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FOREWORTS

This is an explanation of the different parts of
Memory 1in the TRS-80. There is a wealth of information
about the Home Microcomputer that has been documented,
particularly about the Tandy Models. The auther has tried
£to collate this from various sources and construct an
easy reference guide to the most useful aspects for the
programmer.

The DOS Addresses are those for NEWDOS/80
Version 2. There are instances of addresses given which
might vary according to the date of the DOS purchase but
these are exceptional and should not worry most users.
However, the overall usefulness of this information will
not be impaired by these occurrences. The old ROM was
used for the Model I as the quantity sold gives it
predominance over the later version.

Where the text refers to Model I only, the same
information appliss toc the computers PMCB0, Video Genia
and System B80. Where there is no mention of Model I or

Model IITI, the code or address is common to all tha
computers.

There is a vresumption because of the conciseness
of the text thar nna Uusar hag some knowledge of tne facers
of information g:ven. There are over 10 Books published by
the TIJG Company which explain nearly all funcrions and
much more in great and lucgid detail.

This work started originally as a ¥
Reference but commonly sought information amour —ther
aspects of the computer were eventually include 2
the book & wider application. '

I must express my indebtedness to Len Browne and
Alf West, without whose encouragement and assistance this
work would never nave eventuated. Thank you Lan and Alf,
and may life be kind to you.
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The lay-cut of Memory 1s obviously varied but some idea of the areas used .
is given by the chart below. The Basic pointers on the left contain the addresses
whether it be Level II Basic or Disk BASIC.

Pointed 0000H | ol
to by .
RCM - =2e~aa only Memory f ROM

3000H (12288)

O
o
n

40A4H {(16548) Startc -f Z2A3SIC Program

L
T
93]
-4
&
g
Lt
[
(W}
™

am
40F9H (16633) End <f BASIC Program :
40F9H (16&33) Start o-f S:mple Variables Simole Yar'oles,
40FBH (16635) Start = rray Variables - —

LI 1Y
s

U

40FDH (168637) Free Zparcte Polnter

1
ot
i
(o]

40EBH (16616) Stack #o:.-
Stack

40A0H (16544) Start -f% =r.ng Space
String Space

40B1lH (16561l) Top of i~:rrtected Memory ; .
.Reserved Memory.

T

16K —~ 7FFFH {..727): 48K - FFFFH (63333)
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= ™
00QCH - Z2FFFH = 0 - 12287 : - 12288 Bytes
This Area contains the READ ONLY Memory ( ROM ).
The following 18 an attampt to classify areas -
0000H to 0700H {1800} -~ Device Handling
0700H to 1600H {3600} - Mathematics
1600H to 1AOQOQCH (6700} 1~ Tables and References
1lACOH to 1COO0H (7100} t- Monitoring
1CO0H to 2ZBOOH (11000} :— BASIC Interpreter
2B00H to 2FFFH (12Q000) - Utilities
MODEL I ONLY
J000H - 37DBH = 12288 to 14299 - 2012 Byrtes

The Model I Computer has no memory for these addresses.
This area has been set aslde by the makers of the FRS5-80 for use by davizes which

need direct Memory access. e.d.
3000H - 377FH = 12288 ro 14207 - 1920 Bytes.

This area is :z21 by the EXATRON STRINTY FLOPFY for 1o's Utilitias, or
the extra ROM for soms mod2ls of PMC-80 Vides G=-.2 and System 30 11 wimh omne
ROM any memory instal.sd nere 15 generally READ ZNLY Mamory, .. .o annot e
changed by the user.
37DCH - 37FFH = 1433037 =o 14335 HE 26 Bvtes

This area is Jsed by the INPUT/QUTPUT DTev:irss and tan be classed as
Communication Addresses.

37DCH I7DFH = 14 =o 14303 :- DGS Frac.os Luivasses
37EOH = 14304 T - I==avrupt Latch Addrass
37E1H = 14305 - T3 - Drive Select & Dr:ive ) Latch tadress
37EZ2H = 14306 - Jassette Latch Address
37E3H = 14307 - D7% — Drive 1 Latch Address
37E4H = 14308 - Tassette Select Address
I7ES5H = 14309 - T12% - Drive 2 Latch Address
3I7E7H = 14311 - 2.3 - Drive 3 Latch Address
37EBH 14312 - . .me Printer
J7EBH = 141315 - rddresses.
37ECH = 14316 - © T - Command/Status Regilister
37EDH = 14317 - % - Track Register
37EEH = 14318 - T .7 - Sector Register
37EFH = 14319 - [ .z - Data Regilister
Page 2 R OM Chapter 1



MODETL T I T _— EXTRA ROM ROUTINES

3000H - 37FFH = 12288 to 14335 L 2048 Bytes

This area in the Model III is taken up by extra Routines generally handling

Cassette and RS-232C functions.

Addr. Contents Routine Function

3J000H €3 SE 232 325EH Cass - 500 Baud - Write leader &sync byte
30G3H €3 9B 32 ~329BH Cass — 1500 Baud - Write leader ssyn< byte
3006H €3 74 32 3274H Cass — 500 Baud -~ Read leader till syna

3009H €3 DA 32 32DAH Cass - 1300 Baud

Read leader till sync

300CH C3 C0 31 31COH Cass - Turn Cassette off
300FH €3 Dl 31 31DLH Cass - Turn Cassette on & wait full speed

3012H C3 AB 34 3J4ABH Disk -~ Test if Drive ready: then Reset
3015H C3 55 34 3433H Initialisation - (IPL) Reset entry
3018H €3 C2 35 35C2H Interrupt - Service Routine

3JO01BH C3 FB 35 35FBH RS5-232C -~ Initialise

301EH €3 5A 36 265AH R5-232C - Input Routine

3021H C3 80 36 3680H RS-232C - Qutput Routine

3024H €3 BE 33 338BEH Keyboard -~ Input Routine

3027H <C€3 39 137 3739H I/0 - Change Device Routing

302a8H C3 F7 31 31F7H BASIC — "#" processing (e.g.Print#l)
302DH €3 7B 37 377BH BASIC line print processing

3030H C3 99 37 3799H BASIC line print processing

3033H C3 BB 35 35BBH Get Today's Date
3036H <C3 AO 35 33A0H Get current Time

30394 DB E4 CB 6F C3 1C 3% -~ Reset processing {is Reset pressed 7!}
3040H 18 D3 = JR 3015H — Reset processing
3042H C3 BS 37 37BSH Cassette - Set Baud rate

3045H - 31A4H 7 lots of ASCII codes (some code between each)

31ASH - 37FFH Extra Model III routines

The extra ROM involved in the listing of BASIC program lines allows

listing of the extra Model III symbols and Characters.
The PRINT# extra ROM allows different uses for the '$#' symbol.

Chapter 1 R O M
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KEYBOARD MEMORTY
3800H - 3BFFH = 14336 to 15359 :- 1024 Bytes

The Keyboard uses a buffer (see Page 18) at 4036H to 403CH in both Mods
I & III. Each Row on the Keyboard Diagram uses a Byte of this Buffer for storage
excepting the last Row (the shift key row). In the Diagram the location of the
Buffer for each Row is listed on the right and the address of each Row on the
left.

The Keyboard is Memory mapped and uses this area as follows -

l | ! ! | :
BITS | 7 6 5 a i 3 2 |} 1 | 0 |BUFFER:
. i | . .
_ & { ;
1 3801H| G g Frf | ge D d C e B b Aa | @ " .4036H |
14337 ; ! 16438
i i i :
2 3802H! O o Nn ! Mm L1 Kk 33 I | 'H h 4037H
14338 ! @ { . ‘65439
! | I f i
3 3804H! Ww | Vv [ Uu | T¢ i 5 s Rr | Qg . P p 4038H
14340 ' ; f i 1164490
4 BBOBHi ! | "2z Yy o X x 42394
14344, } } | | : 1AL
| 1 1 ! +
5 3810HI 7 ' o 6 & | 5% 4 s 3 2" 10 4038 H
14352 : : -, : | : 16442
6 38204 / 2 | . > i - = i ,< ;o * g ) . 8 ( 403BH
14368 | ; ! ' ; [ 16443
7 3840H|Space iRghtA 'LftA iDownA | UpA | Brk | Cls rEnter 4037
14390 ? 1 ? ! l L5444
i i i ; :
'8 3880H| 5‘ . i | “*RghtiLeft
14454 ; | | ' Shiftishifr.
| ! * - !
VALUE 80H=128)40H=64|20H=32{10H=16| B8H=8 i 4H=4 | 2H=2 }lH=l
1 L i

*Model TIITI only

The pattern in 3800H to 38FFH is echoed in each of the other 235 3yra

areas making up the keyboard memory i.e. 3300H to 39FFH. 3A00H to 3AFFH, and
3BOOH to 3BFFH.

The CPU scans the Keyboard Memory. When a key is pressed the value thus

created is XOR'ed with the Row Buffer location so that on the first scan =he
Buffer receives the value of the key pressed. On the second scan if the key s
still pressed,; it is rendered ineffective since it is XOR'ed with it's own walue.

Page 4 R O M Chapter 1



KEYBOARID MEFMORY

The ROM reads each row of the keyboard memory. To obtain the address
of the next row in the Keyboard map the L5B of the current address 1s shifted
lefr ( doubled ). The Bytes in the area from 3800H - 38BFFH are affected in the
fellowing way -

lst row - Keys 2ABCDEFG Values 40H(64) to 47H(71)
shifted ~abecdefy 60H(96) to 67H{103)
In the top 1 of every 2 bytes, the bit is set corresponding to the column value
in the bottom line of the table or the orevious page. i.e. the bit is set in

3801H,3803H,3805H,3807H.,3809H, etc right up to 3BFFH.

2nd row - Keys HIJKLMNO Values 48H(72) to 4FH(79)
' Shifted hijkimno E8H(104) to B6FH{111)}
In this case the bit of the top 2 o©f every 4 bytes is set according to the

column value. i.e. the bit 1s set 1n 3802ZH,3803H.,38B06H,.3807H.,etc.

3rd row -~ Keys PORSTUVW Values 50H(80) to 37H(87)
Shifted porstuvw JOH{112) to 77H{119)
The top 4 of every 8 3yres for this row are set. Notice the number of bytes
affected is the Bit value of the row number. (3804H-3807H.etc).
4+th row — Keys Y2 Values 58H(88) to SAH(S0}
shifted Y2 FBH(L20) to 7AH{122)
The top 8 of every .{ uytes is affected. There are no kays £or values 33H{9L)

to 5FH(95) as the four a:row symbols that these values give with PRINT CHRS are
used for control codes. ..2. 3808BH-3BO0FH.,etc.

N.B. Some mecdels of the PMC-80, Video Genie and System 80 use 4 of these spaces
as special function kevys.

5th row — Keys 012345867 Values 30H{48) to 37H(53)
Shifted Pr=2sks” 20d032) to 27H{39)
In this case the bit of the rop 16 of every 32 bytes is set according to the
column wvalue. 1.e. 2317H-381FH,3830H-2381FH.,et:.

6th row - Keys 8B9:;4=572 Values 23H(36) to 3IFH{63)
Keys (rt*+,-./ 28H{49) to 2FH{47)
In this case the bit of the top 32 of every 64 bytes is set according to the
column value. i.e. 38Z0H-383FH,3840H-385FH.,etc.

7th row - Enter = (0ODH) CLS = (1FH) Break = (01lH)
Up Arrow =(33H) Down Arrow ={0AH) Left Arrow =(0BH)
Right Arrow = (0Q9H) Space Bar = (20H)

In the top 64 of every 128 Bytes the Bit is set corresponding to the Bit Column
on the Keyboard Diagram. 1.e. 3840H~2387FH,38C0OH-38FFH,etc.

8th row - The only value here is the 0lH of the shift Key
In the top 128 of every 256 Bytes the Value 0lH is OR'sed. (3B880H-38FFH)

Chapter 1 R O M Page 3



VIDEO MEMORY

3CO00H - 3FFFH = 15360 to 16383 - 1024 Bytes
This is the Memory that the Screen uses.

The Video 15 also Memory mapped and is available te the Programmer
rthrough the PRINT, PRINTA, POKE&PEEK, and other Functions.

tach line on the Screen is 64 Bytes long and there are 16 Lines. Total Bytes
used on the Screen is 16*64=1024, 1 byte per screen position.

A particular position on the Screen can be accessed
using PRINTR by (Line No.-1}) * 64 + TAR(POS).

This means that by POKEiIng (13360+(Line No.-1}*64+TAB)X
or PRINT CHRS${X) the Screen can be filled with :—

A Control Code Vvalue OOH - 1FH ( 0 to 31 )
A Character Value 20H - 7FH ( 12 to 127 )
A Graphics Symbol Vvalue 80H - BFH ( 128 to 191 }
A Space Compreszion Code Value COH - FFH ( 192 to 233 )
In actual fact =--= only way to place a Byte in the bottom riant hand

corner of the screen 15 ¢y ?20KEIng as PRINTIng causes an automatic line fezed and
the top line of the scrsen s overwritten by the second line.

A very good way to save memory for a heading or a Graphics design or
a fancy Screen format :s o make a String with as many Bytes as you may need.
You can construct a String with any values you iike from 0 to 233 from a Monitor
or else from BASIC using :-

A = PEEK {(VARPTR(STRING)+1l} + PEEK {(VARPTR(STRING)+2)*256
then POKE A + BYTE NO.-1l, X

An example of rhis is when you want to have a Graphics symbol 1n a
Screen Diagram. The BA3IC line is entered with a "*' in the place whare a
"CHRS(70)}" was wanted. Then from DEBUG in the DOS or from BASIC by PEEKing and
POKEIng, the Value can be changed (2AH(42) to AAH = CHRS{170)) to give tha rasult
you want. When listed tre Line shows "KILL"” in that spot. See ASCIT codes for
all reserved word values.

The Space Compression Codes can be very usefully employed 1in this
format to save code whzn X spaces are needed.

Note :~ The Space Compressicon Codes de not mean PRINT TAB(X}) but PRINT
X Spaces where X is the number (0-63) of the value above COH (192},
(COH(192)-FFH(255)).

Page 6 R O M ' Chapter 1
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T HE COMMIIN T CATIONS REGION

In this Chapter we look at the first part of the Communications
Region and examine the following areas :-

RESEATES - v st oo s s reaoesarenna Page 7
Device Control Blocks ...... rPage 14
DOS Storage Ared (...ss 40 Page 16
Basic Dbata Storage Area .... Page 18
Tha AcCcumuUlators .«..-uovvnsen Page 20
Model III Extra Addresses .. Page 21

RESTARTS

In the TRS5-B0 there are eight of these RESTARTS. When a Restart insrr-
uction is given, the Program Counter is set to the location in ROM formed by
prefixing "00" to the RST value. For example RST 084 jumps to 0008H or RST 30H
to O0030H. At each of these addresses except O0000H, there is a Jump to the
Communications Area. The contents at the Target addresses in the
Communications Area differ according to whether the Computer was initialised by
Level II or Disk.

RST Code Addr. Restart Jumps .at Target Address
Address Mod I Mod III ;
Contains Lev2 DOS Lev2 DOSsS |

RST OOCH C7H OQO0QOOH Start of ROM = IPL

RST 08H CFH 0008H JP 4000H 1C96H 1C96H 1LC96H 1C96H
RST 10H D7H CO010H JpP 4003H 1D78H 1D78H 1D78H 1D78H
R5T 18H DFH 0018H JP 4006H 1C90H 1C90H 1C90H 1C9QH
RST 20H E7H 0020H JP 4009H 25D9H 25D9H 25D9H 25D9H
RST 28H EFH 0028H JP 400CH Return 4BC2H Return 4B67H
RST 30H F7H Q0030CH JP 400FH Return 4609H Return 45D 4H
RST 38H FFH 00384 Je 4012H EI+Ret 45F2H 3018H 3Q18H

Chapter 2 R A M Page 7



RES T ARTS

RST OCH Code C7H The RESET Restart

The first RST, has the code C7H and sends the Computer to Address 0000H i.e.
it resets or reboots.

RST 08H Code CFH The Compare Byte Restart

0008H contains Jump to 4000H. - 4000H contains :-
Both Level II & DOS - Mods I & III : JP 1C96H (C3 96 1C)

At 1C9H is the ROM routine that compares the byte pointed to by the HL
Raegister with the Byra :n Memory immediately feollowing the RST 08H <all.

This Restart shculd only be used when Basic has been initialised sinc
the bytes do not matIh the Syntax error code will be accessed and, with 2
not initialised, the necessary <communications region pointers will not have peen
initialised to correct wvalues.

TR

The return address on the stack is incremented past the compare byte and
if the bytes match, control passes to the RST 10H code to accaess the next wvalid
character before rerurning to the c¢aller.

A typical use of this Restart is to test for the correct syntax within a
Basic program statement. As an example the POKE statement reguiea comma
between the address and the value and the RST l0H is used to ascertain if this
separator is present.

Th-'e code at 1C96H is as follows :—-

1C9&H  YE 3 A (HL) ; Get value to be compared
1C97H E3J . =K (SP) s HL ; Save return Address

1C98H BE o3 {HL) ; Compare with Byte following
1C?9H 23 INC ML ; Bump return address

1C9AaH E3 z (5P} sHL i Restore return Address
1C9BH CaA 78 10 _F Z,1078H ;i Go to RST 10 if correct
1C?EH C3 97 192 _H 199 7H i Signal Error if incorrect
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RESTARTS

RST 10QH Code D7H The numeric test Restart

0010H contains Jump to 4003H - 4003H contains
Both Level I & DOS - Mods I & III : JP 1D78H (C3 78 1D)

The purpose of the RST 1C0H code is to extract the next character from
the code pointed to by the HL Register pair. The HL Register pair is used by the
interpreter to point to the current code being executed under Basic. The RST
10H code is used extensively by Basic to test for end of statement and whether
or not the next valid character is numeric.

This Address is changed by ESF initialisation to 3082H (C3 82 30).
This is the way the ESF intercepts Basic Commands te execute the "@"
Functions. The routine at 3082H interprets and passes control to the code
involved.

The wvalid character extraction is accomplished by INCrementing HL,
skipping irrevelant characters (Spaces, 09H or 0AH) and returning with the next
character in the 'A' Register. The Zero flag is set if the character is a 0CH or
3AH ( : ) both characters signifying end of statement. If the character is numeric
the Carry flag is set.

A RST 10H is performed prior to Basic interpreting any Basic state- ment
whether from a Basic program or the Command mode. This is the reason that, for
the most part, the interpreter will ignore any spaces or CHRS (10) (line feeds) it
encounters in a statement.

The code at 1D78BH is as follows :—

10784 23 INC HL i Bump to next chavacter
1D79H TE LD A (HL) ; Get next character

1074aH FE 3A c= 3AaH ; Compare it with colon
1D07CH DO RET NC ; Return if >=3A (alphabetic)
107DH FE 20 CcP 20H i Else test for a space
107%FH CA 78 1D JP Z,1D78H ; If so get next character
10824 FE 0B ce oBeH i Compare with vertical Tab
1DB4aKH 30 05 JR NC,1D8BH ; Go if 0B-39 control, numeric
1086H FE J% CR o9H ;i Test for horizontal Tab or LF
ip8gH DZ 78 1D P NC,1078H ; If not get next character
1088BH FE 230 cP 30H ; Compare with ASCIT "o
1080H  3F CCF ; Set Carry Flag if numeric
1D8EH 3C INC fa i Check for zero byte so as
1DaF4 3D DEC ) i not to affect Carry flag
1090H  C9 RET i Return to caller
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RESTARTS
RST 18H Code DFH The Compare HL/DE Restart

0018H contains Jump to 4006H. - 4008H contains :-
Both Level IIL & DOS - Mods I & III : JpP LC90H (C3 90 1<)

This again is a compare, but in this case it is a comparison of the contents
of the HL and DE Ragisters and the result is Signed by both the CARRY and ZEROQO
Flags as follows :-

HL < DE : C H CARRY FLAG SET IF LESS

HI. > DE : NC :+ NO CARRY IF MORE

HL <> DE : NZ s ZERO FLAG RESET IF UNEQUAL
HL., = DE : Z : ZERQO FLAG SET IF EQUAL

The ROM code at 1lC90H is as follows :—

1904 7C LD & H i Get Value of H in A
1CF1H 92 SUg 0 i Subtract D

1C92H CO =z NZ ;i Go back if unequal
1C934 70 LD Ayl i Get Value of L in A
1C94H 93 SUB E i Subtract E

1C95H C9 RET ; Return

This Code will not work for signed Integers (unless positive)-
It also destroys the previous content of "A™".

An example of the use of RST 18H, it is assumed that the numeric input
must be within pre-determined maximum and minimum values. In this example, we
use the ROM call to 1ESAH to convert the input from ASCII to Binary - the result
being returned in the DE Register pair.

50004 21 xx XX LD MLslnput 3 After Input

B8O03H 28 DEC HL. ; Decrement for RST 10H
‘80044 07 RST 104 i to ensure it is numeric
8005H D2 wy YY JH NCsErrar ; If not then error message
Bo0eH CDo SA 1E  CALL 1254H ;i Get binary of Input
so0geHd 2% mm MM LD HL s Max ; Upper limit value

800E- DF HET 18H ; Compare with Input value
8O0FH DA yy YY JP CsErrar ; Carry if > Maximum
B013H 21 nn NN LB HLsMin ;i Lower limit value

801684 OF RST 18H ; Compare with Input value
BOi17H DZ vy YY UP NC,Errgr 3 No Carry if < Minimum
a01aHd4  ....... Process value in DE Register from 1ESAH Call
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RST 20H

0020H contains Jump to 4009H
Level II & DOS

Both

This tests the Data Type Flag (40AFH) and returns a value
Register as well as the Flags as follows

Code E7H

RESTARTS

4009H contains
Mods I & III

JP 25D9H

The Data Type Test Restart

(C2 D9 25)

in the "A"

40AFH Value

Flags Set Number Returned in "A"
02 = INTEGER NZ C .M. E -1
03 = STRING z C.P . E Q
04 = SINGLE Nz . C.P.OQ 1
08 = DOUBLE N2 NC . P . E 5 |

N.B.— The Programmer changing the Number-Type Flag or the Accumulator
creates the possibility of them being out of phase.

The code at 22:D9H 1s as follows

2509+
250CH
ZSDEH
25E0H
25E2H
Z2SE3H
25E4H
25ESH

ZOE7H
25E8H

As an example of the use of RST 20H,
addition of two Integer
overflow occurs it would be single precision.)
the result in borh the Accumulator and HL.

0OB2DH with
aggoH 3k
goazH 32
83054 ED
aoi09H 24
ggacH CD
800FH E7
80108 F2Z
80134 22
8014H

Chapter 2

3A
FE
3a
D&
B?
37
ce
D&

B7Y
ce

az
AF
48
gz
20

Yy
04

AF
08
ads
03

03

40
aa
70
as

£
L

z 45 {404AFH) Load data rype flag
_= JBH i Is .t double precision
- NC 3y 25E%SH i IE 30 rhen Jump
-_= J3H ; Not double precision
o & ; then reser status flags
== ; and ax1t with
=T ; Carry flag set.
S48 C3H ; For double precision reset
o A starus flags & exit with
= Carry flag reset.
assume w~e +=est the rasult of the
values to see if the result (3= 5t:ill an Integer (ITf
The =axample uses the ROM cCall

..............

A2

(40AFH) s A :
BC: {VALUETL) i
HL s (VALUEZ? i
0BZDH i
Z0OH ;
£, TO0 LARGE i
(RESULT ) sHL ;
Procaess the stored result

[ T I W |

[P

R A M

Integer Code
Set Type Flag
First Value
Second Value
Integer Add
Overflow ?

Not an Integer
Save Result
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237 I8H Torm= TTH Tee 0% STonozion Call Rastars
20288 sortains Jumo o To 4T0CEH-
L£T0CH Tonrcaineg Cteyvel TC r RexTurn f<an
30S Moo=l Z : JP 49C2H (T3 22 43¢
oCs vMei ZIZ + JP 4dmeTID Q2 AT 43

tn Level II thars is no actionr nars, Bus In tne 205, mrls Agdress i3 dsed by
Tora t-an 30 Seguences. Thus it s called the DCS Funcmion Call Restart.  ACtion
raken depenrds on tha vali=z r Fsgister "a'

The malor use by the 0% of the RST 28! routine g In loading System modulss
to perform DOS or Basic /SYS functions. Tha /SVYS fila Diractory anuriss all hava
fixed positions relative o tne Directory. The /5YS module 1f 0T SCT02Essq
through the HIT (hashad nam2 storage) sector but is found using tha contencs of
the 'A’ ragister, the lower I oits of whicn concaing - rolative sector (-2) in the
Directory and the positio~ 1= tnat $2CLor. Thos tha mame of whe /5YS fils is noxn
masned for a match 1o sse HTT zecror as user fllegs are, put f£he DLresooyy entry
is accessad directly. T-z -opo 3 bits of 'A' are usad to diffarsnciscs patwaen.
sub-functions. Sometimas cthsr reqgisters conualn parameters for U= ooy Ine
module. )

The RSTZ28H cods .z rs -f ohe most pracoical anad Shos Trs T IS
funcrion of NEWDOS/ 9%, I:m2 -f the uses of an RST 284 are loading 3 o B
or a program file, sxeo - TS TommATd, reT Eile, tlose A fila, ool oA Iiles
crazate & Dirsctory =-ory. &7 L many omnars, svse e R kst 4 A A
inTo The Interruct JToolT L., =rege furguions Conllos AT AToTeE0T 70 s iz Do
use by the routlns. .o - ThnLng to ARCTT srooreo DT CoLlE moeTEy LD s TLTELTE
o wne rCx3, eta.

- el S mmy g
- T LImsvr o oToeTEIELTD
e e - e i e mme

In the procass 25 zv-¢ cooLaritrm o ogart oI omms Zunooine,
loaa other /SYS moauliss. 7 RoTHIST e lRSE.

Examples includa :-

Loading SYS1/SYS w-. - .2 tne DOS commana et
return to the DOS Re2az. o --rpt. This module El oty
commands resident In - IT cammana does Loar 1ol

bebug {8¥S53/SY3) .= . - with a wvalue <f 274 1n 'A' and an R2S7T 23K
_ Trror conditions ar= - -+ ted oy SYSA/AVS Do 18IS sno SYSL2SEYS fow Dasio
both loaded by the RST 777 : ~:z=:0n call.

Accessing The rouTIC- -~a T0OS which execitss a USSR routine If 310
handlad by this function 3z ~2ll as many othar rouiinss

g
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R ESTART IS

RST 30H Code F7H The DEBUG Restart
0030H contains Jump to 400FH - 400FH contains :-

Level 1ITI : Return {C9)

Model I DOS : JP 4609H (C3 09 06)

Model IIT DOS : JP 43D4H (C3 D4 453)

As you see there 1s again no action in Level II.

But in DOS this is the DEBUG load Restart, the Cods being :

4a4L0%4  F5 SETICH RSN ax i Dummy to retain the

: proper Return Address

4608H 3E 27 0 A, 27 , Key for DEBUG Code

460CH EF ST Z8H ; Go to DEBUG.

A&00H L e i Program continues
RS5T 38H Code FFH The Interrupt Rss-arcn
0038H contains Jump to 4012H - 4012H contalns :-

Model I Lev ITI : Enable Interrupts & Return (FB C9)

Model I DOS : JP 45F2H = Interrupt Service Routine

Mod III Lev2 + DOS : JP 3018H = Interrupt Service Routine

This is the System Entry point for all interrupts. The TRS80 uses ~~.y ™

1 (Interrupt Mode 1l). In Level II it executes a "EI" (FBH = ENABLE INTERRUFT:I: arid

a (C9H = RETURN) and immediately returns to the caller.

The byte at 4012H in the Model @ has been documented as being an FXH wni:Ih
is Disable Interrupts. However, in reality. it is an FBH. the opposite, Encbple
Interrupts. This code has the unfortunate effect of causing the CPU to hang :f
the interrupts are already enabled when an Expansion interface connected.

In the DOS it is a JUMP to the INTERRUPT PROCESSOR. The reason for rha
Interrupt is determined and the next item from the Interrupt Service Routine 1s
axecuted (mostly a Clock Interrupt). Afrer this is completed control retur-s o
the point of Interrupt and the Program continues.

Chapter 2 R A M Page i1l



DEVICE COMNTROL BLOCKS

KEYBOARD CONTROL BLOCK

Model I -~
4015H

4016H

4017H

In Leval II

4018H
401BH
401CH

Model III
4015H
4016H
4017H

4015H

(16405)
(16406)
(16407)

(16408}
(16411)
(16412)

(1640%)

t

{16406

(16407)

In Level II

4018H
4019H
401AH
401BH
401CH

(16408)
(16409)
(16410}
(1l6411)
(16412}

401CH :- This area has the Keyboard Information

o

0

3

VIDEQ DISPLAY CONTROL

Modal I -
401DH
401EH
401FH

401

(16413)
(16414)
(16415)

In Level II

4020H
4021H
4022H
4023H
4024H

Model III
" 401DH
401EH
401FH

In Level II

4020H
4021H
4022H
4023H
4024H

Page 14

(16416)
(16417)
(16418)
{16419)
(16420}

{16413)
(16414)
(16415)

(16416}
{16417)
(16418)
(16419)
(16420)

DH

0

0

The DCB Type Value { 01 )

Driver aAddress - least significant byte

Driver Address - most significant byte

3E3H : In DOS = 4516H : With ESF : 375CH
401AH (16410) - Not used

Holds first of the Keyboard 2 Letter codes "K"
Contains second letter '"I".

The DCB Type Value { Cl )

Driver Address - least significant byte
Driver Address - most significant byte
024H : In DOS = 44EBH

Right shift Key status byte

Upper/Lower case toggle (0=U/C: Non zero=L/C)
Count interrupts per cursor char change (7}
Flag byte for cursor change O=space l=acurs.char
Cursor blink toggle (0=Blink:Non zero=no blink)

BLOCK
4024H :~ This area has the Video Information

DCB Type Value ( 07 )

Driver Address - least significant byte
Driver Address - most significant byte

458H : In DOS = 4505H : With ESF = 0438H
Cursor Position - least significant byte
Cursor Position - most significant byte
Character under Cursor storage

Key Letter - first letrer ( D )

Key Letter -~ second letter ( O )

DCB Type Value ( 07 )

Driver Address — least significant byte
Driver Address - most significant byte
473H : In DOS = 0Q473H

Cursor Position - least significant byte

Cursor Position - most significant byte
Character under Cursor (0 = Blink Inactive)
Cursor Character ( 0 if default BOH(176))
Control Byte - Character sets exchange
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DENICE COMNTROL, BIL. OCKS

LINE PRINTER CONTROL BLOCK

4025H TO 402CH :- This area has the Printer DCB Information
Model I -
4025%H (l16421) - THE DCB Type Value ( 06 )
4026H (16422) - Driver Address - least significant byte
4027H (16423) - Driver Address - most significant byte

In Level II & DOS & ESF = 0S8DH

4028H (16424)
4029H (164253}
402AH (16428)
402BH (16427)
402CH (16428)

Model III -

4025H (16421)
4026H (l16422)
4027H (16423}

4028H (16424)
4029H (16425)
402AH (16426)
402BH (16427)

Max Lines per Page + 1 : in IPL 43H(67)

No. of Lines Printed + 1 on the FPage so far
Contains O

First Letter of Key Letters ( P )}

Second Letter ( R )

The DCB Type Value ( 06 }

Driver Address - least significant byte
Driver Address - most significant byte

In Level IT & DOS = O0S8DH

No. Lines per Page + 1 - in IPL 43H(67)

No. of Lines Printed on the Page so far
Current Printer Tab position

WIDTH parameter - Set by FORMS (SYS15/S5YS)

= Maximum Line length - 2
402CH (16428) Dafault Maximum Characters per Line - 2

Device Control Blocks - Type Values

Bit 1 : If set Device is capable of being used for Output
Bit 0 : If set Device 1s capable of being used for Input

The ROM I/0Q routine handling DCBs checks each Device to see if it has the
required capability. The ROUTE command causes the DCB type value to be set to
COH if routed elsewhere. Address 4033H is used by the DOS to vector to the routine
handling the ROUTE logic. If a ROUTE Command is not current the contents of 4033H
can be used as a Jump to a user routine by loading the Keyboard DCB type value
wich O.

That is all the Control Blocks in the Model I. The additional Control
Blocks for the Model IIT are explained on Pages 21 and 22. These involve RS5-232C
and ROUTE Contreol Blocks.
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TTHE AT A STORAGE SR E A

402DH - 407FH :- 16429 - 16311 : 83 Bytes

This area is used mainly by DOS. There is a Keyboard Work area which is

common to Model I & model III both Lavel IT and DOS.
is used for DO3 storage and the Interrupts,

Other than this the area

MODEL I
IN LEVEL Ir 1= -
402DH (16429) contains Jump to S000H (could contain whatever)
4030H (l16432) conmnains RESTART 00H or RESET
4031H - 4032H contain €0 CO
4033H (16433) corrtaias 2F 00 C9 = Load A with 0 and RETurn
4036H - 403CH 1= & Work area for the Xeyboard Driver
403DH - 4053CH is :~irialised by the IPL to zeros.
(

403DH - 407DH

1

4037EH 407FH = .-age or not used

UNDER NEWDOS/80

402DH (16429) - % entry point - Jump to 4400H

L8477-16307) Used by Stack during IPL
il be used for User's USR routines.

4030H (16432) Err>r 3aiready displayed exit to DOS

This is the address DOS jumps to at D085
the commansd interpreter (8YS1/SYS).

READY to load

4033H (16435) Call Cevice driver in the DOS (Jump 4ADBH)

4036H (16438} Work area for SYS0/3Y5 and Keyboard Drivear

403DH (16445) Control Byte for 64/32 char. screen (see Port FFH)
4040H {(16448) Used by Interrupts - Cyclic Counter

4041H - 4046H (15449) Storage - Secs Mins Hrs Year Day Mth crder
4047H (16455) Storage - Load address for DOS System Modules (5Z200H)
4049H (16457) Contains Memory Size as shown in the HIMEM value
404BH (16459%9) Current Interrupt Status Bytes Level 2 (DOS = >SDOH)
404DH - 405CH (16461~16476}) Interrupt Sub-routine Vectors

405DH - 4062H Storage or not used
4063H

407BH (15483) Temporary DOS routine {Converts DE to ASCII)

407CH = 407EH (16308) Storage Parameters for Time Checking

OTHER DOS STORAGE : -
4312H is the contr>i byte for the Break key

4427H contains the R22H referring to NEWDOS/80 Version 2

442BH contains 0l for Model I

4410H - 4411H is tre vector to insert an interrupt routine
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MODEL IZII

402DH - 407FH :- 16429 - 16511 -~ 83 Bytes

IN LEVEL II 1 -

402DH (16429) Contains Jump to SCC00H

4030H (164322) Contains C7H = RESTART O0OH = Reset

4131H - 4132H contain 0C¢ Q0

4033H - 4034H (16435-16436}) contains AF C9 = XPR A (A=0) and Return
4036H — 403CH (16438-~16444) Work area for Keybocard Driver
403DH (16445) Interrupt Jump for I/0 (3SFBH:35FAH if inactive)
4040H (16448) Interrupt Jump for R3-232C Error (365AH)

4043H (16451) Interrupt Jump for Undefined Interrupt (3680H)
4046H (16454) Interrupt Jump for Time Clock {3529H)

4049H (l16457) contains C7H = RESTART 0Q0H = Reset

404AH - 404BH contain 00 00 .

404CH - 407CH (16460-16308) Used by Stack during IPL
407DH - 407FH (16309-16511) Storage or not used

UNDER NEWDOS/80 HE

402DH (16429) DO3 entry point - Jump to 4400H

4030H (16432} Error already displayed exit to DOS

4033H (16435) Call Device driver in the DOS (Jump 4A80H)

4036K - 403CH (16438-16444) Work area for Keybrd Driver & SYS0/5YS

403DYH (1644%) Interrupt Jump for I/0 (3SFBH:35FAH If inactive)

4040H (16448) Interrupt Jump for RS-232C Error (365AH)

4043H (164%1) Interrupt Jump for Undefined Interrupt (3680H)

4046H (16454) Interrupt Jump for Time Clock (4551H)

4049H (16457) Interrupt Jump for I/0 during IPL {43A2ZH)
Return from Non-maskable Interrupt after IPL.

404BH - 4057H {(16459) 13 byte work area for Utilities & DOS.

4058H - 407FH (16466-16511l) Storage or not used

OTHER DOS STORAGE :-

441FH is the cyclic counter for Mcdel IIl

4411H - 4412H contain the HIMEM value in Model III

4478BH is the control byte for the Break key in Model III

4427H contains the 82H referring to NEWDOS/80 Version 2

442BH contains 023 signlifiyirmng Modal ZIZ

447BH - 447CH is the vector to insert an interrupt routine in Model ITI
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T HE BAS I STORMAMAGE AR E S

Common to Models T & IXT
A0B0H - 411CH :— 16312 - 16668 : 157 Bytes

All of thls area is used by Basic in both the Models I and ITI and in both
Level TII and Disk Baslc. Tt is used entirely for Basic program parameters,
routines and addresses. The Basic interpreter relies on this area to find the
parameters for any action it takes and uses bytes here for condition storage,
addresses and values.

For example the 2 bytes at 40A2-3H tells the interpreter the current line
number being executed and If the byte at 40DCH contains a 1 the interpreter
knows that a FOR/NEXT loop is in prograss.

4080H - 408DH (16312-16523%}) Division Support Routine

This whole area from 1080H to 10ASH is moved

from 18F7H to 1904H by the IPL for use by Basic.
408EH (16526) Address of USR Routine - Lewvel II

- contains lE4AH {Illegal function call} if inactive.
4090H — 40924 (16327-16530) Random number seed {3 bytes)
4093H - 4098H (16321-16536) Port handling
4099H (16337) Conra:ins last character typed before Break
409AH (16538) Current ERR error code stored here
409BH (16339) Number of characters in current printer line
409CH (16%940) Qutput Device code: -l=Cassette,0=Video,l=Printer
409DH (16541) Maximum width of video display line (works ONLY if

exprassion processed by ROM numeric evaluator)
409EH (16542} Size of video line after which " PRINT , " causes
g a Line Feed to occur.
409FH (16543) Flag byte for LIST print: l=inside quotes: 0=outside

(If inside guotes Mod III will print Symbols- not SCO's)
40A0H (16544) Address of String area lower boundary
40A2H (163546) Basic line number being executed (FFFFH if inactive)
40A4H (16548) Address of start of Basic Program
40AB6H {16560) Curscr TAB peosition (POS value)
40A7H (16551) Points to Address of Keyboard Buffer + 2
40A9H (16553} Input flag - ¢ = Casgsette ., else non-zero
40AAH (16554) Random number seed } 4 Byte
40ABH (16555)- Value from Refresh Register ) Random Number
40ACH {(165%6) Last 2 byte Random number } storage
40AEH (16558) Flag byte - ¢ = locate named variable , 1 = Create
40AFH (16559) Type byte — Accumulator variable type -
2=% Integer, 3=$ String, 4=! Single Prec.& 8=% Double Prec.

40B1H (16561) Top of Memory Pointer
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BASIC DaTA STORAMAMAGE AR E A

Basic storage common to Models I & III

40B3H - 40D7H - String work area including :-
40B3H (16563) — Address of next available location in String area
40B5H (16%65) — 40D2H Contains the String Work Area
40D3H (16595) — Contains length of current String
40D4H (16596) — Points to Address of current String

40D6H (16598) — Address of next available unused String space
40D8BH (16600) 2 Functions - last byte executed in current Statement
or - edit flag during Print Using

40DAH (16602) Line Number of last Data statement raad
40DCH (16604) FOR/NEXT flag - 0 = not in progress, 1 = in progress
40DDH (16605) Flag byte — 1= Input of BASIC Statements, 0= inactive
40DEH (16606) Read flag — O= READ active, 1= Input statement active
40DFH (16607) Execution Address for 3ystem Tape
or VARPTR of current variable
40E1H (16609) Flag - 0= Inactive, 1 = Auto mode active
40E2H (16610} Current line number (used by INPUT or AUTO)
40E4H (16612) Auto line increment
40E6H (16614) Address of Statement being currently executed
40E8H (l6616) Contains current Stack Address
40FEAH (16618) Line number in which Error occured
40ECH (16620) Current Line number - used by "." edit or "." list.
40EEH {(16622) Address of byte after Error ( used by RESUME )
40FOH (16624) Addr of target Line # in ON ERROR GOTO Statement.
40F2H (16626) Flag byte - FFH if Error ( cleared by Resume )
40F3H (16627) Addr of last byte successfully executed
also the Address of the Decimal Point in the Print Buffer
40F5H (16629) Last Line number executed. Used by STOP.END,BREAK
40F7H (16631) Addr of next byte to be executed. Used by CONT.
40F9H (16633) Address of simple variables & End Basic Program
40FBH (16635) Address of dimensioned variables
A0FDH (16637) Address of start of free Memory
40FFH {16639) Points to byte after last char read (READ Statement)
4101H - 4l1AH Variable type declaration list. The 26 Bytes here are
(16641) - loaded with 04H by a routine at 1B&84H. This routine
(l6666) is called during IPL initialisation, on NEW or the
DOS command CLEAR, or after completion of EDITing a
Basic Program line.
411BH (16667) Flag byte - 1 = Trace active, 0 = not active
411CH (16668) Temporary storage for floating point number

Chapter 2 RAM Page
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THE DO CUOMULATORS

411DH - 4124H - 16669 = 16676 : The Main Accumulartor (ACC or WRAL)

: Address Integer Single Precision Double Pracisior
« 411DH (l16669) Least sign. byte |
i 411EH (16670) Next byte ;
| 411FH (16671) Next byte 5
i 4lL20CH (16672) Next byte .
. 4121H (16673) LSB Least sign. byte Next byte i
| 4122H (16674) MSB Next byte Next byte i
i 4123H (16675} Most sign. byte Most sign. byte t
i 4124H (16676) Exponent Exponent \
[ j

4125H (16677) : Holds sign of result of operations
4126H (16678) : Bit bucket used during Double precision addition

4127H — 412EH : 16679 - 16686 : Auxiliary Accumulator {AACC or WRAZ)

i Address Inteqger Single Precision Double Precision

. 4127H (16679) LsSB Least sign. byte Least sign. byte ;
1 4128H (16680) MSBE Next byte Next byte j
! 4129H (16681) Next byte Next byte 5
i 412AH (16682) Most sign. byte Next byte

| 412BH (16683) Exponent Next byte ;
' 412CH (16684) Next byte j
'\ 412DH {16683) Most sign. byre

| 412EH (16686) Exponent !
|

4130H (16688) - 4149H (16713) : Print buffer

414AH (16714) -~ 4151H (16721) : Double Precisicon divisicn storage

4152H (16722) - 41A3H (16808) : Disk Basgic Reserved Word jumps
Level I : loaded with jump to L3 Error by IPL

41E4H (16868} : ROM Call DOS EXits
Level II : loaded with RETURNs by IPL

41A6H (16809)

Model I Level II :-
41E5H (16869) 42E7H (17127) : Basic Input Buffer
42E9H (17129) : sStart of Basic Program.

