@ CHALMERS Maskinorienterad programmering

Maskinorienterad programmering, fordjupning

Ur innehallet:
Mer om parameterdverforing och registerspill
Aktiveringspost med ARM Cortex M4
Kodgenerering - ISA
"Kodoptimering"

Malsattningar:
Att fa en stdrre forstaelse for maskinorienterad programmering
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Tillfalliga variabler pa stacken

| stallet for registerallokering av lokala variabler

kan man reservera en position pa stacken.

Exempel:
void f(
{
char
lc =
}

lc;
55

void )

Maskinorienterad programmering - férdjupning, klipp 1, 2021:1

Maskinorienterad programmering

PUSH
SUB
MOV
ADD
STRB
ADD
POP

{LR}
SP,SP, #1
R2, #5
R3,SP, #0
R2, [R3]
SP,SP, #1
{PC}

@ R3

= &lc

| subrutinen refereras har da variabeln 1c som [SP, #0].
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Maskinorienterad programmering

Aktiveringspost — prolog och epilog

Men SUB SP,SP,#1 fungerarinte speciellt bra. Stacken maste vara rattad for nasta
eventuella "push"-operation. Hardvaran har optimerats for stackrorelser i multipler av 8.

Utrymmet som skapas pa stacken kallas aktiveringspost (stack frame). For att inte anvandningen
av SP ska lasas upp anvander GCC register R7 som pekare till aktiveringsposten.

f:

PUSH {R7,LR}
SUB SP,SP, #8
MOV R7,SP
ADD R3,R7,#7
MOV R2, #5
STRB R2, [R3]
MOV SP,R7
ADD SP,SP, #8
POP {R7,PC}

prolog

epilog

2 LR LR och R7 Prolog,
R7 fore prolog multipel av 8
8
"""""""""""""" = +
4 = R7+7 Lokala
variabler som
. R7 efter prolog multipel av 8

Minskande
adresser

L

Stackens totala utrymme for den lokala variabeln blir har 8 bytes, 7 bytes ar "utfyllnad"
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Aktiveringspost, ARM Cortex M4

stack top >

Reserverat for
stack

Reserverat for
dynamisk
minneshantering

Programmets
globala variabler

heap low —
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\

B e

adresser

Maskinorienterad programmering

Sparade
>~ register och ev.
"utfyllnad"

Lokala
- variabler och

l

ev. "utfylinad"
)
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Parameteroverforing till, och returvarden fran subrutiner

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 Anvéndning
R15 (PC) Programraknare
R14 (LR} Lankregister
R13(5P) Stackpekare
R12 (IP)
R11 Dessa register ar avsedda for varabler och som temporéra register. .
R10 Om dom anvénds méaste dom sparas och aterstillas av D eta IJ erna StyrS av
R4 den anropade (caliee) funktionen . ” . .
R8 konventioner "application
RY Speciellt anvander GCC R7 som pekare till aktiveringspost (stack frame) . . ”
RE Ocksa dessa register ar avsedda for variabler och lemporarbruk b| n ary |nte rfa ce (AB | )
RS Om dom anvands maste dom sparas och aterstallas av y ’
Ré don anropade (calbo)unkionen | "Procedure call standard
R3 parameter 4 / tempordrregister | Dessa register sparas normall sett
R2 | parameler 3 / temporarregister inte dver funktionsanrop men om,
R1 | parameter 2 / resultat 2 tempordrregister sa ar det den anropande (caller)
RO | parameter 1/ resultat 1/ tempordrregister funktionens uppgifl
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Parameteroverforing via stacken

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

Losning:

SUB SP,SP,#12
LDR R3,e

STR R3, [sp]
LDR RO, a

LDR R1,b

LDR R2,C

LDR R3,d

BL f

ADD SP,SP,#12
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Maskinorienterad programmering

Konventionerna sagar att vi
anvander register RO,R1,R2,R3,

(i denna ordning) for parametrar som
skickas till en subrutin.

Ovriga parametrar laggs pa stacken.

