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Pointers to C functions at fixed address in memory

void func (void) ;

[* funktion utan parametrar och returvarde */
void * func (void); [*funktion utan parametrar, returnerar pekare */

void (*func) (void) ; [* pekare till funktion utan parametrar och returvarde */

EXEMPE! typedef void (*func) (void);

En param' j}fdefine portinit ((func) 0x08000201) 1

hardvaran Pertinit: Iress
0x08000200 + i
a) fran ett C-program
b) i assemblersprak

SEC NIV INRVIVIRIRICRRANO ] | CAIIIU'JGS.

Viloser | {pe o, —oxs000201

BLX RO
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0x800200 B portinit
+4 B restart
+8]. ..
+12]. ..

portinit:

restart:
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Jump Tables Example: Switch execution

switch a:
- B case 0
swiSEZ(O? )X{= _— B case 1
: . ’ B case 2
! B case 3
case 1: x =y * z; o
break; . N
case 3: X =Y — Z; !
break; LDR RO, =switch a
default: x = 0; LDR R1l, =a
break; LSL R1, #2
} LDR R2, [RO, R1]
. B R2

Assemblerprogrammering - fordjupning
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Storage classes and scope

Variabler med permanent adress i minnet:

int gi; [* global synlighet */

static int si;  [* synligidenna kalltext */
volid sub (void) {

static int si; [*synligifunktionen sub */
}

Maskinorienterad programmering

| assemblersprak:

.GLOBL gl
gi: .SPACE 4
.si: .SPACE 4
.sub si: .SPACE 4

alternativt satt for global variabel:
.comm gi, 4,4
(.comm sym, length,alignment)

Symboler med begransad synlighet tilldelas unika namn av kompilatorn.

Sadana kompilatorgenererade symbolnamn dyker ofta upp med inledande '." i assemberkalltexten.
Samma C-symboler kan darfor anvandas i olika sammanhang utan konflikt

Assemblerprogrammering - fordjupning
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Permanent and temporary variables

Av effektivitetsskal

comm ac. 1.1 begransas stackrorelser hos

’ gc, L processorn till multipler av 8
Exempel. sub:

PUSH {R7,LR}
char gec; SUB  SP,SP, #8

N MOV ~ R7,SP

void sub( void ) > ADD Rgri;,#ﬂ @ R3 = s&lc

MOV  R2,

{
char  le; V/ STRB R2, [R3]
lc = 5; MOV  SP,R7
ADD  SP,SP, #8
POP  {R7,PC}

| stallet for "registerallokering" av 1c kan man reservera en position pa stacken:
| subrutinen refereras har da variabeln 1¢ som [x7,#7].

Assemblerprogrammering - fordjupning
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Frame pointer, ARM Cortex M4

stack top | )
Reserverat for / Sparade
| Sask > register och ev.
heap top Reserverat for "utfylinad"
B dynamisk
minneshantering
<
/ Programmets Lokala
heap low —9» globala variabler — variabler och
o ev. "utfylinad”
\ D
Av effektivitetsskal begransas stackrorelser adresser

L R7 anvands ocksa for att
peka ut aktiveringspostens
start, s.k "frame pointer"

hos processorn till multipler av 8

Assemblerprogrammering - fordjupning 6
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Frame pointer — local variables

Observera att stackens utrymme for lokala
variabler maste vara en multipel av 8

sub:
PUSH {R7,LR} pro|og
SUB SP ’ SP ’ # 8 12 LR LR och R7 Prolog,
MOV R7,SP R7 fére prolog multipel av 8
8
ADD R3,R7,#7 | ¥ —|c = R7+7
A Lokala
MOV R2, #5 variabler som
STRB R2 ’ [R3 ] 0 R7 efter pro|og multlpel av 8
MOV SP ’ R/ . Minskande
ADD  SP,SP, 48 epilog adrssser
POP {R7,PC} l

Assemblerprogrammering - fordjupning
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Parameters and return values from subroutines

