RALRZ T80 tmanse - ZE TFH
20155 52 ARA—-9SAD

TR I F

5. M mtEyb T —FTIF v

(EIE6.155, 6.28)

KGR FHER
W RE

http://www.ic.1is.tohoku.ac.jp/~swk/lecture/




A0

ATE Rk

AE) JAatyy
7—._9115 iﬂ(‘, load D:)Z/)-l

7:: Z j> PC
= I

store

AN AN
Ap
PN
AQ T3
PN
AQ T3

;EHEER (ALV)

B EE (RILKP): sTEH I 2015 (5)



AT EROELREE

e JOtvHIE, ARVDTAT S LEEMNCTHTETRL
AEIZEEAHLTETIT S
o ;EEIL ALU (Arithmetic Logic Unit) 3412

e MEIZIGELT, AEYETOLEYyHRADLORRZEDET

T—R%RBET5H

o JEEZFITOICIX, DK ELEBFICIITOy YR TT—3% 50
BELTHEWELHD

e MEDFEAEDTOVEYY(E, ARVANDT—R2TITHLILIDR
AADT—REBEDRRET S (. AR IETOyHITxtL
TELV=)

e |load: AFE!) = LI RA
store: AE!) « LI R4

« PC (Program Counter) EFEIENS4F%RL DR A, &

IZEITITHMTDTRFLANMRTFSN TS
» PCOARIMERITILICEHIND
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Mty 77— TOF¥

c JOEY Y NETTEAMTDESZian T Yk (instruction
set) EFEASS. EEIZIK, O S LMNSERATESLALUORED
1EEE, AR TFLADEEAREGZELZO TRy S
DNBEETHD

IR IT7MLRI-EEIC, ZOT701y Y NREALLDTH
HMIE, FEYMILOTRES. COBERNRE-7T—FT
DFxEm Tt yb7—FT2F (Instruction Set
Architecture: ISA) EFES

c TNIZHL, HAMREIYNT —FTIF¥EEDKS%EIFERT
EDFIGINEFAMZIV Y TERTOIMNEVSE RN R-7—
XTIOFNaRA70T7 —FTIOF v EEA

« AL ISA IZRLTEBDRAUBT7 —XTIOFvHHYRIFS
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Mme N7 —XTIOF DB

* x86 (IA-32, 1386)

LyhHiP % PC FADCPUTHRA. PCLASHMZHLILLFIASNS.
 PowerPC

LLETD Macintosh. PlayStation 3, Xbox 360, Nintendo Wii
e SPARC

Sun Microsystems D7 —IXT—3y, BB AHHESS
e MIPS

Silicon Graphics, Sony, NEC D7 —JXT7—L3Y,

#1X PlayStation, Nintendo 64, PSP, RiEHHIAAH 2R, EFHERTL
 ARM

EEHR-ETREEDZL ¥—LHR—A4TFF/\2X, Nintendo DS, DS
e SuperH (SH)

HiEMAAH B, BT Y 5—2, F)—LFv X+

I BB T YN X TIOTFrRELTIEL, SHISHADESND
(BIZ1E MIPS |, MIPS 1I, MIPS32, MIPS64...)
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o s QYA

o B, GTEHORTEEARMGE AT 1 3 1 3

e IBM System/360 (1964) T, #i— G T7—FTOFvIZ&L
HIETEBI7I IOBMENEND

. FMOBEANAOTO+w Y Intel 4004 (1971) LA, &

MERAREITHIDIERIELTTAEYYZEIRA D EDICTH
5 (StE#A—HETOY Y A—HD 5 BE)

« 1980FtE, RISC~NMER[m
 RISC (Reduced Instruction Set Computer):
ety rERIEL, ERZEMIETSIETEEIL
o CISC (Complex Instruction Set Computer):
RISC [CXHLTIREDT —FTIF ¥ =5 AT
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IBM System/360

R

http://upload.wikimedia.org/wikipedia/commons/8/8d/Bundesarchiv_B 145 Bild-F038812-
0014%2C_Wolfsburg%2C_ VW _Autowerk.jpg

[V E2—37—FTOFvIELSBMETHETo&AICHEIZEAL
RERER. AR —TAV T AT LOS)ZRMIZEAL-EH
FATEETLHD
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Intel 4004

Intel 4004, 1971. The 4004
was the first central processing

unit on a chip: the
microprocessor.

