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*

* The rtd (Return and Deal |l ocate) macro may be used to partially deallocate
* a subroutine stack frame that includes paranmeters passed on the stack. The
* rtd macro performs the follow ng functions: 1) Deal |l ocates |ocal storage;
* 2) Restores the previous stack frame pointer; 3) Returns to the calling
* routine. Rtd DOES NOT renove any paraneters fromthe stack. This function
* nust be perfornmed by the calling routine. This macro is useful when
* paraneters are passed in registers rather than on the stack.
*
* Usage: rtd <s.f. reg>, <storage bytes>
*
* The first paranmeter passed to link is the index register that is being used
* as the stack frame pointer (either x or y). Al though no check is made to
* ensure that a | egal index register name is passed to the macro, the assenbler
* Wi Il produce an "Unrecogni zed Mhenonic" error nessage when the macro is
* expanded. The second paraneter is the nunber of bytes of |ocal storage
* used by the subroutine.
*
R RS R SR SR SRS R SRR R R RS RS RS E R E R E EE R R R E R E R E R EEEEEEEEES
*
rtd nmacr o
ldab #:1 ; nunmber of bytes to deallocate.

ab: 0 ; add it to the current stack frane pointer.

t:0s ; deal | ocat e storage by updating the stack pointer
pul: 0 ; restore the previous stack frame pointer
rts ; return to the calling routine
endm
*
*
LR EEE R R EEEEEEEEEEEE R R R R R R R R R R R R R R R R R R R R R R R R RRERREERRRRERRERR R R R R R REREREEEEEREEREEEERERESESSES]
*
* The frtd (Function Return and Deal |l ocate) macro may be used to partially
* deal | ocate a subroutine stack frame that includes paraneters passed on
* the stack. The frtd macro performs the follow ng functions: 1) Deall ocates
* | ocal storage; 2) Restores the previous stack frame pointer; 3) Returns
* to the calling routine. Frtd DOES NOT renpove any paraneters fromthe stack.
* This function nust be perforned by the calling routine. This macro is
* useful when paraneters are passed in registers rather than on the stack and
* a value is being returned in the D-accunul ator.
*
* Usage: frtd <s.f. reg>, <storage bytes>
*
* The first paraneter passed to frtd is the index register that is being used
* as the stack frame pointer (either x or y). Athough no check is made to
* ensure that a | egal index register name is passed to the macro, the assenbler
* wi || produce an "Unrecogni zed Menpnic" error nessage when the macro is
* expanded. The second paraneter is the nunber of bytes of |ocal storage
* used by the subroutine.
*
R RS S S S S S SRS S SRR RS RS E SRS R R RS RS S SRS S S SRR SRS RS R R RS SRS RS S SRS EEEEEE SRS EEEREEEEEEEEEEEEEEESSS
*
frtd nacr o
pshb ; save the lower byte of the return val ue.
ldab #:1 ; nunber of bytes to deallocate.
ab: 0 ; add it to the current stack frame pointer.
pul b ; restore the lower byte of the return val ue.
t:0s ; deal | ocat e storage by updating the stack pointer
pul: 0 ; restore the previous stack frame pointer.
rts ; return to the calling routine.
endm
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Appendix A. Example Listings

R

* The rtdx and rtdy (Return and Deal | ocate using x or y) macros nay be used

* to conpletely deallocate a subroutine stack frane including paraneters that
* were passed on the stack. The rtdx nmacro perforns the followi ng functions:

* 1) Deallocates the entire stack frame including |ocal storage and passed

* paraneters; 2) restores the previous stack frame pointer; and 3) Returns

* to the calling routine.

*

* Usage: rtdx <storage bytes>

* Usage: rtdy <storage bytes>

*

* The only paranmeter passed to the routines is the nunber of bytes of |ocal

* storage that were originally allocated upon entry to the subroutine. These
* nmacr os have the advantage that the a and b accunul ators are not used during the
* deal | ocation process. This allows a value to be | oaded into a, b, or d register
* bef ore execution of the rtdx or rtdy nacro and returned to calling routine.

R Y

*

rtdx nacr o
I dy 1 0+2, X ; Load return address into the y-index register.
| dx 10, x ; restore the previous stack frane pointer
txs ; Update stack pointer, renpving storage space.
jm 0,y ; Return to the calling routine.
endm

*

*

rtdy nmacr o
I dx 10+2,y ; Load return address into the x-index register.
I dy 10,y ; restore the previous stack frane pointer.
tys ; Update stack pointer, renopving storage space.
jnp 0, x ; Return to the calling routine.
endm

R Y

* The pshd nmacro pushes the 16-bit d-accunul ator onto the stack. The

* b-accumul ator is pushed first so that the |east significant 8-bits of
* the 16-bit nunber appear on the stack at the higher address. This is
* consistent with the way all 16-bit nunbers are stored in nenory.

