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4 h

AnAwon mpoofacipoTnrag

2.€ QUTO TO MABNUa OAec/ol o1 POITATPIEC/TEC AaTTOAANBAvVOUV — Kal
avTioTOIXa UTTOXPEOUVTal va céBovral — 1O dIKaiwha TnG iong
METAXEIpPIONG. Agv gival AVEKTA KAl ATTOOEKTN KAVEVOG TUTTOU KAl
MOPPNG OdIAKPpIoN ME KPITAPIO TV €6VIKOTNTA, TN QUAR, TNV
KaTaywyn, TN YAwooa, To UAo, Tn Bpnokeia, TNV nAIKia, Tnv uyeia,
TN OWMATIKA IKavoTNTa, TNV I0IWTIK {wr), TOV YEVETNOIO
TTPOCAVATOAIONO, TN CWWATIKN IKAVOTNTA KOl TNV OIKOVOMIKA Kal
KOIVWVIKNA KATAoTaon TNV OTToia auTtoi BpiokovTal.

To lNavemoTAuIo ayputiva PEPIMVA yia TN dlacgPAaAion TNG apxXNng
TWV iOWV EUKAIPIWY Kal TNG iong MeTaxeipiong. O1 KOIVWVIKEG
TTPOKATAANWEIC KAl O IOEOAOYIKEC TTAPWTTIOEC Eival EVVOIEC TEAEIWG
CEVEC UE TNV ETTIOTAMOVIKA TTPOOO0 TNV OTToia TO lNavermoTAPIo gival

K TAYPEVO VA UTTNPETEI. /
O AIdAoKwWV
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NAnpowopieg yia to Mabnua

\_

AIBGOKWV:
AnunTtpng Kapautratlakng, Etrikoupog Kabnyntng
AvaAoyika kal Wnelakd HAeKTpovIKG 2uoTrhipaTa

MéEAoG EpyaoTtnpiou Biopynxavikwy Kal EKTTaIdEUTIKWY
EVvoOwPATWUEVWY ZUCTNHATWY

Emikoivwvia / TTANpo@opieg:
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 To MabOnua (IFevik€g)

\

\_

KdaOe Tpitn, Méutrtn 12.00 11.4. - 14.00 p.p. paOnua Bewpiag
o1o MeydaAo Ap@iBsarpo (ptropei va aAAadel pe
OVOKOIVWOEIG).

H diaxeipion Tou yaBAuaTog Oa yivel ye XpRon TG UTTNPECIag

‘OAol o1 PoITNTEG TTPETTEI VA £XOUV AoyapIaoHO OTO

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

YAIK6 TOU pa@nuarog oto moodle:

/
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https://courses.cs.ihu.gr/
http://iees.cs.ihu.gr/?page_id=3209
https://moodle.cs.ihu.gr/
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NMAnpowopieg yia To Mabnua (AgioAdéynon)

\_

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

H TeAIKA €§€TaoN €ival NE AVOIXTO TO KUPIO CUYYPOHHO TOU
HOaORuaTOoG.
O BaBuoég Tou pabnuartog (BM =TE*0,75 + 2A*0,25) Trpétrel va

gival TouAayioTov Trévre (5). AEI0AOYNGN HOBALGTOC

0.1
TeAikn E¢ETaon Eicaywyikry = Epyaocieg
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4 h

NMAnpowopieg yia o Mabnua (Movadeg)

Kwdik6g MabuaTtog: 206EYYK

E¢aunvo: 20

Tutrog Ma@nuarog: YmroBaBpou, Avatrtugng AeCIoTnTwyY
Eidog Mabnuarog: YmoxpewTiko (YT1)

A1daokaAia Oewpiag: 3 wpec/edopada

Ai1daokalAia PpovTioThAplo: 1 wpec/edouada
MoTtwrTtikéG povadeg ECTS: 7

NA\wooa di1dackaAiag kal EeTaocewv: EAANVIKG

\_ /
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4 h

NMAnpo@opieg yia o Mabnua (Poprog)

