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4 h

AnAwon nmpooBacipoTrnrag

2.€ QUTO TO PABNUa OAec/ol o1 POITATPIEC/TEC aTTOAANBAvVOUV — Kal
QvTioTOIXO UTTOXPEOUVTAl va oéBovral — TO dIKaiwha TnG iong
METAXEIpPIONG. Agv €ival AVEKTA KAl ATTOOEKTN KAVEVOG TUTTOU Kal
MOP®PNG OdIAKpIoN ME KpITAPIO TV €6VIKOTNTA, TN QUAR, TNV
KaTaywyn, Tn YAwooa, To UAo, Tn Bpnokeia, Tnv nAIKia, Tnv uyeia,
TN OWMAOTIKA IKavoTNTa, TNV I0IWTIKA (wr), TOV YEVETNOIO
TTPOOCAVATOAIOUO, TN CWHMATIKN IKAVOTNTA KAl TNV OIKOVOUIKA Kl
KOIVWVIKN KATAOTACN OTNV OTToia auToi BpiokovrTail.

To lNavemoTAuIio ayputrva PEPINVA yia TN dlaagPAAion TNG apxXNng
TWV iowv eukalpiwv Kal TG iong uetaxeipiong. O KOIVWVIKES
TTPOKATAANWEIC KAl O I0EOAOYIKEC TTAPWTTIOEC Eival EVVOIEC TEAEIWG
CEVEC UE TNV ETMIOTAMOVIKNA TTPOOO0 TNV OTToia TO lNavermioTAPIo gival

K TAYMEVO VO UTTNPETE. /
O AIdAOKWV
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NAnpowopieg yia o Mabnua

\_

AIBAOKWV:
AnunTtpng Kapautratlakng, Etrikoupog Kabnyntng
AvaAoyika kal Wnelakd HAeKTpovIKG 2uoThuara

MéEAoG EpyaoTtnpiou Biopnxavikwy Kal EKTTaIOEUTIKWV
EVOWNATWHUEVWY ZUCTNHATWY

Emikoivwvia / TTAnpo@opisg:
Email.
web.

Qpeg Npapeiou:
META aTTd cuvevvonon pe email oto OE 315 (rdvw atrd aib. A1)

/
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mailto:dkara@cs.ihu.gr
http://www.internetofthings.gr/

/

NMAnpowopieg yia o Mabnua (Fevikég)

\

\_

KdaBe Tpitn, MéptrTn 12.00 11.4. - 14.00 p.p. pABONua Bewpiag
o1o MeydaAo Ap@iBsartpo (utTopeEi va aAAAdlel e
OVOKOIVWOEIG).

H diaxeipion Tou paBAuaTog Oa yivel e XpRon TNG UTTNPECIAg

‘OAol o1 PoITNTEG TTPETTEI VA £XOUV AoyapIaoO OTO

H 1ocTo0€Aida pe 11§ TTAnpOPOpPiIEG TOU HOBAUATOG:

YAIK6 TOU padnuarog oto moodle:

/
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https://courses.cs.ihu.gr/
http://iees.cs.ihu.gr/?page_id=3209
https://moodle.cs.ihu.gr/

e

™

NMAnpo@opieg yia To Mabnua (AgioAdéynon)

\_

H BaBuoAoyia givai a1To TNV TEAIKN £EETAON KAl aTtrod
TIG ATOMIKEG EpYOCies (1 OT AOKNOEWYV) TTOU B d0B0UV yia TO
OTTIiTI.

H TeAIKA €€€TaON €ival NE AVOIXTO TO KUPIO OCUYYPOHHO TOU
MOaBARuaTOG.
O BaOuo6g Tou pabnuartog (BM =TE*0,75 + 2A*0,25) Trpétrel va

gival TouAayioTov mrEvre (5). AZ10AOYNGN LOBALGTOC

0,1
TeAikn E¢ETaon Eicaywyikry = Epyacieg

22-A1ip-24 Alag. 5



4 h

NMAnpo@opieg yia To Mabnua (Movadeg)

Kwdik6g MabuaTtog: 206EYYK

E¢aunvo: 20

Tutrog Madnuarog: YmroBabpou, Avatrtugng AeCloTnTwy
Eidog Mabnuarog: YroxpewTiko (YT1)