*

* Usage: pshd

*

* No paraneters are required by the macro.

Khkkhkkhkkhhhhhhhhhhhkhhhkhhkhkkkhkhkkkhkhhkhkhkhkhkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kk k

*

pshd macr o
pshb
psha
endm
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0000
0000
0000
0001
0003
0000

0007
0009
0ooB

0000
0000
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0004
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0007
0008
000A
000D
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0012
0015
0018
001A

3C
CC2710
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flag is zero, the nunber is converted as an unsigned nunber. If the byte
is non-zero, the nunber will be converted as a 16-bit signed nunber.
Paraneters are pushed onto the stack in the follow ng order 1) Signed Fl ag;
2) Pointer to ASCII buffer; 3) Number to be converted. A typical

cal ling sequence woul d be:

clra ; Do the conversion as an unsigned nunber
psha ; put the flag on the stack.

| dd #Buf f er ; get the address of the ascii buffer.
pshd ; put the address on the stack.

| dd Num ; Get the nunber to convert.

pshd ; Put it on the stack

jsr | nt 2Asc ; Go convert the nunber.

This subroutine has two | ocal variables. The first, zs, is a boolean variable
used to suppress |eading zeros when doing a conversion. It is |located at an
offset of O fromthe stack franme pointer. The second local, Divisor, is a 16-
bit variable. It is used to divide the nunber being converted by succeedi ngly
| ower powers of 10. Divisor is |ocated at an offset of 1 fromthe | ocal stack
frame pointer.

NOTE: This routine was witten assum ng that the previous stack frame pointer
is the x-index register. HONEVER, because the x-index register is required
by the integer divide instruction, the y-index register is used as the
stack frame pointer WTHI N the Int2Asc subroutine.

Decl are | ocal s

PCSave

Zs

Di vi sor
LocSi ze

*

set * ; save the current PC val ue

org 0 ; set PCto O for offsets to locals
rmb 1 ; declare zs variable.

rmb 2 ; declare Divisor variable.

set * ; nunber of bytes of |ocal storage.
org PCSave

* Offsets to paraneters

*

Nu

Buf f P

m

equ

Si gned

*

I nt 2Asc

[
[

I nt 2Ascl

LocSi ze+4 ; offset to Num paraneter.

equ LocSi ze+6 ; offset to BuffP paraneter.

equ LocSi ze+8 ; offset to Signed paraneter

equ *

pshx ; save the previous stack frane pointer.
| dd #10000 ; initialize the divisor to 10000

pshd

pshb

psha

clra ; initialize zs to O

psha

tsy ; initialize the new stack frane pointer
| dd numy ; get the nunber to convert. Is it zero?
bne I nt 2Ascl ; no go do the conversion

I dd #3$3000 ; yes

| dx Buf f P, y ; point to the buffer

std 0,y ; just put an ASCII O in the buffer.

bra I nt 2Asc5 ; then return

tst Si gned, y ; do the conversion as a signed nunber?
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294 001D 2716 [ 3] beq I nt 2Asc2 ;. no.

295 001F 4D [ 2] tsta ; yes. |Is the nunber negative?

296 0020 2A13 [ 3] bpl I nt 2Asc2 ; no. just go do the conversion.

297 0022 43 [ 2] coma ; yes. nake it a positive nunber by negation.

298 0023 53 [ 2] conb

299 0024 C30001 [ 4] addd #$1

300 0027 18EDO7 [ 6] std Num y ; save the result

301 002A 862D [ 2} | daa # - ; get an ASClII minus sign.

302 002C CDEEO9 [ 6] I dx Buf f P,y ; point to the buffer.

303 002F A700 [ 4] st aa 0, x ; put it in the buffer

304 0031 08 [ 3] i nx ; point to the next location in the buffer.

305 0032 CDEF09 [ 6] st x Buf f P, y ; save the new pointer val ue.

306 0035 18ECO7 [ 6] Int2Asc2 | dd Num y ; get the remminder to convert.

307 0038 CDEEO1 [ 6] I dx Di vi sor,y

308 003B 02 [41] idiv

309 003C 18EDO7 [ 6] std Num y ; save the renuinder.

310 003F 8F [ 3] xgdx ; put the dividend into d.

