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4.1 BROFNGTIER

411 BFFMIPSHS LRI R MarsEHTIREUIBRNER, BpSZiFLoongArch32{iz& i g S &RILars
iCHmELES.

4.1.2 WMarshIER D UIEIEEIRIE, DXEICRERETEHTIEN, BRSNS
LoongArch32\#EfEE S ERIRET .

4.1.3 55 LoongArch32(f5EIELEE, 1EBMMarshIREEINAY, (TRF, BT HEIILoongArchATCRH

?0

4.2 BUINREF 2R ER
4.2.1 BigHEE

4.2.1.1 JDKIRE

java version "20.0.1" 2023-04-18
Java(TM) SE Runtime Environment (build 20.0.1+9-29)
Java HotSpot(TM) 64-Bit Server VM (build 20.0.1+9-29, mixed mode, sharing)

4.2.1.2 IDEIRIE

Intel1iJ IDEA 2023.1.3


af://n40
af://n43
af://n44
af://n48
af://n49
af://n50
af://n52

4.2.2 LoongArch32i&fEiig S XS
4.2.2.1 15518

B ERIETURIELoONgArch32i5EIS CE SR TSENL, DM HRIRIIE SR, EXED
BB S HERNESEBINEAR, FLAERBINIETS, SEEINEIMITESEIT.

F 1-1 eB5M 32 (S EIARMEE S RIS

2R-type | . : .opco‘c‘le. . — | 1j . | rd |

3Rtype | opeode | « | 5 | |
iRtype | opcode | ra | k| 1 | rd |
2RI8-type | opcode | 18 | 5 | ]
2RI12-type | opcode | 12 | 5 | ]
2RI14-type | opcode | 114 | i | x|
2RII6type | opcode | 16 | Tj | rd |
IRI21-type | opcode | 121(15:0] | T | oipoas |
26type [ opcode | 126[15:0] | 126(25:16] |

FRSEPRIE ST CHESEIL:

pubTlic static final BasicInstructionFormat TWO_R_TYPE = new
BasicInstructionFormat();

public static final BasicInstructionFormat THREE_R_TYPE= new
BasicInstructionFormat();

pubTlic static final BasicInstructionFormat FOUR_R_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat TWO_R_I8_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat TWO_R_I12_TYPE= new
BasicInstructionFormat();

pubTlic static final BasicInstructionFormat TWO_R_I14_TYPE= new
BasicInstructionFormat();

pubTlic static final BasicInstructionFormat TWO_R_I16_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat TWO_R_I16_BRANCH_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat JUMP_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat ONE_R_I21_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat ONE_R_I20_TYPE= new
BasicInstructionFormat();

public static final BasicInstructionFormat I26_TYPE= new
BasicInstructionFormat();
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public static final BasicInstructionFormat SYSCALL= new
BasicInstructionFormat();

4.2.2.215SiE8

SFAERIESEIES, LarsSLH PXIE: HGIHNA,. HSsS. B9EA. EOSHRNER,
4.2.2.3 IESHIEW

Lars;BF T MarsHUsmiEAiE FEIUE THOERE, FEEEM FXdLoongArchiISTIHETIEXL.

ERFNISET, RBPRSTTARITRD, Ko textiHUESM.datalffvE 8, REWIESIBOHRT
FD, MEONEE, RFERMICASFHTEASNIER, SEEEAVSHITmES, RAEHEN
SHICRIE DRI A _HEINEED, REHITIEFIVERMNIT.

EECHIEINTRESR, BMESERSIHM T 7 EIIRERIEIITRE, P TER-I9ES add. w

new BasicInstruction("add.w $t1,$t2,$t3",//fhiEMHik

"Addition without overflow : set $tl to ($t2 add $t3) no
overflow", //#5% Dhaefiid

BasicInstructionFormat.THREE_R_TYPE, //i 4=

"00000000000100000 ccccc bbbbb aaaaa",//#lLeis#s

new SimulationCode() {//Hilsc3

public void simulate(ProgramStatement statement) throws

ProcessingException {

int[] operands = statement.getOperands();

int t2 = RegisterFile.getvalue(operands[2]);

int tl = RegisterFile.getvalue(operands[1]);

int sum = tl + t2;

RegisterFile.updateRegister(operands[0], sum);

3
D)

EREUSEIES Ik, rjhRYE, AEEk PaERFIBUEHrdiYE. LT 3RKFURIFIES.
4.2.2.4 {55

HEFMarsIMIPSEIIES LI, Lars A TETFERAIFF AFILoongArchiC4RAVEE:, tBxdLarsimin s xd
RIESRISTE.

Larspyfpis SRR E:

1 FEmEMN BRI E<S

2. 33 0E S R PR T LB S RIS RIRF D

3.3LMURF D IERIIE S ERIE S AT NS S

LarsSCIl 7 BB LRz R Sid e 1 E AR —L0uiE<, W

la(Load Address) li(Load Immediate) move(Move value of register 1 to register 2)
nop(null instruction) jirl(Return the function call) ...

