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SLRNK Super - Li nker I ntroduction

| NTRODUCT| ON

SLRNK is a powerful linking | oader for Z80-based CP/ M systens.

It takes relocatable binary information in either Mcrosoft or
SLR Systens format froma disk file, resolves external and entry
poi nt references, and stores the output in nenory for execution
or outputs it to a disk file.

FEATURES

1) One pass operation

2) Supports both Mcrosoft and SLR Systens fornmats
si mul t aneousl y.

3) Rel ocatabl e format all ows extended math on external s
and rel ocat abl e synbol s

4) Up to 15 different data, program and conmon areas per
nodul e

5) Hi gh speed operation

6) Opti onal al phabetized synbol table

7) Bi nary output to nenory or disk (COM or HEX)

8) Supports SUBM T-type indirect-command files
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SLRNK Super - Li nker Runni ng The Li nker

RUNNI NG THE LI NKER

To run the |inker, type
A>SLRNK [ COMVAND] [ , COMVAND]

where the brackets are not really typed, but what is enclosed in
themis optional. |[|f no cowanDs are given on the initial

command line, SLRNK will pronpt for a command |line with a percent
(%9 sign. SLRNK allows as many conmands to be given as wll fit
on a 128 character line. Commands are separated by a conma.

Note that input fromthe pronpt is via the Read Consol e Buffer
systemcall, so that commands may be passed through a SUBMT
file. However, there is a better way...

COWANDS are defined as foll ows
[ <Fi | enanme>] [ <swi t ch>]

where <Fil ename> is the filenane to be used in the command
(optional depending on <swtch>).

<swi t ch> is zero or nore comrmand nodifiers consisting
of a slash (/), a letter, and optional
paraneters effecting the use of the
<Fil ename> if present.

For exanmple, to link a file named TEST. REL, and create an out put
file TEST.COM the comand |ine would be

A>SLRNK TEST, TEST/ N E

Before we go into detail about the COVWANDS and <switch>es, let's
get an overview of the actual workings of SLRNK.
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SLRNK Super - Li nker Li nker Operation

LI NKER OPERATI ON

This Linker is a high-speed nenory based |inker. It reads

rel ocatable files, resolves any external -gl obal references, and
produces an output file. The processes involved can be quite
complex; this text is not a tutorial. The reader is assuned to
be famliar with relocatability, address spaces, etc. Here we
descri be how SLRNK vi ews these itens.

SLRNK recogni zes three separate address spaces, these being
PROGr am space, DATA space, and COvion space. In the default
case, these itens are | oaded one after the other for each nodul e.

LGADI NG AREA

SLRNK takes up roomin RAM from 100H to about 2000H. Above that
area go the synbol table pointers and various buffers. Fromthe
top of avail able nenory (TPA) down, the synbol table itself is
built, along with tenporary file control blocks, disk buffers,
etc. Each synbol takes up 6 bytes plus the nunber of characters
in the synbol. |If you have a 52k TPA and are linking files
produci ng 200 synbols with 8 characters each, you will have about
40K for your program

Wien the first byte of code is | oaded, SLRNK sets up a | ogical
address space in available RAM at which to | oad the code. Al
code nust be able to fit into the |ogical space. For instance,

if you load code at |ocation 0, the maxi nrum address at which you
can | oad code is around A00O. If the |owest address |oaded is
6000H, then you can probably | oad code clear up to FFFFH. Note
that in either case you may ADDRESS areas (such as uninitialized
data) outside this range, you just cannot |oad actual code there.

LOADI NG ORDER
If no |oading directives are given, SLRNK |links things starting
at 103H For SLR Format files, the rel ocatable sections are
| oaded as foll ows:
1) The program section fromthe nodule is | oaded first.

2) The data section fromthe nodule is | oaded next.

3) Al'l commn sections fromthe nodul e not already defined
are | oaded next.

4) Repeat the above steps for the remaining nodul es.
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SLRNK Super - Li nker Li nker Operation

The above defaults may be nodified at any tinme to change the way
things are | oaded. You may force the program data and common
sections to all be | oaded in the above manner but at a |ocation
ot her than 0103H with the /A option. For exanple:

[ A: 5700
forces all of the areas to be | oaded from 5700H.

The areas can be separated and | oaded in particul ar places using
the /P, /D, and /C directives to origin the program data, and
common areas in a simlar manner. For exanple, if you are
burning a bootstrap routine in FROM at | ocati on OFOOOH, and want
to use RAM at 0000 for data:

/ P: FOOO/ D: O
will do that for you.