ApaocTtnpiotnta PopTOG EPpYyaCTiag EEapnvou
AlaAégeig 78 wpeg

PpovTioTnplakéG ACKNOEIG 26 WPEC

Npatrtég ESeTdOoEIg 2 WPEC

MpatrTég Epyaoieg 34 wpeg

AuTtoTteAng MeAéTn 35 wpeg

2UvoAo 175 wpeg (7 ECTS)

\_ /
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Kupio 2uyypappa Mabnuarog (EYAO=02)

™

angfrpng Noyopibn <

OPrANQzH
ka1 ZXEAIAZH
YMOAOIIZTQN

1P g

.

Opyavwon kai Zxediaon
YTTOAOYIOTWV

2uyypagéac: MNoyapidng AnunTpIog

‘ETog 'Ekdoong: 2019

Kwdikd¢g otov EUd0Co: 86192986

18-Atrp-24
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4 h

AoyiIoHIKO - AvanTudlaKo

A’ pépog pabiuarog (CISC):
Assembly yia Tov Motorola68000
A\oyIOUIKO easy68k
B’ népog padARupartog (RISC):
YAoTtroinon oxedlacewyv o€ avatrTu¢liakd Arduino (TTpoaIpETIKA
ayopd Tou UAIKOU CUH@WVA PE TIC 00NYiEQ)
Noyiopiko Arduino IDE

H yAwooa 1Tpoypapuatiopou (C++) Kal o1 EVTOAEC TTOU
uttooTnpicel eival dIaBEaIPEC OTO:

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

M68000
20po¢ — ZtoiPo — Stack



Stacks

« A stack i1s a Last In First Out
(LIFO) buffer containing a number

of data items usually implemented as ,  Avordvidh—
a block of n consecutive bytes,

. Empty apush o'peration decrements the
words or long words in memory. v stack poirter by 1 word (2 bytes)

« The address of the last data item

placed into the stack is pointed to by wes V7100707 —Seckpointerisaddess ¢ oy op
the Stack Pointer (SP).
. Application of stacks: B ooy 1 wcrd (2 by

— Temporary storage of variables

N Te m pO rary StO rag € Of p rog ram Initial value “/' addresses increase in
addresses of stack pointer (SP) this direction on the 68000

— Communication with subroutines

18-Atrp-24 Aiag. 11



M68000 Stacks

In fact, stacks are nothing more than a region of memory. Any part of the
linear memory space of the 68000 can be used as storage space for stacks.

Stack addresses begin in high memory ($07FFE for example) and are
pushed toward low memory ($07F00 for example). i.e. 68000 stacks grow
into low memory.

Other CPUs might do this in the reverse order (grow in high memory).

Normally, address register A7 is used as a main stack pointer (SP) in the
68000. Using this register for other addressing purposes may lead to
Incorrect execution.

68000 (Hardware) stack item size:

— One word for data (by 2).

— One longword for addresses (by 4).
All you need to transform an ordinary section of memory into a stack is an
address register to act as a stack pointer. User-defined stacks that use other
item sizes (byte, word, longword), may be created by using address

registers other than A7. Since the 68000 has 8 address registers, you can
maintain up to 8 stacks simultaneously.

A user defined stack pointer is incremented/decremented by values of 1, if
the operations are byte operations, by 2 for words and by 4 for longwords.




The Stack Pointer

~Is a special address register, called the stack
pointer.

When programming assembly, we can use as an
alias for

MOVEA.L #$3000,SP
It is also called ( )

There Is also a supervisor stack pointer, but we
won’t worry about it yet.

For each data element added to the Stack, the value
of the SP Is decremented by 2 or 4. Even if we place
a byte of data on the Stack, the SP is always changed
by 2, to allow a mixture of byte, word and longword
data on the Stack.

Data on the Stack should always be aligned at even
byte boundaries.