Gift of Intel
|i

(American History Museum)

Busicom 141-PF
(Intel Museum, Santa Clara)
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Intel 4004
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o0 e gy N7
http://news.com. com/1971+lntel+4004+processor/2009 -1006_3-6038974-3.html
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IA4o070tyYOREE (CISC)

Intel ZILOG Motorola MOS
1971 . 4004 .. 4-bit
1972 8008 8-bit
1974 PC-8801
1976 o080 ZSO{ MSX ] P90 6502
178 gogs iehi . ggog— ™7 )
1980 ggogg —J IBM PC/AT] 68000ﬁMaemtosh]
Sunl
1986 80386 32-bit 68020
1993 Pentium - (RISCOE#) 68060 .
Pentium Pro* * (PowerPCA~#£17)

2006 Core
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IA4o070tyYORE (RISC)

H)ITHIVZT RKIN—=TL A

1982 RISC | 2T A—RK
1983 RISC Il .. / MIPS
1984 \ Acorn Apple
1985 ) * ARM1 / IBM
logs  Sun M'CrosyStemS ARM2 MIPS R2000 / Motorola
SPARC
1088 oo
R3000 e power
R4000 s
1991 SuperSPARC ~ ARMG ; SH-1
1994 PowerPC 601 SH-2
1995 UltraSPARC ARM7 R8000 PowerPC 604 SH-3
SH-4
. . 5 a .
MIPS32 1074K

2010 UltraSPARC T3~ tex-A15 PowerPC A2

iR IEE (BAXE): 5tEH I 2015 (5) 11



bs_l\*g%u JO t‘y-U-

FXE J73)—a Ea1—%(1983), NEC PCT Py (1987): 6502
+H <—11 (1985): Z80

thH AHERES47T (1988): 68000 + Z80

EXRE XA—/\—T730> (1990): 65C816 (65020 4 i)

vAHHS2—> (1994): SH-2

') —— PlayStation (1994): MIPS R3000

{£X = NINTENDO64 (1996): MIPS R4300

5 F)—LFv X (1998): SH-4

') —— PlayStation2 (2000): EmotionEngine (MIPS R5900X—X)
EXE —LFxa1—7T (2001): PowerPC 750

<407k Xbox (2001): Mobile Celeron (Pentium HRX—X)

<407k Xbox 360 (2005): Xenon (PowerPCA—X)
') —— PlayStation3 (2006): Cell (PowerPCA—X)
{£XE Wii (2006): Broadway (PowerPCA—X)
£XE Wii U (2010): Espresso (PowerX—X)
) —— PlayStation4 (2013): AMD Jaguar (x86"\—X)
5 1EE (RIKE): sHEH T 2015 (5) 12



ErEa- 3L ybn K

 Qualcomm SnapDragon (ARM)

e Texas Instruments OMAP (ARM)
e Samsung Exynos (ARM)
 NVIDIA Tegra (ARM)

 Apple A7, A8, ... (ARM)

* Intel Atom (x86)

e JL7H X SH-Mobile (SuperH)
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MIPS7 —%T7T90F

o ZHDEETIX, MIPSI 7—XT70F¥ZWYLEIFTEE
HOEIEZZ A
« WRMLGT—XTIOFVYDEERBELNZSER
o HAIAABEZRERIDC, HRPTELNTINS
s HEPDOKREDEEZTRY LIFoN TS

o HFE
e 32K x 32EvNRNHALTVRA
e 32EvwRALU
o I2EVRD AT TKRL RZE]

o PCILAALSRAEILRIZEE (
7 CERLY)

[ZA—K-Xk

H
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MIPS ) #& &

|
PC [ZEPCEJrﬁ}
?A A4 ;:nu)‘('
. 5 LL_)
oy | B s —
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(52&) MIPSY 22 L—4 SPIM

SEE (INF—V) A=) TEHEN SN TSI L —4
SPIM Z{E5¢&, MIPSOENMEZIERE T H_EMNTES.

http://spimsimulator.sourceforge.net/
« UNIX, MacOS, Windows TEj{E

=IERDENOLT3:
» File —Reinitialize and Load File TFZ®>JVEZE 77/l
zf<
« Simulator — Run/Continue (F5) TE1{T
e $AL T Simulator — Single Step (F10) T1179 DE1T
S E Sl ) TN Oy ey 0 | Vv B NN,
o http://www.ic.is.tohoku.ac.jp/~swk/lecture/
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L QtSpim

Int Regs [16] File Simulator Registers Text Segment Data Segment Window  »
PC = 400048 Text @
EEC =0 -
Conse . User Text Segment [D0400000]..[00440000] -
BadVAddr = 0 [00400000] 8£240000 1w $4, 0(§29) ; 183: 1v 5a0 0(8sp) # argc
Status = 3000££10 [00400004] 27a50004 addiu §5, §29, 4 : 184: addin $al Ssp £ # argv I