HApEBa g kB FLoongArchB 75344

B3 XIEFTRHAIfHES
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Pseudo Instruction Machine Instruction Meaning

jr$rd jirl $zero, $rd, 0 Direct register jump
ret (jr $ra) jirl $zero, $ra, 0 Function return
bgt $rj, $rd, (si18 | symbol)  blt $rd, $rj, (si18 | symbol) if($rj > $rd)jump (si18 | symbol)
bgtu $rj, 8rd, (si18 | symbol) bltu $rd, $rj, (si18 | symbol) if($rj > $rd)jump (si18 | symbol)
ble $rj, $rd, (si18 | symbol)  bge $rd, $rj, (si18 | symbol) if($rj < = $rd)jump (si18 | symbol)
bleu $rj, $rd, (si18 | symbol) bgeu $rd, $rj, (si18 | symbol) if($rj < = $rd)jump (si18 | symbol)
b1tz $rd, (si18 | symbol) blt $rd, $zero, (si18 | symbol) if($rd < @)jump (si18 | symbol)
bgtz $rd, (si18 | symbol) b1t $zero, $rd, (si18 | symbol) if($rd > @)jump (si18 | symbol)
blez $rd, (si18 | symbol) bge $zero, $rd, (si18 | symbol) if($rd < = @)jump (si18 | symbol)
bgez $rd, (si18 | symbol) bge $rd, $zero, (si18 | symbol) if($rd > = @)jump (si18 | symbol)
move $rd, $rj or $rd, $rj, $zero Assign the value of $rj to $rd
Pseudo Instruction Machine Instruction Meaning

1u12i.w $rd, si20
1li.w$rd, imm32 Load a 32-bit immediate
ori $rd, $rd, si12

ZHIESIBAMarsiISi%, BxTE# TLoongArchit IS,
4.2.3 FhiRFnGHISH
4.2.3.1 EFIRESF1FIE(CSR)

BT LARSERHEERINA, AR TR A s IR RBTANGISNE TR, EIRERE=1
CSREHTHITAIGISMILIE,

4.2.3.1.1 CSR.ESTAT
ICRHENFHEIFNIREGIIRE, FIAEcodeflEsubCodelCRAMTFNMFIFMIZEEL,
BISMRE FRRENX
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& 7-6 PISMREFFREN

fir AT mE g
Lo S0 | PRI L, EERS O A1 LAHIATE SWIO f1 SWIL.
BT B E R X SR, RS 1 B TS 0 R,
8 M (HWIO~HWI7) (AR, B a2,
9:2 18[9:2] R TELRRITE R, BRI S R TR 45 HARASID SR S b, BN TS
WA T BRI R, SRR SRR, HR R,
10 0 RO | (BRI, BRI 0, AU s i,
EN BT (TD PWRRASRL, FHEEERL RPN, M URIEREE
1 IS[11] R | &AW AT S I A P L I 2R, S b
FRARIE, HA(EILAL A,
iR (TPD) RS, SHCEE . ELhlsitr, M (URIBIAFRE
12 1S[12] R | &AW AR A IO T B, R A A A S U 2R, 2
PR GEHIE, HAEIAL S,
15:13 0 RO | (BRI, BRI 0, AU s i,
- feode o | PR RPN, B ARSI 77 Ecode b XN
PN
1022 | Beubcode N Wh;?ﬂ;é&éﬁiﬂn i BIAME, REPE2HREIINK S 7-7 T EsubCode B4
SEPBAAS N %,
31 0 RO | R, 36&0 0, HEFA R HAE,
EcodefRIBEN
Ecode |EsubCode| #IMLE ol ey
0x0 0 INT A,
0x1 0 PIL load &1 i 5h




Ecode |EsubCode | #f#IAMUE il A A
0x2 0 PIS store 11 01 71
0x3 0 PIF HUE A v o251 5
0x4 0 PME DB M5
0x7 0 PPI TURPRCS AN E LIS

0 ADEF HfE stk g 5 b

e 1 ADEM Vit Fa S HuHL5E B 51

0x9 0 ALE HfEAEA FFHIAN

0xB 0 SYS Aot

0xC 0 BRK St

0xD 0 INE &S AFELEBIS

0xE 0 IPE BRI B 5

0xF 0 FPD TEIAE2 A BERERI S

0x12 0 FPE Bl 452 sk
0x1A-0x3E 5 B

0x3F 0 TLBR TLB =4}

4.2.3.1.2 CSR.ERA

EREGING, BRERESPUCREICSR.ERA,
HIFNREEIIESTFRRE N
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ik

GRLEN-1:0

PC RW

T BISMN, WS R WA S 1 PC ICRENXE,

4.2.3.1.3 CSR.BADV

ESHEUMRRAYFHTA LSS, BIERAIHEUHEMACSR. BADVE 785,
BRI SRR E X

® 79 HEEIEFEEN

(A

BT

i

ik

GRLEN-1:0

VAddr RW

Lifh sz TLB S EFIAMIE ARG BN, R R A Rtk ISR T Ik,

4.2.3.2 RIS IR R R
FERRTFNGISN R ERIRHE, BEFCSREIRNE, HEET.
SITER—ADEMEBISE,
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Name Number Value
57 (BADV) 7 0x00000002
55 (ESTAT) 5 0x00480001
$& (ERA) 6 0x00400000

BRI TRIGER BREIRE S EMHRE.,
Assemple: assembling C:\Users\l83le\IdeaProjects\Lars\XraysTest.asm

Assemble: operation completed successfully.

Go: running XraysTest .asm
Error in C:\Users\18316\IdeaProjects\Lars\XraysTest.asm line 7: Runtime exception at 0x00400000: fetch address not aligned on word boundary 0x00000002

Go: execution terminated with errors

4.2.4 BRRERFA
FRAFRIFORE, SERBRIESEL SRR,

4.3 FiFN e AL BT ER
4.3.1 @ik
4.3.1.1 ByTifgis

XfLarsHYFERr /N e BR AL TERITROVEIE, X ERIERABIIRERIRETT I EMSEE M TR,
WA SRR T,

4.3.1.2 &R

AT SeR I AR £, MRERTIIEMBDH TN, BB ERETAEGIMNN, thane
LarsHh, IHESEMBXANESCHITIRN, EORIE, BEOREFERIITEMATWN, NMARAE
RRPESFERORERIITR,

4.3.1.3 EZ5ifit

SRR SER IR RIEAL £, MR TEASWR. EXAMEH, EEDRANGIERIRESN
i R EEUNCHEEFRE, YT, BHLREERIEIIIREAERNLN, e EZURGUI
R RLAR B/ O AT,

FZERIRET, BhRRE—EHENLoongArchiCREFHITRFAINLN, EURAEEPXEHES
BHITIER, EFIETRES, ERXIRERESHEROPRINER.

