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Stack Types and Stack Top Operations

(F,.E) x (A,D) ={FA, FD, EA,ED}
Stack Types — Semantics

PUSH(STM) / POP(LDM) on an { FA/ FD / EA / ED } type stack

(1,D) x (B,A) ={IB, IA, DB, DA }
Stack Top Operations — Syntax

Do { Inc / Dec } stack top operation { Before / After } STM / LDM
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Inverse Stack Operations

STMFA i« STMFD
< @ ——>
'LDMFA [DMFD e
STMEA o STMED
e (] ————= I
LDMEA LDMED <
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Complementary Stack Types

STMIB I STMIA -

FA stack EA stack

DY et LDMIA - I <
ED stack = FD stack

STMDB STMDA

FD stack ED stack

LDMDB LDMDA

EA stack < FA stack <
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Inverse Stack Operations and Complementary Stacks

STMFA STMFD STMIB 4% STMIA -
LDMFA LDMFD LDMIB > LDMIA - &
STMEA STMED STMDB § STMDA -
'LDMEA ‘_LDMED LDMDB - - LDMDA &
Inverse Stack Operations Complementary Stacks
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(Empty / Full) and (Before / After)

STM  [Full
STM Ién:; pty
LDM FLjIId
LDM Igprz] pty
(] =
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AID

AID

AID

AID

\/ Ascend

\\\ Descend

STM

STM

LDM

>< LDM

[] =

IID

IID

IID

IID

\" Inc

" Dec

Inc / dec before

Before

Inc / dec later

After

Inc / dec before

Before

Inc / dec later

After
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(F_/E )and (_ B/ _A) reasoning

STMFLI If the stack top is full STMOIB theninc/ dec the stack pointer
before storing a new element

STMEL] Ifthe stacktopis empty STM[JA theninc/dec the stack pointer
after storing a new element

LDMF[] Ifthe stack top is full L DM JA then inc / dec the stack pointer
after getting an element

LDME[] |Ifthe stacktopisempty |L[DMIIB theninc/dec the stack pointer
before getting an element

\/ Ascend "’ Inc

] = 0=

\\\ Descend “\;\ Dec
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(Ascend / Descend) and (Increment / Decrement)

PUSH the same direction
STM | FE | |Ascend STM | Inc BIA

PUSH the same direction
STM |_FE | [Descend | STM | Dec BIA

POP the opposite direction
LDM | FE | |Ascend LDM | Inc BIA

LDM | FE | |Descend | >< LDM  Dec BIA

B - Full 5 ~ Before
a \ Empty a \ After
Young Won Lim
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(A/ _D)and (l_/D ) reasoning

STMCJA To push STMIJ Increment the stack top pointer
onto the ascending stack

STMCID Topush STMDL] Decrement the stack top pointer

onto the descending stack

LDMCJA Topop LDMDI[] Decrement the stack top pointer

from the ascending stack

LDMCOID To pop LDMI] Increment the stack top pointer

from the descending stack

__ Ful ~ Before

\‘\\, After

~  Empty L=
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STM /LDM Equivalence Summary

STM STM

occupied Inc / dec before PUSH the same direction
Full —Before Ascend " .Inc

empty Inc / dec later PUSH the same direction
Empty F—After Descend =— Dec

LDM LDM

occupied Inc / dec before POP the opposite direction

Full | Before Ascend INC
empty Inc / dec later POP the opposite direction
Empty After Descend Dec
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Stack View — (STM,LDM) x (F,E) x (A,D)

FULL Ascend STMEA ‘ k\\\ EMPTY Ascend

‘& N FULL Ascend ‘ k EMPTY Ascend
1 =

LDMFA v
1 A\
LDMFD ‘N N FULL Descend LDMED ‘ EMPTY Descen
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Block Copy View — (STM,LDM) x (I, D) x (B,A)

newly stored

77777777777777 1 77777777777777 ™ ‘ 777777777777777777777777777777 ' DEC Before
STMIB 4 L e et STMDB | =

newly stored

newly stored

R f —————————————— ‘ F\\ DEC After

STMIA ‘ k\\\ INC After STMDA

newly stored

newly retrieved

\ \ y DEC Before
LDMIB VX% e oo LDMDB Wk

newly retrieved

newly retrieved

N ‘ "~ V.

