclaim the backup file. 

DIR X.* 

ERA X.ASM 

REN X.ASM=X. BAK 

Check to see that BAK file 
is available. 

Erase nost recent version. 

Rename the BAK file to ASM. 

Note that the q>erator can abort the edit at any };Oint (reboot, };Ower failure, 
ctl-C, or Q canmard) without destroyiD;1 the original file. In this case, the 
BAK file is not created, and the original file is always intact. 

The ED program also allows the user to "piD;1-porq" the Slurce and create 
backup files between two disks. The form of the ED camnard in this case is 

ED ufn d: 

where ufn is the nane of a file to edit on the currently logged disk, and d is 
the nane of an alternate drive. The ED program reads and ~ocesses the Slurce 
file, and writes the new file to drive d, usirq the name ufn. Upon canpletion 
of {rocessiB:J, the original file beccmes the backup file. '!hus, if the 
operator is crldressiB:J disk A, the followil'XJ eanmand is valid: 

ED X.A9ot B: 

\Iilich edits the file X.A9ot on drive A, creatil'¥J the new file X.$$$ on drive 
B. Upon canpletion of a successful edit, A:X.ASM is renamed to A:X.BAK, and 
B:X.$$$ is renamed to B:X.ASM. For user convenience, the currently logged 
disk becanes drive B at the end of the edit. Note that if a file by the name 
B:X.AStl exists before the editil'XJ begins, the message 

FILE EXISTS 

is (r inted at the console as a ~ecaution ~ainst accidentl y destroying a 
source file. In this case, the operator must first ERAse the existing file 
and then restart the edit operation. 
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Similar to other transient camnams, editil'¥J can take place on a drive 
different fran the Qlrrently logged disk by p:ecedil'¥!J the S)urce file name by 
a drive nane. Examples of valid edit requests are stown below 

ED A:X.ASM 

ED B:X.ASM A: 

6.6. SYSGEN cr 

&:lit the file X.ASM on drive A .. with 
new file am backup on drive A. 

&:lit the file X.ASH on drive B to the 
temp)rary file X.$$$ on drive A. en 
termination of edi til'¥J, charqe X.ASH 
on drive B to X.SAK .. am dlarqe X.$$S 
on drive A to X.ASH. 

The SYSGEN transient command allows generation of an initialized diskette 
containil'¥!J the CP/M operatil'¥J system. The SYSGEN program p:anpts the console 
for camnands.. with interaction as stown below. 

SYSGEN cr Initiate the SYSGEN program. 

SYSGEN VERSIOO m.m SYSGEN sign-on message. 

SOORCE mIVE NAME (OR RE'1URN TO SKIP) 

SOORCE 00 x THEN T'fPE RE'1URN 

FUl'Cl'IOO CDMPLETE 

Respond with the drive name (one 
of the letters A.. B.. C, or D) of 
the disk containil'¥J a CP/M sys­
tem: usually A. If a copy of 
CP/M already exists in 1DeIOOry, 
due to a KNCPM camnand, type a 
cr only. Typil'¥J a drive name 
x will cause the response: 

Place a diskette containil'¥J the 
CP/M operatil'¥J system on drive 
x (x is one of A, B, C .. or D). 
Answer wi. th cr \Iilen ready. 

System is copied to 1DeIOOty. 
SYSGEN will then p:anpt with: 

DESTINATIOO IlUVE NAME (OR RE'1URN TO RmOOr) 
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If a diskette is beil'¥!J ini­
tialized .. place the new disk 
into a drive am answer with 
the drive name. Otherwise, type 
a cr am the system will reboot 
fran drive A. Typil'¥!J drive name 
x will cause SYSGEN to lEanpt 



with: 

DESTINATION ON x THEN TYPE RErURN Place new diskette into drive 
x 1 type return 'Nhen ready. 

New diskette is initialized 
in drive x. 

The "tESTINATION" p:anpt will be repeated lI'1til a single carriage return is 
typed at the console, so that IIDre than one disk can be initialized. 

Up:>n canpletion of a stX:cessful system generation, the new diskette 
contains the q>eratil'¥} system, aOO only the built-in canmands are available. 
A factory-fresh IBM-campatible diskette appears to CP/M as a diskette with an 
empty directorY1 therefore, the q>erator must copy the appropriate COM files 
fram an existing CP/M diskette to the newly constructed diskette using the PIP 
transient. 

The user can c~y all files fran an existing diskette by typing the PIP 
canmand 

PIP 8: = A: *.*[v] cr 

which c~ies all files fran disk drive A to disk drive 8, aOO verifies that 
each file has been ccpied correctly. The name of each file is displayed at 
the console as the CCXJy q>eration p:oceeds. . . 

It smuld be noted that a SYSGEN does not destroy the files 'Nhich already 
exist on a diskette1 it results only in construction of a new q>erating 
system. Further, if a diskette is being used only on drives 8 through 0, aOO 
will never be the source of a bootstrap operation on drive A, the SYSGEN need 
not take place. In fact, a new diskette needs absolutely no initialization to 
be used with CP/M. 

6.7. amMIT ufn parmtl ••• parmtn cr 

The SJBMIT canmand allows CP/M canmands to be batched toqether for 
autanatic J;rocessil'XJ. The ufn given in the SUBMIT canmand must be the 
filename of a file 'Itlich exists on the currently logged disk, with an assumed 
file type of "SUB." The am file cootains CP/M J;rototyp! camnarrls, with 
possible parameter substitution. The actual parameters parmtl ••• parmln are 
substituted into the lXotOtyp! commands, and, if no errors occur, the file of 
substituted cammaoos are J;rocessed sequentially by CP/M. 
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'!'be {Zototype canmand file is created usinJ the ED {Zogram, with 
interspersed 11$11 paraneters of the foEm 

$1 $2 $3 ••• $n 

correspomiRJ to the rmber of actual paraneters lIbich will be included Wlen 
the file is slDni tted for execution. tIlen the SUBMIT transient is executed, 
the actual parameters parmtl ••• parmtn are paired with the formal parameters 
$1 ••• $n in the {Zototype canmarXJs. If the nmber of formal am actual 
parame~rs does not correSJ;X>m, then the stbnit fmction is aborted with an 
error uessage at the console. 'Dle aJBMIT fmction creates a file of 
satituted camnams with the nane 

$$$.SUB 

on the logged disk. When the systan reboots (at the termination of the 
SUBMIT), this camnam file is read by the CCP as a S)urce of ~t, rather 
than the coosole. If the SUBMIT f\B'\ction is performed on any disk other than 
drive A, the camnards are not {Zocessed mtil the disk is inserted into drive 
A am the systan reboots. Fur ther, the user can abort caamand trocessirr;J at 
any time by typiRJ a rubout lIben the camtand is read am echoed. In this 
case, the $$$.SUB file is rEmOVed, am the s\bsequent C<lIIIlIaOOS cane fran the 
console. Camnard trocessiRJ is also aborted if the CCP detects an error in 
any of the camnards. Prograns lIbich execute mder CP/M can abort trocessirr;J of 
canmand files lIben error conditions occur by simply erasiRJ any existirr;J 
$$$.SUB file. 

In order to introdlK'!e dollar signs into a SUBMIT file, the user may type 
a 11$$11 which re3lK'!es to a sirgle 11$11 wi thin the CCJIIIBI'¥3 file. Further, an 
up-arrow syrrbol "f" may trecede an alphabetic character x, lIbich {Zoduces a 
siRJle ctI-x character within the file. 

The last camnam in a SUB file can initiate another SUB file, thus 
allowiRJ chained batch ~s. 

Suw>se the file ASMBL.SUB exists on disk am oontains the ~ototype 
c<J'lllllElrds 

AEM $1 
DIR $1.* 
ERA *.BAK 
PIP $2:-$1.PRN 
ERA $1.P.RN 

arBMIT A9mL X P.RN cr 

is issued by the ~rator. The SUBMIT p:ogrm reads the ASMBL.SUB file, 
8d:>stitutiRJ IIX" for all occurrences of $1 am IIP.RN" for all occurrences of 
$2, resultiRJ in a $$$.SUB file oontainiRJ the conwms 
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A91X 
OIR X.* 
ERA *.BAK 
PIP PRN:=X.PRN 
ERA X.PRN 

~ich are executed in sequence by the CCP. 

The SUBMIT function can access a SUB file Which is on an alternate drive 
by J;Xecedirg the file nane by a drive nane. Subnitted files are only acted 
up:>n, ho\IJIeVer, When they appear on drive A. Thus, it is p:>ssible to create a 
subnitted file on drive B Which is executed at a later time When it is 
inserted in drive A. 

6.S. IDtP ufn cr 

The DUMP program types the contents of the disk file (ufn) at the console 
in hexadecimal form. The file contents are listed sixteen bytes at a time, 
with the absolute byte address listed to the left ,of each line in 
hexadecimal. IDrg typeouts can be aborted by pushing the rubout key dur ing 
pr intout. (The s>urce listirq of the DUMP program is given in the "CP/M 
Interface Guide- as an example of a }Xogram written for the CP/M environment.) 