Note that in using the /A option, SLRNK knows that the different
spaces need to be | oaded one after the other. But if you use any
/P, D, or /Coptions to relocate a section or two, SLRNK wil|
not keep track of collisions. For exanmple, if you want to put
your PROG section at 100H, and your DATA and COVMMON areas at
8000H, you shoul d use

/ A: 8000, / P: 100
to performthat. If you instead used the follow ng

/ P: 100, / D: 8000, / C: 8000
YOU WLL NOT GET THE DESI RED RESULTS! In this case, the DATA and
COVMMON areas will be load ON TOP OF EACH OTHER i nstead of
consecutively. Be sure to think through what you really want to
do.
| NPUT FI LES
An input file is specified by the nane of the file, w thout the
extention .REL followed by any optional "slash" directives. The
extension is always .REL. Any options imediately follow ng the
file nane apply to that file. For exanple:

I NI T/ P: 100/ D: 8000

causes SLRNK to set the program|oad counter to 100H, the data
| oad counter to 8000H and process the file I NI T. REL.

After opening the input file, SLRNK then determ nes whether the
fileis Mcrosoft format or SLR Systens format.
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SLRNK Super - Li nker Li nker Operation

LI NKI NG

SLRNK perfornms several steps when it |oads a nodul e:

1)

2)

3)

4)

5)

6)

7)

The format type is determ ned.

Any entry points are added to the synbol table, and an
error message is output if the synbol was already
def i ned.

The sizes of program data and common areas are
def i ned.

The code is | oaded.

Any external synbols are resolved if possible,
ot herwi se they are added to the synbol table.

| f verbose nmode has been sel ected, the nodul e nane,
type, and location of program and data sections are

di spl ayed on the console. If the nodule is in SLR
Format and the assenbly tinme and date is avail able,
that will also be displayed.

If an error was detected at assenbly time for this
nmodul e, then the nmessage *ERR* is displayed on the
consol e.

Let's talk in nore detail about the conmand |ine options.
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SLRNK Super Li nker Command Li ne Options

COMVAND LI NE OPTI ONS

A <Fil ename> given as a command will be processed as a .REL file
in nost cases. Any trailing <switch> operators are processed
first before the file is read. |If any of the <switch> options
take an optional <filenanme> as part of their syntax, then the
<Filenane will be used only as part of the switch option.

SLASH OPTI ONS

The operation of the linker is controlled by comrands consi sting
of a slash '/' followed by a letter with optional parameters. In
this section we describe the slash options, their syntax and
function.

/ A HEXNUM

The A option is used to select a base | oadi ng address
for ALL address spaces. The address spaces from each
followng nodule will be |oaded one after the other
starting at this address. SLRNK perforns an inplied
/ A: 103 at startup and reset.

/ C: HEXNUM

The C option is used to select a separate | oadi ng base
for any common bl ocks that follow (not already
referenced in a nodule). Comon bl ocks will be | oaded
one after the other starting at HEXNUM until another
/Cor [Ais encountered.

/ D: HEXNUM

The D option is used to select a separate | oadi ng base
for any DATA segnents that follow This is useful in
appl i cati ons where PROG areas are to be stored in PROM
and DATA areas are in RAM Note that this affects only
DATA or DSEG spaces. Comon bl ocks will still be

| oaded according to the last /A or /C
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SLRNK Super - Li nker Command Li ne Options

I E

I'F

/G

The E option signifies end-of-link. Several things

happen when this option is given. First of all, the
synbol table is checked for undefined references. |If
any are found, then any .REQUEST libraries are
searched. |If there are still undefined globals, a /U

option is perfornmed, and the END operation is aborted.
O herwise the finish table is processed. Dependi ng on
the | owest address | oaded, several things can occur.

If the |owest address is 100H, the code is assuned to
be a standard COMfile. |If the |lowest address is 103H
(the default initial |oad address), a junp instruction
is placed at the beginning (100H) junp to the defined
start address. If the | owest address is 108H, the
foll owi ng sequence is placed in front of the code

ORG 100H

LD HL, (6) ; CPIM TOP OF MEMORY
DEC HL

LD SP.HL ; SET TOP OF STACK

JP  STARTADR ; DECLARED W TH AN END STATEMENT

Any ot her LOWAEST address is assuned to be a nonstandard
CP/Mfile, and cannot be relocated in nmenory, it must
be witten to disk.

At this point, if a file name was given using the
/N option, the file is created, and the code is witten
toit. Note that nonstandard /N files will have the
extension CIMand will start with the | owest address
| oaded in your program

Thi s opti on FORCES any undefined gl obals to a val ue of
zero. This is useful when you get all your nodul es

| oaded, but you can't wite the file because of
undefined references. This should be used sparingly,
but is very nice when the undefined |abels are non-
critical and you don't want to go back, define,
assenbl e, and re-Ilink

This option is useful only for CP/Mapplications. The

sequence is essentially the sane as the /E case except

that instead of witing the output to disk, the code is
rel ocated and executed.