311 0040 5D [ 2] tstb ; was the dividend 0?

312 0041 2605 [ 3] bne I nt 2Asc3 ; no. go store the nunber in the buffer

313 0043 186D00 [ 7] tst zs,y ; are we still suppressing | eading zeros?

314 0046 2710 [ 3] beq I nt 2Asc4 ; yes. go setup for the next divide.

315 0048 CB30 [ 2] Int2Asc3 addb # 0 ; make the dividend ASClI.

316 004A 8601 [ 2] | daa #1

317 004C 18A700 [ 5] staa zs,y ; don’t suppress |eading zeros anynore.

318 004F CDEEO9 [ 6] I dx Buf f P,y ; get a pointer to the buffer.

319 0052 E700 [ 4] stab 0, x ; save the digit.

320 0054 08 [ 3] i nx ; point to the next |ocation.

321 0055 CDEF09 [ 6] st x Buf f P, y ; save the new pointer val ue.

322 0058 18EC01 [ 6] Int2Asc4 |dd Di vi sor,y ; get the previous divisor.

323 005B CEOOOA [ 3] I dx #10

324 005E 02 [41] idiv ; divide it by 10.

325 005F CDEFO1 [ 6] st x Di vi sor,y ; save the dividend. Is it zero?:

326 0062 26D1 [ 3] bne I nt 2Asc2 ; no. continue with the conversion.

327 0064 CDEEO9 [ 6] I dx Buf f P, y ; get a pointer to the buffer.

328 0067 6F00 [ 6] clr 0, x ; null terminate the string.

329 0069 30 [ 3] tsx ; thisis only needed because we are usingy as
our sf pointer.

330 006A | nt 2Asc5 rtdx LocSi ze ; return & deallocate |ocals & paraneters

331 006A 1AEEO5 [ 6] I dy LocSi ze+2, x ; Load the return address into y-index register.

332 006D EEO3 [ 5] I dx LocSi ze, x ; restore the previous stack frame pointer.

333 006F 35 [ 3] txs ; Update stack pointer, renopving storage space.

334 0070 186EO00 [ 4] jmp 0,y ; Return to the calling routine.

335 *

336 *

337 *

338 R RS RS R S S SRR R S S RS R SRS R R S S R S R R SRR R EEEEEEEEE

339 *

340 * This subroutine performs a 16 x 16 bit unsigned nultiply and produces a 32-bit

341 * result. Two 16-bit nunbers are passed to the subroutine on the stack.

342 * The 32-bit result is returned on the stack in place of the two 16-bit

343 * paraneters. This allows the calling routine to easily pull the product

344 * fromthe stack and store the result. Because multiplicationis a

345 * commut ati ve operation, the order in which the paraneters are pushed

346 * onto the stack is uninmportant. A typical calling sequence woul d be:

347 *

348 * I dd Numi

349 * pshd

350 * | dd Nung

351 * pshd

352 * jsr Ml 16x16

353 * pul d
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0073
0000
0000
0001
0002
0003
0004
0073

0008
000A

0073
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0075
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0076
0077
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0078
0079
007A
007B
007D
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0080
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6C00
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std Resul t 32
pul d
std Resul t 32+2

Thi s subroutine has four local variables. Each variable occupies 1 byte
on the stack. These four bytes are used to hold the partial product as
the final answer is being conputed. These four byte variables are
treated as 16-bit variables during the cal cul ation.

NOTE: This routine was witten assunming that the stack frame pointer
is the x-index register.

* Decl are | ocal s
*
PCSave set * ; save the current PC val ue
* org 0 ; set PCto O for offsets to locals
Prdo rmb 1 ; declare ms byte of partial product variable.
Prdl rmb 1 ; decl are next ms byte of partial product variable
Prd2 rmb 1 ; decl are next |s byte of partial product variable
Prd3 rmb 1 ; declare |Is byte of partial product variable.
LocSi ze set * ; nunber of bytes of |ocal storage.
org PCSave
*
* O fsets to paraneters
*
Fact 1 equ LocSi ze+4 ; offset to factor 1 paraneter.
Fact 2 equ LocSi ze+6 ; offset to factor 2 paraneter.
*
cycles clear
*
Ml 16x16 equ *
[ 4] pshx ; save the previous stack frane pointer.
clrd ; clear the d-accunul ator.
[ 2] clra
[ 2] clrb
pshd ; allocate & initialize the locals prd0 - prd3
[ 3] pshb
[ 3] psha
pshd
[ 3] pshb
[ 3] psha
[ 3] tsx ; initialize the new stack frane pointer.
[ 4] | daa Fact 1+1, x ; get the Is byte of factor 1.
[ 4] | dab Fact 2+1, x ; get the |Is byte of factor 2.
[10] mul ; multiply them
[ 5] std Prd2, x ; save the first termof the partial product.
[ 4] | daa Fact 1, x ; get the ms byte of factor 1.
[ 4] | dab Fact 2+1, x ; get the I's byte of factor 2.
[10] mul ;o multiply them
[ 6] addd Prdi, x ; add the result into the partial product.
[ 5] std Prdi, x ; save the result.
[ 4] | daa Fact 1+1, x ; get the Is byte of factor 1.
[ 4] | dab Fact 2, x ; get the ms byte of factor 2.
[10] mul ; multiply them
[ 6] addd Prdil, x ; add the result into the partial product.
[ 5] std Prdi, x ; save the result.
[ 3] bcc wul 16 ; Was there a carry into Prd0?
[ 6] inc Pr do, x ; yes. 'add it in.
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0000
0000
0002
0004