A1daokaAia Oewpiag: 3 wpec/edopada

Ai1daokalAia PpovrioThplo: 1 wpec/efdouada
MoTtwrTikéG povadeg ECTS: 7

FA\wooa di1dackaAiag Kal E¢eTaocewv: EAANVIKG

\_ /

22-Atrp-24 Alag. 6




4 h

NMAnpo@opieg yia o Mabnua (Poprog)

ApaocTtnpioTnTa PopTOG EPpYyaCiag ECApVOU
AlaAégeig /8 wpeg

PpovTioTnplakéG ACKNOEIG 26 WPEC

patrtég ESeTdOEIg 2 WPEC

patrTég Epyaoieg 34 wpeg

AuTtoTteAng MeAéTn 35 wpeg

2UvoAo 175 wpeg (7 ECTS)

\_ /
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4 h

Kupio 2uyypappa MaOnuarog (EYAO=02)

S Opyavwon kai Zxediaon

OPrANQzH Y1roAoyioTWwV
KAl EXEAIAZH

YMOAOIIZTQN

2uyypagiac: MNoyapidng AnunTpiog

‘ETtog 'Ekdoong: 2019

Kwdikog otov EUd0go: 86192986

B b s

22-A1ip-24 Ailag. 8




4 h

AoyIOHIKO - AvanTudlaKoO

A’ pépog pabiuarog (CISC):
Assembly yia Tov Motorola68000
A\oyIOUIKO easy68k
B’ népog pabiuarog (RISC):
YAoTtroinon oxedidocwyv o€ avatrTugliakd Arduino (TTpOIPETIKN
ayopd Tou UAIKOU UM@PWVA [E TIG 00NYIEC)
Noyiopiko Arduino IDE

H yAwooa 1Tpoypapuatiopou (C++) Kal o1 EVTOAEC TTOU
uttooTnpilel eival dlIaB£oIYeC OTO:

\_ /

22-Atrp-24 Alag. 9



http://www.easy68k.com/
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/reference/en/

M68000
Y mopovtiveg - Subroutines

A subroutine (aka function) is a piece of code
that can be called from some point in a
program to carry out a specific task.



Subroutines Basics

A subroutine is a sequence of,

usually, consecutive instructions .

that carries out a single specific ARl progal oo

function or a number of related ol DL

functions needed by calling e NERT:  nRL T

programs. <Mmain program codez

A subroutine can be called from

one or more locations in a

program. SUBROUTINE « |
codle for subroutine

Subroutines may be used where <return:

the same set of instructions W

sequence would otherwise be

repeated in several places in the

program.
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Programming Subroutines

« Why use subroutines?
— Code re-use
— Easier to understand code (readability)
— Divide and conquer

« Complex tasks are easier when broken down into smaller tasks

— Simplify the code debugging process.

« How do we call a subroutine in assembly?
— Place the parameters somewhere known
— JSR or BSR to jump to the subroutine
— RTS to return

8-12



printf (“%d\n” b);

/* subrtn sqr */
int (int val) {
int sqgval;

sgval = val * val;

return sqgval;

Assembly

MAIN

; *** gsubroutine SQR ***

;*** data area ***

o

MOVE . W A, D1
JSR

MOVE . W DO, B
STOP #52700
MULU.W D1,D1
MOVE . W D1, DO
RTS

ORG $2000
DC.W 5

DS.W 1

END MAIN

8-13




68000 Subroutine Calling Instructions

BSR <subroutine_label>

« BSR = Branch to SubRoutine Example-

« subroutine label is the
address label of the first

instruction of the subroutine.
« subroutine label must be
within no more than a 16-bit

signed 2s complement offset,
I.e. within plus or minus 32K of
the BSR instruction.

« Supports Short branch (8 bit — 2
bytes, one opcode one offset)
and Long branch (16 bit — 4
bytes, two opcode two offset).

