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Simple MIPS Program

instruction memory

C code

int main() {
int x = 1;
inty = x + 1;

}

MIPS code

.data 90x0

.text 0x3000

main:
ori $to, $0, 1 # int x = 1;
addi $t1, $to, 1 # int y = x + 1;

registers

ori $vo, $0, 10 # system call code for exit
syscall # exit the program



.data 8x8

text @x3eee

main:
ori %$te, $8, 1 # int x
addi $t1, $te, 1 # int y

Program in MARS
What happens in MARS?

1;
x + 1;

ori $vo, $0, 18 # system call code for exit

syscall # exit the program

| Name Mumber  Value
® Text Segment $zero 0 0x00000000 !
Bkpt  Address Code Basic Source sat 1 AxpPRAAARD
Ax0REA3000 Ax34080001ori 38,350, 0x00000001 63 orli $t9, $0, 1 # int x = 1; $vi ) DxOPAARRAR0
Bx00003004 0x21090001 addi %9, %8, 000000001 7: addi $tl, $t@, 1 # int y = x + 1; vl 3 PxORORRAR0
0x0ABA3008 Mx3402000a ori %2,%0,0x0000000a 9: ori $v@, $0, 18 # system call code for exit $a@ 4 DxOBARARAO
0x0200300Cc DxPOREOBAC syscall 10: syscall # exit the program $al 5 AxOPARARRD
a2 7] Axafoaaa00
%a3 ) Ax0paaeaEa
510 8 Axa0oaaa00
Ft1 9 Ax0aoaea0a
512 18 Bx0eeaaR00
$t3 11 Ax0faaeaEa
$td 12 Axafoaaa00
t5 13 Ax0paaeaR0
$1b 14 Ax0e0aa000
$t7 15 Bxpeeaeaaa
50 16 Axafoaaa00
%5l 17 Ax0paaeaEa
$52 18 Axa0oaaa00
Data Sedment $53 19 Ax0aoaea0a
=ty 554 28 Bx0eeaaR00
Address Walue [+0) Value (+4) Walue (+8) Value (+10) $55 21 AxBPARPARD
Axapaa0aea Axpapopaea Axoeaaea00 AxpReeBRe AxaaoeeaR0 Ax0000¢ 456 22 AxBPARORAD
Bxpooaee20 Bx00a00000 BxPoDaRROa Bx00a000080 BxBo0a000a BxO000E $57 23 AxPPEEARRR
Bxpooaeedn Bxdoa0eaaa BxPopaRRRa Bx@oaaea0a Axpaaaaeaa BxBaa0E $t8 74 PxAPRORRD
AxaRaa0a6a AxpapoeRea AxApaaeae AxpapeBaea Axaaoaoaea Bx0B00L $t0 25 AxBPARARRD
AxARaaeaEa Axpapopaea Axoeaaea00 AxpReeBRe AxaaoeeaR0 Ax0000¢ sko 26 AxBPARORAD
AxA0aa0aa0 AxpepoBRea Axapaaeae AxpapeBaea Axaaoaoaea Bx0B00L £kl 27 AxBPARPARD
BxpooaeaCch Bx00a00008 BxPooa0e0a Bx@0a00000 AxQooa000a BxB0a0E $gp 28 PxPPER1EAD
BxBoRA00a Bxdoa0aa0a BxpopaRRRE Bx@oa0000a BxBoaa0eRa Bx@aa0E $sp 29 0x080027C |
Axaeaa0100 Axpapopaea Axoeaaaa00 AxpReeBRe AxaaoaeaRR Ax0000¢ $tp 30 0xAA0O0E00 |
Axaeaae120 AxpepoBRea Axapaaeae AxpapeBaea Axaaoaoaea Bx0B00L $ra 31 gxggggggggi
Axaeaa0140 Axpapopaea Axoeaaea00 AxpReeBRe AxaaoeeaR0 Ax0000¢ \pc AxBPAR3IARD
Bx0o0aR160 Bx00a00000 BxPoDaRROa Bx00a000080 BxBo0a000a BxO000E [hi 0x00Ad@00 |
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Program in MARS
What happens in MARS?

.data @x@

Jtext 8x3eee
main:

ori %$tB, %@, 1 # int x
addi $t1, $t@, 1 # int y

m—)

1;

e M

ori $v@, $@, 18 # system call code for exit

syscall
@ Text Segment
Bkpt  Address Code Basic Source
' Bx0OQA3008 0x34080001 orli %8,50, 000000001 b orl $t@, %0, 1 # int x = 1;

AxPAAA3004 0x21090001 addi $9,%8,0x000000081 7: addi $t1, $t@, 1 # int v = x + 1;

0x0AAA3008 Bx3402000a ori £2,%0,0x0000000a 9: ori $v@, %0, 18 # system call code for exit

0x00OO300Cc Dx@POOROROC syscall 18: syscall # exit the program

Data Segment
Address Value (+0) Value {+4) Value {+8) Value {+c) Value (+10)