4.3.1.4 AFRYTREIR

ERTERBRTERRIE L, EFHITNET, BiF—EEITRESHFENRTHTIR. £F
PRI IR REBE RS AR AR AR INAEIE, T TR A A AR IE,

4.3.2 [EEEfiiL
4.3.2.1 KBk

MEFHITRBERRE, BONGERIEE, EREEMEIRESELURD REFRIS B ERI G
H.

ECAEESERRIBHA T, STLARCIHESEEHITIERNL, ERFRPERES, TLULIESHRE
EJEO
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43.2.2 HESHIT
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T RINEEMTFF R E T avaiswingBIZEE, FHEIGA T AbstractMarsToolAndApplicationfliS 2 /ultt
KNSR mSRILoongArchiCRIEFHITIROIER, WIRERFHIT, (FRENEE T EREELATiRIE
BB T TIERINEERYIETT.

4.4.1 BHT simulator
INEERR

FEREFHITANIRES, ICROSHESHNT, NE—FROISSHATHIEBRMOSZANREL. Ry
B,

IR

ELRERZITAIIRET, FIBESENSIANSRIESRERTASIES, EROSIES, WiEl
ZIESHIBRIEIE, FRICRBEEIIE; HTFRTBSBIRSHR AR, EREGA, WBEEMTI.

4.4.2 Instruction counter

et

EEEEIHES, RIBEONIRELRITIHEY, HEITEESHEEHTIESHEBNSLL, REER.
SEI

TELRERZTANIRET, FIBESEISIASRIESETIMNES, KRB RINAYE<SEBEIN

FHER.

4.4.3 Instruction statistics

et

EESEHES, RIBESFARIE S B T
SEIR

ElRiEFzTRIEES, RIESAESIMARNEZRRMHTHN, AN ERREINHE

TN
4.4.4 LoongArch X-ray
TIEES R

RIEARRHECREIEER, CIECHEBRIIERIN, FRIFDIESYIARNE, BrESIRRST
IFNLRAD.

IR
1. SR ENE:

RERIURAIATREE, SHEE RERNATREFIENAYZER,
TRRRAOSEIFGI -
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<num_vertex>1l</num_vertex>

<name>*inst</name>

<init>512</init>

<end>470</end>
<color_Itype>255#255#0</color_Itype>
<color_Rtype>255#255#0</color_Rtype>
<color_Jtype>255#255#0</color_Jtype>
<color_LOADtype>255#255#0</color_LOADtype>
<color_STOREtype>255#255#0</color_STOREtype>
<color_ONE_R_I20_type>255#255#0</color_ONE_R_I20_type>
<color_B>255#255#0</color_B>
<color_BL>255#255#0</color_BL>
<color_BRANCHtype>255#255#0</color_BRANCHtype>
<other_axis>85</other_axis>
<isMovingXaxis>false</isMovingXaxis>
<target_vertex>2#3</target_vertex>
<is_text>false</is_text>

2. 15S&ERD
ESERD ,b?EELIF*‘B’\fHEE MHESERD M HE(Load,Store, Branch Jump,3_RZE) iRIEA
EERUE SR BEMBIR S IR ERBERAN I BNENER I EFFREERSE, IRIBAENAYIRS, Bz iBEFYd
MAVEARS W RERS. SEPEL. Z788%); FHEFFESHEMRTIER.

5. (tFIEPNERHRE

5.1 INB#fsZ

fELoongArchZRARYZF IidiET, Hfil&TLoongArchigSEERNIRE— I HERFPHFEES, &
BLACRERRIERM. XL, BAVNEREFA—LoongArch 32\LmHFEL, ATERERNLHR
HF. FEEMMENAHARIIEHEIHFNFS.

5.2 FEIFSERAYSCIR

SYTUBNIEE, BIWETK TIESENRS. LMAESETENEANEEES. BBz
5L %51‘”_%?5@ ERIESTIFEEENES. XUESEABIERIIBEHZFHFREIES. 8S
ACIE S JavaiRRmE. LA TR ia<S L.

//112484%addi .waz
instructionList.add(
new BasicInstruction("addi.w $t1,$t2,-1000",
"Addition without overflow : set $tl to ($t2 add $t3) no
overflow",
BasicInstructionFormat.TWO_R_I12_TYPE,
"0000001001 cccccccccccc bbbbb aaaaa",
new SimulationCode() {
public void simulate(ProgramStatement statement) throws
ProcessingException {
int[] operands = statement.getOperands();
int t2 = operands[2];
int tl = RegisterFile.getvalue(operands[1]);
int sum = tl1 + t2;
RegisterFile.updateRegister(operands[0], sum);
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IDDK

//Branch#g4-beqsLi
instructionList.add(
new BasicInstruction("beq $t1,$t2,Tlabel",

"Branch if equal

$t1 and $t2 are equal",
BasicInstructionFormat.TwWO_R_I16_BRANCH_TYPE,
"010110 cccccccccccccccc  aaaaa bbbbb",
new SimulationCode() {

Branch to statement at label's address if

public void simulate(ProgramStatement statement) throws

ProcessingException {

int[] operands statement.getOperands();

if (RegisterFile.getvalue(operands[0]) ==

RegisterFile.getvalue(operands[1])) {
processBranch(operands[2]);

}
IDDK

5.3 LoongArchiZERInI T

EEMESESLIE, BAITHATHESENRFIENN, HtALoongArchig <5

LG AFBENREFXRANIERFH TN, FFEMTIHTELARS LiEfTR.
LA R3ERARERES RSB B :