Parametrar, tva metoder kombineras

Via register: snabbt, effektivt och enkelt, begransat antal

Via stacken: generellt
Returvarden

Via register: for enkla datatyper som ryms i processorns register RO och ev. R1
Via stacken: sammansatta datatyper (poster och falt)

Register Anvandning
R15 (PC) Programraknare
R14 (LR) Lankregister
R13 (SP) Stackpekare
R12 (IP)
R11 Dessa register ar avsedda for variabler och som temporéra register.
R10 Om dom anvands maste dom sparas och aterstallas av
R9 den anropade (callee) funktionen
R8
R7 Speciellt anvander GCC R7 som pekare till aktiveringspost (stack frame)
R6 Ocksa dessa register ar avsedda for variabler och temporarbruk
R5 Om dom anvands maste dom sparas och aterstallas av
R4 den anropade (callee) funktionen
R3 | parameter 4 / temporarregister | Dessa register sparas normalt sett
R2 parameter 3 / temporarregister inte over funktionsanrop men om,
R1 | parameter 2/ resultat 2 temporérregister sa ar det den anropande (caller)
RO parameter 1/ resultat 1/ temporarregister funktionens uppgift

Assemblerprogrammering - fordjupning

Detaljerna styrs av
konventioner "application
binary interface” (ABI)
"Procedure call standard”
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Parameter passing via registers

Konventionerna sagar att vi anvander Exempel.

register RO,R1,R2,R3, int a,b,c,d;
(i denna ordning) for parametrar som

skickas till en subrutin. Foljande funktionsanrop gors:
Ovriga parametrar l&aggs pa stacken. sub (a,b,c,d);

Possible complication: "Registerspill”

Dvs. register behovs | den anropade subrutinen.

Visa hur en prolog skapar en aktiveringspost med kopior av parametrarna. Dvs.
Skapa "tillfalliga variabler” — och anvand stacken for temporar lagring.

Vi I6ser pa tavlan

Assemblerprogrammering - fordjupning
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Parameter passing via stack

Exempel. Foljande deklarationer ar gjorda:
int a,b,c,d,e;
Visa hur foljande funktionsanrop kodas i assemblersprak:
sub(a,b,c,d,e);

Losning: 12 - %I:e
S anrop
SUB SP,SP, #12
LDR R3,e
STR R3, [SP]

LDR RO, a 0 e

LDR R1,Db <SP
.DR R2,C Minskande

L.DR R3,d adresser

BL sub l

ADD SP,SP, #12

Assemblerprogrammering - fordjupning 10
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Stack for sub

Maskinorienterad programmering

LR (i anropande)

Funktionen:

volid sub(int a,int b,1nt c¢,int d,int e);

e[SP,#24]

| exemplet har funktionerna inga lokala variabler
(endast LR pa stacken)

Aktiveringsposten kan sedan utvidgas ytterligare med
lokala variabler.

Assemblerprogrammering - fordjupning

LR (i sub)

| @lsP, #12]
o  DISP, #8]
4 C[SP, #4]
0 d[sP] P

11
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Maskinorienterad programmering

Return value via reqgister

Storlek C-typ Register

8-32 bitar char/short/int RO

64 bitar long long R1:R0O
Exempel: Visa hur foljande P
funktionsanrop kodas i Losning:
assemblersprak: e (1nt)
int sub(int a) sub:
{ ADD  RO,RO, #1

return a+l; BX LR

) @ (long long)
respektive sub:

long long sub (int a)
{

return a+1;

}

ADD RO, RO, #1
ASR  R1,RO0, #31
BX LR

Assemblerprogrammering - fordjupning
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Return value via stack

Maskinorienterad programmering

LDMIA and STMIA
Load and store multiple

registers.