 Does not affect CCR 8-14




68000 Subroutine Calling Instructions

JSR <ea>
Dn | An (An) | (An)+ | -(An) | d(An) | d(An,Rn) | (xxx).W | (xxx).L | #<data> d(PC) | d(PC,Rn)
v v v v v v v

* JSR = Jump to SubRoutine

Similar In functionality to BSR, addressing mode <ea> must be a
memory addressing mode.

— 1.e. <EA> cannot be a data or address register.
« The advantages of this instruction:

— A number of different addressing modes are supported.

— The address of the subroutine can be computed dynamically at execution
time using ARI addressing modes

» Allows the selection of the subroutine to call at runtime

— JSR does not affect CCR

Supports longword branch (6 bytes, two for opcode & four Address).
JSR is the most common form used for calling a subroutine.

8-15



JSR Example

What JSR label does
1. Decrement SP by 4.

(using absolute mode) :

2. Save current PC on top of stack.
3. Jump to subroutine.
In other words:

1. SP <« [SP] - 4
2. [SP] « [PC]
3. PC < address-of-label
BSR label
O Same, but offset from the current PC 1is
stored instead of the absolute address $6]:T‘]:T‘C OOOO ................
S6FFE | 1012
1000 MOVE . L #5,D1
1006 LEA ARRAY, AO $7OOO ?
100C JSR SUMARR
1012 MOVE. L DO, SUM
1018 STOP #52700
101E NOP
1020 SUMARR CLR.L DO SP 00007000 00006FFC
RTS
ARRAY DC. L 12,15, 31 PC 0000100C 00001020
SUM DS.L 1
END Before After




JSR vs BSR

JSR label does: * BSR /abel does:

1. Decrement SP by 4 1. Decrement SP by 4

2. Save current PC on top of stack 2. Save current PC on top of stack

3. Jump to subroutine. New PC can 3. Branch to subroutine. New PCis
be derived using absolute mode computing using current PC and
and several address register offset provided by instruction.
indirect mode. * |n other words:

In other words: 1. SP < [SP] -4

1. SP<[SP]-4 2. [SP] < [PC]

2. [SP] < [PC] 3. PC < PC + offset

3. PC < <ea>

17



68000 Subroutine Return Instruction
RTS

RTS = ReTurn from Subroutine

Pops off the long word (return
address) of the top of the stack
and puts it in the program counter
In order to start executing after the
point of the subroutine call.

Post increments the stack pointer
SP by 4

Equivalent to the set of
Instructions: —

MOVEA.L (SP)+,A0
JMP (A0)
Does not affect CCR

Example:

8-18



RTS Example

What RTS does:

O Pop the address from the stack back

into the PC

O MOVE.L (SP)+, PC
In other words:
O PC <« [SP]
O [SP] « [SP] + 4
1000 MOVE. L #5,D1
1000 LEA ARRAY, AQ
100C JSR SUMARR
1012 MOVE.L DO, SUM
1018 STOP #$2700
101E NOP
1020 SUMARR CLR.L DO
1032 RTS
ARRAY DC.L 12,15,31
SUM DS.L 1
END

SP
PC

SOFFC | 0000 =—

S6FFE | 1012

$7000 ? PR
0O0006FFC 00007000
00001032 00001012
Before After




Nested Subroutines

Main Program

Subl:

Sub2

BSR Subl

STOP #$2700

BSR Sub2

RTS

RTS

Main program
-B g Sub1 Sub?

P 4
v
i
f”
I
/.

BSR Subl BSR/subz

o =
“\\/ RTS
RTS
STOP



4016

Nested Subroutines

’ 4016

A7

4016

A7
A7
NIUI <
4016
miv
k’@&



Passing Parameters High Level
Programming Langs

Passing by value: Passing by reference:
n=>5; n=>5;
sub(n); sub(&n);
printf("%d",n); printf("%d",n);
void sub (int n) { void sub (int* n) {
n++; (*n)++;
} }

The output here will be 5 The output here will be 6

22




Passing Parameters to Subroutines

« Parameters may be passed to a subroutine by using:

— Data and Address Registers:

« Efficient, position-independent.
It reduces the number of registers available for use by the programmer.

— Memory locations:

« This is similar to using static or global data in high level languages.

» Does not produce position independent code and may produce unexpected
side effects.