-
W LARS 45

RS T 3ERTB

o X
File Edit Run Settings Tools Help
[JLJ : ( : : 3 ), & @IL Run speed at max lnuzrrlsrm:liue.
" Edit | Execute !fg:1| Coproc1  Coproc0
i Registers
Name Number Valug
iflszero 0| oxopoooooo]
Hlsza 1] 0x00000000)
2 Qx00000000H
3 OxTfffeffc
4] o=ooooooog]
5| oxooooooog)
6 0x0000000
7 Qr0000000H
8 Ox00000000
5 oxooooonoo)
10 Q=0000 000
11 Qx0000000H
12|  0x0D0000000;
13[  oxooooooog)
14[  0x00000000]
15| 000000000
18 0x00000000
17| oxoooooo00]
18]  oxoooooooo]
19 Q00000 00H
20 0x00000000
21|  ox00000000)
22|  oxbooooooo)
’ i AT 23 Qu00000000;
Lars Messages | Runli0 | 34]  0x0000000
25| 0x00000000)
26]  0x00000000]
27| 0x00000000)
28 Jx00000000
....................... 23] 0x00000000)
Clear ] 30|  oxuooooood]
31 000000000
0x00400000
ax00000000]
0x00000000]
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5.4 (B SSCIR

ERESENRECE, BIMIEEH—F. KREM, iCRESICIZEREE —ERMER, 7
BiCwESRARKRE, FE— 1 ERIIEMEERFES KRS, XAKIES T LoongArch 32iC
RIEFRIREERE, ARTICRIFTRZES. Frll, BANGRMARSIESHIME, JLARSHIRME T (8
BRI, BFALUREE SHEERITASKAESSS . BEMES, HNTLURSEINCIZE
<, EME—IEE, FERNCHRABTHREARRES, BEFREENERE,

5.5 i RIIRESEIR

ATILLARSIEN# S T BREEMSERMEHFEMZS, FIIXILARSKHARINEEHIT TR, L
WTEMDXICR, BIF, FRaaDRiR, AFRETTON, URAEERRTES IR
gE. AUEEIRET 6.4.27

5.6 READMEFIIRE SRS

ZTTFARNFRE, LARSHITHEEFNREZMcE. ATRMAFRELF, THLARSHIIIRE,
1R TREADMERIRE, FERS T BIFMRIIIE SALRNBLARSHITIEE,

6. 2 ER
6.1.15SENIR
6.1.1 ER=&Hi®

addi.w $a0,%$a0,2047 #a0 = 0x000007ff = 2047

addi.w $al,$al,-2048 #al = Oxfffff800

add.w $%$a2,%al,$a0 #a2 = Oxffffffff

addi.w $a3,%a3,2046 #a3 = 0x000007fe = 2046

sub.w $a4,%a0,%a3 #a4 = 0x00000001 = 2047 - 2046 = 1
mul.w $a5,$a0,$a4 #a5 = 0x000007ff = 2047 * 1 = 2047
addi.w $a6,%$a6,1023 #a6 = 0x000003ff = 1023

div.w $a7,%$a3, $a6 #a7 = 0x00000002 = 2046 / 1023 = 2

6.1.2 ZiEEE i

#E 0% ESa0 = 0x0000T0F0
#EeBESal = 0x00f00ff0
and $%$a2,%a0,%al #a2 = a0 and al = 0x000000f0

or $a3,%$a0,%al #a3 = a0 or al = 0x00fOfffO
nor $a4,%a2,%a3 #a2 = a0 nor al = OxffO0f000f
xor $a5,$a0,%al #a2 = a0 xor al = 0x00fOff00

andi $%$a6,%a0,2047 #a2 = a0 and 0x000007ff = 0x000000f0
ori $%$a7,%a0,2047 #a2 = a0 or 0x000007ff = 0x0000f7ff

6.1.3 BAnsEMiT
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addi.w $t0,$t0,2047
addi.w $%a0,%a0,3
s11.w $t1,%$t0,%a0
srl.w $t2,%$t1,$a0

#EtOMYIME L0 = 0x000007 ff

#WE M Ea0 = 3
#PMARIA, Bl =
#ERAER3AL, 1512 =

sra.w $t3,$t0,$a0 #EARAEREINL, 5tl =
s11i.w $t4,$t0,3 #IWHEEFE3ML, Bt =
srli.w $t5,%t4,3 #IZHWAFEINL, HE2 =
srai.w $t6,$t0,3 #EARAEREINL, 5tl =
6.1.4 TSR BRI
.text
addi.w $t0,$t0,1 #EEtOKYMEL0 = 1
addi.w $t1,$t1,1 #HEtIHYELL =1
b partl #Bk4%E Fpartl
part3:
addi.w $t0,$t0,3 #t0 = t0 + 3 = 5
b exitl #PkEE Flexitl
part2:
addi.w $t1,%$t1,2 #t1l =tl + 2 = 3
jirl $t2,%ra,0 #ik [Flpartl
partl:
addi.w $t0,$t0,1 #0 =t0 + 1 =2
b1 part2
addi.w $t0,$t0,1 #0 = t0 + 1 = 3
addi.w $t0,$t0,1 #0 =t0 + 1 =4
exitl:
6.1.5 BFREHkEEML
ctext
addi.w $t0,$t0,1 #EEtOKYMEL0 = 1
addi.w $t1,$t1,1 #WEtLHXYMELL = 1

beq $t0,$t1,partl #tOMtIMHZBE S partl

part3:
addi.w $t0,$t0,3
bne $t0,$tl,exitl

partl:
addi.w $t0,%$t0,1
bge $t0,$tl,part2

part2:
addi.w $t1,%$t1,2
b1t $t0,$tl,part3

exitl:

#t0 = t0 + 3 =5

0x00003ff8
0x000007ff
0x000000ff

0x00003ff8
0x000007ff
0x000000ff

#TOFItIAAHE LBk L Flexi tl

#0 =1t0 + 1 =2

#UNROR Tt Lt Bk4% Blpart2

#t1l =1tl + 2 =3

#IARTO/NT 1Bk Flpart3
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6.1.6 TZfiEFNiEAGLE

.data
arrays: #E M HHarrays[2]
.word 0:2

.text
Ta $a0,arrays #EHH NN EE E a0
addi.w $t0,$t0,1 #&XEtOMHIMELO 1
addi.w $t1,$tl,2 #EECIMWMELL = 2

st.w $t0,$a0,0 #H O A Rlarrays [0]
st.w $tl,%$a0,4 #iE o A Elarrays [1]

]
N

1d.w $t2,%$a0,0 #¥arrays [0]HHMEMNEEI2H t2
1d.w $t3,$a0,4 #¥arrays [1]1HEMNEEIt3F 3

6.1.7 (5SSt

.data

fibs: .word 0 : 12

.text

Ti.w $t2,0x0f0f0fOf #3240 1% t2 = 0x0fOfOfof

Ta $t3($t0) #1502 € 3 t3= Oxfffffffc
la $t4,-4 #EA RS LR E b t4h t4 = OxFFfffffc
Ta $t5,0x0f0f0fOf  #K32A L EPECEE— ANtk inEst5+ €5 = 0x0fofofof
la $t6,fibs #Fibsayuht inZ st t6 = 0x10010000

st.w $t0,($t6)  #HFtOW{Za P MBIt/ T t6rhRFibsi— Ml fibs[0] =
OxFFFFFFfc

st.w $t0,-256 #0728 T B A7 i B - 2 565 b7 [yt bk h (-256) =
oxfffffffc

st.w $t1,0x10010004 #i&4t1 a7 i EdE 7 2 £1bs 5 — Atk b fibs[1] =
0x00000f0f

st.w $t2,8($t6)  #Ht7FAA s AR Tibs = Ak fibs[2] =
0x0fofofof

1d.w $a0, ($t6) #4Fibs [0] Huhk Ak HfE IR %5 a0 a0 = Oxfffffffc

1d.w $al,-256 #44-2 5657 M i bk B T 2 al al = Oxfffffffc

1d.w $a2,4($t6) #KFibs [1]H {E 45 a2 a2 = 0x00000f0f

2. ZFHEEMI
6.2.1 3ERAPIREFI M

.data
fibs: .word 0:12 # B S AP, IR N 124 e E 0
size: .word 12 # MR RN AR R, 12

.text
la $t0, fibs H5 1 bs Bl i i sk in 2 51 27 77 2% $ €0

Hsize BB IMALINE B F A4 515
KrsizeWBAVEMBEN IS AR
e SLBIE Ln#R 2w A7 2 $ €2

Ta $t5, size
Td.w $t5, $t5, O
Ti.w $t2, 1

* H H K
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st.w $t2, $t0, O # fibs[0] 1
st.w $t2, $t0, 4 # fibs[1] 1
addi.w $t1, $t5, -2 # Frsize2 AR A A St (TE RV T 4SS

Toop:
1d.w $t3, $t0, O # $t3 = fibs[n]
1d.w $t4, $t0, 4 # $t4 = fibs[n+1]
add.w $t2, $t3, $t4 # $t2 = fibs[n] + fibs[n+1]
st.w $t2, $t0, 8 # Store fibs[n+2] = fibs[n] + fibs[n+1]
addi.w $t0, $t0, 4 # K $tOMfE 4, FBHEHM T R
addi.w $t1, $t1, -1 # BIEIR AR St
bgtz $tl, loop # WRIEA ARSI T0, BhikE] 1 oop 4k ST
Ta $a0, fibs # ¥ bsE AL PR ah bk N5 2 % 7 4% $a0
add.w $al, $zero, $t5 # IG$t5 CFULK/N) InEEIFF4%al
b print # BRI printhrs

# printhrds N AURD F T 4T BN 2E B IR S2H i b

.data
head: .asciz "The Fibonacci numbers are:"  # & X EEPHFEPIbr 8775 B
space:.asciz " /n" # EX—ANTFRE, AT
.text
print:

add.w $t0, $zero, $a0 # ¥4$a0nyfH (FibsEdihhlt) Nk 37574 $t0
add.w $tl, S$zero, $al # ¥Salimyfli CE4l K/ n#kF F7detl

# outhraE T AU I T3/ 4T B 2L SR 3240

out:
la $a0, head # KRR R e N B A F gs $a7
Ti.w $a7, 4 # WERFEH TR GTEFRED
syscall 0
T1d.w $a0, $t0, O # 4 $tO48 [ 2 o = M N2k 2 27 47 35 $a0
Ti.w $a7, 1
syscall 0
la $a0, space # B T B 1 b Nk B 75 A7 4% $a0
Ti.w $a7, 4
syscall 0O

addi.w $t0, $t0, 4
addi.w $t1, $t1, -1
bgtz $tl, out

b exit # R ERTRFEE AT e B, Bk Blexi thrdFiR HAR /7
exit:

Ti.w $a7,10 # WEAGEHS N0 CERHEFEF)

syscall 0 # PAT RGP

6.2.2 IEANHEFE LM

.data
arrays:.word 0:12 # X Hdlarrays, GEHELR2MFENHITLER
.text
Ta $a6,arrays # BdHarraysfibilin#k s 54745 $a6
getLength:
T1i.w $a7, 5 # WEARAHSNS, X EBEESZEIAKEN RS H

syscall 0 # PATRAWH
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forltst:

for2tst:

move $t0, $a0
Ti.w $a2 0
move $a3 $a6

getNumber:
beq $a2, $t0, deliverpParam

Ti.w $a7 5

syscall 0O

st.w $a0, $a3, O
addi.w $a3, $%a3, 4
addi.w $a2, $a2, 1
b getNumber

deTiverpParam:

move $a0, $a6
move $al, $tO
b sort

addi.w $sp, $sp, -20
st.w $ra, $sp, 16
st.w $s3, $sp, 12
st.w $s2, $sp, 8
st.w $s1, $sp, 4
st.w $s0, $sp, O

move $s2, $a0
move $s3, $al
Ti.w $s0, O

#E— JZ G

st $t0, $s0, $s3

beq $t0, $zero, exitl
addi.w $s1, $s0, -1
#ogHAMkey=array[i]
s1Ti.w $t5, $s0, 2
add.w $t6, $t5, $s2
Td.w $t7, $t6, O

#5552 EH
s1ti $t0, $s1, O

bne $t0, $zero, exit2
s11i.w $t1, $s1, 2
add.w $t2, $s2, $tl1
Td.w $t3, $t2, O

1d.w $t4, $t2, 4

s1t $t0, $t4, $t3

beq $t0, $zero, exit2
b1 swap

addi.w $s1, $s1, -1

b for2tst

swap:

st.w $t3, $t2, 4
st.w $t4, $t2, O
jr $ra

# BBAKEA#EI$T0
# WEIHN S E
# WEMBEYIIGHE

# WURBHGERMR AEAHER
# S

# BB R AT
# (W E+4

# U+l

# URSE{EE

# BB G # 3 $a0
# BB K N E $al
# BhFF|sort

#s0==1, sl==j, s2==v Hult¥I4AME, s3==Length
sort:

# NI FAT S EAEAR B il 2 )
# KR AR S ra SRR AT
# 4$s3ER L

# Bl $a0 R E]$s2
# Y WAINEEIR AR T N0
# if $s0 < $s3 (i < n) $t0 =1
# if $t0 == 0, HIANEEAEEHR, Mk Hexitl
#5 =1 -1

# $t5 = $s0 * 4

#$t0 =1 4f $s1 <0 (3 < 0)

# if $s1 < 0, HINZMEISE R, Mgk Rlexit2
#$tl =3 * 4

# %2 =v + (j* 4

# $t3 = v[j]

# $t4 = v[j + 1]

# 9f $t4 < $t3 (v[j + 11 < v[jI) $t0 = 1
# if $t4 >= $t3, Wiz, MBkHFlexit2
# 1AM swapid FEHE T2

# -

# RN AR

# HSE3fFERIVI] + 1]

+H

F$tafiEzIvii]
# R[5l 2118 B swap i



exit2:
addi.w $s0, $s0, 1 # i++
sTT1i.w $t5, $s1, 2
add.w $t5, $t5, $s2
st.w $t7, $t5, 4 # BkeyfifigFlarray[j+1]
b forltst # REHNEIEIS

exitl:
#14)7 I )
1d.w $s0, $sp, O # MR E $s0
1d.w $s1, $sp,
1d.w $s2, $sp, 8
1d.w $s3, $sp, 12
1d.w $ra, $sp, 16
addi.w $sp, $sp, 20
#jirl $zero,$ra, O # return to calling routine

EN

6.3 il Rl
RSB SR AR S SRR

I C\Users\18316\IdeaProjects\Lars\fibs(laversion).asm - LARS 4.5 5 X
File Edit Run Settings Tools Help
a - - Y Run speed at max (o interaction)
ECEEIE 3[Cla8][xle|e[o]o/ okl @] ey
Edit | Execute | *|"Registers | coproc1 | Coproco |
| fibs(la.version).asm | Name Number Value
=[] #5zexe o
L ek Al sza 1 0:00000000)
2 stp 2
3 ssp 3 OxT£EEetE
sa0/5v0 4 0x1001004
‘ sa1/5v1 5
5 sa2 o 000000000
a3 El
o sai o
7 [l fsas o
g || fsae 10
a7 1 0:0000000a,
; st0 12 01001003
10 st1 13 0:00000000)
11 |
st3 15 0x00000037
12 st 16 0:00000059]
13 loop: st 17
5 Ll isee 18
st
14 1d.w §t3 0 se7 15
15 ld.w § st8 20|
16 add.w 3, st4 sx 21 0::00000000)
o stp 22
47 stow §t2, 550, 8 50 23 0:00000000)
18 addi.w §t0, $t0, 4 551 24
19 addi.w $t1, stl, -1 ss2 25
553 26 0x00000000|
20 bgtz $tl, loop 54 27
21 la $a0, fibs 555 2 000000000
coer st s26 26
22 add.w Sal, szero, §L9 2 M
23 b print ss8 51
20 e 0x002000b0)
- 3 stableCounthigh 0:00000000)
26 S
27 head: .asciz "The Fibonacci numbers are:"  # FX¥ =
[l ] Iv]
Line: 1 Column: 1 (] Show Line Numbers
| Lars Messages | Runiio |
The ribonacci mumbers are:d
The Fibonacci mumbers are:i:
The Fibonacci mumbers are:2l
The Fibonacci mumbers are:24
The Fibonacci mumbers are:ss
The Fibonacci mumbers are:es
the Fibonacci mumbers are:14d
program is finished running

XI3E ARG R PR SRR = SR E Rl i
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B C:\Users\18316\ldeaProjects\Lars\fibs(la version).asm - LARS 45