t
IDMIA ¥ T e e LDMDA

newly retrieved
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Block copy view = Stack view

S--M B * 4 Ascending Full STM FA 4
S--M A * 4 Ascending Empty STM EA 4
S--M :)B * * Descending Full STM FD *
S--M :)A | ¥ Descending Empty STM ED |
| D M B 't ¥ Descending Empty _D M ED \ j
| :) M A * * Descending Full _DM FD *
 DMDB ¥ } Ascending empy | DMEA 4
_ DM )A* J Ascending Eull _D M FA )
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Stack view = Block copy view

STM FA 4 Full Ascending S__M B 4
STM EA 4 Empty  Ascending S-- M A 4
STM FD * Full Descending S--M :)B *
STM E D * Empty Descending S__M :)A *

| D M E D \ | Empty Descending L D M B 't
_DM FD \ | Full Descending B :)M A 't

L D M EA A Empty  Ascending | :) M :) B ¥

- D M FA I Full Ascending = D M DA |
ISA (3A) 16 Young W%r}3|7i1rg
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STM Equivalent Operations — (1,D) x (B,A)

Full Empt
STM Al;cending STM A?c%rs:ding *
I i — I i -
Before 5T 4 IB = aeror” 4 1A=
FA EA

Full Empt
STM Dl(]escending* STM Descgnding *
Decreasing — Decreasing —
Before ST * DB = After ST * DA —
FD ED
ISA (3A) 17 Young Won Lim
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LDM Equivalent Operations — (1,D) x (B,A)

L D M E?srzztgnding

| i —
Before L5} IB =

ED

L D M i?crzatr{ding

LDM

Increasing

LDM

Full *
Descending

Full
Ascending 4

Decreasing Decreasing —
Before LD * DB DA =
EA FA
ISA (3A) Young Won Lim
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(STM, LDM) x (I, D) x (B, A) orders

Ascending Stack PUSH Descending Stack PUSH
STMIB STMIA STMDB STMDA
************** A\ f Vel s
=) 1 o= b~ Voo
STMFA STMEA STMFED STMED
Descending Stack POP Ascending Stack POP
LDMIB LDMIA LDMDB LDMDA
\m ************************************ S =
““““““““ !&\“ T \\\\\\\ '
LDMED LDMFD LDMEA LDMFA
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(STM, LDM) x (F, E) x (A, D) orders

Empty Top PUSH

STMEA STMED
t S R &
= = ]

STMIA STMDA

‘&\\H W 77777777777777 ¢ oo k
Y L = 2 O~

LDMDA LDMIA LDMDB
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(STM, LDM) x (I, D) x (B, A) orders

STM
STM

Ascending Stack PUSH

increment

before

B

increment

after

F

A

A

full

ascending

E

A

empty

ascending

STM
STM

Descending Stack PUSH

decrement

before

D

B

decrement

after

F

D

D

A

full

descending

E

D

empty  descending

LDM
LDM

ISA (3A)

Descending Stack POP

increment

before

B

increment

after

E

D

A

empty  descending
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F

D

full

descending

LDM
LDM

decrement

before

D

B

Ascending Stack POP

decrement

after

E

A

D

A

empty

ascending

F

A

full

Young Won Lim
9/3/19

ascending




(STM, LDM) x (E, F) x (A, D) orders

Empty Top PUSH

STM
STM

increment

after

A

decrement

after

Full Top PUSH

E

A

D

A

E

D

STM
STM

increment

before

B

decrement

before

=

A

D

B

F

D

LDM
LDM

ISA (3A)

empty ascending empty  descending full ascending full descending
Empty Top POP Full Top POP
decrement before increment before decrement after increment after