SLRNK User's Manual Copyright (c) 1984 SLR Systens Page L-9



SLRNK Super Li nker Command Li ne Options

FI LENAVE/ H
Nane the output HEX file. This option defines the nane
to be used at /E tinme. It also sets the output type to
an I NTEL format HEX file. For COM or CI M output, use
/' N i nstead.

FI LENAVE/ |

This option is used to call an indirect comand file.
An indirect command file is nmerely a disk file with an
EXT of SUB that contains valid |linker conmand |i nes.
This is very useful for devel opnment of prograns that
are conposed of many nodules. It is simlar to a
submt file, except that it is nestable, can be used
within a submt file, and is nuch faster

<FI LENAMVE>/ M

This option generates a synbol table map either on the
console, or, if afilenane is given, it is sent to a
file FILENAVE. SYM Synbols are |isted, value first,
three per line. The output is optionally conpatible

with ZSID.

FI LENAVE/ N
NAMVE the output file. This option defines the name to
be used at /Etine. It also sets the output type to a
binary image COM or CIMtype. For Hex output, use /H
i nst ead.

/ O SYMBOL: HEXNUM

ORIA N a synbol. This option is used to force the
definition of any synbols. For instance, to declare a
gl obal synbol CPM (or define one already referenced)
with a value of 243Hex, you would use the conmmand:

/ O CPM 243

/ P: HEXNUM

Def i ne PROGRAM space base pointer. This option defines
t he | oadi ng base for subsequent PROG or CSEG areas.
Any DATA and COWMMON spaces will be loaded at their
previous /A, /D, or /C locations.
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IQ
QUI T Linking. Aborts |inker operation. Sanme as ~C

/R
RESET the linker. This option resets the linker to its
initial state. Al options are set back to their
default values, and the |load area is cleared. The sane
as endi ng operation and rel oading the |inker.

FI LENAVE/ S

SEARCH node | oad. Directs the Iinker to search the
specified file, and | oad only the nodul e(s) that
contain entry points that have al ready been referenced
but are currently undefi ned.

<FI LENAVE>/ U

Li st UNDEFI NED synbols. This option is identical to
the /M option except only undefined synbols are |isted.

IV

Sel ect VERBOSE operation. This option causes SLRNK to
give a bit nore detailed information about what it is
doing. It causes input lines fromindirect comuand
files to be echoed on the console. It al so causes, for
each nodul e | oaded, the nodul e name, nodule type (Mfor
m crosoft format and S for SLR Systens format) al ong
with the size and | ocation of any DATA and PROG ar eas

| oaded. If an S-Rel nodule contains a tinme and date
stanp, the tinme and date are displayed al so.
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SLRNK Super Li nker Sl ash Option Summary

SUMVARY OF COVVAND LI NE OPTI ONS

[ A HEXNUM Sel ect common | oadi ng base for ALL types
[ C: HEXNUM Sel ect | oadi ng base for COVWON types

[ D: HEXNUM Sel ect | oadi ng base for DATA types

/E END of |ink, generate output

I F FORCE al | undefined synbols to Zero

/G End of 1ink, GO execute program

FI LENAVE/ H Decl are nanme of HEX output file

FI LENANVE/ | Call I NDI RECT conmand file

<FI LENAME>/ M Generate synbol table MAP
FI LENAVE/ N Decl are NAME of COM output file

/ G SYMBOL: HEXNUM  ORIG N a synbol

[ P: HEXNUM Sel ect | oadi ng base for PROG types
/Q QUIT. Abort. Stop already.

/IR RESET | i nker

FI LENAVE/ S SELECTI VE Search node

<FI LENAVE>/ U Gener at e UNDEFI NED synbol table

IV Sel ect VERBOSE operation
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SLRNK Super - Li nker Error Message Summary

ERROR MESSAGE SUVVARY

Thr oughout the Linking process, SLRNK can di scover several error
conditions and notify you about them This is a list of possible
error nmessages and their neanings. For each error, SLRNK
supplies as much information as possi bl e about the source of the
error, including any applicable filenane, nodul e nane, |oad
address and synbol narme.

Abort - Disk Full
Error encountered in witing file to disk, like no
room Renove sone unnecessary files and try again.

Bad Chain
While trying to resolve a linked Iist (chain) of
addresses referencing the given ENTRY point, an address
was found that is out of range. Usually caused by
| oadi ng code over top of previously | oaded code,
t hereby contam nating the linked Iist. Check your |oad
address conmands. Quite often caused by having an ORG
100H in a nodul e, then | oading other relative nodul es
with /A still at 103H.

Bad Drive

The given drive specifier is invalid.

Bad External Nunber
An External was referenced (S-REL) with a higher nunber

than how many are defined. Can occur if nore than 255
externals are used in one nodul e.