6.9. MJVCPM cr 

The MJVCPM trogram allows the user to reconfigure the CP/M system for any 
particular rremory size. Two ~tional parameters may be used to indicate (1) 
the desired size of the new system and (2) the di9p)sition of the new system 
at trogram termination. If the first parameter is anitted or a "*- is given, 
the MJVCPM J;Cogram will reconfigure the system to its maximlln size, based up:>n 
the kilobytes of contigoous RAM in the mst system (starting aat aaaaH). If 
the second parameter is anitted, the system is executed, but not permanently 
recorded: if "*" is qiven, the system is left in memory, ready for a SYSGEN 
operation. The MJVCPM J;Xogram relocates a nenory image of CP/M and places 
this image in memry in J;Xeparation for a system generation ~ration. The 
camnand fonns are: 

KJVCPM cr Relocate and execute CP/M for manage­
ment of the current meroory configura­
tion (memory is examined for contigu­
ous RAM, starting at laBH). Upon can­
pletion of the relocation, the new 
system is executed but not permanently 
recorded on the diskette. The system 
Which is constructed contains a BIOS 
for the Intel MDS saB. 
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M)'IJCPM n cr 

K71TCPM * * cr 

KJVCPM n * cr 

The canmand 

KJVCPM * * 

Create a relocated CP/M system for 
maNqement of an n kilobyte system (n 
must be in the rmje 16 to 64), am 
execute the system, as described above. 

Construct a relocated memory image for 
the current memory configuration, but 
leave the memory image in memory, in 
preparation for a SYSGEN operation. 

Construct a relocated memory image for 
an n kilobyte memory system, am leave 
the memory image in preparation for a 
SYSGEN operation. 

for example, constructs a new version of the CP/M system am leaves it in 
memory, reedy for a SYSGEN operation. The message 

READY FOR "SYSGEN" OR 
"SAVE 32 CPMxx.CDM" 

is trinted at the console up:m canpletion, \tthere xx is the current memory size 
in kilobytes. The q>erator can then type 

SYSGEN cr Start the system generation. 

SOORCE IRIVE NAME (OR RElURN ro SKIP) Respond with a cr to skip 
the CP/M read operation since the system 
is already in memory as a result of the 
previous tOlCPM operation. 

DESTINATlOO IRIVE NAME (OR RElURN 1'0 REBOOr) 
Respond with B to WI i te new system 
to the diskette in drive B. SY&;EN 
will pranpt wi th: 

DESTINATloo 00 B, THEN 'tYPE RETURN 
Ready the fresh diskette on drive 
B am type a return \tthen ready. 

Note that if you respond with "A" rather than "B" above, the system will be 
written to drive A rather than B. SYSGEN will continue to type the pranpt: 

DESTINATloo IRIVE NAME (OR RE'1URN ro REBX7r) 

mtil the operator responds wi. th a sin;Jle carria:je return, Vlich stops the 
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SY$BN program with a systaa reboot. 

The user can then go through the reboot p:ocess wi th the old or new 
diskette. Insteai of p!rfonnirq the SY$EN op!ration, the user could have 
typed 

SAVE 32 CPMxx.cnt 

at the canpletion of the MJVCPM f\mction, Wlich ~ld place the CP/M memory 
image on the Olrrently logged disk in a form which can be "p:ltched. II This is 
necessary when cperatiBj in a non-standard environnent Wlere the BICS must be 
altered for a particular p!ripheral device configuration, as described in 
the"CP/M System Alteration Guide." 

Valid KJVCPM C<l11I1BI'ds are given below: 

KJVCPM 48 cr 

KJVCPM 48 * cr 

KJVCPM * * cr 

Construct a 48K verskon of CP/M and start 
execution. 

Construct a 48K version of CP/M in p:epara­
tion for p!rmanent recordiBj, reSJ;X)nse is 

READY EOR "SYSGEN" OR 
"SAVE 32CPM48.cnt" 

Construct a maximlJl\ memory version of CP/M 
and start execution. 

It is im{XIrtant to note that the newly created system is serialized with 
the l1JJ'lber attached to the original diskette am is stbject to the conditions 
of the Digi tal Research Software LicensiBj ~reement. 
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7. BOOS ERKlR f£SS1!GES. 

There are three error situations Viich the Basic Disk Operatirq System 
intercepts durirg file p:ocesssiDl. Nlen one of these conditions is detected, 
the BDOS prints the nessage: 

BDOS ERR 00 x: error 

~ere x is the drive nane, and "error" is one of the three error nessages: 

BAD SECroR 
SELECl' 
READ ONLY 

The "BAD SECroR" nessage iooicates that the disk controller electronics 
has detected an error condition in readiDl or writing the diskette. 'Ibis 
condition is generally due to a malfmctioning disk controller, or an 
extremely worn diskette. If you find that your system reports this error BOre 
than ooce a JlDnth, you soould dleck the state of your controller electronics, 
and the condition of your nedia. You may also encounter this condition in 
rea:Urg files generated by a controller };roduced by a different manufacturer. 
Even toough controllers are claimed to be IBM-canpatible, one often finds 
small di fferences in recordirg fonnats. The MtS-800 controller, for example, 
requires two bytes of one's followiBJ the data CRe byte, Viich is not required 
in the IBM format. As a result, diskettes generated by the Intel MIS can be 
reed by alrrost all other IBM-canpatible systems, ~ile disk files generated on 
other marufacturer' s e::Iuipnent will produce the "BAD SECroR" nessage ~en read 
by the MtS. In any case, recovery fran this condition is accanplished by 
typiDl a cU-C to reboot (this is the safest!), or a return, \1t1ich simply 
ignores the bed sector in the file q>eration. Note, mwever, that typing a 
return nay destroy your diskette integrity if the q>eration is a directory 
write, so make sure you have edeguate backups in this case. 

The "SELECl''' error occurs \1t1en there is an attempt to eddress a drive 
beyond the A through D r arge. In this case, the value of x in the error 
message gives the selected drive. The system retx:>ots followirg any input fran 
the console. 

The -READ ONLY" nessage occurs ~en there is an attempt to write to a 
diskette \!hich has been designated as read-only in a SEAT camnand, or has been 
set to rea:l-only by the BDC:S. In general, the q;>erator should reboot CP/M 
either by usirg the \\Brm start procedure (ctl-C) or by performiBJ a cold start 
whenever the diskettes are dlarged. If a dlarged diskette is to be read but 
not written, BOOS allows the diskette to be dlaB;Jed without the warm or cold· 
start, but internally marks the drive as read-only. The status of the drive 
is SlDSe::luently dlarged to read/write if a warm or cold start ~urs. Upon 
issuiBJ this nessage, CP/M waits for irput fran the console. An autanatic 
warm start takes place followiBJ artf il'1>ut. 
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8. OPERATICN (£ CP/M CN THE Mm. 

This section gives q>eratirg ~ocedures for usirg CP/M on the Intel MIS 
microcanputer develCJ[XOent system. A basic knowledge of the MrS hardware and 
software systems is assumed. 

CP/M is initiated in essentially the sane manner as Intel's ISIS 
operatil'¥1 system. The disk drives are labelled 0 through 3 on the MJ:8, 
corre~ooiIl} to CP/M drives A through 0, respectively. The CP/M system 
diskette is inserted into drive 0, aoo the BX7r and RESEr switches are 
depressed in sequence. The interrupt 2 light slDuld go on at this p:>int. The 
space bar is then depressed on the device \rilich is to be taken as the system 
console, am the light smuld go rut (if it does not, then check camections 
and baud rates). The IDOl' switch is then turned off, and the CP/M siqnon 
message smuld appear at the selected console device, followed by the "A>" 
system p:anpt. The user can then issue the various resident and transient 
canmaoos 

The CP/M system can be restarted (warm start) at any time by pushing the 
mr 0 switch on the front panel. The built-in Intel R<l4 monitor can be 
initiated by pushing the INT 7 switch (which generates a RST 7), except \roben 
operatin;J lJlder DOl', in W:lich case the DOl' program gets control instead. 

Diskettes can be ranoved fran the drives at any time, and the system can 
be shut dCM'l during ~ration witmut affecting data integrity. Note, 
however, that the user must not remove a diskette and replace it with another 
wi trout rebooting the system (cold or warm start), 1Illess the inserted 
diskette is "recrl only. II 

rue to hardware h~-ups or nalflllctions, CP/M may type the message 

BDa:3 EBR CN x: BAD SECroR 

where x is the drive \rilich has a permanent error. This error may occur When 
drive doors are q'?ened am closed randanly, folloWed by disk q:>erations, or 
may be due to a diskette, drive, or controller failure. The user can 
optionally elect to ignore the error by typing a single return at the 
console. The error nay prodtx::e a bad data record, requiring re-initialization 
of up to 128 bytes of data. The q:>erator can reboot the CP/M system and try 
the operation again. 

Termination of a CP/M session requires no special action, except that it 
is necessary to ranove the diskettes before turning the p:>wer off, to avoid 
randan transients \robich often nake their way to the drive electronics. 

It smuld be noted that factory-fresh IBM-canpatible diskettes soould be 
used rather than diskettes t,.,hich have previously been used with any ISIS 
version. In particular, the ISIS ItFORotAT" q:>eration produces non-standard 
sector numbering throughout the diskette. This non-standard numbering 
seriously degrcrles the perfor.mance of CP/M, and will q:>erate noticeably slower 
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than the distribution version. If it becomes necessary to reformat a diskette 
(which sh:>uld not be the case for standard diskettes) , a i:rogram can be 

written tnder CP/M \\bich causes the MIS 800 controller to reformat with 
sequential sector nunbering (1-26) on each track. 

----------------------------------------Note: "MIS 800" arrl "ISIS" are r~istered trademarks of Intel Corporation. 
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CP/M Assenbler USer 's Guide 

1. Ilf1'R){l£l'ICN. 

'l'he CP/M assemler reads assenbly language !Dllrce files fran the diskette, 
and i;coduceS' 8080 madline language in Intel hex format. 'ihe CP/M assent>ler is 
initiated by typi1¥J 

A9I filename 
or 

A9I filename .parms 

In both cases, the assenbler assl.llles there is a file on the diskette with the 
name 

filename .ASM 

which contains an 8080 assent>ly language s:>urce file. 'lhe first and second 
forms smwn above differ only in that the second form allows IBrameters to be 
passed to the assenbler to control s:>urce file access and hex and !rint file 
destinations. 

