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3. RISCTARyHENATSA( IR

AERFHREIZHRRR HEIFER
Hi#HZ kise _at_ cs.titech.ac.jp
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TRty DERERA)

ALU ay

Instruction
result

memory

PRoad

register 1

Reag !

regester 2 Add

Wirite
regmier 23132 4

Write
dala  Reglsters
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Tty DTF—EIRR (VT IL-HLTIL)

l op [ rs l rt l rd lshamtl funct ]
add $tO, $s1, $s2 [ add $8, $17, $18]

T0tyY DEMER(2)

Sign
extend

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005

TOEYvHDF—FIR (VT I L)L)
[ op [ s [ [ 16bitimmediate | format

addi $sp, $sp, 4 [ addi $29, $29, 4]

PC = 0x20
$29=7

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

TOtvHDTF—RIRR (VT IL-HALI)L)
[ oo [ rs [ [ 16bitimmediate I format

Iw $t0, 8($52) [ Iw $8, 8($18) |

Lipe
PC = 0x24
$18 = 0x400

mem[0x408] = 3

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005



TOEvHDTF—RIRR (T IL-HA9)L)
[ op [ rs [ |  16bitimmediate | format

sw $t0, 24($s2) [sw $8, 24($18) ]

Poad |} %
iy
gl o W
‘e | 2
o

Sraie
S
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PC = 0x24
$16 =8
$17=8
Label = 0x30
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Tty Y DT—5IRR (2T LY A4)L) Exercise
[ op [ s [ it ] 16 bit immediate I format

beq $s0, $s1, Label [beq $16, $17, Label ]

MIPS Control Flow Instructions

= MIPS conditional branch instructions:

» Ex: if (i==j) h =1 + j;
bne $s0, $s1, Lbll
add $s3, $s0, $sl

Lbl1:

= Instruction Format (I format):

l op [ s l rt l 16 bit offset ]

= How is the branch destination address specified?

bne $s0, $s1, Lbl #go to Lbl if $s0=$sl
beq $s0, $s1, Lbl #go to Lbl if $s0=$sl1

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
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Specifying Branch Destinations

Use a register (like in Iw and sw) added to the 16-bit offset
= which register? Instruction Address Register (the PC)

= its use is automatically implied by instruction
= PC gets updated (PC+4) during the fetch cycle so

that it holds the address of the next instruction
= limits the branch distance to -215 to +215-1 instructions from the (instruction

aer the) ranch instruction, 4t oo BFAAEH R SFAL T nsrcron

branch dst
address

IOty DT —2INA (UL L)L)

l+— one clock period —|

Frogram
oxpcution
ordor

{in instructions}

200 400 600 BOD 1000 1200 1400 1600 1800

Time

w §1, 1007$0)|

Iw $2, 200($0) B00 ps i

w §3, 300($0)
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simcore/mips
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test03

ipsel T i eloget irerch 0 % wain.c
make [tipsel-Hinces £L g “nlpsi nain.s o nain.o
iboelTina1d £ Bstatic -onir T lirkerscript —-ofornat ecoff-littlen
. ips nain.o -0 loop
cat main.c nipsel-linux-strip loop
nipsel-linu<-objdunp —H ger-nanes=nuneric -d loop
Finclide <stdio,h
tinclods cstdlih b loop:  file forat ecoff-littlenips
int main(H{ Disassenbly of section .text:
int s
X s -, 0000000000002000 < . text> ¢
For (1205 <5105 1v1) sune=1; 20003 2Mhdtfes addiu 329,329, 24
i afbe0010 su 330, 16(329)
03a07021 nove 330,998
o000z su 30,12(330)
afc00008 su 30,8(330)
afc00008 su 30,8($30)
10000002 b
00000000 nop
8fc3000c u 3, 12(330)
8c20008 Iu 32,8(330)
00000000 nop
00621021 addu  $2,93,92
afc2000c su 2, 12(330)
&fC20008 u 32,3(330)
00000000 nop
24420001 addiu 92,92,1
afc20008 su 2,5(330)
8c20008 In 32,8(330)
00000000 nop
28420065 sLti  92,92,101
1440643 brez  $2,0:2020
00000000 nop
8c2000c Iu 32, 12(330)
03c0e821 nove 329,330
87be0010 I 330, 16(329)
260018 addiu 329,29,24
208 03200008 g s
206¢3 00000000 nep

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

test20 (it et s
unsigned int o1 /x Dar\dmatas A
unsigned int col; 7+ col heck ¥/
unsigned int pos; /* sttwe diagonal check A
unsigned int reg; /¥ negative diagomal ckeck */
3} arrays

cat main.c

it maing {
arraa al22];

=T /% problem size */

A

(1<<m)-1;
(1<<ny-1s
[h] ez = 03

(a[h] . ED; & "’ls ;,
(alh].pos | 1sh) << 13
(alh].neg | 1sh) >> 13

r = alh+1].col & “(@l1].pos | alh+ll.neg);
bt

1

else{
r = afh].cets
-

break;
ansuersit;

s/ intf('N=d, solutions ZL1d\, n, ansvers);
el ansvers)
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SERT—XTUF v EZ (0)

