Recursive Subroutine Calls Example

The purpose of thisexampleisto examine how all parameters, local

variables, return addresses, and frame pointers are stored on the stack
when a main program callsa procedure " Process' aswell aswhen the
procedurecalls itself againinarecursion. We assumethe following:

e Thestack pointer initially hasthe value value $00000F00 just before
Processis invoked (before any parameters are pushed onto the
stack).

e Array "X","Y","Z" and"ALPHA" arepassed by reference.

o Parameter "N" ispassed by value (both ways-i.e. into the called
procedure and also copied by value back into the calling routine).

« AG6isused astheframepointer (assumed to have initial value
$00002000 ).

 Procedure"” Process' usesregisters DO - D4 aswell asregisters
A0 - A4,

« Array X startsat location $1800, Y startsat $17F8, Z isat $17FC,
ALPHA isat $17FD, and N isat $17FE.
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Recur sive Subroutine Calls Example

Problem specification (continued):

{main routine}
X: array [0..30] of words
Y: longword
Z,ALPHA, N: byte

Process(var: X,var: Y, var: Z,var: ALPHA,N)

« Wearetoshow all the M68000 assembly language instructions
necessary to passthese parameters aswell asto copy thereturn
value N into itsregular storage location (off the stack) (at $17FE).
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Recur sive Subroutine Calls Example

Problem specification (continued):

Procedure Process(A,B,C,D, E)
A: array [0..?] of words {passed by reference}
B: longword {passed by reference}
C, D: byte {passed by reference}
E: byte {passed both ways by value}
local variables -
T: longword
U: word
V: byte

{ some place within thefirst invocation of " Process' it callsitself as
follows:}

Process( var: A, var: T, var: C, var: V, E) {Note that some input
parameters are passed through to the next iteration.}
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Recursive Subroutine Calls Example

Solution

Themain program isassumed to allocatethe original storagefor:

ORG $17F8
Y DSL 1 Thiswill resolve to address $000017F8
Z DSB 1 Thiswill resolve to address $000017FC
ALPHA DSB 1 Thiswill resolve to address $000017FD
N DSB 1 Thiswill resolve to addr ess $000017FE
*

ORG $1800
X DSW 31 an array of longwords0..30
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Recursive Subroutine Calls Example
Solution (Continued)

ORG $1000 (assumed where main program starts - not critical)

In main program the procedure (subroutine) iscalled in HLL:

Process (var:X, var:Y, var:Z, var:ALPHA, N) where N isthe only one passed by value
The assembly language ver sion/translation of thisinvocation is:

CLR.W D2 zer oes out an entireword for pushing on stack
MOVE.B N,D2 copies value of byte N into lowest byte of D2
MOVE.W D2,-(A7) pushesthat word containing value of N on stack
PEA ALPHA pushes pointersto other argumentsin reverse
PEA Z order

PEA Y

PEA X

JSR Process actually call the subroutine here

MOVE.B 17(A7),N copy returned valueback intoN

ADDA.L #18,A7 fix up stack from all parameters pushed for

subroutine call.
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Recursive Subroutine Calls Example

Solution (Continued)
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Recursive Subroutine Calls Example Solution
(Continued) procedure Process

 Thecoding of procedure Processwould be something like this:
Procedure Process ( var:A, var:B, var:C, var:D, E)

* whereA: isan array of words[0.. ?] passed by reference
* B: longword passed by reference

* C, D: Dbytepassed by reference

* E: bytepassed by value (in BOTH directions)

* and local variables:

* T: longword

* U: word

* V! byte

Aptr equ 8 displacementsfor finding pass by reference
Bptr equ 12 addresses from the frame pointer: A6

Cptr equ 16

Dptr equ 20

E equ 25 thisoneisabytewhich is passed by value
\% equ -1

U equ -4

T equ -8
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Recursive Subroutine Calls Example
Solution (Continued) procedure Process

* The start of the code of Process looks like this:

*

Process LINK A6,#-8

MOVEM.L DO-D4/A0-A4,-(A7) saveregistersasrequired

*

*

Process(A,T,C,V,E)

CLR.W DO

MOVE.B E(A6),DO
MOVE.W DO,-(A7)

PEA V(AG6)
MOVE.L Cptr(A6),-(A7)
PEA T(A6),A0
MOVE.L Aptr(A6),-(A7)
JSR Process
MOVE.B 17(A7),E(A6)
ADDA.L  #18A7

Theinvocation of Process from within Process:

note how we access "E" - we could have
modified " E" before sending it
thisisbasically how we can use "V" too
we push the pointer to "Z" on stack

push pointer tolocal variable " T" on stack
push pointer to " X" (" A" in Process)

copy return valueof "E" tolocal copy
fix up stack from all parameters pushed
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Recursive Subroutine Calls Example
Solution (Continued) procedure Process

Thisis how we'd access some of the variablesin the subroutine:

MOVEA.L Aptr(A6),A0 Thisishow we'd copy thefirst array

MOVE.L (AO0),U(A6) element of X ("A" in procedure) into "U”
MOVEA.L Bptr(A6),Al Thisis how we'd copy input parameter " B"
MOVE.W (A1), T(A6) into local word " T”

MOVEA.L Cptr(A6),A2 Thisis how we actually reference " C"

MOVE.B (A2)D1

MOVEA.L Dptr(A6),A3 Thisis how we could access/change
CLR.B (A3) "D” inprocedure =" ALPHA" in main

Beforeleaving the procedurewe'd need to restoreregisters and destroy stack frame:

MOVEM.L (A7)+,D0-D4/A0-A4
UNLK A6
RTS
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