In either case, the CP/M assenbler loads, and prints the nessage 

CP/M ASSEMBLER VER n.n 

where n.n is the airrent version nmber. In the case of the first CCIIIDaOO, 
the assenbler reads the s:>urce file with asst.Jned file type "ASM .. and creates 
two output files 

filename .HEX 
and 

filename.PRN 

the •HEX• file contains the nadline code corre5P>ndio:J to the original Jrogram 
in Intel hex format, and the 11PRN" file contains an annotated listing stx>wio:J 
generated madline code, error flags, and s:>urce lines. If errors occur durio:J 
translation, they will be listed in the PRN file as well as at the console 

'l'he second canmand form can be used to redirect input and ootput files 
fran their defaults. In this case, the "parms• ix>rtion of the camand is a 
three letter group -.mich s~cifies the origin,. of the s:>urce file, the 
destination of the hex file, arrl the destination of the ~int file. 'lbe form 
is 

filename.plp2p3 

liftlere pl, p2, arrl p3 are single letters 

pl: A,B, ••• , Y designates the disk name llilich contains 
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p2: A,B, 

Z 
p3: A,B, 

x 
Z 

Thus, the camnaoo 

A91 X.AAA 

••• , Y 

••• , Y 

the source file 
designates the disk name which will re­
ceive the hex file 
skips the generation of the hex file 
designates the disk name which will re­
ceive the pcint file 
places the listing at the console 
skips generation of the print file 

iooicates that the source file (X.ASM) is to be taken fran disk A, and that 
the hex (X. HEX) and p-:int (X.PRN) files are to be created also on disk A. 
This form of the cannand is implied if tne asserrbler is run fran disk A. 'nlat 
is, given that the cperator is currently crldressinq disk A, the above contnand 
i s Equivalent to 

A91X 

The cannaoo 

A91 X.ABX 

indicates that the source file is to be taken fran disk A, the hex file is 
placed on disk B, aM the listing file is to be sent to the console. 'nle 
canrnaoo 

A91 X.BZZ 

takes the source file fran disk B, and skips the generation of the hex aM 
print files (this camnand is useful for fast execution of the assenbler to 
check pcogram syntax). 

The source p-:ogram format is canpatible wi th both the Intel 8080 assenbler 
(macros are not currently implemented in the CP/M assenbler, oowever), as well 
as the Processor Technology SOftware Package n assenbler. That is, the CP/M 
assent>ler accepts source pcograms written in either format. There are certain 
extensions in the CP/M asserrbler which make it somewhat easier to use. 'nlese 
extensions are described below. 

2. PRmRAM FOlW\T. 

An assenbly language }Xogram acceptable as input to the assenbler consists 
of a SEqlEnce of statements of the form 

linet label operation operand : cOmment 

Wlere any or all of the fields may be present in a p3rticular instance. Fach 
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"'embly language statement is terminated with a carriage return and line feed 
(the line feed is inserted autanatically by the ED program), or with the 
character "t" which is a treated as an end-of-line by the assenbler (thus, 
multiple assembly language statements can be written on the same physical line 
if separated by exclaim symbols). 

The line. is an optional decimal integer value representing the source 
program line nunber, which is allowed on any source line to maintain 
canpatibili ty with the Processor Technology format. In general, these line 
nunbers will be inserted if a line-oriented editor is used to construct the 
original Irograrn, aOO thus ASM ignores this field if present. 

The label field takes the form 

identifier 
or 

identifier: 

and is optional, except where noted in particular statement types. '!he 
identifier is a sequence of alphanumeric characters (alphabetics and numbers), 
where the first cnaracter is alphabetic. Identifiers can be freely used by 
the programmer to label elements such as program steps and assenbler 
directives, but cannot exceed 16 characters in length. All cnaracters are 
significant in an identifier, except for the errbedded dollar symbol ($) which 
can be used to improve readabili ty of the name. Further, all lower case 
alphabetics becane are treated as if they were UR;>er case. Note that the ":" 
followin:J the identifier in a label is optional (to maintain canpatibili ty 
between Intel and Processor Technology). 'Ihus, the followiR3 are all valid 
instances of labels 

x 
x: 
XlY2 

xy 
yxl: 
Xlx2 

long$name 
longer$named$data: 
x234$5678$90l2$3456: 

'!he q;>eration field contains either an assenbler directive, or pseudo 
operation, or an 8080 machine q;>eration code. 'Ihe pseudo operations and 
machine operation codes are described below. 

The q;>erand field of the statement, in general, contains an expression 
formed out of constants and labels, alon:J with arithmetic and logical 
operations on these elements. Again, the canplete details of properly formed 
expcessions are given below. 

The canment field contains arbitrary cnaracters followiR3 the ":" symbol 
until the next real or logical end-of-line. '!hese cnaracters are read, 
1 isted, am otherwi se ignored by the assenbler. In order to maintain 
canpatability with the Processor Technology assembler, the CP/M assembler also 
treat statements \tlich begin with a .,." in column one as canment statements, 
which are listed aOO ignored in the assembly p:ocess. Note that the Processor 
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Technology asserrbler has the side effect in its q>eration of iqnoriBj the 
characters after the q>erand field has been scanned. '!his causes an anbiguous 
situation ~en attempting to be canp!tible with Intel"s language, since 
arbitrary expressions are allowed in this case. Hence, t;rograms tilich use 
this side effect to introduce carments, must be edited to place a -;" before 
these fields in order to asserrble correctly. 

'!he asserrbly language program is formulated as a sequence of statements of 
the above form, terminated q>tionally by an END statement. All statements 
following the END are ignored by the assembler. 

3. FORMI~ THE CPERAND. 

In order to canpletely describe the q>eration codes and pseudo operations, 
it is necessary to first present the form of the q>erand field, since it is 
used in nearly all statements. Expressions in the q>erand field consist of 
simple q>erands (labels, constants, and reserved words), C011t>ined in properly 
formed sti:>expressions by arithmetic and logical q>erators. '!he expression 
canputation is carried out by the asserrbler as the assarbly t;roceeds. Fach 
expression must produce a 16-bit value during the asserrbly. Further, the 
nurrber of significant digits in the result must not exceed the inteooed use. 
That is, if an expression is to be used in a byte nove i.tmediate instruction, 
then the nost significant 8 bits of the expression must be zero. '!he 
restrictions on the expression significance is given with the irx3ividual 
instructions. 

3.1. labels. 

As discussed above, a label is an identifier \tobich occurs on a tarticular 
statement. In general, the label is given a value determined by the type of 
statement lobich it t;recedes. If the label occurs on a statement lobich 
generates machine code or reserves meIOOry s};ace (e.g, a 10l instruction, or a 
OS pseudo qJeration), then the label is given the value of the program address 
which it labels. If the label precedes an EQU or SET, then the label is given 
the value lobich results fran evaluating the operand field. Except for the SET 
statement, an identifier can label only one statement. 

When a label appears in the qJerand field, its value is sti:>sti tuted by the 
assent>ler. '!his value can then be carbined with other q>erands am q:>erators 
to form the q>eraoo field for a };articular instruction. 

3.2. Numeric Constants. 

A numeric constant is a l6-bit value in one of several bases. '!he base, 
called the raUx of the constant, is denoted by a trailing radix iooicator. 
The radix indicators are 

B binary constant (base 2) 
o octal constant (base 8) 
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o octal constant (base 8) 
o decimal constant (base 18) 
H hexadecimal constant (base 16) 

o is an alternate radix indicator for octal nmbers since the letter 0 is 
easily ccmused with the digit 0. MY rumeric constant which does not 
terminate with a radix indicator is assumed to be a decimal constant. 

A constant is thus canposed as a sequence of digits, followed by an 
optional radix indicator, ~ere the digits are in the appropriate range for 
the radix. '!bat is binary constants must be canposed of 0 and 1 digits, octal 
constants can contain digits in the range 0 - 7, Wiile decimal constants 
contain decimal digits. Hexadecimal constants contain decimal digits as well 
as hexadecimal digits A (100), B (110), C (120), D (13D), E (140), an:} F 
(150). Note that the 1eadil'Xl digit of a hexadecimal constant DUst be a 
decimal digi t in order to avoid confusing a hexadecimal constant with an 
identifier (a leadil'Xl 0 will always suffice). A constant composed in this 
manner must evaluate to a binary nunber Wiich can be contained wi thin a 16-bi t 
counter, otherwise it is truncated on the right by the assent:>ler. Similar to 
identifiers, inbedded N$" are allowed within constants to improve their 
readability. Finally, the radix indicator is translated to UR,)er case if a 
lower case letter is encountered. 'Itle followil'Xl are all valid instances of 
numeric constants 

1234 
l234H 
33770 

12340 
0FFEH 
0fe3h 

3.3. Reserved Words. 

l100B 
33770 
l234d 

1111$0000$1111$00008 
33$77$220 
0ffffh 

There are several reserved character sequences which have ~edefined 
meanil'Xls in the q>E!rand field of a statement. 'Itle names of 8080 registers are 
given below, Wiich, when encountered, produce the value shown to the right 

A 7 
B 0 
C 1 
o 2 
E 3 
H 4 
L 5 
M 6 
SP 6 
PSW 6 

(again, lower case nanes have the same values as their U'j;per case 
equivalents). Madline instructions can also be used in the operand field, and 
evaluate to their internal codes. In the case of instructions which require 
operands, where the specific q>E!rand becanes a plrt of the binary bit plttern 
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of i"tte instruction (e.g, KJV A,B), the value of the instruction (in this case 
Kl(1) is the bi t pattern of the instruction with zeroes in the optional fields 
(e.g, KJV J;%oduces 49H). 

ltalen the synbol "$" occurs in the operand field (not inbedded within 
identifiers am rumeric constants) its value becanes the address of the next 
instruction to generate, not including the instruction contained wi thing the 
current logical line. 