AxPooaa00e BxQooaaB0a AxPopaaeRa BxDaaaRa0a BxBooa0a0a Bx00aat
AxBooaaB20 BxBooaaBR2 AxPeRa0RRe Axpaaapaaa Axpoaaceaa Bx0eaat
Axpooaaddd BxBooaaBRR BxBopaRBRA BxPaaaRaRa BxBoaataaa Bx0aaat
AxpoRReRED @x@Boaada00 @xpeRAd@EA AxpaaaeRA dxdpoaa0R0 Bx0o0aE
AxpoaaeRED @xBoapdRA0 Ax@BeRa0RA0 AxpeAaEAQ0 Axpoooa0R0 BxpooaE
AxpoaaeRa0 @x@Boaada00 @xpeaAd@EA AxpaaaeRA0 dxdpoaa0R0 Bx0o0aE
AxPRoaaRch BxpopaaaaR Bxpopageaa Bxpaoaraaa BxBooaeeaa Bx000ac
AxP000080eR BxB00aa000 AxPoRa0000 BxPoaa0aRa Bx0oaa000a Bx000a¢
AxBoRaa100 BxBoaaaBRR BxBopaRRRA BxpaaaRaaa BxBoaadaaa Bx0aaac
AxPReaAa120 Bxpooaagaa AxPeRaaERe Axpaaagaaa AxBoaacaaa Bx0oaat
Axpoaae140 @xBoaadR00 AxBeRa0RA0 AxBaAaERQ0 Ax@poooo0R0 Bxpooae
AxpoRRe160 @x@Boaada00 @xpeaAd@EA AxpaaaeRA0 dxdpoaa0R0 Bx0o0aE
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# exit the program

| Name
i$zeru
|$at
5v0
[$v1
(520
[$al
|$a2
i$a3
|5t@
|$11
$12
|$t3
$t4
| $15
$t6
$17
|$s0
[$s1
|$52
[$53
|$s4
|$55
|$56
| $57
$t8
519
$ka
$k1
$gp
'$5p
$Tp
|$ra
pc
'hi
iLn

Number

S Y T T 0 T N O T e B o s S e e Y
[~ T~ R O R Y R R R T O T R YR S T - (. BT I - PY R S RS -

Value [

PxDPOORA00 |
0x00000000
Bx00000000
0x000R0000
0x00000000
DxPOO0OOD0
Bx00000000
0x00000000 |
Bx00000001
Bx0DORBADG |
0x00000000
0xPOORO000
0x00000000
Bx00000000
Bx00000000
Bx000R0000
Bx00000000
Bx0O000000
0x00000000
0x00000000
Bx00000000
0x00000000
Bx00000000
0x000R0000
0x00000000
DxPOO0OOD0
Bx00000000
0x00000000
Bx00001500
0x00002ffc
0x00000000
0xPOORO000
0x00003004
Bx00000000
0x20000000



.data 8xa

lext ax3eea
main:
ori $t8, %8, 1 # int x =
addi $t1, $t@, 1 # int y

Program in MARS
What happens in MARS?

|
=
-

X + 1;

m—)

ori $va, $8, 18 # system call code for exit

syscall # exit the program

| Name Mumber  Value
s Text Segment szero 0 axaaaaaaaa!
Bkpt Address Code Basic Source sat 1 AxaPeREARD |
0x00A03000 0x34080001 ori $8,50,0x00000001 6:  ori $t0, %0, 1 # int x = 1; $v@ 2 0xA0A00BRD
0x00003004 0x21090001 addi $9,%8,0x00000001 7: addi $t1, $t@, 1 # int y = x + 1; vl 3 0x00000000
0x00003008 0x3402000a ori %2,%0,0x0000000a e ori $v@, %0, 18 # system call code for exit $al 4 AxBPARARRD
0x@0R0300c AxOOBAOAAC syscall 18: syscall # exit the program $al 5 AxAPARRARD
a2 7] Axafoaaa00
a3 ) Qx00000000
E$t@ 8 Bxopoae0a1
£t1 9 Px000OBOR2Z
$t2 18 Axafoaaa00
513 11 Ax0paaeaEa
$td 12 Axafoaaa00
$15 13 Bx0poae0a0
$1b 14 BxApeae000
$t7 15 Ax0faaeaEa
50 16 Axafoaaa00
$5l 17 Ax0paaeaEa
$52 18 Axoeoae0a0
T $s3 19 0x00000000
——— $54 20 Axapoaaa00
Address Walue [+0) Value (+4) Value (+8) Value (+c) Value (+10) $55 71 AxDOBA0RRN
Bxop0a0000 Bxapo0Raa0 Bxopoap0a0 BxepoaRa00 Bxopoapoa0 BxA000E 456 22 0x00R00ROD
Bx000a0020 Bxa0000000 BxAR0aR000 BxB0000000 BxApea0aa0 BxA000¢ £57 23 0x00R00000
Axaeaa0ad4a Axpapopaea Axoeaaea00 AxpReeBRe AxaaoapaR0 Ax0000L £t8 24 0xE0000000
AxaRaa0a6a AxpepoBRea Axapaaeae AxpapeBaea Axaaoaoaea Bx0B00L £t9 25 AxAPARRARD
AxARaaeaEa Axpapopaea Axoeaaea00 AxpReeBRe AxaaoeeaR0 Ax0000¢ sk0 26 0xAPA0RARD
Bx0e0a00a0 Axaeopa000 Bxopoae0a0 Axepoa0000 Bxopoaaoa0 BxAB00E £kl 27 0x0ABARRRD
BxA00a00c0 BxAR000000 Bx0e0a0080 BxB0000000 BxApoa0000 BxB000¢ $gp 28 0x00R01500
Ax000000e0 AxpapoBRea AxApaaeaEe AxpapeBaea AxoaoRoaea Bx0B00L $sp 29 0x00082f fc |
Axaeaae100 Axpapopaea Axoeaaea00 AxpReeBRe AxaaoeeaR0 Ax0000¢ $fp 30 Px0O0R0A00 |
Axaeaae120 AxpepoBRea Axapaaeae AxpapeBaea Axaaoaoaea Bx0B00L $ra 31 Exﬂﬂﬂﬂﬂﬂﬂﬂi
Bxoe0a0140 Bxapo0Raa0 Bxopoap0a0 BxepoaRa00 Bxopoapoa0 BxA000E \pc 0x00R03008
BxA0000160 Bxa0000000 BxAR0aR000 BxB0000000 BxApea0aa0 BxA000¢ lhi 0x00R00000
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.data exa8

.Text 8x3e80

main:
ori $te, $8, 1 # int x
addi $t1, $te, 1 # int vy

Program in MARS
What happens in MARS?