— Stacks:

« This is the standard, general-purpose approach for parameter passing.
The LINK and UNLK instructions may be used to create and destroy
temporary storage on the stack.

 Similar to the approach used by several high-level languages including C.



Writing Transparent Subroutines

A transparent subroutine doesn’t change any registers
except DO, D1, AO and Al.

If we need more registers than this, we must save the
register values when we enter the subroutine and
restore them later.

Where do we store them? You guessed It: the stack.

The 68000 provides a convenient instruction,
MOVEM, to push the contents of several registers to
the stack at one time.
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A Transparent Subroutine

subrl MOVEM.L D2-D3/A2-A3,-(SP) Do
- MOVE.L #32,D2 D2
. -MOVE.L 20 (SP),D3 D3
T D3
MOVEM.L (SP)+,D2-D3/A2-A3 A2
RTS A2
A3
We can now safely modify D2, D3, A2 23
and A3, knowing that we will restore SR
their original contents later. trn
We saved 4 registers, so the last SOFFC | P2
parameter lives at SP + (4x4) + 4. (4 SOFFE | P1
bytes/reg + 4 for the return addr.) 57000 [ ?




Two Mechanisms For Passing Parameters

* By Value:

— Actual value of the parameter is transferred to the subroutine.

— This 1s the safest approach unless the parameter needs to be
updated.

— Not suitable for large amounts of data.

— In order to pass a parameter by value through the stack, one may
use the instruction:

MOVE <EA>,- (SP)
« By Reference:
— The address of the parameter is transferred.

— This is necessary if the parameter is to be changed.
— Recommended in the case of large data volume.

— In order to pass a parameter by reference through the stack, one
may use the instruction:

PEA <EA>



Passing By Value & Reference

We pushed the value of NUM1, NUM2, and NUM3
on the stack.

What if we want to change the input parameter
values?

For example, what if we want to write a subroutine
that will multiply all of its arguments’ values by 2,
actually changing the values in memory?

We must pass the parameters by reference...



The PEA Instruction

« PEA — Push effective address

 PEA <ea>
Dn | An (An) | (An)+ | -(An) | d(An) | d(An,Rn) | (ox).W | (xxx).L | #<data> d(PC) | d(PC,Rn)
v v v v v v v
PEA label
is the same as...
LEA label, A0

MOVEA.L A0, - (SP)

but without using AO.

* You can “abuse” this instruction to push a constant
or any value on the stack.
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Passing Parameters In Registers

main MOVE . W A,DI1
MOVE . W B, D2
MOVE . W C,D3
JSR MUL3
MOVE . W DO, D  The number to be
STOP #52700 MULTIPLIED is in
MUL3 MOVE . W D1, DO Dl’DZ & D3
wiew oo * The resultis
- returned in DO, and
eventually passed
; data area to D
ORG $2000 '
A DC.W 5
B DC.W 0
C DC.W '/
D DS.W 1

END $1000



; caller

malin MOVE.
JSR
MOVE .
STOP

; callee

sqr MOVE .
MULS.
RTS

; data area
ORG

A DC.W

B DS.W

Passing Parameters In Registers

end

= =

A,D1
sqgr
vesooo ° Thenumber to be
squared is in D1.

b1, DO * The resglj[ ISDO
50, DO returned in DO.

* D1 is unchanged.
$2000
S}
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Passing Parameters in Memory

main

MUL33

; data area

O Q w >

TEMP

TEMP1
TEMP2
TEMP3

MOVE.
MOVE.
MOVE.

JSR

MOVE.
MOVE.
MULS.
MULS.
MOVE.

RTS

ORG
DC.
DC.
DC.
DS.
DS.
DS.
DS.
DS.
end

= =2 =2 =2 =2 = =2 =

= = =

= = =2 = =

A, TEMP1
B, TEMP2
C, TEMP3
MUL33
TEMP, D
TEMP1, DO
TEMP2, DO
TEMP3, DO
DO, TEMP

$2000

R R R PR d oy O

* The numbers to be
squared is stored In
TEMP(X)s first.

 The resultis
returned in TEMP.