SP
fore
anrop

e
0 K——SP

Minskande
adresser

L
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Tankbar komplikation: "Registerspill”

Dvs. register som anvands for parametrar behovsiden |
anropade subrutinen.

Vi loser problemet genom att, i prologen, spara aven
parametrarna i aktiveringsposten:

f: 04 e[SP, #24]
PUSH {LR,R7}
SUB SP,SP,#16 20 e
MOV R7,SP R7 (fére prolog)
STR RO, [R7,#12] 16
STR R1, [R7,#8] | 8IRT #12]
STR R2, [R7,#4] b[R7, #8]
STR R3, [R7,#0] £

4 C[R7, #4]
L :
ADD SP,SP,#16 of UIRTAH0L L o ep
POP {PC,R7}
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Returvarden via register

Returvarden via stack

Den anropande funktionen ska da forst reservera utrymme for returvardet.

En pekare till detta utrymme laggs sedan som forsta parameter vid anropet:

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

COORD f( void )

{
static COORD start;

return start;
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Storlek C-typ Register
8-32 bitar | char/short/int | RO
64 bitar long long R1:RO

GCC genererar foljande kod:
@ forbered stack for returvarde

SUB
MOV
BL

PUSH
LDR
MOV
LDMIA
STMIA
MOV
POP
BX

SP, SP,#16
RO, SP
£

{R4,R7}
R2,=start

R4,R0O

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

{R4,R7}

LR
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Kodgenerering, C - ISA

Kodgenereringen styrs med flaggor till kompilatorn, viktiga parametrar ar
« val av instruktionsuppsattning (ISA) for anpassning il aktuell maldator
* kodfdrbattring, dvs. optimering m.a.p nagot kriterie.

Maskinorienterad programmering

0.1 168 Mz ARM pocossorSTIEAOT
B3 RN o rozam cch 6t
wer

Expsnsarstuss i
anpessaie bchivslrt

-mthumb

Insirukiion

Storek

Coriex
MO

Coriex | Coriex | Coriex | Corfex | Corfex

Mos | wi | w3 | ome | owr | AR

-march=armvo-m

E0C, ADD, [ADR), AND, RS, B, BIC, BRET, BLY, B, CMN, CMP, GRS, EOR, LD, (LONIE, LONED),
LDR, LORE, LDRH, LORSE, LDRSH, LAL. LSR, MOV, MUL, MyN, NOP, ORR, POR, PUSH, REV,
REV16, REVSH, ROR, RSE, S8C, SEV, STM, (STMIA, STMEA), STR, STRE, STRH, SUE, SVC, SXTE,
SXTH, TST, UXTE, UXTH, WFE, WFI YIELD

16-bit

EL DME. D3E, 156, MRS, M3R

J2bit

CBMZ, CBZ, T

1e-bit

-march=armv7/7-m

-march=armvi/e-m

-mfloat-abi=hard
-mfpu=fpv4d-sp-dlo

ADC, ADD, AND, ASR. B, BFC, BFJ, BIC, COP, CLREX, CLZ, CMN, CMP, DBG, EOR, LOC, LOMA,
LDMDE, LDR, LORE, LORET, LORD, LOREY, LOREXE, LOREXH, LORH, LORHT, LORSE, LORSET,
LDRSHT, LORT, MCR, LSL, LSR, MLS, MCRR, MLA, MOV, MOVT, MRC, MRRC, MUL. MN, NOB,
CRN, ORR, PLD, PLOW, PLI, PGP, PUSH, REIT, REV, REV16, REVSH, ROR, RRX, RSE, SBC, SBFX,
SOIV, SEV, SMLAL, SMULL, SSAT, STC, STMDB, STR. 5TRE, STRET, STRD, STREX, STREXE,
STREXH, STRH, STRHT, STRT, SUB, SXTE, SXTE, TEB, TEH, TEQ, TST, UBFX, UDIV, UMLAL,
UMULL, USAT, UXTE, UIXTH, WFE, WFLYIELD