Bad Fil e

Again a corrupt file, linker is confused.
Bad Hex Digit

Sonet hing other than a valid Hex digit was found after
the colon in your slash option
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Bad Type 4

A Special Itemtype 4 (MREL) was encountered that is
undefined. Should not occur unless MREL file is
corrupt.

Byte Qut O Range

This can occur in several places (Release 1.0 will tel
at what address), depending on the instruction

i nvol ved. For relative junps involving externals, and
al so i ndexed addressing, the value generated nust lie
bet ween -128 and +127. For Bit #' s involving

rel ocat abl e expressions, the bit nust be 0-7. For RST
instructions, 0, 8, 10h, etc, are required. Finally,
for IMinstructions, the result nust be 0, 1, or 2.
Sonet hi ng ot her than these was cal cul at ed.

Can't Open File
Sel f-expl anatory, the given filenane could not be found

with the . REL extension or .SUB extension, depending on
command.

Common Undef i ned
This neans that your relocatable file (MREL) is
corrupt, in that a common bl ock was referenced before

it was defined. Certain MREL 'conpatible' assenblers
generate output that does that.

Dupl i cate Synbol

The entry point encountered (defined in this nodul e)
was previously defined in another nodule. Change
sonmebody' s nane.

File Name Too Long

The filename given has nore than 8 letters init. CP/M
filenames are limted to 8 characters preceding the
ext ensi on.

Fil e Name?

The /E command nust wite code to disk, but no fil enanme
has been defined with the /N or /H options.
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Fi ni sh Error

Probably a Iinker bug. Something illegal was found in
the finish table, which is built by the linker. Try to
determ ne what may have led up to that and call us.

Li ne Too Long

The input line read fromyour indirect conmand fil e was
| onger than 128 characters. Each |ine nust be |ess

than 128 characters to prevent overflow ng interna
buf f ers.

Must Origin At 100H

The /G option is valid only when the | owest | oaded
| ocation is 100h, 103h, or 108h.

QJUT OF MEMORY !

In allocating space for the current nodule. SLRNK ran
out of room SLRNK+ builds your output file
"virtually' on disk at this point so that the code
won't need to be resident in RAMat all times, but with
SLRNK, you are out of nenory.

Expect ed

A colon is expected after certain slash options.

Either a colon is mssing, or sonething previous
confused the scanner
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Appendi x A - SLR For mat

SLR Systens Rel ocatable Format for object nodules is described in
this section. This format provides the nechanismfor witing and
assenbl i ng nodul es whose actual execution addresses are not known
until "link-tinme". The format is byte-oriented, neaning that
each itemor token in the format starts and stops on a byte
boundary. The format may be generated and processed one byte at
atine, rather than one bit at a tine.

There are two types of itens avail able, absolute | oad and speci al
items. The first byte of the itemdetermnes the itemtype. A
nunber in the range of O0H through 7FH signifies an absol ute | oad
item That correctly inplies that 80H t hrough FFH signify
special itens.

Absolute |l oad item

A nunber in the. range of OOH through 7FH signifies an absol ute
load item If Nis the first byte of the item then the next N+1
bytes are | oaded starting at the current |oad pointer. For
exanpl e:

00H, CDH : a zero neans | oad the next byte absol ute.
7FH, . .. .. : a 7F neans | oad the next 128 bytes.

Special ltem

If the first byte of an itemis 80H or bigger, then it signifies
the start of a special item Special itens can be fromone to
actually infinity in length. This section describes the speci al
itens.

If the first byte is from80H to ODFH, then it is a special type
1item

TYPE 1

Special Type 1 itens are determ ned by breaking the byte into two
ni bbles, 4 bits each. The nost significant 4 bits determ ne the
Type 1 operation, and the second ni bbl e deternines the specifics.
There are sixteen data types supported by SLR format. Types are
determ ned by the lower nibble in relevent cases. The Data types
are defined as foll ows:

Type Descri ption

0 This is an absolute 16-bit word, i.e., no
relocation is involved. Its value is defined in
the next two bytes.

1 This is a programrelative 16-bit word. Its val ue
is determ ned by adding the current PROGRAM base
to the next two bytes.
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This is a data relative 16-bit word. |Its value is
determ ned by addi ng the current DATA base to the
next two bytes.

Types 3 through 14 are comon rel ative 16-bit
words. They are determ ned by the appropriate
COMMON base to the next two bytes. Wth this
format, up to 12 conmon bl ocks may be referenced
in a single nodule.

Type 15 is a special type used to reference an
external value. |If the next byte is not a zero,
then it determ nes the external referenced. Up to
255 Externals may be decl ared using the FC option
and thereafter be referenced by nunber. |If the
defining byte is zero, then the external synbo
ASCI I nane follows, termnated by a -1.