1;
X + 1;

ori $va, $8, 18 # system call code for exit

- syscall # exit the program

| Name Number  Value
® Text Segment szero 0 axaaaaaaaa!
Bkpt  Address Code Basic Source tat 1 fx0Pa00000 |
BxP0A03000 B0x34080001ori $8,30,0x00000001 i orl $t9, $0, 1 # int x = 1; $vD 2 gxma!
Ax00a03004 B0x21090001 addi %9,%8, ax00000001  7: addi $t1, $t@, 1 # int v = x + 1; E$V1 3 axaaaaaaaai
0x000R3008 0x3402000a ori $2,%0,0x0000000a 9: ori $v@, $0, 18 # system call code for exit $ap 4 AxPORARAD
0x0OOA300c VxBOQORBAC syscall 18: syscall # exit the program tal 5 0xDooREERD
$a2 i} Bx0pa0eRa0
$a3 7 Gx00000000
£te ) @x00000001 |
$tl 9 Ax00000002
£t2 1@ Bx0eaeaaa
t3 11 Bxpoadeaaa
$t4 12 Ax00000000
$t5 13 Ax00000000
£tb 14 Bx0eaeaaa
$t7 15 BxPeaReRAA
%50 16 Ax00000000
$s1 17 Ax00000000
$52 18 Ax00000000
Duta Sedment $53 19 BxPeaReRAA
= %54 20 Ax00000000
Address Value (+0) Walue (+4) Walue (+8) Value (+c) Walue (+10) £55 71 axpoeRRRRD
Bxpoaaeeaa Bx0o0a0008 Ax0oo0000a AxBoRa0aRa AxQooaa0aa AxBO0at $56 22 AxPARRRREA
Axpoaaee2a AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat $57 23 AxDERRPBEE
Axpoe00040 Axdaooo0a0 Ax0e000000 Axpo0o0a00 el ulelele] AxP000E $t8 24 PxPRARRRRD
Ax0ae00060 Ax@a000000 Ax@apo0a00 Axpoooo0a0a AxpooooRAR Bx0000E £t0 25 AxPAAARRRD
BxpooaeREa BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at sk 6 AxAARRAREA
Axpoaaeean AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat skl 27 AxDERRPBEE
Ax0oe000cH Axdaooo0a0 Ax0e000000 Axpo0o0a00 el ulelele] AxP000E sgp 28 AxPAAA1ERD
Ax000000e0 Ax@a000000 Ax@apo0a00 Axpoooo0a0a AxpooooRAR Bx0000E $sp 79 0xPABR2TfC |
BxPoaaa10a BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at $fp g AxDOQEARRA
BxpoaaR120 BxBooadaRa BxBooaRRRA BxPoeaeRaa AxBooaoBaa AxBOaak ira 31 gxggggggggi
Ax0oe00140 Axdaooo0a0 Ax0e000000 Axpo0o0a00 el ulelele] AxP000E Ipc @xgggggagcg
Ax0oe00160 Ax@a000000 Ax@apo0a00 Axpoooo0a0a AxpooooRAR Bx0000E [hi gxggggggggi
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Program in MARS

MARS shows the instruction memory address and the PC

7\

Text Segment

ddress
AxpRea3000
Axpaeaz00d4

Bkpt

ode Basic
*34080001 ori 8,50, 0x00000001 i
*21090001 addi $9, %8, 0x00060001 7

Source

ori $t@, %@, 1

# int x = 1;

Bx00003005

¥3402000a orl 52,50, 0x0000000a 9:

addi $t1, $t@, 1 & int v = ¥ + 1;

ori $v@, $0, 18 # system call code for exit

0x0OOA300C /OxBOBOABAC syscall 18: syscall # exit the program
Data Segment
Address Value (+0) Walue (+4) Walue (+8) Walue (+c) Walue (+10)
Bxpoaaeeaa Bx0o0a0008 Ax0oo0000a AxBoRa0aRa AxQooaa0aa AxBO0at
Axpoaaee2a AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat
Axppoao0d0 fGxpoood0e0 AxpeooOGRG AxpeRAEAAR dxpeAaEA0 Axpaaae
AxppoBOBED Gxdoooa000 dxpeooAGRO AxpeRaERAR dxpoaaoRA Axpaooe
BxpooaeREa BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at
Axpoaaeean AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat
dxppoaeBCo fGxpoood0e0 AxpeooOGRG AxpeRAEAAR dxpeAaEA0 Axpaaae
AxDR0BORed Gxdoooa000 dxpeooAGRO AxpeRaERAR dxpoaaoRA Axpaooe
BxPoaaa10a BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at
BxpoaaR120 BxBooadaRa BxBooaRRRA BxPoeaeRaa AxBooaoBaa AxBOaak
dxppoaa1d0 fGxpoood0e0 AxpeooOGRG AxpeRAEAAR dxpeAaEA0 Axpaaae
AxppoRA160 Gxdoooa000 dxpeooAGRO AxpeRaERAR dxpoaaoRA Axpaooe