Model III :-
41E5H (16869) : RS-232C Device Contrcl Blocks ( next Page ).
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Mod rITT RS —232C CONTROL BLOCKS

41E5H — 41lECH : 16869 ~ 16876 : The RS5-Z232C Input DCB
41ESH (16869) : Recognition Code (0l)
41E6H (16870) : Driver Addrass (30lEH)

41EB8H (16872) : Input Byte Buffer

41E9H (16873) -~ 41EAH (16874) : Control Bytes

41EBH (16875) - 41ECH (16876) : "RI" - Recognition letters
41EDH - 41F4H : 16877 - 16884 : The R5-232C Output DCB

41lEDH (16877) : Recognition Code Byte (02)

4YEEH (16878} : Driver Address (3021H}

41FQH (16880) : Cutput 1 Byte Buffer

41F1IH {(16881) - 41F2H (168B2) : Control Bytes

41F1H (1688l) - 41F4H (16884) : "RO" - Racognition letters
41FSH - 41FCH : 16885 - 16892 : The RS-232C Initialisation DCB

41FSH (16885} : Recognition Code Byte (02)

41F6H (16886) : Initialisation Driver Address (301BH)

41F8H (16888} : Baud Rate : Send = Bits 7-4 : Recelve = Bits 3-0

Rate Error % Caode Rate Error % Code i
50 0 0 1800 o] 8 |
75 0 1 2000 -, 0.25) 9 |
110 0 2 2400 0 10 5
134.5 0.01& 3 I 3600 O N i
150 2 4 4800 0 12
300 0 5 1 7200 0 13
600 0 6 \ 9600 s 14
1200 0 7 ,! 13200 3.125 13
41F9%H (16889) : Prarity/Word Length/Stop Bit Code B8yte as follows :-
Bit 7 -~ 0 = 0dd Parity L = Even Parity |
Bit 6&3 ~ 00 = 5 Bit Words D1 = F 25t Words !
- 10 = 7 Bixz Words Ll = 3 B:1t Words i
Bit 4 - 0 =1 Steop Bit 1 = 2 3rop Bits ;
Bit 3 - Q@ = Enable Parity L = Cisaple Parity i
Bit 2 — 0 = Disable Transmitter L = EZrable Transmitter I
Biv 1 - 0 = Set Data Taerminal Ready {DTR} Signal low {Ready)
1 Set Data Terminal Ready Signal high
Bit 0 - 0 = Set Reguest to Send (RTS) Signal low {(Data ready)
1l = Set Request To Send Signal high (Nc reguest active)

4)LFAH (16890} - Control Byte for Wait for Serial I/0

_ 0 = Do not wait : Non zero = Wait
41FBH (16891) - 41lF7H (16892) : "RN" = Recognltion lettars
N.B. := After changing RaM Control Bytes, the RS-232C must be reinitiali

to have the new parameters for execution.
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MODEL I T I EXTRA LSS N s | ADDRESSES

41FDH - 4202H (16893) : ROM 6 byte Keyboard Work Area
4203H (16899) : DOS - 5YS1/SYS load Jump (JP 4030H)

Level II - JP 202EH = Disable Interrupts & Go to Basic
4206H (16902) : Interrupt Jump for RS-232C OQutput Register empty
4209H {(16905) : Interrupt Jump for RS5-232C Input EOT signal
4210H (16912) Control Byte for Port EC (see Page 32).
421L1H (169123) Casserte Baud Rate Toggle (0=500, NonZero=1500)

4212H {(16914) Cassette Counter Byte (Tape load - flashes "*7}
4213H (l6915) Control Byte For Port EQH (Interrupt Byte}
4214H (16916) : Video scroll protect count of lines {0-7)

42164 (16918) : Count interrupts per Time/Date update (25/30)
4217H (16919) to 421CH (16924) - Time and Date storage
 421DH - 4224H : 16923 - 16932 = 8 Bytes : ROUTE Control Block

421DH (16923) : Recognition Code (02)

421FH (16926} : Driver Routine Address (3739H)

4220H (16928) : "20UTE" Command Destination Latters (See below)
4222H (16930) : "ROUTE" Command Source Letters (as below)

KI = Keyboard: DO = Video: FR = Printer: MM = Main Memory: NL = Null
RI = RS-232C Input =5 = R3-232C Qutput 3 RN = R35-232C Initlallse
42248 (16932) : *rarus byte for CONTROL (ShftDwnArr) FFH=Inac-=iva

Model III Level ITI :-

4225H - 42E4H : - -ra3s or not used by Lo T

42E5H - 43E7H =2, 7T Basic Input Buffer

43E9H : LaAsiT o srograms etc.

Model III NEWDCS /B0 -

422%H -~ 4274H : [O23 JTommend Buffer

4275H - 427FH : 3YS5TEM Parameter 5toraqs

4280H - 42BBH FORIVE Storage lncluding :-
4291H - 429AH = ZTrive QO : 429BH - 42a4H = Droivve
42A5H — 42255 = riwe 2 1 42AFH - 422%H = Drive 1

4300H - 43FFH T 2T Zacror Buffer as well as :130H - SLFTH

4400H - on : DO3 main 3Y50/85YS Module

Note :— Control is .7y .emented on the Model III by simultaneously pressing

the LEFT SHIFT key + tre [ _WN ARROW key + the key involved. The left SHIFT key
must be used. This funct:-n .5 used in some Tandy Software e.g. Press the SHIFT
key + DOWN ARROW key + -r= 2:72risk (the multiply key). This is the standard Model
ITI way to get the screer gr:.-- "JKL" function of NEWDOS/B0. The routine is in ROM
at QlD9H.

Note also that the - :=. I Basic Entry point at 06CCH is not available ir
the Model III. Use l1Al9H.
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NEWDOS 8 0 RAM USsSAGE
MODEL I .. 4152H - 41A8H : Disk Basic Reserved Word Jumps
T 41A9H - 4l1E4H : ROM Call DOS EX1its
41ESH - 41FFH : DO3 Storage .
4200H - 42FFH : DOS Sector buffer (also S5100H — S51FFH)
4300H - 4317H : Storage including PDRIVE & SYSTEM specs
4318H - 4367H : DOS Command buffer
4368H - 4370H : SYSTEM Storage
4271H - 439AH : PDRIVE Storage
439BH - 43FFH : DOS Storage
4400H — 4CFFH : DOS Main resident module {SYS0/SYS)
4DQOH - 51FFH : DOS Overlay area '
S200H - S6FFH : BASIC Overlay area
$700H - 64C8H : Disk BASIC Resident module
64C7H - 65C9H : Disk BASIC Input Buffer
65SCAH - 66BCH : Disk BASIC Storags
66BEH - 6A44H : Disk I/O File Buffers (3}
6A46H - : Start of BASIC Programs
MODEL III 4152H - 41ABH : Disk Basic Reserved Word Jumps

41A9H - 4lE4H ROM Call DOS ExXits

41ESH - 41FCH : RS5-232C Device Control Blocks
41FDH - 4224H : Storage

4225H — 4274H : DOS Command Buffer

4275H - 427FH : SYSTEM 5Storage

4280H - 42B8H PDRIVE Storage

42B9H -~ 4ZFFH DOS Storage

4300H ~ 43FFH DOS Sector Buffer

440Q0H - 4CFFH DOS Main resident module (3YSO/SYS)
4DOOH - 31FFH DOS QOverlay area

S2C0H - 536FFH BASIC Overlay area

570C0H - 64C6H : Disk BASIC Resident module
64A0H - 65A2H : Disk BASIC Input Buffer

65CAH - 66BCH : Disk BASIC Storage

66BEH - 6A44H : Disk I/O File Buffers (Default 3)
6A46H - : Start of BASIC Programs

LI T ]
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DISK BASTC RESERVED WORD JUMPS

4152H — 41AS5H :

Contain Disk Basic

reserved word vectors. 28 Vectors.

In Level II the IPL loads a Jump to the L3 Error routine in each.
The Level II Basic Reserved Word Jump Addrs are on Pages 38 & 39.

In Disk Basic they are initialised to Jumps to Addresses where the particular
Disk Basic system has the routines to handle them. These addresses change between
DOSes as the routines are placed in areas suitable to the different DOSes. The
Jumps given here are those for NEWDOS/80 Version 2.

. Address Reserved Word function Routine Routine i
Hex Dec Mod I Mod III,
4152H 16722 CVI Convert to Integer SBESH SBCEH ;
4155H 16725 FN Funcecion 57 7FH 577FH ;
4158H 16728 Ccvs Convert to 3ingle Precision S8F2H S8CRH
415BH 16731 DEF Define Variable or Function 5852H 33 3FH
415EH 16734 CVD Convert to Double Precision S8EFH T8C8H
4161H 16737 ECF End of File SECS5H SEFZH
4164H 16740 LOC Location in File SED1H AL
4167H 16743 LOF Length of File SEC9H S5TACH
416AH 16746 MKIS Make an Integer a String 38DEH 54275
416DH 16749 MKS$ Make Single Precision String 58DBH S8R 4H
4170H 16752 MKDS Make Double Precision String 58D8H 3%BLH
4173H 16755 CMD DOS Command 37FFH 37TCH
4176H 16758 TIMES Retrieving Time S8C4H 3J20H
4179H 16761 OPEN Open FCB on file 5795H 2795 H
417CH 16764 FIELD Define size of wvar. SEB3JH SEJICH
417FH 16767 GET Input file data 6E126H AOTTYH
4182H 16770 pPUT Output file data 6125H 0T 2e
4185H 16773 CLOSE Close a File SEALH SETAH
4188H 16776 LCAD Leoad File into Memory S74AH 574AF
418BH 16779 MERGE Merge File into Memory 572EH 372EH
418EH 16782 NAME FC error ; 1E4AH lEA4
4191H 16785 KILL Remove File from DIR 643CH 6415H
4194H 16788 & Convert hex to dec. 5790H 3790H
4197H 16791 LSET var to buffer pad right 5908H S38E1lH
419AH 16794 RSET Var to buffer pad left 590 9H S8EZH
419DH 16797 INSTR String search 5786H 3786H
41A0H 16800 SAVE Output to Disk $73BH 5738BH
41A3H 16803 LINE Input function 579FH 379FH
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ROM CALT. DI SEK BAS T C EX I TS

41A6H ~ 41E4H : 16806 - 16868 : 63 Bvtes 21 Vectors

In Leval II the IPL loads the first Byte of these with a Return. The DOS
will load the Addrs with Jumps appropriate to it's own System.

These Addresses are called by ROM & are Disk Basic exits. The calls from
these Routines are for Disk Basic to intercept the call from the Efunction
inveolved and give control teo the Disk Basic routine.

' Address Callsd by Routine Routine Raoutline

i Model I Model I7TI

: 41A6H 16806 LSECH = DOS Basic Errors LD A.2FH + RSTZ28H ;

! 41A9H 16809 27FEH = USR 3892H 387FH )

i 41lACH 16812 LALCH = Basic Re-entry 2169H 2169H :

 41AFH 16815 03168H = Keyboard Input 575DH 373DH

: 41B2H 16818 LAALH = Basic Input 5796H 3736H

. 41B5H 16821 LACCH = ( Basic Program liine 63B3H 633CH

i 41B8H 16824 1AF72H = ( preocessing 6 3BCH 6395H

. 41BBH 16827 LBECH = RUN, CLEAR & NEW 37B6HK 2F8FH

: 41BEH 16830 2L744H = PRINT 5438H c4liH

| 41C1H 16833 032CH = Qutput byte 5076H BO4FH

. 41C4H 16836 0358H =  sScan keyboard 63COH 5399 ;

| 4lC7H 16839 1EAGH = RUN 3746H >746H ;

i 41CAH 16842 2068FH = PRINT 5F32H 3F22H :

i 41CDH 16845 20C6H =  PRINT# 574BH SF24H '

! 4A1DOH 16848 2103H = End PRINT processing SFAOQH SF79H

i 41D3H 16851 2108H = PRINT# Cassette write SF3BH SFL14H
41D6H 16854 2L9EH = INPUT JEAS8H SESLIH
41D9H 16857 ZAECH = MIDS = 578BH 57RRBH

i 41DCH 16860 222DH = Middle INPUT,/READ 579AH 379AH
41DFH 16863 2278H = End INFPUT/READ SEB9H SE9Z2H
41E2H 16866 02B2H = System 3FAQH SF79H

—~—~ NEWDOS/80 USR ROUTINE POINTER ADDRESSES —-—-

USR No Model I Model III USSR No Model T Model IIXI
0 573AH 22330 5389DH 22685 5744H 22340 5BAT7H 22695
S73CH 22332 389FH 22687 5746H 22342 58A9H 22697
573EH 22334 5BA1lH 22689 3748H 22344 3B8ARPH 22699
5740H 22336 S8A3H 22691 S574AH 22346 S8ADH 22701
5742H 22338 SBADH 22693 574CH 22348 58AFH 22702

[ R N
WM~ ohon
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NEWDOS /80 DOS MODUILES

In Disk IPL, SYS0/5YS loads some 160 Bytes into the Communications Area
to set up pointers and parameters for the DOS. This covers 3 main areas. First
the restarts are revectored to suit the DO3. Then 2 storage areas for DATE,
TIME, interrupts, the PDRIVE and relevant SYSTEM specifications and Device
Control Blocks are initialised.

The Main Meodule of DOS (5Y30/SYS) is loaded to 4400H - SOE7H, but the area
4D00OH to the end is only used at BOOT and is overlaid immediately by SYS1/SYS
which interprets the Input of DO5 Commands.

The only SYS module, either DOS or Basic, that is over 1 gran long 1s the
DOS module SYS6/5YS which handles the FORMAT, COPY and APPEND commands. This
module uses 6 grans in an area starting at the DOS overlay area at 4DOOH and
ending at 6FFFH. This area is used for the Basic resident module as well as the
Basic overlay area so it is not surprising that use cannot be made of this module
from Basic.

Module Grans R2sidas Under Function
|
SYSO/SYS 3 44005-4CFFH DOS- Resident- Disk I/0, Interrupts etc
SYS1/5YS 1 4DOCH-:ILFFH DOS- Interprets 0DOS commands
SYS2/5YS 1 ADOCHE~31FFH DOS- DCB handlirg & RENAME
SYS3/8YS 1 4D00OH-Z1FFH DOS~- DCB handling.BLINK.BREAK,
CLOCK,LC,VERIFY & PURGE
5Y54/3YS 1 4DOOH-31FFH DOS- DOS Error messages
SYS5/8YS 1 4D00H-31FFH DOS- DEBUG
SYS6,/SYS 7 4DOOH-6FFFH DOS- FCRMAT, COPY & APPEND
S¥s57/5YS 1 4DOOH-21FFH DOS-~ TIMEDATEAUTC/ATTRIEB,
PROT,DUMP,HIMEM
SYSB/38YS 1 4DOOH->1FFH DOS- DIR & FREE
\ SYS59/5YS 1 4D0O0OH-~>1FFH DOsS—~ BOOT,CHAIN,CHNON,MDCOPY.PAUSE . STMT
| BASIC/CMD 4 5700H-64BFH BASIC- Resident Module
; SYS10/5YS 1 4D0O0H-51FFH BASIC- GET & PUT
SYsll/sys 1 4DO0OH-31FFH BASIC~- RENUM
8Y512/5YS 1 4DOO0OH->51FFH BASIC- REF
SYS13/5Y5 1 4DOOH-31FFH BASIC- ERROR Messages & part RENUM
S5Y¥YsS14/5YS 1 4DOOH-51FFH DOS~ CLEAR.CREATE,ERROR,LIST,PRINT,.ROUTE
SYS153/5YS 1 4D0OC0H-51FFH DOS—- FORMS & SETCOM
8YS16/5YS 1 4DO0H-51FFH DOS- PDRIVE :
SYS17/8YS 1 4D00OH-31FFH DOS~ WRDIRP & SYSTEM :
SYS18/5YS 1 5200H-36FFH BASIC- Interprets BASIC Commands
5YS19/5YS 1 5200H-56FFH BASIC~ LOAD,SAVE,RUN,MERGE,CMD"F"
SYS20/5Y¥S8 1 S200H-56FFH BASIC- BASIC Program executor
SYS21/8YS 1 4DOOH-31FFH BASIC- CMD"O"

“Page 26 DO S Chapter 3



DISK BAS IC I <o F I I.E COMNTROL BEILLOCKS

On entering Basic you are able to allocata space for Disk Input/Qutput
by the number of File areas that you request. This number can be from 0 to 15
(Default = 3). The syntax is as follows :—

From DOS enter the Command -~ BASIC.nh
_Also you may enter the Command - BASIC,nNV

This action saves "n" file areas for use in the Basic program. The "V"
appended to the number ©f files areas to be set aside doubles the 256 bytes of
space allocated to each Buffer. At the beginning of each FCB record in memcry
there is a block of 13 bytes which contains control information, followed by the
32 bytes of information which in turn is followed by the Buffer allocation. The
32 bytes contain :-

Byte 0 - bit 7 = Active flag 8 - EQF final sector offset
1l - access flags 9 - Record length
2 — ASC, ASE & Update flags 5,10,11 - 3 byte RBA of next record
3 & 4 - Buffer Address 8,12,13 - 3 byte RBA of EOF
3 — next record offset 14-22 - File Extents
6 - Drive Number 22-23 - FXDE pointer
7 = Directory Entry code (DEC) 24—~31 - FXDE ExXtents

The number o©f file areas is stored in the Model I in 2F88H and i1n the
Model III in 5F62H. Following is a list of Disk I/0 FCB & Buffer memory useage
for both Model I & Model III.

File Start Start Start Start Basic Start Basic

Area Record pCB Buffer Program wigh "V°" .

0 - - - 66BFH = 26303 66BFH = 26303

1 66BEH 66CBH 6 6EBH 67ECH = 26604 6BECH = 26860

2 6 7EBH §7F8H 6818H 6919H = 28905 6B19H = 27417

3 6918H 692%H 6945H 6A4A6H = 27206 6D46H = 27974

4 8A45%H 6A52H 6A72H 68B73H = 27507 6F73H = 28331

5 6B72H 6B7FH 6R9FH 6CAQOH = 27808 71A0H = 29088

6 6C9FrH 6CACH 6CCCH 6DCDH = 28109 73CDH = 29645

7 6DCCH 6DD9H 6DF9H 6EFAH = 28410 75FAH = 30202

8 6EF9H 6F06H 6F26H 7027H = 28711 7827H = 30739

9 7026H 7033H 7053H 7154H = 29012 7AS4H = 31316 f
10 7153H 7160H 7180H 728BIH = 29313 7C8LH = 31873
11 7280H  728DH 72ADH 73AEH = 29614 7EAEH = 32430
12 73ADH 73BAH 73DAH 74DBH = 29915 80DBH = 32987

13 74DAH 74E7H 7507H 760BH = 30216 8308H = 33544

14 76074 7614H 7634H 7735H = 30517 8535H = 34101

15 7734H T741H 7761H 7862H = 30818 8762H = 34658 [

Chapter 3 D O S Page 27



NDOos ROUTINES

The following is a list of NEWDOS/80 DOS Routines. The star conveys no
TRSDOS equivalent. The first column is the Entry Address. The 2nd Column is the
Jump at that Address OR a Restart 28H value. The Restart value is loaded into
"A" to be interpreted by the routine at 4BC2H (Mod III = 4B67H) which 1is the RST
28H Code.

443CH 4A3ZH 49D7H Same as 4439H and a Verify is done.
443FH 4B4CH 4AFL1H Position FCB to start of File

4442H 4B73H 4B18H Position FCB to specified Record in File
4445H 4B62H 4BO7H Position FCB back 1 Record
4448H 4854H 4AF9H Position FCB to EOF '

Entry JP/(A) Mod3 Function

402DH 4400H 4400H No error exit to DOS

4030H 43H 43H Error already displayed exit to DOS

4033H 4ADBH AABO0H Jump to device driver in DOS

4400H 23H 23H This iz where 402DH jumps to

4405H 63H 63H Enter DOS and Execute a Command

4409H 26H 26H DOS Erreor exit

440DH 4609H 45D4H DEBUG Entry point A=27H — RST28H )

4410H 65H 447 BH Enqueue user timer interrupt routine

4413H 85H 85H Dequeue a user timer interrupt routine

4416H 4762H 4711H Keep the Drives rotating |

4419H C3H C3H Execute a DOS Command and Return i

441CH 823H 334 Extract a Filespec write Filespec in FCB) i

4420H 44H 14H Open an FCB to a new or existing File !

442 4H 244 244 Open an FCB to an existing File :

4428H 25H 25H Close an FCB

442CH 45H 43H Kill a File associated with the FCB .

4430H A4H AdH Load a Program File i

4433H C4H C4d Load and execute a Program File |

4436H 49FCH 49A1H rRead Disk Sector/Move Rec-FCB to user Buff '

4439H 4A36H $308H Write Sector/Move Record-user Buff to FCB ‘
|
i

* 444BH 4809H 47AEH  Allocate File space i
* 444EH 4B47H 4AECH pogition FCB to specified RBA ‘f
* 4451H CSH CSH Write the EOF value from FCB to Directory !
* 445BH 4776H 47223H Select and power-up a specified Drive

* 445EH 47ECH 4791H Test £or a mounted Disk

* 4461H 2BH 2BH MNMame routine Engueue

* 4464H 48H 4BH Mame routine Dequeue

3
t
]
!
4467H 4BA6H 4BA4BH send a Message to the Video display
446AH 4BBCH 4B61H Send a Message to the Printer |
446DH 44A7H 3036H Convert the Time to HH:MM:SS format b
4470H 44C2H 3033H Convert the Date to MM/DD/YY format 1
4473H A3H A3H Insert default Extension into Filespec |
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MODEL I T X TRSDOS CAL LS S ADDRESSES

NAME Address Function Model I
Hex Dec Address
" SDATE 3033H 12329 Returns the Date
- $TIME 3036H 12342 Returns the Time
$JP2D0OS 402DH 16429 Transfer control to DOS
X SDATLOC 421AH 16922 Date storage location (4044H
X  S$TIMLOC 4217H 16919 Time storage location (4041H
X SCMDTXT 4225H 16933 Location of DOS command Buffar (4318H)
* SFILPTR 428DH 17037 Gats Info on any File open
* SRAMDIR 4290H 17040 Loads Directory Info to RAM
* SCOMDOS 4299H 17049 Executes a DOS command & goes to DOS
* sCMDDOS 429CH 17052 Executes a DOS command & returns
SERRDSP 4409H 17417 Displays DOS Error messages
* SMEMEND 4411H 17425 Top of Memory storage
* SDSPDIR 4419H 17433 Displays Directory of user Files
SSYNTAX 441CH 17436 Move File data to FCB
SINIT 44204 17440 Opens File FCP or creates it
SOPEN 4424H 17444 Open existing File FCB
sCLOSE 4428H 17448 Closes file last used
SKILL 442CH 17452 Deletes Directory entry
SREAD 4436H 17462 Loads next Record
SWRITE 4439H 17465 Writes Buffer to next Record No.
SVERF 443CH 17468 Same and then verifies
SREWIND 443FH 17471 Positions to first Record
SPOSN 4442H 17474 Positions File to specified Record
SBKSPC 4445H 17477 Positions to previous Record
SPOSEOF 4448H 17480 Positions to last Record in File
X * SPUTEXT 444BH 17483 Adds Extension to File name (4473H
“* SDMULT 444EH 17486 Multiplication Routine (16Bit)
“* SDIVIDE 4451H 17489 Division Routine (l16Bit)

* means these addresses are different in NEWDOS/80 (Page 28).
* means these addresses do not exist in the Model T.
X means that the addresses change for the Model I.

( The Model I address follows in brackets )
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MOD T PORT FDC & PRINTER INFORMATION

The only Port the Model I uses is Port FF. The Port has a control byte in
memory at 403DH. For Write it has the following funcrions:-

Bie O : 0 erases voltage on tape : 1 (1) writes Positive voltage
Bit 1 : 0 depends on Bit 0 : 1 (2) writes negative voltage
Bit 2 : 0 turns Cassette off : 1 (4} turns Cassette Motor on
Bit 3 : 0 enables 64 Char Mode : 1 (B) enables 32 Char Mode
Bits 4 to 7 have neo function.

The FDC uses addresses between 37DCH and 37EFH as communication bytes. All
the addresses are write only excepting 37ECH which uses 1 byte for both Reading
Status and Writing Command . The following is a list of the addresses and
functions :—

37ElH = Drive 0 Select 37ECH = Command Status Register
37E3JH = Drive 1l Select 37EDH = Track Register

37ESH = Drive 2 Select 37EEH = Sector Register

IJ7E7H = Drive 3 Select 37EFH = Data Register

The WRITE Commands for Command Register 37ECH are listed on Page 32 being
the same as Port FOH in the Model III.

The READ Command for Status Register 37ECH are dependent on the command
type but in general are :-

Bit 0 - If set Disk Controller BUSY : Bit 4 - If set Missing Record
Bit 1 - If set Data Reguest active : Bit 3 - No function
Bit 2 - If set Lost Data : Bit 6 - No function
Bit 3 - If set CRC Errcr : Bit 7 - If set FDC Not Ready

The Model I uses memory location 37E8H as Printer control byte. It has the
same Read & Write functions as Port F8H in the Model III (Page 33).

P R R I N L L R R ]

PMCS80 & VIDECO GENIE & SYSTEM 80 PORTS

The System 80 has some differences in hardware to the TRS-80 including Port
usage. Ports FF and FE are used for Cassette operations while Port FD is used
for Printer operations.

Port FF has exactly the same functions as in Model I. With Port FE. the
Cassette Number Select Bit is Bit 4. If set the Computer uses Cassette No. 2, If
not set No. 1. .

In Port FD. Bit 7 returns the Status of the Printer when READ, and to WRITE
a Byte to the Printer uses all 8 bits) send the ASCII to Port FD.
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MOD IrIITT PORT FDC &= PR INTER ITINEFO .

The Model III depends on Ports for all Floppy Disk Controller FDC
Printer, RS-232C, and Interrupts functions as well as Cassette switchings 32 Char
Mode, Video waits and Char set control. Thus bytes in the 37DCH to 17EFH area set
aside for I/0 in the Model I are not used in this way in the Model IIT excepting
37E8H, the Printer status byte (same as Model I.)

Some Ports have specialised functions. For example, EOH is the Interrupt
control Port. It is read by the Interrupt Service Routine to find which dewvice is
interrupting. E4H is the Interrupt request Port. E8H, E9H, EAH and EBH are device
control.

Note:- INTRQ = Interrupt request: DR = Data reqguest.

— PORT Bit READ i-Bl’.t. I WRITE
o Cass 1500 BAUD Rising Edge Int ! 0O !D = Disable: | = Enable
EO 1 | Cass 1500 BAUD Falling Edge Int|{ ! |0 = Disable: | = Enable
224 2 Real Time Clock Interrupt E 2 fO = Disable: 1 = Enable
3 External [/0 Interrupt i 3 {0 = Disable: | = Enable
Control 4 RS232 Transmit Interrupt ! 4 ' No WRITE function
Byte 5 BS232 Receive Interrupt ! 3 =_yo WRITE function
At 6 RS232 Error Interrupt | 6 !0=Disable: I1=Enabie Nisk INTRO
4213H 7 | No functian 7 ! 0=Disable: l=Enable %i.x ORQ ;
— PORT Bit RE AT ]iHit ; WRITE i
0 Ne READ fonmatian tnoo Wrrting 10 !
E4 1 No REaD - wotion . i ! o Part Fa ,
228 2 | No READ (. t:nn 2 ' disables :
3 No READ it :n i 1 Syak T/ ;
4 No READ runczion P ron- :
Inter'pt! 5 RESET is pro--sed bon measkab e !
Request 6 Disk DATA Request active E 6 inLerriipLs i
Port 7 Disk INTERRUPT Request active ; 7 ;
L PORT READ - . : e WRITE — |
! I
E8 MODEM Stat.s ! CART Heset E
232 : :
L PORT READ ' cer . WRITE
| |
E9 BAUD Rate StLat:s :r BALD Rate Register ]
233 ! l
-— PORT READ E WRITE :
EA UART Status I'ART Control Register !
234 !
— PORT CREAD - - - - , WRITE ;
EB UART Receive CART Transmit !
235 |l
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MOD IITIT PORT FDC & PRINTER INFORMATION

Port ECH (like Port FFH) is a multi function Port.
ECH has no function for Read other than an interrupt clear.
FFH has no function for Write other than Cassette Bit savinhg.

Port FOH is the FDC Status/Command Register as the byte
at 37ECH is in the Model I,

— PORT Bit READ Bit WRITE
0 No Read function 0 Clock Print en
EC 1 except 1 Cassette MoLor on
236 2 That a Read 2 32 Character Mode
3 0f this Port 3 Altnerate Char. Set toggle
Control 4 clears 4 External I/0 Bus enabled
Byte 5 the RTClock 5 Video Waits enahbled
AL 2} Interrupts () Speed-up : Set = *2
4210d 7 7 No function
— PORT Bit READ 1 WRITE
0 If set Disk Controller BUSY
FO 1 If set Data Reguest active Gee the
240 2 " " lLeost Data Chart E
3 " " (R Frror following i
FDC & "M Mps.ing Record tor !
Command 5 No funet:on letalls '
/Status 33 " !
Port 7 If set Fhiuntroller Not Ready;

Write values to Port FOH (240) in Model III or Z7ECH 1 Model I :-

FUNCTION 7,6,5 Rt & Bit 3 Rit Riv CRUS
Restore coo | = ) j) CTrack stepping Rale é
Seek 0co | = ! Y 0= No YooNobt Laed Py = Ams ) 9 = 1ims i
Step Head 061 Y 0= Ir.ack ) Verify ) y i=ler2N) | o= 20ms i
Step Head In 010 > fpdate Y1 o= ) ) J i
Step Head Out ©O11 ) 1= o !'pdate) Verify ) } )j
Read Data 10¢ ) "= . ~ector ) 0 sNonIBM)O=NoHdSettle| = 0 I =0
Write Data 101 3 1 = MultSect) 1=IBM Fmt)1=10msHdSetl] = Address Mark
ReadAddrField 110 ! = I =0 1 =1 I =20 | =20
Forcelnterrupt 110 | ER | NoConditslonIndexpulse|Not Readylon Ready
Read Track 111 = | =20 ] =1 i =0 | =10
Write Track 111 | = I =10 | =1 b= 0 | =0

Note:— ) den-r-a2s multiple application.
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MO T TT PORT FDC & PRINTER INFO.

The Ports F1lH,
Registers.
37EEH, and F3H the same as 37EFH.
to be used.
or Wait state to use.

F2H.,

F3H and F4H are Floppy Disk Controller
FIH has the same function as 37EDH in the Model I, F2H the same as
The first 4 bits of Port F4H select the Drive
The top 4 Bits tell the FDC what Density, Side, Write Compensation

— PORT READ WRITE
F1 Track Register
241
— PORT READ WRITE
F2 Sector Register
242
}— PORT READ WRITE
F3 Data Register !
243 |
+— PORT Bit READ Bi WRITE |
0 No Read function 0 Select Drive O i
Fa 1 No Read function 1 Select Drive 1 :
244 2 No Read function 2 Select Drive 2
3 No Read function 3 Select Drive 3
Select 4 No Read function 4 O=5elect Front Side, l=Back _
Port .. 5 No Read function 5 Write Compensation Enabled ;
. 6 No Read function & Wait States Enabled :
7 No Read function 7 0= SingleDensity.l= Double E
l— PORT Bit READ Bi WRITE :
o No Read function 0 !
F8 1 No Read function 1 ASCTI ’
248 2 No Read function 2 (7Bits)
3 No Read function 3 to
Printer| 4 If set Printer has Fault 4 Printer )
Port 5 If set Printer is Selected 5 ;
6 If set Printer has no Paper 6 :
7 If set Printer is Busy 7 Not used !
L PORT Bit READ Bi WRITE
0 If set 1500 Baud Rate enabled 0 If set Positive Voltage toTape |
FF 1 If set Cassette Motor On 1 If set Negative Voltage toTape |
2535 2 If set 32 Char Mcde enabled 2 Nc Write function !
3 | If set Symbol Chars enabled 3 No Write function |
4 If set Ext I/0 Bus enabled 4 No Write function :
5 | If set Video Waits enabled 5 No Write function !
6 No Read function 6 Ne Write function '
7 If set 500 Baud Rate enabled 7 No Write function
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TRS—80 INFORMATION
CHAPTER 4

INITIALISATION

T M ™ T T e e e e S e

INITIAL PROGRAM LTLOADER

In this Chapter we examine what happens when the reaset button is pressed.
The Code here is called the Initialisation process and the code concerned is
called the Initial Program Loader (IPL). For Lavel II initialisation the code is
from the TRS80 Model I (the old RCM).

From cold start the computer starts reading the ROM at GO000H. The code in
the following pages explains what then happens.

Firstly the Level Il Initial Program Loader is explained and the code which
is involved is disassembled with remarks.

Then the operations involved with the IPL under Model I DOS are similarly
examined. Then the Mcdel III Boot Sector is disassembled. The c¢ode involved in
the Model III from 4300H to 4348H is nearly an exact copy of the Model I code
from 4200H to 4255H but from this point on the codes differ. Disk access in the
Model III uses Ports whereas in the Model I the controller is memory mapped. So
it might help to read both explanations up to this point as they complement each
other.

The TRS-80 uses only IBM format for its disk storage. This entails the
existence of a particular pattern of contreol information between the sectors on
the diskette. This information is invisible to the user except with very
sophisticated utility programs.

The numbers to the left of the address in the disassembly denote how many
times that address is referenced. The extra number immediately following it (
e.g. 43ASH on Page 52 ) indicates that 43AS5H is not referenced but that 43A6H
is.
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TPL — LEVETL ITI

Addr. Code Instruction Function
0aocdH F3 [ i Turn off Interrupts
OCC1iH  AF XOR 4 ; Clear A Reg and Flags
2C02H C3 74 b JB O TO574H i Go to start of IPL processing
S e to 0674H

1t 0&74H D3 FF OUT A&, 0=FkH i Load Cassette Port with 0

1 0&76H 21 D2 06 LS HL L, C46D2H i Addr. of seguence to be shifted
0&79= 11 00 400 LD DT 4000K i Start of Communicatlions Reglon
Cs7CH 01 246 C0O ch BCLDC346H i No. Bytes = 54
067FH  ED 20 LOIR i Move 06D2-0707 to 4000-4035
g3l 3D czC A i 0 = 256 reduced by 2
g&82H 3D CZC2 4 ;o till ie is 9
Q&B83H 2ZC F1 SR ONZCe78H i Do it 128 times
0D&8SH 0& 27 _2 B:2Z7H i Load 39 addresses

1 0s87H 17 3 (CE: D i (402326-4062) with "A™ (=0)
Je8B8H 13 INC DE i Incr. destination Pointer
D&EFH 10 FC TUNZ 0&87H ; Go back if B <> 0
&8R4 34 40 39 -7 4A,{3B40H) ; Test for Break key pressed
O0&L8EH Z45 T4 ANT TaHE ; Eliminates all except Bit 2
0&7?80H C2Z 75 OC J2 0 NZLTO75H i Go to Lewvel II IPL
J&673H 31 70 40 -2 =8,4070H ; New Stack area
10696+ 34 =EC 37 -2 AL, {37ECH) ;i Load Disk Status
25994 3C NToa o ;i Test 1f Expansion Interface
0D&94H FE 02 I B ; & Disks present

A&FCH  GCa 75 OC A =,C2075H 7 Go if not Disk to Level I1
L e e e e e e e e And so on to Q0075H. :

The first of the Communications Area 1s set up with the proper
addresses. It is remarkable that the ROM does this 128 times. The reason for
this is to make absolutely sure that Restarts and Device Control Blocks ara
properly initialised (Memory power—-up delay).

The area 4036H to 40624 is zeroed, and a test is performed to see if the
Break key is pressed. If so, there is a jump to Level II IPL.

The stack is then set to 407DH. The stack overwrites most of the area
between 405DH and 407CH in the IPL in Level II. This is the storage area in the
DOS for a subroutine and the parameters for time checking and printing and is
free for use in Level II by USR routines from Basic.

The test for the presence of an Interface is then carried out. This is done
by reading the value in 37ECH. If it is not present, the value returned will be
FFH. The value is incremented to give a Carry when compared with 02H so that
control passes to 0075H.
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IPL. — LEVEL TIT

addr. Code Instruction Function
2 ag7%sH 11 840 410 LT DE,4n80 i Load into 4080H - 40A6H
50784 21 FY 12 A TR L . | S i from 18F7H - 191DH
gaveH g1 27 47 L3 g2C,ac2? i 39 Bytes of Division
goveE-  ED RC -2l ; support routine, data etc.
gaegH 21 ES 41 L HL,41%3 ;7 More initialisation
og083H  3& 3A 0 () s 34H ; 41ES5H = 3A Start of Buffer
ggesH 23 INC L ; Move on to 4lE6H
agssaH 7O _J (-l .2 ; 41E6H = 0 Buffer code
ggca7H 23 TNC L i Move on to 4lE7H
gogsseH 26 2C LD vy, 2C i 41E7H = 2CHir code
gosad 23 INT HL i Move on to 4lE8H
gosBH 22 A7 4T _Z  {4AZA7H) ,HL ; Basic Input Buffer Pointer
aggegH 11 20 Ol ~J 0DE,012D i Address of L3 Error
Qn21+ 06 1C L2 By iCH ; 41%2H - 41A5H = 281
gge3H 2t %92 41 LD ML, 4182 i Move on to 4152H & load
1 0O0%&H 34 C3 o (ML), C3 ; Jump instruction
goeeH 23 INT HL i Move on one Byte
0oeeH 73 o ML) GE ; load 2DH
ogfaH 23 NCOHL ; Move to MSB
aogBH 72 _3 0 (HLY DB i load 01lH
QascH 23 NI ML ; Move to next C3H Address
J09DH 130 F7 __NZ O0D%&H ; 28 Times ( 84 locations )
0ogFH4  Bs L 2 B,15H i Loop count of DOS exits
1 OCAlH 3& C% -J (HL)-C" ; Load a Return
0gJA3H 2 INC HL ; every 3 Bytes
COa4H 23 INTOHL ; changing DOS Exits
JoasH 23 NC ML ; from Jump to Return
‘O0BssH 10 79 ToNZ CRALH ; Repeat 21 times

Division support routine is locaded from ROM to its address 4080H.

Address 41ESH is loaded with code that loads the register "A" with the
contents of Z2CO0Q0H which in the Model I contains D3H (211).

The Basic Input Buffer pointer {40A7H) is set to 41EB8H.

A jump to the L3 Error (Disk Basic reserved word jumps) routine is put
at the addresses of the DOS Reserved Word Jumps.

Then the ROM Call DOS Exits are plugged with a C9H (Return).
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addr.

00AEH
goaBH
JoACH
gaarH
goBzH
2 COBSH
00BaH
ooBRH
ogoBEH
00COoH
00C1H
goczZH
oaoc4aH
1 80C74
gacaH
0OC?H
gocaH
goccH
gacoH
COCEH
gocFH
ooopaH
QGOtH
goD2H
ganaH

The byte at 42E8H is zeroed for start of Basic Programs.

Code

1
i

70

4
L

Cco
Co
Z21
Cco
CD
38
oY
87
z0
21
23
7C
25
28

—

47
ZF
77
BE
70
z8
18

F3a
ar
C?

M
[

A7
83
FS

12
4C

13

= T}
L LI

47

41
i3
01
a1
28
iB

43

I

C
C

C

ReT

C

A

TP L -

nstructilon

0 Hi_ s 4Z2E84H 3

S50 (ML) 2

0 E2,41F8H i
ALL
AL
o HL,3135%5H ;
Al
cAabL

L38FH
J1C9H

2847H
1BB3H
= C,00B5SH
17H

R A

2 NZ,00Dé&M ;
Lo HL434CH ;

NC oML

3 A,H

= Z,00E7H
J&, (=)

2 Bih

L

J (HLY A
= CHL D

J (HL) B

< Z,800C7H
= JoOE7H

LEVEL

IT

runction

Store 0 in 42E8H.,

the byte

; before start of Basic

Stack Address during IPL

; Initialise Basic pointers
i Clear Screen

Print Message
User Input of Memory Size

1

1

i If Break go back
i EXamine response
1

Clear Flags

; by testing

until

" HL = 0

ASCII pointer "Memory Size"

Go past if Constant (val>0)
If val = 0 get TOPMEM

i If 0 then go & store

; Store original contents

; in B for replacemant

i Complement {(gives test byte)
i Place test byte in Address

; Compare test byte
i Restore original
;i If CK keep going

;i Else Address is nonh-existent

This situation is

checked by the ROM when the start of Basic is reset or reinitialised.

The Stack is set temporarily at 41F8H.

Basic Pointers are initialised in 1B8FH.

The Screen is cleared by a ROM call to 01C9H.

And the message "Memory Size" is printed at the top of the Screen by another

ROM

call at 28A7H.