File Edit

Run Settings Tools Help

\o

SRR

o0y

RIEIGEAPICICYE

ole @ 6‘ Run speed at max (no interaction)

o
X

Edit | Execute | “Registers | Coproc1 Coproc 0
7] Text Segment ' @ || 5 Labels o' @ R RIcER el
oz o cx60000000)
s | o B S \ e ey | o
m 101 $20,0x00010.. | 5 1a 5t0, fins + ¥ {i st - fibs (i ). stp 2|
siz, 520 0200000 | oy 3 e
1a 5e5, size i i fhses jome e w0 :
0x0040000¢] 0x0: 91 =llout 0%0040005¢] sa1/svl 5 0:00000000)
(1 [ sx004001] ox28800231] w555, 555, 0 ¥ Fsize RSN (s AT o = o
0%00400014] 014000014 Liow 52, $ 3400 H RS (T2 ot c0a000ad) ] {325 >
[T [ox00400014 ot o |
0x0040001c] 0x2980018d/st.w §1¢,512,0x0000..] 5:  st.w §c2, 5%0, 0 5 zibaro) =1 e 3
head 0x10010034| 5a:
0x00400020] 029801186t -w §14, 512, 0x0000-- 10: " st.w Sz, 560, 4 i fibsi1 =1 reed oxa001003d) 1 Jaae = x00000000)
L1 [ 020000024] 0x02 513,517,056 [11:  addiw 5t1, 5t5, -2 % HisizeMaliMH G {iastL (EIRMITEE = 527 1
O 1d.w $15,512,0%0000. ld.w §c3, S0, 0 #5513 = st0 12
1 [ ox0040002¢] 0x28801150/1d.w 516, 512, 0x0000. . 1d.w 3td, 3t0, 4 + £ibs(ntl] se1 13)
0200400020| 0x001041ecladd.w $14, 515,516 add.w §t2, $t3, St4 % fibs(n] + fibs(nil] St2 14
0x00400034] 0x2980218elst . _$14,512,0x0000. . st.w 5t2, 5t0, 8 4 Store fibsin+2] = fibs(nl + fibs(n+l] st3 15| 0x00000000)
0200400035 00240118/ addi rw $12,512, 0x00. - addiow sto, Sto, 4§ ffstolfiila, HFHALN F— ok G 16
0x02° $13,513, Ox£E. addi.w $t1, $t1, -1 # A§iRR it iﬁ(?ﬁ?(lhﬁl =i 5t5 17 0x00000000)
< ol | wrl ste 18]
= St7 19|
5 pata segment i B @ i sen 20| 0x00000000]
Ao Vo 0 Voo o) Vowoes) | vawetre) Voo 10 Voo 1) Voo 419 e B
ox10010500] ] ®
1001 1 $50 23|
ox10010040] cx7261207 ] fel 2
= = $52 25
- 53 26|
010010050
212010 5sa 27 0x00000000)
Sx1001 | sas 20
ss6 29
ox100100
8510010020 I 551 39 0x00000000)
$s8 31
i re 0x00400000)
0x10010140]
ox1001016 1
0x10010180] )
0x%100101a0 0x00000000| 0x00000000| 0x00000000] 0x00000000, 0x00000000] 0x00000000| 0x00000000| 0%00000000/+|
< D[]
AN (data) | Addresses Values [ ] Ascl
| Lars Messages = Run /O
foo: runniag £ibs (1a.version .ase
lco: execution completed successfully.
facany] lnssemble: assembling C:\Users\18316\IdeaProjects\ars\fibs (la.version) .asm
lassemble: operation completed successfully.
A4 =19
. — AN =y LGS H 43I —
JSCINFNREZ NE=Sa NN ! J
{RXj- 7N =R BelZt 1 T RNIVAS7IN
i I
6.4.1 BHT simulator
= ) AY
é&i)nu g0 53\ i JigR
<o
mc -LARS 45 o x
File Edit Run Settings Tools Help
= - = ~ Run speed at max (no interaction)
EEEERE NEGEEIEC D EEERRIC R
Edit | Execute | [ B BHT Simulator, Version 1.0 (ingo Kofler) x | Registers | Coproc1 | Coproc0
N . 3 Name Number Value
5 Text segment Branch History Table Simulator L A
kot | Adaress Cade Basic [ adoressa [ [lc50 i
SR R I #0f BHT entries 16 ~| BT history size 1]+ niia value [NOT TAKE |~/ e B e 2 ex00000000)
1ul $20,0x00010. 6 la § $sp. 3|
0x0040000c] 0x0380c291]ors_§17,520, 0100000 (e index | wistory | Precicton | Comect | ncorect | Precision o | s=0/5v0 4
[l | ox0040001] ld.w $17,517,0%0000.. ] 7: Tdw o NT NOT TAKE s o 100.00 $al/svi 5
0%00400014| 0x14000014[1u121 .w §20,0%00000... ] 8: Tiw 1 NT NOT TAKE o o 0.00 sa2 ol
[T [ ox0010001¢] 14, 520, 0200000, @Address 2 NT | NOTTAKE 0 o 0.00 10010000} 523 1
0x0040001c| 0x298001 t.w $14,512,0x0000 9: St.w 3 NT NOT TAKE 0 0 0.00 1001 ) $a4 8|
0x00100020] 029801185t w $14,512,0x0000 -+ [10:stow 4 Nt [NoTTAE| o B 000 ontootooss| || 15=5 E| 0x00000000)
= x wrr. i acai 100100 26 10
0:00400024[ 0202 $13,517, 0x££. . [11 d: Sl AKE 0x1001004] 2
00! 1a 1d.w AKE 5a7 11
[T [ ox0049002] om2ss01250[1a dow AKE st 12 cx1001002
0x00400034| 0x298021 t st.w AKE
000400030 020240116 |addi 1w $12,512,0%00. = 1 AKE L[l fsca 15
0x02 w $13.513, 0xet. adai T AKE < [sea 16
T Toxo o515 T [ AKE ces 1
T T AKE [vIpata [v] Text ste B
0 AKE ser 10 0x00000000)
5] pata segment 15 NT_ | NOTTAKE| o 0 000 Lol 20
Ao Voo ) Voo ) ® T 2 x00s0nood
0x1001 0%00000001] 0x00000001] poooood| sf; 23 .
Gxo0000037 | = c3c3616. fa e 2x00000009
ox10010040] Bossoo = 2
ox1001 Boooooo) e 2
0210010080] booooo ssa 27
ox1001 boooood
ox100100e0] Hoaoo 5o 28
ss6 29 0x00000000)
ox100100 000000
0x10010100] 20000 @ 2
0x10010120, Log 000000| 258 =
ox10010140] instruction bit $0,513,7 at address 0x400040, maps to index 0 ] e pe 0x0040003¢
TR ranches to adcress 0400028 000000
o rootored] rediction is: do not take... Fro00 0200000000)
0x100101 0x00000000| 0x00000000| ranch not taken, prediction was correct 000000| 0x00000000
K| E ]
oxtooty oo ontrol
= ‘ LoongArch Reset Close
Lars Messages | Run /0
Clear