D

B

E

A

B

empty

ascending

Multiple Data Transfer

E

D

empty  descending

LDM
LDM

D

A

=

A

A

full

ascending

F

D

full

descending
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nnnnnnnnn
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Multiple Data Transfer

STM In the same direction : (Inc — Asc), (Dec — Dsc)

1B 1A
F A E A Ascending
D B D A
F D E D  Descending
FULL EMPTY
ISA (3A) Young Won Lim
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LDM in the opposite direction : (Inc — Dsc), (Dec — Asc)

E D F b Descending

E A F A~ Ascending

EMPTY FULL

ISA (3A) 24 Young Won Lim
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Equivalence — (STM, LDM) x (I, D) x (B, A)

STMIB STMIA STMDB STMDA
************** i f \ Ue
=T I = b oo~ b
STMFA STMEA STMFED STMED
LDMIB LDMIA LDMDB LDMDA
W\ t Y E
L e DMEN NN b
LDMED LDMFD LDMEA LDMFA
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Equivalence — (STM, LDM) x (F, E) x (A, D)

STMIB STMIA STMDB STMDA
************** i f \ Ue
=T I = b oo~ b
STMFA STMEA STMFD STMED
LDMDA LDMDB LDMIA LDMIB
W\ t Y E
L e DMEN NN b
LDMFA LDMEA LDMFD LDMED

ISA (3A) 26 Young Won Lim
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Stack view — (STM, LDM) x (I, D) x (B, A)

STMIB STMIA STMDB STMDA
L < | empry
N
STMFA STMEA STMFD STMED
LDMIB LDMIA LDMDB LDMDA
e
bt o P e
LDMED LDMFD LDMEA LDMFA
ISA (3A) 27 Young W%r}:sl;ilrg
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Stack view — (STM, LDM) x (F, E) x (A, D)

STMIB STMIA STMDB STMDA

o < | empry E
S
STMFA STMEA STMFD STMED
LDMDA LDMDB LDMIA LDMIB

E‘ FULL < | empry
E 4 - Ef <Jempry
LDMFA LDMEA LDMFD LDMED
ISA (3A) 28 Young W%r}:sl;ilrg
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equivalent

STMIB STMFA #
b P
LDMIB LDMED - |

equivalent

Complementary Stacks

Equivalent & Complementary Relations — (1,D) x(B, A)

equivalent

STMIA STMEAﬁ
LDMIA LDMFD $

equivalent

Complementary Stacks

equivalent

STMDB STMFD ¥
o e
LDMDB LDMEA - -

equivalent

Complementary Stacks

ISA (3A)
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equivalent

STMDA STMED - -
LDMDA LDMFA ¢

equivalent

Complementary Stacks

Young Won Lim
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equivalent

i STMIB STMFA
I D
LDMDA LDMFA

equivalent

Inverse Stack Operations

Equivalent & Complementary Relations — (F,E) x (A,D)

equivalent

~STMIA STMEA
5
LDMDB LDMEA

equivalent

Inverse Stack Operations

equivalent

STMDB STMFD
LDM I A LDMFD

equivalent

Inverse Stack Operations

ISA (3A)
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equivalent

STMDA STMED
AT
LDM I B LDMED

equivalent

Inverse Stack Operations

Young Won Lim
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Examples of Multiple Data Transfers

ISA (3A) 31 Young Won Lim
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Multiple Data Transfer — STM (1,D)x(B,A)