R e e T T R T

o T

e

o T

o R

s (R

iName Number  Value |
$zero a 0x00000000
fat 1 Bxﬂﬂﬂﬂﬂﬂﬂﬂi
i$wﬂ 2 0x0000000a
[$vl 3 fxDOQBRORD |
$ab 4 AxA0000000
$al 5 GxQo000000
%a2 7] dx00000000
$a3 7 Gx00000000
£to 8 @x00000001
$tl 9 Gx0a000002
2 18 dx0o0a0000
$t3 11 Ax00000000
$td 12 AxA0000000
$t5 13 GxQo000000
b 14 dx0o000000
$t7 15 Gx00000000
$s0 16 AxQ0000000
$51 17 GxQo000000
%52 18 AxA0000000
%53 19 Gx00000000
$54 20 AxQ0000000
$55 21 GxQo000000
%56 22 AxA0000000
$s7 23 Ax 00000000
518 24 AxB0000000
$t9 25 GxQo000000
k@ 26 AxA0000000
$k1 27 Ax 00000000
sgp 28 0x00001300
$sp 29 @x@e002ffc
i$fp 30 Bxﬂﬂﬂﬂﬂﬂﬂ@i
| 31 L a
I 1
|lo 0x00000000



Program in MARS

MARS also shows the OP codes for each instruction

@ /7~ \L Text Segment
Bkpt Address sic Source

BxP0a0300p B0x34080001 4ri 8,50, 0x00000001 i orl $t9, $0, 1 # int x = 1;

AxPRBa30 Bx21090001 afddi $9, 58, 0x00000061 7 addi $t1, $t@, 1 # int v = x + 1;

Oxeoea30 0x3402000a ori $2,%0,0x0000000a 9: ori $v@, $0, 18 # system call code for exit

0x0OOA300Y 0x0000000c fyscall 18: syscall # exit the program

Data Segment
Address Value (+0) Walue (+4) Walue (+8) Walue (+c) Walue (+10)

Bxpoaaeeaa Bx0o0a0008 Ax0oo0000a AxBoRa0aRa AxQooaa0aa AxBO0at
Axpoaaee2a AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat
Axaepa0eda AxAa0ae0E0 Axopaa0a00 AxopoaBaRa AxapaaaaR0 AxA000E
Axae0R0e600 Axaa0a0000 Axapae0a00 Axoeaapaa Axapaaaaea AxA000¢
BxpooaeREa BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at
Axpoaaeean AxBooagaaa AxPooaaeaa AxPopaeaaa Axpooageaa AxBaaat
Axaeeaeeca AxAa0ae0E0 Axopaa0a00 AxopoaBaRa AxapaaaaR0 AxA000E
AxAR0R00e0 Axaa0a0000 Axapae0a00 Axoeaapaa Axapaaaaea AxA000¢
BxPoaaa10a BxPo0a000a AxPooa0e0a Axpopaeeaa Axpooaaaaa AxOO0at
BxpoaaR120 BxBooadaRa BxBooaRRRA BxPoeaeRaa AxBooaoBaa AxBOaak
Axaeeael1d4a AxAa0ae0E0 Axopaa0a00 AxopoaBaRa AxapaaaaR0 AxA000E
Axaepa01600 Axaa0a0000 Axapae0a00 Axoeaapaa Axapaaaaea AxA000¢

R e e T T R T

o T

e

o T o R s (R

iName
$Zero
sat
bigs
[$v1
$a@
$al
$a2
$a3
10
$tl
$t2
$t3
$td
$t5
$1b
$t7
350
$51
$52
$s53
$54
$55
%50
$s7
$18
$t9
sk
$k1
$gp
$sp
$tp
$ra
pc
'hi
[lo

Number

WO 00 = W Wk &

Value

axaaaaaaaa!
axaaaaaaaai
ﬂXﬂﬂﬂﬂﬂBﬂag
DxB0020000 |
Dx00DOO00D
Dx000O00D
DxDODDODOD
0x00000000
0x00000001 |
DxDDBARAZ
PxDODOODOD
DxDROOOAOD
Dx0000O00D
Dx000O00D
DxDODOODOD
DxD0OOROD
Dx00DOO00D
Dx000O00D
DxD0D0O0OD
DxD0OOROD
Dx00DOO00D
Dx000O00D
DxD0D0O0OD
DxDR00OROD
Dx00DOO0OD
Dx000O00D
Px00DOO0OD
DxDR00OROD
PxDORD1E00
0x00002ffc |
0x00000000
Dx@0020000 |
0x0000300C
0x00000000
axaaaaaaaai




Simple MIPS Program

Our program in memory after compilation

C code

int main() {
int x = 1;
inty = x + 1;

}

MIPS code

.data 9x0

.text 9x3000

main:
ori $to, $0, 1 # int x
addi $t1, $to, 1 # int y

1;
X + 1;

ori $vo, $0, 10 # system call code for exit
syscall # exit the program

instruction memory

pcC

->

registers

0x3000



ORI Instruction

The program counter (PC) points to the 1st instruction

0xBO000000
0xB0000040

OxBO0000S0
R

PC=31:28>:J=<25:0=:00

IT

|

PCSEL—® & 5

4

;

B

(4

BT . .
! o/L_ instruction memory
2 1
pc —-> 0x34080001
L IUU' /
Instruction .
& Memory ori $to, %0, 1
D
1 Rs: <25:21> 1 Rt; <20:16>
WASEL
25—
\-&%%:TH‘I w:m R}e:%ister RA2 "
3 =
»30h ) b ro e RD2 WE|*— WERF
RESET Imm: <15:0>
IT<€<—  SEX SEXT
| o3
l x4 shamt:<106>
Control Logic - oy
No 1 2/<ASEL \ 1 0 /< BSEL

h— PCSEL BT *_1

> WASEL "/

ey oA — W -

BSEL WD RWHE—

L Yosu ALUFN registers

N ALUFN Data Memory

N Wr z Adr RD

= WERF ‘

~— ASEL

PC+H
' pC 0x3000

[=]

"
\0 ' 2/ WDSEL
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0xBO000000
0xB0000040

OxBO0000S0
R

PC=31:28>:]<25:0=:00

PCSEL—® & 5

4

IT
v
3

B

R[rs] | signext(imm)