Passing Parameter on the Stack

« If we use registers to pass our parameters:

— Limit of 7 parameters to/from any subroutine (DO is
reserved to hold the single value returned by the
subroutine).

— We use up registers so they are not available to our
program.

* S0, Instead we push the parameters onto the
stack.

e Our conventions:

— Parameters are passed on the stack.
— One return value can be provided in DO.

— DO, D1, A0, Al can be used by a subroutine. Other

registers must first be saved. -



First Things First. ..

« Both the subroutine and the main program must
know how many parameters are being passed!

— In C we would use a prototype:

Int power (int number, int exponent);

— In assembly, you must take care of this yourself.

e Things to do:
— Push parameters onto the stack

— Access parameters on the stack using indexed addressing
mode

— Draw the stack to keep track of subroutine execution

e Parameters
* Return address

— Clean the stack after a subroutine call

8-33



Steps In using Stacks

CALLER CALLER

1. Push parameters on stack 2. Call the subroutine

MOVE.W #100,-(SP) JSR SOR
MOVE.W #20,-(SP)

SP
SP —*| RAH |
» 0014 RAL
0064 Juld
0064

RAH = Return Address High
RAL = Return Address Low

34



CALLEE

3. Extract parameters from stack

SP

Steps In using Stacks

MOVE . W
MOVE . W

4 (SP), DO
6 (SP), D1

SP+4

| EAH |
RAT

SP+6

Y

0014

0064

CALLEE

4. Use the parameters & store
calculation result in DO.

MULU D1, DO

CALLEE
5. Return to caller

RTS

P

PC

EAH | FAL

™ 0014

0064

RAH = Return Address High
RAL = Return Address Low




Steps In using Stacks

CALLER CALLER

6. Use returned data 7. Clean up the stack

MOVE.W DO, SAVE ADDA #4,SP
SP [ sp il
_oeEa
0014 >
O0ed

36



Passing Parameters On The Stack

Mul3 - multiply three numbers and place the result in DO.

*kkkhkkkhkh*k*k Main Program LI i b b b b b b b b b i i b b i b b b b b b b b b i i i i i g 4

1000 START MOVE .W NUM1, - (SP) ;Push first param
1006 MOVE . W NUM2, - (SP) ; Push 2" param
100C MOVE . W NUM3, - (SP) ; Push 3%9 param
1012 JSR MUL3
1018 ADDA.L #6,SP ;Clean the stack!
101E STOP #52700
1020 NOP
; XKk k), kK%K SU.brOU.tine MU.lB R A db i i b b b i b b b A i b b b i i b b g g i i b i i i ¢
1022 MUL3 MOVE . W 4 (SP),DO ;D0 = NUMS3
1026 MULS . W 6 (SP),DO ;D0 *= NUM2
102A MULS . W 8 (SP), DO ;D0 *= NUMI1
102E RTS ;SP --> rtrn addr!
ORG $2000
2000 NUM1 DC.W 5
2002 NUM2 DC.W 6
2004 NUM3 DC.W 7
2005 NUM4 DS.L 1
END
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Passing Parameters By Reference

dbl3 - double the values of three parameters

1000
1006
100C
1012
1018
101E
1020

2000
2002
2004

START

NUM1
NUMZ2
NUM3

PEA
PEA
PEA
JSR
ADDA . L
STOP
NOP
ORG
DC.W
DC.W
DC.W
END

NUM1
NUM2
NUM3
DBL3
#12,SP
#52700

$2000
5
8
2

S6FFC
S6FFE
$7000

0000

1018

0000

2004

0000

2002

0000

2000




Using Parameters Passed By Reference

14

dbl3 - double the values of three parameters

e kA Kk Kk kKK Subroutine dblB Ak kkKkk k)%

DBL3 MOVEA.L 4 (SP),A0

MOVE . W (AO) , DO
MULS . W #2,D0
MOVE . W DO, (AO)
MOVEA.L 8 (SP),A0
. ; repeat for each
RTS
ORG $2000

2000 NUM1 DC.W 5

2002  NUMZ DC.W 8

2004  NUM3 DC.W 2
END

S6FFC
S6FFE
$7000

0000

1018

0000

2004

0000

2002

0000

2000

8-39



Characteristics Of Good Subroutines

Generality — can be called with any arguments
— Passing arguments on the stack does this.