STM :n%uég Zlélciending

Increment

r4

1

High

rl

Before ST I8
PUSH

ro

first, increment;
then, store r8

Low

STMIB r8! {r0,rl,r4}

STM

Increment
After ST

PUSH

first, store;
then, increment

I auto Empty f
index Ascending
rg’ High
f r4
ri
r8 ro
Low

STMIA r8! {rO,rl,r4}

STMFA r8! {r0,rl,r4} STMEA r8! {rO,rl,r4}
l'auto Full l'auto Empty
ST M index Descending STM index Descending
Decrement Decrement
Before ST High After ST High
first, d ; , .
tlrzztn, Setg;tzment r8 Ilrzztr;,sézrcerément rg r4
r4 rl
PUSH 1 PUSH ro
rg8’ ro Low g’ Low
STMDB r8! {r0,rl,r4} STMDA r8! {rO,rl,r4}
STMFD r8! {r0,rl,r4} STMED r8! {r0,rl,r4}
ISA (3A) Young Won Lim
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Multiple Data Transfer — LDM (1,D)x(B,A)

LDM e S,
index Descending
Increment
Before LD 8 rd High
rl
POP
o ro
first, increment;
then, store |"8
Low
LDMIB r8! {r0,rl,r4}

LDMED r8!

{r0,rl, r4}

L D M :na:juég Etclelsl,cending

Increment

r4
POP t

rl
first, store; r8 rO

then, increment

Low

LDMIA r8! {r0,rl,r4}
LDMFD r8! {r0,rl,r4}

! auto Empty f ! auto Full f
L D M index Ascending L D M index Ascending
Decrement Decrement
Before LD High After LD High
first, d ; ) .
ten'sioe T8 B e T8 7
rd ri
POP 1 POP 0
rg’ ro Low rg8’ Low
LDVMDB r8! {r0,rl,r4} LDMDA r8! {r0,rl,r4}
LDMEA r8!' {r0,rl,r4} LDMFA r8!' {r0,rl,r4d}
ISA (3A) Young Won Lim
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A Multiple Data Transfer
as a sequence of Single Data Transfers

ISA (3A) 34 Young Won Lim
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Multiple Data Transfer

STM with auto-indexing — (1,D) x (B,A)

STMIB r8l, {r0,r1,r4} STMIA r8l, {r0,r1,r4}
STMED r8!, {r0,r1,r4} STMFD 8], {r0,r1,r4}
STR ro, [r8, #4]! STR ro, [r8], #1
STR rl,l [r8, #4]! STR rli [r8], #1
STR r4, [r8, #4]! STR r4, [r8], #1
STMDB 0!, {r0,r1,r4} STMDA 18], {r0,r1,r4}
STMEA 0!, {r0,r1,r4} STMFA 18], {r0,r1,r4}
STR r4, [rO, #-4]! STR r4, [r8], #-4
STR rl,I [rO, #-4]! STR rl,I [r8], #-4
STR ro, [rO, #-4]! STR ro, [r8], #-4
ISA (3A Young Won Lim
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Multiple Data Transfer

LDM with auto-indexing — (1,D) x (B, A)

LDMIB r8l, {r0,r1,r4} LDMIA r8l, {r0,r1,r4}
LDMED r8!, {r0,r1,r4} LDMFD r8}, {r0,r1,r4}
LDR ro, [r8, #4]! LDR ro, [r8], #4
LDR rli [r8, #4]! LDR rl,l [r8], #4
LDR r4, [r8, #4]! LDR r4, [r8], #4
LDMDB r8!, {r0,r1,r4} LDMDA r8l, {r0,r1,r4}
LDMEA r8], {r0,r1,r4} LDMFA r8}, {r0,r1,r4}
LDR r4, [r8, #-4]! LDR r4, [r8], #-4
LDR rlﬁ [r8, #-4]! LDR rl,I [r8], #-4
LDR ro, [r8, #-4]! LDR ro, [r8], #-4
ISA (3A Young Won Lim
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STM without auto-indexing — (1,D) x (B,A)