Instruction format

0000 0000 0000 0001 \
0

pc ->

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
001101 00000 01000
BT
| 31 26 25 2120 16 15
2 1 o
pc__ | o]
A Instruction
Memory
D
1 Rs: <25:21> 1&!; <20:16>
WASEL
Ji=25, (]
3 i
2?:;5 b RDI File RD2 WE|*— WERF
RESET Imm: <15:0>
T — SEX SEXT
IIlQ' Z
\l! x4 shamt<106s
Control Logic + "8

. pcsEL 1 No 1 2/<ASEL \ 1 0 /< BSEL

N WASEL

N—> BSEL ALUEN ALU WD mwk—Wr
M WDSEL

N ALUFN Data Memory
N> Wr Zz Adr RD
= WERF

~— ASEL

PC+H
vy
g 1 2 WDSEL

0x34080001

registers



R[rs] | signext(imm)

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
it PC<31:285:125:02:00 001101 00000 | 01000 | 00O 00RO 0POO 001
\\ IT | BT
IR . ! | 31 26 25 2120 16 15 0
PCSEL—™\ &6 5 & 3 2 1 4
pc ->
B pc__ |
0x3000] I, Instruction Fetch instruction PC pointing to
Memory
4] ®
1 Rs: <25:21> 1&!; <20:16>
WASEL
Ji=25 0 ——
3l 1
2?:;5 B RDI Flle RD2 WE|*— WERF
Imm: <15:0:
RESET i =0
IT€—,  SEXT% SEXT
IIlQZ
\l! x4 shamt:<10:6
Control Logic + "8
. pcsEL 1 Mo 1 2 /ASEL \ 1 o0/~ BSEL
N> WASEL
N—> BSEL ALUEN ALU WD mwk—Wr
N_s WDSEL
N ALUFN Data Memory
N Wr 2 Adr RD
N—= WERF
~— ASEL
PC+4
R
g1 2 WDSEL

0x34080001

registers



ori $to, %0, 1
ori $rt, $rs, imm
I-type opcode rs rt immediate
Eﬁgﬁm PC<31:28>:1<25:0=200 001101 00000 01000 0000 0000 0000 0001
IT | BT
BN — ! 4 31 2625 16 15
PCSEL—\ 6 5 4 3 2 1 __of
& pc | ool The lines are set
+_Instruction based on the
Memory appropriate part of
E.’E] D the instruction
1 Rs: <25:21> 1&!;«120:16‘9
WASEL

Ji=25, (]

Re<20:16> ]! w:’“ Register “**

Ell i
@10@@ 2-’:;5 B RDI Flle RD2 WE|*— WERF
Imm: <15:0:
RESET s =10
IT€«—  SEXT%* SEXT
IIlQZ
\l! x4 shamt<106
Control Logic + “1”
\_. PCSEL 1 Mo 1 2 /ASEL \ 1 o0/~ BSEL
N—> WASEL
N—> BSEL ALUEN ALU WD mwk—Wr
N—» WDSEL
N ALUFN Data Memory
N Wr z Adr  gp
N—= WERF
~— ASEL
PC+4
R
g1 2 WDSEL

R[rt] = R[rs] | signext(imm)

pc —>

registers



ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
it PC<31:285:125:02:00 001101 00000 | 01000 | 00O 00RO 0POO 001
\\ IT | BT
IR . ! 1 | 31 26 25 2120 16 15 0
PCSEL—™\ &6 5 & 3 2 1 4
B pc__ | r
A Instruction
Memory
4] :
00000
Rs: <25:21> Ri: <20:16>
WASEL
Ji=25 0 ——
3l 1
2?:;5 B RDI Flle RD2 WE|*— WERF
Imm: <15:0:
RESET i =0
IT€«—  SEXT%* SEXT
IIlQZ
\l! x4 shamt:<10:6
Control Logic + l“tf'
. pcsEL 1 Mo 1 2 /ASEL \ 1 o0/~ BSEL
N—> WASEL
N—> BSEL ALUEN ALU WD mwk—Wr
N—» WDSEL
N ALUFN Data Memory
N Wr 2 Adr RD
N—= WERF
~— ASEL
PC+4
R
g1 2 WDSEL

R[rs] | signext(imm)

pc ->

registers



ori $to, %0, 1
ori $rt, $rs, imm
I-type opcode rs rt immediate
it PC<31:285:125:02:00 001101 00000 | 01000 | 00O 00RO 0POO 001
‘\\ Im | BT
e , J‘ ‘L | 31 26 25 2120 16 15
PCSEL—™\ &6 5 & 3 2 1 4
B pc__ |
A Instruction
Memory
4] ?
1 Rs: <25:21>
Ji=25 0 —— o T
megnie o)) [ Reglster y
;5:;5 B RDI Flle E|*—— WERF
Imm: <15:0>
RESET 0000| 0000 0000 0001 (
IT€—1] SEXT3® SEXT
II{QZ
\l! x4 shamt:<10:6
Control Logic + "8
. pcsEL 1 \:_j 2 f€ASEL \1___ 0 /< BSEL
N> WASEL
N—> BSEL ALUEN ALU WD mwk—Wr
N_» WDSEL
N ALUFN Data Memory
N Wr 2 Adr RD
N—= WERF
~— ASEL
PC+4
%
g1 2 WDSEL