6.4.2 LoongArch X-ray

SLHIS A EIRR A RIS < FUEURE IS R,
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B LoongArch X-Ray - Animation of LoongArch Datapath, Version 2.0 X

LoongArch X-Ray - Animation of LoongArch Datapath

dest
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gel_f_res

1
RD
b |
e
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I
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Tool Control

| Connect to LoongArch | Reset | . Help | Close

7. BRI EERRRRT E
7.1 LoongArchigSHIAZE
[ -

LoongArch{EA—FsrfaOabIEeszery, FARFIATTFLoongArchisSERERE, XN T FF A HER
RIBREHIERIE,
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MBRITE
o FRAES): BEAARIRAMERAF I LoongArchigSEEERE, BIE:
o BREE Y
o BEIELIFE
o ERBME BIRSTIEERCREFRITRI LoongArchig SEEMIER,

7.2 MarsiR SRR INEEEN

[F ik
MarstEf BRI ETRREIRAN avalRS, HOIE RIS R BRII avahRAmT s,
RBRITE

o RBBHE: WMENBHTIFMFE, PRPLEROFEER.
o ZEWH: ZLBIRIMANEEMNE, LISSRREMAMERE.
o Mk EFEHITIHERAGNN, LABREIRIITIRERIMEREIR B ZE IR0,

7.3 MipsflLoongArchi$ AR SRz
()RR

Mars[RASZFFMIPSEEM, fiLoongArchSMIPSERFHARRIERERY, ERESE LFEER, X
ST REBIRSMIIBE R YA,

BRBGE

o BRMANILL: 1FANIEEMIPSHILoongArchiIZER:, FIH —E R FRAAVFIE.
o URBGLIE: XHPSRAVCABRHTHERLALE, SEHLoongArchZRMAFERIIR 3T,

7.4 EiFITEREMILROHER

[
Be%LarsxdLoongArchARTNABAORSEEIENN, SERDBRBFENE, HASRIREE.
MBRTE

o RBRLEIRN: XESEERIMESHITIRRICERIIN, XY RIIREHITRGIIN, SCHIKIERD
[EimEaEEOIRRIHEIR,
o UEBMRML: IIEEHITML, BESHEEIEUREELIRS .
8. 43 THIME

InELABAMEMars2Lars_NUAAersfIRRAE, TEESEIPRYSHAIEEN T TiMETS.

8.1 IFSHRBXNBRS

WHCIR SIEH: IR
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8.2 Rk SR ECI
BORIBOTSRS: SR, REER
TSI : HEEAR

8.3 B EN RS
RIS RTRIZE . R
IO SHRLE: EEA

8.4 (HESHRE
ESRE . MR
RSN SIE . HER

8.5 }" EINEESCH
ERERINBEIERE . &ER
VRN NERE . BEER
HREINEEMN 518K EEAR

9. 1IR3 B RS iR

9.1 BEER
https://gitlab.eduxiji.net/T202410287992756/project2210132-236065.git
9.2 3 {Hihik
9.2.1 {RAFXH
=1
Xi4/EF ik
/.idea Fillidealn HECE S 14
/help TFRILARSHEE B S HRRTSI A
/images FRLARSERFRZINE R, BiRRIR
/Nars LARSHFEZE SIS
/simulator SFLARS 4R TS TR RIS IR
/tools LARS#AfE T 2INEERISEH
/META-INF ¥18)ar BB B e R RIEC B X4
Jout BT
/test FruES SR ICRER

R2LR1):
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https://gitlab.eduxiji.net/T202410287992756/project2210132-236065.git
af://n279
af://n280

XiH/BF faik

/docs IR E X
Lars.jar LarstTEIAY)ar&l sz
Lars.java Larshy/ganEE
LoongArchXRayOpcode.xml FhsX-ray TEAEXAIER
PseudoOps.txt EXHESHI

9.2.2 larsB##X%

X/BF fai
/assembler SCHlLoongArch 32iC4RiEFmIBgFZAIAT
/loongarch StilLoongArch 3228t aRTIZ/OMAAS, BLETR(HENL, 18SEEN
/simulator SCHlLoongArch 32iC4miZRiz{TISF2AIAD
/tools SR T RIS
/util BEETBRRERITTIERAE
Ivenus BUIHGUISEIRS

9.2.3 docsBFX 4
X4/BF faik
/picture B4 FEE R
proj_docs.md InE >

10. LbZWBR

1B MEE EE o
2. S FREAL K RIhE: http://www.loongnix.cn/ €
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