This table describes the Type 1 operations.

Upper
8

Ni bbl e Description of Action
CGenerate a 16-bit word defined by the | ower nibble and
the next byte(s).
Pl ace the 16-bit word defined by the | ower nibble and
the next byte(s) onto the expression stack.
Set the |oad pointer to the 16-bit val ue defined by the
| ower ni bble and the next byte(s).
Performthe operation defined by the | ower nibble on
data in the expression stack. See operation table.
External + Ofset. Add the given 16-bit value to the
current menory location after all externals are
resol ved
External - Ofset. Subtract the given 16-bit val ue
fromthe current nenory location after all externals
have been resol ved.
EO- FF are special itens. Each has its own definition

and they are defined as foll ows:

EO Pop 16-bit word from expression stack. This is
used to generate a 16-bit word from an expression
If the result is defined, the value is stored when
the EO is encountered. |If the expression cannot
yet be resolved, the stack is stored in the FIN SH
table, to be resolved | ater.
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El

E2

E3

E4

E5

E6

E8

E9

EB

F6

F7

F8

F9

Pop Byte fromstack. Simlar to EO, this
generates an 8-bit nunber fromthe expression
stack, if possible. Oherw se the stack is saved
inthe FINISH table. The 16-bit val ue popped off
the stack must be in the range of -128 to +255 or
an error nmessage will be generated.

Pop Rel ative byte fromstack. Identical to El1
except that the value nust be in the range of -128
to 127. This is used for JR instructions and

of fsets fromindex registers.

Generate Byte fromexternal. Simlar to 8F, this
takes the external nunber fromthe next byte
(unless it is zero), pushes it on the stack, and
perforns an E1.

CGCenerate Rel ative byte fromexternal. Sane as a
9F code foll owed by an E2.

Chain address. Currently not used.
E7 - Reserved for expansion

Generate Bl T-type instruction. This causes SLRN\K
to pop a bit # fromthe stack, range-check it,
shift it around and OR it with the next byte to
generate the proper BIT, RES, or SET instruction

Cenerate an RST instruction. Used when an RST
instruction contai ned an external reference.
Restart address is on the top of the expression
st ack.

Generate an IMinstruction. Valid nunmbers are O,
1, & 2.

through F5 - Reserved for expansion

Assenbly Time Error. Syntax error was detected
during assenbly.

Time and date. The next 4 bytes match the tine
and date structure returned by CP/Mcall 105 at
assenbly tine.

Chain External. Currently not used.
Modul e Definition. |Includes nodule nane (0 to 16
characters followed by a -1), Programarea size in

bytes, and Data area size in bytes. This nust be
the first record in the relocatable file.
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OPERATI ON

BO
Bl
B2
B3
B4
B5
B6
B7
B8
B9
BA
BB
BC
BD
BE
BF
00
01
02
03
04
05

FA  Entry Definition. Includes Entry point nane (0 to
16 characters followed by a -1), and the 3-byte
value defining it (first byte is type, next two
are the offset). Any Entry definitions mnust
i mMmedi ately foll ow the Mddul e Definition record.

FB  Common Definitions. Common definitions appear
after any Entry Definitions. The definition
i ncludes the common nane (0 to 16 characters
termnated by a -1) followed by the bl ock | ength.

FC External Declaration. Declares an externa
reference by nanme (0 to 16....). Each external is
assigned a nunber from1l to 255 in the order in
whi ch they are declared, and they are referenced
| at er by number.

FD Select Library. Declares a library file (0 to
16...) to be searched in case of undefined
externals. Miltiple libraries may be sel ected,
they will be searched in the order sel ected.

FE End of nodule. Declares the end of the current
nmodul e. The next three bytes declare an opti onal
starting address.

FF End of file. That is it for that file.

TABLE

Add top of stack to next on stack
Subtract top from next on stack
Unsigned Multiply top and next
Unsigned Divide top of stack into next on stack
MOD function, do B3 and save renmi nder
Bi twi se AND operation
Bi twi se OR operation
Bi tw se XOR operation
SHR Shift right inserting zeros
SHL Shift left inserting zeros
Bi twi se NOT operation
NEG (Unary m nus) operation
Extract H GH byte
Extract LOW byte
not used
Leader byte for nore operations
EQ
NE
LT
LE
GT
GE
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Appendi x B - M REL FORMAT

M crosoft Rel ocatable Format for object nodules is described in
this section. This format provides the nmechanismfor witing and
assenbl i ng nodul es whose Actual execution addresses are not known
until '"link-tinme'. The format is bit-oriented, neaning that byte
boundaries are not observed. The format nust be read and witten
one bit at a time, which nmakes it very slowto process (unless
you are using SLRNK). Unlike the reasons given for its design

it also usually takes up nore roomthan a conparable S-Rel file.