Kravs typiskt d& en subrutin ska returnera en komplett po;  Syntax

anropande funktionen ska da forst reservera utrymme for
till detta utrymme laggs sedan som forsta parameter vid a

Exempel:
typedef struct coord COORD;
typedef struct coord{
int x,vy,z;
COORD *ptr;
} COORD;

COORD sub ( void )
{

static COORD start;

return start;

Assemblerprogrammering - fordjupning

op Rn!, {reglist}

Example:

LDMIA RO, {R1,R2,R3,R4}

GCC genererar foljande ki

sub:

PUSH
LDR
MOV
LDMIA
STMIA
MOV
POP
BX

Same as:
LDR R1,
LDR R2,
LDR R3,
(R4 RT} LDR R4,
R2,=start
R4, R0

R2, {RO,R1,R2,R3}
R4, {RO,R1,R2,R3}
RO, R4

{R4,R7}

LR

[
[
[
[

RO ]

RO, #4]
RO, #8]
RO, #12]

13
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Code generation, C - ISA

-mthumb

Insfruksion

Storlek

Cortex

Cortex

N’Q{-

Cortex

M1

Cortex

Cortex

AL

Cortex Ak

-march=armvo-m

ADC, ADD, (ADR), AND, ASR, B, BIC, BKPT, BLX, BX, CMN, CMP, CP3, EOR, LOM, (LDMIA, LOMFD),
LDR, LDRB, LDRH, LORSB, LORSH, LSL, LSR, MOV, MUL, MVN, NOP, ORR, POP, PUSH, REV,
REV16, REVSH, ROR, RSE, S8C, SEV, STM, (STMIA, STMEA), STR, STRB, STRH, SUB, SVC, SXTS,
SXTH, TST, UXTB, UXTH, WFE, WFI, YIELD

R

3204

CBNZ, CBZ, IT

16-bit

-march=armv/—m

-march=armv/e—-m

-mfloat-abi=hard
-mfpu=fpvid-sp-dlo

ADC, ADD, AND, ASR. B, BFC, BFJ, BIC, CDP, CLREX, CLZ, CMN, CMP, DBG, EOR, LOC, LOMA,
LDMDE, LDR, LDRS, LDRBT, LDRD, LDREX, LOREXB, LDREXH, LORH, LDRHT, LDRSB, LDRSET,
LDRSHT, LDRT, MCR, LSL, LSR, MLS, MCRR, MLA, MOV, MOVT, MRC, MRRC, MUL, MVN, NP,
ORN, ORR, PLD, PLOW, PLI, POP, PUSH, REIT, REV, REV16, REVSH, ROR, RRX, RSE, SBC, SBFX,
SDIV, SEV, SMLAL, SMULL, SSAT, STC, STMDE, STR, STRB, STRET, STRD, STREX, STREXE,
STREXH, STRH, STRHT, STRT, SUB, SXTB, SXTE, TBB, TEH, TEQ, TST, UBFX, UDIV, UMLAL,
UMULL, USAT, UXTB. UXTH. WFE. WF1.YIELD

32-bit

PXH, QADD, QADD16, QADDS, QASX, QDADD, QDSUE, QSAX, QSUB, QSUB16, QSUBS, SADD1S,
SADDS, SASX, SEL SHADD16, SHADDS, SHASX, SHSAX, SHSUB16, SHSUES, SMLABE, SMLAET,
SMLATB,SMLATT, SMLAD, SMLALBEB, SMLALBT, SMLALTB, SMLALTTSMLALD, SMLAWE, SMLAWT,
SMLSD, SMLSLD, SMMLA, SMMLS, SMMUL, SMUAD, SMULEB, SMULBT, SMULTT, SMULTE,
SMULWT, SMULWB, SMUSD, SSAT16, SSAX, SSUB16, SSUBS, SXTAB, SXTAB16, SXTAH, SXTE16,
UADD16, UADDS, UASX, UHADD16, UHADDS, UHASX, UHSAX, UHSUB16, UHSUBS, UMAAL,
UQADD16, UQACOS, UQASX, UQSAX, UQSUB16, UCSUES, USADS, USADAS, USAT16, USAX,

[ 16

32-bit

vie
(DSP)