18-Atrp-24 Ailag. 13




Mvijpn

AEIKTEC 2MPOV

00000004 °
XpNnom
> <
Kopve1 copov KOl
: X0Pog y
Xpiotn Emontn
Idtoc cwpov
68000 4
USP
SSP
> <
Kopve1 copov
X0Pog
Enontn
Ildtoc cwpov -
FFFFFE ¢




* O mikposneepyaotng 68000 YpnoLUOTOLEL GPYLTEKTOVIKN
MTPOGUVIUTOAMGUEVOV GMPOV.

* O 68000 o1a0&TEL V0 COPOVS KL OVO OEIKTES GMPOV, 70
oeixtn cwpov ypnory (User Stack Pointer 7 USP) kot 7o
ociktny cwpov erwonty (Supervisor Stack Pointer 7 SSP).

* Kat 01 000 c®poi umopovv va goptmOovV 6€ 0TOL0ONTOTE
LEPOS TNGS UVNUNS KoL TO nEYEOOC TOVS 0V TEPLOPICETAL.

* O 08IKTNGS COPOV YPNoTN lval evepyos otav 0 68000 stvan
0€ KOTAGTOGT YPNOTI KUL 0 OEIKTNS GMPOV ETOTTI] ELval
evepyog otayv o0 68000 civor o€ KoTAGTOOT ETOTTY.

* Ov 0¢o1 pVNUNG, YVOOTES OG TATOS TOV COPOV,
TOPLETAVOUV TIS 0E0€1g uviung mov EoPTOONKAY apyIKa
GTOVG OEIKTESC cMPOV. OTOV 01 GMPOL EIVUL AOELOL OL OEIKTES
OELYVOVY 0VTEG TIS Oo<Lc,



Initializing the Stack Pointer

« It’s the programmer’s responsibility to initialize the stack.
This involves two (2) steps:

— Initialize the stack pointer: The initial starting address or bottom
of the stack.

— Allocate sufficient memory for items to be pushed onto the stack.
This could be done by locating the initial stack pointer at a very
high memory address.

« Example:
INITSP EQU SO7FFE Value of INITSP
MOVEA.L #INITSP,A7 Initialize SP, A7
Or ..
MOVEA.L #INITSP,SP Initialize SP

18-Atrp-24 Ailag. 16



T
W
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Push — Pop — Top

ne stack grows upward toward the low address
nen items are pushed to the top of the stack.

ne stack pointer always points to the top item on

the stack.

When an item is pushed,
— the stack pointer Is decreased to point to the consecutive

memory above

— then the new item iIs added onto the stack

When an item Is popped,
— the item on the top Is copied to destination
— then the stack pointer iIs increased to point to the

consecutive memory below

18-Atrp-24 Alag. 17



Stack Push Operations

* To push an item onto the stack:

— The stack pointer must be decremented by one
word (l.e decremented by 2)

 We push values onto the stack using pre-
decrement mode.

Word

MOVE.W D2, - (SP)
MOVE.W D3, - (SP)

OldSP ——

18-Atrp-24 Ailag. 18



Stack Pop Operation

« To pop an item off the stack:

— The information or data is read from the stack.
— The stack pointer incremented by one word

« We pop values from the stack using
postincrement mode.

MOVE.W (SP)+, D3

MOVE.W (SP)+, D2 OldSP —— data
New SP ——

18-Atrp-24 Ailag. 19



Stack Top Operation

» Top of the stack:

— Top returns the value of a stack element without
removing it from the stack.

— Top(0) returns the top of the stack, Top(3) returns the
4t element in the stack.

« Top In 68k Is Implemented using ARI with
Displacement.

MOVE.L (12,SP),D3 or MOVE.L 12 (SP),D3

18-Atrp-24 Ailag. 20



Other Instructions which affect the Stack

 Special instruction MOVEM pushes
multiple registers

MOVEM D0-D4/A0-A2,-(A7) for a push
MOVEM (A7)+,D0-D4/A0-A2 for a pop

— Most used during procedure calls

« Another way to put things on the stack Is
with the PEA Instruction.