« Transparency — you have to leave the registers like you found
them, except for DO, D1, AO, and Al.

— We use the MOVEM instruction for this purpose.
« Readability — well documented.

— See the example handout.
« Re-entrant — subroutine can call itself if necessary

— This is done using stack frames, something we will look at in a
few days...
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Example: Power Calculation Subroutine

« Asubroutine is needed which accepts two integers as input parameters:

— abase, B (asigned integer), Size = one byte (range: -128 <B < 127)
— an exponent E (a positive integer) Size = one byte,
— and, compute the function BE size of answer =long word

Functional specification (pseudo code) of subroutine POWER:

POWER (B, E)
D1 =B ;input arguments, base
D2 =E ;exponent, a positive integer
initialize D3 to 1 ;answer initialized to 1
while D2 >0
D3 = D1*D3 ;compute function using
D2=D2 -1; ;continued product of base
end POWER

Return to calling program



Basic Flow Chart of Power

Subroutine
POWER ‘ Start Point

D1 = base

D2 = exponent

D3=1

\ 4

D3=D3*D1

\ 4

D2=D2 -1

No

D2 =07

Yes

Effect on The Stack
Word

SP during

subroutine LReturn
address

Initial SP
(and after
return from
subroutine)

Return to
calling program




POWER:

Four Parameter Passing Cases

* We’ll examine four assembly versions of the subroutine
POWER and sample Main programs that calls it.

» Each version uses a different parameter passing method:

— Case 1:
— Case 2:

— Case 3:
— Case 4:

Parameter passing by value, using data registers.

Parameter passing by reference, using address
registers.

Parameter passing by value, using the stack.

Parameter Passing by reference, using the stack




POWER Subroutine Example (Case 1)

MAIN ORG

oY)

MOVEA.L

MOVE.B
EXT.W
CLR.W
MOVE.B
BSR

LEA
MOVE.L

STOP
ORG
DC.B
DC.B
DS.L

Parameter Passing by Value: Using Data Registers

- Main Program -

$400

#$07FFE,SP

B,D1

D1

D2

E.D2
POWER

AA5
D3,(A5)

#$2700
$600

4

2

1

Main Program origin

Initialize Stack Pointer

Put base number into D1

Sign extend base to word length
Clear D2 before loading exponent
Put exponent number into D2
Call subroutine POWER

put address of answer into A5
save answer

Done

Base number stored here
Exponent number stored here
answer to be stored here



POWER Subroutine Example (Case 1)

Parameter Passing by Value: Using Data Registers
Continued - Subroutine

ORG $800
POWER MOVE.L #1,D3
LOOP MULS D1,D3
SUB #1,D2
BNE LOOP
RTS

Subroutine POWER origin
initialize result to 1

multiply result with base
decrement power by one

and repeat as long as power > 0
Done, return to calling program



POWER Subroutine Example (Case 2)

Parameter Passing by Reference: Using Address Registers
- Main Program -

MAIN ORG
MOVEA.L
LEA
LEA
BSR

LEA
MOVE.L

STOP
ORG
B DC.B
E DC.B
A DS.L

$400
#$07FFE,SP
B,Al

E,A2
POWER

A,A5
D3,(A5)

#$2700
$600

4

2

1

Main Program origin
Initialize Stack Pointer
Al points to base number
A2 points to exponent
Call subroutine POWER

put address of answer into A5
save answer in memory

Done

Base number stored here
Exponent number stored here
answer to be stored here



POWER

LOOP

POWER Subroutine Example (Case 2)

Parameter Passing by Reference: Using Address Registers
Continued - Subroutine

ORG
MOVE.B
EXT.W
CLR.W
MOVE.B
MOVE.L
MULS
SUB
BNE

RTS

$800
(A1),D1
D1

D2
(A2),D2
#1,D3
D1,D3
#1,D2
LOOP

Subroutine POWER origin

copy base number to D1

Sign extend base to word length
Clear D2 before loading exponent
copy exponent to D2

initialize result in D3 to 1
multiply result D3 with base D1
decrement power in D2 by one
and repeat as long as power >0
Done, return to calling program