3.4. String Constants. 

String coostants represent sequences of AOCII characters, arrl are 
represented by enclosing the dlaracters wi thin apostrophe syrrbols ('). All 
strings must be fully contained within the current physical line (thus 
allowing If!" syrrbols wi thin strings), arrl must not exceed 64 characters in 
length. The apostrophe dlaracter itself can be included within a string by 
representing it as a double apostrophe (the two keystrokes "), which becanes 
a single apostrophe \Iilen read by the assenbler. In llDSt cases, the str ing 
length is restricted to either one or two dlaracters (the DB pseudo operation 
is an exception), in \thich case the string becanes an 8 or 16 bit value, 
respectively. Two dlaracter strings becane a 16-bit constant, with the second 
character as the low order byte, an] the first dlaracter as the high order 
byte. 

The value of a dlaracter is its corresponding ASCII code. There is no 
case translation wi thin str ings, and thus both uR?er and lower case characters 
can be ,represented. Note however, that only graphic (printing) ASCII 
characters are allowed within strings. Valid strings are 

'AB' 'c' 
'a'" """ "',,' 

'Walla Walla Wash. ' 
'She said " Hello " to me. ' 
'I said "Hello" to her. ' 

3.5. Arithmetic and Logical Operators. 

The cperands described above can be combined in normal algebraic notation 
using any canbination of properly formed q:lerands, operators, and 
parenthesized expressions. The operators recognized in the operand field are 

a+b 
a-b 

+b 
-b 

a * b 
a / b 
a K>O b 
Nor b 

unsigned arithmetic sum of a am b 
unsigned arithmetic difference between a am b 
mary plus (produces b) 
mary minus (identical to 9 - b) 
msigned magnitude multiplication of a and b 
msiqned magnitude division of a by b 
remainder after a / b 
logical inverse of b (all 9's becane l's, l's 
becane 9' s), where b is considered a l6-bi t value 
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a AND b 
a OR b 
a XOR b 
a SHL b 

a SHR b 

bit-by-bit logical and of a and b 
bi t-by-bi t logical or of a and b 
bit-by-bit logicl exclusive or of a and b 
the value Which results from shifting a to the 
left by an atOOunt b, with zero fill 
the value Which results from shifting a to the 
right by an atOOunt b, with zero fill 

In each case, a and b represent simple operands (labels, numeric 
constants, reserved words, aoo one or two dlaracter strings), or fully 
enclosed parenthesized subexpcessions such as 

10+-20 l0h+37Q L1. /3 (L2+4) SHR 3 
('a' aoo 5fh) + '0' ('B ' +B) OR (PSW+M.) 
(1+(2+c» shr (A-(B+l» 

Note that all canputations are IErformed at asserrbly time as l6-bit unsigned 
operations. Thus, -1 is computed as 0-1 which results in the value 0ffffh 
(i.e., alII's). The resulting expression must fit the ~ration code in 
which it is used. If, for example, the expression is used in a ADI (add 
immediate) instruction, then the high order eight bits of the expression must 
be zero. As a result, the q>eration "ADI -I" produces an error nessage (-1 
becanes 0ffffh ~ich cannot be represented as an 8 bit value), While "ADI (-1) 
AND 0FFH" is accepted by the assenbler since the "AND" cperation zeroes the 
high order bits of the expression. 

3.6. Precedence of Operators. 

As a coovenience to the trogrammer, AfM assunes that cperators have a 
relative trecedence of application Which allows the programmer to write 
expressions without nested levels of parentheses. The resulting expression 
has assuned parentheses \<!bich are defined by the relative trecedence. The 
order of awlication of q>erators in mparenthesize expressions is listed 
below. Operators listed first have highest precedence (they are applied first 
in an mparenthesized expression), \<!bile operators listed last have lowest 
precedence. Operators listed on the same line have equal ~ecedence, and are 
applied from left to right as they are encountered in an expression 

* / MJD sm. SHR 
-+ 
NOr 
1!ND 

OR XOR 

Thus, the expressions sOOwn to the left below are interpreted by the asseabler 
as the fully parenthesize expressions shown to the right below 

a * b + c 
a+b*c 
a M)D b * c SHL d 

(a * b) + c 
a + (b * c) 
«a K>D b) * c) SHL d 
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a OR b AND NOl' c + d SHL e a OR (b AND (NOr (c + Cd SHL e»» 

Balanced r;:arenthesized slbexpressions can always be used to override the 
assumed r;:arentheses, and thus the last expression above could be rewritten to 
force application of operators in a different order as 

(a OR b) AND (NOr c) + d SHL e 

resulting in the assumed r;:arentheses 

(a OR b) AND «NOl' c) + (d SHL e» 
Note that an mparenthesized expression is well-formed only if the expression 
which results from inserting the assumed r;:arentheses is well-formed. 

4. ASSEMBLER DIRECTIVES. 

Assenbler directives are used to set labels to specific values during the 
a ssrrb I y, perform condi tional a sseni:l ly , define storage areas, arrl srpecify 
starting crldresses in the program. Fach asserrbler directive is denoted by a 
"pseudo cperation" which appears in the cperation field of the line. '!be 
acceptable pseudo operations are 

OR:; 
END 
mU 
SEl' 
IF 
ENDIF 
IE 
~ 

rs 

set the {rogram or data origin 
errl {rogram, optional start crldress 
ru.nneric "equate" 
ru.nneric "set" 
begin conditional assembly 
errl of conditional asserrbly 
define data bytes 
define data words 
define data storage area 

The irrlividual pseudo operations are detailed below 

4.1. The OR:; directive. 

'!be OR:; statement takes the form 

label O~ expression 

where "label" is an optional program label, arrl expression is a l6-bit 
expression, conSisting of operands TNhich are defined previous to the OR; 
statement. The assent>ler begins machine code generation at the location 
specified in the expression. '!here can be any nurtber of O~ staterents within 
a particular program, arrl there are no checks to ensure that the programmer is 
not defining overlapping nemory areas. Note that IIDst programs written for 
the CP/M system begin with an O~ statement of the form 

OR:; 100H 
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'1ti1ich causes mad1ine code generation to begin at the base of the CP/M 
transient i;rogram area. If a label is specified in the OIG statement, then 
the label is given the value of the expression {this label can then be used in 
the q>erand field of other statements to represent this expression). 

4.2. The END directive. 

"Jhe END statement is cptional in an assenbly language program, but if it 
is i;resent it must be the last statement {all sli:>seguent statements are 
ignored in the asserrbly). The two forms of the END directive are 

label END 
label END expression 

'1ti1ere the label is again cptional. If the first form is used, the asserrbly 
process stops, and the default starting cKidress of the 1Xogram is taken as 
0000. otherwise, the expression is evaluated, and becanes the p:-ogram 
starting cKidress {this starting cKidress is included in the last record of the 
Intel formatted · madline code "hex" file which results fran the assenbly). 
Thus, m:>st CP/M assenbly language trograms erx:I with the statement 

END 100H 

resultir¥3 in the default starting cKidress of 100H (beginnir¥3 of the transient 
program area). 

4.3. The EQU directive. 

"Jhe EOU (equate) statement is used to set up synonyms for p:irticular 
numeric values. the form is 

label E()U expression 

'1ti1ere the label must be present, and must not label any other statement. 'lhe 
asserrbler e11aluates the expression, and assigns this value to the identifier 
given in the label field. The identifier is usually a rune which describes 
the value in a nore human-oriented manner. Further, this name is used 
throughout the program to "i;:arameterize" certain functions. Suppose for 
example, that data received fran a Teletype appears on a i;:articular input 
port, and data is sent to the Teletype through the next output p:>rt in 
sequence. The series of equate statements could be used to define these p:>rts 
for a particular hardware environment 

EX)U 108 ;BASE :EORl' NUMBER FOR 'l'lY 
BJU 'I'J.YBASE :'ffl D\TA IN 
BJ0 'I'J.YBASE+ l J'l"lY D\'1'A ClJr 

At a later p,int in the program, the statements viich access the Teletype 
could appear as 
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followin:J sections for canpleteness, al.trough it is mderstood that the Intel 
manuals sh:>uld be referenced for exact operator details. In each case, 

e3 represents a 3-bit value in the range 0-7 
lbich can be one of the i;redefined registers 
A, B, c, D, E, H, L, M, SP, or PSW. 

e8 represents an 8-bit value in the range 0-255 

el6 represents a 16-bit value in the range 0-65535 

which can themselves be foaned fran an arbitrary canbination of ~rands arrl 
operators. In s::>me cases, the ~rands are restricted to particular vaiues 
within the allowable range, such as the PUSH instruction. 'lhese cases will be 
noted as they are encountered. 

In the sections wiich follow, each operation codes is listed in its mst 
general form, along with a specific example, with a sh:>rt explanation arrl 
special restrictions. 

