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1. INTRODUCTION 

'rhe standard CP /t-1 system assumes oper atlon on an Intel HDS-800 
microcomputer development system, but is designed so that the user can 
alter a specific set of subroutines which define the hardware 
operating environment. In this way, the user can produce a diskette 
which operates with any IBM-374l format compatible drive controller 
and other peripheral devices. 

Altnough standard CP/M 2.0 is configured for single density floppy 
disks, field-alteration features allow adaptation to a wide variety of 
disk subsystems from single drive minidisks through high-capacity 
"hard disk" systems. In order to simplify the following adaptation 
process, we assume that CP/M 2.0 will first be configured for single 
density floppy disks where minimal editing and debugging tools are 
available. If an earlier version of CP/M is available, the 
customizing process is eased considerably. In this latter case, you 
may wisn to briefly review the system generation process, and skip to 
later sections which discuss system alteration for non-standard disk 
systems. 

In order to achieve device independence, CP/M is separated into 
tnree distinct modules: 

BIOS - basic I/O system which is environment dependent 
BO a S - bas i c dis k 0 per a t i ng s y stem vi h i chi s not de pen den t 

upon the hardware configuration 
CCP - the console command processor which uses the BOOS 

Of these modules, only the BIOS is dependent upon the particular 
nardware. 'rhat is, the user can "patch" the distribution version of 
CP/M to provide a new BIOS which provides a customized interface 
between the remaining CP/M modules and the user·s own hardware system. 
'rhe purpose of this document is to provide a step-by-step procedure 
for patching your new BIOS'into CP/M. 

If CP/M is being tailored to your computer system for the first 
time, the new BIOS requires some relatively simple software 
development and testing. The standard BIOS is listed in Appendix B, 
and can be used as a model for the customized package. A skeletal 
version of the BIOS is given in Appendix C which can serve as the 
basis for a modified BIOS. In addition to the BIOS, the user must 
write a simple memory loader, called GETSYS, which brings the 
operating system into memory. In order to patcn the new BIOS into 
CP/M, the user must write the reverse of GETSYS, called PUTSYS, which 
places an altered version of CP/M back onto the diskette. PUTSYS can 
be derived from GETSYS by changing the disk read commands into disk 
write commands. Sample skeletal GETSYS and PUTSYS programs are 
described in Section 3, and listed in Appendix D. In order to make 
the CP/M system work automatically, the user must also supply a cold 
start loader, similar to the one provided with CP/M (listed in 
Appendices A and B). A skeletal form of a cold start loader is given 
in Appendix E which can serve as a model for your loader. 
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2. FIRST LEVEL SYSTEM REGENERATION 

'rhe procedure to follow to pa tcn the CP /r-1 system is given below in 
several steps. Address references in each step are shown with a 
follow i n 9 .. H II W h i c 11 den 0 t est h e hex a dec im aIr ad ix, and are 9 i v en for a 
20K CP/M system. For larger CP/M systems, add a ubias" to each 
address which is shown with a "+b" following it, where b is equal to 
tne memory size - 20K. Values for b in various standard memory sizes 
are 

24K: b = 24K 20K = 4K = 1000H 
32K: b = 32K 20K = 12K = 3000H 
40K: b = 40K - 20K = 20K = 5000H 
4 8K: b = 48K - 20K = 28K = 7000H 
56K: b = 56K - 20K = 36K = 9000H 
62K: b = 62K 20K = 42K = A800H 
6 4K: b = 64K 20K = 44K = B000H 

Note: The standard distribution version of CP/M is set for 
operation within a 20K memory system. Therefore, you must first bring 
up the 20K CP/M system, and then configure it for your actual memory 
size (see Second Level System Generation). 

(1) Review Section 4 and write a GETSYS program which reads the 
first two tracks of a diskette into memory. The data from the diskette 
must begin at location 3380H. Code GETSYS so that it starts at 
location 100tI (base of the 'rPA), as shown in the first part of 
Appendix d. 

(2) Test tne GETSYS program by reaolng a blank diskette into 
memory, and check to see that the data has been read properly, and 
that the diskette has not been altered in any way by the GETSYS 
program. 

(3) Run the GETSYS program using an initialized cp/r-1 diskette to 
see if GETSYS loads CP/M starting at 3380H (the operating system 
actually starts 128 bytes later at 3400H). 