The computer then waits for an Input (terminated by <ENTER>) of the Memory
Size wvalue.

pagel

If a wvalue

is entered:

the computer Jjumps to O0DEH
If no value, the Memory is tested as to how much is present. In a 48K

{the next

Computer, this accounts for the delay if no Memory Size is entered.
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Iri — LEVEL TI
addr. Code Instruction Function
1 00OD&H  CD 54 LE CaLL 1=5AH ; Get Binary egquivalent
googH  B7? OR 4 i Clear flags
oo0pad €2 97 19 JF NZ»1797H i Syntax error 1If no value
gopDH  E8 =X SEHL ; TOPMEM plus 1 into HL
OJODEH 2B ceEC  HL i less 1
COQFH £ gF ] AL BF i Comparison value
J0E1H  46b6 L3 2, (M) i Store contents in B
Qoezd 77 Lo (HL Y 2 B i Poke test pattern
DCE3H BE CR {HL 3 ; Compare test byte
OOE4H 70 L0 (ML) 58 i Restore original
OO0ESH 20 CE <R NZ,O0OBSH ; Memory not present go back
Z 00E7H 28 DEC  HL ; Amount Memory less 2
goE8H 11 14 44 2 DEL4414H ; DE = 17428
OoOoEBH OF RST 18H i Test for min amount of memory
OOECH DA 74 19 J= C.1976H ; Out of memory 1f carry
OoEFH 11 CE FF () DEFFCEHM i = default String space
goFzH 2z 81 4C o (40B1),HL ;5 Store TOPMEM
agarFsH 179 A00  HL,DE i Subtract String space
garFsd 22 A0 40 =J {40A0)HL ; Store start of String space
gaFsH €D 4D 1B el 1B40H ; Initialise Basie Var. Peolnters
COFCH 21 11 01 .2 = 0111 ; ASCII "Radio Sshack"
goFFH  CD A7 28 ALl ZBAT7H i Print message
g1gzH4 €3 19 1A -3 1A419H i Go to Ready & Command mode
1 Q105SMH 4D 45 4D 4F 52 59 etc i "Memory Size" + terminator
1 D111H B2 4l 46 4F 485 20 BEtC i "Radio Shack etc." +terminator

The code at 00D6H calls a routine at lESAH that converts the HL value
(HIMEM) to an Integer and returns the result in DE with the A register holding
the Error condition. If A<>0 an error OCCUrs.

‘If O.K. the value is transferred back to HL, decremented, tested.,
decremented again, tested for the minimum amount of Memory, and the value
(HIMEM) stored at 40BlH.

Default String space is set. the String boundary is set, and the other
Basic pointers initialised.

Radio Shack Level II ( or in the later Models R/S etc ) is printed and
control passes to the Command mode.
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MODEL I — DOS ITNITIALISATION

In this part we examine what happens when the reset button is
pressed in DOS. On Page 36 the ROM was disassembled until it branched to
the Level IT IPL. The code starts from there.

The Disk access by the IPL is handled in a differant way to normal
DOS I/O. The Boot sector is loaded directly into its execution address
because of the absence of control information which is always present in
DGCS I/C.

) Later we will disassemble the Boot sector and see how 1t loads
(SYS0/5YS) to start the DOS initialisation process. But first to carry on
from where Level I branched off :-

Addr. Code Instructlon Function
J69CH DA 7% CO L2 C.0O7%H ;i Go if not Disk to Level IX
F and sco to the DOS IPL
J67FH = 01 _3 451 ; Unit Select Mask for Drive 0
NDaa1H 32 21 37 O {37EL1H} A 5 Select Drive 0
Osa4aH 21 =C 37 _>  H=L,37ECH 5 Addr of Commaend/Status Register
0&A7H 1 EF 37 J) 2E,372FH 5 Addr of Data Register '
geapH 385 02 I I ; 3 = Restore to Command Reg
O0saCH  Od: 20 3C T 27T,0 ; Delay Count = 65536
J&AFH  CD 60 ZE Ta_L CTO40H ; Delay for 1 Second

1 3&82H CB 46 207 25 (HLS i Test if Controller busy
C&B4H 20 FC 42 NZO4LBZH 5 Loop till not busy
CL&BEH AF KO= 4 i Zero A and clear flags
Ce87vH 32 EE 37 _2 (27EEYH)Y,A ; Make Sector Reg = 0
O&BAH 1 00 42 LT BC,4200H 3 Addr te read Data to
J&BDH  3E 8C 3 4A,B8CH i 8CH = Read Command
g&6BFH 77 3 (HLY LA i Read Track 0, Sector 0

2 D&COH LR 4F 31T L {(HD) ; Test if Data ready
g&eczH 28 7 J2  Z,0&COH : Wait until Data there
0&CaH 14 -0 a4, (DE) ; Get next Byte from Data Reg
Q&CsSH 02 T AB3CYsA ; Transfer to 4200H plus in RAM
05Cs&H  QOC INC C ; Increment Buffer Pointer
C&C7H 20 F7 J2  NZ,0hkCOH ; Do till € = ¢ ( 256 Bytes )
oeCoH  C3 00 a2 B AZDOH ; Transfer control to BOOT Sec

Drive 0 is selected and after a delay, the Disk controller is tested to see
if busy. When free, Track 0 Sector 0 (the Boot Sector) is read and written into
memory at 4200H. When 256 bytes have been read, control is passed to the Boot
sector in Memory.
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MODETL I BOOT SECTOR

The Boot program 1s now 1n memory at 4200H. As the last line of the
code on the previous page shows:, control is transferred to the Boot sector
immediately it is lcaded.

In the 6th Sector of the Disk is the SYS0/SYS program. This is the code

that prints the logo for NEWDOS/80 on the screen, and initialises all vectors and
addresses to the right values for DOS to execute correctly.

SYS0/S5YS 1s made up In the first part of all these addresses and values
g0 that until it starts at 4400H there is no continuous code, only odd addresses
and parameters. (The only exception is the code at 4063H (Modl-d44ADH) which
converts a HexX. value 1n DE to ASCII and stores it in (HL).

The Boot sector loads SYSO/SYS starting at 4000H. The following is a

diagram of what the start of Drive 0 Drive Relative Sector 5 looks like using
Superzap i~

Tells the compu=esr to load
This is how many Bytas incl 2 Address Bytes (11 bytes)
rAddress w2 load DATA to

! 2ATA (9 bytes)

[ | and a :
! - E gain
L i |

00 - 01 GB 0C 4¢ oIz 4B C3 09 46 C3 5T 435 Tl A= T

10 - 40 C3 00 44 rZoan EE C3 DB 4A 22 IE 40 Qo oo

1

arnd aga:in

Mote :~ Beacause the 2rd »vyne 15 i1l then 9 byrtes =
If the 2nd byte

oo
it

then 1 byte 15 loecad
If the 2nd byte then 254 bytes are lo2aZ
If the 2nd byte then 256 bytes are loaded
This is because address bytes and the lst data oyte are loaded before the
counter, the Register C, 15 -ested to see if it is zero.

| R AR

5
=

1
1

We now consider tre 300T sector. It is disassembled and explained on
the next page. Unlike the ore..ous load, the Boot sector loads 5YS0/SYS into the
Sector Buffer. The c<code2 .5 then transferred to its proper address in
memory. The BOOT Sector --arges depending on the characteristics of the

diskette. However, there 1z ~> real change in function, only in parameters. e.g.
single/double sided etc.
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MODEL I — BOOT SECTOCR

aAddr. Code Instruction Function
4Z200H 04 NOR i No operation
47014 FE 11 P Lre : Recognition Code + 17 = Dir Sector
4203H F3 B ; Disable Interrupts
4204H 21 EC 37 .0 H_.3TSo 3 Command/Status Register
4207H 3& FE LD (HL) ,==H : Code for Reguest ) Activate
42094 346 DO o & _}).TCH ; Terminate Reguest ) Drive
420BH 23 [NC  HL i Move to Track Reglster
420CH 36 00 Lo By, 20 3 Track O
4Z20EM 23 A ; Sector Register
420FH 34 00 LD =L}, 0O ; Sector 0
472114 11 0% 40 o ©Z,0535M ; D=Track=0,E=Sector=5
4214H B9 ZAK ; Alternate Reglsters
42154 31 EO 41 Lo 28,4 1EJdH ¢ Set Stack to Comm. area
4218H 21 FF 351 =z 1 ,S1FF4 i Set HL to Sector Buffer

1 421BH CO 92 42 Capl 4FZSZEH i Get lst Sector
421EWM FE 20 .= JCM ; Set or not Carry Flag
4220H 47 ~ 2 S04 i Store fc?t 422CH
427214 20 29 T T AT4TH i Go to Error handling if > IFH
427234 57 _I. O34 i If byte »2 & <32 load to RO
42244 (LD 52 472 R R B ; 2nd BRyte (lst area = 0BH)
4227H 4F o i i Store No. of ZSyras
427284 C0O S2 42 I LIz I= i Get 3rd ste ilzc area = I
427BH  5SF : <. i LSB of Addrass =35 Load wo

After the lst byre "NOP" is a recognition I2d2 "TE" and tha Directory

starting Track. This value is used by NEWDOS/80 as we.. 35 1ts 2WN record In the
3ird Sector - the PDRIVE specifications.

HL is pointed to the memory address whion ~as ~rs poos
the status of and WRITing --mmands to the Floppy DTisk - ontroill
FDC is activated by a reguest. This starts the drive moror o
request for termination 1s sent. HL is moved on to tha Inrer MEmory 1o<:
FDC information. The Track Register and the Sector Reglister are set to track 0
and sector 0. DE is loaded with the track and sector number that will be requlred
for lecading the SYS0/SYS program. The HL, DE and BC register palrs are stored
by the EXX for use in the Iisk-to-sector buffer load and the primed ones are
exchanged for sector buffar-ro-memory load.

The stack is rel-cared to the communications area. HL is pointed toO the
sector buffer address. The ~3ll to 4252H increments the value in L and since, in
the first instance, L has bsen loaded with FFH, the RET NZ allows the
disk-to—sector buffer load. pefore return from the load the the value read from
the first byte in the sect-r -uffer is checked and if greater than 31 (1FH) an
error routine clears the screen, prints 'NO SYS' and locks up. If <31 the value
is loaded intoc B for DJNZ :rnstructions to decrement and determine the flow.
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MODEL I BOOT SECTOR

Addr. Code Instruction Function
422CH 10 172 DJNZ 4240H i IE lst byte <> 1 go to 4240H
H Sector buffer-to-memory transfer
LZ722EM CO 52 42 CALL 4292H ;i Go & read MSB of
42314 57 Lo D.,a ; Address to load to
42324 GO CceEC  C ; allow for 2 Byte Addr in
42334 0D ogeECc € i count of Bytes to be loaded
42344  ZC INC L i Move along in Buffer
47235H CC 55 42 CaALL Z,4255H i 1f end Buffer load another sector
4238H TE LD A (HL) i then load DATA Reg
4239H 12 LD (GE) A ; into Address in DE.
423aH 13 INC DE i move Address on
423BH 0D DEC C i 1 Byte less to load
4Z23CH 20 F& - JR NZ,4234H ;i if more go back
423EH 18 DB JR 4218H i or go load another arsaa
1 4240H 10 F9 DJINZ 423BH i If lst byte <> 2 load to ROM
; Get transfer address and execute or Error
4242H CD 52 42 CALL 4252H i else read next byte
4245H 57 L0 DA ; MSB of transfer address (4DO0OOH}-
4246H 1A L0 A, (DE) i Check if contents of 4DOOH
4247H FE AS ce ASH ; is ASH
AZ249H 13 [INC DE ; Move on to 4DOLlH
424AH DB ' AUSH DE i To stack : if OK return to
424BH (8 RET Z i transfer addr. or error
1 424CH 21 ES 42 LD HiL,4ZESH 3 'NO 5YS' ASCII
4Z24FH C3 C3 472 JF 42C3H ;i Go to Error routine.

...................

If the first byte is not 1 or 2 and is less than 32 then the value is given
to 'D'. The DJNZ at 422CH branches the program to the DJINZ at 4240H and this
passes to 423BH. The code loads the data in the buffer intc an address 1n CE
which is in the 300H to 1FFFH range. This allows an ASCII heading at the start
of a file. "

After storing a machine language program on Disk the DOS adds 02 02
%X xx where the first 02 is the end of program code, as explained above, the
second 02 is a byte load count and XX XX is the transfer address. If the call
at 421BH reads an 02H then the DJINZ at 422CH plus the one at 4240H cause a
fall through to 4242H. The MSB of the transfer address is read and the contents
of this address is checked to see if it is ASH. If so control passes to the
transfer address + 1l. If not the 'NO SYS' error handling routine executes.

The code 4234H to 423CH handles the load from the buffer-to-memory. If

the load continues across sectors the call at 4235H tests for the end of the
buffar and loads another sector.
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Addr. Code Instruction Function

5 4252H 2C INC L i Move on 1 Byte in bhuffer
42534  TE LD A (HL) i Store in A
LZS4H  CO RET NZ 7 Go back if not end of buffer

; load & new sector intco the buffer
1 42%%H 09 EXX ; Alternate Regilsters

42546+ 04 0OA LD 2:048H ; 10 error tries
1 425%8H 21 E1 37 D HL37E1H i Drive control Reg
4258BH 346 01 LD (HIZY S, O1H ; select DPrive O
425DH D5 PiJsH DE i Store both Track# & Sector#
AZBEH . CH ALSH BC ; and error count
w28FH 7B ' i) a,E ; check sector count
L4760H D& CA S22 OAMH ; 1s 1t more than 10 ?
426Z2H 38 CG3 JR C,4287H ; if not jump
4Z254H  SF 3 A i If so subtract 10
AZHBH  3& 0% ‘0 (HL) »09H i select Drive 0 . _. Lo 7
IO4Z467H 21 ZC 37 Lo HL s 37ECH ; Command Register -
4AzZ68H  CO CE 47 caLL 42CEH i Delay - get ready
4760H ED 93 =E 7 2 {37F=H)Y 25 ; E into Sect Reg : D=Data Reg
42714 36 13 Lo (HL ) » 18H i 27 = SEEK Track 0, 20ms step
42734 (D CE 42 ALl 4Z2CEH i Delay
4z276H 346 88 2 (HLY ,88H : 136 = leocad 1 sector IBM <m=<
4778H 11 EF 37 3 JE s 37EFH ; DATA Register
427BH (01 00 51 0 3C,5100H ; Buffer
427EH  CD 27 472 TALL 47074 i Delay

This subroutine (4252H-42B8H) reads a sector from Disk into the seltor
buffer. In the lst read HL is loaded with 51FFH at 4218H. When L is incramercad
its value is zero and the program falls through the RET NZ (4254H) to the z&couor
buffer leoad.

The registers are alternated, the error count is set to 10, Drive 97 :s
selected, the Track number, Sector number and Error count are stored., and if the
Sector count >= 10 then 10 is subtracted and Drive 0 again selected. The 2 here
instead of 1 probably has a connotation of side.

A delay ensues to give the drive time to be ready, the sector number E
is placed in the sector register and the the data register 1s zeroed. The
command register receives a SEEK instruction and after a delay is asked to load
a sector. DE is pointed to the data register. BC to the start of the sector burfer
and there is another delay for the FDC to become ready.
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Addr. Code Instruction Function
1 42B1H = _3 Ay (HLY i Status of Drive
47282H £4 83 _ AND 33 i lesave Bits O, 1, and 7
42B&H  £2 B1 42 JP 20,4281 i if Bit 7, Drive not ready
4L 42Z2B7H 1A 0 &, {0 i Transfer Data to
4a72868H 02 _2 (20 LA ; Sector Buffer
4289H 03 INC 3C ; move on in the Buffer
1 428aH C &= 217 ZoaouHL G i If not busy
473CH CZ B7 42 22 NEGAZBTH move more data
L28FH 3 4E 3T I 1 i Wait till the
4291H (02 87 42 S5 NZAZ37H Status Reg
L294H B 4E = i has Data read
4294H 21 EF SR NZG2Z87H request
4298H CB 464 217 2 iHL) i If Drive is not busy
42944 28 08 = 2 4ZA4H4 gOuees
42F9CH CB 4E 2LT L HL) i Test again for
429EH 20 E7 . NZLZBT7H 5 data request
4ZAOH C3 7E =IT 7, ML) i Test if Drive is ready
42082H 28 ES = ZoAZEAH ¢ Iif so qo try again

This code reads data from the disk into the buffer. The Data Register (DE)
contains the byte placed there by the FDC after the required instruction !s sent
to the Command Register (HL).

) The locp 4281lH to 4284H walits for the FDC to be ready. Bit 7 = not busy
reading data from the disk. Bit 0 - ready and Bit 1 - not reguesting data to
be read.

- When activated the controller instails a data byte 1n address 37EFH
(DE} and sets Bit 1 of the status register {37ECH). It resets bit 1 when 27EFH is
read. The data byte is rtransferred to the buffer address 1n Memory (BC)

The status register is read to see if another byte of data is ready (Bit
1). The command register is given a read command and if all bits except 0 and 1
are zero then no errgr exists.

The status checks from 428AH tc 42A2H give the FDC time to fetch some
more data and signal by the bits in the status register that it has done so and
is ready for the data register to be read again. '

If it fails all tests then there is either an error or the buffer has been

fully loaded and control must pass to either the data transfer to memory routine
Or an error routine.
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Addr. Code Instruction Functiocn

1 42A4H 7E ! 8, (HL)Y ; Store status in A
4285H 34 00O LD {(HL),0D0H ; Interrupt Command
42A7H C1 20 BC ; Restore original
42884 D1 FOF = ; values for next time
42A9H E& FC aNn  CFCH i all but Bits 0 & 1
42ABH 20 GC iR NZ 4ZBFH i 1If error/not ready Go
azabH  1C INC = i move sector # on
A7 BEH 72 Lo PP i if < 10 then
4ZAFH D& OA 548 0AH ; go through
4ZB1H 20 Q3 4R NZ,4ZB&H ; else incr Track
42B3H 14 NCC ; & set Sector
472844 1E 0O0 '3 <, JaH ; to 0.

1 4ZB&H D9 ZXX i Back to other Reqgisters
LZB7H  7E o A, (HL) ; contents of buffer into A
4a7B8H (9 sz ; & go back.

L e e e e e e Tast if all Errors used

478%H CD D7 4z TL_L 42D7H i Delay

42BCH 2& OB -2 tHLY . 28AH i Restore to Track O
42BEH 10 98 T_oNZ 472384 ; 1f B <> 1 start again

when the sector is fully read or some error has disrupted the Input the
FDC is given a stop (force interrupt) command. This allows the FDC to go 1into an
inactive state and. turns the drive off after a wind down delay.

The status is read and by eliminating bits 0 and 1 (42A9H) the error
status is found. If an error exists the code afrter a delay tests to see if all 10
of the value of errors in B are used and if they are the program falls through
to the 'ERROR' message.

1f there is no error the sector number is incremented and tested as to
whether it is 10. If it has then the sector number is zeroed and the track number
is incremented. If not there is a relative jump across this code,

The registers used for the buffer-to-memory transfer are restored and
the disk-to-buffer registers are stored as the primed ones. The first position in
the sector buffer is loaded into the A register for analysis on return and the
program returns to the code which made the sector buffer lcad call.

If there is an error control goes to the delay. If all errors are not used

we go back for another try. If the error count B=0 the program falls through to
error handling.
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Addr.  Ccode Instruction Funcrion

; ERROR handling
42C0H Z1 DD 42 - HL ; 4200H ; 'ERROR’ ASCII

i Errer print and lock up routine

3 42C3H 7E LD Ay (HL) i Read the byte
42C4H  FE O3 ZB 03+ ; if it is 3 go into
472C6H 28 FB8 JR Z,42C3H ; an endless loop.
42C8H 23 INC HL i else read
42C9H CO 33 0C CaLt 0033H i & Print
4ZCCH 18 FBS 4R 42C3H ; more.

H After a delay, test for busy
42CEH CD D7 42 CALL 42074

—

Delay subroutine

1 42D1iM CB 46 BIT O:{HL) ;i Test for busy
4203H 20 FC AR NZ,42D1H i If so wait
42DSH 7B =D &, (HL) ; Get Status value
420&H C9 aET ; & Return

i Delay subroutine
3 42D07H  3E 04 e A, 0bH i Delay

i 42094 3D -z A i just
42DAH 20 FD o= NZ 42094 ; 50 Microseconds
4Z0CH C9 =I7 ; and go back
3 ASCII storaqge
1 4Z2DDH - 42DEH 1 L ; ASCII - Home & Clear screen
42DFH - 42E3H 4% SZ 52 4F 92 i ASCII - ERROR
42E4H 03 ;j EOR - terminator
1 42ESH = &42ELHH 1C 1F i ASCII - Home Cursor & (Clear
4R2E7H - 42ECH 4E 4F 20 53 59 53 ;3 ASCII - NO SYS
4ZEOH 03 ;i End of message.
A2EEH = 42FFH ; Garbage

The delay loop loads A with 6 and decrements it to 0 with a delay of
about 50 microseconds.

The routines calling 42CEH first go to the delay subroutine, then there
is a FDC test for busy which holds up execution until the bit which holds the busy
sighal is not set.

The error handling routine prints the message (either NO SYS or ERROR),
then when finished goes into an endless loop te lock up the computer.
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MODET. TITT BOOT SECTOR

The Boot sector is loaded by the ROM by much the same method as the
Model I excepting of course the use of Ports for FDC control instead of memory
addresses.

The Boot Sector is loaded into a different address (430C0H instead of
4200H) but the sector buffer remains at the same address.

The Boot sector disassembled :~

Addr. Code Instruction Function

43004 02 ~OR ; No acrtion

4301H FE L1 CH 11H ; Recogn Code + DIR Sector
4303H F3 DI ; Disable Interrupts

43044 11 0% CiI =0 DE,0005H ; D = Track E = Sector
43074 D9 ZXK i Alternate

; Buffer wvector and stack setting
4308H 31 EO 4 _2 SP,41£0H ; Stack to Comm. Area
43CBH 21 FF 51 2 HL,S1FFH i Sector Buffer (5100-51FF}

; Sector buffer loadg call
1 430EH COD 4% 43 ZALL  A345H i If L+l = 0 load Sector

43114 FE Z0 _= Z0H i If first byte >1FH- Error
4313H 47 0 B:A i B for DJNZ at 431FH & 43334
4314H 30 Z9 R NC:433FH § Error 1if > 1FH

4316H 57 D 0.4 ; IFE A > 2 & < 20H lecad to ROM
; C = the number of bytes to load intc the buffer

4317H  CD 45 43 CALL 4345H i Get No. bytes to load

4a31AaH  4F D CA ; _into C

i E = the low byte of the address to load to 1n memory
431BH CH 45 43 CaLL 434%H i Get LSB of Transfer Addr
431EH SF .0 E,A ; into E

431FH 10 12 OJJUNZ  4333H ;i If lst Byte =1 transfer

This code performs the same function as the Model I code in that it sets
up the control code reading and the Sector Buffer Address. This program usas the
"INI" mnemonic to load (4393CH) and otherwise is very similar to the Model
I. Please refer to the Model I explanation as the flow of the program is the
same.
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Addr. Code Instructicn Function
4321H CD 45 43 CalLl  4345H i Get MSB of Transfer addr.

; Sector buffer to memory transfer routine
43244 57 G D4 ; into D

4325H 0D DEC C i Allow for 2 Bytes
432644 Q4D DEC z i of Transfer Addreass.
1 4327H 2C INC L i If end of Buffer
4328H CC 48 43 CaLL  Z,4348H ; lcad another Sector
43ZBH 7E LD B (HL ) ; Load from Buffer
43Z2CH 12 LD {(DE) A i to Transfer Address
432DH 13 INC DE i Transfer Addr moved on
1 43Z2EH 0D oEC C i Count 1 less
43Z2FH Z0 Fé 4R NZ,4327H ;3 If more go back
; When the byte count has been transferred { C = 0 }
4331H 18 DB R L30EMH ; Go load ancother area
; Pass Control to Transfer Addr. or Error
1 4333H 10 F9 DUNZ  432EH i If lst Byte > 2 load to ROM
4335H CD 45 43 Catl 4345H i MSB of Transfer Addr (4DOCH)
433BH 57 L0 0,4 ; into D
4339H 14 3 A5 {(DE) i Check if (4DOCH} = ASH
&33AH FE A5 CP 0azH ;i If so set Z Flag
&33CH 13 INC DE i Move to 4DO1H
43304 DS PUSH DE ; to Stack for RET
433EH C8 RET z i If = ASH Transfer to 5YS0/S5YS.

i Error -~ Print " NO SY¥S " and lock up.
1 433FH 21 FOQ 43 LC HL,43FOH  ASCII "NO SYS"
4342H €3 CC 43 JP 43CCH i To Error handling

_ This code checks the lst byte of the load, if > 2 and < 32 then "D" register
contains that value. The second DJINZ at 4033H sends the program to the memory
load routine and the code is written to ROM. This is used ( e.g- 5 ) to store ASCII
text identifying the Program on Disk.

If the lst byte was 2, this is the code indicating the end of the program,
it falls through to 4335H and gets the transfer MSB from the huffer and checks
to see if the contents of this address is ASH. If so PUSH DE and RET passes
control to the program just loaded (SYS0/SYS).

If the transfer address does not hold the reguired test byte ASH then
the RET 2 allows the error routine te executa.
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Addr. Code Instruction Function

; Test for end of Sector Buffer

. Note:— H not incremented so Buffer stays in 5100H - S51FFH range
5 43454 2C ENC L i Move on in Buffer
4346H 7E D & {HL) i Get Character
43474 CG RET NZ ; If not end go back for more
1 4348H D% Z XX i else load another Sector
4349H 0& OA O B, 0AH i Error count
1 434BH 2E 81 -0 L,81H ; = Dbl Dens: Front Sida: Trk 0
; for Port F4 later
4340H GS PUSH  DE ; Store Track & Sector
434EH  C3S P28 BC ; Error Count & C = 0
434FH 7B = ALE i Sector No.
4350+ 0& 12 SLB 124 ; If < 18 (Sectors per Track)
43324 38 C3 T C,43957H i Jjump over side swap
£354H 5F _J = A i Else Sector No to 0O
43554 26 71 g LaTF1H i Read Back side of disk
1 43%57H CDO o7 4Z TaL o 4307H ; Delay
A3544 70 7 AL i Command to
435BH D3 F4 ToT (OF4H) - A i Selact Port
A350DH  7A _9 A,0 i Track to
43SEH D3 F3 oo (OF350 A ; Track Port
4360H 7B - 8,5 i Sector to
43514 D3 FZ oLt (OFZHY . 4 ; Sector Port
432634 3= 18 -3 &y 1BH i Seek - Verify +20ms Step Rate
4365H D3 £C oUT (OFOH) A ; to Command Port
43&87H CO D7 43 CALL 4307H i Delay
436AH 7D P AL i Change Command to
436BH F& 4C QR 40H ; Wait States Enabled
4360H  SF n ) i Store for 439AH
43LEM 146 02 9 D,02H i Data Requaest for Port FO

. The code here sets up all the vectors and values for the
disk-to—buffer load. First the disk to sector registers are made active (EXX),
the error count is initialised and the current track and sector numbers are
stored on the stack.

The sector number is tested for a value over the number of sectors per
track. If this is sor the sector number is set to 0 and the back side select bit
is set for the command to Port F4 at 435BH. This is what enables NEWDOS/80 to
Boot a double sided Disk.

After a delay the FDC select, track and sector Ports are sent the
required values. Then the value for the select Port is changed te allow the Wait
States. The data request value for the Command rvegister is stored in D.
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Addr. Code Instruction Function
4370H 03 RO R A, CTETHY i Get Status
43724 2D 73 a& o2 LD {43a4LH)Y €2 | Store Stack Polnter
L37EH 21 AZ AT _Z - 4 2AZH i Set 4049H to contaln
4379H 22 ab LT Z TLTAAa— T LD G Jump tce 43AZH (C3 AZ 43)
437CH 3 C3 - 45 2C23H ; for Return to Program
4372H 32 49 40 Lz CLCATFEE A from I/0 Interrupt
43814 22 7 2 4, 202K i Activate
432834 O3 Z4 -7 LoD ARG A ;i Data Request
43854 - 3= 88 iJ AN 1S i READ - L BSectorBit?) |
&3874 L3 FO U CCEZEY LA ; - IBM Format{Bit3)}
4389H 21 949 3t o —4_:5137% | Sector Buffer
438CH 01 F3 03 _Z TTL.I0F3= 3 B =0 = 2% = Count:iC = F3 =
. DataReg.

438FH CD EZ 43 TAL L «2ECH ;. Delay

1 43%2H 08 FQ N & 0CFTHS i Status
4394H A2 T z i Mask all bur Data Reguest
439%H 28 Fg . J - A3FTH i Wait for 2RO
4397H ED AZ Tl i Ger a.-syte
j The INI ins:ruzziza reads 1 byte from disk wvia fort (S
; Decrements ‘~unt (B), Transfers Byte to (HL] + In<cr HL
4399H 78 - L= . Cdrrene Zearca to

1 439480 03 =4 T TELAY LA : to SILEST Tedglstar
437CH ED AZ o i Load . mora 2rae
439EH 20D Fa < wILAEPAH 0 IfE B <> 0O load mor2

1 43A0H 18 FE - L34 0H CoWait ot TTmaerrunc

The FDC is acr:ratsd by a reguest. The ztate ooir t2r 15 Loaded 1nwo wne
address to restore its < . owercr level after disk I/ a- cna IS0 nterrunt Veotor
is initialised with the azsxr::3: to restore the flow >z -2 oozZgr . afzier [0 has

been completed.

The Floppy Disk Conrtraller is sent a data reguest and 13 notified what
Track, Sector and other conditions are required. The sector buffer address is
held in HL. the count of zhe number of bytes to load 1s placed in B and the C
register (used by Port :rstrucrlons) 1s set to Port F3 the data ragister,

After a delay the < _-e "INI" reads 1 byte at 2 time for as many bytes as
are in "B" (256). When the =2~r~r 1s fully vead there 1s an I/0 Interrupt and the
program jumps to 43A2H from rthe interrupt processor vector at 4049H (see the
code at 4376H). When the fu.! sector of 256 bytes has baen lcaded, the CPU locks
Up till an interrupt.
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Addr . Code Instruction Function
1 43AZH 4F XOR A i Clear A
43A3H D3 EA ouY {reE4HY 14§ Cancel Data Request
; This location was loaded with the stack address by 4372H
1443454 21 00 08 ] SFE,23d00~  ; Restore stack pointer
4348H OB FO N a4, (2574 i Get Status
; Test for errors - Test for Jump in 43B2H
436AH E& FC aND SECH ; Test(Ready+Error) Set Z Flag
43ACH 35 DC 2 ALTDOH i Force
43a4EH D3 FO T {220 ,4Aa 0 Interrupt
4380H C1 HE 30 i Restore Error Count (B).{C)
43B1H D1 =T = oE i Track (D) & Sector (E)
43824 20 QC -7 NZLA3CCH 5 If test fails try again
43B4H 1C T = ; Next Sector
; Oon a double sided Disk 43B7H is 24H or "4 Secrtors per track
43BSH VB Sz AL i Test 1if
43B&H D& 12 = L2H ;o = 18
43aH 20 C = “Z 4380 7 Jump owver 1f not else
4384AH 14 - - ; Track on L
438BBH 1E GC DL COH i Szcotor o 9
1 4380H D9 Tk i Excha~ge
43BEH YE o Q.M i lst byte in buffer into A
438FH C9 -7 i Go back t£o callear

After a sector load. rhe data reguest is cancel.=sd and the stack polnter

iz restored to the address 1t had before I/0 and +<he FI:I 15 s&nt an intarrupt
to reset it to an inacuive stcate.

The original errcr <count (B), the data regqister Port (), the frack (D) and
sector (E) numbers are retrieved from the stack.

Then the FDC is tested for error, and if an error exists control is passed
by the test at 43B2ZH to the routine which decrements the error count and tests
if all errors used. If all #rrors are used the program goes to the error handling
routine.

The sector number :35 i1ncremented and tested to see if it exceeds the
sector per track value. If 32 the sector number is zeroced and the track number
incremented. Then the reqisters are alternated , the start of the sector buffer
is read and the program returns to the calling code.
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Addr. Code Instruction Function

i If not Ready or Error, Delay. Seek, Decrement Error count & RET

43C0OH 0D =2 43 CALL 43EZH 7 bDelay

43C3H 3£ OB L A, RH i SEEK to

43C54 D3 FO cuT (OFCH) & 5 Command Register
43C7H 10 82 CJUNZ  434BH ;i If all Errors used fall thru
43CeH 21 =8 43 LD HL s 43EBH 3 ASCITI "ERROR"

; Error handling

43CCH 7E e A, (HL) ; Load it

43C0OH FE 03 ce J3H i If terminator

43CFH - 28 FB JR Z:43CCH i go into endless loop
+301H 23 ' INC HI i else move to naxt letter
4302H CD 33 OC CalLl. QO033H i Print it

4305H 18 FS 4R 43CCH i & go back for more

i Delay and check Status

4307H €0 EZ 43 CaLlL  43=2ZH i Delay

43caH DB FU IN &, {0FOH) ;i Status

44DCH OF RICA i Test for Bit 0

4300H 38 FB SR C,43DAH ; if Busy wait

A30FH DB FO EN A, (OFOH)D i ealse get Status
43E1M  C9 =ET ; and return

i Delay for 41 Microsaconds

43£2H 3E 08 D A, J8H i Delay count

43E4H 3D J=C A ; 1l less

43ESH 20 FOD JR NZ,43E4H ; Go if zZero

43E7H C9 RET i back to caller

i ASCII error messages

43EBH - 43EFH ; Clear Screen + ERROR + Terminator

43F0H — 43F9H i Clear Screen + NOQ SYS + Terminator

AZFAM - 43FFH ; Irrelevant - not used.

A delay, a seek command is sent to the FDC and if all errors are not used

the program returns to try again for a successful read of the sector. If all
errors are used the error handling routine takes over and locks up the computer.
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VARIOUS LISTINGS
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CHARACTER SETS TN THE MODEL I IT

The characters stored in the Model I computer for values of 192 to 235 are
the Space Compression Codes (3CC). This is also the case for the Model IIIL
‘However,; as well there are two more sets available in the Model III, 64 symnols
and 64 Katakana characrers. Also to POKE values 0 to 31 onto the screen Jives
another set of symbols.

[

The control Byte for the change from 3CC's to Symbols is 4024H (15420). £
this byte contains 0, the SCC's are enabled. If any other value then thes 3ymisI.is
are enabled. Software control is toggled by PRINT CHRS(21).

The software action PRINT CHR$(22) toggles the Symbols and rha <ontas -7 s
characters. This is controlled by Bit 3 of the Byte at 4210H (16912), wWhi1~ = -2
Flag Byte for Port ECH (236), as shown below.

Bit 0 — ON - Clock enable — OFF - Clock disable

Bit 1 - ON - Cassette Motor ON - OFF - Motor OFF

Bit 2 — ON — 32 Char Mode -~ OFF - 64 Char Mode

Bit 3 - ON - Symbols enabled — OFF - Katakana enabled

As with the 32 character mode. PRINT CHR$(22) changes the format I ~7=

screen immediately from Symbols to Katakana or vice verss.

From Basic OUT 236,8 is not permanent as the computer continually s
the Port from 4210H. To obtain the Symbols from Basic command mode, uss 20¢
16420,255 and POKE 16912, PEEK(16912) OR 8.

Interesting:— Among the Japanese Katakana characters is a dot
( CHR$(197) ) which is on the centre of the line (not at the bottom) which 1s <he
right place for a decimal point.

Also to finish off the hand in CHR$(244,245 & 246) use CHRS{143 or 1S1+1%3 =r
191 or 252) before them and it will lock like you also have a sleeve which i3 tne
idea in the classic sign.

The word tilde (opposite) is pronounced 'teelda’.

Page 54 VARIQUS Chapter =3



~— No Symbol ; No Symbol
J 0 Space E 16 N tilde - Spanish
1 English Pound i 17 C - Nordicg
2 Vertical bar - Divisor 18 Phi Cap - Greek
3 e acute - French ; 19 C tilde - Spanish
4 U umlaut - German i 20 B extended low bar !
5 A - MNordic ? 21 U umlaut - German E
6 angle - Negate ? 22 © tilde - Spanish ;
7 O umlaut - German P23 dollar sign reversed
8 crossed O - Nordic : 24 a umlaut - German |
9 u grave - french { 25 a grave - French
10 n tilde - Sparish i 26 a under dot - Nordic
11 grave I 27 Section
12 a under bar - Spanish 28 E acute ~ French ;
13 R under bar - Spanish 29 AE diphthong
14 A umlaut - German 3¢ C cedilla - French i
15 A tilde -~ Spanish 31 Alternation (tilde) E
192 Spades : 224 Omega Cap
193 Hearts 225 Square RoOt
194 Diamonds 226 Divide
195 Clubs 227 Sigma Cap ]
196 Smiling Face 228 Approximates i
197 Frowning Face 229 Delta Cap %
198 Right Leg L 230 Integral 5
199 Left Leg | 231 Not Equal
200 Alpha i 232 Liehtning
201 Beta 233 Per cent {(bar)
202 Gamma 234 Alpha Cap
203 Delta 235 Infinity
204 Epsilon 236 Tick (O.K.) !
205 Zata 237 Summation g
206 Ita 238 a hice border i
207 Theta 239 Copyright '
208 Iota 240 Satellite - Asterisk
209 Kappa 241 Paragraph
210 Lambda 242 Cent Sian j
211 Mu 243 Registered i
212 Nu 244 Three Parts :
213 Xi 245 of Pointing i
214 Omicron 246 : Hand }
215 Pi 247 Chemist's Sign
216 Rho 248 Care of :
217 Tsi 249 Female |
218 Tau 250 Male i
219 Upsilon 251 a cent (high) i
220 Phi 252 Inverted guestion mark !
221 Chi 253 Man |
222 Psi 254 Woman i
223 OCmega 25% Bishop's Mitre '
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ASCTII CONTROL CODES

This part gives a ready reference for the values of ASCII Control Codes, all
the ASCII Symbols and Letters, and the Reserved Word Codes and their Routine
addresses. On the first page, the effect of the control codes when PRINTed as a
CHRS is shown as well as the standard set of Printer Control Codes. N.B. 7FH (127)
also has a Printer Code.

The 3 before the CHRS means the function is peculiar to the Model III

Binary HEX DEC erint CHRS Function Std Printer Codes

Q0000000 00 Q Nuell NUL: Null
00000001 co 1 Break key SOH: Start of Heading
00000010 02 2 Not used STX: Start of Text
00000011 03 3 Not used ETX: End of Text
00000100 04 4 ‘Not used EOT: End Transmission
00000101 05 = Not used ENQ: Engquiry
000001190 06 ) Not used ACK: Acknowledqge
00000111 07 7 Not used BEL: Bell

| 00001000 o8 2 Jackspace & erase B3 : Backspace

! 00001001 03 No effect HT : Horizontal Tab

i 00001010 OA o *F + CR & erase line LE : Line Fead
00001011 0B . Ho effect VT : Vertical 7Tab
00001100 oC 1 No effect FE : Form Feed
00001101 oD L2 “F + CR & erase line CR : Carriage Return
00001110 OE la Turn on Cursor 51 : Shift In
Q0001111 OF 13 Turn off Cursor 50 : Shift QOut
00010000 10 15 No effect DLE: Data Link Escarsa
00010Q0C01 11 L2 No effect _ DCl: Pirect Control L
c0010010 12 18 No effect 0C2: Direct Contral 2
00010011 13 13 No effect D3 Direct Control O
00010100 14 20 No effect DC4: Direct Control 4
0001G1l01 15 21 I-Toggles SCC & Symbols NAK: Neg acknowledgs
00010110 16 22 3-Toggles Symb & Kata. SY¥N: Synchronous Iale
00010Q11l1 17 23 Double size Chars ETB: End Transm block
00011000 18 24 Backspace no erase CAN: Cancel
00011001 19 25 Advance Cur no erasse EM : End Medium
00011010 1A 26 Move DOWN 1 line SUB: Substitute
00011011 18 27 Move 0P 1l line ESC: Escape
00011100 1C 2e Cursor to 0/0 F5 : Form Separator
00611101 1D 29 Curs start line no erase GS 1 Group Separator
000111190 1E 30 Erase to end line RS : Record Separator
00011111 lF 31 Erase to end frame US : Unit Separator
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KEYABLE

CHARACTERS

The range of ASCII values on this page cover all the characters that can

be accessed from the keyboard. Looking at the columns.
between upper and lower case is Bit 5 (017
Bit 5 (to reset AND with 5FH,

Symbols & Numbers

to set QR with

.....