18-Atrp-24 Ailag. 21



MOVE.W D2,-(SP)
MOVE.W D1,-(SP)
MOVE.W DO,-(SP)

* OAEG O TOPUTAVE®D EVTOLES CTTPMOYVOVY OEOOUEVE, UTKOVS
AEENG 6TO 6MPO.

+ 2T0 GOPO UTOPOVY VU, TTP@YO0VY KUl 0E00UEVH UTNKOVS
byte.

XNV nepinToon avti) KaBe byte aroOnkeveTon oTo OKT®
MEPLOGOTEPO CNUAVTIKAE YNOLX TNS AEENS EVO T OKTM
ALYOTEPO CNUAVTIKA YN QLU REVOVY OVETNPECCT.

* Mmopovv enions va oTpOy0ovv 6T0 GOPO TEPLEYOUEVA
TOV ECOTEPIKOV KATUYOPNTOV TOV UIKPOETECEPYAOTN UE
TNV €vroin molhaming pertagopag MOVEM.

MOVEM.W D2/D1/D0, -(SP)



MOVE.W (SP)+, DO
MOVE.W (SP)+, D1
MOVE.W (SP)+, D2

e OAeg OV TOPUTAVE EVTOLES UVAKAAOVY OEOOUEVO, PKOVS

AEENC o’ TO PO NE TOV 1010 TPOTO ELGUYMOYNS TOVS GTO
cOPO.

* Mmopovv emiong va avoKAN000y an’ To cmpo mepreyopeva
TOV ECOTEPIKOV KATUYOPNTOV TOV UIKPOETECEPYAOCTN UE
TNV €vToAn mollhaming pertagopag MOVEM.

MOVEM.W (SP)+, D0/D1/D2

18-Atrp-24 Ailag. 23



MOVEM
Syntax

MOVEM.s <ea>,<register list>
MOVEM.s <register list>,<ea>
Size = word, longword

<register list>:

1. Rn—asingle register

2. Rn-Rm — a range of registers (m>n)

3. Any combination of 1. and 2. separated by a slash /

Examples

MOVEM.L D0O-D7/A0-A6,$1234
MOVEM.L (A5),D0-D2/D5-D7/A0-A3/A6
MOVEM.W (A7)+,D0-D5/D7/A0-A6
MOVEM.W DO0-D5/D7/A0-A6,-(A7)

18-Atrp-24 Alag. 24



A. a group of register is transferred to OR from Memory
(using AddrMode different than —(An) / (An)+)
MOVEM.L D0-D2/D4/A5/A6,$1234

Moves Regs D0,D1,D2,D4,A5,A6 to Memory, starting at
location $1234 (D0) and moving to $1238

(.L +4 bytes, .W +2 bytes)

The order of transfer is DO to D7, A0 to A7

B. If <ea>1s —(An) only Reqg to Mem operation Is permitted
MOVEM.W DO0-D5/D7/A0-A6,-(A7)

Moves Regs A6-A0,D7,D5-D0 to Memory,

starting at location (A7 minus .L 4 bytes, .\W 2 bytes) and
down through lower addresses (Multiple PUSH)

The order of transfer is A7 to A0, D7 to DO

18-Atrp-24 Ailag. 25




C. If <ea>is (An)+ only Mem to Reg operation is permitted
MOVEM.W (A7)+,D0-D5/D7/A0-A6

Moves data from Mem to Regs D0-D5/D7/A0-AG,

starting at Mem (A7 plus .L 4 bytes, .W 2 bytes) and up
through higher addresses (Multiple POP)

The order of transfer i1s DO to D7, A0 to A7

TIP: MOVEM.W sign-extends words when they are moved
to Data Regs.