R[rt] = R[rs] | signext(imm)

pc ->

registers



R[rs] | signext(imm)

ori $to, $0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
peishste PC31:26:1<25:0:00 001101 00000 | 01000 | 0000 000D P00 001
x IT BT
e ¢ \L | 31 26 25 2120 16 15
PCSEL— 6 5 4 31 2 1 of
The control signals are produced by the
& pc | oo] Control Logic using a truth table based
A Instructjon| ON the Qpcode (the funct field for R-type
Mem instructions and the RESET, IRQ, Z
E,’4:| D signals)
1 Rs: <25:21> IRE: <20:16>
WASEL
J=25:0
weaie ), 2 Register
3l i
2-’:: P RDI Flle RD2 WE|*<— WERF
0 RESET Imm: <15:0>
fl&;) IT€—{  SEXT¥ SEXT
Gollel x4 shamt:<10:6=
Control Logic + l"f
. PosEL 1 No 1 2/<ASEL \1__o /< BSEL
N—> WASEL
N SEXT A V B
— BSEL ALUFN ALU WD Ew.._—wr
N—s WDSEL
N> ALUFN Data Memory
N Wr Zz Adr RD
N—> WERF
— ASEL
PC+4

pc ->

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

pc —>

ori $to, %0, 1
ori $rt, $rs, imm R[rt] = R[rs] | signext(imm)
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__ | o]
A Instruction
Memory
[+ D
1 Rs: <25:21> 1Rt:<20:16>
1125, ()—— sk i
weoie ) | M Register ®2
El i
2?:;5 P RDI Flle RD2 WE|*<— WERF
RESET Imm: <15:0>
| IT«—]{ SEXT% SEXT
: Ifqz
\ ‘l‘ v x4 shamt:<10:6>
L Control Logic + E lt‘fkm : -
EL BSEL
PCSEL 00| ¥ == L
WASEL
SEXT A V B
BSEL ALUEN ALU WD mwk—Wr
WDSEL
ALUFN Data Memory
Wr A Adr RD
WERF
ASEL
PC+4
"

\L';F WDSEL

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

ori $to, $0, 1

ori $rt, $rs, imm

R[rt] = R[rs] | signext(imm)

pc ->

I-type opcode rs rt immediate
e0l1101 00000 | 01000 | 00O 000D 0VLL 0001
BT
31 26 25 2120 16 15
2 1
[ oof
A Instruction
Memory
D
1 Rs: <25:21> 1Rt:<20:16>
1:<25,0><— / ) i
Rdi<15:11> .
(reaoie 7Y | A Register ™42
3 j" a File
v ) b RDI RD2  WE|<— WERF
: <15:0>
RESET Imm: <15:0
il jT«—  SEXT% SEXT
\L I{ \Iv x4 shamt<10:62
C‘mtrol Logic -~ i 4
POSHL I N0 1 2/<AsEL \1__ o/« BSEL
WASEL 01
SEXT A N B
BSEL ALUEN ALU WD mwk—Wr
WDSEL
ALUFN Data Memory
Wr z Adr RD
WERF
ASEL
PC+4
"

\O ' 2/&— wDSEL

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

ori $to, $0, 1

ori $rt, $rs, imm

R[rt] = R[rs] | signext(imm)

I-type opcode

rs rt

immediate

pc ->

PC<31:28>1<25:0=:00 001101 00000 01000 0000 00O 00O 0001
BT
31 26 25 2120 16 15
o d 1
B pc_ |
A Instruction
Memory
4] :
1 Rs: <25:21> IRE: <20:16>
J=25; (—— sk i
Rd:<15:11> .
Re<20.16> : RAL Register "
3 j" a File
273 B RDI RD2 WE|*<— WERF
: <15:0>
RESET Imm: <15:0:

| 0 saxH[ SEXT |

! 1u}2

\L \Iv / x4 shamt<106>

le Logic + e
POSHL N0 1 2/*asEL \1__o /< BSEL
WASEL e V
SEXT © A B
BSEL ALUEN ALU WD mwk—Wr
WDSEL
ALUFN Data Memory
Wr A Adr RD
WERF
ASEL
PC+4
L

\O ' 2/&— wDSEL

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
001101 00000 | 01000 | 0000 0000 0000 0001
31 26 25 2120 16 15 0

pc ->

[ oof
A Instruction
Memory
D
1 Rs: <25:21> 1Rt:<20:16>
J=25; (—— WAREL
\Resaoie WM Register
3 File L
= B RDI RD2 WE|*— WERF
Imm: <15:0>
RESET am
| ITe—1{  © SE)(‘HE SEXT |
! II(Qz
‘L ‘I’ x4 shamt<106a
Control Logic + lt\f
ASEL BSEL
N_s PCSEL & \::‘,—2/* Ly o/
> WASEL —
< SEXT A B
== BSEL 1 ALUFN ALU WD mwk—Wr
N> WDSEL
ALUFN Data Memory

l\_b Wr z Adr RD

N WERF

~— ASEL

PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

pc ->

1 WDSEL

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__ | o]
A Instruction
Memory
[+ :
1 Rs: <25:21> 1Rt:<20:16>
Ji=25, (] sk i
\Resaoie A Register 2
» ]* . File _
=3 P RDI RD2 WE|*<— WERF
RESET Imm: <15:0>
| IT—| © SE?(‘HE SEXT |
! II(Qz
\L \Iv x4 shamt<106x
Control Logic + l*\f
\_. pcsEL ) \o 1 2/<aseL {1 ) o/~ Bsa
N—> WASEL \/
N> SEXT A 8
“—> BSEL ALUEN ALU WD mwk—Wr
WDSEL 01
ALUFN Data Memory
l\_h Wr Zz Adr RD
N |
“—= ASEL ‘
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
001101 00000 | 01000 | 0000 0000 0000 0001
31 26 25 2120 16 15 0

pc —->
[ o]
A Instruction
Memory
D
1 Rs: <25:21> IRE: <20:16>
1125, ()—— i
\Resaoie WM Register
3 File :
>0/ b RDI RD2  WE|<— WERF
Imm: <15:0>
R|ESET 1
ITe— O bax SEXT
! II(Qz TLJ
‘L ' x4 shamt<106>
Control Logic + lt\f
PCSEL I \o 1 2/<aseL {1 ) o/< BsEL
N> WASEL \/
—> SEXT xo100 \ 5
“—> BSEL ALUEN ALU WD mwk—Wr
h—s WDSEL
é ALUFN X0160 Data Memory
‘ Wr z Adr RD
WERF
W, -
PC+4