STMIB 8, {r0,r1,r4} STMIA 8, {r0,r1,r4}
STMED 18, {r0,r1,r4} STMFD 18§, {r0,r1,r4}
STR ro, [r8, #4] STR ro, [r8, #0]
STR rl,l [r8, #8] STR rl,l [r8, #4]
STR r4, [r8, #12] STR r4, [r8, #8]
STMDB 18, {r0,r1,r4} STMDA 18, {r0,r1,r4}
STMEA 18, {r0,r1,r4} STMFA 18, {r0,r1,r4}
STR r4, [rO, #-4] STR r4, [r8, #0]
STR rl,I [rO, #-8] STR rl,I [r8, #-4]
STR ro, [rO, #-12] STR ro, [r8, #-8]
ISA (3A Young Won Lim
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LDM without auto-indexing — (1,D) x (B,A)

LDMIB I8, {r0,r1,r4} LDMIA I8, {r0,r1,r4}
LDMED 18, {r0,r1,r4} LDMFD 8, {r0,r1,r4}
LDR ro, [r8, #4] LDR r2, [r8, #0]
LDR rl,l [r8, #8] LDR rSi [r8, #4]
LDR r4, [r8, #12] LDR r4, [r8, #8]
LDMDB 18, {r0,r1,r4} LDMDA 18, {r0,r1,r4}
LDMEA 18§, {r0,r1,r4} LDMFA 18, {r0,r1,r4}
LDR r4, [r8, #-4] LDR r4, [r8, #0]
LDR rlﬁ [r8, #-8] LDR rlﬁ [r8, #-4]
LDR ro, [r8, #-12] LDR ro, [r8, #-6]
ISA (3A Young Won Lim
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A Multiple Data Transfer
— conceptual
Increment / decrement
before / after
STM / LDM

ISA (3A) 39 Young Won Lim
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Multiple Data Transfer — STM (1,D)x(B,A)

Increment - Increment -
d) Before ST I8~ = > 14 High After ST r High >
S I n r4
PUSH ¥ PUSH iy
o first i " ro ri -4
Irst, Increment; . .
E then, store r8 Ig’ztr;,si;ocr?ém ent r8 I ro m
-
m Low Low
STMIB r8! {r0,rl,r4} STMIA r8! {r0,rl,r4}
STMFA r8! {r0,rl,r4} STMEA r8! {r0,rl,r4d}
!l auto Full l'auto Empty
STM index Descending STM index Descending
Decrement Decrement
w Before ST High After ST High >
first, decrement; ) .
o then, store r8 R:Ztr;,s(;gz:er’ement r8 . r4 a
(«b) PUSH t 1 PUSH d ro
m rg’ —al ro Low r8’ Low
STMDB r8! {r0,rl,r4} STMDA r8! {r0,rl,r4}
STMFD r8! {rO,rl,r4} STMED r8! {r0,rl,r4}
ISA (3A) Young Won Lim
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I'auto Full i f
index Ascendlng
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index Ascending

9/3/19



Multiple Data Transfer — LDM (1,D)x(B,A)

| Empty I Full
L D M inaéué)c() Descending L D M inzuetg Descending
Increment Increment
Q) Before LD Lﬂﬁ r4 High After LD m >
o In r4
@) POP POP iy
h first, increment; ro ) . rl ”
o " B e 18— 1 10 ®
-
m Low Low
LDMIB r8! {r0,rl,r4} LDMIA r8! {r0,rl,r4}
LDMED r8! {r0,rl,r4} LDMFD r8! {r0,rl1,r4}
auto Empty f ! auto Full f
L D M index Ascending L D M index Ascending
Decrement Decrement
a, Before LD High After LD High >
E first, decrement; first, store; =h
o then, store r8 ther;, decrement rs | r4 g
L r4 \ rl m
Q POP f =] POP 0 -
m rg’\\J ro Low r8’ Low
LDVMDB r8! {r0,rl,r4} LDMDA r8! {r0,rl,r4}
LDMEA r8! {r0,rl,r4} LDMFA r8!' {r0,rl,r4d}
ISA (3A) Young Won Lim
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