20H h

Upper Case Letters

Lower Case Letters

the only difference
) so changing case only involvas

Binary Hex Dec CHRS iBinary Hex Dec CHRS Binary Hex Dec CHRS
|
00100000 20 32 Space |[01000000 40 64 @ 01100000 80 96 ) !
001000901 21 33 ! §01000001 41 65 A 01100001 61 92927 a
00100010 22 34 " j010000lCc 42 66 B 01100010 62 98 b
00100011 23 35 # 01000011 43 67 C 01100011 63 99 «<¢
00100100 24 36 s 01000100 44 &8 D 01100100 64 100 d !
00100101 25 37 % 01000101 45 69 E 01100101 €5 101 e
00100110 26 38 & 01000110 45 70 F 01100110 &6 102 £
00100111 27 39 ' 01000111 47 71 G 01100111 67 103 g
00101000 28 40 { 01001000 48 72 H 01101000 68 104 h
00101001 29 41 } 501001001 49 73 I 01101001 69 103 1
00101010 2A 42 = i0loolcilo 4A 74 J 01101010 6A 106 3 i
00101011 2B 43 . 101001011 4B 75 K 01101011 6B 107 k |
00101100 2C 44 . 0l00r1100 4C 76 L 01101100 6C 108 1 §
00101101 2D 45 - ¢lC0l10l 4o 77 M 01101101 6D 109 m 1
00101110 2E 46 . 01001110. 4E 78 N 01101110 6E 110 n §
001011l 2F 47 s Gl0011lll 4F 79 ©O 01101111 6F 111 o |
|
00110000 30 48 0 01010000 50 80 P 01110000 70 112 p i
00110001 31 49 1 101010001 5S@I 81 <@ 01110001 71 113 g |
00110010 32 S0 2 01010010 5352 82 R 1110010 72 114 «r i
00110011 33 51 3 101010011 53 83 s 1ii1o0011 73 115 s
00110100 34 52 4 101010100 54 84 T 01110100 74 116 <« ,
00110101 35 53 5 t01010101 55 85 U 0lllelol 7% 117 u '
00110110 36 514 6 101010110 56 86 V 0111013i0 76 118 v ‘
0011011l 37 955 7 01010111 %7 87 W 01110111 77 1l1% w
00111000 38 56 8 01011000 58 88 X 01111600 78 120 x
00111001 39 57 9 01011001 59 89 Y Qllr1001 79 121 vy
00111010 3A 58 : 01021010 5A 90 2 0lllloloe 7A 122 =z
00111011 3B S9 : 1011011 SB 91 UpA |OLLl11ll0ll 7B 123 {
00111100 3C 60 < 01011100 5C 92 DnA 01111100 7C 124 I
00111101 3D &1 = c1011101 SD 93 LfA |[01111101 7D 125 }
00111110 3E 62 > 01011110 5SE 94 RtA (01111110 7E 126 ~ i
0011111l 3F 63 ? 0101111l SF 95 <Cur (01111111 7F 127 DEL i
|
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RESERVED WORDS & GRAPHICS CHARACTERS
Bit 0 Bit 1 This Page has the values for the Graphics Codes for
FRINT CHR${128-191). If the Pixels to be set are known then
Bit 2 Bit 3 the Value to use is very easily figured. Look at the chart
on the left. Work out which Bits are to be set. Then see
Bit 4 Bit S the value from the Binary when these Bits are set ard you
have it. Conversely Graphics cen be worked from the bits.
Binary Hex Dec Res.Word Vector Binary Hex Dec Res.Word Vector|
|
10000000 80 128 END IDAEH| 10100000 AOQ 160 OUT EAFBH%
10000001 81 129 FOR 1CALH] 10100001 Al 161 ON LF6CH !
10000010 82 130 RESET 0138H| 10100010 A2 162 OPEN 41?9H:
10000011 83 131 SET G1353H| 10100011 A3 163 FIELD 417CH !
10000100 84 132 CLS Ql1C9H|! 10100100 A4 164 GET 417FH!
10000101 85 133 CMD 4173H; 10100101 AS 165 PUT 4L82H§
10000110 86 134 RANDOM GlD3H| 10100110 A6 166 CLOSE 4185H
10000111 87 125 QMNEXT 22BBH! 10100111 A7 167 LOAD 4188H|
10001000 88 1386 DATA 1FOSH| 10101000 A8 168 MERGE 418BH
10001001 89 137 INPUT 219AaH: 10101001 A9 169 NAME 413EH.
100010190 84 138 DIM 2608H 10101010 AA 170 KILL 4131H
10001011 8B 139 READ 21lEFH| 10101011 AB 171 LSET 4137H !
10001100 BC 140 LET 1F21H! 10101100 AC 172 RSET 413AH
10001101 8D 141 GOTO LEC2H| 10101101 AD 173 SAVE 41AOH;
10001110 B8E 142 RUN l1EA3H| 10101110 AE 174 SYSTEM 02B2H!
10001111 8F 143 IF 2039H| 10101111 AF 175 LPRINT 20674
10010000 90 144 RESTORE 1D%1H| 10110000 BO 176 DEF 415BH!
10010001 91 145 GOCSUB lEBlLH] 10110001 Bl 177 POKE 2CB1H
10010010 92 146 RETURN l1EDEH| 10110010 B2 178 PRINT 206FH,
10010011 93 147 REM l1FO7H| 10110011 B3 179 CONT LDE4H:
10010100 94 148 STOP 1DA9H!}! 10110100 B4 180 LIST 2B2EH:
10010101 95 149 ELSE 1FO7H| 10110101 BS 181 LLIST 2B29H.
10010110 96 150 TRON lDF7H{ 10110110 B6 182 DELETE ZBCSHE
10010111 97 151 TROFF 1DFBH| 10110111 B7 183 AUTO ZOOBHE
|
10011000 98 152 DEFSTR l1E00H| 10111000 BB 184 CLEAR 1E7AH]
10011001 99 153 DEFINT l1EQO3H| 10111001 B9 185 CLOAD 2CLFH§
10011010 9A 154 DEFSNG 1EO6H| 10111010 BA 186 CSAVE 2BF3H
10011011 9B 155 DEFDBL lEQO9H! 10111011 BB 187 NEW lB49H|
10011100 9C 156 LINE 41A3H{ 10111100 BC 188 TAB( 2137H|
10011101 9D 157 EDIT 2E60H{ 10111101 BD 189 TO = FOR i
10011110 9 158 ERRCR l1FF4H; 10111110 BE 190 FN 4155H,
10011111 9F 159 RESUME 1FAFH{ 10111111 BF 191 USING 2CBDH!
]
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RESERVED WORDS & SPACE JJOMP - CODES

See Page 24 for actual DOS Addresses for the Reserved Word Routines.
The values on this Page have another Function when PRINTed.
The Space Compression Codes have the value of from 192 to 255.
Thus PRINT CHRS$(193) will print 1 space and CHRS(255) will print 63 spaces.
Pages 54 & 53 explain and display the Model IIT character set symbols.

Binary Hax Dec¢ ResWord Vector Binary Hex Dec ResWord Vector
11000000 €O 152 VARFPTR 24EBH| 11100000 EO 224 EXP 1439H
11000001 C1 193 USR 27FEH] 11100001 E1 225 COS 15414
11000010 <C€2 194 ERL 24CFH| 11100010 E2 226 SIN 1457H
11000011 <¢€3 195 ERR 24DDH| 11100411 E3 227 TAN 15A8H
11000100 Ca4 196 STRINGS 2A2Z2FH| 11100100 E4 228 ATN 15BDPH
11000101 <5 197 INMSTR 419DH| 11100101 ES 229 PEEK 2CAAH
11000110 Cé6 198 POINT Ol32H| 11100110 E6&6 230 <CVI 4152H
11000111 <C7 199 TIMES 4176H] 11100111 E7 231 CVS 4158H
11001000 <C8 200 MEM 27C9H| 11101000 E8 232 <CVD 415EH
11001001 <9 201 INKEYS 4099H! 11101001 E9 233 EOF 4161H
11001010 <CA 202 THEN = IF 11101010 EA 234 LOC 4164H
11001011 <CB 203 NOT = Arithm| 11101011 EB 235 LOF 4167H
11001100 <C€C 204 STEP 2BO1lH! 11101100 EC 236 MKIS 416AH
11001191 Cb 205 + = Arithm| 11101101 ED 237 MKSS$ 416DH
11001110 CE 206 - = Arithm| 11101110 EE 238 MKDS$S 4170H
11001111 <CF 207 * = Arithm! 11101111 EF 239 CINT CAT7FH
11010000 DC 208 / = Arithm| 11110000 FO 240 <CSNG OABlH
11010001 Dl 209 UpArw = Arithm| 11110001 Fl1 241 CDBL OADBH
11010010 D2 210 AND 25FDH| 11110010 F2 242 FIX OB26H
11010012 D3 211 OR 25F7H{ 11110011 F3 243 LEN 2A03H
11010100 D4 212 > = Arichm| 11110100 F4 244 STRS 2836H
11010101 D5 213 = = Arithm| 11110101 F53 245 VAL 2ACSH
11010110 D6 214 < = Arithm| 11110110 F6 246 ASC 2ACFH
11010111 D7 215 SGHN O98AH!| 11110111 F7 247 CHRS 2A1FH
11011000 D8 216 INT OB37H] 11111000 F8 248 LEFTS 2A61H
11011001 D9 217 ABS 0977H| 11111001 F9 249 RIGHTS 2A91H
11011010 DA 218 FRE 27D4H| 11111010 FA 250 MIDS ZA9AH
11011011 DB 219 INP ZAEFH| 1lll1lloll1 FB 251 ! (REM)
11011100 DL 220 POS 27FsH! 11111100 FC 252 No Res. Word

11011101 DD 221 SQR 13E7H! 11111101 FD 253 No Res. Word

11011110 DE 222 RND 14C9H| 11111110 FE 254 No Res. Word

11011111 DF 223 LOG 0809H| 11111111 FF 255 No Res. Word
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VAR TABI.E STORAGE
There are 4 types of Variables to be stored :i-

L A simple numeric Variable 3) A simple String Variable
2) An Array numeric Variable 4) An Array String Variable

As well there are 3 types of each numeric variable :~
$- An Integer value which takes up 2 Bytes (No.Type Flag = 2)
1 - A Single Precision value takes up 4 Bytes (No.Type Flag = 4)
#- A Double Precision value takes up 8 Bytes (No.Type Flag = B)

The charts below set out the system used by Basic for this storage and the
meaning of each byte of storage. The bytes marked with 3 asterisks are the
address Basic returns in the VARPTR function. It should be noted that the first
element of an array always hasg element number 0. Thus in an array DIM VA(4)
there are 5 elements and in an array not DIMmed there is a 10 default which means
1l elements.

The memory taken up by simple Numerics is fixed at 3 plus the NTF value i.e.
Int = % SP = 7, DP = 1l bytes.

Array usage is the No. of Dimensions * 2 + NTF * No. of elements + 6 bytes
overhead. e.g. VA!(5,2,3) uses 3%2 + 4*(6*3*4) = 294 + 6. Bytes 4 & 5> hold the
offset + 1 from Byte 6 to the NTF of the next variable, e.g. 295 in the case of
VA5,2:3).

The example below uses VA for simple and Array variables. All variables
have a value of 256, the Array is DIMmed to VA{(0.,0).

SIMPLE NUMERIC ARRAY NUMERIC

—Byte—Type Char——Int—SP——DP~T Byte Type Char Int SP DP~
1 No.Type Flag 2 4 8 I 1l Ne.Type Flag 2 4 8 |
2 Name 2nd Char A A A | 2 Name 2nd Char A A Al
3 " lst " v vV ! 3 " 1lst " % v Vo
4 Data *Ek 0 0 o 4 Offset to LSB 12 14 18 |
5 Data 1 0 0 { 5 next var. M5B 0 o o
6 Data 0 0 | 6 Dimensions 2 2 2
7 Data 137 0 . 7 No. Elements in 1 1 1!
8 Data o | 8 Dimension 1. 0 0 o
9 Data 0 | 9 No.Elements in 1 1 1,

10 Data 0o | 10 Dimension 2. 0 0 0
11 Data 137 11 Data *hk® () 0 o i
' 12 Data 1 0 0 |
3 Data 0 o |
14 Data 137 o |
15 Data 0o |
.16 Data o |
17 Data ¢
18 Data 137
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VARIABLE STORAGE

In String storage ( Number Type Flag = 3 ) the VARPTR points to the length
of the String. This is followed by the actual address of the String up in String
storage or wherever it may be. Though String storage is used from the top down
the letters in the simple String VAS are stored and read from the bottom up.

That is, Bytes 5 & 6 point to "A" of "ABC

Simple String storage uses 6 plus the number of bytas in the String. i.e.
"ABCDEF" takes up & + 6 = l2.

In a String Array, the no. of bytes used is 6 plus No. Dimensions * 2 plus
the No. Elements * 3 plus total length of all Elements.

The example below uses the variable VAS for a String Variable and a String
_ Array variable DIMmed VAS(l.,l). VAS and all Elements of VAS$ Array are given
the characters "ABC".

The Computer stores in bytes 4 & 5 the offset to the next variable (17 bytges).
This is actually S less than the storage of information about the Array and that
does not include any Data storage. To obtain the-memory taken up by the use of
this array add PEEK(Byt24)+FEEK{Byte3)*256+3+(total length of all =2lements).

SIMPLE STRING ARRAY STRING
r Byte — Type Char — Char Byte — Ty o2 Chay ——————— Zhar -
1 No.Type Flag 3 1 No.Type Flag 3:
2 Name 2nd Char A 2 Name 2nd Thar A
3 " ist " v 3 " lse " v
4 Len{VvaAs$ *rw 3 4 Offset to next arrvray L5B 17,
5 Addr of VAsS LS8 5 Qffset to next array MSB 01
6 Addr of VAS MSB [ é No. of Dimensi1ons 2i
e e e f 7 No. Element LSB 2!
At Addr iIn bytes 3 & 6 8 in Dimens:on 1 Mse 0
from low Addr vup 9 No. Element LB 2°
1 Data A i 10 1in Dimension 2 M5B 0
2 Data B ! 11 LEN(VAS(0,0Q)) fallale 3
3 Data ¢ | oz Addr of VAS(0.,0) LS8,
1 13 Addr " v MSB;
14 LEN(VAS({1.,0)) *wx 3
15 Addr of VAS(1.,0) LSB!
16 addr " " M58 |
17 LEN{VAS({O,1)} ***x 3!
18 Addr of VAS(0:1) LSB;
. 19 Addr * MSEB
b 20 LEN(VAS(1,1)) xx 3
21 Addr of VAS(1l,1) LSB,

i 22 Addr " " MSB’
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—— Dec
00
0l
02
03
04
05
06
c?
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
32
34
35
36
37
38
39
40
41
42
43
44

Hex
00
0ol
02
03
04
05
06
07
o8
09
CA
0B
oC
0D
OE
OF
10
11
12
13
14
15
16
17
18
19
1la
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27
28
29
2A
2B
2C

FRROR MESSAGES

NEWDOS/B80 Vers.Z
No error
Bad File Data
seek error during Read
Lost Data during Raad
Parity error during Read
Bata Record not found
Tried Read Locked/Del Rec
Tried Read System Record
Device not avallable
Undefined error code
Seek error during Write
Lost Data during Write
Parity error during Write
Data not found
Write fault on Drive
Write protected Disk
Device not avallable
Directory Read arror
Directory 'Write error
Illegal F:la name
Track Numoer too high

Illegal £_ - -ui2n DOS call
Undefined ~-ror code
Undefined =2rror code
File not .~ Tlrsctory

File access denled
Directory space full
Disk space full

End of F:ile encountered
Past and of File
Directory Full

Program st Iund
Tllegal or ™M:ss1ng Drive
No Device space avallable
Load File Format error
Memory faulrc

Tried to l-ad ROM
Illegal acceszs Prot. File
File not C:iLen

Illegal Imiz Zara on Disk
Illegal Tra<k Tount
Iilegal File ‘iumper
Illegal DOS {inction
Illegal Cha:r:mg function
Bad Director, data

TRSDOS
No error
CRC Error in Disk I/0O
Drive not in System
Lost Data in Disk I/0
CRC error in Disk I/0
Disk Sector not found
Drive Hardware fault
Undefined error code
Drive not ready

Illegal I/0 attempt
Parameter not found
Illegal Parameter

Time out on Drive

I/0 to Non-System Dl3=x
Write fault on Disk 7,0
Write protected Cilsx
Illegal File Number

*Directory Read srror

Directory Write ercor
Invalid File name
AT Read errcor

GAT Write srrov

HIT Read error

HIT Wrirte error

ile rot found

& acCess Jani-i-© -siword

drdebined erraor Il
Use non-program 1.2
Memory fault during
Undefined error <ode
File acc. denied-Password
1/0 attempt to Unopen File
Invalid Command Parameter
File already in Directory
Cpen File already Open

Load

End TRSDOS Errors
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FRROFE MESSAGES

~-Dac Hex NEWDOS /80 Cont : No Disk Basic
45 2D Bad FCB data i * 51 Field overflow
46 2E System Program hot found * 32 Internal error
47 2F Bad Parameter(s) * 53 Bad File Number
48 30 Bad Filespec * 54 File not found
49 31 Wrong Disk Record type * 5% Bad File mode
50 32 Boot Read error S6 File already OCpen
51 33 DOS Fatal error * 58 DOS error
52 34 Illegal Keyword/Sep./Term. 59 File already exists
53 35 File already exists * 62 Disk full
54 36 Command too long * 63 Input past end
55 37 ' Disk access denied * 64 Bad Record number
56 . 38 Illegal Mini-DOS Function * 65 Bad File name
57 39 Op/Prog/Parameter terminated 66 Mode mismatch
58 3A Data compare mismatch * 67 Direct Stmt in File
59 3B Insufficient Memory * 6§68 Too many Files
60 3C Incompatible Drive/Disk * 69 Disk Write protected,
61 3D ASE=N Can't extend File * 70 File access denisd
62 3JE cCan't extend File via Read 71 SEQ number overflow
72 Record overflow
Level 2 ROM Errors Routine 73 Illegal to extend Fils
7% Prev. displayed errcr
1 NF Next without For 00-199DH 76 Can't process Line
2 SN Syntax Error 02-1997H 77 Bad File type
3 RG Return w'out Gosub 04-1EECH 78 IGEL Syntax error
4 OD ©Qut of Data 06-2212H 79 IGEL item Syntax error
S FC Illeg. FPunct. Call 0B-1E4AH 80 Bad/Illeg/Miss IGEL Pr=f
6 OV Overflow OA-07B2H 82 Bad Record length
7 OM OQut of Memory 0C-197AH 83 Stmt uses 2 File names
8 UL Undefined Line CE-1ED9H 84 Bad File position Pzram
9 BS Subscript out range 10-273DH
10 DD Redimensioned Array 12-2733H The Disk Basic errors
11 /0 Division by Zero 14-199AH marked with "*" are identica.l
12 ID Illegal Direct 16~-2831H in TRSDOS and are the only
13 T™M Type Mismatch 18-0AF6H errors given by TRSDOS.
14 0OS ©Out of String Space 1A-28DBH
1% LS string too long 1C-29A3H
16 ST & form. too complex l1E-28A1H
1?7 CN Cannot continue 20-1PESH .
18 NR No Resume 22-198AH 5Y54/5Y5 is the NEWDCS5/30
19 RW Resume wout Error 24-19A0H DOS Error Message Module.
20 UE Unprintable Error 26-2003H
21 MO Missing Operand 28-24A0H S5YS13/5YS 1is the NEWDOS/8C
22 FD Bad File Data 2A-218AH Disk Basic and ROM Basic
23 L3 Disk Basic oniy 2C-012DH Error Module.
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NEWDOS /80 SYSTEM COMMAND OPTIONS

FDRIVE and SYSTEM parameters are stored on the disk in Drive Relative
Sector 2. On the right of the SYSTEM option and the PDRIVE parameter lists, a
column shows which byte in this sector holds the information. Some parameters are
stored in bits. These are a simple choice of Y (set) or N (reset). The bit involved
is also shown in these cases.

AA = Enable Password checking "Y" or not "N" F0=-7
AB = Force RUN-only condition "¥" or not "N" FO-6
AC = Enable Debounce "Y" or not "N" (requires AJ=Y) Model I only F8-7
AD = Enable 'JXL' Screen to Printer "Y' or not "N" F8-6
AE = Enable 'l23 Debug entry "Y" or not "N" (requires AB=N} FB8-5
AF = Enable 'DFG Mini-DOS entry “Y" or not "N"(requires AB=N) FB8-4
AG = Enable Break Key "Y" or not "N" (regquires AB=N) FO-5
AI = Lower Case Mod installed "Y" or not "N" (Model I only) FO-4
AJ = Enable DOS Keyboard intercept routine "Y" or not "N" F8-1
AL = Number of Drives in the System (1 to 4) A0

AM = Number of Read attempts before Error (normally 10} AG

AN = Default Drive number for DIR command (0-3) A2

AO = Lowaest Drive No for new File creation if not specified Al

AP = Himem value installed on Boot DC,D1
AQ = Enable Clear key to function "Y" or not "N" F3-2
AR = Allow Full{5) or CBF{(6} Copy without Pswrd "Y" or not"N" To-1
AS = Force Basic text input to Upper Case "Y" or not "N T
AT = Allow input requests from Chain File "Y" or not "N" F1l-7
AU = Enable Keyboard repeat "Y" or not "N" FR-3
AV = No. 25ms intervals before lst key repeat (requires AU=Y) A7

AW = Number of Write with Verify attempts before Error A1

AX = Highaest ASCII Printable Character for Printer AR

( U/C only = 5AH{(90) or L/C = 7AH{122) )

AY = Require Date/Time entry at cold start "Y" or not "N" F9-7
AZ = Require Date/Time on Reset "Y" or use previous values "N Fa-5
BA = Force ROUTE DONL (no Video output} at Reset "Y"; not"N" s B
BB = <Clock is S0cps "Y" or 60cps "N" (Model III only) Ta-4
BC = Permit Chaining pause or cancel "Y¥" or not "N" (reg.AB=N) Fl-56
BD = Permit "AUTO" negate at reset with Enter key "Y"; not "N" F9-3
BE = Enable "R" as repeat DOS command "Y' or not "N" Fl-3
BF = Force LCDVR.N at reset "Y" or not "N" (Model I only) F9-2
BG = Force LC,Y at reset "Y' or not "N" (req. BF=Y if Mod I) F9-1
BH = Enable Blinking Curser "Y" or not "N" F9-0
BI = ASCII value of cursor char (Mod I-0 = 95:Mod III-O = 176) A5

BJ = Timing loop multiplier (for speed-up mods) A9

BK = Enable WRDIRP & Dircheck W & C functions "Y" or not "N" Fl-4
BM = Follow Format by Verify "Y"; not "N" {(eliminated by Zap) Fl-3
BN = Directory readable Mod III NEWDOS "Y" or Mod I TRSDOS "N" FA-T7

AH, AK, BL., BM, BO-2Z are not used.
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PDRIVE PARAMETERS

TL e venns Type of Incerface stored in bytes 02.07,.0D,0E
A - Standard Tandy Interface 02 & 0D both={
B ~ Omikron mapper Interface (Med 1) 02-3,02-2,0D=-0
C - Percom doubler Interface {Mod I) 02-4, +0D-1
D - Apparat Disk Controller (Mod III) 02-3, s GD=2
E - LNW type Interface (Mod I} 02~-4,02-2,0D-3
......... Special canditions = Second letter (2or3 may be used)
H - Head settle delay enabled (8 inch Drives) 02-7,00-7
I - Sector 1 = lowest Sector on each Track 02-32,07-4
J - Track 1 = lowest Track on the Diskette 07-1,CE-1
K - Track ¢ formatted in opp dens to the rest 02-2+46,07-1.0E-2
L ~ 2 steps between Trks (Read 40Trk on 80TrkDr) 07-2.0E-3
M - TRSDOS ModI 2.38 or higher or ModIII read. 02-3,0E-4
TD wveeanaons Type Of Drive ....iiieuuness.n 5 inch ... 8 inch O0F-0Oto3
Single density. single sided F-\ B
Single density, Double sided C D
Double density. Single sided E F
Double density, Double sided G H
TC v eimnnnan Number of Tracks formatted on the Disk 03
SPT v evnnnnn NMumber of Sectors per Track 04
TSR ¢ ennv s Track Step Rate(0=5,1=210,2=20,3=40ms) Bits0,l.,2 of 02&0C
GPL ..... «++ Granules per Lump o5
DDSL - . ... Disk Directory Starting Lump {(used only by Format) 00&0C8
DDGA ...+ Number of Granules allcocated to Directory 09
P N If no errors., new PDRIVE active (else not till Reboot)

Some examples....

MOdELl I .o icesveensensenansss TI TD TC SPT TSR GPL DDSL DDGA
NEWDOS /80 S5td S/Dens 5/5ided A A 40 10 1 2 17 2
TRSDOS Std ( READ ) A A 35 10 3 2 17 2
Percom Doubler CK E 39 18 1 2 17 2
Double Sided S/Density A C 40 20 1 4 17 4
D/Sided Double Dens (Percom) CK G 39 36 1 4 17 4
NEWDOS/80 Std 80 Track A A B8O 10 1 8 35 6
Double Sided 5/Density A C 80 20 1 B 3% 6
D/5ided Double Dens (Percom) CK G 79 36 1 8 35 &
Model TTIT v eenuceseesnnnsnanns TI TD TC SPT TSR GPL DDSL DDGA
NEWDOS/80 5td A E 40 18 1 2 17 2
TRSDOS S5td ( READ ) AM E 40 18 3 [ 17 2
Double Sided A G 40 36 1 4 17 4
NEWDOS /80 sStd 80 Track A = 80 18 1 4 35 4
80 Track Double Sided A G 80 36 1 8 .35 &
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DIRECTORY ENTRIES

File Primary Directory Entries (FPDE) store information for the DOS to
gain the fast and easy access to Files stored on disk which so distinguishes
NEWDOS/80 Version 2. A typical entry would be :-

10 00 00 B7 00 43 4F 4D 50 54 53 45 52 42 41 52 + 2.  COMPUTERBAS
96 42 96 42 3 00 1Dk 20 FF FF FF FF FF FF FF FF T R .

Byte 0 = 10H = Flle type & Access level.

Byte 1 = O0OO0H = Flags - Bit 7 = ASE :Bit 6 = ASC :Bit 5 = update
Byte 2 = O0O0OH = Storage - not used in NEWDOS/80

‘Byte 3 = B7H = EOF offset in the final sector

Last byte used in final sector

Byte 4 = OQOH Length of each record (0-255, 0=256)

Bytes 5 to 12 = ASCII of File name filled with blanks from right

Bytes 13 to 15 ASCII of extensicon to file name filled as above

Bytes 16 and 17 Update password hash code - if unused = 9642H

Bytes 18 and 19 Access password hash code - if unused = 9642H

Bytes 20 and 21 tio. of sectors (from 1} occupied by file (LSB,MSB!
If byte 3 =0, byece value (bytes 21,20,3)= No bytes used by file
if byte 3 >0 the wvalue is No bytes used +256, = EOF in RBA format

]

[ |

Byte 22 = 1DH = Lump number in which the file starts (from 9)
Byte 23 = 20H = &8.=s 0,1,2,3,4 = No. of grans used in this extent
Bits 5,67 = lst granule in the lump the file occupies (0 to

The next 3 pairs of bytes have the same format & function as 22 & 23
if the extents are used, otherwise all FF's.

Bytes 24 and 25 2nd section of contiguous sectors occcupled by file

Bytes 26 and 27 = 3rd section of contiguous sectors occupled by file

Bytes 28 and 29 4th section of contigquous sectors occupled by fils

Byte 30 = FFH Bit 0 is the flag for the existence of an FXDE

Thus FFH if no FXDE, FEH if one exists.

Byte 31 = FFH DEC. Bits 0~4 = Sector number (0-27) of entry 1n
the directory sectors (less 2 used by GAT & HIT) of the next FXDE.
Bits 5-7 = The FXDE entry number in the sector (¢ * 32 = byte No.)

File Extended Directory Entries {(FXDE) are used when more than 4 space
areas are assigned to cne file. The format is :-

Byte 0 = FXDE recodgnition code. Bits 7 & 4 are both 1 (30H).

Byte 1 = Refers back to the DEC of previcus FPDE or FXDE of this file
Bytes 2 to 21 are unused in a FXDE.

Bytes 22 to 31 are the same as an FPDE.
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GRANULE ALLOCATION TaAaABI.E

The Granule Allocation Table {GAT) sector has the information which
tells the DOS what granules are free to use and which are used. Also it has
bytes describing the mode of formatting, a hash code of the Master Password, the
Disk name, and space for an AUTO CHAIN file.

N.B.:- a byte is the space allocated to a lump in the GAT table.

Bytes 0 to (the number of lumps -1) are used to describe the used or unused
state of each granule. To gain more space capacity for the Granule table
and still keep as far as possible the ©ld 5 sectors per gran, NEWD{OS/80
has severed the connecticon 1 track = 1 byte. Thus 1 lump = 1 byte. The
numpber of bits used to convey this is dependent on the number of granules
per lump. Thus the smallest amount of allocatable space (a granule) =
bit. In the simplest case, > sectors per gran and 2 grans per track
(Single density, Single sided, 40 track), the bytes up to 27H {the 40th byte)
would be used and only bits 0 and 1 would be used so that the valuss in
bytes 0 to 27H would be FFH (all used) or FCH (all unused) or FEH (the first
gran is unused} or FDH (the last gran is unused).

These conditions apply even though the bytes used for the table
overrun what Tardy uses as a lockout table (bytes 60H to BFH). This is
the reason tna:t only the physical maximum of 202 (CAH) cylinders are
allowed on hard drives.

Bytes COH to CAH (the 1393rd to the 203rd bytes) unused except possibly for hard
drives.

Byte CBH (the 204th byte) is often used to identify the DOS & format of the disk.
TRSDOS = 23H : NEWDOS/80 = 82H : LDOS = 51H : DOSPLUS = 34.

Byte CCH (the 205th byte) is used by some DOS's to store the number of tracks
' above 35 used on the disk. NEWDOS/80 uses Byte 1FH of HIT Sector.

Byte CDH (the 206th byte) is used in some cases to describe the density,
no. of sides, and the number of grans per track. NEWDOS = 0,

Bytes CEH to CFH contain the hash of the master password.
With the password inactive the value is 4ZEOH.

Bytes DOH to D7H = ASCII string of the disk name (displayed in DIR)

Bytes D8H to DFH = ASCII of date used on creation or changed by PROT

Bytes EOH to FFH = AUTO command buffer. Possible use involves only 31 bytes
as the buffer must have an End of Record of ODH.
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HASH ITNDEX TABLE

The Hash Index table (HIT) sector contains information for the DOS to
locate a Directory entry of a file to load it from the disk. When DOS has to
load a file, the file name and extension are read and hashed (coded) into a
number between 1 & 255. The HIT sector is read to find a match for the hash, then
the position of this code in the HIT sector. the DEC, is used to find the entry

involved.

Note — DEC = Directory entry cocde = the position of an entry in the hash
table. It is this wvalue that enables fast access to the file.
All files' FPDEs and FXDEs each have an entry in the table.

The HIT sector uses every second line in the sector (0,2,4,etc) to store
these hashes. The low 5 bits 0.1,2,3,4 value (0-27) of the byte numbaer are the sector
number in the Directory sectors on which the file resides (remembering the first
2 sectors are used by GAT & HIT) The high 3 bits 5,6,7 {0-7) value is the number
of the 32 byte entry of that FPDE in the sector. If the Hit sector byte is 00H then
bit 4 of the first byte of the entry must be 0 too as the directory entry slot
is free. Byte 1FH {(the 32nd byte) is allocated to store the number of extra
(beyond 10 ) sectors the directory uses.

Note that the first hash found may be a DEC for an FXDE for the same
file or a file with an aitogether different name and extension which just happens
to hash the same code. The entry ASCII is compared with the reguired file. If not
the same the process starts again.

NEWDCS/80 unl:i:ke other DOSes does not exclude the use of the fixed slots
for s8YsS files by other files if the SYS files are not on the disk. The usual track
and sector number of the 5Y5 files on a disk which has SPT=10 & GPL=2 (i.e.i lump
= 1 track) is :-

File Trk Gran Sects Len DEC| File Trk Gran Sects Len DEC|

No. No. used Grans ) No. No. used Grans !

1

BOOT /SYS 0 O 0- 1 1 00 | SYS20/85YS 15 1 155-159 1 62 |
SYS0 /SYS 0 1 5- 19 3 20 | sysl /sYs 16 0 160-164 1 30
SYS17/5YS 10 1 105-109 1 32 | SYS2 /SYS 16 1 165-169 1 40

5YS16/SYs 11 ©0 110-114 1 22 | DIR /SYS 17 0 170-17% 2 1

sysll/sys 11 1 11%-119 1 51 | SYS3 /SYS 18 0 180-184 1 50
SYS15/5YS 12 ©0 120-124 1 12 | SYS4 /SYS 18 1 185-189 1 60

SYS14/5YS 12 1 125-129 1 02 { SYS18/SYS 19 O 190-194 1 21 |

SYS7 /SYS 13 0 130-134 1 11 | SYs9 /sys 19 1 195-199 1 31 |

SYS19/SYS 13 L 135-139 1 52 | SYS5 /SYS 20 0 200-204 1 70
5YS18/SYS 14 O 140-144 1 42 | SYS6 /SYS 20 1 205-239 7 01
SYS13/SYS 14 1 145-149 1 71 | SYS12/SYS 24 0 240-245 1 61
5YS10/SYS 15 0 150-154 1 41 | SYS21/5YS 24 1 245-249 1 72
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HARD DRIVES with NEWDOS /80 2.5

A hard Drive may have
Data File containing up to 16,000,000 bytes
Data Volume (the old Drive concept) of up to 65535 Sectors
Directory of 246 user Files
PDRIVE allowing 1 to 8 slots {(volumes) for a Hard Drive
Data Volume spanning Tracks and Surfaces

JrI TR TR T}

The limitations
65535 Sectors per YVolume ( PDRIVE siot ).
256 Sectors per Track
65536 Tracks ( or Recording Surfaces or Heads ) per Cylinder
65535 Tracks per Surface - all gualified by
Tracks per Surface times Tracks per Cylinder must be < 85%36

The upgrade to 2.5 from 2.0 comes with 4 extra programs :-

1. HDBACKUP/CMD - for backing up or resteoring to a Hard Drive
2. HDFMTAPP/CMD - for formatting a Hard Drive

3. EXTPDRIV/BAS - for setting up PDRIVE parameter sets

4. EXTPDAPP/DAT - for holding the PDRIVE parameter sets

as well as modifications to /S5YS programs.

The number of active PDRIVE slots (Drives) is limited to 8 of which up to
4 may be used for Floppy Drives. 1 Floppy Drive is required for backups but 2
is more practical.

The methed of storing the backed up Hard Disk files on the floppy is
changed so that they cannot be read by standard DOS functions. The sectors
containing the programs can be read and changed with Superzap when accessed by
Sector not File. Track numbers and File Sector numbers of the Hard Drive are not

displayed. Alsc DIR and FREE will not display Track counts for Hard Drive
Volumes.

. Bytes 20(14H) and 21 of a Directory entry still contain the S5ector
count so that it is physically limited to 65535. Again for the same reason the
NEWDOS/80 application of Sector I/0 limits a Volume (old concept of Drive) to
63535 Sectors. But when you consider that this allows for over 16 million bytes
to a Volume or File that restiction fades into impracticality.

With the advent of Hard Drives and their complications a bit of a byte
in the GAT Sector of the Directory still refers to a Granule or the minimum
amount of space allocatable. Well as you guessed with all that capacity, the
Sectors per Gran must increase beyoend 5 to be able to cope but the Granules per
Lump is best left alone at 8.
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HARD DRIVE CONFIGURATION

NEWDOS/80 Version 2.5 is a modified 2.0. Compatibility vemains with
Tandy's own hardware and for this reason it is confined to the Port usage and
Addresses used by the Tandy Hard Drive.

Most of the code driving the Hard Disk is contained in an extra 3 sectors
of sYS0/5YS, and is loaded and initialised on Boot-up. After the normal
SYS0/SYS program the next Org address on the disk is F900H and this code contains
the Hard Drive routines. The extra program protects it's lower boundary (F90CH)
and up to the end of memory is allocated to the extra routines. Thus 70CH (1792)
bytes may not be used for anything else. This robs the user of very little when
the extra capacity and speed of the Hard Drives are taken into account.

Ports used for Hard Disk I/0 by the 2.5 version are C0 to CF. Corvus uses
DE and DF and is thus incompatible. The Corvus people have made code (called
NEWDOS/80 2.C) to adapt NEWDOS/80 to their Drives and a Host Adaptor to
interface to the TRS-80. The hard drives use

Tandy - 256 byte Sectors - 32 Sects per Trk - 153 Trks per Surface
Apparat - 256 byte Sectors - 32 Sects per Trk - 306 Trks per Surface
Corvus - 512 byte Sectors - 20 Sects per Trk - 561 Trks per Surface

The most difficult decision in using Hard Drives involves the PDRIVE HDS
parameters. There are 12 of these. The next page has a listing, but first an
explanation of some of the terms involved.

DRIVE - A physical entity. = 1 Drive i.e. you may have the maximum
of 8 Volumes {PDRIVE slots) on 1 Drive.

VOLUME - 1 PDRIVE slot. A secticon of a Drive, be it a whole
Drive or a part, which has it's own Directory.
SURFACE - Recording surface - 1 per Drive Head -
RSC = Recording Surface count = TPC = Tracks per Cylinder
SECTION - Usually means a recording surface entity.
CYLINDER - Vertically all the same numbered tracks in a Drive
i.e. All Cylinders have (RSC) or (TPC) tracks.
GRANULE - Minimum recording space that can be allocated.
May contain 5-255 sectors in a Hard Drive. (Std 8)
LUMP - as used in Granules per Lump. An area of the Drive used in
the DDRSL parameter for the Directory. (See DDSL).
SECTOR INTERLEAVE COUNT - Delay between reading sectors. Optimal,

almost mandatory, 21 for NEWDOS/80 2.5 (used in Format)
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1. HDDN
2. TPS
3. SFS
4. SSC
5. SPT
6. TSR
7. VFS
8. WVsC
9. SPG
10. GPL
l1l1. DDSL
12. DDSA

Chapter 5

HARD DRIVE PDRIVE FPARAMETERS

Hard Disk Drive Number
Just means the Drive No.0 to 3). (Max. 4 Hard Drives.)
It specifies the Drive the Volume being PDRIVEd is on.

Tracks per Surface
The number of Tracks per recording surface.
Apparat Scd = 306 : Tandy 3td = 133 : Corvus 3td = 561

Secticon's First Surface
The recording surface the Volume starts on.
Can be 0 =2 Number of Recording Surfaces -1.

Section Surface Count
The number of surfaces the Volume spans.
Thus SFS + sS3C must be <= the total number of surfaces.

Sectors Per Track
Number ot 236 byte sectors on each track of each surface

32 in Arcacat & Tandy, 20 for Corvus (512 bytes/sector).

Track Z-=2-plng Rate

Apparat : I} : Tandy = 6 : Corwvus = 5

Voluma 7 oTs5n Sector

This 13 =~ 3ector number on which the Yolume starts
Can be . =™ 583535

Volume Zactor Count

Number of sectors in the volume. If v5C = O the PDRIVE

slot 1s used bBut computer reports Devise not avallable.

Sectors ~e¢r Franule

Floppy sta~isrd & default = 5. If a wnole Hard Drive is
usad as . voiume, the SPG Is increased to kaep DDSLIL91.

{The old) Granules per Lump
Between 2 3 3. A Lump 1n the GAT Sector i1s 1 Byrte.
A Granule :3 1 Bit. The Hard Disk std is the max. 8.

Default Z.v=crory Starting Lump
Phe Lump .~ -~:5 volume at whose lst sector is DIR/SYS.
Note - <al: la3ared into Sectors by DDSL * GPL * SPG.

Default Direrrory Sector Allocation
Different =-> Z2Ga 1n Floppies because the SPG changes.
Standard on Hard Drives = 33.
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THE Z-R0 ITNSTRUCTION SET LISTINGS
There are 4 listings Iin this Chapter.

Numerie Listing. The purpose of this list is to find
what mnemonics the different code values have.

Alphabetic Listing. The purcose of this list is ty find
the rode for a particular Instyuction.

Bit Mapped Listing. Trzre s really no practical use to this list
Howew2r, 1n t“he view of people r-~tarsested in Mactri~=2 de it ols

a ~T:o:izt i-terasting view of --s martterns o - =oal an
excel.2"% Twverall plcture of oo Trder I oChiras.

Code Action Explained. I~ an effort to keep this secticn as -Tormoiz2 o
possinlzs the format of some bins 1n ne cCcde ar: .Y 32en
from -aples accompaning the expliaratitn, The DeA (o2Tpsotion
(Decimaily Adjust the Accumulatord (s given a Y.l Faqe of
explanation as it holds great mysctery to ~he -~ o2 The
action »f the operations 15 #ro.a!72d 2 arv: a3 T.3ar 3s
possicie 2 picture of the resuls 3 well 233 any Tode 2If2cts
{(Flags ==:

The 280 has 4 sets -t Register palrs, ¢ne set ceing currently 0 s2, and
the primed set holding the:ir wvalues in &n inactive stare. These are rna AF BC
DE and HL. and the aAF' BC TE' and HL' register pairs. ’

The other registar salrs are the IX & IY 1ndex ragisters, tn2 Itack
pointer 3P, and the Program counter PC.

There are 2 req:is-=rs3 i3 bit) which are very saldom accessed by tne user,
the I and the R registers. T-- Interrupt register I is not used in the TRE-80, but
the Refresh or Random re3::-2r 13 used by the 280 in the memory refresh cycle and
changes every clock cycle.

PLEASE NOTE THAT T & FLAG IS SET (or reset) UNDER A CERTAIN CONDITION,
IF THE CONDITION IS NOT ~MET THEN THE FLAG IS RESET {or set).

Page 72 280 INSTRUCTION SET Chapter 6



MNEMONICS FOR THE Z-80

The format of an assembled machine language program is :-

addr. Code Linef# Label Opcode Operands ASCIT Comments !

FFFOH 2a 20 40 00210 CURSOR LD HL, (CURPOS) ta@ ; Get Cursor Pos :
7JFF3H 70 00220 LD a,L . ; LSB of Pos !
7FFaH E6 CO 00230 AND COH . ; Remove bits 0-3

7FF6H  6F 00240 LD L,A o . Start of line. |

The first 2 columns (Address & Hex) only appear in an assembly and are not

entered by the user. They are formed by the assembler to show the code
generated and the address at which it resides.

The 3rd column (Line#) is started and incremented by the computér when
the user is entering Mnemonics to the users request or to the default [Start at
line 100 and increment by 10)

The 4th column {(Label} is an opticnal address label. The name 1= ==
reference the address involved.

The 5th column (Opcode) contains the operation or actlion code. This - ay
be a single byte code or up to 4 byte code.

The 6th column (Operand(s)) displays the operands involved, if any. T-e
sth & 6th columns are the user supplied information that the assemblsar 525
{together with an ORG statement to obtain a start address) to generate wea o

values to place in memory and together they are referred to as the MnemIr:-s.

The 7th column (ASCII) is an optional output of the disassembler 'sc-me
don't have it) which shows the ASCII equivalent of the Hex wvalues. When the vailzs
are not in the printable range of 21H(33) to 7FH(127) they are usually represented
by a full stop.

The 8th column (Comment) is an optional comment on ©r an explanat.on
of what effect the code has.
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Z—-80 FIL.AGS

The flag register is the second part of the AF or the alternate AF'
register pair. The F register cannot be accessed in the way other registers
can. The manipulation of the A register is all that can be done to this pair.

The chart shows the names of the Flags, Bit numbers, their values and
the symbols used to convey conditlions.

| Bit aumber 7 6 5 6 | 3 2 S
! Flag name | Sign | Zero X . Half-| X | Parity/ | add- | Carry

! i Carry 1 Overflow | Subtr.: !
H ; i I | i i
. i | | t b . :

Symbol if SET M .z ! X - % O - ¢
Symbol if RESET P, Nz X - X PE Lo~ 1N
! | i i i ;
value Decimal | 128 | 64 32 16 | 8 4 2 Lo
Value Hex 80H | 40H 20H 10H | 0B8H O4H | 02H | 0ld
i i i i . |

X means this flag glot is not used.
- Means this flag slot is used only by the DAA instruction.
See Page 114 for a full explanation of the DAA instruction.