VABS, VADD, VCMP, VCMPE, VCVT, VCVTR, VDIV, VLDM, VLDR, VMLA, VMLS, VMOV, VMRS,
VMSR_VMUL, VNEG, VNMLA, VNMLS, VNMUL, VPOP, VPUSH, VSORT. VSTM, VSTR, VSUB

32it

5P
FEU

SP | 32b
Feu | FP

FP- dubbel precision

32-bit

DP | 64b
Feu | FP

Kodgenereringen styrs med flaggor till kompilatorn, viktiga parametrar ar

 val av instruktionsuppsattning (ISA) for anpassning till aktuell maldator
« kodforbattring, dvs. optimering m.a.p nagot kriterie.

Assemblerprogrammering - fordjupning
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. . . , int g;
Code optimization —  *giietoos: o0 yold Hitetoon (void
= . : : SUB  SP,SP,#8 0 i<d
optimization criteria 2D nr.on 40 i el
MOV ~ R3, #0 )

-00 optimera med avseende pa kod som STR R3, [R7, #4] /\

ska "debuggas". Innebéar att stacken B -L14

anvands for lagring av saval -L15: &

parametrar som lokala variabler, inte igi g’ 7123] N

speciellt "bra" kod. - R2:R3, 41
-0 Optimera for snabb kod, kan t.e.x LDR  R3,=g littleloop: (-03)

"rulla upp" sma loopar... STR  R2, [R3] LDR RZ2,=9
-0s Optimera fér minimal kodstorlek LDR  R3, [R7, #4] LDR R3, [RZ]
~01 Optimera mera for snabb kod ADD  R3,R3,#1 ADD R3,R3, #4
~02 Optimera @nnu mera for snabb kod STR  R3, [R7, #4] ];T(R ig’ [R2]
~03 Optimera fullt for snabb kod (Ll4:
-fexpensive-optimization Tillampa IEDD; ig' #?7' #al

aven de mest tidsddande BLE .L,15

optimeringsmetoderna NOP

MOV SP,R7
ADD SP,SP, #8
POP {R7,PC}

Assemblerprogrammering - férdjupning 15
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Code optimization - volatile variables

Globala variabeln delay count uppdateras av en avbrottsrutin

volid main (void)
{
while (1)
{
if ( delay count ==
break;

static volatile int delay count;

volid main (void)

{
while (1)

{
if ( delay coun
break;

}
}

static int delay count;

Assemblerprogrammering - fordjupning

Optimization: Any code
that does not change
value in a loop is moved
out of the loop!

main:
LDR R2,=delay count
.L21: B
LDR R3, [R2]
CMP R3, #0
BNE .L21
BX LR
main:
LDR R3,=delay count
LDR R3, [R3]
CMP R3, #0
BEQ .L20
.L23:
B .L23
.L20:
BX LR
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Code optimizations —

"by hand” - example

Anropssekvens: (formellt):

LDR RO,=from ’
LDR R1,=to

LDR R2,size R7
BL memcpy

(fore prolog)

from [R7, #12]
12
8 to [R7, #8]
Stackens utseende size [R7, #4]

| "memcpy” efter
prolog

Assemblerprogrammering - fordjupning

Minskande
adresser

l

Maskinorienterad programmering

void memcpy( unsigned char from[],
unsigned char tol[],
unsigned int size )
{
while (size > 0){
size = size - 1;
to[size] = from[size];

}

Intrade
prolog

Cmemcpy(from,to,size))

R7
och
SP

size«—size-1
to(size)<—from(size)

C RETLR >Uttréide

epilog

17
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ey gt s oy B——

Kc_>dforbattl:.|ng, ingen onodig — e tons

minnesanvandning, dvs. memcpy_prolog: PUSH {R4,LR}
. . PUSH ({R7}

registerallokering, SUB  SP,SP, #20

"forbattrad for hand™ o R

STR RO, [R7,#12]
STR R1, [R7,#8]