18-Atrp-24 Ailag. 26



MOVEM: Instruction

Instruction: MOVEM.W D0-D3, (A0) Instruction: MOVEM.L DO-D3, (AQ)

. Register Contents
Register Contents

Before: DO 555566066
Before: DO | 55556606 gé ;;;;8888
AAAA
D1 || 77778888 -
D2 | | 9999AAAA A0 | [ 000030B8
D3 BBBBCCCC *****Memory*****

After : Address Content

0030B8 55 55

A0 ' 1 00003088

*****Memory***** 0030BA 66 66
After : Address Content 0030RC 77 77
0030B8 66 66 0030BE 88 88
0030BA 88 88 V050c0 99 99
0030C2 RAA AR
0030BC AA AA 0030C4 BR BB
0030BE CC CC 0030C6 CC CC
18-ATtp-24 Alag. 27




MOVEM: Instruction

Instruction: MOVEM.L (AO0),DO-D3

Instruction: MOVEM.W (AO),DO0O-D3

Before: *****Memory***** Before: *****Memory**x**x*
Address Content Address Content
0030B8 11 11 0030B8 11 11
0030BA AA AA 0030BA AA AA
0030BC 22 22 0030BC 22 22
0O030BE BB BB O030BE BB BB
0030C0 33 33 0030C0 33 33
0030C2 CC CC 0030C2 CC CC
0030C4 44 44 0030C4 44 44
0030C6 DD DD 0030Ce DD DD
AQ 000030BS8 AQ 000030BS8

After : Register Contents After : Regilister Contents
DO 1111AAAA DO 00001111
D1 2222BBBB D1 FERPEFAAAA
D2 3333CCCC D2 0002222
D3 4444DDDD D3 FFFEFBBBB

_ /
Sign-extends
18-Atrp-24 Ailag. 28




MOVEM.W $400500,D0/D5
MOVEM.W D0/D5,$400600

IIpwv TNV EKTEAEGT) TOV EVTOAQV

$400500-1]=$3FFE) [$400502-3]=%E40B)

D0]=$HHHHHHHH, [D5]=$HHHHHHHH

MeTa TV eKTEAEON TS TPOTNS EVTOM)S
[D0]=$000@GFFE) [D5]=$FFF

MeTa TV EKTELEGT TNG OEVTEPNG EVTOANG
[$400600-1]=$3FFE) [$400602-3]=$E40B)

18-Atrp-24 Ailag. 29



PEA

» Operation: [SP] <- [SP] - 4; [M(]|SP])] <- <ea>

« Syntax: PEA <ea>

* Size: longword

* It pushes an effective address on the stack, used when
pushing pointers. This will decrease A7 with 4 (the size of a
pointer).

* The difference between the LEA and PEA instructions is
that LEA calculates an <ea> and puts it in an An, while
PEA calcs an <ea> in the same way but pushes it on the
Stack.

* PEA calcs an <ea> to be used later in ARI addressing. In
particular, PEA facilitates the writing of position
Independent code.

18-Atrp-24 Ailag. 30



[Tapdoerypa 3.6

Na ypaetel pra vmopovtiva mov:

1. Oa amoOnkevel 6T0 GOPO TA TEPIEYOUEVO. TV
rkataywpntoy [D1]=$4035AD ko [D2]=$4025BF

2. Oa uetapipel Ty poKpid A&y tye Oéons uvnung
[$400408]=3ADF56721 oty Oéon uvijunc $40040C.

3. Oa avoaKalel amo TO CWPO TA TEPIEYOUEVA TOD
Koataywpnty DI kair D2 kai Oa ta tomolstel oTtovg
Kotoywpntés D4 kar D3 avrictoryo.