Generally 8 and 16 Bit Loads do not affect the Flags. The excasrnion i3
the LD AR & LD A,I instructions. Incrementing or decrementing 2 byte Reg:isters
also does not affect the Flags. However the 8 Bit INC's and DEC's do.

The effect of logical operations on the bits of an operand are
XOR results in a 1 only if the corresponding bits are opposing
XORing with all bits 1 (FFH) inverts all bits (1's complement)
XORing with all bits 0 (00H) leaves the value unchanged
XORing A with itself zeroes A & clears all flags except Zero
AND a bit with 1 does not change the bit,
ANDing with 0 resets it
OR a bit with 0 leaves it unchanged,
ORing with 1 sets it.
'OR A' clears the Carry, Half Carry & Add/Subtract flags
and reflects the current condition in the remaining flags.
An AND is like a Subtract. An OR is like an Add.

All logical instructions except CPL clear the CARRY flag.

SCF & CCF do not affect any flags other than the CARRY.
All PUSHes and POPs do not affect flags (excepting POP AF).
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BIT O

BIT 1

BIT 2

BIT 3 =

BIT 4 =

BIT 5 =~

BIT & =

BIT 7 =

Chapter 6

Z2—-80 FLAGS

The CARRY flag
~ This flag is set (made 1} if there is a carry over to or a
borrow from the flag from bit 7 of the accumulator as a Result of
an arithmetic or bit operation.

The ADD/SUBTRACT flagq
~ This flaqg is affected only by the Decimally Adjust Accumulator
(DAA) operation.

The PARITY/OVERFLOW flag
—~ This flag is affected by Arithmetic.Bit.Block Transfer & Search
cperations and for Interrupt & I/0 testing.
Arithmetic - Adding operands with the same sign, if the Result has
the opposite sign Bit 2 indicates Overflow.
Bit - Set if addition of wvalues of all B bits is EVEN.

- Block Transfer & Search - Reset until the counter (BC) is zero.
Interrupts - Reading the Interrupt (I) or refresh (R) Registers the
flag receives the Contents of the Interrupt enakle (IFF2).

1/0 - the flag reflects the parity of the data read.

not used - generally reflects the wvalue in Bit 3 of A.

The HALF CARRY flag
- This flaq is affected according to the Carry/Borrow status
between bits 3 and 4 in the A register {accumulator) after an 8 bit
Arithmetic operation. This flag is also used only by the DAA
operation.

not used - generally reflects the value in Bit 5 of A.

The ZERQO flag
— This flagq is set by B bit arithmetic and logical Operations if .
A=0, by bit testing if the bit is reset, and by block compare
instructions, and in Device I/C (INLIND.QUTI.QUTD) if the counter (B}
is zeroed.

The SIGN flag
- ‘This flag simply stores the most significant bit (Bit 7) of the
A reglister (accumulator).
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POTITNYS OF INTEREST

DISPLACEMENT VALUES.

The wvalue range for j the Jjump displacement is given as -126 to
129. This is the Mnemonics offset from the address of the JR instruction itself
whereas the Computer uses the value of the Program Counter {the address of the
next Instruction).

When making code, the Assembler decrements the Mnemonics value by 2
{che No. Bytes used by the JR instruction) s$o the actual range has the signed 1
byte possible value of -128 to 127.

THE ACCUMULATOR or A REGISTER.
Though sometimes not specified all 8 Bit aArithmetic and
Logical operations except INC & DEC invelve the A register.

STACK OPERATIONS.

The address pointed to by the SP (Stack Pointer) holds the 16 bit
value that is next to come off the stack. The stack is a last in first off storage
which helds a 16 bit value stored for later use or an address {e.g. executaed by
a RETurn instruction)

The stack peocinter can be set to an address by a direct statement or
by an indirect register lcad i.e. LD SP,nn where nn is the address required or
with the address held by the HL:. IX or IY register pairs. However, there 1s no
instructicon to load the SP value into an address or register pair (maybe to find
out just where the SP points to)

When a register pailr is stored onto the stack (e.g. PUSH BC) the
current SP value is first decremented. Then the high byte (B of BC or H of HL)
is loaded into this address and the SP is decremented again. Lastly the low byte
is loaded to the SP address. Thus the SP points te the low byte of a 16 bit value
or address stored in memory in LSB MSB formart.

THE PROGRAM COUNTER.

The PC holds the address of the next instruction to be executed. The
PC is affected by some instructions which disturb the normal sequential progress
of the flow of a program.

A RETurn instruction, for example loads the PC with the current SP value
so that execution trransfers to a non-sequential address.

There are no listed instructions involving the Program Counter but by
clever manipulation or with the help <f the ROM the current PC value can be
ascertained.

There is at a very low ROM address 2 instructions which may be used for
this purpose. At 000BH the byte is EI (POP HL) and at O000CH is E9 (JP (HL)).

A call to 000BH will cause the PC value to be PUSHed onto the stack. Then
a POP HL will transfer this value to HL and a JP (HL} will start the program back
at the RETurn address without using the stack.
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NUUMERIC INSTRUCTION SET z OCOH—3FH

—— Code = Mnemonic Code ———" Mnemonic

00 NOP 20 FE JR  NZ.,3

01 EF CD LD BC.,nn 21 EF CD LD HL ,nn

02 LD {(BC),A 22 EF CD LD (nn}.HL

Q3 INC BC 23 INC HL

04 INC B 24 INC H

05 DEC a2 25 DEC H

06 20 LD B,v 26 20 LD H:Vv

07 RLCA 27 DAA

08 EX AF ;AF' 28 FE JR Z:3

09 ADD HL.BC 29 ADD HL.HL

0A LD A, (BC) 2A EF CD LD HL, (nn)

0B DEC BC 2B DEC HL

0C INC C 2C INC L

(013 DEC C 2D DEC L

OE 20 LD C,v 2E 20 ) LD L.,v

OF RRCA 2F CPL

10 FE DINZ 3j 30 FE JR NC., 3

1l EF CD LD DE :nn 31 EF CD LD SP,nn

12 LD {DE) /A 32 EF CD LD (nn).A

13 INC DE 33 INC sp

14 INC D 34 INC (HL)

15 DEC D 35 DEC (HL)

16 20 LD D,V 36 20 LD {HL) ,v

17 RLA 37 SCF

18 FE JR 3 38 FE - JR C,3

19 ADD HL/,DE 39 ADD HL . SP

1A LD A, (DE) 3A EF CD LD A,(nn}

1B DEC DE 3B DEC &SP

1C INC E 3c INC A

ip DEC E 3D . DEC A

1E 20 LD E/v 3E 20 LD A,V

1F RRA 3F CCF
nn = 16 bit Address 0 to 65535 ( CDEFH is used in each case )
d = 8 bit Displacement for IX & IY =128 to 127 {( O5H used )
v = 8 bit Value 0 to 255 ( 20H used )
J= 8 bit Jump displacement =126 to 129 ( FEH used )
P = 8 bit Port address 0 to 255 {( FFH used )

(HL) = Contents of the address pointed to by the HL register pair.

The register pairs HL, DE, BC, IX., IY, or SP may be involved.

Chapter 6 Z-80 INSTRUCTION SET Page 77



NUIIMERIC ITNSTRUCTION SET z S OH—BFH

- Code —Mnemonic -~ Codae- Mnemonic - Code— Mnemonic .— Code - Mnemonic
40 1D ®,B 60 LD H,B 80 ADD A,B AD AND B !
41 LD B,C b1 LD H,C 81 ADD A,C PooAl AND  C
42 1D B,D 62 LD  H,D 82 ADD aA,D oAz AND D
43 LD B,E 63 LD H,E a7 ADD ALE A3 AND E |
44 LD B,H 6 LD  H.H 84 ADD  ALH A4 AND H
45 L B,L a5 o H,L ;85 ADD A,L A3 AND T
46 LD B,{HL) | &# LD H,(HL) | 86 ADD A, (HL) | A6 AND  (HL)
47 LD  B,A 7 LD  H,A 87 ADD 4A,aA A7 AND A
48 LD C,B Y 1D L,B a8 ADC A,B A8 XOR B
49 b C,C P69 LD L,C 89 ADC  A,C A9 SOR C
4A LD C,D L 6A LD  L,D 8A ADC A,D AA XOR D '
4B LD C,E E 6B LD L,E 8B ADC ALE oaB XOR E
4C LD C,H Y 1D L,H 8C ADC  AH I ac XOR H
4D LD C,L ' oep Lo 1,L i 8D ADC  A,L L AD XOR L
4E LD C,(HL) | $F LD L,(HL) | BE aDc A,(HL)% AE XOR  (HL)
4F LD C,A - BF LD L,A | 8F ADC  AL,A 1 AF XKOR A
i i i
50 LD D,B ¥ D (ML),B | 90 SUB B {80 OR 3
51 LD D,C . LD (HL),C | 91 SUs C i Bl oK% j
52 LD D,D - J (vLy,n | a2 SUB D . R2 O D
53 LD D,E T 2D (HL),E | 93 sl R a3 DR E
54 b D,H T o {HL),H | 94 SUB H : B4 OR W
55 LD D,L 75 LD (LY ,L 95 SUB L R OR 1 :
56 LD D,(HL) ' 76 HALT 196 SR UHL) | B& na (i)
57 LD 0,4 7T LD (HL), & { 97 SUB .37 R A
' |
58 LD E,B 73 LD A,B 98 SRC A, H Y oron ?
59 LD E,C >y LD A,C 99 SBO AL a9 S i
5A LD E,D TA LD  A,D 94 SBC  A,D C A P00 ;
5B LD E,E B LD ALE 98 SBC A,E | BB P E
5C LD E,H 7C LY A,H 9G SBC ALH | RC P H i
5D LD E,L o £t A,L 9D SBC  A,L i R’RD crooL f
5E 1D E,(HL) ! 7E LD A,(HL) | SE SBC  a,{(HL) ! BE oP o (HL) ;
SF LD E,A TE 1D A,A 9F SBC A, A \ BF CeoA :
: !
1 i
nn = l6 bit Address 0 to 65535 ( CDEFH is used in each case )
d = 8 bit Displacement for IX & IY -128 teoe 127 ( 0OSH used )
v = B8 bit Value : 0 to 255 ( 20H used )
3 = 8 bit Jump displacement -126 to 129 ( FEH used )
p = B bit Port address 0 to 255 ( FFH used )}
{({HL) = Contents of the address pointed to by the HL register pair.

The register pairs HL, DE, BC, IX, IY, or SP may be involved.
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NUMERIC INSTRUCTION SET

COH—-FFH

The register pairs HL.

Chapter 6

DE, BC, IX,

Z-80 INSTRUCTICON SET

—— Code Mnemonic Code Mnemonic

CO RET N2Z EQ RET PO

Cl FPOP BC El POP HL

C2 EF CD Jp NZ.,nn EZ2 EF CD JP PO,nn

C3 EF CD JpP nn E3 EX (SP) ,HL

C4 EF CD CALL NZ.,nn E4 EF CD CALL PO,nn

ol PUSH BC ES PUSH HL

Ce6 20 ADD A.v E6 20 AND v

c? RSET 00H E?7 RST 20H

c8 RET 2 E8 RET PE

c9 RET E9 JP (4L)

CA EF CD JP Z.NnN EA EF CD JP PE.nN

CB Codes Pages 78,79 EB EX DE s HL

CC EF CD CALL Z.nn EC EF CD CALL PE,nn

CD EF CD CALL nn ED Codes Page 83

CE 20 ADC A,V EE 20 XOR v

CF RST O8H EF RST 28H

DO RET NC FO RET o

Dl POP DE Fl POP AF

D2 EF CD Jp NC ,nn F2 EF CD JP P,nn

D3 FF OUT (p) A F3 DI

D4 EF CD CALL NC.,nn F4 EF CD CALL P.nn

D5 PUSH DE F5 PUSH AF

D6 20 SUB v Feé 20 OR v

D7 RST 10H | 3 RST 30H

D8 RET C F8 RET M

D9 EXX F9 LD SP.HL

DA EF CD Jp C,nn FA EF CD JP M.nn

DB FF IN A,(p)} FB EI

DC EF Cb CALL C.nn FC EF CD CALL M.nn

DD Codes Page 80 FD Codes Fage 82

.DE 20 SBC Asv FE 20 CcpP \'

DF RST 18H FF RST 38H
nn =.16 bit Address 0 to 65535 ( CDEFH is used in each case )
d = 8 bit Displacement for IX & IY -128 to 127 ( O5H used )}
v e« 8 bit Value _ 0 to 255 ( 20H used )
J = B bit Jump displacement -126 to 129 ( FEH used }
P = 8 bit Port address Q0 to 255 ( FFH used )

(HL) = Contents of the address pointed to by the HL register pair.

IY, or SP may be involved.
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NUMERIC INSTRUCTION SET

B OO0OH —~7FH

Code— MnemonicT Code — Mnemonic T+ Code — Mnemonic — Code-— Mnemonic—
CB 00 RLC B CB 20 SLA B CB 40 BIT 0O,B CB 60 BIT 4,B
Ce 0Ot RLC C CcCB 21 SLA C CB 4l BIT 0,C CB 61 BIT 4,C
CB 02 RLC D CB 22 SLA D CB 42  BIT 0,D CB 62  BIT 4,D
CB 03 RLC E CB 23 SLa E CB 43 BIT 0,E CB 63  BIT 4,E
CB 04 RLC H CB 24 SLA H CB 44 BIT O.,H Ch 64 BIT 4,H
CB 053 RLC L CB 25 SLA L CB 45 BIT 0,L CB 65 BIT 4,L
CB 06 RLC (HL) CB 26 SLa (HL) CB a6 BIT O, (HL) CB 66 BIT 4, (HL)
CB 07 RLC A CB 27 SLA A CB 47 BIT 0,A CB 67 BIT 4,A
CB 08 RRC B CB 28 SRA B CB 48 BIT 1,B CB 68 BIT 5,B
CB 09 RRC C cB 29 SRA C CB 49 BIT 1,C CB 69  BIT 5,C
CB 0A RRC D CB 2A SRA D CB 4a  BIT 1,D CB 6A  BIT 5,D
CB OB RRC E CB 2B SRA E CB 4B BIT 1,E CE 6B BIT 5,E
CB OC RRC H CB 2C S5RA H CB 4C BIT 1,H CB 6C  BIT 5,H
CE OD RRC L CB 2D SRA L CB 40  BIT 1,L CB 6D BIT 5,L
Ch OE RRC (HL) CB 2E SRa (HL) CB 4E BIT 1, (HL} CBE &E BIT 5,(HL)
CB OF RRC A CB 2F SRA A CB 4F BIT 1,4 CB 6F BIT 3,4A
CB 10 RL B CB 30 SLI B CB 50 BIT 2,B CBR 70 BIT 6,B
CB 11 RL C cg 3l SLI C CB 51 BIT 2.,C CB 71 BIT 6,C
CB 12 RL D ca 32  SLI D CB 52  BIT 2,D cs 72 BIT 6,0 |
CB 13 RL E CE 33 SLI E CB 53 BIT 2,E cB 73 BIT 6,8 |
CB 14 RL H 100 N FA SLI H CB 534 BIT 2,H CB 74 BIT 6,1
cB 15 RL L cs 33 SLI L CB 55 BIT 2,L CB 75 BIT &,L
CB 16 RL (HL)} CB 36 SLI (HL) | CB 56 BIT 2,(HL) CB 76 BIT 6,(HL)
CB 17 RL A C3 137 SLI A CB 57 BIT 2,A CB 77 BIT 6,A
CB 18 RR B CBE 38 SRL B CB 58 BIT 3,B CB 78 BIT 7,B
‘CB 19 RR C CB 39 SRL C CB 539 BIT 3,C CB 79 BIT 7,C
CB lA RR D CB 3a SRL D CB 5A  BIT 3,D CB 7A  BIT 7.,D
CB 1B RR E C8 18 SRL E CB 5B RIT 3,E CB 78 BIT 7,E |
CB IC RR H CB 3C SRL H CB 3C BIT 3,H CB 7€ BIT 7.H
CB 1D RR L CB 3D SRL L CB 5D BIT 3,L CB 7D BIT 7,L
CB lE RE (HL) CB 3E SRL (HL) CB 5E BIT 3,(HL) cB JE BIT 7,{HL)
CB IF RR A CB 3F SEL A CB SF BIT 3,A CB 7F BIT 7.a
nn = 16 bit Address 0 to 65535 ( CDEFH is used in each case )
d = 8 bit Displacement for IX & 1Y -128 to 127 ( O5H used )}
v = B bit Value 0 to 255 ( 20H used )
3 = 8 bit Jump displacement -126 to 129 ( FEH used )
p = 8 bit Port address 0 to 255 ( FFH used )
(HL) = Contents of the address pointed to by the HL register pair.
The register pairs HL, DE, BC, IX, 1Y, or SP may be involved.
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NUMERIC INSTRIICTION SET B — 80H—-FFH

r Code — Mnemonic —T Code — Mnemonic —TJTCode — Mnemonic —T Code — Mnemonic —]
CB 80 RES 0O,B CB a0l RES 4,B CB CO SET O0,B CB EO SET 4,8
CB 81 RES 0,C cB al RES 4,C CB Cl SET 0,C CB E1 SET 4,C
Ch 82 RES 0,D CB A2 RES 4,D CB C2 SET 0,D CB E2 SET 4,D
CB 83 RES O,E CR A3 RES 4 ,E CB C3 SET O0.,E CB E3 SET 4,E
CB 84 RES O,H CB a4 RES 4,H CB Cé4 SET O,H CB E4 SET 4,H
CB 85 RES O,L CB AS RES 4,L CB C5 SET 0,L CB ES SET 4,L
CB 86 RES 0, (HL) CB A6 RES 4,(HL)|CB Cé SET O,(HL) | CB Eb SET 4, (HL)
CcB 87 RES O,A CB A7 RES 4,A CB C7 SET 0,A CB E7 SET 4.,A
CB 88 RES 1,B CB A8 RES 5,B Ch C8 SET 1,B CB E8 SET 5,B
CB 89 RES 1,C CB A9 RES 5,C CB C9 SET 1,C CR E9 SET 5,C
| CB 84 RES 1,D CB AA RES 5,D CB CA SET 1,D CRB EA SET 5,0
CB 8B RES 1,E CR AR RES 5,E CR CB SET 1,E CB EB SET 5,E
ChR 8C RES 1,H CB AC RES 5,H CB CC SET 1,H CB EG SET 5,H
CB 8D RES 1I,L CB AD RES 5,L CB CD SET 1,L "CB ED SET. 5,L
CB BE RES 1,(HL) CB AE RES 35,(HL)|{CB CE SET 1,(HL)| CBE EE SET 5,(HL)
CB 8F RES 1,A CB AF RES 5,A CB CF SET - 1!,A CB EF SET 5,4
CB 90 RES 2.B CB BO RES 6,B CB DO SET 2,B CB FO SET 6,B
CB 91 RES 2,C CB Bl RES 6,C CBR DI SET 2.C CB Fl SET 6,C
CB 92 RES 2,D CB B2 RES 6,D CB D2 SET 2,D CB F2 SET &,D
CB 93 RES 2,E CB B3 RES 6,E CB D3 SET 2,E CB F3 SET 6,E
CB 94 RES 2,H CB B4 RES 6,H CB D4 SET 2,H CB F4 SET 6,H
CB 95 RES 2,L CB 85 RES 6,L CB D5 SET 2.,L CB F5 S5ET &,L
CB 96 RES 2,(HL) CB B& RES 6,(HL)|CB D6 SET 2,(HL) | CB Fé SET 6, (HL)
cB 97 RES 2,A CB B7 RES 6,A CB D7 SET 2,A ce F7 SET 6,A
CB 98 RES 3,B CB B& RES 7.B CB D8 SET 3,B CB F8§ SET 7,B
CB 99 RES 3,C CB B9 RES 7.C CB D9 SET 3,¢C | c8 F9 SET 7,C
CB 9A RES 3,D |CB BA RES 7,0 {CB DA SET 3,0 | CB FA SET 7,D }
CB 9B RES 3.E CB BB RES 7,E CB DB SET 3,E CB FB SET 7.,E i
CB 9C RES 3,H CB BC RES 7,H CB DC SET 3,H ! CB FC SET 7.4 |
CB 9D RES 3,L CB BD RES 7,L CB DD SET 3,L i CR FO SET 7,L i
¢B 9E RES 3, (HL) CB BE RES 7,(HL)|CB DE SET 3,(HL){ GB FE SET 7, (HL) i
CB 9F RES 3.,A CB BF RES 7,4 CB DF SET 3,A CB FF SET 7,4 }
i |
nn = 16 bit Address 0 to 65535 { CDEFH is used in each case )
d = 8 hit Displacement for IX & IY -128 to 127 ( OSH used )
v = § bit Valus Q0 to 255 ( 20H used )
3 = 8 bit Jump displacemant -126 to 129 ( FEH used )
p =™ B8 bit Port address 0 to 255 ( FFH used )
"(HL) = Contents of the address pointed to by the HL register pair.

The register pairs HL. DE, BC, IX, IY. or SP may be involwved.
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n)e)
pD

DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD

DD
DD
DD
DD
DD
oD
DD
DD
DD
DD
bD
DD

DD
DD
DD
DD
bD
DD
DD
DD
DD
bD
DD
DD

Code

c9
19

21
22
23
24
25
26
29
2A
2B
2C
2D
2E
34
35
36
39

44
45
46
4C
4D
4E
S4
55
56
5C
5D
5E

60
61
62
63
64
65
66
67
68
69
6A
6B

EF
EF

20

EF

20

05

05

05

05

05

05

05

05

co
cD

cD

20

Mnemonic

ADD IX.BC
ADD IX/DE

LD IX,nn
LD {(nn),IX

INC IX
INC HX
DEC HX

LD HX,v
ADD IX,IX
LD IX,(nn)

DEC IX
INC LX
DEC LX

LD LX,v

INC (IX+d)
DEC (IX+d)
LD (IX+d).,v
ADD IX.S5P

LD B,HX
LD B.LX
LD B, (IX+d)
LD C HX
LD C/,LX
LD C,(IX+d)
LD D,HX
LD D,LX
LD D,(IX+d)
LD E,HX
LD E/LX

LD E,(IX+d)

LD HX,B
LD HX.,C
Lb HX.D
LD HX . E

LD HX ,HX
LD HX .LX
LD H: (IX+d)

LD HX A
LD LX,B
LD LX.C
LD L¥X.D
LD LX,E

Code

DD
DD
oD
Do
DD
DD
bp
DD
DD
DD
DD
DD
pD
DD

DD
DD
DD
DD
DD
bD
DD
DD
DD
oD
DD
pb

DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD

ja)a)
DD
DD
bD
DD

6C
6D
6E
6F
70
71
72
73
74
75
77
¢
7D
7B

84
85
B6
8C

8D .

8E
94
95
96
8C
9D
9E

A4
AS
Ab
AC
AD
AE
B4
BS
B6
BC
BD
BE

El
E3
ES
ES
F9

NUMERIC INSTRUCSTION SET

05

05
05
05
05
05
05
Q5

05

05

05

05

05

05

05

05

05

DD Codes

Mnemonic

LD LX,HX
LD LX,LX

LD L, (IX+d)
LD LX,A

LD (IX+d).B
LD (IX+d}.C
LD (IX+d).,D
LD {(IX+3)},E
LD (IX+d).,H
LD (I%+d).,L
LD (IX+d).,A
LD A HX

LD A,LX

LD A, (IX+d)

ADD A,HX

ADD A,LX
ADD A, (IX+d)
ADC A, HX
ADC A,LX
ADC A, (IX+d)
SUB HX

sSUB LX

SUB  {IX+d)
SBC A/HX
SBC A,LX

SBC A, (IX+d)

AND HX
AND LX
AND (IX+d)
XOR HX
XOR LX
XOR  (IX+d)
OR HX
OR LX
OR (IX+d)
Ccp HX
CP LX

CpP (IX+d)

POP IX

EX (8P),IX
PUSH IX

Jp (IX)

LD SP,IX

Page 82

Z-80 INSTRUCTION SET

Chapter 6




NUMERIC INSTRIUJCTION SET z <cE — DD & FD

Code — Mnemonic Code —— Mnemonic

DD CB 05 06 RLC {(IX+A) : FD CB 05 06 RLC {IY+d)

pD CB 05 OE RRC {(Ix+d) E FD CB 05 OE RRC (IYy+d)}

DD CB 05 16 RL {IX+4d) ! FD CB 05 16 RL {IY+d)

DD CB 05 1E RR (IX+d) : FOr ¢8 0S5 1E RR (IY+d)

DD CB 0% 26 SLA (IX+d) FD CB Q5 26 SLA (IY+d}

DD CB 05 2E SRA (IX+d) FD CB 05 2E SRA {I1y+d)

PD CB 05 36 SLI (IX+ad) FD CB 0% 36 SLIT {(ry+d)

DD CB 05 3E SRL (IX+d) FL CB 05 3E SRL {Iv+d)

DD CB 05 46 BIT 0, (IX+d} FD CB 05 46 BIT 0.(TY+d)

DD CB 05 4E . BIT 1,{IX+d) FD CB 05 4EF BIT L,{Iv+d)

DD CB 05 56 BIT 2, (IX+d) FD CB 05 56 BIT 2,0IY+d}

DD CB 05 SE BIT 3,(IX+d) FD CB 05 5E BIT 3,{IY+d)

DD CB 05 66 BIT 4,(IX+d) FD CB 05 66 BIT 4,(1Iv+d4)

DD CB 05 &E BIT 3,{IX+d) FD CB 0% &E BIT 5,(IYv+d)}

DD CB 05 76 BIT 6, (IX+d) FD B 05 76 BIT 6,(IY+d)

DD ¢B 05 7E BIT 7,(IX+d) FD CB 0% 7E BIT T {IY+d)

DD CB 05 86 RES 0, (IX+ad) FD ¢B 05 86 RES 0, (IY+d)}

DD CB 05 8E RES 1,(I%X+d) FD CB 05 8E RES3S 1,{1Iv¥v+d) ;

DD CB 05 96 RES 2.(I%+4d) FD CB 05 96 RES 2,(1Y+4) E

DD CB 0% 9E RES 3,(IX+d) FD CB 05 9E RES 3,(Iy+4d) i

DD CB 05 A6 RES 4,(1x+d) FD CB 0% Aé RES 4,(Iy+d)

DD CB 05 AE RES S5,{(IX+d) FD CB 0% AE RES S5,(IY~+d)

DD CB 05 B6 RES 6, (IX+d} FD CB 05 Bé6 RES 6,(1Y+d)

DD CB 05 BE RES 7, (1X+d) FD CB 05 BE RES F{IY+d)

DD CB 05 Cé6 SET 0,(IX+d} FD CB 05 Cé6 SET 0,(I¥+d?}

DD CB 05 CE SET 1,(IX+4) | FD CB 0% CE S5ET 1,(1Y+d)

DD CB 0% D& SET 2:,(IX+d) i FO CB 05 D6 5T 2,(1Y+ad) i

DD CB 05 DE SET 3,(IX+d) FD CB 05 DE SET 3.{IY+cd) !

DD CB 05 E6 SET 4,{(IX+d) FD CB 05 E6 SET  4,{(IY+d)

DD CB 0% EE SET 5, (IX+d) FD ¢3 0% EE SET 5,(Iy+d)

DD CB 05 Fb6 SET 6, (IX+d)} FD (B 05 F'6 3T 6.,(1IY+d)

DD CB 05 FE SET 7. {IX+d) D CB 0% FE SET T.0I¥+d)
nn = 16 bit Address 0 to 65535 {( CDEFH is used in each case )
d « 8 bit Displacement for IX & 1Y -128 to 127 ( 0O5H used )}
v = 8 bit Value 0 to 255 { 20H used )
J= 8 bit Jump displacement =126 to 129 ( FEH used )
p = 8 bit Port address 0 to 255 { FFH used )

(HL) = Contents of the address pointed to by the HL register pair.

Chapter

The register pairs HL, DE, BC, IX, IY., or SP may be involved.
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NIUMERIC INSTRUCTION SET

— Code

FD 09
FD 19

FD 21
FD 22
FD 23
FD 24
FD 25
FD 26
FD 29
FD 2A
FD 2B
FD 2C
FD 2D
FD 2E
FD 34
FD 35
FD 36
FD 39

FD 44
FD 45
FD 46
FD 4C
FD 4D
FD 4E
FD 54
FD 55
FD 56
FD 5C
Fb 5D
FD 5SE

FD &0
FD &1
FD 62
FD 63
FD &4
FD 65
FD 66
FD 67
FD 68
FD 69
FD 8A
FD 6B

EF
EF

20

EF

20

05

05

05

05

05

05

05

05

CD
CD

co

20

Mnemonic

ADD IY.BC
ADD TIY.DE

L.D IY . nn
LD (nn),IY

INC IY
INC HY
DEC HY

LD HY . v
apb IY,IY
LD IY,{nn}

CEC IY
INC LY
DEC LY

LD LY .,v

INC (Ivy+d)
DEC (IY+d)
LD (I¥Y+d).,v
ADD TIY.SP

LD B,HY
LD B,LY
LD B,(IY+d)
LD C,HY
LD C.LY
LD C,{1IY+3)
LD D,HY
LD D,LY
LD D,(IY+d)
LD E.HY
LD E:LY
LD E,(IY+d)

LD HY . B
LD HY , C
LD HY . D
LD HY . E

LD HY ,HY

LD HY LY

LD H,{(IY+d}
LD HY A

LD LY .B

LD LY.C

LD LY .D

LD LY ,E

Code

FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD

FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD
FD

FD
FD
FD
FD
rD
FD
FD
FD
FD
FD
FD
FD

FD
FD
FD
FD
FD

6C
6D
6E
6F
70
71
72
73
74
75
77
7C
7D
7E

B84
85
gé
8C
8D
8E
94
95
96
9C
9D
QE

Ad
a5
A6
AC
AD
AE
B4
BS
B6&
BC
BD
BE

El
E3
E5
E9
F9

05
05
05
05
053
0%

G5
05

05

05

053

05

05

FID Codes

Mnemonic

LD LY ,HY
LD LY,LY
LD L:.{IY+d)
LD LY ,A
LD {I¥Y+d).B
LD (IY+4d)}.C
LD (IY+d).D

LD (IY+d},E
LD (IY+d).,H
LD (IY+d),L

LD {IY+d) A
LD A HY
LD ALY
LD A, (1Y+d)

ADD A,HY
ADD A.,LY
ADD A, {IY+d)
ADC A,HY

ADC ALY
ADC A, (IY+d)
SUB HY

sUB LY

5UB {IY+d}
SBC  A,HY

sBC &.LY

SBC A, (IY+d)

AND HY
AND LY

AND (IY+d)
XOR HY

XOR LY

XOR  (Iv+d)
OR HY

OR LY

OR {Ivy+d)
cp HY

cp LY

CP (IY+d)
PORP IY

EX {SP).,IY
PUSH 1Y

Jp (1Y)

LD SP,1Y
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NUMERITIC INSTRUCTION SET

EIDY Code s

Code Mnemonic Code Mnemonic
ED 40 IN B, (C) ED 652 SBC HL -HL
ED 41 QUT (C},B ED &7 RRD
ED 42 SBC HL . BC
ED 43 EF CD LD (nn)/,B ED &8 IN L.(C)
ED 44 NEG ED 69 ouT (Cy.,L
ED 45 RETHN ED 64 ADC HL HL
ED 46 IM 0 ED &F RLD
ED 47 LD I,a
ED 72 5BC HL ,SP
ED 48 IN C,{C) ED 73 EF CD LD (nn),SpP
ED 49 QuUT (C).C ED 78 IN A, (C)
ED 4A ADC HL.,BC ED 79 ouUT (C).A
ED 4B EF CD LD BC, (nn} ED 74 ADC HL ,SP
ED 4D RETI ED 7B EF CD LD SP,{nn)
ED 4F LD R, A
ED AQ LDI
ED 50 IN D,{C} ED Al CPIL
ED 51 ouT (Cy.D ED A2 INIT
ED 52 SBC HL,DE ED A3 OUTI
ED 53 EF CD LD {(nn}.DE ED A8 LDD
ED 56 M 1 ED A9 CPD
ED 57 LD AT ED AA IND
ED AB ouTD
ED 58 IN E,{C)
ED 59 QuUT (C),E ED BO LDIR
ED SA ADC HL , DE ED Bl CPIR
ED 5B EF CD LD DE,(nn) ED B2 INIR
ED SE IM 2 ED B3 OTIR
ED 5F LD AR ED BB LDDR
ED B9 CPDR
ED &0 IN H.{C) ED BA INDR
ED &1 ouT (C).,H ED BB OTDR
nn = 16 bit Address Q0 to 65535 ( CDEFH is used in each case )}
d = 8 bit Displacement for IX & IY ~-128 to 127 ( 0OS5H used )
v = 8 bit Value 0 to 255 { 20H used )
J = 8 bit Jump displacement -126 to 129 ( FEH used )
p = 8 bit Port address 0 to 255 ( FFH used )
(HL} = Contents of the address pointed to by the HL register pair.

Chapter
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@ register pairs HL, DE, BC, IX, IY,

2~80 INSTRUCTION SET

or SP may be involved.
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AT PHABETIC INSTRIUCTION SET s ADC — BI'T

-~ Code ———Mnemonic ———— Code —— Mnemonic Code Mnemonic

8E ADC A, (HL) FD 39 ADD IY,SP CB 55 BIT 2,L

DD BE 05 ADC A,(IX+d) | A6 AND (HL) CB SE BIT 3,(HL)
FD 8E 05 ADC A,(IY+d) | DD A6 05 AND (IX+d) DD CB 05 S3E BIT 3,(IX+d)
CE 20 "ADC A,v FD A6 05 AND {(IY+d) FD C8 05 5E BIT 3,(IY+d)
8F ADC A,A E6 20 AND v CB S¥F BIT 3,A

88 ADC A,B A7 AND A CB 58 BIT 3.8

89 ADC A,C AQ AND B CB 59 BIT 3,C

8A ADC A,D al AND C CB 54 BIT 3,D

8B ADC ALE A2 AND D CB 3B BIT 3,E

8C ADC A.H Al AND E CB 5C BIT 3.H

DD 8C ADC A,HX Ad " AND H CB 5D BIT 3,L

FD 8C -  ADC A,HY DD A4 AND HX CB 66 BIT 4,(HL)
8D ADC A,L FD A4 AND HY DD CB 05 66 BIT 4&,(IX+d)
DD 8D ADC  A,LX AS AND 1, FD CB 05 66 BIT 4,(IY+d)
FD 8D ADC A,LY DD A5 AND LX CB 67 BIT 4,A

ED 4A ADC HL,BC FD AS AND LY CB 60 BIT 4,B

ED 5A ADC HL,DE CB 46 BIT O,{HL) CB 61 BIT 4,C

ED 6A ADC HL,HL DD CB 05 46 BIT L,{IX+d)| CB 62 BIT 4,D

ED 7A ADC HL,SP FD CB 05 46 BIT 1,(I¥+d)| CB 63 BIT 4,E

a6 ADD A, (HL) CB 47 BIT O0,A CB 64 BIT 4,H

DD 86 05 ADD A, (IX+d) | CR 40 BIT 0O,B CB 65 RIT 4,L

FD 86 05 ADD A,{IY+d) | CB 41 BIT 0,C CB 6E BIT 5, (HL)
ce 20 ADD A,v CB 42 BIT 0O,D DD CB 05 6E BIT 5,(IX+d)
87 ADD A ,A CB 43 BIT O,E FD CB 03 6E BIT 5,(IY+d)
80 ADD A,B CB 44 BIT O©O,H CBR 6F BIT 5,A

81 ADD A,C CB 45 BIT O,L CB 68 BIT 5,B

82 ADD A,D CB 4E BIT 1,(HL) CB 69 BIT 5,C

83 ADD ALE DD CB 05 4E BIT 1,(IX+d)| CB 6A BIT 5,D

B4 ADD A,H FD CB 05 4E BIT 1,{IY+d)| CB 6B BIT 5,E

DD 84 ADD A,HX CB 4F BIT 1,a CB &C BIT S5,H

FD 84 ADD A,HY CB 48 BIT 1,B CB 6D BIT 5,L

85 ADD A,L CB 49 BIT 1,C CB 76 BIT 6,(HL)
DD 85 ADD A,LX CB 4A BIT 1,D DD CB 05 76 BIT 6,(IX+d)
FD 85 ADD A,LY CB 4B BIT 1,E DD CB 05 76 BIT 6,(IY+d)
09 ADD HL,BC CB 4C BIT 1,H CR 77 BIT 6,A

19 ADD HL,DE CB 4D BIT 1,L CB 70 BIT 6,8

29 ADD HL,HL CB 56 BIT 2,(HL) CB 71 BIT 6,C

39 ADD HL,SP pp CB 05 56 BIT 2,({(IX+d)| CB 72 BIT 6,D

DD 09 ADD 1IX,BC FD CB 03 56 BIT 1,(IY+d)| CB 73 BIT 6,E

DD 19 ADD IX,DE CB 57 BIT 2,A CB 74 BIT 6,H

DD 29 ADD IX,IX CB 50 BIT 2.B CB 753 BIT 6,L

DD 39 ADD 1IX,SP CB 51 BIT 2,C CB 7E BIT 7,(HL)
FD 09 ADD 1IY,BC CB 32 BIT 2,D DD CB 05 7E BIT 7,(IX+d)
FD 19 ADD 1IY,DE CB 53 BIT 2,E FD ¢B 05 7E BIT 7,(IY¥+d)
FD 29 ADD 1Y,IY CB 54 BIT 2,H CB 7F BIT 7,A
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ALPHABETIC INSTRUCTION SET : BIT to LD
- Code—Mnemonic Code Mnemonic - Code Mnemonic

CB 78 BIT 7,8 1B DEC DE DD 24 INC HX

CB 79 BIT 7.C 1D DEC E FO 24 INC HY

CB 7a BIT 7,D 25 DEC H DD 23 INC IX

CB 7B BIT 7,E 2B DEC HL FD 23 INC TIY

CB 7C BIT 7,H DD 25 DEC HX 2C INC L

CB 7D BIT 7,L FD 25 DEC HY DD 2C INC LX

DC EF CD CALL C,nn DD 2B DEC IX FD 2C INC LY

CD EF CO CALL nn FD 2B DEC IY 33 INC SP

FC EF CD CALL M,nn 2D DEC L ED AA IND

D4 EF CD  CALL NC,nn DD 2D DEC IX ED BA INDR

C4 EF CD CALL NZ,nn FD 2D DEC LY ED A2 INT

F4 EF CD CALL P,nn 3B DEC SP ED B2 INIR

EC EF CD CALL PE,nn F3 BI E9 JP (HL)

E4 EF CD CALL PO,nn 10 80 DJINZ § DD E9 JP (IX)

CC EF €D CALL Z,nn FB EI FD E9 Jp (1Y)

F CCF E3 EX (SP),HL DA EF CD JP  C,nn

BE CP  (HL) DD E3 EX (SP),IX c3 EF €D JP  nn

DD BE 0% CP  (IX+d) | FD E3 EX (SP),IY FA EF CD JP M,nn

FD BE 03 CP  (IY+d) | 08 EX AF,AF' p2 EF CD Jp  NC,nn

FE 20 cP v EB EX DE,HL C2 EF CD JP  NZ,nn

BF CP A D9 EXX F2 EF CD Jp  P,on

BS CP B 76 HALT EA EF CD JP  PE,nn

B9 CP C ED 46 IM O E2 EF CD JP PO,nn

BA CP D ED 56 M 1 CA EF CD Jp Z,an

BB CP E ED 5E M 2 18 80 JR i

BC CP H ED 78 IN  A,(C) 318 80 JR C,}

DD BC cP  HX DB FF IN A,p 30 80 JR  NC,}

FD BC CP  HY ED 40 IN B,(C) 20 80 JR  NZ,J§

BD CP L ED 48 IN C,(C) 28 80 JR Z,%

DD BD cP LX ED 50 IN B,(C) 02 LD (BC),A

FD BD CP LY ED 58 IN E,(C) 32 EF CD b (nn),A

ED A9 CPD ED 60 IN H,(C) ED 43 EF €D LD {nan),BC

ED B9 CPDR ED 68 IN L,{C) FD 53 EF CO LD  {nn),DE

ED Al CPI 34 INC (HL) 22 EF GD LD (nn),HL

ED Bl CPIR DD 34 05 TINC (IX+d) pD 22 EF CD LD  {nn),IX

2F CPL FD 34 05 INC (IY+d) FD 22 EF CD LD (nn),IY¥

27 DAA ic INC A ED 73 EF CD LD (nn),SP

35 DEC (HL) 04 INC B 12 1D (DE),A

DD 35 05 DEC (IX+d) | 03 INC BC 36 20 b (HL),v

FD 35 05 DEC (IY+d) | OC INC C 77 LD  (HL),A

3D DEC A 14 INC D 70 LD  (HL),B

05 DEC B 13 INC DE 71 LD (HL).C

OB DEC BC 1c ING E 72 LD  (HL),D

oD DEC C 24 INC H 73 LD (HL),E

15 DEC D 23 INC HL 74 LD (HL),.H
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ALPHABETIC INSTRILICTION SET = D — 1T.D