There are many types of itens available in this format which we
will divide into 'absolute byte' and 'other'. The itens are
better called tokens. The first bit of the token determnes its
type, as far as our above division is concerned. |If the first
bit is a 0, the token is an absolute byte, consisting of the next
8 bits. Oherwise, the token is an 'other'.

' ot her'

The next two bits are needed to furthur define the token.
The two bits are interpreted as foll ows:

00 Speci al "ot her'

01 Program Rel ative value. The next sixteen bits are
added to the current PROG base and then | oaded as
two absol ute bytes.

10 Data Rel ati ve value. The next sixteen bits are
added to the current DATA base and then | oaded as
two absol ute bytes.

11 Common Rel ative value. The next sixteen bits are
added to the current COVON base and then | oaded
as two absol ute bytes.

Speci al 'other'’

The Special 'other' tokens are furthur defined by reading

the next 4 bits to determ ne the exact token referenced. The

t okens may have paraneters with themin the formof what we wll
cal | PARAM A and/ or PARAM B.

Before defining the tokens, let's define the PARAM fi el ds.
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PARAM A

PARAMA is an 18-bit itemjust |ike defined above except that if
the first two bits are 00, then it is considered an absol ute
item (Note that for MBO-L80 conmpatibility, these itens are not
al ways treated as the format defines. Those particul ar pl aces
will be nentioned at the appropriate token definition.)

PARAM B

PARAMIB is a variable length itemdefined as follows. The next
three bits determ ne the nunmber of 8-bit bytes that follow This
is used for global names, etc. Note that the nane could be 0-7
characters in length. Actually, if you assume no zero |length

| abel s (?) you could use the 0 value to nean a length of 8
characters. This is exactly what Z80ASM and SLRNK do, except in
the case of common nanes (Fortran uses zero length for bl ank
common nane). You will see under token #4 why you are stil
limted to only 7 characters.

Speci al 'other' continued...

The 4 bits di scussed above determ ne which of the follow ng 16
tokens we are processing. The tokens are grouped nicely.

The token types 0 through 4 have a PARAM B only.

0 Entry Synbol. This token is used to tell a |inker that
the given synbol is defined sonewhere in this nodul e-
It shoul d appear before any actual code in the file.
Li nkers use this during /S searches to determ ne
whet her or not to |oad the nodul e.

1 Sel ect Common Bl ock. This selects the common bl ock to
be referenced in any subsequent 11(one-one) two bit
patterns.

2 Program Nane. This is the nodul e nane. For reference

pur poses only.

3 Request Library. This is the library nane to be
searched at the end of the link for any undefined
external s.

4 Ext ended Token. This item opens up a whole |ist of
items, nostly reverse polish expression itens. The
particular itemis defined by the first character or
two. See ' SPECI AL SPECI AL"
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The t oken

5

The token

8

10

11

12

13

14

Page L-22

types 5 through 7 have a PARAM A and a PARAM B.

Defi ne COMON size. This itemdeclares a conmon bl ock
nanme and its size. Note that the two-bit type in the
PARAM A i s ignored.

Chain External. This itemdeclares an external synbo
name and the address in this nodule where it was | ast
referenced. This is a pointer in a chain. The

| ocation pointed to al so contains a pointer to another
pl ace that referenced that external. In other words,
externals are referenced as a linked list. This guy
just points to the head of the list. The end of the
list is a zero.

Define Entry Point. This itemdeclares a gl obal synbol
and its val ue.

types 8 through 14 have a PARAM A only.

External - Ofset. This token means subtract this
PARAMA itemfromthe value stored at the current | oad
pointer after all externals, etc have been resol ved.
Used by Mcrosoft for relative calls and junps in their
8086 cross-assenbl er.

External + Ofset. This token means add this PARAM A
itemto the value stored at the current | oad pointer
after all externals, etc have been resolved. Used when
you say LD HL, EXTERNAL+5 ;

Define Data Size. Defines the size of the DATA section
of the nodule. SLRNK requires this itemto appear
before any reference is made to a DATA load item

Set Load pointer. PARAMA is the new | oad | ocation.

Chain address. PARAMA is the head of the chain.

Repl ace everybody in the linked list with the val ue of
the current |oad pointer. Used by one-pass conpilers

for forward referenced |labels. Wrks just like item7,
the end of the chain is a zero.

Define Program Size. Defines the size of the PROG
section of the nodule. SLRNK requires this itemto
appear before any reference is nmade to a PROG | oad
item **Note** the two bit data type is ignored by
SLRNK but nust be set to a 01 to work with L80 (?).