(4) Review Section 4 and write the PUTSYS program which writes 
memory starting at 3380H back onto the first two tracks of the 
diskette. 'I'he Pu'rsys program should be located at 200H, as shown in 
the second part of Appendix D. 

(5) Test the PUTSYS program using a blank uninitialized diskette 
by writing a portion of memory to the first two tracks; clear memory 
and read it back using GETSYS. Test PUTSYS completely, since this 
program will be used to alter CP/M on disk. 

(6) Study Sections 5, 6, and 7, along with the distribution 
version of the BIOS given in Appendix B, and write a simple version 
which performs a similar function for the customized environment. Use 
the program given in Appendix C as a model. Call this new BIOS by the 
name CBIOS (customized BIOS). Implement only the primitive disk 
operations on a single drive, and simple console input/output 
functions in this phase. 
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on each copy which is made with your COpy program. 

(20) Modify your CBlOS to include the extra functions for 
punches, readers, signon messages, and so-forth, and add the 
facilities for a additional disk drives, if desired. You can make 
these changes wi th the GE11SYS and PUJrSYS programs which you have 
developed, or you can refer to the following section, which outlines 
CP/M facilities which will aid you in the regeneration process. 

You now have a good copy of the customized CP/M system. Note that 
although the CBIOS portion of CP/M which you have developed belongs to 
you, the modified version of CP/M which you have created can be copied 
for your use only (again, read your Licensing Agreement), and cannot 
be legally copied for anyone else's use. 

It should be noted that your system remains file-compatible with all 
other CP/M systems, (assuming media compatiblity, of course) which 
allows transfer of non-proprietary software between users of CP/M. 
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portions of the memory image between 900H and 227FH. Note, however, 
that to find any particular address within the memory image, you must 
apply the negative bias to the CP/M address to find the actual 
address. Track 00, sector 01 is loaded to location 900H (you should 
find the cold start loader at 900H to 97FH), track 00, sector 02 is 
loaded into 980H (this is the base of the CCP), and so-forth through 
the entire CP/M system load. In a 20K system, for example, the CCP 
resides at the CP/M address 3400H, but is placed into memory at 980H 
by the SYSGEN program. Thus, the negative bias, denoted by n, 
satisfies 

3400H + n = 980H, or n = 980H - 3400H 

Assuming two's complement arithmetic, n = D580H, which can be checked 
by 

3400H + D580H = 10980H = 0980H (ignoring high-order 
overflow) • 

Note that for larger systems, n satisfies 

(3400H+b) + n = 980H, or 
n = 980H - (3400H + b), or 
n = D580H - b. 

The value of n for common CP/M systems is given below 

memory size bias b negative offset n 

20K 100008 D580H 000011 = D580H 
24K 10008 0580H l000H = C580H 
32K 3000H 0580H 3000H = A580H 
40K 5000H 0580H 5IZJ00H = 8580H 
48K 7000H 0580H 7000H = 6580H 
56K 9000H D580H 9000H = 4580H 
62K A800H 0580H A800H = 2080H 
64K 8000H 0580H 8000H = 2580H 

Assume, for example, that you want to locate the address x within the 
memory image loaded under DDT in a 20K system. First type 

Hx,n Hexadecimal sum and difference 

and DDT will respond with the value of x+n (sum) and x-n (difference). 
The first number printed by DDT will be the actual memory address in 
the image where the data or code will be found. The input 

H3400,D580 

for example, will produce 980H as the sum, which is where the CCP is 
located in the memory image under DDT. 

Use the L command to disassemble portions the 8IOS located at 
(4A00H+b)-n which, when you use the H command, produces an actual 
address of lF80H. The disassembly command would thus be 
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Note that this program is assembled and listed in Appendix C for 
reference purposes, with an assumed origin of l00H. The hexadecimal 
operation codes which are listed on the left may be useful if the 
program has to be entered through your machine·s front panel switches. 