~ Code——— Mnemonic Code Mnemonic ~ Code —www- Mnemonic
75 LD (HL),L 43 LD B,E 5F LD E,a
DD 36 05 20 LD (IX+d),v |44 LD B,H 58 LD E,B
DD 77 05 LD (IX+d),a |DD 44 LD B,HX 59 LD E,C
DD 70 05 LD (IX+d),B [FD 44 .D &8,HY EY:Y LD E.D
DD 71 05 LD {IX+d)},C |45 Db B,L 5B 1D E,E
DD 72 05 LD (IX+d),D |DD 45 LD B,LX 5C LD E,H
DD 73 05 LD {(IX+d),E {FD 45 ip B,LY nnp 5C LD E,HX
DD 74 05 LD (IX+d),H !ED 4B EF CD LD BC,(nn) FD 5C LD E,HY
DD 73 03 LD (IX+d),L {01 EF CD LD BC,nn 5D LD E,L
FD 36 03 20 1D (I¥+d),v |[4E LD C,(HL) DD 5D LD E,LX
FD 77 05 LD (I¥+d).,a |DD 4E 05 LD C,(IX+d) FD 5D LD E,LY
FD 70 05 LD  (IY+d),B |FD 4E 05 LD C,{(IY+d) 66 LD H,{(HL)
FD 71 05 LD (IY+d),C jOE 20 P C,v DD 66 05 LD H,(IX+d)
FD 72 05 LD (I¥+d),D |aF LD C,A FD 66 03 LD H,{I¥+d)
FD 73 05 LD (I¥Y+d),E |48 Lp C,B 26 20 L H,v
FD 74 05 LD (IY¥Y+d),H |49 LD ¢C,C 67 LD H,a
FD 73 05 LD (Iv+d),L ]4aA LD C.,D &0 LD H,B
0A LD A,(BC) 4B LD C,E 61 LD H,C
3A EF CD LD A,(nn) 4C i C,H 62 LD H,D
1a L0 a,(DE) DD 4C LD (C,HX &3 LD H,E
7E LD A, (HL) FD 4C LD C,HY 64 1.0 H,H
DD 7E 03 LD A,(IX+d) |4&D L ¢C,L 65 LD H,L
FD 7€ 05 LD A,(IY+d) DD 4D Lb C,LX 2A EF CD D HL,{nn)
3E 20 LD A,v FD 4D LD C,LY 21 EF CD LD HL,nn
7F LD A,A 56 LD D, {HL) DD 26 20 LD HX,wv
78 LD A,B DD 56 05 L D,{IX+d) | DD 67 LD HX,a
79 1D A,C FD 36 05 LD D,(I¥+d) | DD 60 LD IX,B
TA LD A,D 16 20 Lo D,v DD 61 LD HX,C
7B LD ALE 57 LD D,A DD 62 LD HX,D
7C LD A,H 50 1D D,B DD 63 LD HX,E
pD 7C LD A,HX 51 i n,C DD 64 LD HX,HX
FD 7C LD A,HY 52 LD D,D DD 65 LD HX,LX
ED 57 LD A,I 53 LD D,E FD 26 20 1D HY,v
7D LD A,L 54 LD D,H FD 67 LD HY. A
oD 7D LD A,LX DD 54 LD D,HX FD 60 LD HY,B
FD 7D LD A,LY FD 54 LD D,HY FO 61 LD HY,C
ED 5F LD A.R 55 LD D,L FD 62 LD HY,D
46 LD B, (HL) DD 55 LD D,LX FD 63 LG HY,E
DD 46 05 LD B,(IX+d) jFD 55 ip D,LY FD 64 LD HY,HY
FD 46 05 LD B,{(I¥Y+d) |ED 5B EF CD LD DE,{nn) FD 65 LD HY,LY
06 20 Lh B,v il EF CD LD DE,nn ED 47 LD I,A
47 LD B,A SE LD E,{HL) DD 24 EF CD LD IX,{nn)
40 LD B,B DD 3E 05 LD E,(IX+d) j DD 21 EF CO LD 1IX,nn
41 Ip B,C FD 5E 05 LD E,(I¥Y+d) | FD 2A EF CD LD 1IY,{nn)
42 LD B,D 1E 20 LD E,v FD 21 EF CD LD IY¥,nn
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ALPHABRETIC INSTRUCTION SET - .2 o RES

- Code———— Mnemonic - Code —————Mnemonic Code Mnemonic
6E LD L,(HL) Bl OR [ FD CB 05 8E RES 1,{I¥+d)
DD 6E 05 LD L,{IX+d}) | B2 OR D ce &F RES 1,A
FD &E 05 LD L,{IY+d} j B3 OR E CB 88 RES 1,B
2E 20 LD L,v B4 OR H CB 39 RES 1,C
6F LD L.,A DD B4 OR HX - CR 8a RES 1,D
68 LD L,B FD B4 OR  HY CB 8B RES 1,E
65 i L,cC BY OR L CB 8C RES 1,H
BA Lo L,D 0D B85 QR LX CB 8D RES |I,L
6B LD L,E FD BS OR LY CB 96 RES 2, (HL)
6C LD L,H ED BB OTDR DD CB 05 96 RES 2,{IX+d)
6n LD L,L ED B3 OTIR FDO CB 05 96 RES 2,(Y¥+d)}
DD 2E 20 Lo 1X,v ED 79 OuT (C),A cg 97 RES 2,4
DD 6F D 1¥,a ED 41 ouT (C},B CR 90 RES 2,B
DD 68 LD LX,B ED 49 our (c),cC CB 91 RES 2,C
DD 69 LD LX,C ED 51 our (c),D CB 92 RES 2,D
DD BA LD LX,D ED 39 outT (C),E CcB 93 RES 2,E
DD 6B 1D LX,E ED 61 OUT (C),H CB 94 RES 2,H
DD 6C LD LX,HX ED 69 our {(C),L CB 95 RES 2,L
DD 6D LD LX,LX D3 FF oUT oA CB 9E RES 3, (HL)
FD 2E 20 LD LY,v ED AB outD DD GB 0% 9E RES 3,{IX+d)
FD 6F LD LY,A ED A3 OUTI FD CB 05 9E RES 3,{IY+d)
FD 68 Lh LY,B Fl POFP AF CB 9F RES 3,4
FD 69 LDh L1Y,C Cci POP BC CB 98 RES 3.,B
FD 6A i LY,D D1 POP DE CB 99 RES 3.,C
FD 6B LD LY,E El POP HL CB 9A RES 3.,D
FD 6C LD LY,HY DD El POP IX CB 9B RES 3,E
FD 6D LD LY,LY FD E} POP I¥ CBE 9C RES 3,H
ED 4F LD R,a £3 PUSH AF CE 9D RES 3,L
ED 7B EF CD LD SP,(nn) C5 PUSH BC CB ab RES 4, (HL)}
31 EF CD LD SP.nn D3 PUSH DE DD CB 05 A6 RES 4,(IX+d)}
DD F9 LD SP,IX E5 PUSH HL FD CB 03 A6 RES 4,(IY+d)
FD F9 LD S5SP,I1IY DD ES PUSH IX CB A7 RES 4 A
Fo9 LD SP,HL FD E5 PUSH IY¥Y CB af RES 4,B
ED A8 LDD cB 86 RES 0O, (HL) CB al RES 4,C
ED B8 LDD DD CB 05 86 RES O,{IX+d) CB A2 RES 4,D
ED A0 LDI FD CB 05 86 RES 0O,(IY+d)| CB A3 RES 4,E
ED BO LDIR CB 87 RES 0,A CB A4 RES 4,H
ED 44 NEG CB 80 RES O,B CB A5 RES 4,L
(E]4]) NOP CB 81 RES 0,C CB AE RES 5,{HL)}
B& : OR (HL) CR 82 RES 0,D DD CB 05 AE RES 5, (IX+d)
DD B6 05 OR (IX+d) CB 83 RES O.,E FD CB 05 AE RES 5,(IY+d)
FD B6& 05 OR (IY+d) CB 84 RES O,H CB AF RES 5,4
F6 20 OR v CB 85 RES O,L CB A8 RES 5.,B
B7 OR A CB 8E RES 1,(HL) CB A9 RES 5,C
BO OR B DD CB 05 B8E RES 1,(IX+d)! CB aA RES 5,D
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ATLPHABRBETIC I NSTRUOUCTION SET H rRES — SE'T

- Code——w—— Mnemonic Code Mnemonic — Code ————Mnemonic
CB AB RES 5,E CB 06 RLC (HL) FD 9E 05 SBC A, (IY+d)
CB AC RES 5,H BD CB 05 06 RLC (IX+d) DE 20 SBC A,v
CB AD RES 5,L FD CB 05 06 RLC (IY¥+d) 9F SBC A,A
CB B6 RES 6, (HL) CB 07 RLC A 98 SBC  A,B
DD CB 05 B6 RES 6,(IX+d){CB O RLC B 99 SBC A,C
FD CBE 05 B6 RES 6,(I¥Y+d){CB Ot RLC C 94 SBC A,D
CB B7 RES 6,A CB 02 RLC D 9B SBC ALE
CB RO RES 6,B CB 03 RLC E 9Cc SBRC  ALH
CB Bl RES &,C CB 04 RLC H DD 9C SBC A,HX
CB B2 RES 6,D CB 035 RLC L FD 9%C SBC A,HY
CB BR3 RES 6,E 07 RLCA 9D SBC A,L
CB Ba RES ©,H ED 6F RLD DD 9o SBC A,LX
CB BS RES 6,L CB 1E RR (HL) FD 9D SBC A,LY
CB BE RES 7,(HL) DD CB 05 1E RR { IX+d) ED 42 SBEC HL,BC
DD CB 05 BE RES5 7,(IX+d)|FD CB 05 IE RR (IY+d) ED 52 SBC HL,DE
FD CB 05 BE RES 7,(IY+d)|CB IF RR A ED 62 SEC HL,HIL
CB BF RES 7,A CB 18 RR B ED 72 S§BC HL,SP
CB B8 RES 7,B CB 19 RR C a7 SCF
CB B9 RES 7,C CB 1A RR D CB Cé6 SET 0, (HL)
CB BA RES 7,D CB 1B RR E DD CB 05 C6& SET 0O, (IX+d)
CB BB RES 7.E CB 1C RR H FD CB 05 C6 SET 0,(Iy+d)
CB BC RES 7.,H CB 1D &R L CB C7 SET 0,A
CB BD RES 7,L 1F RRA CB CO SET O0,B
c9 RET CB OE RRC (HL) CB Cl SET 0,C
D8 RET ¢ DD CB 05 OE RRC (IX+d) CB C2 SET 0©,D
F8 RET M FD CB 05 0OE RRC (IY+d) cB C3 SET 0,E
Do RET NC CB OF RRC A CB Cé4 SET O,H
co RET NZ CBR 08 RRC B CB C5 SET 0,
FO RET P CB 09 RRC C CB CE SET 1,{HL)
E8 RET PE CB 0A RRC D BD CB 05 CE SET 1,(IX+d)
EOQ RET PO CB OB RRC E FD CB 05 CE SET 1,(IY+d)}
c8 RET 2 cB 0C RRC H CB CF SET 1,4
ED 4D RETI CB OD RRC L CB C8 SET 1,8
ED 45 RETN OF RRCA CB C9 SET 1,C
CB 16 RL (HL) ED 67 RED CB CA SET 1,D
DD CB 05 16 RL (I%+d) c7 RST OO0H CB CB SET Ll,E
FD CB 05 16 RL (IY+d) CF RST O08H CB CC SET 1,H
CB 17 RL A D7 RST 10OH CB CD SET I,L
CB 10 RL B DF RST 18H CB D6 SET 2,{HL)
CB 11 RL C E7 RST 20H DD CB 05 D6 SET 2,(IX+d)
CB 12 RL D EF RST 28H FD CB 05 D& SET 2,{I¥+d)
CB 13 RL E F7 RST 30H CB D7 SET 2,A
CB 14 RL H FF RST 38H CB DO SET 2,8
CB 15 RL L 9E SBC A, (HL) CB D1 SET 2.,C
17 RLA DD 9E 05 SBC A,{IX+d) | CB D2 SET 2,D
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ALPHABETIC INSTRUCTION SET

Code—=— Mnemonic

CB
CB
CcB
Cg
DD
FD
CB
CB
CB
c8
CB
CB
CB
CB
BD
FD
CB
CB
CB
CB
CB
CB
CB
CB
oD
FD
CB
CB
CB
CB
CB
CB
CB
CB
DD
FD
CB
CB
CB
CB
CB
CB
CB
CB
DD

D3
D&
D5
DE
Cchb
c8
DF¥F
D8
D9
DA
DB
DC
DD
E6
CB
CB
E7
EO
El

E2
E3
E4
ES

EE
CB
CB
EF
E8
E9
EA
EB
EC
ED
Fé
CB
CB
F7

FO
Fl

F2
F3
F4
F5

FE

05 DE
05 DE

05 E6
03 E&6

05 EE
03 EE

05 Fé
05 Fb6

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

SET

CB 053 FE SET

2,E

2,H

2,L

3, (HL)
3, (IX+d)
3,(IY+d)

~rrzEHoDO® >

w

HL)
IX+d)
Iv+d)}

-

-

-

HLY
IX+d)
IY+d)

- w - - w - w w w
[V N T U o e B - B e

w

HL)
IX+d)
IY+d)

-

TN T iR o B B o T v - B N S N e lite ol o B B

HL)
IX+d)

PRI . S . (L . . S . T R T RV T R R R R R R e O T Al o S o Y L

D
CB
CH
CB
CH
CB
CB
CB
CB
DD
FD
CBE
CB
c8
CB
CB

CB
Ch
B
DD
FD
CB
CB
CB
CB
CB
CB
CB
Ch
DD
FD
B
CB
B
L

————7—Code ———Mnemonic

CB 05 FE SET

F¥
F&

F9

Fa
B
FC
FD
26
CB
CB
27
20
21
22
23
24
25
36
CB
CB
37
30

1
L

3z
i3
34
33
2E
CB
CB
2F
28
29
2A
2B
2C
2D
3E
CB
CB
3F
38
39
3a

05 26
05 26

05 36
05 36

05 2E
0% 2E

05 3E
05 3E

SET
SET
SET
SET
SET
SET
SET
SLA
SLaA
5LA
SLA
SLA
SLA
SLA
S5LA
SLA
S5LA
SLI
SLI
S5LI
SLI
SLT
SL1
SLT
SLI
SLI
S5L1
5RA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRL
SRL
SRL
SRL
SRL
SRL
SRL

: SET to XOR
Code Mnemonic—

7,(IY+d) | CB 3B SRL E

7.8 CB 3C SRL H

7,8 CB 3D SRL L

7.C i CB 96 SUB  (HL)

7,D DD 96 05 SUB  (IX+d)

7,E FD 96 03 SUB  (IY+d)

7,H | D6 20 SUB v

7,L i 97 SUB A

(HL) 90 SUB B

(IX+d) 91 SUB C

(TY+d) 92 SUB D

A 93 SUB  E

B 194 SUB H

c | DD 94 SUB  HX

b} FD %4 SUB  HY

E 95 SUB L

H DD 95 SUB  LX

L - FD 95 SUB LY

(HL} i AE XOR  {1L)

(IX+d) | DD AE 05 XOR (IX+d)

(IY+d) FD AE 05 XOR (IY¥+d)

A EE 20 XOR v

B AF XOR &

o YAB XOR B

D [ A2 XOR C

£ | aa XOR D

H | AB XOR E

L | ac XOR H

(HL) . DD AC XOR  IiX

(IX+d) ' FD aC KOR HY

(1¥+d) ¢ AD XOR L

A D0 AD XOR LX

) | DD AE XOR LY

C !

D i Key to Symbols

: |

H | nn = 16 bit Address

L | 4 = 8 bit Disp}'ment

{BL) v = 8 bit Value

(I1X+d) j = B bit Jump displ.

(1y+d) p = Port Address

A { Y = The contents of

B

C

D
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ITNSTRUCTION SE'LD BEI'T MAPPED
1l Byte Codes

Bits ree- 2000 eres 001 eesa 010 eas. 011
0000 O0... 00 NOP 01 LD BC,nn 02 LD (BC},A 03 INC BC
0000 1... 08 EX  AF,AF' 09 ADD HL,BC 0A LD  A,(BC) 0B DEC BC
000! O... 10 DJNZ j Il LD DE,nn 12 LD (DE),A 13 INC DE
0001 1... 18 JR j 19 AaDDh HL,DE 1a LD  A,{DE) 1B DEC DE
0010 O... 20 JR NZ,j 21 LD Hi,an 22 LD (nn),HL 23 INC HL
0010 !... 28 JR Z,3 29 ADpD HL,HL 2A LD HL, {(nn) 2B DEC HL
0011 O... 30 IR NC, i it LD SP,nn 32 LD {nn),A 33 INC sP
0011 1... 38 JR C,j 39 ADD HL,SP 3A LD A,(on) 3B DEC SP
o100 O... 40 LD B,B 41 LD B,.C 42 LD B,D 43 LD B,E
0100 t... 48 LD Cc,B 49 LD c,C 4A LD c,D 4B LD C,E
010t O... 50 LD G,B 51 LD D,C 52 LD 0,b 53 LD D,E
0101 1... 58 LD E,B 59 LD E,C 54 LD E,D S8 L.D E,E
0110 0... 60 LD H,B 61 LD H,C 62 LD H,D 63 LD H,E
0110 1... 68 LD L,B 69 LD L,C 6A LD LD 6B LD L,E
oLll O... 70 LD {HL),B 71 LD {(HL),C 72 LD {HL),D 73 Lb (HL) ,E
0111 1... 78 LD ALB 79 LD A,C 7a LD A,D 7B LD ALVE
1000 9... BO ADD A,B 81 ADD A,C 82 ADD A,C 83 ADD A.E
1000 1... 88 ADC A,B 89 AaDC A,C 8A ADC A,D 8B ADC ALE
1001 O... 90 SUB B 91 SUB ¢ 92 SUB D 93 SUB g
1001 1... %8 SBC A,B 99 SBC A,C 9A SBC A,D 9B SBC AL,E
1010 O..., A0 AND B Al AND C A2 AND D A3 AND E
1010 1... A8 XOR B A9 XOR C AA XOR D AB XOR E
1011 O... BO OR B Bl OR C B2 OR D B3 OR E
101t 1... B8 CP B B9 CP C Ba CP D BB CP E
1100 O... CO RET NZ Cl POP BC C2 JP NZ,nn c3 Jp nr
1100 1... C8 RET 2 C9 RET ca Jp Z,nn CB Codes
1101 O... DO RET NC b1 POP DE D2 JP NC,nn D3 OoUT p,A
1101 1... D8 RET C D9 EXX DA JP C,nn DB IN A,P
1110 0O... EQ RET PO ElL POP HL E2 JP PO, nn E3 EX (SP),HL
1110 1... E8 RET PE E9 JP (HL) Ea JP PE,nn EB EX DE,HL
1111 O... FO RET P F1 POP AF F2 Jp P,nn F3 DI
1111 ... F8 RET M F9 LD SP,HL FA JP M.nn FB EI

Bits e 2000 seaa 4001 aens 010 seas 011
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INSTRUCTION

SET

BYIT MAPPED

1 Byte Codes
vee. .100 vev. .101 vev. J110 eee. o111 Bits
04 INC B 05 DEC B 06 LD B,v 07 RLCA 0000 O...
0C INC C OD DEC C 0E LD C,v OF RRCA 0000 ...
14 INC D 15 BEC D 16 LD D,v 17 RLA 0001 O...
1C INC E 1b DEC E lIE LD E,v IF RRA Q001 1...
24 INC H 25 DEC H 26 LD H,v 27 DaA 0010 O...
2¢ INC - L 2D DEC L 2E LD L,v 2F CPL 0010 1...
34 INC (HL) 35 DEC (HL) 36 LD (HL),v 37 SCF 001! 0...
3C INC A 30 DEC A 3E LD A,v 3F CCF 001l 1...
44 LD B,H 45 LD B,L 46 LD B,(HL) |47 LD B,aA 0100 O...
4C LD  C,H 4D LD C,L 4E LD C,(HL) [4F LD C,A 0100 I...
54 LD D,H 55 LD b,L 56 LD D,(HL) |57 LD D,a 0101 O...
5C LD E,H 5D LD E,L SE LD E,(HL) {SF LD E,A 0101 I...
64 LD H,H 65 LD H,L 66 LD H,(HL) |67 LD H,a 0110 O...
6C LD L,H 60 LD L,L 6E LD L,(HL) |6F LD L,A 0110 1...
74 LD (HL),H 75 LD (HL),L |76 HALT 77 LD (HL), A | 0111 0O...
7C LD  ALH 7D LD  A,L JE LD A,(HL) [ 7F LD A,A ol1l 1...
84 ADD AL,H 85 ADD A,L 86 ADD A,(HL) | 87 ADD A,A 1000 O...
8C ADC A,H 8D ADC A,L 8E ADGC A,(HL) | 8BF ADC aA,A 1000 1...
94 SUB H 95 SUB L 96 SUB (HL) 97 SUB A 1001 O...
9C SBC ALH 9D SBC A,L 9E SBC A,(HL) | 9F sBc a,a 1001 1...
Ah4 AND H A5 AND L A6 AND (HL) A7 AND A 1010 O...
AC XOR H AD XOR L AE XOR (HL) AF XOR A 1010 1...
B4 OR H B5 OR L B6 OR  (HL) B7 OR A 1011 ©...
BC CP  H BD CP L BE CP  (HL) BF CP A 1011 1...
C4 CALL NZ,nn C5 PUSH BC €6 ADD A,v C7 RST OOH 1100 O...
CC CALL Z,nn CD CALL nn CE ADC A,v CF RST O08H 1160 1...
D4 CALL NC,nn D5 PUSH DE D6 SUB A,v D7 RST 10H 1101 O...
DC CALL C,nn DD Codes DE SBC A,v DF RST 18H 1101 L...
E4 CALL PO,nn E5 PUSH HL E6 AND v E7 RST 20H 1110 O...
EC CALL PE,nn ED Codes EE XOR v EF RST 28H 1110 1...
F4 CALL P,nn F5 PUSH AF F6 OR v F7 RST 30H 1111 ©O...
FC CALL M,nn FD Codes FE CP v FF RST 38H 1111 1...
se.. .100 wee. .101 wer. .110 wees o111 Bits
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INSTRUCTION

SET

BIT MAPFPED

2nd Byte of 2 Byte CB .. Codes
Bits ve.. 000 ee.. 2001 cer. 010 ee.. 011
|
0000 O... 00 RLC B 0} RLC C 02 RLC D 03 RLC E
0000 1l... 08 RRC B 09 RRC C 04 RRC D 0B RRC E
o001 O... 1¢ RL B 11 RL C 12 RL D 13 RL E
0001l l... 18 RR B 19 RR C 1a RR D IB BRR E
0010 O... 20 SLA B 21 S5LA C 22 5LA D 23 SLa E
pOLI0 i... 28 SRA B 29 SRA C 24 SRA D 2B SRA E
0011 O0... | 30 SLI B 31 SLI C 32 SL1 D 33 SLI E
ooltr 1... 38 SRL B 39 SRL. C 3A S5RL D 3B SEL E
0100 0... | 40 BIT 0,8 41 BIT 0,C | 42 BIT 0,D 43 BIT O,E
0100 1l... | 48 BIT 1,B 49 BIT 1,C i 4a BIT 1,D 4B BIT 1,E
0101 O... | 50 BIT 2,8 51 BIT 2,C . 52 BIT 2,D 53 BIT 2,E
ol0f 1... | 38 BIT 13,8 , 59 BIT 3,C 54 BIT 13,D 58 8IT 3.E
Q110 O... 60 BIT a,B 61 BIT 4,C 62 BIT 4&,D 631 BIT a,E
otl10 1... | 68 BIT 5.8 69 BIT 5,C 6a BIT 5,D &8 BIT S,E
011} O... | 70 BIT 6.8 71 BIT 6,C i 77 BIT 6,D 73 BLT  ALE
otl! 1... 178 BIT T©.B 79 BIT 7,C | A BIT 7,0 ¢ 7B BIT T.E
1000 0... | 80 RES 0,B | 81 RES 0,C ! 82 RES 0,0 "3 RES 0,E
1000 1... | 88 RES 1,8 | 89 RES 1,C 8a RES 1,D | 88 RES 1,E
1001 O... | 90 RES 2,8 31 RES 2,C 92 RES 2,D 43 RES 2,E
1001 1..,. | 98 RES 3,8 99 RES 13.C 3a RES 1,0 | 9B RES 3,E
1010 0... | AD RES 4,B Al RES 4,C A2 RES =,D | A3 RES 4,E
1010 1... | A8 RES 3,8 A9 RES 5,C Aa RES 3,0 . AB RES  3,E
1011 O... [ BO RES 6,8 Bl RES 6,C B2 RES 4,D ' B3 RES 6,E
101l 1... ) BB RES 7,B BS RES 7,C BA RES 7,0 | BB RES 7,E
) i ;

1100 ©@... | CO SET 0,B ] C1 SET 0,C ; €2 SET 0.0 23 SET U,E
1100 ... | C8 SET 1,B j c9 SET 1,C ca SET Lt,D C8 SET 1,E
1101 0... | DO SET 2,B nl SET 2,C D2 SET 2,D D3 SET 2,E
1101 1... | D8 SET 3,8 D9 SET 3,C Da SET 3,D DB SET 3,E
1110 0O... EC SET 4,B | El SET 4,C E2 SET 4,D E3 SET 4,E
1110 1... | E8 SET 5.8 i E9 SET 3,C EA SET 5,D EB SET 5,E
1111 0... ]| FO SET 6,B  F1 SET 6,C F2 SET 6,D F3 SET 6,E
1111 l... | F8 SET 7,8 " ¥% SET 7.C FA SET 7,0 FR SET 7,E

Bits vee. 2000 i ... 001 vee. D10 vee. D11
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INSTRUCTION

SET

BIT MAPPED

2nd Byte of 2Z Byte €B .. Codes
!
ve.. 100 ve.. .10l | eee. 110 cee. W11l Bits
|
04 RLC H 0% RLC L 106 RLC (HL) 07 RLC & 0000 G...
0C RRC H 0D RRC L OE RRC (HL) OF RRC A 0000 1...
14 RL H 15 RL L 16 RL  (HL) 17 RL A 0001 O...
1C RR M 1D RR L IE RR  (HL) IF RR A 0001 1...
24 SLA H 25 SLA L 26 SLA (HL) 27 SLA A 0010 0...
2C SRA H 2D SRA L 2E SRA (HL) 2F SRA A 0010 1...
34 SLI H 35 SLI L 36 SLI (HL) 37 SLI A 0011 O...
3C SRL H 3D SRL L 3E SRL (HL) 3F SRL A 0011 ...
44 BIT O,H 45 BIT O,L 46 BIT O,(HL) | 47 BIT 0,A 0i00 O...
4C BIT 1,H 40 B8IT 1,L 4E€ BIT 1,(HL) | 4F BIT 1,A 0100 ...
54 BIT 2,H 55 BIT 2,L 56 BIT 2,(HL) | 57 BIT 2,A 0101 O...
s¢ BIT 3,H 50 BIT 3,L SE 8IT 3,(HL) | SF BIT 3,A o010l 1...
64 BIT 4,H 65 BIT 4,L 66 BIT 4,(HL) | 67 BIT 4,A 0110 O...
6C BIT 5,H 6D BIT 5,L 6E BIT 5,(HL) | 6F BIT 5,A 0110 1...
74 BIT 6,H 75 BIT 6,L 76 BIT 6,(HL) | 77 BIT 6,A 0111 O...
7C BIT 7.,H 7D BIT 7,L 7JE BIT 7,(HL) | YF BIT 7,A o1t 1...
84 RES O0,H 85 RES O,L 86 RES O0,(HL) | 87 RES 0,A 1000 0...
8C RES |I,H 8D RES 1,L 8E RES 1,(HL) | 8F RES 1i,A 1000 1...
94 RES 2,H 95 RES 2,L 956 RES 2,(HL) | 97 RES 2,A 1001 C...
9C RES 3,H 9D RES 3,L 9E RES 3,(HL) | 9F RES 13,A 1001 1...
A4 RES 4,H A5 RE5 4,L A6 RES 4,(HL) | A7 RES 4,A 1010 O...
AC RES 5,H AD RES 5,L AE RES 5,(HL) | AF RES 5.4 1010 1...
B4 RES 6,H B5 RE5 6,L B6 RES 6,(HL) | B7 RES 6,A 1011 O...
BC RES 7.,H BD RES 7,L BE RES 7,(HL) | BF RES 7,A 1011 1...
C4 SET O,H ¢5 SET 0O,L C6 SET O,(HL) | C7 SET 0,A 1100 G...
€C SET 1,H CD SET 1,L CE SET 1,(HL) | CF SET 1,A 1100 1...
D4 SET 2,H D5 SET 2,L D6 SET 2,(HL) | D7 SET 2,4 1101 O...
pc SET 3,H DD SET 3,L DE SET 3,(HL) | DF SET 3,A 1101 1...
E4 SET 4,H E5 SET 4,L E6 SET 4,(HL) | E7 SET 4.A 1110 O...
EC SET 5,H ED SET 5,L EE SET 5,(HL) | EF SET 5,A 1110 1...
F4 SET 6,H F5 SET 6,L F6 SET 6,(HL) |F7 SET 6,4 1111 O...
FC SET 7,H FD SET 7,L FE SET 7,(HL) | FF SET 7,A P111 L...
vea. 100 wee. 2101 ven. o110 vee. o111 Bits
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INSTRUCTION

SET

BIT MAPPED

2nd Byte of 2 Byte DD .. Codes
or 2nd Byte of 3 Byte DD .. displ Codes
Bits wess 000 veer 001 vee. 2010 iee. L0111
0000 0... | 00 o1 02 03
0000 1... | 08 09 ADD IX,BC 0a OB
000t G... | 10 11 12 13
gool 1... | 18 19 ADD 1IX,DE 14 1B
0010 O... | 20 2! LD - IX,nn 22 LD  {(nn),IX | 23 INC IX
0010 1l... | 28 29 ADD IX,IX 24 LD IX,(nm) 2B DEC IX
o011 0... | 30 31 32 a3
001l 1...1{ 38 39 ADD IX,SP aa 3B
0100 0... | 40 41 42 43
0100 l... | 48 49 4A 48
0101 0... 3 50 51 52 53
0101 1l... ] 58 59 5A SB
0110 0... { 60 LD HX,B 61 LD HX,C 62 1D  HX,D 63 LD  HX,E
0110 l... | 68 LD LX,B 69 LD LX,C 6A LD LX,D 6B LD LX,E
0111 0... | 70 LD (IX+d),B] 71 LD (IX+d),Cj 72 LD (IX+d),D | 73 LD (IX+d),E;
0111 1... | 78 79 7A 7B ;
|
1000 0... | 80 81 82 83 :
1000 1... | 88 89 8a a8
1001 O... | 90 91 92 93
1001 1... ] 98 99 94 9R
1010 O... | AO al A2 Al
1010 1... | A8 A9 AA AB
1011 ©O... | BO Bl B2 B3
1011 1... | B8 BO BA BB
1100 0... { CO cl cz c3
1100 1... | C8 c9 ca CB 1
110! 0... | DO p1 D2 D3
1101 1... } D8 D9 DA DB
1110 0... 1 EO El POP IX E2 E3 EX (SP),IX
1110 1... | E8 E9 JP  (IX) Ea EB i
1111 ©0... | FO Fl F2 F3
1111 t... | F8 F9 LD SP,IX FA FB
Bits eee. 000 cees 2001 ee.. 2010 ve.. o011
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INSTRUCTION

SE'T

BILIT MAPPED

2nd Byte of 2 Byte DD .. Codes
or 2nd Byte of 3 Byte DD .. displ Codes
wewe o100 -aaa. 101 --a.- 2110 S A Bits
04 05 06 07 0000 0...
ac aD GE oF 0000 1...
14 15 16 17 000! O...
1€ 1D 1E ¥ 0001 1...
24 INC HX 25 DEC HX 26 LD HX,v 27 0010 0...
2C INC LX 2D DEC LX 2E LD LX,v 2F 0010 1...
34 INC (IX+d) 35 DEC {IX+d) 36 LD (IX4d),v | 37 0011 O...
ic in 3E 3F 0011 1...
44 LD B,HX 45 LD B,LX 46 LD B,(IX+d)| 47 0100 0O...
4C LD C,HX 40 LD c,LX 4E LD C,{IX+d)l 4F 0100 1...
54 LD B,HX 35 Lb D,LX 36 LD D, (IX+d)| 57 0101 O...
5C LD E,HX 3D LD E,LX SE LD E,{IX+d) S5F 0101 1...
64 LD HX ,HX 65 LD HX ,LX 66 LD H,{IX+d) &7 LD HX,A 0110 O...
6C LD LX,HX 6D LD L¥,LX 6E LD L,{(IX+d)l 6F LD LX, A 0Lic ...
74 LD (IX+4+d),H| 75 LD (IX+d),L| 76 77 LD (IX+d),a | Ol1il O...
7C LD A, HX 7D LD A,LX 7E LD A,(IX+d) 7F o111l 1i...
84 ADD A,HX 85 ADD A,LX 36 ABD A,(IX+d)| 87 1000 O...
BC ADC A,HX 8D ADC  A,LX 8E ADC A, (IX+d) BF 1000 1...
94 SUBR HX 95 SUB LX 96 SUB (IX+d) 97 1001 O...
9C SBC A,HX 90 SRC  A,LX 9E SBC A,(IX+d)} 9F i0cl 1l...
A4 AND  HX A5 AND LX A6 AND {IX+d) A7 1010 O...
AC XOR HX AD XOR LX AE XOR (IX+d) AF 1010 1...
B4 OR HX B5 OR LX B6 OR (IX+d) B7 101! O...
BC CP HX BD CP LX BE CP (IX+d) BF 1011 i...
C4 C5 Cé6 C7 1100 0...
cc CD CE CF 1100 1...
D& D5 D6 D7 1101 O...
DC DD DE DF 1101 1...
E4 E5 PUSH IX E6 E7 1110 oO...
EC ED EE EF 1110 1...
F4 F5 Fb6 F7 £111 O...
FC FD FE FF 1111 1...
.. 100 rera 2101 rees o110 eee. 111 Bits
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INSTRUCTION

SET

BIT MAFPFPFPED

4th Byte of 4 Byte DD CB displ .. Codes
Bits v... 000 iew. 2001 ee.. .010 pees L011
0000 0... | 0O 0l 02 03
0000 1... | 08 09 0A 0B
0001 0... | 10 11 12 13
0001 1...1 18 19 1a 1B
¢olo0 o0... ] 20 21 22 23
0010 1... | 28 29 2A 2B
001! O0... | 30 31 32 33
001l 1... | 38 39 3a an
0100 0O... | 40 41 472 43
0100 1... | 48 49 GA 4B
0101 0... | 50 51 52 53
0to1 1... | 58 59 54 58
0110 0... | 60 61 62 63
0110 1... | 68 69 64 68
ot1l 0... | 70 71 72 73
0111 1... 178 79 7A 7B i
1000 0... | 80 81 82 a3 5
1000 1... | 88 89 8A 8z %
1001 0... | 90 91 92 93 i
1001 1... | 98 99 94 agp
1010 0... | AD Al A2 A3
1010 1... | A8 A9 AA AB i
1011 ... | BO Bl B2 B3
1011 1... | B8 B9 Ba BB
1100 0... | CO cl cz c3
1100 1... | €8 c9 ca CB
1101 0... | DO D1 D2 D3
1101 1... | D8 D9 DA DB
1110 0... ] EO El E2 E3
1110 1... | E8 E9 Ea EB
i111 o... ! FoO F! F2 F3
1111 1... { F8 F9 FA FB
Bits vane 2000 ve.. 2001 ee.s o010 eee. JD11
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INSTRUCTION

SE'T

BEI'T MAPPED

4th Byte of 4 Byte PD CB displ .. Codes
caee 100 caa- 2101 eees 2110 enas 2111 Bits
04 05 06 RLC (IX+d) | 07 0000 0. ..
ocC oD OE RRC (IX+d) | OF 0000 1...
14 15 16 RL  {(IX+d) 17 0001 0...
IC 1D IE RR  (IX+d) IF 0001 1...
24 25 26 SLA (IX+d) | 27 0010 O...
2C 2D 2E SRA (IX+d) | 2F 0010 1...
34 35 36 SLI (IX+d) | 37 0011 0. ..
3C 3D 3E SRL {(IX+d) 3F goll L...
44 45 46 BIT O,{IX+d) 47 0100 0O...
4C 4D 4E BIT 1,(IX+d)l 4F 0100 1...
54 55 56 BIT 2,{IX+d)| 57 010t 0. ..
5C 5D SE BIT 3,{(IX+d)| SF 0101 1...
64 65 66 BIT 4, (IX+d) 67 0110 O...
&6C 6D 6E BIT 5,(IX+d)| 6F 0110 1...
74 75 76 BIT 6,(IX+d) 7 0111 O...
7C 7D 7E BIT 7,(IX+d)j 7F o111l l...
84 85 86 RES O, (IX+d)| 87 1000 0...
8C 8D BE RES 1,{IX+d)| 8F 1000 1...
94 95 96 RES 2,(IX+d)| 97 1001 O...
9C 9D 9E RES 3,{IX+d)] 9F 1001 1...
Ab A5 A6 RES 4, {IX+d)| A7 1010 O...
AC AD AE RES 5,(IX+d)| AF 1010 1...
B4 BS B6 RES 6,(IX+d) B7 1011 0O...
BC BD BE RES 7,(IX+d)| BF 1011 1...
Cé Cs Cé6 SET ©0,(IX+d)| C7 1100 O...
cc CD CE SET L,(IX+d)i CF 1100 1...
D4 D3 D6 SET 2,{(IX+d)} D7 1101 O...
nc DD DE SET 3, (IX+d} DF 1101 1...
E4 E5 E6 SET 4,(IX+d) E7 1110 O...
EC ED EE SET 5,(IX+d)| EF 1110 1...
Fé F5 F6 SET 6,(IX+d)| F7 1111 0O...
FC FD FE SET 7,(IX+d)| FF 1111 1...
cere +100 veaes o101 ce.. 110 eeas 111 Bits
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INSTRUCTION

SET

BEIT MAaPPED

2nd Byte of 2 Byte ED .. Codes
Bits vee. 000 . W001 eese 010 vene 2011

0000 0... | QO 0l 02 03

0000 1...1 08 09 oA OB

000t 0... | 1O 11 12 13

0001 1...]| 18 19 1a 1B

0010 0... | 20 21 22 23

0010 1... | 28 29 2A 2B

0011 0...| 30 31 32 i3

0011 1... | 38 39 3a 3B

0100 O... | 40 IN B,(C) 41 oUT (C),B 42 SBC HL,BGC 43 LD {an),B
0100 1...| 48 IN C,{(C) 49 ouT (C),C 44 ADC HL,BC 4B LD BC,{nn)
0101 O... | 50 IN D,(C) 51 oUT (C),D 52 SBC HL,DE 53 LD (nn),D
0101 1... | 58 IN E,(C) 59 ouT (C),E 54 ADC HL,DE 5B LD DE,{nn)
0L10 G... | 60 IN H,{(C) 61 oUT (C),H 62 SBC HL,HL 63

0110 1l... | 68 IN L,(C} 69 OUT (C),L 6A ADC HL,HL 68

0111 O...| 70 71 72 SBC HL,SP 73 LD (nn),SP
Olll 1... [ 78 IN A,(C) 79 OUT (C),A 7A ADC HL,SP 7B LD SP,(nn)
1000 0... ] 8O 81 a2 83

1000 1... | 88 89 8A F:3:3

1001 O...{ 90 91 92 93

1001 1...} 98 99 GA 9B

10t0 0...] A0 LDI al cPI a2 TINI A3 OUTI
"1010 1... !} A8 1LDD A9 CPD AA IND AB OUTD

1011 0...] BO LDIR Bl CPIR B2 INIR B3 OTIR

1011 1... | B8 LDDR B9 CPDR BA INDR BB OTDR

1100 0...{ co cl G2 c3

1100 1...| c& c9 CA CB

1101 O... | DO D1 D2 D3

1101 1...{ D8 D9 DA DR

1110 O0... | EO El E2 E3

1110 1... | E8 E9 Ea EB

1111 O... | FO - Fi F2 £3

1111 1... | F8 F9 FA FB

Bits cae. 000 veee 001 eees 2010 ese. W01
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TNSTRUCTION SET —

BIY MAFPFPFED

2nd Byte of 2 Byte ED .. Codes
ce.. 100 vee. 101 vev. o110 cea. W111 Bits
04 05 06 Q7 Go00 0...
0¢ 0D 0E OF 0000 1..
14 15 16 17 0001 O..
ic 5] LE 1F 0001 1..
24 25 26 27 0019 0.,
2c 2D 2E 2F 0010 1..
34 35 36 37 0011 O..
3c 3D 3E kY2 0011 1..
44 NEG 45 RETN a6 IM 0 47 LD I,A 0100 O..
4G 4D RETI 4E 48 LD R,A 0100 1.,
54 55 56 IM 1 37 LD A,I { 0101 0. .
5C 5D 58 IM 2 SF LD AR 0101 1..
64 65 66 67 RRD | 0110 ©..
6C 6D 6E 6F RLD 0110 1..
74 75 76 L 77 0111 0..
7C 7D 7E E?p 0111 1..
Il 4
84 85 86 a7 S 1000 O..
8c 8D BE BF iooo 1..
94 95 26 97 1001 0.,
9C ap 9E 9F i 1001 1..
Ad A5 A6 a7 | 1010 O..
AC AD AE AF P 1010 1...
B4 B5 B6 B7 S 1011 O..
BC BD BE BF S0l ..
i
Cé c5 cé 7 © 1100 0.,
[olo CD CE CF 1100 1..
D& D5 D6 D7 11061 0..
DG DD DE DF 1101 1i..
E4 ES5 E6 E7 i 1110 O..
EC ED EE EF 1110 1..
F4 F5 F6 F7 1111 O..
FC FD FE FF 111t t..
ee.. 2100 ceee. L1101 vens o110 eee. 2111 Bits
i i
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ITNSTRUCTION

SET

BIT MAPPED

2nd Byte of 2 Byte FD .. Codes
or 2nd Byte of 3 Byte FD .. displ Codes

Bits eeas <000 cees 001 +esae 010 aeas 011
000¢ 0... | 00 0t 02 03
0000 1... | 08 (9 ADD 1IY,BC oA OB
0001 0... 10 11 12 13
o0l 1... ia 19 ADD IY¥,DE Ia 1B
0010 O... 20 21 LD I¥Y,nn 22 LD {(nn),TY 23 INC IY
0010 l...1 28 29 ADD IY,IY 2A LD 1Y, {(nn) 2B DEC 1Y
0011 O...( 30 il 32 a3
0011 l... | 38 39 ADD IY,SP 3A 3B
0I00 0... | 40 41 42 43
0100 1... | 48 49 Y-y 4B
¢lol 0... | 50 51 52 53
0l01 1... | 58 59 S5A 5B
0110 0...| 60 LD HY,B 61 LD HY,C 62 LD HY,D 63 LD HY,E
0110 1... | 68 LD LY,B 69 LD LY,C 6A LD LY,D 6B LD LY,E
ollt ¢...| 70 LD (IY+d),B| 71 LD (I¥+d),C| 72 LD (I¥+d),D 73 LD (IY¥+d),E
0111 1...}| 78 79 7A 78
1000 G... | 80O 81 a2 83
1000 1...1 &8 89 BA 8B
1001 0...1{ 90 91 92 93
1001 1...] 98 99 9A 9B
1010 ©... 1| AQ Al A2 A3
1010 1...; a8 A9 AA AB
10t1 O0... | BO Bl B2 B3
1011 1... | B8 B9 BA BB
1100 O0...1 €O Cl1 c2 c3
1100 1...| C8& c9 Ca CB
1101 O0...| DO D1 D2 D3
1101 1...! D8 D9 DA DB
1110 0... | EO El POP I¥ £2 E3 EX (5p),1Y¥Y
1110 1... | E& E9 JP (1Y) EA EB
1111 Q... | FO Fl F2 3
1111 i... | F8 F9 LD sP,IY FA FB