18-Atrp-24 Ailag. 31



a Stack

Low memory
(Smaller address value)
Push operation:
Empty Decrements SP by 1 word

locations

¢ Current SP

Pop operation:
Increments SP by 1 word

Initial value /

of stack pointer (SP)
a.k.a. base of stack

18-Atrp-24 Ailag. 32



NUM1
NUM?2
NUM3
NUMA4

SUBRTN

18-Atrp-24

ORG $400400
DC.L $4035AD
DC.L $4025BF
DC.L SADF56721
DC.L $37564D56

ORG $400410
MOVE .L NUM1,D1

MOVE .L NUMZ2,D2

MOVE.L D1,-(SP)
MOVE.L D2,-(SP)
MOVE.L NUM3,NUM4

MOVE.L (SP)+,D3
MOVE.L (SP)+,D4
RTS

Ailag. 33



Meta ™ cvpforopeta@pacn o couforopeta@poctis 0a omacel
NV TOPUKATO ALGTO:

1

OO0 NO OB WDN

00400400

00400400 004035AD
00400404 004025BF
00400408 ADF56721
0040040C 37564D56

00400410
00400410 223900400400
00400416 243900400404

10 0040041C 2F01
11 0040041E 2F02
12 00400420 23F900400408

0040040C

13 0040042A 261F
14 0040042C 281F
15 00400410

18-Atrp-24

NUM1:
NUM2:
NUMS:
NUMA4:

SUBRTN:

ORG
DC.L
DC.L
DC.L
DC.L

ORG

MOVE.L
MOVE.L
MOVE.L
MOVE.L
MOVE.L

MOVE.L
MOVE.L
END

$400400
$4035AD
$4025BF
$ADF56721
$37564D56

$400410
NUM1,D1
NUM2,D2
D1,-(SP)
D2,-(SP)
NUM3,NUM4

(SP)+,D3

(SP)+,D4
$400410

Alag. 34



---------- >MOVE.L $400400,D1

PC=400416 SR=2000 SS=00A00000 US=00000000  X=0
A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=00A00000 Z=0
D0=00000000 D1=004035AD D2=00000000 D3=00000000 V=0
D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0

---------- >MOVE.L $400404,D2

PC=40041C SR=2000 SS=00A00000 US=00000000 @ X=0
A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=00A00000 Z=0
D0=00000000 D1=004035AD D2=004025BF D3=00000000 V=0
D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0

18-Atrp-24
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.......... >MOVE.L D1,-(SP)

PC=40041E SR=2000 SS=009FFFFC US=00000000  X=0
09FFFFC:004035AD s

A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=009FFFFC Z=0
D0=00000000 D1=004035AD D2=004025BF D3=00000000 V=0
D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0

.......... >MOVE.L D2,-(SP)

PC=400420 SR=2000 SS=009FFFF8 US=00000000  X=0
009FFFF8:004025BF s 009FFFFC:004035AD s+4
A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=009FFFF8 Z=0
D0=00000000 D1=004035AD D2=004025BF D3=00000000 V=0

D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0
18-Atrp-24
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---------- >MOVE.L $400408,$40040C

PC=40042A SR=2008 SS=009FFFF8 US=00000000  X=0
009FFFF8:004025BF s 009FFFFC:004035AD s+4
A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=1
A4=00000000 A5=00000000 A6=00000000 A7=009FFFF8 Z=0
D0=00000000 D1=004035AD D2=004025BF D3=00000000 V=0
D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0

a. Ileproyn ocoonuévoOV neTd TNV EKTEALEON TG EVTOMS:

400400 0040 35AD 004025 BEFAD F56721 ADF56721

18-Atrp-24 Ailag. 37



__________ >MOVE.L (SP)+,D3

PC=40042C SR=2000 SS=009FFFFC US=00000000 @ X=0
O009FFFFC:004035AD s

A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=009FFFFC Z=0
D0=00000000 D1=004035AD D2=004025BF D3=004025BF V=0
D4=00000000 D5=00000000 D6=00000000 D7=00000000 C=0

.......... >MOVE.L (SP)+,D4

PC=40042E SR=2000 SS=00A00000 US=00000000  X=0
A0=00000000 A1=00000000 A2=00000000 A3=00000000 N=0
A4=00000000 A5=00000000 A6=00000000 A7=00A00000 Z=0
D0=00000000 D1=004035AD D2=004025BF D3=004025BF V=0
D4=004035AD D5=00000000 D6=00000000 D7=00000000 C=0

18-Atrp-24

Ailag. 38
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