'fhe PUTSYS program can be constructed from GE1rSYS by changing only 
a few operations in the GETSYS program given above, as shown in 
Appendix D. rrhe register pair HL become the dump address (next 
address to write), and operations upon these registers do not change 
within the program. The READSEC subroutine is replaced by a WRI'rESEC 
subroutine which performs the opposite function: data from address HL 
is written to the track given by register B and sector given by 
register C. It is often useful to combine GETSYS and PUTSYS into a 
single program during the test and development phase, as shown in the 
Appendix. 
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5. OISKET'rE ORGANIZATION 

The sector allocation for the standard distribution version of 
CP/M is given here for reference purposes. The first sector (see 
table on the following page) contains an optional software boot 
section. Disk controllers are often set up to bring track 0, sector 1 
into memory at a specific location (often location 0000H). The 
program in this sector, called BOOT, has the responsibility of 
bringing the remaining sectors into memory starting at location 
3400H+b. If your controller does not have a built-in sector load, you 
can ignore the program in track 0, sector 1, and begin the load from 
track 0 sector 2 to location 3400H+b. 

As an example, the Intel MDS-800 hardware cold start loader brings 
track 0, sector I into absolute address 3000H. Upon loading this 
sector, control transfers to location 3000H, where the bootstrap 
operation commences by loading the remainder of tracks 0, and all of 
track I into memory, starting at 3400H+b. The user should note that 
this bootstrap loader is of little use in a non-MDS environment, 
although it is useful to examine it since some of the boot actions 
will have to be duplicated in your cold start loader. 
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Memory Address 

(boot address) 

3400H+b 
3480H+b 
3500H+b 
3580H+b 
3600H+o 
3680H+b 
3700H+O 
3780H+b 
3800H+b 
3880H+b 
3900H+b 
3980H+b 
3A00H+b 
3A80H+b 
3801OH+b 
3B80H+b 

3C00H+b 
3C80H+b 
3000H+b 
3080H+b 
3E00H+b 
3E80H+b 
3F00H+b 
3F8f2JH+b 
4i000H+b 
4f2J80H+b 
4100H+b 
4180H+b 
4200H+b 
428f2JH+b 
4300H+b 
4380H+b 
440(7JH+b 
4480H+b 
4500H+b 
4580H+b 
4600H+b 
468(7JH+b 
47(7J0H+b 
4780H+b 
4800H+b 
4880H+b 
49eJ0H+b 
4980H+b 

4A00H+b 
4A8(7JH+b 
48(7J0H+b 
4B80H+b 
4C100H+b 
4C808+b 

CP/M Module name 

Cold Start Loader 

CCP 
II 

" 
'" 

II 

CCP 

BOOS 

.. 
II 

II 

II 

" 

II 

II 

" 
II 

" 

.. 
II 

" .. 
n 

II 

aDOS 

BIOS 
It 

II 

BIOS 

(directory and data) 
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READ 

before selecting the new drive. This would cause an 
excessive amount of noise and disk wear. 

Register BC contains the track number for subsequent 
disk accesses on the currently selected arlve. You 
can choose to seek the selected track at this time, or 
delay the seek until the next read or write actually 
occurs. Register BC can take on values in the range 
0-76 corresponding to valid track numbers for standard 
floppy disk drives, and 0-65535 for non-standard disk 
subsystems. 

Register BC contains the sector number (1 through 26) 
for subsequent disk accesses on the currently selected 
drive. You can choose to send this information to the 
controller at this point, or instead delay sector 
selection until a read or write operation occurs. 

Register BC contains the DMA (disk memory access) 
address for subsequent read or write operations. For 
example, if B = 00H and C = 80H when SETDMA is called, 
then all subsequent read operations read their data 
into 80H through 0FFH, and all subsequent write 
operations get their data from 808 through 0FFH, until 
the next call to SE'rD!4A occurs. 'rhe initial DMA 
address is assumed to be 80H. Note that the 
controller need not actually support airect memory 
access. If, for example: all data is received and 
sent through I/O ports, the CBIOS which you construct 
will use the 120 byte area starting at the selected 
DMA address for the memory buffer during the following 
read or write operations. 

Assuming the drive has been selected, the track has 
been set, the sector has been set, and the DMA address 
has been specified, the READ subroutine attempts to 
read one sector based upon these parameters, and 
returns the following error codes in register A: 

o no errors occurred 
1 non-recoverable error condition occurred 

Currently, CP/M responds only to a zero or non-zero 
value as the return code. That is, if the value in 
register A is 0 then CP/M assumes that the disk 
operation completed properly. If an error occurs, 
however, the CBIOS should attempt at least 10 retries 
to see if the error is recoverable. When an error is 
reported the BDOS will print the message "BDOS ERR ON 
x: BAD SEC'rOR". The operator then has the option of 
typing <cr> to ignore the error, or ctl-C to abort. 