68000 Addressing Modes Revisited:

Address Register Indirect Addressing with
Displacement

« The addressing notation:
d16(A0) or (d16,A0)

— Refers to the address contained in register AO plus a signed
16 bit displacement d16

— Some assembles accept only one of the above syntax forms.
« Examples:

MOVE.L (12,A4),D3 or  MOVE.L 12(A4),D3
MOVE.W (-$4,A1) D0 or  MOVE.W -$4(A1),D0



MAIN

POWER Subroutine Example (Case 3)
Parameter Passing by Value: Using The Stack - Main Program -

ORG

MOVEA.L

MOVE.B
EXT.W

MOVE.W

CLR.W
MOVE.B

MOVE.W

BSR
MOVE.L

LEA
MOVE.L

STOP
ORG
DC.B
DC.B
DS.L

$400

#$07FFE,SP

B,D1

D1
D1,-(SP)
D2

E,D2
D2,-(SP)
POWER
(SP)+,D3
A,A5
D3,(A5)
#$2700
$600

4

2

1

Main Program origin

Initialize Stack Pointer

Put base number into D1

Sign extend base to word length
push base B onto the stack

Clear D2 before loading exponent
Put exponent number into D2

push exponent E onto the stack
Call subroutine POWER

pop answer from stack resetting SP

put address of answer into A5
save answer

Done

Base number stored here
Exponent number stored here
answer to be stored here



POWER

LOOP

POWER Subroutine Example (Case 3)

Parameter Passing by Value: Using The Stack

ORG

MOVE.W

CLR.W
MOVE.B
MOVE.L
MULS
SUB
BNE
MOVE.L
RTS

$800
6(SP),D1
D2
4(SP),D2
#1,D3
D1,D3
#1,D2
LOOP
D3,4(SP)

Continued - Subroutine -

Subroutine POWER origin

copy base from stack to D1
Clear D2 before loading exponent
copy exponent from to D2
initialize result in D3 to 1
multiply result D3 with base D1
decrement power in D2 by one
and repeat as long as power >0
Push result onto the stack

Done, return to calling program



Just before

calling Subroutine  Word

Current SP—T—>

4
Initial SP _L.

Just before
return to main

Current SP——

f
8

|

Initial SP  ——
(Case 3)

»

<

Exponent E

Base B

Word

Return

address

f
R —

Effect on The Stack

Just after

calling Subroutine  Word

<

CurrentSP ——

f
8

|

Initial SP ——

Just before
end of main

Current SP
= Initial SP

Return

Exponent E

Base B

Word

J 3
\




MAIN

POWER Subroutine Example (Case 4)

Parameter Passing by Reference: Using The Stack

ORG
MOVEA.L
PEA
PEA
PEA
BSR
LEA
STOP
ORG
DC.B
DC.B
DS.L

- Main Program -

$400 Main Program origin

#$07FFE,SP Initialize Stack Pointer

B Push address of Base onto the stack

E Push address of Exponent onto the stack
A Push address of Answer onto the stack
POWER Call subroutine POWER

12(SP),SP Stack clean-up: stack pointer reset
#$2700 Done

$600

4 Base number stored here

2 Exponent number stored here

1 answer to be stored here



POWER Subroutine Example (Case 4)

Parameter Passing by Reference: Using The Stack
Continued - Subroutine -

ORG

POWER MOVEA.L

LOOP

MOVEA.L
MOVEA.L
MOVE.B
EXT.W
CLR.W
MOVE.B
MOVE.L
MULS
SUB
BNE
MOVE.L
RTS

$800
12(SP),Al
8(SP),A2
4(SP),A3
(A1),D1
D1

D2
(A2),D2
#1,D3
D1,D3
#1,D2
LOOP
D3,(A3)

Subroutine POWER origin

load Base address in Al

load Exponent address in A2
load Answer address address in A3
Put base number into D1

Sign extend base to word length
Clear D2 before loading exponent
copy exponent from to D2
Initialize result in D3 to 1
multiply result D3 with base D1
decrement power in D2 by one
and repeat as long as power >0
Save result in memory