5.1. Jumps, Calls, arx1 Returns. 

'!he Jump, Call, am Return instructions allow several different forms 
which test the coodi tion flags set in the 8080 microcanputer CPO. '!he forms 
are 

JMP el6 JMP IJ. Jump lllCOnditionally to label 
JNZ el6 JMP L2 Jump on non zero condition to label 
JZ el6 JMP 1008 Jump on zero condition to label 
JNC el6 JNC IJ.+4 Jump no carry to label 
JC el6 JC L3 Jump on carry to label 
JR) el6 JR) $+8 Jump on parity odd to label 
JPE el6 JPE L4 Jump on even parity to label 
JP el6 JP GAl+1A Jump on p::>sitive result to label 
JM e16 JM al Jump on minus to label 

CALL el6 CALL Sl call subroutine mconditionally 
mz el6 mz S2 call subroutine if non zero flag 
CZ el6 CZ 100H call subroutine on zero flag 
me el6 me S1+4 call subroutine if no carry set 
cc el6 cc S3 Call subroutine if carry set 
CR> el6 CR> $+8 Call subroutine if J;Brity odd 
CPE el6 CPE S4 Call subroutine if P!!rity even 
CP e16 CP ~ call slt>routine if p::>sitive result 
CM el6 CM bl$c2 Call subroutine if minus flag 

RST e3 RST 0 Progranmed ''restart", equivalent to 
CALL 8*e3, except one byte call 
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Instructions viich nove data fran nemory to the CPU and fran CPU to 
mem::>ry are given below 

KN e3,e3 

LDAX e3 

STAX e3 

LHLD el6 

SHLD e16 

Lil\ el6 
STA el6 
lOP e3 

P{BH e3 

IN ea 
our ea 
XTHL 
PCllL 
SPHL 
XCBG 

M:>V A,B 

I.DAX B 

STAX D 

LHLD I.J. 

SHLD L5+x 

Lil\ Gamma 
STA X3-5 
lOP PSW 

P{BH B 

IN 0 
our 255 

Move data to leftm:>st element £ran right­
nost element (e3 pcoduces one of A,B,C 
D,E,H,L, or M). KN M,M is disallowed 
Load register A fran canputed cKldress 
(e3 must p:oduce either B or D) 
Store register A to canputed cKldress 
(e3 must p:oduce either B or D) 
I.ocd HL direct fran location el6 (double 
p:ecision load to H and L) 
Store HL direct to location el6 (double 
pcecision store fran H and L to mem:,ry) 
I.ocd register A fran address el6 
Store register A into nemory at el6 
I.Dcd register p:lir fran stack, set SP 
(e3 must p:-oduce one of B, D, H, or PSW) 
Store register IBir into stack, set SP 
(e3 must p:oduce one of B, D, H, or PSW) 
I.ocd register A with data fran port ea 
Send data fran register A to p:>rt e8 
Exchange data fran top of stack with HL 
Fill p:-ogram counter with data fran HL 
Fill stack p:>inter with data frcn HL 
Exchange DE pair with HL pair 

5.5. ~ithmetic I.ogic Unit Operations. 

Instructions viich act up:>n the single i;recision accumulator to ~rform 
arithmetic and logic q;>erations are 

ADD e3 ADD B Add register given by e3 to accumulator 
without carry (e3 must i;roduce one of A, 
B, c, D, E, H, or L) 

AOC e3 ADC L Add register to A with carry, e3 as above 
SUB e3 SJB H Subtract reg e3 fran A without carry, 

e3 is defined as above 
SBB e3 sea 2 Sti:>tract register e3 fran A with carry, 

e3 defined as above 
ANA e3 ~ l+l IDgical .. and" reg with A, e3 as above 
XRA ,e3 XRA A "Exclusive or" with A, e3 as above 
ORA e3 ORA B Logical "or" with A, e3 defined as above 
CMP e3 CMP H Canpare register with A, e3 as above 
MA Decimal adjust register A based upon last 

arithmetic logic mit operation 
CK\ Complement the bits in register A 
S'lC 'Set the carry flag to 1 
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8132 5678285E NOYD,"! "OY N,8! DCX H! "DYE," 
813, 7128722873 "OY H,CI DCK HI NOY M,DI DCX H! "OY "'E 

; 

; INCRE"EHT SWITCH COUHT 
8138 21468134 LK I H, SW ! I HR N 

; 

; IHCRENEHT I 
8l3F 2l47.8134C3 J HC I 1 LKJ H,11 JNR NI J"P CO"P 

i 
; DEFINITION SECTION 

eu, ee sw, 
DATA 
DB 
DS 
DW 
EQU 
END 

8 ;RESERVE SPACE FOR SWITCH COUNT 
8147 l: t ;SPACE FOR lHDEK 
0148 858064881EAY, 5, 100, 30, 50, 20, 7, 1800, 308,100, -32767 
888A • ..__ 
8l5C ~ft~ wdCAe. 

A)TYPE SORT.HEX¥ 

($-AY)/2 ;CONPUTE H INSTEAD OF PRE 

:l8818888214681360121478136887EFE09D2190140 
,198118882146817EB7C28081FF5F16002148011988 ~~tM:4t.;,.. 
1 t8812088194E79234623965778239EDA3F0182CAA7 

~ .f,vw,c1-,100138083F8156702B5E71287228732146013421C7 
:07814888470134CJ0A01006E 
11901488805886488tl08320014880780E8832C8188 
:84815808648001808E 
: 0000800800 

~ dtf,W\ YU\'\. A>DDT SORT.HEX; 

16K DDT YEf< t. 0 

(w, add,~ ~ S,l) sb.~) NEXT PC 
dm.....tt-d4dress 815C 8888 

-XP,> 

P•0888 188,2 C~ fC.10 lOO 

t='.11, -UFFFFJ ~-fw ,t»~<"Sf(fs 

C8Z8N8E8I0 A•8& 8=0008 D=8008 H=8008 S=0100 P=8100 LXI H,0146:tt0100 
-Tl8J ~ to16~~ 

C8Z8N8E8I8 A•81 8:a8888 D•8889 H•8146 5•0188 P•8188 LXI H,8146 
C0Z8N8E818 A•81 8:a8000 Da:8880 H•0146 $=0100 P=8183 KYI ",01 
C8Z8N8E818 A•8l 8=8000 D•8088 H=0146 S=8100 P=0185 LXI H,0147 
C8Z8N8E8l8 A•8 l 8•8888 0•8800 H=0147 S=-0100 P=8108 "'ii ",00 
C0Z8N8E818 A•8l 8•0008 D•8088 H=0147 S=0100 P=010A NOY A.ti 
C8Z0K8E810 A•88 8=8088 D=8000 H=0147 S=0100 P=010B CPI -09 
Cl201UE818 A=88 8=888·0 0=8888 H=0147 S=0100 P=010D JNC 0119 
ClZ8NlE8I8 A•88 8•8888 D•8088 H•8147 S=8100 P=8 l18 LXI H, 8146 
ClZ8"lE818 A•88 8•8888 D•8888 H•8146 S•8100 P•.0113 "OY A,N 
ClZ8KlEIJ8 A•l.t .8•8888 D•8888 H•8146 6•8188 P•l 114 ORA A 
C8Z8"8E8J8 A•81 8•8888 D•l888 H•8146 6•0188 P•l 115 JHZ 8189 
C8Z8"8E8l8 A•81 9•8888 D•8888 H•8146 S•8188 P•8188 LXJ H, 8146 
CIZ8"8E818 A•ll 8•8888 D•l888 H•8l46 S•818'0 P•8183 "Yl "" 81 C8Z8"8E8J8 A•Bl 8•8888 D•8888 H•0146 S•0100 P=8185 LXJ H,8147 
C8Z8"8E818 R•81 8·•8888 1) • 8888 H•8147 S•8180 P•8U8 "YJ ",80 
C8Z8"8E8J8 A•8l 8•888·8 D•8888 H • 8,1 4 7 $•8108 P•IUA t\OY A,N•B188 
--AIID 

~tit_) 1111) JC t 19.,1 C~~e.'il> t1 J""i ~ OS~ 0' ,. ,J 
ltlfH 
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···~-~~----~~ 

. 
C8Z8N8E818 A•88 8•888°8 D•l888 H•8l47 
C8Z8NIE818 A=88 8=8888 D=8888 H=8l 46 

S=8188 P•8188 LXI 
S=l.188 P=8103 

. t;V'J' 
"# 81 1 '"'° 
H1814o 

C8Z8N8E810 A=88 8=8888 D=8808 H=8l 46 
C8Z8N8E818 A=88 8=8888 D=8888 H=8l47 
C8Z8"8E8J8 A.=88 8=8888 D=8888 H=8147 
C8Z8tt8E8J8 A=88 8=t888 D=8888 H=8147 
C1Z8"1E8U) A=88 8•8888 D=8888 H=8147 
C1Z0"1E818 A=08 8=0888 D=8808 H=8-l 47 
C1Z0"1E8l8 A=88 8•8888 D=8888 H=0147 
C1Z8N1E8l8 A=88 8=8888 D=8888 H=8l 47 
C1Z8"1E818 A=88 8=8888 D=-8808 H=8148 
-~8Z8N1 Ell I A=88 8=8888 D•8888.H=8148 

0Z8N1E0l0 A=00 8=8808 D=08.08 H=0148 
C8Z8"1E818 A=88 8=880S D=8880 H=0148 
C8Z8"1Eil8 A=85 8=88&5 D•8888 H=8148 
CIZ8"1E818 A•85 8•8885 D•8888 H•8l49 
-Ll8~ 

8188 LXI H,8146 
8183 "YI "181 
81.05 LXI H,8141 

NYl 
5=0188 P=8105 LXJ 
S=8180 P=8108 NVI 
S=8188 P=818A NOY 
$=8188 P=018B CPI 
S=8188 P=810-D JC 
S=8188 P=8119 J10Y 
S=8188 P=8 ll A NVI 
S=8188 P=011C LXI 
S•0188 P=8 l.1 F DAD 
5=8189 P=9128 DAD 
$=0100 P=0121 t10V 
S=0180 P=0122 f1Oi/ 
5=8188 P=0123 INX 
S•8188 P•8124 NOY 

~q,,··hc. 
bt"~f'°~ 

H 1 8 1 4 7 \>c',(C'. 