A608
EG0A
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E300
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39
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[ 4 Ml 16 | daa Fact 1, x ; get the ns byte of factor 1.
[ 4] | dab Fact 2, x ; get the ms byte of factor 2.
[10] mul ; multiply them
[ 6] addd Pr do, x ; add it to the partial product.
[ 5] std Fact 1, x ; overwite the two paraneters with the result.
[ 5] I dd Prd2, x
[ 5] std Fact 2, x
rtd X, LocSi ze ; return and deal l ocate the |ocals.
[ 2] | dab #LocSi ze ; nunber of bytes to deallocate.
[ 3] abx ; add it to the current stack frame pointer.
[ 3] txs ; deallocate storage by updating stack pointer.
[ 5] pul x ; restore the previous stack frane pointer.
[ 5] rts ; return to the calling routine.
cycles total =170 ; Total nunber of E cycles for a 16 x 16 mul tiply.
*
*
EE RS R SR SR SRS SRR R R RS RS E R E RS E EE R R E EE R R E R E R E R E R EEEEEEEEEEES
*
* This subroutine perforns a 32 by 16 bit unsigned di vi de and produces a 32-bit
* quotient and a 16-bit remainder. Both the divisor and dividend are passed to
* the subroutine on the stack. The 32-bit quotient and 16-bit renni nder are
* returned on the stack in place of the divisor and dividend. This allows the
* calling routine to easily pull the answer fromthe stack and store the result.
* The divisor is pushed onto the stack first, followed by the |ower 16-bits of
* the dividend and finally the upper 16-bits of the dividend. A typical calling
* sequence woul d be:
*
* | dd Di vi sor
* pshd
* I dd Di vi dend+2
* pshd
* | dd Di vi dend
* pshd
* jsr Di v32x16
* pul d
* std Quoti ent
* pul d
* std Quoti ent +2
* pul d
* std Remai nder
*
*
*
*
*
* This subroutine has two |ocal variables. A 32-bit variable for partial
* quotient results that is treated as two 16-bit variables and a 16-bit
* variable for internediate remainder results.
*
* NOTE: This routine was written assuming that the previous stack franme pointer
* is the x-index register. HOAEVER, because the x-index register is required
* by the integer and fractional divide instructions, the y-index register is
* used as the stack frame pointer WTHI N the Di v32x16 subrouti ne.
*
* Decl are | ocal s
*
PCSave set * ; save the current PC val ue.
org 0 ; set PCto O for offsets to |ocals.
Quo0 rmb 2 ; declare upper 16-bits of quotient.
Quo2 rmb 2 ; declare lower 16-bits of quotient.
Rem rmb 2 ; decl are remai nder.
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477 0006 LocSi ze set * ; nunber of bytes of |ocal storage.

478 00AB org PCSave

479 *

480 * O fsets to paraneters

481 *

482 000A Nun0 equ LocSi ze+4 ; upper 16-bits of Dividend.

483 000C Nun® equ LocSi ze+6 ; lower 16-bits of Dividend.

484 000E Denm equ LocSi ze+8 ; 16-bit divisor.

485 *

486 cycles clear

487 *

488 00AB Di v32x16 equ *

489 00AB 3C [ 4] pshx ; save the previous stack franme pointer.

490 00AC clrd ; clear the d-accunul ator

491 00AC 4F [ 2] clra

492 00AD 5F [ 2] clrb

493 00AE pshd ; allocate & initialize the locals.