J2oit

DR, WAL, LAOLTS, LRLLY, GhoR, UOADD, QUSUE, LoAR, GouD, UeUn e, Gouns, SenoTs,

SADDA, SA5X, SEL SHADD1S, SHADDE, SHASX, SHSAX, SHSUB16, SHSUES, SMLABE, SMLAET,

SHILATE.SMLATT, SMLAD, SMLALEE, SMLALET, SMLALTE, SMLALTTSMLALD, SMLAWE, SMLAWT,

SHILSD, SMLSLD, SMMLA, SMMLS, SMMUL, SMUAD, SMULES, SMULET, SMULTT, SMULTE,
SHULWT, SMULWE, SMUSD, SSAT15, S54%, SSUB16, SSUBS, SXTAB, SXTAE1E, SKTAH, SXTE1E,
UADD1E, UADDS, UASK, UHADD1E, UHADDE, UHASK, UHSAX, UHSUB1E, UHSUSS, UMAAL,
UQADD1E, UQACDE, UGASK, UCSAX, UOSUB1S, UCSUBE, USADS, USADAS, USAT1E, USAX,
USUE15, USUBS, UXTAE, UXTAB1S, UXTAH. UXTE15

J2bit

N\

vie
(DsP)

VAES, VADD, VCMP, VCMPE, WCNT, VOVTR, VOV, VLOM, VLDR, VNLA, VNLS, VMOV, VMRS,
YNGR, WMUL, VNEG, VMMLA, VNMLS, VHMLUL, VPOP, VFUSH, VSORT, VSTM, VSTR, VSUE

J2oit

5P | 5P | 320
FPU_| FPU | FP

IFF- dubbel precision

J2pit

FeU | FP
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Kodoptimering -
optimalitetskriterier

-00 optimera med avseende pa kod som ska
"debuggas". Innebar att stacken anvands
for lagring av saval parametrar som
lokala variabler, inte speciellt "bra" kod.

-0 Optimera for snabb kod, kan t.e.x "rulla
upp" sma loopar...

-0Os Optimera for minimal kodstorlek

-01 Optimera mera for snabb kod

—-02 Optimera annu mera for snabb kod

-03 Optimera fullt for snabb kod

-fexpensive-optimization Tillampa
aven de mest tidsddande
optimeringsmetoderna
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littleloop: -00

PUSH
SUB
ADD
MOV
ST
B
.L15:
LDR
LDR
ADD
LDR
SIS
LDR
ADD
STR
.L14:

LDR
CMP
BLE
MOV
ADD
POP

{R7,LR}
SP,SP, #8
R7,SP, #0
R3, 40

R3, [R7, #4]
ST

R3,=g

R3, [R3]
R2,R3,#1
R3,=qg
B2 5 (RG]
R3, [R7, #4]
EE RS
R3, [R7, #4]

R3, [R7, #4]
R3, #3

.L15
SP,R7
SP,SP, #8
{R7,PC}

Maskinorienterad programmering

int g;

{

}

void littleloop (void)

for(i=0;i<4;i++)
Glalnids

L

~~

littleloop: (-03)

LDR
LDR
ADD
STR
BX

R2,=g
R3, [R2]
R3,R3, #4
R3, [R2]
LR

10
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Kodoptimering - flyktiga variabler

static volatile int delay count;
void main(void)
{

while(1)

{

if( delay _count == 0)
break;

}

}

static int delay count;
void main(void)

{
while(1)

{
if( delay count == 0)
eak;

}
}
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»

Maskinorienterad programmering

Globala variabeln delay count uppdateras av en avbrottsrutin

main:
LDR R2,=delay count
LDR R3, [R2]
CMP R3, #0
BX LR
main:
LDR R3,=delay count
LDR R3, [R3]
CMP R3, #0
BEQ .L20
.L20:
BX LR