"' 08 ~ 
A," ) 
09 /fl" 
8119 
E,A 
D,08 
H10148 
D 
D 
C,i'f 
A,C 
H 
B,N•l125 

~ 

8108 "YI 
818A "OY 
8108 CPI 
818D JC 

N188 
A1" 
89 
·eu, 

l \~t sow.e cod.~ 
~ l001( 

8118 LXI H,8146 
8ll3 NOY "'" 81l4 ORA A 
0ll5 JHZ 0188 
-L; 
8118 RST 87 
8119 "OY E, A 
81 lA "YI )., 88 
811C LXI H,8148 

- a.~+ l~ ~'"' ~AC\" . I . 
~L.~ _f ~?'- (012.~) owi nw_ ,~ ~-\ +1rM -ro If~ 

-c, 1 19,1 -:tar\ 'pva,'1"'- """" 

• 812 7 ~6' ~~ '114 2.t~N-( \~ntpf- 7 f ~ f~f '?')"4 ( fY~"" lAX.lS 

-T4J look ltl- lCX'lf~ 'f>Y<7jtA-. ~-kt m.,k + l0Gf'"'1 l'llbh~) 
C8Z8N8£918 A•38 9•8864 D•8886 H•8156 S=8188 P•8127 NOY D,A 
C8Z8N8E018 A•38 8=0064 D=3806 H=81S6 S=0100 P=8128 MOY A,8 
C8Z8N8E8l8 A=08 8=8064 D•3806 H=0156 S=0100 P=0129 IHX H 
C020N8E018 A=80 0=0064 D=3806 H=0157 S=0100 P=012A S88 H*&129 
-D148 

8148 85 88 87 08 14 00 
0158 32 88 64 08 64 00 
8168 88 88 08 08 08 00 

...;-doeta. t'i ~, b~ fY70.w Joe;~t s-½,. 
1 E 08 ....... . 
2C 01 E8 £13 91 80 00 08 00 00 2 D.D., ........ . 
00 00 ea liu 00 00 00 00 00 t;0 ............... . 
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Source 

File 

I 
I 

After 11 (E) 
Edit 

I 

Backup 
File 

x.BAK 

Figure 1. overall ED Operation 

Source 
Libraries 

Memory Buffer 

Insert 
(I) 

Write 

Type 
(T) 

Temporary 

File 

x.$$$ 

I 
I 

After : 
Edit I 

(E) 

New 
Source 
File 

Note: the ED program accepts both lower and upper case ASCII 
characters as input from the console. Single letter commands 
can be typed in either case. The U cODllland can be issued to 
cause ED to translate lower case alphabetics to upper case as 
characters are filled to the memory buffer from the console. 
Characters are echoed as typed without translation, however. 
The -u colllllland causes ED to revert to "no translation" mode. 
ED starts with an assumed -u in effect. 
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Figure 2. Memory Buffer Organization 

Source File 

. . . ' l First Line, 
.. 

2 . , Appended,' - . ' 3 • 'L' • ' .. :- ~n .. e~, , 
SP , . '--:--7"', ' 

l 

2 

Memory Buffer 

' First Line' 

' Buffered ' 

~ 'Text "-"-
' ' . '\. 
' ' -,-, ' '-------1 I\ MP.., 

I Unprocessed : N~I Free 

~ Source I Append : Memory 

, Lines \ I Space : 
l- - - - - - _, I- - - - - - -- -

l 

2 

3 

TP + 

Temporary File 

' ~irst Line\. 
, Processed· , 

\ T;xt \., , 
:___ ' -

' ' ' ' 
' ' ~' \ . 
Free File 

Space 

'---- -- ___ , 

Figure 3. Logical Organization of Memory Buffer 

first 
line 

current 
line CL 
last 
line 

Memory Buffer 

---------<cr><lf> 

--------<cr><lf> 

------A------<cr><lf> 
--------<cr><lf> 
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nA<cr>* - append the next n unprocessed source 
lines from the source file at SP to 
the end of the memory buffer at MP. 
Increment SP and MP by n. 

nW<cr> - write the first n lines of the memory 
buffer to the temporary file free space. 
Shift the remaining lines n+l th-rough 
MP to the top of the memory buffer. 
Increment TP by n. 

E<cr> 

B<cr> 

O<cr> 

Q<cr> 

- end the edit. Copy all buffered text 
to temporary file, and copy all un­
processed source lines to the temporary 
file. Rename files as described 
previously. 

- move to head of new file by performing 
automatic E command. Temporary file 
becomes the new source file, the memory 
buffer is emptied, and a new temporary 
file is created {equivalent to issuing 
an E command, followed by a reinvocation 
of ED using x.y as the file to edit). 

- return to original file. The memory 
buffer is emptied, the temporary file 
id deleted, and the SP is returned to 
position 1 of the source file. The 
effects of the previous editing commands 
are thus nullified. 

- quit edit with no file alterations, 
return to CP/M.-

There are a number of special cases to consider. If the 
integer n is omitted in any ED command where an integer is 
allowed, then 1 is assumed. Thus, the commands A and W append 
one line and write 1 line, respectively. In addition, if a 
pound sign (I) is given in the place of n, then the integer 
65535 is assumed (the largest value for n which is allowed). 
Since most reasonably sized source files can be contained 
entirely in the memory buffer, the command tA is often issued 
at the begiMing of the edit'to read the entire source file 
to memory. Similarly, the command #W writes the entire buffer 
to the temporary file. Two special forms of the A and W 

*<er> represents the carriage-return key 
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commands are provided as a convenience. The command OA fills 
the current memory buffer to at least half-full, while OW 
writes lines until the buffer is at least half empty. It 
should also be noted that an error is issued if the memory 
buffer size is exceded. The operator may then enter any 
command (such as W) which does not increase memory require­
ments. The remainder of any partial line read during the 
overflow will be brought into.memory on the next successful 
append. 

1.4. Memory Buffer Organization 

The memory buffer can be considered a sequence of source 
lines brought in with the A command-from a source file. The 
memory buffer has an associated (imaginary) character pointer 
CP which moves throughout the memory buffer under command of 
the operator. The memory buffer appears logically as shown 
in Figure 3 where the dashes represent characters of the 
source line of indefinite length, terminated by carr~e­
return (<er>) and line-feed (<lf>) characters, and c 
represents the imaginary character pointer. Note that the 
CP is always located ahead of the first character of the 
first line, behind the last character of the last line, or 
between two characters. The current line CL is the source 
line which contains the CP. 

1.s. Memory Buffer Operation 

Upon initiation of ED, the memory buffer is empty (ie, 
CP is both ahead and behind the first and last character). 
The operator may either aerend lines (A command) from the 
source file, or enter the ines directly from the conso.le 
with the insert command · 

I<cr> 

ED then accepts any number of input lines, where each line 
terminates with a <er> (the <lf> is supplied automatically), 
until a control-z (denoted by tz is typed by the operator. 
The CP is positioned after the last character entered. The 
sequence 

I<cr> 
NOW IS THE<cr> 
TIME FOR<cr> 
ALL GOOD MEN<cr> 
tz 

leaves the memory buffer as shown below 
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±nT<cr> - If n=0 then type the contents of the 
current line up to CP. If n=l then 
type the contents of the current line 
from CP to the end of the line. If 
n>l then type the current line along 
with n-1 lines which follow, if+ 
is specified. Similarly, if n>l and 
- is given, type the previous n lines, 
up to the CP. The break key can be 
depressed to abort long type-outs. 

±n<cr> - equivalent to ±nLT, which moves up or 
down and types a single line 

1.6. Command Strings 

Any number of commands can be typed contiguously (up to 
the capacity of the CP /M console buffer) , and are executed 
only after the <er> is typed. Thus, the operator may use 
the CP/M console command functions to manipulate the input 
command: 

Rubout 
Control-U 
Control-C 
Control-E 

remove the last character 
delete the entire line 
re-initialize the CP/M System 
return carriage for long lines 
without transmitting buffer 
(max 12 8 chars) 

Suppose the memory buffer contains the characters shown 
in the previous section, with the CP following the last 
character of the buffer. The command strings shown below 
produce the results shown to the right 

Command String 

1. B2T<cr> 

2. SC0T<cr> 

Effect 

move to beginning 
of buffer and type 
2 lines: 
"NOW IS THE 

TIME FOR" 

move CP 5 charac­
ters and type the 
beginning of the 
line 
"NOW I" 
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Resulting Memory Buffer 

~NOW IS THE<cr><lf> 
TIME FOR<cr><lf> 
ALL GOOD MEN<cr><lf> 

NOW I~S THE<cr><lf> 
l.=fJ 



3. 

4. 

s. 

6. 

1. 