Bits aees 000 ~evs 001 ssaa L010 eees 011
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INSTRUCTION

SERE'T

—_— BIT MAPPED

2nd Byte of 2 Byte FD .. Codes
or 2nd Byte of 3 Byte FD .. displ Codes
caaes S LCO vaaa 101 --.. 110 aaas w111 Bits
04 05 06 o7 0000 0...
ac oD 0% OF a0o00 L...
14 15 16 17 0001 G...
1C 1D i1E 1F o0oL L...
24 INC HY 25 DEC HY 26 LD HY,v 27 0010 O...
2C INC LY 2D DEC LY 2E LD LY,v 2F 0010 1...
34 INC  (IY+d) 35 DEC {IY+d) |36 LD (I¥+d),vi 37 0011 O...
3C 3D 3E aF ocil 1...
44 LD  B,HY 45 LD B,LY 46 LD  B,{IY+d)| 47 0100 0...
4C LD C,HY 4D LD  C,LY 4E LD C,(IY¥+d)] 4F 0100 l...
54 LD D,HY 55 LD b, LY 56 LD D,(I¥+d) 57 010t D...
5C LD E,HY 5D LD E,LY 3E LD E,(IY+d)| 5F 010% ...
64 LD HY ,HY 65 1D HY LY 66 LD H,{IY+d}| &7 LD HY,A 0110 0O...
6C LD LY,HY 6D LD LY,LY 6E LD L,{I¥+d)| 6F LD LY, A 0L110 1...
74 LD (IY+d)},H{ 75 LD {(I¥+d),L|76 77 LD {(IY+d),A | 0111 O...
7C LD A, HY 7D LD A,LY 7E LD A,{IY+d)} 7F olriL 1...
84 ADD A,HY 835 ADD A,LY 86 ADD A,(IY+d)} 87 1000 O...
8C ADC A,HY 8D ADC A,LY BE ADC A,(LY+d)| 8F 1000 I...
94 SUBR HY 95 SUB LY 96 SUB (IY+d) 97 100t O...
9C SBC A,HY 9D SBAC A,LY SE SBC A,{IY+d}) 9F 1001 1...
A4 AND HY A5 AND LY A6 AND (I¥+d) A7 1010 0.,
AC YOR HY AD XOR LY AE XOR (IY¥+d) AF 1010 i...
B4 OR HY B5 OR LY B6 OR (IY+d) 87 1011 O...
BC CP HY BD CP LY BE CP (IY+d) BF 1011 1...
Cé4 C5 Cé c7 1100 O...
CC CD CE CF 1100 1...
D4 b5 D6 b7 1161 0...
DC pD DE DF 1101 1...
E4 E5 PUSH IY E6 E7 1110 O...
EC ED EE EF 1110 ...
F4 F5 Fé6 F7 11i1 O...
FC ¥D FE FF il1l 1...
»e=e <100 wasss 101 vee. 110 mee. o111 Bits
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INSTRUCTION

SET

BITT MAFPPED

4th Byte of 4 Byte FD CB displ .. Codes
Bits e... .000 .... 001 ve.. .010 vev. JO11
0000 0...| 00 01 02 03
0000 1...| 08 09 0A 0B
0001 O...| 10 11 12 13
000l 1...| 18 19 1a 1B
0010 0...| 20 21 22 23
0010 1...} 28 29 24 2B
001l O0...| 30 31 32 13
001t 1... | 38 19 3a 3B
0100 O...! 40 o4l 42 43
G100 1... | 48 49 4A 48
0101 O...| 50 , 51 52 * 33
0101 l...] 58 59 Loosa | 5B
0110 O... | 60 L6l | 62 [ 63
0110 1...| 68 {69 6a é 68
0111 0...| 70 71 |72 {73 :
0111 1...] 78 L 79 | 7a % 7 i
! 3 }
1000 0... 80 al | 82 [ 83
1000 1...] 88 89 8a ' 8B
1001 O... | 90 91 92 ;93
1001 1...1{ 98 99 54 | 98
1010 O0...| A0 al a2 i a3
1010 1...| a8 A9 AA | AB ,
1011 O... | BO I gl B2 b s
1011 1...| 88 E 89 BA { BB
| q
1100 0...| €O Locl c2 {3 |
1100 1... ca c9 CA | CB
1101 0...} DO D1 D2 D3
110t 1...| D8 D9 DA DB
1110 0... | EO El E2 E3
1110 1...{ E8 | E9 EA ER
1111 O0...] FO I F1 F2 F3
1111 1...| F8 F9 FA FB
|
Bits wee. 000 ee.. 001 e.-.. .0l0 vee. 2011
|
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INSTRIICTTIOMN

S EL

BITIT MAPPED

4th Byte of 4 Byte FD CB displ .. Codes
eass 100 eeer 101 vaaa 110 eess o111 Bits
04 03 06 RLC (1y+d) 07 0000 O...
oc oD OE RRC (IY+d) OF 0000 1...
14 15 16 RL (IY+d) 17 000t O0...
LC 1D 1E RR (I¥+d) 1F cool 1...
24 25 26 SLA (IY+d) 27 0010 D...
2C 2D 2E SRA (IY+d) 2F 0010 1...
34 33 36 SLI  (IY¥+d) 37 0011 0O...
3C 3D 3E SRL (IY+d) 3F colt 1l...
Sl 45 46 BIT O,(IY+d) 47 0100 0...
4C 4D 4E BIT 1,(IY+d)| 4F Gi0oo0 1...
54 55 56 BIT 2,(IY+d)} 57 0101 O...
5C 5D SE BIT 3,(IY+d){ 5F 016! 1..,
64 65 66 BIT 4,(IY¥+d) 67 0110 0O...
6C 6D 6E BIT 35,(IY+d) 6F clL1o I...
74 75 76 BIT 6,{(IY+d) 77 0111 O...
7C 70 7E BIT 7,(IY¥Y+d) 7F 0111 1...
84 85 86 RES O,(IY+d) 87 1000 O.,.
&C 8D BE RES 1,{1¥+d)| 8F 1000 1...
94 95 96 RES 2,(IY¥Y+d)| 97 10601 O...
9C 9D 9E RES 3,{(I¥+d)| 9F 1001 1...
Ab A3 A6 RES 4,(IY+d)| a7 10106 0O...
AC AD AE RES 5,(IY+d) a¥ 1010 1...
B4 B5 B6 RES 6,(IY+d) B7 1011 @...
BC BD BE RES 7,(IY+d) BF sl i...
C4 C5 Cé SET 0,(IY¥Y+d) C7 1100 0...
CC cD CE SET 1,(IY+d)| CF 1100 1L...
D4 D53 D6 SET 2,(I¥+d)l D7 1101 D...
Dc pD DE SET 3,{I¥+d) DF LI10I 1...
E4 E5 E6 SET 4,(1Y+d)| E7 1110 0...
EC ED EE SET 5,(IY+d)| EF 1110 ...
F4 F5 Fé6 SET 6,(IY¥+d)| ¥F7 1111 0...
FC FD FE SET 7,{IY+d) FF 1111 1...
enas «100 ceees 101 -ea2e 110 eeas o111 Bits
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8 BIT T.OADS
LD r.s ol rir|ls|sis The value in Operand 's' is loaded
into '. No Flags affected.
LD r.v 0|0 r:r|lj1ljo = rr + byte No flags affected
Codes in last column on right.
Reg s B Cc D E H L (HL) A (IX+d) (IY¥+d} v
000 001 010 011 100 101 110 111
Reg r Bits
B = 000 40 4l 42 43 44 45 46 47 DD-46 FD-4b 06-v
Cc = 001 48 49 a4 4B 4C 4D 4E 4F DD-4E FD-4E OE=-v
D ’.010 50 51 52 33 54 535 56 57 DD~536 FD-36 16-v
E = 011 58 - 39 SA 58 5C 5D SE 5F DD-~3E FD-5E 1E-v
H = 100 &0 61 62 63 64 65 66 67 DD-66 FD-66 26~y
L = 101 68 69 6A 6B 6C 6D 6E 6F DD~6E FD-6E 2E-v
(HL)= 110 70 71 72 73 74 75 77 3b6-v
A = 111 78 79 7A 7B 7C 7D 7E 7F DD-7E FD-7E 3E-v
(IX+d)= 110 DD-70 DD-71 DD-72 DD-73 DD-74 DD-73 BD-77 DD-36-v
{(IY+d)= 110 FD-70 FD-71 FD-72 FD-73 FD=-74 FD-75 FD=77 FD-36-v
;
LD {(BC).,A |00 g{0|0jL:i0 = 02 No flags affected
LD A,{(BC) [(CIO 97110110 = oA No flags affected
LD (DE).A |00 1/0j0112,0 = 12 No flags affected
LD A,(DE) j0}0 1|1l0i{1]|0 = 1a Mo flags affected
LD R:A ED byte + No flags affected
0|1 0j1j1}jl|l = ED 4F
LD I.,A ED byte + No flags affected
0|1 1i1/1}j1j1 = ED 5F
LD AR ED byte + -~ Flags ~-
0|1 o[0]|1(2 1 = ED 47 S set if Reg is negative
Z set if Reg is zero
H & N are reset
LD A1 ED byte + P/V = contents of
Interrupt IFF2.
01l liof1l|1{1 = ED 57 C is not affected
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LD T .00

B I T

T.OoOADS

r

] P
OiOErE_.

i i
OHOtlg

3

+ 2 Address bvytes

No flags affected on this page

LD hl,(nn) 0{0il{0i1i0
LD (nn) hl
LD rr,{(nn)

LD (nn).rr

LD SP.hl

POP ry
PUSH rY

EX DE ,HL
EX AF . AF'
EXX

EX (S5P)/hl

+ 2 Byte address

1 P

olo11r0

110

+ 2 Byte address

1

i

ED byte +
! |1 j
! l'rir 1'1
L | l |
ED b +
lirir 111
o it
1111 10]1
f : i
|1 rgr|o Oil
] |
tlirjrlo 0{1
t ! Pt
111]170 0l1i1 =
i | i
0{0/0/0:1:0!10]0 =
110 1 011 =
RN i ;
1!1{1!0 Pl l[

The first Address on the Stack is

Exchanged with the contents of

Chapter &

(HL) .

~
~

hl

k1

"
"

hl

rr

EB

08

D9

EXCHANGE

DE
KL
sp =
IX =

IX

HL =
IX =
IY =

BC =
DE =
sp =

BC =
DE =
Sp =

HL =
IX =
Iy =

BC =
DE
HL
AF
IX
v =

u

00
¢l
.0
11
10
10

00
ol

11

00
01l

11

o¢
01
10
11
i0
10

Dl-nn
li-nn
21-nn
3l-nn
DDh-21-nn
FD-21-nn

2A-NnN
bDh-2A—-nn
FD-2A-nn

22-nn
DD-22-nn
FD-22-nn

ED—43-nn
ED-53-nn
ED-73-nn

ED-4B-nn
ED-5B~-nn
ED-7B—-nn

F9

DD-F9
FD-F9

POP

Cl
Dl
El
Fl
DD-E1l
FPb-EL

The 2Zbyte values 1
and DE are exchanged.

PUSH

5
D5
ES
F3
DD-E5
FD-E5

n HL

The main and Primed sets
of AF are exchanged.

The B

C,

DE & HL Register

Pairs are exchanged for
Primed counterparts.

their

-~ HL
IX

Y

Z-80 INSTRUCTION SET

tn

E3
DD-E3
*D-E3
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o B L T AR T THMETTIC INSTRUCTIONS
Reg Bits ADD ADC SCB SBC
~-~ Flags ADD/ADC/SUB/SBC --- rrr = B = 000 80 83 90 98
5 = set if result is negative C = 001 81 89 91 99
Z = set if result is zero D= 014 82 8a 92 9a
H = set if carry from Bit 3 - ADD/ADGC E =011 83 BB 53 98
borrow from Bit & - SUB/SRC H = 100 84 8C 94 9C
P/V=set if overflow & hits I. = 101 85 aD 95 9D
N = gset if SUB/SBC (HL) = 110 86 BE 96 SE
reset if ADD/ADC a =111 87 8F 97 9F
C = set if carry from Bit 7 - ADD/ADC (IX+d)= 110 DD-86 DD-8E DD-96 DD-9EF
borrow for Bit 7 - SURBR/SRC (I¥+d)= 110 FD-86 FD-8E FD-96 FD-9E
Pl e T
ADD A,r %l?O10fOiO!r:rEr; The contents of r are added to
— — the register A. Result is In A.
P P
ADD AV 11110:0 0:1°110 Cé6H + byte to be added
Flags as above
oy Ty T i
ADC Asr irioioiollirtieled Codes as above
: — Flags as above
[ T
ADC Asv il;O;O'Ofl 1'1:¢ CEH + Byte teo be added
o ' ! Fliags as above
H H N H . T
’ ! : : i i |
s5UB r 1107020 'r'rir Codes as above
—— S Flags as above
oo e T
SUB v %l;l;o;l!O;l:l!O! D6 + byte to be subtracted
: — Flags as akove
‘ N i
SBC Asx 100 Ll rivies Codes as above
bt —t Flags as above
[ L I N
SBC Arv 'l!O!O!l*l'l1l|0r DEH + Byte to be subtracted
! — ’ Flags as above
I
INC r ojolriririiiolo
: : Req Bits Inc Dec
P T rTY - B = 000 c4 053
DEC r !0 r;r:r*llo 1 C = 001 ocC CD
* D = 010 14 15
———— Flags INC/DEC ~——-— E = 011 1C D
S = set if negative H = 100 24 25
Z = set if result is zero. L = 101 2C 20
H = set if carry/borrow from Bit 3 (HL)= 110 34 35
P/V= set 1f r was 7FH(INC)/BOH(DEC) before A = 111 3C 3D
N = reset {IX+d) = 110 PD-34 DD-35
C = no effect (IY+d) = 110 FD=34 FD-35

Page
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8 BI'T LOGICAT. ITNSTRLICTIONS

In these instructions a logical AND, QOR, exclusive OR, or Compare
operation 1is done Bit by Bit between the byte in r or v and the byte in
the accumulator (A). The result is stored in (A

Reg Bits AND XOR OR CP

rrr = B = 000 A0 A8 BO B8

C = 001 Al A9 Bl B9

D = 010 A2 AA B2 BA

~-~ Flagg -——-— E = 011 A3 AB B3 BB

S = set iIf result is negative H = 100 A4 AC B4 BC
Z = get if result is zero L = 101} AD AD B5 BD
H = set (HL)= 110 Ab AR B6 BE
P/V=set if parity even A = 111 A7 AF B? BF
N = rasat {IX+d)= 110 DD-A6 DD-AE DD-B6 DD-BE
C = reset (IY+d)= 110 FD~-A6 FD-AE FD-B6 FD-BE
v = E6-v EE~v F6-v FE-v

AND r 1j011|010|rirlr = codes as above

Flags as above

AND v 1i1j110(0121130 = EBH + byte to be used to AND
Flags as above

XOR r L1011 0tljrjcc = codes as above
Flags as above

XOR v L|1j13011L11|L(0 = EEH + byte to be used to XOR
Flags as above

OR r 1{o|Xt1j0irirlr = codes as above
Flags as above

OR v : 1flj1ljrtotlil|0 = F6H + byte to be used to OR
Flags as above

CP ' r Y0111 |Y|rvivlY = codes as above
—_——— Flags ————

S = gat if result negative
2 = set if result is zero

cp v LtL{L111X11{1}0 H = set If no borrow from Bit 4

' P/V= set if overflow
= FE + N = set
+ Byte to be used for Compare C = set if borrow.
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ADD

ADC

ADD
ADD

sBC

T

INC

DEC

No flags affected

Page 110

16 BRI AR ITITHMETLTIC
HL,rr 0{O0irir(lj{0|0!l
Regs Bits ADD ADC
rr — BC = 00 a9 ED—~4A
DE = 01 19 ED-SA
HL. = 10 29 ED-6A
sp = 11 39 ED-7A
HL.,rr ED Byte <+
0iliric)10!1i0Q
P
Codes as above
IX,rT DD byte +
IY,rr FD byte + ry
o|0|rir|li0l0)1l
Flags as with ADD above
HL,rr ED byte +
Otlir{ri00i1l|0C
SBC
- BC 00 ED-42
DE = 01 ED-S52
HL = 10 ED-62
SPp = 11 ED-72
rr Q!0 ||0|0{1]1 rr
rr ClO(r}rl|0il]l

ITNSTRUCTIONS

5
H
N
C

™~
O22<<hm Nm

P/

r

nZL< TNy

L]

[

ra
se

set
t

]

U 4k

BC
DE
IX

5P

lrrt

H

Ny

se
s5e

se
2=}

re

t 1
£t i
€ i
t 1
sat

Flags— ADD
Z and B/V not affected
set if carry out of hit 1l

Fl
£
£

£
£

set if

5
=]
5
=]

00
ol

10
10

11

et
et
et
et

if
if
1f
if

reset

ags AbDC
negative
zero

carr
overflow

if carry out of bit 15

from Bit 11

carry from Bit 15

IxX
DD-09
DD-19
DD-29

DD-39

Flags
result
result
borrow
overfleoc

IY
FD-09
FB-19

FD-29
FD-39

is subtracted from HL

negative
zZero

from bit 12
W

set if borrow ( rr > HL )

BC
DE

HL

SP
IX

IY

Z-80 INSTRUCTION S3ET

00
01

10

11
10

10

INC

03
13

23
33
DD=-2
FD-2

DEC

CB
1B

2B

3B
3 FD-2B

3 FD-2B
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BLOCE

TRANSFER & SEARCH INSTRUCTIONS

AQO

A8

80

B8

Flags
S, Z and C are not affected
H and N are reaeset

P/V reset 1if B=0 else set

S, 2 and C are not affected
H and N are reset

P/V reset if B=( else set

S, 72 and C are not affected
H, P/V and N are reset

5, Z and C are not affected
H, P/V and N are rsaset

cof (HL) is transferred to (DE).

BC is decremented { LDI & LDIR )
HL, DE & BC are decremented { LDD & LDDR )
If BC <» 0 the instruction is repeated ( LDIR & LDDR ).

It

Al

A9

Bl

B9

P/

B/

=)
Z

v

Nz

aZ2grE o

set 1f 1s negative
set if (HL)=A slse reset

reset 1f borrow from bit 4
reset 1f BC=0 a2lse sat

set

no effect

Flags as above

set 1f 1s negative

set 1f {HL)=A else reset
reset if borrow from bit 4
raset if BC=0 else set

set

no effect

Flags as above

The contents of (HL) is compared with A.

is incremented
{ CPD & CPDR }.

{

CPI & CPIR )}

If BC <> O+*the instruction is repeated ( CPIR & CPDR )

LDI ED hbhyte <+
1L{ol1]|0:0 0|0
LDD ED byte +
110111071 010G
LDIR ED byte +
ljol1j1:0 010
LDDR ED byte +
ljio{1{l|1 o|¢C
The contents
HL & DE are incremented.
CPI ED byte +
Lio|l1lGi0 011
CPD ED byte +
1|10]1{0!1 011
CPIR ED byte +
l1i0jxrf1jo 0}l
CPDR ED byte +
1j0i1]1]1 o{l
BC is decremented, HL
BC and HL are decremented
Chapter 6
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BIT RESET & SET INSTRUCTIONS

The instructicons on these pages are bit manipulations.

BIT is the only one of the 3 bit manipulation codes that affects a
flagqg.

After execution the Zero flag will contain the complement of the
tested bit in the relevant register or byte to which the HL, IX+d or IY+d
registers are pointing.

It sets the Zero flag if the bit tested is reset.

BIT b, CB byte + o(l|bibib|r|r|r

Codes as below

-_—— Flags -
5 — unknown
Z — set if bit tested is Zero else reset
H - set
P/V — unknown
N - raset
C — Not affected
bbb Bits 0 1 2 3 4 5 6 ?
000 001 010 011 100 101 110 111

Reg Bits
rrr-B =000 CB-40 CB-48 C(CB-50 CB-58 C(CB-60 C(CB-68 (B-70 CB-78
=001 CB-41 CB-49% CB-51 <CB-59 <(B-61 <CB-69 CB-71 CB-79
=010 CB-42 CB-4A (CB-52 C(CB-5A C(CB-62 CB-6A C(CB-72 CB-7A
=011 CB-43 CB-4B CB-5%3 CCB-5B <CB-63 CB-6B <CB-73 <CB-7B
=100 CB-44 CB-4C CB-54 CB-5C <(B-64 CB-6C CB-74 CB-7C
=101 CB-45 CB-4D CB-55 CB-5D CB-65 CB-6D C(B-75 CB-7D
(HL)=110 CB-46 CB-4E CB-56 CB-5E (CB-66 CB-6E CB-76 CB-7E

A =111 CB~47 CB-4F CB-57 CCB-5F (B-67 C(CB-6F CB-77 CB-7F

CEMRMON

(IX+d)= DD+ -CB-46 -CB-4E ~CB-56 -CB-5E -CB-66 -CB-6E ~CB-76 -CB-7E
{IY+d)= FD+ -CB-46 -CB-4E -CB-56 -CB-5E -CB-66 -CB-6E -CB-76 -CB-7E
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BIT RESET & SET INSTRUCTIONS

The 2 Instructions on this page are bit manipulations.

They do not affect any flags.

In RESET the code makes the Bit specified 0 in the Byte specified.
In SET the code makes the Bit speacified 1 in the Byte specified.

RES b,r CB byte + l10|blblblririr

Codes as below
bbb Bits 0 1 2 3 4 5 & 7
000 001 0l0 011 100 101 110 111

Reg Bits
Rrr-B= 000 CB—-80 CB-88 <CB-9%0 (B-98 CB-A0 CB~A8 CB-B0 CB-BS
C= 001 CB-8l1 CB-89 CB-91 (B-99 CB-Al CB-A9 CB-Bl CB-B9

D= 010 CB-B82 <CB-8A CB-92 CB-%A CB-A2 CB-AA CB-B2 CB-BA

E= 011 C8~-83 CB-8B CB-93 CB-9B CB-A3 CB-AB CB-B3 CB-BB

H= 100 CB-84 CB-8C (CB-94 CB-9C (B-A4 CB-AC CB-B4 CB-BC

L= 101 CB-85 CB-8D CB-95 CB-9D CB-AS5 CB-AD CB-BS5 CB-BD
{HL)= 110 CB-86 CBE-8E (CB-96 CB-9E CB-A8 CB-AE CB-B6 CB-BE
A= 111 CB-87 CB-8F C(CB-97 CB-9F CB-A7 CB-AF CB-B7 CB-BF

(IX+d)= DD+ -CB-86 -CB~8E -CB-96 —-CB-9E ~-CB-A6 ~CB-AE -CB-B6 —-CB—BE
(I¥Y+d)= FD+ -CB-86 -CB-8E -CB-96 ~CB-9E -CB-A6 -CB-AE -CB-B&6 -CB-BE

SET b.r CB byte + lilibibib!r|xir
Codes as below
bbb Bits Q 1 2 3 4 5 & 7
Qo0 001l 010 011 100 101 110 111
Reg Bits *

Rrr-B= 000 Cp-C0 (CB-C8 CB-DO CB-D8 CB-EC CB-E8 CB-F0O CB-F8
C= 001 cB-Cl CB-C9 <CB-Dl1 <CB-D9 CB-El1 CB-E9 CB-Fl CB-F9

D= 010 CB-C2 CB~CA C(CB-D2 CB-DA CB-E2 CB-EA CB-~-F2 CB-FA

E= Ql1 CB-C3 CB-CB C(CB-D3 CB-DB CB-E3 CB-EB CB-F3 CB-FB

H= 100 CB-C4 (B-CC C(CB-D4 CB-DC CB-E4 CB-EC CCB-F4 CB-FC

L= 101 CB-C5 CB-CD CB-DS CB-DD CB-ES CB-ED CB-F3 CB-FD
{(HL)= 110 CB-C6 CB-CE <CB-D6 CB-DE CB-E6 CB~EE CB-F6 CB-FE
A= 111 CB-C?7 CB-CF CB-D7 CB-DF CB-E7 CB~EF CB=-F7 C(B-FF

(IX+d)= DD+ -CB-C6 -CB-CE -CB-D6 -CB-DE -CB-E6 -CB-EE -CB-F6 -CB-FE
(IY+d)= FD+ -CB-C6 -CB-CE -CB-D6é -CB-DE -CB-E6 ~CB-EE -CB-F6 -CB-FE
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THE DAA TNSTRUCTION

DAA ofojLjo|oiiil;l = 27

This instruction adijusts the accumulator to the Binary Coded
Decimal condition after the following operations :-

Addition - ADD, ADC and INC
Subtraction - SUB, SBC, DEC and NEG

Binary Coded Decimal is the storage of a decimal value in the
lower and the upper halves (nybbles) of a byte in binary. For instance,
if you stored the decimal number 36 in BCD format there would be a upper
nybble of 3 and a lower nybble of 6. The number if interpreted as a hex
value would contain 34 decimal but in BCD it contains 36 decimal.

Now if you were to try and add another BCD value to this, say 17
BCD, then the accumulator would centain 4DH or 77 decimal. The DAA
instruction adjusts the result to give the correct decimal value for a
BCD add. During the addition to give the hex 4D result the Carry flag and
the Half Carry flag were reset so neither has a value. Inspecting the
table below it can be seen that the 3rd row meets these conditions and s0
we would add ©06H ro the result giving 53 as the answer. This ls the
correct addition of 25 and 17 in decimal in BCD format.

It becomes cbvious on examination that all the instructicn does
ie converts the product from hex {base 16) to decimal (base 10 1n sach
nybble.

i ! X

Operation| Carry Bits 7-4 Half Carry! B1es 3-0 | Value E Carry
before; Upper Nyb.| before ! before | added : =fter

o | 0 - 39 0 0 -3 90 0

0 D - B ¢ A - F 06 0

ADD or o | 0 - 9 1 g - 3 06 0
ADC or o | A - F 0 o - 9 60 1
INC. o ! 9 - F 0 A - F 56 ! 1
0 A - F 1 0 - 3 66 | 1

1 0 - 2 0 0 - 9 B0 1

1 0 - 2 0 A~ F 66 1

1 0 - 3 1 0 ~ 3 66 1

SUB or 0 Q9 - 9 0 0 - 9 (o] 0
SBC or 0 ¢ - 8 1 6 - F Fa ¢
DEC or 1 7 - F 0 0 - 9 AO 1
NEG. 1 6 - F 1 6 - F 9a 1
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GENERAT. PLIRPOSE INSTRUCTIONS

CCF 0(0|1{1{11]1]} = 3F The Carry flag is inverted
The only other fiag affected is the
Add/Subtract flagq which is reset.

SCF 01031 |1]031 |11 = 37 The Carry flag is set and the
Half Carry and Add/Subtract flags are reset.

CPL 01071l 0{1}1j1)1 = 2F The contents of each bit in the
Accumulator is inverted ( 1's complement }.
NEG ED byte + = ED 44
0:1050{0{2|0}0 -——— Flags =-—~=--~
: 5 = get if result negative
The contents of the accumulator Z = gset if result 1s zaro
Is negated { 2's complement ) H = reset if borrow from Bit 4
I.E. subtracted from 2%6 (0). P/V = set if A = 8CH before
Note 80H remains B8O0H. N = set
C = reset if A = 0 before
NOP gjojofloj0i0j0O|0 = 00 No operation.
HALT ojpljljlrjo|1{1}0 = 76 This instruction suspends CPU

operation until an interrupt
or reset is sent.

DI I[(1|141{0:t01}1 = F3 This instruction disables the
Maskable interrupt by resetting the
Interrupt enables IFFl & IFF2Z2.

EI (1110111 = FB This instruction sets the interrupt
Enables so enabling the maskable interrupt.

IM O ED byte + = ED 46 In this interrupt mode the
Interrupting device can call on the
o/1jo0(0]j0O|1(|1}{0 CPU to execute any instruction.
IM 1 ED byte + = ED 56 In this mode the CPU will react
To any interrupt by executing an
0j1|0f(l|Oo|1]1j0 RST 38H (the interrupt restart).
IM 2 ED byte + = ED 5E This mode allows an indirect
Call to a memory address which is formed
of1(0flilili1i]|oO By the high byte from the I register and the

Low byte from the interrupting device.
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ROTAaTE AHIN D SHaIYFT ITNSTRILIICTIONS

These 4 instructions apply to the accumulator (A register) only

RLCA - Rotate Accumulator left with branch carry
RRCA - PRotate Accumulator right with branch carry
RLA - Rotate Accumulator left thru carry
RRA° ~ Rotate Accumulator right thru carry

Flags - 5,2 & P/V are not affected : H & N are reset.

The carry flag is involved in each case. The value it receives comas
from bit 7 ( RLCA & RLA } and bit 0 ( RRCA & RRA ).

1 pem—— T
RLCA (00070111 = 07 LEj( 7161514:3,211]|0
]
‘ o o {
RRCA - 0j0(Q¢0:1{1]1]1 = OF >— 716543 ,2{2]0 >!:1
il L
RLA o[of{oy1]0/1{1;1 = 17 7 6[5;4]3]2]1 Of-J

RRA cjofoll|ri1l1ri1 = 1F

These 2 little cuties are vary powerful and useful in some
situations. With RLD the low nybble of the contents of the memory
location pointed to by HL are transferred to the high nybble of {(HL) and
those of the high nybble are transferred to the low nybble of the A
register. The contents of the low nybble of A are transferred back to the
low nybble of (HL). This instruction if executed three times restores
original values. The shift is to the right instead with RRD.

Flags 5§ =~ sat if A is negative else reset
for both Z - set if A is zero after operation else reset
RLD & RRD P/V - set if parity is even after operation
H & N are reset : C is neot affected
RLD ED byte + 11110 l'l 1:1 = ED &F
A = 716:5(4 3;2|1]0 716 5[4 312|110 = (HL}
1
< J I < I
RRD  ED  byte + . jofiirjofol1l1l1 = ED 67
r 1 i
!
A = [7|6]5]4 {3 2{110 7{6{5]4 3{21xr]ol = (HL)
i
]

s
sy
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ROTATE AND SHI¥FT INSTRUCTIONS

RLC CB Byte + olof[0i0|0|rririr Eﬁ( 7168154132

Rotate left with branch carry

v
~
n
A
F -
(]
V]

RRC CB Byte + EO o110l llririr

Rotate right with branch carry

RL CB Byte + o[0j0;1li0olrir]E 765432

Rotate left thru carry

RR CB Byte + 001011l 71615141312

Rotate right thru carry

SLA CB Byte + glojrijo|olririr E{}—e—-7 6(514/312[1]0—<—0
Arithmetic shift left '
m—
SRA CB Byte + ojolij{oltir|c|r }75543210«
Arithmetic shifr right
i
SLI CB Byte + 1¢i0l1l1{0|ripir Ei <— 71615143210 —¢—1
I
Shift left & i1ncrement
SRL CB Byte + ololilrlilr|r}e o—>—75543210'

Logical shift right

Flags for all 8 instructions same as RLD & RRD except Carry which is

affected by data from Bit 7 {(RLC,RL,SLA,SLI), Bit 0 (RRC,RR,SRA,SRL).

RLC RRC RL RR SLA SRA SLI SRL
000 001 0l0 011 100 101 1190 111
Reg Bits
B = 000 CB-00 CB-08B C(CB-10 CB-18 CB-20 C(CB-28 CB-30 CB-38
C = 001 <CB-01 <¢B-09 CB-1ll CB-19 CB-21 <CB-29 CB-31 CB-39
D = 010 CB-02 CB-0A C(B-12 CB-1lA C(CB-22 CpB~-2A CB-32 CB-3A
E = 0l1 CB-03 C(CB-0B CB-13 CB-lB CCB-23 C(CB-2B CB-33 C(CB-3B
H = 100 ¢B-04 CB-0C CCB-14 CB-1C CB-24 CB-2C CB-~34 CB-3C
L = 101 CB-05 CB-0OD CB-15 CB-lD CB-25 CB-2D CB-35% CB-3D
(HL) = 110 <CB-06 CB-OE <CB-16 CB-1E CB-26 CB-2F CB=-36 CB-3E
A = 111 CB-07 C(CB-QF CB-17 CB-lF CB-27 CCB-2F CB-37 CB-3F
(IX+d)= DD+ ~CB-06 ~CB-0E -CB-16 —-CB-—1lE —-CB-26 ~(CB~2E —-CB-36 —CB-3E
(IY+d)= FD+ -CB-06 -CB-0E ~CB-16 -CB-1lE -CB-26 -CB-2E ~CB-36

—CB-BEi
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JIIMFPF S JUMP RELATIVE ITNSTRUCTIONS S

JP nn 1i1t010101071)1 = C3 + 2 byte address

No flags affected on thilis Page

JP (hl} 1{1{1¢0Q}1|0|0C:1 hl - HL = E?
IX = bD-E9
No flags affected IY = FD-E9
JP ccrnn lil|c|cleclO|1iO cce -~ non zerd NZ = 000 C2+addr
zero 2 = 00 CA+addr
+ 2 byte address no carry NC = 010 D2Z+addr
carry C = 011 DA+addr
The jump cccurs according parity odd PO = 100 E2+addr
te the condition of the parity even PE = 101 EA+addr
flag used for the test. sign positive P = 110 F2+addr

sign negative M = 111 FA+addr

JR ;! 0{0j0{111{010,0 = 18 + Jump displacement

byte

JR NZ,j) 0]0jli0(0{010|0 = 20 + Jump displacement byte
JR Z:9 0{o011|0f(17j0101lC = 28 + jump displacement byte
JR NC.J Q10|1|1{0[QI0!0 = 30 + Jjump displacement byte
JR C.,3j 0[0({1l|1li1l0j0|0O = 38 + jump displacement byte

If the condition required is met, the Jump Relative occurs by the
Program Counter having the 8 Bit signed displacement value of 37 added.

DINZ 3 Q|0j01Ll{0}l0O|O0O = 10 + Jjump displacement byte

In this case the value in the register B is used to determine the number of
times the program loops to repeat the execution of the same porticn of
code. This is accomplished by decrementing the B register each loop until zero
when it sets the Z flag and the execution falls through to the next instruction.
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CAT.L & PRPETURN INSTRUCTIONS

CALL nn Lil{ofofljljo|l = CD + 2 Byte address
The contents of the Program Counter is pushed onto the stack.
The 16 kit address nn is loaded into the PC.
Execution resumes at this address. No flags are affected.
RET CALL
CALL cc,nn l{l|c|c|ciljO]O cc = Non zero NZ = 000 CO C4
Zero Z = 001 C8 cc
Non carry NC = 010 DO D4
RET cc lillclc|c|O|O|0O Carry C = 011 D8 DC
Parity odd PO = 100 EO E4
_ Parity even PE = 101l ES8 EC
No flags affected Sign pos. P = 110 FO F4
Sign negq. M = 111 F8 FC
RET 1:1(01Q|1Lj0101 = c9 No flags affected
The current contents of the stack are POPed into the Program
Counter and execution resumes at that address. RET = POP PC.
RETI ED byte + = ED 4D Return from Interrupt
011t01011j1]0]1 No flags affected
This instruction is used after an interrupt routine to
restore control to the interrupted program by
POPing the stack contents into the Program Counter.
RETHN ED byte + = ED 45 Return from non maskable int.
Ojliojojolljoll No flags affected
This is the return signal from a service routine for
a non-maskable interrupt. This instruction executes
an unconditional return to the interrupted program.
The previous wvalue in IFFl is restored from IFF2.
RST tt 1ilieje|le|2iltl ttt - 000 = €7 = OCOOOH
001l = CF = Q008H
010 = D7 = QQl0H
The contents of the Program Counter is 011l = DF = DOL1l8H
pushed onto the stack. Then the high byte 100 = E7 = Q020H
of the PC is loaded with O00H and the low byte 101 = EF = 0028H
is loaded with the RST value ttH ANDed with 38H. 110 = F7 = Q030H
execution continues at this address. 111 = FF = 0038H
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ITNFP U S O T P U'r INSTRUCTIONS

IN A,(n) l1i1{o0ojljl|ol1{1 = DB + Port number

No flags affected

The value "n" selects the I/0 device
at one of the 256 possible Ports.
The A register {accumulator) returns the value.

ouT {n) A 1{1{0(1liQlo{l]1 = D3I + Port number

No flags affected

The value "n" seleacts the I/0 device
at one of the 256 possible Ports.
The value in the A register is sent to the Port.

IN r,{C) ED Byte + —-—— Flags -——=
T 8 - set if input data neagative
0 1!r§r rioio|o Z - set if input data zero
H - raeset
IN ouT _ P/V — set if parity even
rrr - B -~ 000 ED-40 ED-41 N - reset
C - 001 ED-48 ED-49 C - not affected
D - 010 ED-50 ED-51
E — €11 ED~58 ED-59%9
H - 100 ED-60 ED-61
L - 101 ED-68 ED-69
A~ 111 ED-78 ED-79
The Port whose value is in the C register
sends a byte which is placed in the register r.
ouT (CY.r - ED Byte + Flags not affected

Ollirirlr|0j0l1l Code as above

The Port whose value is in the C register
has the value of the register r sent.
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INEFUT L OUTEEOUr INSTRUCTIONS

INI ED Byte + -—— Fiags --—-
S, H & P/V are unknown
1|]0i1|0(1010]1;0C = A2 Z ~ gset if B decr’'ts to 0O
N - is set
IND ED Byte + C - not affected
1101|0110} 0 = Al
INIR ' ED Byte + -—— Flags -—---
S, H & P/V are unknown
1j0§j1(1i0}0t1:0 = B2 Z & N are set
C - not affecred
-INDR ED Byte +
1jojl|lj1i0;1;¢C = BA

The contents of the C register selects the FPort number.
A byte from the Port is then placed in memory at the location pointed
by the HL register pair.
Then HL is incremented (INI,INIR) or decremented (IND,INDR).
The Register B is decremented and the program continues (INI,IND)
Or the instruction is repeated until B is zero {INIR,INDR}.

QUTI ED Byte + -—— Flags ---
a— S, H & P/V are unknown
1{0(1 OiOiO 1)1 = A3 Z - set if B decr'ts to 0
: N - 18 set
OUTD ED Byte + C - not affecred
l;iofl|0|1|0|1]1 a AB
OTIR ED Byte + ———  Flags -—-—-
S, H & P/sV are unknown
Lioj1{3119|0]1]1 = B3 Z & N are seat
C - not affscted
OTDR ED Byte +
130311110511 = BB

The contents of the C register selects the Port number.
A byte from the memory location pointed to by the HL register pair is
written to the Port.
Then HL is incremented (OUTI.OTIR) or decremented (OUTD,OTDR).
The Register B is decremented and the program continues (QUTI,.QUTD)
Or the instruction is repeated until B is zero (OTIR.QOTDR).-
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UNL ¥S TED HX . X HY ) . 4 CODES

These Pages have the unlisted codes for manipulating separately the high
and low bytes of the Index Registers IX & IY. The operation and flags are identical
to other 8 bit Arithmetic and Logical operations.

The use of these instructions is up to the imagination of the
programmer. However, with a little thought, some ideas are very helpful. In a
situation using IX as an Index register to tables or screens of ASCII or Data there
can be. for instance, tables of 256 (or multiple) byte length that have corresponding
ASCII and Data at a 256 (or multiple) byte offset. By incrementing or decrementing
HX the corresponding lot of information can be easily accessed.

There is probably no disassembler available that handles these codes. When
using an assembler with them enter each byte with the DEFB statement and the CPU will
execute them as the operations listed.