Done, return to calling program



Effect on The Stack

Just before Just after
calling Subroutine  Word calling Subroutine  Word
% > < >
................................ Current SP — | Return | 0
Address
CurrentSP— [ Answer | [ Answer [*4
Address Address
PEA B Exponent BSR POWER Exponent | +38
PEA E Address Address
PEA A
..Base ..Base  [*12
Address Address
Initial SP —— Initial SP ——

(Case 4)



Effect on The Stack

Just after return
to main Word

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

Current SP——| Answer 0

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

Address
RTS > Exponent | +4
Address
.Base [ +8
Address
Initial SP —— +12

(Case 4)

Just after stack
clean-up in Main Word

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

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

LEA 12(8P),§

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

Current SP =

Initial SP ——




Questions?

How does a subroutine returns immediately after the call
site?
Where and how does it return a value?

Where and how are we passing arguments to a
subroutine?

What happens to register values once a subroutine is
called. Do we require that the subroutine preserves their
values or is it OK to overwrite some registers?

Where and how are we allocating storage for any local
variables (i.e., variable that belong to the subroutine)?



ASCII-Encoded Decimal To Binary
Conversion

e A useful subroutine

* Subroutine DECBIN
* AQ0 points to the highest character of a valid five character
* ASCII-encoded decimal number with a maximum value 65535
* The decimal number is converted to a one word binary wvalue
* stored in the low word of DO
DECBIN CLR.L DO Clear result register
MOVEQ #5,D6 Initialize loop counter to get 5 digits
NEXTD CLR.L D1 Clear new digit holding register
MOVE.B (AO)+,D1 Get one ASCII digit from memory
SUB.B #$30,D1 Subtract ASCII bias $30
MULU #10,D0 Multiply DO by 10
ADD.W D1,DO0 Add new digit to binary wvalue in DO
SUB.B #1,D6 Decrement counter
BNE NEXTD If not done get next digit
RTS

8-57



ASCII-Encoded Decimal To Binary
Conversion

* A better wversion

Subroutine DECBIN

* % %* % %

stored in the low word of DO

AQ points to the highest character of a valid five character
ASCII-encoded decimal number with a maximum value 65535
The decimal number is converted to a one word binary wvalue

DECBIN MOVEM.L D1/D6,-(SP) Save the registers we’re borrowing

MOVEQ #0,DO
MOVEQ #5,D6

digits

NEXTD MOVEQ #0,D1
MOVE . B (A0)+,D1
SUB.B #$30,D1
MULU #10,D0
ADD.W D1,DO
SUB.B #1,D6
BNE NEXTD

MOVEQ faster than CLR.L
Initialize loop counter to get 5

Clear new digit holding register
Get one ASCII digit from memory
Subtract ASCII bias $30

Multiply DO by 10

Add new digit to binary wvalue in DO
Decrement counter

If not done get next digit

MOVEM. L (SP)+,D1/D6Restore registers

RTS

8-58



Review Problem #1

*kk Kk Kk Kk k%K Maln Program *kk Kk Kk kKKK

1000
1006
100C
1012
1018

START

MOVE. L NUM1, - (SP)
MOVE. L NUMZ2, - (SP)
MOVE. L NUM3, - (SP)
JSR SUB1

Next instr..

*xkxxkxkx Subroutine SUBL **x**xx

1022
1026
102E

2000
2004
2008

SUB1

NUM1
NUMZ
NUM3

RTS

ORG $2000
DC.L $150
DC.L $180
DC.L $12
END

8-59



1000
1006
100C
1012
1018

Review Problem #2

START

MOVE. L
MOVE. L
MOVE. L
JSR

NUM1, - (SP)
NUM2, - (SP)
NUM3, - (SP)
SUB1

Next instr..

FrxxxkEE Subroutine SUBL ***x*xxxx

1022
1026
102E
1032

2000
2004
2008

SUB1

NUM1
NUMZ2
NUM3

MOVEM. L

D2-D3/A4, - (SP)

. ; show stack

MOVEM. L
RTS

ORG
DC.L
DC.L
DC.L
END

(SP)+,D2-D3/A4

$2000
$150
$180
$12

8-60
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