End of module. This signifies the end of the current
nodul e. The PARAMA is the start address if not zero.
**Note** This token forces the input streamto a byte
boundary. ..
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The token type 15 takes no paraneters.
15 End of file. Finish processing.

You guessed it, the end of nodule and end of file are both
necessary, but the end of file appears only after the | ast nodul e
inthe file (for library file support).

' SPECI AL SPECI AL

The special type 4 operations are quite varied. The first
character of the PARAMB field defines another subdivision. The
ones that SLRNK recogni zes are

"A 41H ;the byte that foll ows defines an
arithnetic operation (defined bel ow).

'B 42h ;the bytes that follow (up to 7...)
define an external synbol whose value is
to be pushed on the expression stack.

'C 43H ;the next three bytes that foll ow define
a 16-bit value to be pushed on the
stack. The first byte (only bits 0 & 1)
define the two-bit type as above.

G her identifiers can be there, but that is all that SLR\K
recogni zes. For instance, COBCL conpiler has sone undocunent ed
overl aying functions, etc.

Arithmetic Operations
The next byte after the "A" defines one of several operations.

Sone are Mcrosoft standard, sonme have been added by SLR Systens
(extensions). The extensions are followed by an '*'.

Oper at or Definition

01 Pop Byte. A byte result is popped off the
expressi on stack

02 Pop Wrd. A 16-bit result is popped off the
expressi on stack

03 H gh Byte. Place the high byte of the TCS
(Top of Stack) on the stack.

04 Low Byte. Place the |ow byte of the TGS on
t he stack.

05 Bitwise NOT. Place the 1's conplenent of TOS

on the stack

SLRNK User's Manual Copyright (c) 1984 SLR Systens Page L-23



SLRNK Super - Li nker

06

07

08

09
0A
0B
10 *
11 =
12 *
13 *
14 *

15 *

16 *

17 *

1A *

1C *

ID *

Appendi x B - M REL For mat
Negate. Place the 2's conplenent of TGS on
t he stack.

Subtract. Subtract top two itenms on stack.
Pl ace result back on stack.

Addition. Add the top two itens, placing
result on stack.

Mul tiply (unsigned).

Di vi de (unsigned).

Modul o (unsi gned renai nder).

Bi twi se AND.

Bitw se OR

Bitwi se XOR

Bitwi se SHR

Bitwi se SHL.

Bl T- Type Instruction. The next byte (9-bits)
is the mask for the instruction, TGS is the
bit #.

RST Instruction. TOS is the Restart address.
IMInstruction. TOS is the interrupt node.
EQ

NE.

LT.

LE.
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APPENDI X C - SLRI B LI BRARI AN

SLRNK has the ability, by using the /S option, to scan a file
that contains multiple REL nodul es, extracting only those nodul es
whi ch are needed, nodul es that contain definitions of undefined
globals. If you have several often used subroutines, much disk
space can be saved by conbining the separate REL nodules into a
single library file. Also, since nost of the time required to
link a smal| separate nodule is the file opening and reading, it
is much faster to open one library file and scan it than to open
several separate files.

The real point here is not to justify the use of libraries, but
to tell you howto use SLRIB, the librarian that hel ps you create
and mai ntain SLR-Format |ibraries.

The SLRIB command line is nuch |ike SLRNK in that the command can
be given on one line, or SLRIB will pronpt you. To build a
library called FLOATS. REL from several nodules, this is a
possi bl e command sequence:

A>SLRI B FLOATS/ N, FMULT, FDI V, FSUB, FADD, / E

SLRIB will read the files FMILT. REL, FDI V. REL, PSUB. REL, and
FADD. REL, and conbine theminto one file call ed FLOATS. REL.

That is the sinplest brute-force method of building a library.

Once you have your library built, you will probably want to
update it later. SLRI B provides convenient ways to do that al so.

SLRI B Opti ons

SLRIB Options are invoked nuch Iike SLRNK options; they are slash
options. Here we describe the separate options.

/A ASK.  This option causes SLRIB to pronpt the console
before including a particular nodule in an operation.
For instance, if you want a new |ibrary called FLOAT
consi sting of the nodules in FLOATS except for FDV,
you coul d use the |ine:

A>SLRI B FLOAT/ N. FLOATS/ A,/ E

SLRIB wi |l read FLOATS. REL and pronpt you for the
i ncl usi on of each nodul e:

FMULT (Y/' N)?Y

FDIV (Y/N) ?N

FSUB (Y/ N ?Y

FADD (Y/' N)?Y
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You answer the pronpt with a single letter, Y or N

/E END. This option causes SLRIB to end its operation.
If no library was being built, SLRI B just goes away.
If alibrary was being built, it is renaned to the
name previously specified with the /N command.