TS0

RERERBIFHARR HEIFER
¥k kise _at_ cs.titech.ac.jp
S3215%%= AMER 5, 68MR 13:20—14:50
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IMTSA 0 (pipelining)

16
Adaﬂed from a:mﬂm OEimlatron and | Desg Patterson & Hennessx © 2005
IMMTS5A4 0 (pipelining) IMTSA4 0 (pipelining)
6PM 7 8 a 10 1 12 1 2AM 6PM 7 8 a 10 1 12 1 2AM
F T T T T 71T F T T T T 71T
Task Task
order
» O0=l » O0=l
) rflﬁiiilcuS fl ) ﬂﬁﬁlﬂg o
c c
o mis | o e |
&PM 7 a8 k] 10 1" 12 1 2AM
ordee
» O0=ll
B
¢ 0ol
o mis(= | .
ART—Y
17 18
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INATFS A4 0IE (pipelining)

19
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INATFS5A4 02 (pipelining)

20
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MIPSOEARHEEDDRATYT (RT—D)

= IF (Instruction fetch) R F—%
FAEYMNDWMBETTVFTD.

= ID (Instruction decode and register file read)
RAT—Y
MHEETIA—FLENS, LOREZEFAHHT.

= EX (Execution or address calculation) R7—%
MRRIEOETELETRLRADEREITS.

= MEM (Data memory access) A7—
T—RAEYRDARFURIZTIERTB.

= WB (Write back) RF—Y
BRELDRAEEAD.

21
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1M TS0 (pipelining)

stion 200 400 600 BOD 000 1200 1400 1800 1800
ordar Time T T T T T T T T T
{in instructions)

Insoructs Data
w $1, |OD($D}| Pk n.pl e [P
Irntricts Dat
Iw $2, 200{$0) 800 ps _,,;’"ln-sl A | acosss |n-n
e |stucton|
Iw $3, 300{$0) 800 ps fotch
—_—
800 ps.
Prog 200 400 600 BOD 1000 1200 1400
Tima T T T T T T T
{im instructions)

hw $1,100080)| 05" |“‘= aw |2 “'ﬂ|
b 52, 20080) Zo0 || o] wv | 2, o]

=
I $3, 300$0) 200 ps | ™ |ﬁ-n LT |H-a|

200ps 200ps 200ps 200 ps 200 ps
22
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IMMTS5A4 0 (pipelining)

P N 200 400 BOO 800 000 1200 1400 1800 1800
ondar Time T T T T T T T T T
{in instructions)
|w : Data
w $1, 100(50) ™5 reg access |49
Inatruct Dt
w $2, 200($0) 800 ps _,,,‘"|n-g: 2, |
[ iustruction
Iw $3, 300{$0) 800 ps foich
—_—
800 ps.
P 200 400 600 800 000 1200 1400
onkr Tirne T T T T T T T
{im instructions)

W $1, 100($0)| <45
|

b $2, 20080) 200 ps |,

b $3, 300($0)

200ps 200ps 200ps 200ps 200ps
23
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IATSAUIZ&BEER L

s INATSAVAT—UDEERE)  n

n ETTEREDH: s

s NTSAUEEN TRy IO IOy E BRI &
EX)

» EMESRTITEETOEBNLGYAIILE

s N+s—-1
s NATSAUERFRALGEWS VT LY A7)0 7Oty
= N*s

24
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1. 15 5100FE THOME (test01) £V AR /A SIZTMIPSEH S YT
DISILL, AV RANATLavIE&oTEDKIIZELT 2 EFLDH L.

2. MEDNTOS S L (test0l) % simcore/mips THRITL, ELLETS
nTWBZ LEHRALE L.

3. ETSNI-HTDEELRTESTHL SIS, simcore/mips DY—X
JI—FZZFEFEEL. ChERANT, MEDOTOY S A (test0l) DEFT
BEEEERD, FS5TITELK. (A—FK - XA LT7HH, Hlk- O
VIGE, TS, D3DITHEL CRITHEEET 571275, )

4. [RI#IZ, N-queen (test20) DETHEEES 57I# &

5. CORBOREEFLHDIL.

6. LR—KIA4RMIMLURNICELHSDTE. (T PDFEFTHIL)

(2B, a—RIZNESVXFTENEDLALY. )

i LR—h R

» 11A9B (F#7H) ETICEFA—ILTRRH
s AKYEEITIREBLTLVS (KFEME) EEBR
= report_at_arch.cs.titech.ac.jp

= BEFA—ILDRARIL
= Arch Report [3$%& 5]
= fjil : Arch Report [33_77777]
» BEFA—ILOASE
« KRB, FEES
« EIE
= PDFO7A/ V&R (WFPDFETHIL)
= PDF77/ILICH RS, REBESERLATHL.
= AAFFRTIRMLINISE LD B L.

i TFHFIoUR

n BERATAR, BERTDa—)L
= Www.arch.cs.titech.ac.jp

» EEAOHER
= 131.112.16.56 (BRI FHDREENLEANEEA)
= ssh archo@131.112.16.56
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