LD r.x DD or FD Byte + oi@lirir®P1]{0ix
v
HX LX HY LY
X - 0 1 ’ 0 1
rrr - B = 000 DD-44 DD-45 FD-44 FD-45
C = 001 DD-4C DD-4D FD-4C FD=4D
D = 010 DD-54 DD-55 FD-54 FD-55%
E = 0l1l DD-5C DD-SD FD-5C FD-5D
HX = 100 DD-64 DD-6B5 FD—-64 FD-&5
No flags LX 10l pb-6C DD-6D FD-6C FD-6D
affected A 111 bDD-7C DD-7D FD-7C FD-7D
LD b ' 4 DD or FD Byte + Cl1lljo|x|jr e v
HX LX HY LY
X - o 1 0 )
rrr - B = 000 DD-60 DD-68 Fb-60 FD-68
C = 001 bDb-&1 DD~69 : FD-61 FD-69
b = 010 DD~-62 DD-6A FD-62 FD-6A
E = 011 ' DD-63 DD-6B FD-63 FD-6B
HX = 100 DD-64 DD-6C FD-64 FD-6C
No flags LX = 101 DD-6%5 DD-6D FD-65 FD-6D
affected A = 111 bD-67 DD-6F FD-67 FD-6F
LD LAY DD or FD Byte + _ o({0jl1j0|xfl|lto + byte v
HX DD-26~v HY FD-26~Vv
LX DD-2E-v LY FD-ZE=-V
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INC

DEC

ADD
ADC
sSUB
sSBC
AND
XOR
CR

CcP

HX
LX
HY
LY

FLAGS

H = sat
P/V=set

N = set
C = get

Chapter

UOMNILTISTED

H> » L.2X » HY -, IT.Y

CODES

HX DD or FD Byte + 00 01x lEO 0
HX = DD-24 HY = FD-24
LX = DD-2C LY = FD-2C
Hx DD or FD Byte + 25 = 0|0 0/X111071
HX = DD-25 HY = FD-25
LX = DD=2D LY = FD-2D
— Flags INC/DEC -—-
S - get 1if result negative
Z - set if result zero
H - set if carry from Bit 3 (INC). no borrow from Bit 4 (DEC)
P/V - set if byte was 7FH before (INC), was 80H before (DEC)
N - reset (INC), set (DEC)
C - not affectesad
X DD or FD + Li0;0|10|01110(x
1
X DD or FD + 1{0]0}0]1]1:0!x]
X DD or FD + 110|01110]10 %
b4 DD or FD + 110 1i1 1{0 XE
|
X Db or FD + 1Ljoi1l|jc|C|1|0lx
x Db or FD + 1lol1jejrinrlo xi
X DD or FD + 1j0|11ij1{0i1;0:x
X DD or FD + 110 L{1jLfolx;
ADD ADC sUB SBC AND XOR OR P
DD-84  DD-8C DD-94 DD-9C DD-A4 DD-AC DD-B4 DD-8C
DD~85 DD-8D DD--95 DDb-9D DD-AS DD-AD DD-B5S DD-BD
FD-84 FD-8C FD-94 FD-9C FD-A4 FD-AC FD-B4 FD-BC
FD-85 FD-8D FD-95 FD~9D FD-AS FD-AD FD-B5S FD-BD
—-—— ADD/ADC/SUB/32BC —-—--~ Common -—--—- AND/XOR/OR/CP ---~
5 = set if result negative
Z = set if result zero
if carry from Bit 3 - ADD/ADC H = AND/XOR/QCR - set
borrow from Bit 4 - SUB/SBC CP - set if overflow
if overflow P/V= set if Parity even
CP - set 1if Overflow
ADD/ADC : reset SUB/SBC N = reset:CP —-set
if carry ADD/ADC: borrow SUB/SBC C = reset:CP -set if borrow
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2 EXTRA ""A&" FUNCITIONS

HEE R &8 3

::‘s‘:‘:‘s‘g‘-’s‘u‘g‘z’x‘x‘:‘n%’x’s’a“w'-g”n“a‘g*x:fm%%”g"w‘g’g‘n*m"x‘w%%‘x“x%%%‘;ﬁ#g%*g‘a%’s

7.23. & Extra uses for the "&" Function with NEWDOS/80 Models I & IIIL

1) &§ddddd - returns the Hex equivalent of Decimal Input {(hhhhH)

(2) &3ddddd - returns the Integer signed dscimal of ddddd.

e.g. &37654 returns 92316H and &%37654 returns -27882.

While the "s&" function (No.l) can only be used as a String. the "g%" function
(No.2) can be used inside a Program for any value (0 to 655335) for PEEKs, POKEs,

or any other uses requiring an Integer for operations.

value {(No.2).

Naturally, in Function {2) this conversion stops
crossing between 32767 and 32768 as the 32768 is now

i.e. ( FOR I = &%32767 TO &%32768 : POKEIn : NEXT ) will not work
but ( FOR I = 32767 TO 32768 : POKE&%I,n : NEXT ) will work,

The Zaps to be applied -

From DOS load SUPERZAP
DFrs - ©¥s520/85YS5 - Sector 3 - MCD 0C
change 28 Gl 2B T AT TL.
<ENTER> - ¥ - <ENTER> - K - 4 - MCD
change all 00°'s from <2 to FB to

cg - 18 EC FE 25 22 4 TR IO CE& 54 £z 2000 2O
DO - P2 44 346 48 2= -2 21U 03 B81 Z& Soo3R 23
ED - 2R CS E7 EB Z& 7o Ll 21 &80 =20 I 27 CC
FO - 23 41 BY DO 2+ 77 14 C7 99 090 04dc &0 ZZ2

As well as
~32768 as 8000H, both functions convert 32768 to BOU0OOH as well, so
a Hex conversicn of addresses between 32767 and 63536

FOR-NEXT

Ul Ld 1y

[ I S W i R
0O~ ot
[ =T e A

axpressing
as to give

an Integer

This is how it should ook when you are finished. N.B.— The underlined Bytes
at DO are the address of a routine in the Model III for converting the Hex
contents of the DE Register pair to ASCII. The corresponding address in the

Model I is 4063H.

Thus in the Model I zap at DO above &3 40 instead of
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2 EXTRA &' FUNCTIONS

The most use of the second function will be in the POKE, PEEK & USR usage
where the value might cross the invisible barrier between 32767 and 32768. The
continual challenge of guickly figuring the Hexadecimal eguivalent of 41550 is
also made a thing of the past.

Below is a commented disassembly of the code used :-

S654C 18 EC JR S5594H ; End of existing code

1 S&4AE FE 25 cr 25H ; Test for " & "

C O 846B0 28 14 4R Z:56CAH i If 80 go to Subr & Ret to caller
S&6B2 2B DEC ML i Go back for Incr in 2338H

1 56B3 CD C& 54 CaLlL S4CaH ; Call Subroutine
5484 ED FPUSH  HL i Store Addr of start of Entcy
5687 21 30 41 Lo ML,y4130H ; HL points to Print Buffer
S6BA  ED PUEH  HL ;i Store for DE later
S54BB CD D2 44 CaLl 440D2H ; Convert DE to %, store in (HL)
SLBE 34 48 Lo (HL}48H ; Add "H" to end of string
5&4C0 3£ 05 0 A2 09H i Load A with length of String
56CZ2 D1 BOR DE i DE = Address of Print Buffer
S6C3 3 81 28 i Z881H ; Move to String area & Return

3 Conversion Subroutine

1 54C4& CD 38 23 CabLl 2338H ; Evaluate entry — Result in ACC
56C% E£5 PUsH  HL ; Store Addr of start of Entry
S5&CA 0O1 06 2B Lo B(C,;280&8H ; BC has Routine Addr.
5&4C0D €5 ALISH  BC i  onto Stack for Return
S&CE EY ReT 20H ; Test Number Type Flag
S5&CF EB RET FE ;: Return if nect Single Precision
S600 34 24 41 LG £, {4124H) ;7 Exponent of 3P No ) If value
5603 (01 &0 <C LD RC,?080H :+ BCDE gets= 5P ) is between
5606 11 00 Q0 LD DE,0000H i value of ~32768 ) 32767 &
54D9 B8 CcP B i Is it SOH ? ) 65336
s&604 CO RET NZ ; If not RETULN ) convert to
5608 3A 23 41 .0 A:(4123HY ; MSB of SP No. ) Neaative
SeDE B9 CH C ;i If negative } by adding
S5sCF DO RET NC ; Return 7 —-B5536.
S6E0 04 INC B ; BCDE = -655336 ) Result
S&E1 C3 146 07 JrP O716H ; Add to ACC & Ret ) = Integer

The 'Result=Integer’' of the bottom line means that the result of the
addition is still Single Precision (32768 to 65535) but is capable of expression
as an Integer (-32768 to -1).
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SYSTEM OPFPFTION PRINYT ENHANCEMENT

This enhancement lists up to 12 bytes of ASCII explanation with each option
of the SYSTEM command of NEWDOS/80 Version 2. The SYS17/5YS module handles the
printing of the SYSTEM options.

This Zap clashes with an Apparat Zap (#057) which corrects an error
occurring when the number of lumps exceeds 96, overwriting the lock-out table.
By increasing the wvalve of Granules per Lump {(GPL PDRIVE parameter) this is
obviated (See the table on Page 63). Nor is this modification avajilable with
NEWDOS/80 Version 2.5 {(Hard Drive) as this area ic used for Hard Drive routines.

A Superzap read of the sectors is shown below. The first sector, File
Relative Sector 0, gives the chance to initialise the new code and the Call to
execute it. The second sector has a change of ©one byte from a comma (the
‘previous separator) to a dash (the new separator). The fourth sector has the
extra code involved as well as the start of the ASCII. The last sector 1s all
ASCII. Note carefully that the bytes at 08H to OBH in the last sector are the
load instructions and must not be changed. They tell the DOS to load (0l) how
many bytes (F2H) and the address into which to load (50F8H). The COH bytes are
filier and print nothing.

Disassembly for the Model I :-

501CH B9 EXX ; Alternate Registers

S501bH 21 74 50 L0 HL ,5044H ; Start of ASCIX

5020H 0E 40 LD C,O i First gap between Options
50z22H 09 EXX i Store for Print

80234 11 00 00 LD DE,OOODH i Replace call line

SO2&6H  C9 RET ; Go back

; Print Subroutine

50274 D9 EXX ; Stored Registers .
5028H 34 20 40 LD A (40Z20H) ;i Get LSB of Cursor Position
502BH E& FC AND OFCH ; Lose bottom 2 bits

50204 81 ACD  AsC i Add 0 (first time) or 4
S0Z2E-  OE D4 |.D C:4 i Set for gap after first
S030H 32 20 40 L0 {(4020H) 5 A i Set cursor to new position
50334 Db& OC FRINT LD 2,12 ; Number of characters
SO3SH  YE LOOF Lo Ay (HL) ; Get character

50364 CD &B 4E CALLL 4ELBH ' ; Print it

50394 23 INC HL ; To next character

503aH 10 F? DJINZ |.OOF ; Do it 12 times

503CH D9 EXX ; Restore regs

5030H 78 . &8 ; Get separator

S03EH CD 4B 4& CalLl. 4E4LBH i Print it

S041H C9 RET ; Finished, go back
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From

Then

Then

CRY 0O
0 10
gH 20
30
DRS 40
108 S0
&CH &0
70
=18
0
a0
BO
FrRS CO
3 DO
3H EO
FCO
DRY 00
0 10
OH 20
30
DRSS 40
109 50
&DH &0
70
a0
F0
Al
BO
FRS CO
4 ca
aH  ED
F0
APPENDIX

SYSTEM PRINT ENHANCEMENT

The following changes are for the Model I

: D

Change C7
Change CF

SUPERZAP
move on to th

move on to

Change 18

Change 2C

04607
LF4F
asoo
0EDD
3220
LECY
5255
£562
4ALS
45LE
S245
LIEE
0D4E
732F
£5C0
4847

6561
794E
7455
0D4B
44465

7272

44461
84467
4F2C
4F74L
4D44
5652
0042
72C0
75&C
L4457

1 ABE
5444
4200
DZ11
4004
0gon
4E20
&HF 75
ATZ2
LibkZ2
4148
7374
&EF 44
4572
caca
4D45

7248
&F 20
Z2F43
&272
&Ch1
COCco
74465
&052
4E4LC
&£572
5265
2C4E
&LCAT
CO56
74C0
5220

H Meorclex 1 I

MOD C7
to (D 1L 50 Cs 20
to CDO 27 50

H MOD 18

FS S¥YS17/8Y¥S : 4]
from 11 000 00 g& 0O
from CD &B 4E

e next Sector ;
from 2C to 2D

1323
4952
garrF
00ao0
oCcv7E
454E
LFAE
bHEL3T
456E
LLED
2043
AB&2
7269
72C70
0D4C
4DCO

6579
5073
4348
&4zl
79C0
aps0
54469
6573
4348
7249
7065
LE6F
LE&B
61&C
0D45
4D4F

0ic0o
2020
oboo
coneg
CD&B
2050
&C79
4520
L1567
2822
6579
6420
7L45
cocao
&EF 77
cocn

coco
7764
4149
52460
caco
7472
&065
&574
4149
L4465
&174
7263
4375
cocag
&EL1
4420

all

FALF
z020
gaoa
3420
LEZ3
&173
4DEF
ODRab
&LCES
LLLLE
4C2F
LTPLE
73C0
G447
£573
COCO

g1F2
4241
4E2Z0
70485
5772
LB67
43&F
opsSZz
4E20
4155
4LEEF
&520
7273
5447
bZZE
332F

File Relative Sector 3

from 0O0's

20CA
2053
FFFF
40EL
10F9
7377
L4L5
LEL1
2022
4722
4320
7427
coco
5220
T4bb
cocg

Faso
7369
4T6E
6174
&974
&768
HChH4
LF55
SO&L
S544F
72463
4CA3
&F72
6&D4C
5752
3120

10F8
5953
0921
FC81

0e78

LF72
404
LZ4LC
3132
045
4DLF
L3865
5245
L 472
72867
L5LE

ak43
L3497
7075
3235
£573
43C0
4481
5445
7573
aps2
&54C
2C4E
4375
&F &F
4449
0282

» .
f L

a3&0
4420
DED4
CD&B
6473
2044
&5H22
3322
LEAZ
&420
7074
6164
6?75
7665
436C

&F70
LE7O
743F
6073
2F 45
coco
7465
Z044
L53F
3043
4344
2020
7273
704D
5250
004D

SYSTEM PRINT ENHANCEMENT

MOD 2C

as per Sector Printout

..... So000 0008
OCTDIR..... 5Y8.°

B.......... 1oP
........ gL ...
Z2.d.. 7 kN#EL L UxLk

N...En.Passuords
RUN-On !l vMadeEN. O
ebounce. .Erable”
JKL¥Enabie.”123”
Enable.”DFG"” . EnB
REAK.Keyl./C.Mad.
Instkbd.Int’cept
NaBrives.. . Read
s/Err...DIR.Oriv
e....Lowestlrive

HIMEM....... EnCl

earKey..... P.Caop
yNo.PswdBasiclnp
tU/CCHAIN. Input?
.Kbrd.Repeat2bms
Delay...Writes/E
rr...PtrHighC. ..
DateTimeCo!dDate
TimReset .ROUTE.D
OsNLCHAIN.Pause?
OverrideddTO.R=C
MDRepeatForcelCD
VERsNFaree . LT :N..
.BlinkCursorCurs
r..Val. . TimLoopM
ult. .Enab.WRDIRP
DIR.MCD.3/1....M
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SYSTEM OFPTION PRINT ENHANCEMENT

The only Option which is not self-explanatory is the one to choose the
Lowest Drive Number for new file creation. The ASCII for this option (AC) shows
only "Lowest Dr'.

The Model I has 5 SYSTEM Cptions not in the Model III. (AC, AI, AS, BF & BN)
whereas the Model IIT has only one extra, (BB). The user has eliminated the o©ld
BM option which was rendered unnecessary by ZAP 44.

Disassembly for the Model III :-

s02CH D9 TXX ; Alternate Registers
S502Z0H 21 74 S0 Lo HL . 5074H i Start of ASCII

S030H  AF XOR A ; Zeroc A

SO031H 4F LD CHA i First gap between Options
503z2H D9 EXX ; Store for Print

S033H 32 24 40 L0 (4024H) 5 A ; Space Comp. Code toggle
50344 11 OB 05 LD DE 00004 i Replace call line

50394 C%9 RET i Go back

H Print Subroutine

503aH D9 EXX ; Stored Registers

50384 34 20 40 O A {4020H) i Get LSB of Cursor Position
SO03EH 47 Lo B,A i Store in B

S03FH E& 3C AND  3CH ; Ses if end of line
50414 FE 34 CP 34H ;i Is it end ?

SD43H 38 07 JR C:SPACE i If less go over

50454 3E 0D LD A, ODH ;i Carr. Return & Line Feed
S5047H CD &B 4K CALL 4E4LBH ; Call Print routine
504aH 18 09 JR PRINT ;& Jjump across

S504CH 78 SRaCE LE. ASB ; Restore value

504D+ E& FC AND  OFCH ; Lose bottom 2 bits
S04FH 81 ADD  ASC ;i Add 0 (first time) or 4
50s0H OE 04 LD Crh i Set for gap after first
50%2H 32 20 40 LD (4020H) . A ; Set cursor to new position
50554 046 0OC PRINT LD B;12 i Number of characters
S0s74  FE LOOF Lo Ay (HL) ; Get character

50%58H CD &B 4E CalLL 4E&BHM i Print it

505BH 23 [NC  HL ; To next character
S05CH 10 F9 DINZ LOOP i Do it 12 times

205EH D9 EXX i Restore regs

505FH 78 LD 8B ; Get separator

S0&0H CD &B 4E CALL 4E4BH i Print it

S0&3H C9 RET i Finished, go back
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Mercdel ITXI
The following changes are for Model III :-
From SUPERZAP : DFS 5¥YS17/5YS H ) H MOD -C7
Change €7 from 11 QO 00 06 00 o CD 2C 50 0& 2D
Change D0 from CD &B 4E to CD 3C 50
Then move on to the next Sector @ H : MOD 18
Change 18 from 2ZC to 20
Then move on to File Relative Sector 3 : : MOD 2C
Change 2C from all (0's as per Sector Printout
DRY 00 1643 8920 D011 0100 FA4F U543 0604 CDO& .C....... 0.C....
G 10 5021 1750 0607 1ABE 1323 20CA 10F8 C94Z2 P!.P..... #..... B
OH 20 4F4F S444 452 2020 2020 2053 5953 8340 OO0TDIR..... SYSs. "
30 0000 4300 DOFF 0O0ODD 0000 FFFF D921 7450 e I tP
DRS 40 AF4F D932 2440 1100 00C%? D93A 2040 47ES .0.2%3..... aG.
108 50 3CFE 3438 0O73E ODCD 4B4E 1809 7BES FCB1 <.48.>..kN..x
&CH &0 OFEQ4 3220 4004 0OC7E CDGB 4E23 10F9? D978 ..2.d..7 . kN# x
70 CD&B 4EC? 0ODO0 OQOOC D000 CO0DC D000 0000 LkN. ... ...
80 0000 Q000 45&E 2050 &173 7377 &F72 6473 ... .En.FPassuwords
Q0 5255 4EZD 4FLE 6C79 4D6F L4065 45LE £162 RUN-OnlyModeEnab
AD  6CLS 2022 4b4B 4C22 4B6E &1462 &C465 2022 le.”JKL”Enable.”
BO 3132 3322 454E 6142 LCH5 2022 4446 4722 1237Ernable.”DFEY
FRS CO 4S&4E 2042 SZ245 414B 206B 46579 4B6Z 6449 En.BREAK.keyKbdl]
3 D0 &E74 6577 4365 7074 4ELF 2044 7269 7665 nterceptNm.Drive
34 EQ 7320 20C0 9245 bl&4 732F 4572 726F 7220 s...Reads/Error.
FO 4449 S220 4472 6976 LDS4E &FCO 4C4LF 7765 DIR.DriveNo.Lows
DRV DO 7374 2044 7249 76CO 01F2 FB8S0 COCO COCO st.Driv....F....
0 10 COCD 4849 4D4S 40DCO 456E 2043 &C&5S 6172 . HIMEM.En.Clear
OH 20 204B 4579 434F 7079 204E &FS8 7377 7264 .KeyCapy.NoPswrd
30 4348 41469 LE20 4F&6E 7075 743F 4B79 6272 Chain.lnput?Kybr
DRS 40 6420 5265 70465 46174 3235 &4D73 444C 6179 d.RepeatZSmsOlay
10% S0 73C0 COCO 5772 &974 &573 ZF45 7272 &F72 s.. . Writes/Error
LDH &0 SO72 7472 4846F &748 7374 4348 4441 7465 PrirHighstChDate
70 94469 4DES 434LF 6Chk4 4461 7465 5446% &D5Z TimeloldDateTimR
B0 6573 4574 S24F 5554 4520 444F ZC4E 4C20 esetROUTE.DO-NL.
Q0 4340 &F&L3 LHB3S 3202F 34630 &379 43868 6169 Clockd0/60cyChai
Al LE20 SDé&1 7573 &53F 4F76 6572 7249 46445 n.Pause?Querride
BO 4155 S44F S230 434D 4420 52465 7065 6174 AUTOR=CMD.Repeat
FRS CO 4464F 7263 6520 4C2F 432C 5920 424C 696E Force.L/C,Y.Blin
4 DO 6&B20 437% 7273 &LF72 4375 7273 7256 616C k.CursorlursrVal
4H EO0 COCO COCO S4469 &D&S 4CEF &F70 4075 &6C74 ... .TimelLoopMult
FO 45&4E 4142 &C45 5752 4449 5250 0202 0040 EnableWRDIRP...M
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1.

2.

3.

ABOUT NEWDOS /80 PORIVES

First some things to presume :-
NEWDOS/8C has a standard of 5 sectors per Granule (SPG)

1l Granule is the smallest amount of space that can be allocated on a Disk
Drive i.e. a program only 10 bytes long takes up 5 sectors or 1280
bytes of disk storage.

A lump is a measure of disk storage. Each lump is represented by 1 byte in
the GAT sector (lst sector of Directory). O©One bit of this byte is used
for each gran taken. The total number of bits used in each byte is the
same as the GPL value (i.e. the number of Granules per Lump). The bits
are allocated starting from bit zero.

In the lockout table each lump is represented by 1 byte just as in the GAT
sector. Similarly, one bit of this byte is used for each gran not locked
out. This lockout table is tested as to whether it is in use or not by
reading byte 60H of the GAT sector. If not in use this byte should be
FFH. As this is the lockout byte for the Boot sector it is not
surprising that it should not be locked out. The DOS tests this to see
if the lockout table has been over-run by the number of bytes used by
the allocation table above it i.e. the number of lumps on the disk. In
NEWDOS/80, whenever the number of lumps is greater than 96, the lockout
table 1s used by the Granule Allocation Table. This happens, for
example, when the number of sectors used in the drive amounts to more
than 960 and GPL=2.

To begin, the simple :-

TI=A : TD=A : TC=40 : 3PT=10 : TSR=3 : GPL=2 : DDSL=17 : DDGA=2

This means that we have -

TI=A a standard Tandy Interface

Type Dens Side Sect/Tr
TD=A 3Single Density, Single Sided A s5/D 5/5 10
: C 5/D D/S zZ0
{only covers 5 inch) E D/D 3/3 18
G D/D /s 6
TC = 40 Track Count - 40 Track Drive (48 Tracks per Inch)
SPT = 10 Sectors per Track (Standard IBM format 256byte Sector)
TSR = 3 Stepping rate between Tracks (0=fastest : 3=slowest)
GPL = 2 Number of min. units of space (granules) per lump
PDSL = 17 Disk Directory starting Lump
DDGA = 2 Allocation of space units to Directory
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Now to get into it :—

If you have a 40 Track, Single Sided. Single Density (GPL=2) Drive then 1
Lump = 1 Track, so all is very simple. To determine the status of any track
(lump) just count the required number of bytes into the GAT sector and look at
which bits are set. There is another table which locoks like almost a copy of the
Granule Allocation Table below it starring at byte 60H- This is the lockout
table and ig used sometimes to tell the DOS not to use the space represented here
as some trouble had occurred during formatting.

You might have noticed that in this situation the GAT sector shows a
completely unused lump as FC. This means that all that is used in each byte are
bits 0 & 1 (GPL=2). Now each byte refers to a Lump and in the simplest case this
ig alsc 1 Track (as above). S0 you can see what track a byte refers to by
counting each byte.

Now pull your socks up :-

In double sided drives the 3PT changes to-twice as many because tracks
span sides. Then the track-lump nexus is broken.
TI=A : TD=C : TC=40 : SPT=20 : TSR=3 : GPL=2 : DDS5SL=17 : DDGA=2

The SPT has changed to 20, TC remains at 40, GPL at 2, etc.

Now the total number of sectors = TC * SPT = 40 * 20 = 800
And the Directory is still at 8PG * GPL * DDSL = 5 * 2 * 17 = 170. You have
changed the relative position of the Directory on the disk, haven't you. Also the
number of bytes used by the system in the GAT sector has climbed to 80 (SOH)
instead of the old 40 (28H). Well why is this so ... because each lump is still 2
grans and considering the sectors per gran does not change, there are twice the
number of sectors.

So we take the big step -

We now make GPL=4. Now the Directory is back to the same relative position
{(Sector 340 in B00 Sectors - the same as 170 in 400) and only 40 bytes are used
in the GAT sector and the Track-Lump nexus 1s restored. However in the GAT an
unused lump is now FO, quite a step from FC. Bananas. FC has bits 0 & 1 both
0 catering for 2 granules per lump while FO has bits 0.1,2 & 3 all 0 thus catering
for 4 granules per lump.

A conclusion can be drawn here as to how many grans to a lump are
possible. You guessed it, 8. For a similar reason the number of sectors per
granule is limited to 8. Thus we have a maximum capability of 8 * 8 * (202bytes
possible in the GAT sector) * 256 bytes per sector. This comes to 3,309,568 bytes
{over 3 Megabytes) in 1 PDRIVE slot or 26,476,544 bytes {over 25 Megabytes) for all
8 slots capable. Well, this is how they get on in hard drives with all those
thousands of sectors.
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Now pull your proverbial socks up further :-

How about double density 7?7 (expletive deleted} 18 sectors per
track. How the hell ?? 5 doesn't go into 18. So we have permanently broken the
Track-Lump nexus so we have to learn what a lump means and what APPARAT says
about Directory start sectors.

Now you all know 17 In 40 Tracks this is the standard DDSL and in single
density with GPL=2 alsc the Directory starting Track, but in 80 Tracks APPARAT
recommends 35 as the DDSL. In NEWDOS/B0 we place the Directory at the start of
a lump not a track. Obvicusly in double density the lump must span tracks as
well as sides ( 5 deoes not go into 18 again ).

¢

So in the standard Model IIT, the Type of Drive is TP=E ; if DDSL = 17 then
the Directory starting sector is still 170 (if GPL=2) in a 72¢ track drive ; not even

a guarter way through the disk. Although, say, with DDSL=24 the Directory would
start abcut a third way through, up toe now GPL=2 and DDSL=17 are standard in
all Model IIT disks emanating from Apparat.

However: with 40 track double sided there is no established precedent. The
most obvious thing to do is to balance the number of sectors with the GPL or
make the DDSL suit. There is a precedent for 80 track double sided in that
Apparat suggests DDSL=35 and GPL=8 which does balance the amounts quite well.

wWhat a let of pedantic nonsense you say !

Well, as an extreme case, on an 80 track D/S D/D disk there are 80 * 36 =
2880 sectors and if GPL=2 and DDSL=17 the Directery would start at Drive sector
170. How bloody ridiculcus. There is actually no disadvantage in this situation
except that you will hear the poor 80 tracker rattle over 40 to 60 tracks nearly
every time it accesses a program (the program must be found in the DIR) and the
physical wear this might precipitate. With judicious use of the GPL and DDSL
values the normal head movement can be cut to a minimum.

Tce keep the lockout table in use, and save the complications caused by
it not being so, it seems wise to balance the GPL against the number of granules
on the disk as well as keeping the Directory in a sensible place on the disk. A
zap (23) to the COPY function explains that DIRCHECK sees an error where none
exists when the lockout table is used as part of the Granule allocation
table. Zap 57 of NEWDOS5/80 corrects an error occurring when the number of lumps
exceed 96.
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Now some theory :-

In a drive the most common access is to the SYS files. These are all
placed on a system disk in very particular places. The RS3T 28H Restart which
loads these SYS files does not access the HIT Sector at all. The contents of the
A register dictates what DEC (location in the Directory) will be
loaded. BOOT/SYS and the main resident DOS module 5YS0/5YS reside at the start
of a disk. All other SYS files are clustered around the Directory from 65
sectors before toc 70 sectors after. This is the most efficient place for them no
matter where the Directory is or how long it is.

These 5Y5 files are used to perform functions and teo manipulate Basic
programs etc. In theé simplest case where SPT=10 the SYStem files take 145 sectors
which is 15 tracks. If SPT=36 then the 145 sectors use Jjust over 4 tracks. The
- head, in a typical case, moves to the S5YS program then to the Directory: then to
the program.

Considering the fact that the start of the program is the part accessed
(you will only at a maximum access the end of the disk minus the length of the
program) as well as the likelyhood of some free space at the end of the disk. then
just over a third of the way through the disk scunds a reasonably efficient place
for the start of a Directory.

In TRSDOS Model III the number of sectors per gran is 3 and the number
of grans per track 6. This keeps the track - lump nexus and the number of bytes
used in the GAT sector to 40H. However there is no accomodation for double
sided or 80 track disks. In LDOS it is almost the same in track-GAT byte usage
and in DOSPLUS the same plan is used. Both these DOSes now cater to side and
track wvariation.

In both DOSPLUS and LDOS a cylinder is used as a measure of space and
it involves all the sectors on & given track, both sides. Thus on a hard drive,
considered wvertically, the number of surfaces that are uvsed (i.e. the number of
platters or disks * the number of sides used on each) on each track are all taken
together as being a cylinder. This is the amount of space represented by a byte
in the GAT sector. In hard drives LDOS partitions by heads so that it has a
nexus which might not cccur in NEWDOS/8C.

We have LDOS and TRSDOS users saying they cannot understand NEWDOS
usage of the word lump but as NEWDOS was first marketed when the state of the
art was very rudimentary it was then a very advanced DOS and for that martter
still is in some of its functions and capabilities.
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There are guite a few switches available in NEWDOS/80 in the COPY
function by which very diverse configurations can be accomodated. 3o many that
it can become guite complicated to use. This is simply a list the proceedures
ihvolved. This information is intended as a reminder not a full explanation.

FORMAT also uses some of these parameters ;namely =tcs Ny ¥, NDMW, DDND,
ODN, KDN, DDSL. DDGA, DPDN, PFST, PFTC, and RWF. the last three being used only
by format.

The DOS uses the default PDRIVE specifications if not notified
otherwise. To inspect these, issue a PDRIVE 0 command . To ascertain what each
of the examples is doing refer to the explanation of each switch.

There are 6 formats in the COPY command
Format 1 - Single file copy using 2 drives with a SYSTEM disk in drive 0.

Examples COPY PROG:0 :1
COPY PROG:(C NEW:0-
COPY PROG:1 NEW:2
COPY PROG:1 :2 DPDN=9

Format 2 - Single file copy using 1 or 2 drives but neither disk necessarily beling
the SYSTEM cdisk and all disk mounts are requested when rneeded.

Examples COPY SPROG:1 :0Q
COPY SPROG:0 :0
: 3

COPY S$PROG: 0 SPDN=9

Format 3 — Single file copy using only 1 drive and hoth disks being SYSTEM disks.

Examples COPY 0 PROG PROG
COPY 1 OLD/DAT NEW/DAT
COPY 2 PROG PROG DPDN=3

Format 4 - Single file <opy using only 1 drive with neither of the disks
necessarily besing the SYSTEM disk and all disk mounts are reguested
when needed.

Examples COPY 0O SPROG PROG

COPY 1 S$DATA/DAT OLD/DAT DPDN=9
COPY 0 $PROG NEWVER SPDN=5
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Format 5 - Full disk copy with both disks having the same PDRIVE specs (except
track count} and the source not necessarily being the SYSTEM disk.
All disk mounts are requested when needed unless NDMW is specified.

Examples cCoPY © 1.,.FMT
COPY 0 0 16/03/84 FMT
COPY,0,0,16/03/84,FMT.,DDND,SN=NAME]
COPY 0O 2, NFMT.,USD,KDN,NDMW
COPY 2 3,,NFMT.BDU
COPY 1=39 2=40, ,FMT, NDMW,SPDN=5

Format & — Full disk copy with no PDRIVE compatibility necessary and source not
necessarily being the SYSTEM disk. The SYSTEM files on the source
disk are not transferred unless FMT is specified. A verify is done if
FMT is specified. All disk mounts are requested when needed except
if NDMW is specified.

Examples COPY © 1.,.FMT,CBF
COPY 0O 1,,.NFMT,CBF,USR
COPY 0 1.,.,CBF,NFMT,USR,CFWO,NDMW
CoPY O 1.,.,.CBF,NFMT,USR,.UPD,DFC,NDMW
COPY 0 1.,.CBF,FMT,NDMW,DPDN=9

The default specifications for any drive used in a COPY are the
PDRIVE specs as shown in the PDRIVE 0 command. Beware of trying to copy
to a drive not set as being active by the SYSTEM parameter AL.

A full disk copy cannot be executed from Basic as the 5YS6/5YS
file is 7 Grans because of space limitations. It would overwrite the area
used by Basic. If the files in a format 6 COPY will not fit on the
destination disk then the user is notified which file(s) will not fit.
The files that are partially loaded can be seen in a 'DIR A' as having no
length (EQF=0)} but the GAT sector is still allocating their space. So
make sure you kill those files to free up the space.

Pressing the up arrow will terminate the COPY function but not
during disk access as the interrupts are disabled. Just keep the key
pressed for a while.
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A list of the switches and their meanings follow :—

=te ~ Track count.

BDU -

CBF -

CFWO -

DDGA

DDSL

DDND -

Page 136

Used immediately after either Drive number to tell the DOS to use
'tc' number of rracks on the disk during the copy.

Bypass Destination Directory Update.

This is used in format 5 copy. The 5 COPY normally transfers the
sectors to be copied and then updates the data in the Boot, PDRIVE
&% Directory specifications. BDU inhibits the update of the
data. This switch can be used to transfer from disks with a bad., a
non standard or no Directory or copy a whole disk with ne
alterations.

Copy By File.

This is a format 6 copy. It is mostly used to transfer a whole disk
contents between disks configured differsntly. This copy transfers
files separately., not Jjust sectors and so is useful to rearrange the
files on a disk. In an 8C track disk that is not full, a CBF can take
a lot less time than a full format 5 copy because it does not copy
all the sectors.

Check Files With Operator.

The files on the source disk are displayed and the user is asked
if each is to be copied. The Y/N/R/Q is useful if you make a
mistake. R to restart the process or Q to copy only the fileg
previously requested.

Disk Directory Granule Allocation. (as in PDRIVE specs)

The DOS is to use the DDGA spec for the destination drive for the
duration of the copy.

Disk Directory Starting Lump. (as in PDRIVE)

The DOS is to use this DDSL specification for the destination disk
for the duration of the copy.

Display Destination old Name and Date.

The destination name and date are read and printed and the
operator is asked whether or not to proceed.
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DFQ

DPDN=

FMT

ILF=

KDD

KDN

NDMW

NEMT

ODN

ABOUIUYT COPFPY

~ Destination Files Only.

Only those files already on the destination disk will be copied.

Destination PDRIVE Number.

For the duration of the copy the destination drive is assumed to
have the PDRIVE specs of the requested entry in the PDRIVE table.

Faormat.

The destination disk is to be formatted.

Inclusion List File.

The DOS is to copy only those files which are listed in a file
specially created to be read by the DOS during the copy. Such a
file can be created with a word processor or by NEWDOS's
CHAINBLD/BAS.

Keep Destination Date.
The destination disk is to retain its old date.

Keep Destination Name.
The destination disk is to retain its oid name.

No data on destination disk.
The copy will be terminated if the destination disk contains
recoghnizable data. This is useful if it is not known what is on the
disk. This will not protect the data if the PDRIVE specs for the
destination drive does not match the one for that disk. The data
would not be recognizable under a different PDRIVE.

No Disk Mount Waits.
The disk to be copied is in the source drive and the destination
drive contains the destination disk. No mount prompts are given
and the copy progeeds uninterrupted.

No Format.
The destination disk is not to be formatted. To copy across
System files a format must be done.

0ld Destination Name.
The destination disk is to retain its old name.
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QODPW - Old Disk Password.
The destination disk is to retain its old password.

PFST= - Partial Format Starting Track. —--FORMAT ONLY——
To allow the formatting of a range of tracks rather than the
entire disk, set this parameter to the desired starting track
number. In the absence of a PFTC (below) parameter only one track
is formatted.

PFTC= - Partial Format Track Count. —FORMAT ONLY-——
Used in conjunction with PFST {above) if necessary, to specify how
many tracks to format. Must not be used without PFST.

RWFE - Raw Format. —-—FQORMAT ONLY~-—
Used to obliterate any data on the disk. Each track is formatted
once only whether successful or not (errors are ignored). The disk
will not to have any system data initialised (BOOT or DIR)

SN= - Source disk Name
If the name of the source disk is not as specified then the operator
is given the option of quitting or proceeding with the copy.

SPDN= - Source PDrive Number
Used to instruct the DOS to treat the scurce disk as having the
characteristics of the specified PDRIVE number. Would mainly be
used in a single drive copy situation where the source disk and
destination disk have different PDRIVES or when using an 80 track
destination drive to copy in 40 track mode (i.e. TI=AL)

SPW= - Source PassWord
If passwords are enabled the source password must be specified to
enable the copy to procead. This is so unless SYSTEM option AR=N
in which case the copy is permitted. Option AR might be set to N
in circumstances where an operator must be able to make backups
of disks containing confidential files but still be denied access to
their contents.

UBB — Use Big Buffer

An outdated command - relates only to NEWDOS80 V1.0 and earlier.
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UrPD

UusD

USR

XLF=

ABOUT COPY

— UPDated files only

Each file in a directory contains a flag which is set when the file
is written to in any way. The PROT command is used to reset these
flags. 1If the UPD parameter is used then only those files whose
update flags are set will participate in the copy. This is useful
because only files that have been changed are copied and no time
is spent unnecessarily copying identical files. It is necessary to
issue a PROT :d,RUF command to both disks after this type of copy
to reset the update flags (d=drive number in each case). This is
especially so if master and backup disks are alternated.

Use Source Date

The destination disk will be given the date on the source disk.

- USeR files only

System and invisible files are omitted from the copy.

— eXclude Listed Files

Copy all files except those listed in a file specially created to be
read by the DOS during the copy.

Yes overwrite destination disk

The user no longer requires any data that may be on the
destination disk.

VERY IMPORTANT FOR 80 TRACK DRIVE USERS :-

In the situation where an 80 track drive is used to save programs Or

data onto a 40 track disk, the data has problems being read by a 40 track
The width of the signal laid down by an 80 track head is about two thirds
of the width of the signal laid down by a 40 track head. The 40 track drive thus
reads all the data written by the B0 track head as well a width of the signal
laid down originally by the 40 track head. This may not cause read errors if you
are very lucky, but experience tells that it cannot be reliably read by a 40

drive.

track drive.

APPENDIX

The disk, never the less, is still readable by an 80 track drive.
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Single precision declaration symbol : NTF = 4

'

# Double precision declaration symbol : NTF = 8

S String declaration symbol : NTF = 3

% Integer precision declaration symbol : NTF = 2

123 3 keys which when pressed simultaneously execute DEBUG

AACC The auxiliary Accumulator

ACC The Accumulator ( the A register )

ASC ATTRIB param allowing Qr not automatic Disk space deallocation
ASE ATTRIB param allowing or not auvtomatic Disk space allocation
Bit Smallest part of memory. 8 bits to a byte

Buffer An area of memory set aside for I/0, typically sector read
Bus Multi wired connection between a Device and the CPU

Byte A unit of storage in the computer

CBF Copy by File

Chain To cobtain keyboard Input from a file created for this purpose
Char A character is usually a printable value ( equivalent to a byte )
CPU Central Processing Unit

CR Carriage return

Cass Cassette recording Device

Char Character (in the ASCII range 33 to 127)

Cur Cursor

DAM Data Address mark

DCB Device Control Block

DDGA Default Directory Granule allocation
DDsSA Default Directory
DDSL Default Directory Starting Lump

DEC Directory Entry C(Code - refers to the position in the Directory
DFG 3 keys which when pressed together pass control to MINI-DOS
DIR Disk Drive Directory .

DOs Disk Operating System

DpP Double Precision

DRO Data request ( from a Device )

EQF End of File

EOL End of line

EOM End of message

ECR - End of Record

EOS End of Statement

ESF Exatron Stringy Floppy (a small Data storage Device)

Ext Extension to & File name (e.g. prog/BAS)

Extent 2 bytes of control data inside an File Directory Entry
FCB File Control Block

FDC Floppy Disk Controller

File A collection of data comprising one entry in the Directory
FPDE File Primary Directory Entry

FXDE File Extended Directory Entry

GAT Granule Allocation Table

Page 140 ABBREVIATIONS APPENDIX



GPL
Hash
HDDN
HIMEM
HIT
IFFl
IFF2
/0
INT
INTRQ
IPL
JEL
LF
LOC
LOF
Logical
LRL
LSB
Lump
ms
MSB
PC
RAM
ROM
RST
sCC
Sector
SFS
SP
SPC
SPG
55C
TC
TD
TI
TOPMEM
TPS
Track
TSR
vector
VFS
vEFS
VvsC
WRAL
WRAZ
Zap

APPENDIX

ABBREVIATIONS

Granules per Lump

Mathematically coded sum of the ASCITI values of a file

Hard Disk Drive Number

Highest Memory location available for use

Hash Index Table

Interrupt flip flop No 1 ~ This is the Interrupt flag
Interrupt flip flop No 2 - This is the Interrupt storage flag
Input or Qutput to or from a Device

Integer

Interrupt request from a Device or routine

Initial Program Loader

3 keys when pressed together invoke the Screen-print utility
Line feed

Currnet location in the File

Length of File

Logical ssems in most cases to mean counting from 0

Logical Record Length

Least significant byte -

A section of disk space represented as 1 byte of the GAT sector
Millisecond

Most significant byrte

Program Counter (Req pair holding the next execution address)
Random access Memory

Read only Memory

The Restart instruction

Space Compression Codes

Block of 256 bytes of storage on Disk

Section's First Surface

Single Precision

Space Compression Codes

Sectors per Granule

Section Surface Count

Track Count

Type cof Drive

Type of Interface

The highest Memroy leocation available for use

Tracks per Surface

The unit of disk space the drive head(s) passes over in 1 revolution
Track stepping rate

An address which contains a Jjump to a routine

Volume's first Sector

Volume's first Sector

Volume Surface Count

Work Area number 1 ( the Accumulator )

Work Area number 2 ( the auxiliary Accumulator )

To change bytes In a program
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& Function ExXtra uses ....
16 Bit Arithmetic Codes ..
16 Bit Loads - .. ivs i enwnnan
8 Bit Arithmetic Codes ...
B8 Bit Loads ...t rmnsns
8 Bit Leogical Codes ......

ASCII Control Codes ......
ASCII Keyable Characters .
Abbreviations .+« vieens
Accumulator .+« ... e e e
ACCUMULBEOES « v o1 s 0 v 0assan
Add/Subtract Flag ...-....
Alphabetic Listing .......

Basic Data Storage Area ..
Basic Overlay Area .......
Bibliography .......... ‘e
Bit INSECUCLIONS .+ ¢ v e rrren
Bit-Mapped Listing .......
Block Search Codes .......
Block Transfer Codes -....

Call Instructions ....... .
Carry Flag ...veeeesmnesnn
Cassette Routine Addresses
Character Sets Model III .
Communications Region ....
Compare HL/DE Restart ....
Compare previous Input Res
Contents .«.».-...- et s e
Contents by Memory .......

DAA INSEtruction ......cecs
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