Write the data from the currently selected DMA address 
to the currently selected drive, track, and sector. 
'rhe data should be marked as "non deleted data" to 
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8. A SAMPLE COLD S'rAR'r LOADER 

'rhe program shown in Appendix D can serve as a basis for your cold 
start loader. The disk read function must be supplied by the user, 
and the program must be loaded somehow starting at location 0000. 
Note that space is reserved for your patch so that the total amount of 
storage required for the cold start loader is 128 bytes. Eventually, 
you will probably want to get this loader onto the first disk sector 
(track 0, sector 1), and cause your controller to load it into memory 
automatically upon system start-up. Alternatively, you may wish to 
place tne cold start loader into ROM, and place it above the CP/M 
system. In this case, it will be necessary to originate the program 
at a higher address, and key-in a jump instruction at system start-up 
whicn brancnes to the loader. Subsequent warm starts will not require 
this key-in operation, since the entry point 'WBOOT' gets control, 
thus bringing the system in from disk automatically. Note also that 
the skeletal cold start loader has minimal error recovery, which may 
be enhanced on later versions. 
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DPBASE: 

00 IXLT 001 0000 I 0000 I 0000 IDIRBUFIDBP 001csv 001ALV 001 

01 IXLT 011 0000 I 0000 I 0000 IDIRBUFIDBP 01lcsv 01lALV 011 

(and so-forth through) 

n-lIXLTn-li 0000 1 0000 I 0000 IDIRBUFIDBPn-lICSVn-lIALVn-ll 

where the label DPBASE defines the base address of the DPH table. 

A responsibility of the SELDSK subroutine is to return the base 
address of the DPH for the selected drive. The following sequence of 
operations returns the table address, with a 0000H returned if the 
selected drive does not exist. 

NDISKS EQU 4 iNUMBER OF DISK DRIVES 

SELDSK: 
iSELECT DISK GIVEN BY BC 
LXI H,0000H iERROR CODE 
MOV A,C iDRIVE OK? 
CPI NDISKS iCY IF SO 
RNC iRET IF ERROR 
iNO ERROR, CONTINUE 
MOV L,C iLOW(DISK) 
MOV H,B iHIGH(DISK) 
DAD H i*2 
DAD H i*4 
DAD H i*8 
DAD H i*16 
LXI D,DPBASE iFIRST DPH 
DAD D iDPH(DISK) 
RET 

The translation vectors (XLT 00 through XLTn-l) are located 
elsewhere in the BIOS, and simply correspond one-for-one with the 
logical sector numbers zero through the sector count-I. The Disk 
Parameter Block (DPB) for each drive is more complex. A l?articular 
DPB, which is addressed by one or more DPH's, takes the general form 

-------------------------------------------------------------
SPT IBSHIBLMIEXMI DSM DRM IAL01ALII CKS OFF 

16b 8b 8b 8b 16b 16b 8b 8b 16b 16b 

where each is a byte or word value, as shown by the "Sb" or 1I16b" 
indicator below the field. 

SPT 

BSH 

is the total number of sectors per track 

is the data allocation block shift factor, determined 
by the data block allocation size. 
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The size of the area addressed by ALV is determined by the 
maximum number of data blocks allowed for this particular disk, and is 
computed as (DSM/8)+I. 

The CBIOS shown in Appendix C demonstrates an instance of these 
tables for standard 8 11 single density drives. It may be useful to 
examine this program, and compare the tabular values with the 
definitions given above. 
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macro invocation. The nfsc" parameter accounts for differing sector 
number ing systems, and is usually 0 or 1. The ulsc " is the last 
numbered sector on a track. When present, the "skf u 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 the BIOS-resident ram space is reduced. The "dks u 

specifies the total disk size in !IbIs" units. That is, if the bls = 
2048 and dks = 1000, 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 IIdir" is the total number of 
directory entr ies 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). As 
stated in the previous section, 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 without a restart is quite 
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 space or to simulate several logical 
drives on a single large capacity physical drive. Finally, the [0] 
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 disk i the 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: 
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