L
@F WDSEL

R[rs] | signext(imm)

0x3000

registers



ori $to, %0, 1

ori $rt, $rs, imm R[rt] = R[rs] | signext(imm)
opcode rs rt immediate
001101 00000 | 01000 | 0000 0000 0000 0001

. . pcC ->
We covered the ALU functions earlier:
A B
A 4 v
y A 4 { A r
Sub . 5-bit ALUFN
Add/SUt/ s, B'g'rrfét"’"a' 7* Boolean Sub Bool Shft Math |oP
- e XX 0 T [iiB
Bool 4 N p i 1 xx 0 1 |a-B
/ 1 X0 1 1 A LTB
Shft 1 x1 1 1 |azrus
X 00 1 0 |B<<a -
Math X 10 1 0 B>>A reg ISte rS
X 11 1 0 B>>>A
3 U U o .
X 01 0 0 A!EE;:>
N N 2
X 1 o0 0 A | B




0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

ori

ori

$te, %0, 1

$rt, $rs, imm

R[r

t] =

I-type

opcode

rs

rt

immediate

eo1101

00000

01000

0000 0000 0000 0001

31
2 1

D

A Instruction
Memory

26 25 2120

16 15

1125, ()——
M

WASEL

Rei<15:11>

Ru:=20:16>

273

Imm: <15:0>

P RDI1

RD2

1 Rs: <25:21> IRE: <20:16>

pc ->

WE

: RAL Register "
T a" ¥ File

RESET

| ro2
10

IT€— © SEKP‘* SEXT |

<—— WERF1

Control Logic

N—» PCSEL
N WASEL-~
Zsﬁl‘u‘
BSEL
s WDSEL
<\—> ALUFN

N o Wr

&tW'ERFl

“—= ASEL

-

shamt:<106=>

Adr

WD Rmwp—WI

Data Memory

RD

L
{ﬁ:%}yk—vﬂBEL

R[rs] | signext(imm)

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

pc ->

L
@F WDSEL

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
Q01101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
[ oof
A Instruction
Memory
D
1 Rs: <25:21> 1Rt:<20:16>
1125, ()—— o
\Resaoie WM Register
T N P i
2?-1-:] b RDI File RD2  WE[<— WERF1
RESET Imm: <15:0>
| IT—o{ © SE?(‘HE SEXT |
! II(Qz
i' \L x4
Control Logic +
1) of< BSEL
BT
A ‘ B /
X0100 ALU Tl Wr
Data Memory
z Adr RD
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

PC=31:28>:]<25:0=:00

31
2 1

R[rt] = R[rs] | signext(imm)

ori $to, %0, 1
ori $rt, $rs, imm
I-type opcode rs rt immediate
001101 00000 | 01000 | 0RO 00OG 0000 0001
26 25 2120 16 15 0

pc ->

[ oof
A Instruction
Memory
D
1 Rs: <25:21> IRE: <20:16>
J=25; (—— WAREL
N Resatriee e RAL Register "2
n3 VA File
273 B RDI RD2 WE|*— WERF1
Imm: <15:0>
RESET
| ITe—1{  © SExH[ SEXT |
! Ifqz
i‘ \L x4
Control Logic +
1 0 BSEL

N_» PCSEL k] Lo /%

N> WASEL

—> SEXT X0100 o

~— BSEL ALUFN WD E.w.[—wr

N_s WDSEL

ALUFN Data Memory

l\_b Wr z Adr RD

N WERF

“—= ASEL

PC+4
=R

\Sc'rLF WDSEL

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

pc ->

N

WDSEL

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 Q01101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__fon)
A Instruction
Memory
[+4] -
] Rs: <25:21> 11{:: <20:16>

Ji=25; ()— o

W Rdi<15:11>

NRL=20:16> 2], w:m Register " i

ET N S i
2?-1-:] > RDI File RD2  WE|*— WERF1
N : <15:0>
RESET Imm: <15:0:
| IT<— © SEXT
! Ifqz
\L \Iv x4 shamt<10:62
Control Logic + g
\_> PCSEL & \O )£/ R q_—ﬁr e
> WASEL r /
| — SEXT X0100 i
~— BSEL ALUFN ALU WD  mwhk— T
\_» WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
= WERF
“— ASEL
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

N

1 WDSEL

ori $to, $0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0-200 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15 0
2 1
pc ->
B pc | oo ; ;
axceee] memueion] 1) iNStruction fetched
Memory
[+4] -
] Rs: <25:21> 1R€:<20:16>
Ji=25, (e e—— o
b Rd<15:11>
Vs ) W Register
ETR N 5 i
273 P RDI Flle RD2 WE|*<— WERF 1
RESET N Imm: <15:0>
| n4__@saﬁ{smﬂ|
! Ifqz
\L \Iv x4 shamt<106x
Control Logic + G 4
\_> PCSEL ¥ 2 "SE’“q_—ﬁ(BSE'
N> WASEL - \/
—> SEXT xo1e0 \ A B
“—> BSEL ALUEN ALU WD mwk—Wr
\_» WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
\—> WERF
“— ASEL
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

pc ->

N

WDSEL

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 Q01101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__fon) .
—mwucion]  2) control logic set
Memory
[+4] -
] Rs: <25:21> 1R€:<20:16>
Ji=25; ()=—— o
b Rd:<15:11>
Vit b mege w o
ET N S i
273 P RDI Flle RD2 WE|*— WERF 1
RESET N Imm: <15:0>
| n4__@saﬁ{smﬂ|
: Ifqz
\l‘ yee1101 x4 shamt:<10:6>
Control Logic + g
\_> PCSEL & 2 “th_—ﬁﬁm'
> WASEL r /
| — SEXT xo100 \ * i
“—> BSEL ALUEN ALU WD mwk—Wr
\_» WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
\—> WERF
“—= ASEL
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