494 00AE 37 [ 3] pshb

495 00AF 36 [ 3] psha

496 00BO pshd

497 00BO 37 [ 3] pshb

498 00B1 36 [ 3] psha

499 00B2 pshd

500 00B2 37 [ 3] pshb

501 00B3 36 [ 3] psha

502 00B4 1830 [ 4] tsy ; initialize y as the new stack frane pointer.

503 00B6 18ECOA [ 6] I dd Nun®, y ; load the upper 16-bits of the dividend.

504 00B9 CDA30OE [ 7] cpd Denmy ; is the divisor>the upper 16-bits of dividend?

505 00BC 2507 [ 3] bl o Di v32x16a ; yes. use a fractional divide on initial value.

506 00BE CDEEOE [ 6] I dx Denmy ; load the divisor into x.

507 00C1 02 [41] idiv ; divide the upper 16 bits by the divisor.

508 00C2 CDEF00 [ 6] st x QuoO, y ; save the partial quotient.

509 00C5 CDEEOE [ 6] Div32x16a I dx Denmy ; load the divisor into x.

510 00C8 03 [41] fdiv ; resol ve remai nder intoa 16-bit fractional part.

511 00C9 CDEF02 [ 6] st x Qo2,y ; save the partial result.

512 00CC 18EDO04 [ 6] std Remy ; save the renminder of the fractional divide
(partial remainder).

513 00CF 18ECOC [ 6] I dd Nun, y ; get the lower 16-bits of the dividend.

514 00D2 CDEEOE [ 6] I dx Denmy ; get the denom nator again.

515 00D5 02 [41] idiv ; resolve the remaining quotient.

516 00D6 18E304 [ 7] addd Remy ; add the previous renainder to this renninder.

517 00D9 18EDO4 [ 6] std Remy ; save the total renuinder.

518 00DC 8F [ 3] xgdx ; put last partial quotient into d-accunulator...

519 ; & save the total remainder in x.

520 00DD 18E302 [ 7] addd Qo2,y ; add partial quotient tothe |lower 16-bits of the
quotient.

521 00EO 18EDOC [ 6] std Nung, y ; save the result.

522 00E3 18EC00 [ 6] | dd QuoO0, y ; get the upper 16-bits of the quotient.

523 00E6 C900 [ 2] adchb #0 ; add the possible carry to the lower 8-bits.

524 00E8 8900 [ 2] adca #0 ; add the possible carry to the upper 8-bits.

525 OOEA 18EDOA [ 6] std Nuno, y ; save the result.

526 OOED 8F [ 3] xgdx ; get the total renminder back into d.

527 0OEE CDA30OE [ 7] cnpd Denmy ; is the total fractional remainder > the divisor?

528 00F1 2519 [ 3] bl o Di v32x16b ; no. we're finished.

529 00F3 18A30E [ 7] subd Denmy ; yes. It will be < than 2 * Divisor.

530 00F6 18EDO4 [ 6] std Remy ; save the final renuinder.

531 00F9 18ECOC [ 6] | dd Nune, y ; now we nmust add 1 to the 32-bit quotient.

532 00FC C30001 [ 4} addd #1 ; add 1 to the lower 16-bits.

533 00FF 18EDOC [ 6] std Nun, y ; save the result.

534 0102 18ECOA [ 6] | dd Nuno, y ; get the upper 16-bits.

535 0105 C900 [ 2] adcb #0 ; add the possible carry to the |ower 8-bits.
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536 0107 8900 [ 2] adca #0

537 0109 18EDOA [ 6] std Nuno, y
538 010C 18EC04 [ 6]Div32x16b |dd Rem y
539 010F 18EDOE [ 6] std Denm y
540 0112 30 [ 3] tsx

541 0113 rtd X, LocSi ze
542 0113 C606 [ 2] | dab #LocSi ze
543 0115 3A [ 3] abx

544 0116 35 [ 3] txs

545 0117 38 [ 5] pul x

546 0118 39 [ 5] rts

547 *

548 cycl es total =347

549 *

Errors: None

Label s: 30

Last Program Address: $0118
Last Storage Address: $FFFF
Program Bytes: $0119 281
Storage Bytes: $000D 13

Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.
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add the possible carry to the upper 8-bits.
save the result.

get the final remainder.

overwite the divisor.

need to do this for rtd to work correctly. See
NOTE.

deal | ocate locals & return.

nunber of bytes to deallocate.

add it to the current stack frame pointer.
deal | ocate storage by updating stack pointer.
restore the previous stack frame pointer.
return to the calling routine.

Total nunber of E cycles for a 32 x 16 divide.
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