2L-T<cr> 

-LIK<cr> 

I<cr> 
TIME TO<cr> 
INSERT<cr> 
tz 

-2LfT<cr> 

<er> 

move two lines down 
and type previous 
line 
"TIME FOR" 

move up one line, 
delte 65535 lines 
which follow 

insert two lines 
of text 

move up two lines, 
and type 65535 
lines ahead of CP 
"NOW IS THE" 

move down one line 
and type one line 
"INSERT" 

1.7. Text Search and Alteration 

NOW IS THE<cr><lf> 
TIME FOR<cr><lf> 

~ ALL GOOD MEN<cr><lf> 

NOW IS THE<cr><lf>.,6... 
~ 

NOW IS THE<cr><lf> 
TIME TO<cr><lf> 
INSERT<cr><lf>~ 

L2J 

NOW IS THE<cr><lf> .6' 
~ TIME TO<cr><lf> 

INSERT<cr><lf> 

NOW IS THE<cr><lf> 
TIME TO<cr><lf > ✓-~ 

~ INSERT<cr><lf> 

ED also has a command which locates strings within the 
memory buffer. The command takes the form 

where c1 through CJc represent ;he characters to match followed 
by either a <er> or control -z. ED starts at the current 
position of CP and attempts to match all k characters. The 
match is attempted n times, and if successful, the CP is 
moved directly after the character ck. If then matches are 
not successful, the CP is not moved from its initial position. 
ieirch strings can include· tl (control-1), which is replaced 
by the pair of symbols <cr><lf>. 

*The control-z is used if additional commands will be typed 
following the tz. 
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The following commands illustrate the use of the F 
command: 

Command String 

1. BIT<cr> 

2. FS T<cr> 

3. Fitz0TT 

Effect 

move to beginning 
and type entire 
buffer 

find the end of 
the string "ST" 

find the next "I" 
and type to the 
CP then type the 
remainder of the 
current line: 
"TIME FOR" 

Resulting Memory Buffer 

~ NOW IS THE<cr><lf> 
TIME FOR<cr><lf> 
ALL GOOD MEN<cr><lf> 

NOW IS T ~HE<cr><lf> 
L:.f.l 

NOW IS THE<cr><lf> 

TI~ FOR<cr><lf> cp 
ALL D MEN<cr><lf> 

An abbreviated form of the insert command is also allowed, 
which is often used in conjunction with the F command to make 
simple textual changes. The form is: 

where c1 through cn are characters to insert. If the inser­
tion string is terminated by a +z, the characters c1 through 
Cn are inserted directly following the CP, and the CP is 
moved directly after character cn. The action is the same. 
if the command is followed by a <er> except that a <cr><lf> 
is automatically inserted into the text following character 
c~. Consider the following command sequences as examples 
o~ the F·and I commands: 

Command String Effect 

BITHIS IS tz<cr> Insert "THIS IS" 
at the beginning 
of the text 
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Resulting Memory Buffer 

THIS IS~OW THE <cr><lf> 

~ 
TIME FOR<cr><lf> 
ALL GOOD MEN<cr><lf> 





~ command is precisely the same as F except in the case that 
the string cannot be found within the current memory buffer. 
In this case, the entire memory contents is written (ie, an 
automatic iW is issued). Input lines are then read until 
the buffer is at least half full, or the entire source file 
is exhausted. The search continues in this manner until the 
s~ring has been found n times, or until the source file has 
been completely transferred to the temporary file. 

A final line editing function, called the juxtaposition 
command takes the form 

with the following action applied n times to the memory buffer: 
search from the current CP for the next occurrence of the 
string c1c2 ••• ck. If found, insert the string dzd2 ••• ,dm, 
and move CP to follow dm· Then delete all characters fo!lowing 
CP up to (but not including) the string e1 ,e2, ••• eQ, leaving 
CP'directly after dm• If e1,e2,•·•eq cannot be foand, then 
no deletion is made. If the current line is 

@]NOW IS THE TIME<cr><lf> 

Then the command 

JW tzWHATtztl<cr> 

Results in 

NOW WHAT~<cr><lf> 
~ 

(Recall that tl represents the pair <cr><lf> in search and 
substitute strings). 

It should be noted that the number of characters allowed 
by ED in the F,S,N, and J commands is limited to 100 symbols. 

1.a. Source Libraries 

ED also allows the inclusion of source libraries during 
the editing process with the R command. The form of this 
command is 
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2. ED ERROR CONDITIONS 

On error conditions, ED prints the last character read 
before the error, along with an error indicator: 

? unrecognized co11DD.and 

> memory buffer full (use one of 
the commands D,K,N,S, or W to 
remove characters), F,N, or S 
strings too long. 

cannot apply COIIDD.and the number 
of times specified (e.g., in 
F command) 

O cannot open LIB file in R 
command 

Cyclic redundancy check (CRC) information is written with 
each output record under CP/M in order to detect errors on 
subsequent read operations. If a CRC error is detected, CP/M 
will type 

PERM ERR DISK d 

where dis the currently selected drive (A,B, ••• ). The oper­
ator can choose to ignore the error by typing any character 
at the console (in this case, the memory buffer data should 
be examined to see if it was incorrectly read), or the user 
can reset the system and reclaim the backup file, if it 
exists. The file can be reclaimed by first typing the con­
tents of the BAK file to ensure that it contains the proper 
information: 

TYPE x.BAK<cr> 

where xis the file being edited. Then remove the primary 
file: 

ERA x.y<cr> 

and rename the BAK file: 

REN x.y•x.BAK<cr> 

The file can then be re-edited, starting with the previous 
version. 

1 OS 





Command 

nA 

±B 

±nC 

±no 

E 

nF 

B 

I 

nJ 

±nK 

±nL 

nM 

nN 

0 

±nP 

Q 

R 

nS 

±nT 

± u 

nW 

nZ 

±n<cr> 

Function 

append lines 

begin lx>ttom of buffer 

move character positions 

delete characters 

end edit and close files 
(normal end) 

find string 

end edit, close and reopen 
files 

insert characters 

place strings in juxtaposition 

kill lines 

move down/up lines 

macro definition 

find next occurrence with 
autoscan 

return to original file 

move and print pages 

quit with no file changes 

read library file 

substitute strings 

type lines 

translate lower to upper case if U, 
no translation if -u 
write lines 

sleep 

move and type ( ±nLT) 
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Appendix A: ED 1.4 Enhancements 

The ED context editor contains a number of commands which enhance its 
usefulness in text editing. The improvements are found in the addition of line numbers, 
r ree space interrogation, and improved error reporting. 

The context editor issued with CP/M 1.4 produces. absolute line number prefixes 
when the "V" (Verify Line Numbers) command is issued. Following the V command, 
the line number is displayed ahead of each line in the format: 

nnnnn: 

where nnnnn is an absolute line number in the range l to 65535. If the memory buffer 
is empty, or if the current line is at the end of the memory buffer, then nnnnn appears 
as 5 blanks. 

The user may reference an absolute line number by preceding any command by 
a number followed by a colon, in the same format as the line number display. In this 
case, the ED program moves the current line reference to the absolute line number, 
if the line exists in the current memory buffer. Thus, the command 

345:T 

is interpreted as "move to absolute line 345, and type the line." Note that absolute 
line numbers are produced only during the editing process, and are not recorded with 
the file. In particular, the line numbers will change following a deleted or expanded 
section of text. 

The user may· also reference an absolute line number as a backward or forward 
distance from the current line by preceding the absolute line number by a colon. Thus, 
the command 

:4ffT 

is interpreted as "type from the current line number through the line whose absolute 
number is 4fel." Combining the two line reference forms, the command 

345::44'fJT 

for example, is interpreted as "move to absolute line 345, then type through absolute 
line 4~0." Note that absolute line references of this sort can precede any of the 
standard ED commands. 

A special case of the V command, "~V", prints the memory buffer statistics in 
the form: 

free/total 

where "free" is the number of free bytes in the memory buff er (in decimal) and "total" 
is the size of the memory buffer. ' 
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trace ard display (T and X) camnands list the •inst• field of. the display in 
hexadecimal, rather than as a decoded instruction. 

N. ~ EXM4PL8. 

The followi~ example smws an edit, assent>le, and debug for a simple 
program which reads a set of data values and determines the largest value in 
the set. The largest value is taken fran the vector, am stored into "IAK;E• 

at the termination of. the irogram 

ED SCAH.AS!J ~ 

• l /J,,J, f.tJ,l__ ,~ i,tc-
'~l .2.!§ ~t !!1!i ~-l~RT OF TRANSIENT AREA 

!!,1! p, LEN ;LENGTH OF YECTOR TO SCAH; J, 
lli W ;bARGER-RU YALU£ ~Q FAR 

U-2?--P ... ~-O-L W H> YECT ;BASE Of YECTQRJ 1 

L.2if..i\ .!!.Q.! ~ ; GET YA LUE., 
.. W -'-. ; L88iE8 YA LUE I H- C?., 

~c)itl~ NFOUHD ; JUNP IF LARGER VALLIE NOT F"Ol!ND 
!.. ~ HEW LARGEST YALUE, STORE IT TO C 'ti 

l!.2!. ~, ' 
. HFOUNO-: DI NCRl( ,!!8 ; TO HEl<T ELEl'IEHTi 

;"ORE TO SCAM? 
Jtij Tul2f. . ; FOR 8HQTHER.1 ,1 

Cruk SoU(~ 
1',"'va~ · l,lV\dtr{,~~ 
C~<dclet'S ~p~ l 

.J.. 

LOOP: 

; 

HFOUHD: 

END OF SCAN, STORE c, 
~ ~yt).n'l~ 

NOY A,C ;GET LARGEST VALUE, 
STA LARGE., , 
JNP .a. ; REBQQIJ • J" YtV(~ l'olnor 

rt.tun\.. TEST 
ll 
EQU 
.ll 
..sil,1 

OR& 
NYI 
NYI 
l)CJ 
NOY 
sue 
JHC 
NEY 
"OY 
I HJ< 
DCR 
JHZ 

DATA 
2,8,4,3,5,6,1,51 
«-YECT ;LEHGTH~ 

..1 ;LARGEST YALUE OH EKITJ 

188H ;START OF TRANSIENT AREA 
B>LEH ;LENGTH OF YECTOR TO SCAN 
C,8 ;LARGEST YALUE SO FAR 
H,YECT ;BASE OF VECTOR 
A,N ;GET VALUE 
C ;LARGER VALUE INC? 
HFOUHD ;JUNP IF LARGER YALUE MOT FOUND. 