/1 I NDI RECT. Like SLRNK, this option causes SLRIB to
read its conmands fromthe preceding file nanme. SUB

/L LI ST. This option causes SLRIB to |ist nanes, and
program and data area sizes of each nodule in the
selected |ist.

/M NMAP. This option forces an inplied /L, and also lists
all of the GLOBAL synbol s defined and EXTERNAL synbol s
referenced in each nodul e.

IN NAME. This option nanes the new library. |t can also
specify a drive on which to place the library. Note
that the new library is not given this nane until /E
time.

%C: NEWLI B/ N

/Q QUT. Thisis simlar to /E except that any library
file in the process of being built is deleted from
di sk.

/R RESET. ldentical to /Q except that SLRIBis stil
runni ng.

/U UNDEFINED. This option causes SLRIB to scan the given
modul e list and report any possi bl e BACKWARD

references, itens that m ght not be defined in one
pass through the library.

MODULE LI STS

VWhat is a nodule list? It is a way of selecting particul ar
nmodul es froma library file.

We have already seen the /A nethod of selecting nodules froma
library file. Let's be nore specific about nodul e specification.

To include all the nodules in a given library file, just use the
library file name:

%-LOATS

i ncludes all the nodul es contained in FLOATS. REL in the nodul e
|ist.

Page L-26 SLRNK User's Manual Copyright (c) 1984 SLR Systens



SLRNK Super - Li nker Appendi x C - SLRI B Librarian
If you wanted to include just the nodul e FMULT, you could use a
/A and only answer Y to FMULT (Y/N)?, but there is an easier way.
%-LOATS<FMULT>
causes just the nodule FMULT to be included in the nodule |ist.
To include everything but FMIUT, you could use
UW-LOATS<FDI V. . >

whi ch neans include FDIV and everything after it.

%WLOATS<. . FSUB> i ncludes everything up to FSUB
(inclusive ).

9%-LOATS<FADD, FDI V> i ncl udes FADD and FDIV, in that
order.

These options make it very easy to update an existing library.
To replace the nodule FSUB in FLOATS with an updated version in a
file called FSUBL.

A>SLRI B FLOATS/ N, FLOATS<. . FDI V>, FSUB1, FLOATS<FADD>, / E

will acconplish just that. SLRIB w Il pronpt you before it
destroys the original copy of FLOATS. REL.
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APPENDI X D - CONFI G UTILITY

The configuration utility CONFI G COM provided with SLRN\K al | ows
easy custom zation of SLRNK to a particular set of requirenents.
This section briefly describes its use.

To run CONFI G type
A>CONFI G SLRNK. COM

where SLRNK. COMis the nanme of the file that you want to
custom ze.

CONFIGwi Il respond with a series of questions requesting flag
settings or itemvalues. |In parentheses is the current val ue of
that item You can nodify the current value by typing a new one,
or the itemcan be left the same by just entering a CR  The
process can be aborted by typing a "C. After the |ast question
is answered, CONFIGw Il wite out the new settings.

Now we wi Il explain each question that CONFI G asks.
Di sable Interrupts (N) -

SLRNK was witten to take full advantage of the Z80
architecture and instruction set for reasons that are self-
expl anatory when you see it run. Certain systens that are 'Z30
CP/ M machi nes do not provide a true Z80 environnent. |f your
systemis interrupt driven and destroys any Z80 regi sters on
interrupts, a Y here wll cause SLRNK to disable interrupts
whenever any special Z80 registers are in use. Interrupts wll
al ways be enabl ed during any systemcalls.

Take advantage of nulti-sector 1/0(Y) -

Systemcall 12 tells SLRNK whether multi-sector I/Ois
avai l able or not, at least usually. Certain 'CP/Mconpatible'
operating systens return a code saying they are MP/ M conpati bl e,
but they don't support nulti-sector I/O If that is your case,
you will need to answer N here.

Use TAB as separator bet-ween Synbols in .SYM(Y) -

SLRNK can create a synbol table on disk for use in nmany
applications. |If you need ZSID conpatibility, Y causes TABs to
be used as separators between Synbols, and al so truncates synbols
to a maxi mum | ength of 15 characters. An N causes spaces to be
used between synbols, and they can be the full length. Sone
enul ators require the spaces.
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Nunber of bytes per |ine of HEX output (33) -
This option allows you to specify the nunber of bytes per
Iine when generating a .HEX file. Certain enulators, PROM

progranmers, etc. are very particul ar about the format for the
"Intel Standard' HEX format.

The default extensions for various files can al so be nodifi ed.
They are self expl anatory.
CONFI G - SLRI B

CONFI G may al so be used to set options in SLRIB. To use it just
type

A>CONFI G SLRI B. COM
where SLRIB.COMis the nanme of your librarian file.

The questions avail able are either self-explanatory or the sane
as descri bed above.
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