11
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Kodoptimering —
nge:e: p 1) g void memcpy( char from[],
for hand” - exempel char to[],
unsigned int size )
{
Anropssekvens: (formellt): Whije(zlzizg f’)i_
LDR RO, =from to[size] = from[size];
LDR R1,=to }
LDR R2,size R7(fore prolog) }
BL memcpy
A < e >Intréde
jp| from [R7,#12] memcpy(from,to,size) orolog
" to [R7, #8)] =
Stackens utseende elze [R7, #4] Y
| ’memcpy” efter :
prolog size«—size-1
to(size)«—from(size)
Minskande
adresser
RETUR
L < >Uttrélde
epilog
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memcpy :
Kompilatorflagga —-00 ger reneEy peotont
"Naiv kodning", av blocken SUB  SP, SP, #20

MOV  R7,SP

STR RO, [R7,#12]
STR R1, [R7,#8]
STR R2, [R7,#4]

prolog
memcpy 1:
(memcpy(from,to,size)) LDR R3, [R7, #4]
CMP R3, #0
BEQ memcpy epilog
- memcpy 2:
memcpy 1y LDR  R3, [R7, #4]

SUB R3,R3,#1
STR R3, [R7, #4]

_ _memeny LDR R2, [R7, #8]
Size<—size-1 LDR R3, [R7, #4]
to(size)«—from(size) ADD  R3,R3,R2

LDR R1, [R7,#12]

LDR R2, [R7,#4]
( RETUR ) ADD R2,R2,R1
LDRB R2, [R2]
STRB R2, [R3]
B memcpy 1
memcpy epilog:
ADD SP,SP, #20
POP {R7}
BX 1r
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20

Maskinorienterad programmering

R7(fore prolog)

12

from [R7, #12]

to [R7, #8]

size [R7, #4]

Minskande
adresser

R7
och
SP

13
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Kodforbattring, ingen onodig
minnesanvandning, dvs.
registerallokering,
"forbattrad for hand"

Registerallokering:

RO: from, ersatter [R7,#12]
R1: to , ersatter [R7,#8]
R2: size , ersatter [R7,#4]
R3: temporar

R4 : temporar

Vi gor dessa substitutioner och
kommenterar darefter ut de
instruktioner som da blir
overflddiga...
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memcpy :
memcpy prolog:
PUSH {R7}
SUB SP,SP,#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:
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

memcpy :

memcpy prolog:

PUSH

memcpy 1:

CMP
BEQ
memcpy 2:

SUB

MOV
ADD
MOV
ADD

LDRB
STRB
B

(R4, LR}

R2, #0
memcpy epilog

R2,R2, #1

R3, R0
R3,R3,R2
R4,R1
R4,R4,R2

R3, [R3]
R3, [R4]
memcpy 1

memcpy_epilog:

POP

{R4,PC}

14
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vi jamfér med GCC... b B
unsigned int size )
var forbattrade kod.. S
while (size > ©){
size = size - 1;

memcpy : : to[size] = from[size];
memcpy prolog: }

PUSH {R4, LR} GCC-genererad kod (-O3)
memcpy 1:

CMP R2, #0 @void memcpy( unsigned char from[],

BEQ memcpy epilog @ unsigned char tol],
memcpy 2: @ unsigned int size )

SUB R2,R2,#1 memcpy :

MOV R3, RO B L1

ADD R3,R3,R2 .L2:

MOV R4,R1 SUB R2,R2,#1

ADD R4,R4,R2 LDRB R3, [RO,R2]

LDRB R3, [R3] STRB R3, [R1,R2]

STRB R3, [R4] .L1:

B memcpy 1 CMP R2, #0
memcpy epilog: BNE L2

POP {R4, PC} BX LR

Vi inser att vi far svart att gora jobbet battre an kompilatorn...
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Fler exempel pa kodforbattring...

Code motion
» For operationer pa "loop-invarianter”
Dead code elimination
« Kod som aldrig exekveras tas bort
Out-of-order
* Instruktioner arrangeras om for att undvika "stall”
* Villkorliga brancher (branch prediction)
Loop unrolling
« Undvik iterationer — ersatt med repetitioner.

Maskinorienterad programmering - férdjupning, klipp 4, 2021:1