ori $to, %90,

1

ori $rt, $rs, imm

R[rt] = R[rs] | signext(imm)

pc ->

\Sﬁuﬁﬁ WDSEL

I-type opcode rs rt immediate
PC<31:28>:0<25:0=:00 001101 00000 01000 0000 0000 0000 0001
BT
31 26 25 2120 16 15
o d 1
B pc__| o] .
a Instruction 3) ALU InpUtS Set
Memory
(+4] :
] 00000 1
Rs: <25:21> Ri: <20:16>
Ji=25, (e ——yp sk i
L Rd:<15:11> &
\Ria0ie ,3 w:m Register **
I i
271 P RDI Flle RD2 WE|*<— WERF 1
\_lmm: <15:0>
RESET
| 0000| 0000 OOOGHOOOI OSExFﬁZ.XIl
: Ifqz .
\l‘ ‘I’ x4 shamt:<10:6=
Control Logic + 18”
N_s PCSEL & —— “E‘“q_—ﬁ(“a
N> WASEL | /
> SEXT X0100 N
“—> BSEL ALUEN ALU WD mwk—Wr
N_» WDSEL
ALUFN Data Memory
\_,.Wr Zz Adr RD
N—= WERF
“— ASEL
PC+4
LA

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

pc ->

N

WDSEL

ori $to, %0, 1
ori $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__fon)
—mwueion]  4) ALU result computed
Memory
[+4] :
] Rs: <25:21> 1R€:<20:16>
Ji=25; ()— o
NI ,3 WA Register
ET N S i
273 P RDI Flle RD2 WE|*— WERF 1
RESET N Imm: <15:0>
| n4__@saﬁ{smﬂ|
: Ifqz
\l‘ v x4 shamt:<10:6>
Control Logic + g
\_> PCSEL & 2 “th_—ﬁﬁm'
> WASEL - /
| — SEXT xo100 \ * B
“—> BSEL ALUEN ALU WD mwk—Wr
\_» WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
\—> WERF
“— ASEL
PC+4

R[rs] | signext(imm)

0x3000

registers



0xBO000000
0xB0000040
0xBO000030

PCSEL

R[rt] = R[rs] | signext(imm)

pc ->

\jc%hﬁ—ummﬂ

ori $to, %0, 1
ori $rt, $rs, imm
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__ | o] . ) )
—mwucion]  2) result written to Register File
Memory
[+4] -
] Rs: <25:21> 1Rt:<20:16>
Ji=25, (e ——yp sk i
NI ,] WA Register
I-—Ng i
273 P RDI Flle RD2 WE|*<— WERF1
RESET \Imm: <15:0>
| IT—] © saxH[ SEXT |
:1?Qz
\L \Iv x4 shamt<10:62
Control Logic + g
N_s PCSEL & 2 “E‘“q_—ﬁﬁssa
N> WASEL - /
— SEXT xo100 \ A B
—> BSEL ALUFN ALU WD  mwhk—Wr
N_» WDSEL
ALUFN Data Memory
\_,.Wr Zz Adr RD
N—> WERF
— ASEL
PC+4
LA

$t0

registers

0x00000001



0xBO000000
0xB0000040
0xBO000030

PCSEL

R[rt] = R[rs] | signext(imm)

pc —->

N

WDSEL

ori $to, %0, 1
ori $rt, $rs, imm
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001101 00000 01000 0000 0000 00O 0001
BT
31 26 25 2120 16 15
2 1
B pc__ | o]
A Instruction 6) PC updated
Memory
[+4] -
0x3004
] Rs: <25:21> 1R€:<20:16>
Ji=25, (e e—— sk i
b Rd<15:11>
s i g w o
ETp N i
2y ) b RDI File RD2  WE[<— WERF1
RESET N Imm: <15:0>
| n4__@saﬁ{smﬂ|
| Ifqz
\L \Iv x4 shamt<106x
Control Logic + g
\_> PCSEL & 2 “th_—ﬁﬁm'
N> WASEL - /
— SEXT xo100 \ B
“—> BSEL ALUEN ALU WD mwk—Wr
\_> WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
~—> WERF
“—= ASEL
PC+4

0x3004

pcC

registers

0x3004



0xBO000000
0xB0000040
0xBO000030

PCSEL

addi $t1, $te, 1

R[rs] + signext(imm)

0000 0000 0000 0001 \
0

N

1 WDSEL

addi $rt, $rs, imm R[rt] =
I-type opcode rs rt immediate
PC<31:28>:1<25:0>:00 001000 01000 01001
BT
31 26 25 2120 16 15
2 1
B pc__ | o]
moos| ey REPEAT ... s
Memory
[+4] -
] Rs: <25:21> 1R€:<20:16>
Ji=25, (e e—— o
Rd:<15:11
\Rb<0.16> : w:m Register " i
ETR N 5 i
2?-1-:] b RDI File RD2  WE[<— WERF1
N : <15:0>
RESET Imm;: <15:0:
| n4__@saﬁ{smﬂ|
| Ifqz
\L \Iv x4 shamt<106x
Control Logic + G 4
[ o) ASEL BSEL
\_s PCSEL L e q_—ﬁ(
~—= WASEL I "7
> SEXT xo100 \ i
“—> BSEL ALUEN ALU WD mwk—Wr
\_» WDSEL
N> ALUFN Data Memory
h— WI Zz Adr RD
“—> WERF
“—= ASEL
PC+4

0x3004

0x21090001

registers