LARGEST YALUE, STORE IT TO C 
C,A 
H 
8 
LOOP 

;TO HEl<T ELENENT 
;NORE TO SCAN? 
; FOR ANOTHER 
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lli SCAN. HEX~ 

161< DDT YER 1. 0 
NEXT PC 
~ ~ 21,_e_0_ee __ la.1'- load-~,.. l -~ 

C020N8E010 A=80 8=0080 D=8000 H=0000 S=0100 
-L100J 

0100 
0182 
0104 
0107 
0108 
0109 
010C 
0100 
"f 10E 
910F 
8112 
-L -, 

NYl 
NYl 
LXI 
NOY 
SUB 
JHC 
NOY 
l HX 
DCR 
JHZ 
NOY 

B,08 
C,00 

A, N 
C 
010D 
C,A 
H 
8 
0107 
A,C 

0113 STA 0121 
0116 JNP 0000 
8119 STAX B 
011A HOP 
0 t 1 B 1 HR B A ldl-e WIJY!-
011 C I HX 9 Y\\odt\Y\t. C£de, 
: ! ! : ~~~ :. 0 i {~~?~mm 
0120 DCR 8 e.v& a-\ lotafo" \lb 

C-PC. ~~d. 
P=0100 MVI 8,08; 

~ .~~~ 
-to txtak a\ Pt='OO 

0 1 2 1 L XI D, 2 2 0 0 'u p L \ 
0124 LXI H, 0200 UJl"t\A Q JM lD ncroJ · . 
-llll e'«1tr ·,.t~ ~~~ modt, io e~ -ik ~ -b COOO \ittt> (). ~1 1, w\tt<11 

~ \>itU c(LIQ. ~ pt°'YO.M u~u ~~ -\o '(!.in'M- .\o ovr Lt , 'b" 
0116 RST 7 , . 1.J 

~ \~ evu ext Ct,fflD.. 

e 1111 l-:,~_,\c co.1n·'tP reuu.-. .,\ops ~Y, mote.) · 
-L l t 31 u,i\, (JXU at l\'!" ,lo~~ ~ 7 I.UlS ff~j \nsek,( 
0113 STA 0121 ~l'A l)(QCt ~ J'Mf 
0116 RST 07 .-' 
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-§.., k11.cn ?r~taN -t~ Cl.lntk"t fc w...fil C/>IIA'elth~ Ct"' reA!--h~> 
• 0 11 6 YXtAleo~J (l.t ll&M I ~, ~ ecec».-1-uis R'Sf 1 ~ r~£4ui, ~ 
-~, reu ~k at- ~ « pn;g~ 
C8Z1"8E1Il A=88 9=8880 D=0088 H=8121 S=0100 P=0116 RST 97 

- ~, l~-l~ o.vr£ ~,l ~ fol.U\ffi' 

P=e11, ue., 

-x 
~ . 

C8ZHl8ElI1 A=80 9=0000 D=8008 H=012J S=0100 P=0100J'N\II 8,tO, .,_~•"' 

-ll!i ,ru lO ~l) ~ ,tt~t dtD-~ ~ ~ ~ A(.l 
C021N8E1I1 A=80 8=0000 D=8 0 H=012J s- 11ff P=fi00 M\II 8,88 
C8Z1N8E1I1 A=80 8=8888 D 008 H=01 S=8100 P=8102 N\II C,00 
C0ZlN8E1Il A=80 8=080 =8008 H 121 S=0100 P=0104 LXI H,8119 
C8Z1N8E1l1 A=j.@_ B- 8!,l D= =0119 5=0100 P=0107 NOY A,N 
C0Z1N8E111 A=<@.!) =8Qj1 =8800 H=0119 S=0100 P=0108 SUB C 
C8Z8N8E8I1 A=82 8=8888 D•8898 H=0119 S=0100 P=8109 JH 010D 
C8Z8N8E0If A=82 8=8880 D=8008 H=0119 S=0108 P=010D IH H 
C8Z8N8E811 A=82 8=8880 D=8008 H=011A S=0100 P=010E DCR B 
C0Z8N8E0Il A=82 8=8780 D=8008 H=011A S=0100 P=010F JHZ 0107 
C0Z8N8E8Il A=82 9=0700 D=0000 H=011A 5=0100 P=0107 MOY A," 
C0Z8N8E8I1 A=80 9=0708 D=8008 H=011A S=0100 P=0108 SUB C 
C0ZlN8E1I1 A=80 8=8780 D=0000 H=011A S=8100 P=0109 JHC 010D 
C0ZlK8E1I1 A=80 8=8780 D•8808 H=011A S=0100 P=010D IHX H 
C821N8E111 A=80 8=8780 D=8000 H=0118 S=0100 P=010E DCR 8 
C0Z8N8E1Jl A=08 8=8600 D=8000 H=8119 S=0100 P=810F JHZ 0107 
C0Z8N8E1I1 A=00 8=0688 D=0000 H=011B S=0100 P=0107 "OY A,"•0108 

-A 10 9 i1 ~ d. ""1t eoAdt •. ,'.t\o '1'1.ta#. ~<ttL ~vt ~u -Ht<-
01 e, JC 10DJ -\-\., Wdeklltf~ (_ A 'L" • ., 

-h) CWI~ ~ \14. j'(ffl\ I\ I.WO '- 5MC( ft ,e,. 
01 ec, j"~ -to '1"c.. Sw.ct 4is cak l.,tllS n6(- t~w..-kl., 
-il 1 45¼ wr ~~{ o. v~ <if ~~- CifPttt~ ~ -Htt .r~c ~~IA 

-ti.e ~ p,Ojm,t\ un, l,c s.:tvtd i,,,.~ !,al,\ A.. J"C.. -'~ 

SAYE 1 SCAN. co"~ 'f\.~tll YtS~s ~ t,r'it Rlf,t, 'SO sa~ 1, ~. 

A>DDT SCAN. co";, 'Kt...+ tor (N~ -fi.t ~v«I 'tht~ 1~1)Q1~1lrt~ ~~ 
161( DDT YER 1. 0 
HEXT PC 
0288 8188 
- L 18 0 J L~t ~ c,J.i 
0108 NYI 9,88 
0102 MYI -C,00 • 
f104 LXI H, 0119 1l<~t<M~ Po.~ i, y1~,J l~ X,~M 
8187 NOY A,M~ 
8188 SUB C 
0189 JC 010 
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0122 88J 

8123 22., 

0124 21, 

0125 091 
8126 82J. / ~'Ad&-11.t S c..-o.,.J 

0127 7E .!~ 

-!:.!.!!~ 
0108 
0102 
0104 
0107 
0108 
0109 
018C 
010D 
010E 
010F 
0112 
-L 
-J 
0113 
0116 
0117 
0118 
0119 
011A 
0118 
011C 
011D 
01 lE 
0128 
-XP 

NYI B,08 
NYI C,00 
LXI H, 0119 
NOY A," 
SUB C 
JC 010D 
NOY C,A 
I HX H 
DCR 9 
JHZ 0187 
NOY A,C 

STA 0121 
RST 07 
HOP 
HOP 
STAX 8 
HOP 
IHR 
I MX 
DCR 

8 
8 
8 

NYI 8,01 
DCR 8 

GvlA\)ikc«'e 

-~ 
P•8116 108 Qestl-~ fe_ 

-J 

-1J '5,~lt ~, c1vul wo\d,. ~ v"llds 
C0Z1NBE111 A=03 9=0083 D=8008 H=0121 S=0100 P=0100 MYl 9,08•8192 
-T -J 
C0Z111BE111 
-T -, 
C0Z11'10E111 
-T -, 
C021H0E1I1 

A=03 

A=03 

A=03 

8=0883 D=8008 H=0121 S=0100 P=0102 N'/I C,00•0104 

c~'4" 14,~·,a-
8=080~000 H=0121 S=0100 P=0104 LXI H.,0119•0107 

,~a~l~~t 
8=0800 D=0000 H=0119 S=0100 P=0107 MOV A, 11 •B 1 08· 
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SA•,fE 1 SCAN. CON ,1 

A)DDT SCAM.CON.1 

161< DDT YER 1.0 
NEXT PC 
0208 8188 

-~~ 

P=0i eel 

-L116.1 

0116 RST 07 
8117 HOP 
0118 MOP 
0119 STAX B 
011A HOP 
- (YIJoerd) 

~ a.t ~ fo sa ·,f it we6 ?-1w~ Loait& 
(\~ ~~ocLt 4~ u,~ y<.Jo,u±) 

- G > l.16 J ~(.(¥\ {~ lOtM .fo (:,~\7~·hM 
•0116 

-~ .1 \.. ~l ttt Ca~ ( oa:ult~I i)po) 
Cla 

-~, loo~ a.t c.ru calzd-t. 
C1ZlN8ElJ1 A=86 8=8086 D=8088 H=0121 S=0100 P=8116 RST 07 

-!!llil loei crf' laYJt' .,. it affqfS -ti> l,e c.ntlt: 
0121 86.J 

0122 eeJ 

0123 22 •J 

;LARGER VALUE lH C? 

;LARGER VALUE IH C? 

*l d~C NFOUND ;JUNP IF LARGER VALUE NOT FOUND 
*SH c.:0;.~ L T,) 

JC HFOUND ;JUHP IF LARGER VALUE ~OT FOUND 
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