STR RZ, [R7,#4] memcpy 1:
memcpy 1: T
LDR R3, [R7,#4] CMP R2,#0
Registerallokering: CMP  R3, #0 BEQ memcpy epilog
RO: from, ersatter [R7,#12] BRO - memcpy_epilog memcpy_2::
memcpy Z:
R1: to , ersatter [R7,#8] LDR R3, [R7, #4] SUB  R3,R3,#1
R2: size , ersétter [R7 #4] SUB R3,R3,#1
.- STR R3, [R7, #4]
R3: temporar LDR R2, [R7, 48]
R4 : temporar LDR  R3, [R7, #4] MOV  R3,RO
ADD R3,R3,R2 ADD R3,R3,R2
) o LDR RI1, [R7,#12] MOV  R4,R1
Vi gor dessa substitutioner och LDR  R2, [R7, #4] ADD R4,R4,R2
. ADD R2,R2,R1
komme.nterar darefter gt de LDRE R2. [R2]
instruktioner som da blir STRB R2, [R3]
éverflodiga... 5 memepy 1
memcpy epilog: LDRB R3, [R3]
ADD SP, SP, #20 STRB R3, [R4]
POP  {R7} B memcpy 1
BX lr memcpy epilog:

POP {R4,PC}

Assemblerprogrammering - fordjupning 18
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Kompilatorflagga —00 ger
"Naiv kodning", av blocken

prolog

Cmemcpy(from,to,size))

memcpy 1

memcpy 2
size<«—size-1
to(size)«—from(size)

Assemblerprogrammering - fordjupning

memcpy :
memcpy prolog:
PUSH {R7}
SUB SP, SpP, #20
MOV  R7,SP
STR RO, [R7,#12]
STR R1, [R7, #8]
STR R2, [R7,#4]
memcpy 1:
LDR R3, [R7, #4]
CMP R3, #0
BEQ memcpy epilog
memcpy 2: B
LDR R3, [R7, #4]
SUB R3,R3, #1
STR R3, [R7, #4]
LDR R2, [R7, #8]
LDR R3, [R7, #4]
ADD R3,R3,R2
LDR R1, [R7,#12]
LDR R2, [R7,#4]
ADD R2,R2,R1
LDRB R2, [R2]
STRB R2, [R3]
B memcpy 1
memcpy epilog:
ADD SP, SP, #20
POP {R7}
BX 1r

Maskinorienterad programmering

20

12

R7(fore prolog)

from [R7, #12]

to [R7, #8]

size [R7, #4]

Minskande
adresser

R7
och
SP

19
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We compare with GCC...

var forbattrade kod..

Maskinorienterad programmering

GCC-genererad kod (-O3)

memcpy:

memcpy 1:
CMP
BEQ

memcpy 2:
SUB
MOV
ADD
MOV
ADD
LDRB

STRB
B

POP

memcpy prolog:
PUSH {R4, LR}

R2, #0
memcpy epilog

R3,R3, #1
R3, RO
R3,R3,R2
R4,R1
R4,R4,R2
R3, [R3]
R3, [R4]
memcpy 1

memcpy epilog:

{R4,PC}

@void memcpy( unsigned char from[],
@ unsigned char tol[],
@ unsigned int size )
memcpy :

B .L8
L6

SUB R2,R2,#1

LDRB R3, [RO,R2]

STRB R3, [R1,R2]
.L8:

CMP R2, #0

BNE . Lo

BX LR

Assemblerprogrammering - fordjupning

Vi inser att vi far svart att gora jobbet battre an kompilatorn...

20
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"Strange” gcc optimizations
* Code that should be in a loop is out Sv"f,i 322{2;3222;}50”
« Code that should be in a function is out
* |nstructions to calculate certain operations are not in
code
« Address calculations are done as sum of a delta

value each iteration
Code optimizations for

: .. architecture (out-of-
* Instruction out of the original order order execution, branch

« NOP instructions in some code delay slots...)

* Loops have bigger boddies replicated instructions

and fewer iterations compared with original 5. optimizations to

avoid branches (better

for pipeline)
Assemblerprogrammering - fordjupning z1