[00400008] 24260004 addiu 86, §5, 4 : 185: addiun 5aZ2 5al £ § envp
HI -0 [0040000c] 00041080 s11 §2, §4, 2 : 188: 511 5v0 5a0 2
L0 =0 [00400010] 00cZ23021 addo $6, 56, 52 s 187: addu Sa2 5a3Z 5Sv0
[00400014] 0cl00009 Jal 0x00400024 [main] : 188: jal main
RO [rD] = 0O [00400018] 00000000 nop : 188: nop
R1 [at] = O [0040001c] 3402000a ori §2, §0, 10 : 181: 1i Sv0 10 i
R2 [vO] = 4 [00400020] 0000000c syscall r 182: sy
B3 [vl] = 0O [00400024] 27bd2f74 addiu §29, §29, -28812  ; 4: addi jDO»_Ao)ﬁ —
R4 [a0] =1 [00400028] 34080002 ori §8, §0, 2 ; §: ori 7 7F
RS [al] = TEEFL090 [0040002c] afaB0000 sw S8, 0($29) : Er sw S r = > —_ A N
Ré [a2] = TELLL058 [00400030] 34080003 ori §8, §0, 3 : 7 ori SySCB.”J if(i /ZT 75
R7 [a3] - 0 [00400034] afa20004 =w $8, 4(529) s B: sv 8 i N
Eg ::E} - g [00400038] B8£a20000 1w $8, 0(§29) s 11: Iw ﬁ'§\bf:*ﬂ§:ﬂ’[t:—l\
R10 [£2] = & [0040003c] 8fa%0004 1w §9, 4($29) :o12: 1w —
RI1 [t3] = o [00400040] 01095021 addu §10, §8, §9 ; 13: addu 5tz, 5to, Sti T
Ri2 [t4] = o [00400044] afaad008 sw $10, &(§29) : 14: sw 5t2, B(5sp)
R13 [t5] = O [00400048] 27bd708c addin $29, §29, 28812 : 1&: addiu Ssp, Ssp, 0x708c
R14 [t6] = O [0040004c] 03e00008 Sr $31 : 17: jr 5ra
R15 [t7] = O
Data @
:\sxao)i —_— [80000180]

b/ m [80000184] User data segment [10000000]..[10040000] il
P — ffgggofff [10000000] .. [1003£E£££] 00000000 | -E — (|
R21 [=5] = 0 [8000018c] }:E Jﬂ_o)ﬁm
R22 [s6] = 0 registers || gser Stack [TEEFB000]..[80000000]

R23 [s7] = 0 [80000130] | [7£££2000] 00000002 00000003 00000005 00000000

R24 [t8] = 0O [80000194]| [7TE£E8010] .. [TEEEEOSD] 00000000

R25 [t3] = 0 [20000138] | [TEEEE02C) 00000001 )

R26 [kOD] = 0O [800001%¢e] | [TEEEE090] TEFfFLTh 00000000 TEEEffel TEEffffbe .. ..

R27 [k1] = 0 [800001a0] | [TEEE£020) TEEEEEE5S TLLLff40 TELfffls TLLIffo6 . )

R28 [gp] = 10008000 [800001a4] | [TE£££0B0] Tffffee2 Tffffebb TIfffeTs TILfffe64 e x d

R25 [sp] = TLLL8000 [800001a8] | [TEEEE0GO] TEfffe57 TEfffedd TEEffe31 TEfffe?4 W...TI 1 . &

R30 [s8] = 0 ) [£00001ac] | [7EEEE0AO] 7f££fel0 TEfffde® TEEffddS TEfffdeb C e .

R31 [ra] = 400018 rennnminad | [TEEEE020] TEfffd4l TEffffdla TEfffdle TLLff678 .. . x
[TEEEEOE0] TEfff63a  TEfff608 TEFEfSed TEEEE5A0 : Z

i BE (RALKF):

FTERE T = 2015 (5)
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SPIMIZERHAHIAFEBATETYEZIT714ILDH

dext
.globl main
main:
addu $sp, $sp, -0x300
or $t0, $zero, 1
sw $t0, 0($sp)

B
addu $t0, $sp, 4
lw $t1, 0($sp)
sl $t1, $t1, 2
addu $t0, $t0O, $t1
or $t2, $zero, 300
sw $t2, 0($t0)
B
addu $sp, $sp, 0x300
jr $ra

B EE (RILKP): sTEH I 2015 (5)
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