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Sample program
#include <stdio.h>
int main(){
inti;
int sum = 0; B

for(i=1; i<=100; i++)
sum +=1i;

return sum;

SIS
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Sample program

# Makefile
all:

mipsel-linux-gcc -00 -S main.c -0 main_opt0.s
mipsel-linux-gcc -O1 -S main.c -0 main_optl.s
mipsel-linux-gcc -02 -S main.c -0 main_opt2.s
mipsel-linux-gcc -O3 -S main.c -0 main_opt3.s

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005
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2. RISC vs. CISC, RISCTA+tvH
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CISC - Complex Instruction Set Computer

= CISC philosophy
= ! fixed instruction lengths
= | load-store instruction sets
= ! limited addressing modes
= ! limited operations

= DEC VAX11 Intel 80x86, ...

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

1A - 32

1978: The Intel 8086 is announced (16 bit architecture)

1980: The 8087 floating point coprocessor is added

1982: The 80286 increases address space to 24 bits, +instructions

1985: The 80386 extends to 32 bits, new addressing modes

1989-1995: The 80486, Pentium, Pentium Pro add a few instructions
(mostly designed for higher performance)

1997: 57 new “MMX” instructions are added, Pentium 11

1999: The Pentium Il added another 70 instructions (SSE)

2001: Another 144 instructions (SSE2)

2003: AMD extends the architecture to increase address space to 64 bits,
widens all registers to 64 bits and other changes (AMD64)

= 2004: Intel capitulates and embraces AMD64 (calls it EM64T) and adds

more media extensions

= “This history illustrates the impact of the “golden handcuffs” of compatibility
“adding new features as someone might add clothing to a packed bag”

“an architecture that is difficult to explain and impossible to love”

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




1A-32 Overview

= Complexity:
= Instructions from 1 to 17 bytes long
= one operand must act as both a source and destination
= one operand can come from memory
= complex addressing modes
e.g., “base or scaled index with 8 or 32 bit displacement”
= Saving grace:
= the most frequently used instructions are not too difficult to build
= compilers avoid the portions of the architecture that are slow

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

1A-32 Registers and Data Addressing

= Registers in the 32-bit subset that originated with 80386

iame Use
3 0

Eax PR O
£cx GPR1
EDX GPR2
EBx PR3
Esp GPRa
e8P GPRS
Esi GPRE
= PR 7
cs Gode segment pointer
ss Stack segment pointer (top of tack)
s Data segmen pointer 0
Es Data segment pointer 1
Fs Data segmen pointer 2
s Data segment pointer 3

=3 Instruction pointer (PC)
EFLAGS Condition codes.
8
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1A-32 Register Restrictions

= Registers are not “general purpose” — note the
restrictions below

[
restricti
Reglster Indirect. Address |5 In a reglster. not ESP of EBP Tw bs0.0($s1)
Basad mode with 8- or 32.bit Address Is contents of base raglster plus not ESP or EBP Tw $s0.10003s51) # <16-bit
#displacement
Base plus scaled Index The adaress |s Base: any GPR mul t0.452.4
Base + (2559 y incie) Index: not ESP | add 0,410,451
‘where Scale has thevalue 0, 1, 2, or 3. Tw s0.004t0)
Basa plus Scaled INdex witn The address | Base: any GPR mul t0.452.4
& or 32:DIL displacement. Base + (259 Indax) + alsplacement Index: not ESP | add 0,410,451
where Scale has the value 0, L, 2, or 3. T 50.10008L0) #<16-bit

#displacement

FIGURE 2.42 1A-32 32bit addressing modes with register restrictions and the equivalent MIPS code. The Base plus Scaled Index
addnessing mode, not found in MIPS or the PowerPC, i inchuded to avoid the ruulriplies by four (scale factor of 2) to turn an index in » register into 2
byte address (see Figures 2.4 and 236). A scale factor of | is used for 16-bit dato, and a scale factor of 2 for 64-bit data. Scale factor of © means the
adduassis not scaled. If the displacemant is longer than 16 bits in the second or fourth merdes, then the MIPS equivalent mode would need two mare
instructions:a 1U7 o load the upper 16 bits of the displacement and an 30 to sum the upper adelress with the base ragister 45 1. (Intel gives two dif-
ferent names to what i called Bassd addrassing and Ind ey lly identical and we combing thern hers.

1A-32 Typical Instructions

= Four major types of integer instructions:

= Data movement including move, push, pop

= Arithmetic and logical (destination register or memory)

= Control flow (use of condition codes / flags )

= String instructions, including string move and string compare
[motrution |

1% s

WP e
[CALL nama

[Wivd (I, (ED1eat)
PN A

St conation o0 T1agA) Wi E0% 0 32
MY
[T s

FIGURE 243 Sems typheal 1432 instrmetoms and halr fumetions. 1o f Bagunt s pantin
avpoars i Fuse 344, Thoe CALL saresthe EIP of the mast imtrmctoes oo the tach. {EIF i the Ll FC)

9 10
Adaeled from Camgu[sr Orzan/lamn and. De5/gn Patterson & Hennessz. © 2005 Adaeled from Camgu[sr Orzan/lamn and. De5/gn Patterson & Henr\essz, © 2005
1A-32 instruction Formats VAX CALLSHE &
= Typical formats: (notice the different lengths) R
1. BEHLERSYIEBFULT D,
S o] 2. MOBHERGVIIT YL 2T B
3. RAVYEOFFERBELYRYIC k> THRSNEL S RADBEE
. BIMS. IRIFFVHEINBZFHEOI—FRISRHESA TS,
o | o CNIZESTHEITL /A ILORRIZDH, P ALREETHLAITE
. FTEBESIHD.
o T T 4. YBE—2-FRLRERBYIIZTvSal, BEOEBRRICHTHR
nw BYY pyTERGYY - R—RET 21T B,
o 5. hSyT A R—TLERMDREIC YRS BEEI—REIYT TS,
e 6. 27——91%#&0)1’:%0)5%&-&:10)1E’&}#'3§§’&7&9'y7!:7"y>1§'
oo 7. %%o)xa-y';-n—faaéu%ﬂ:émﬁﬁgﬁuﬁﬁf%;alzgﬁ
‘ — ‘:‘ e | p— 8. MUHEINFHREDRVOGFICHIRT 5.
11 12
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RISC vs. CISC

= Section B.2
= Use general-purpose registers with a load-store architecture.

Computer Architecture A Quantitative Approach Fourth Edition

s FELR
» BREEBETEAICKIETAILEBMIC, ELALOSS
wUMERET AL
= RE

« REDHDIT—FTIF v FBEBILEL.
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» HEWT—FTOFY EZ (0)

RISCTAtyH &/ A TSA TR

14

To0tyY DBBEER()

Read
address

Irstruction
310 [ P —
Instruction '“LLI"
memary result

———1| -

rogister 1
Read |
Read aata 1 _'|

o2 >N‘l¢
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To0tvY DBHER(2)

16 sign 32
extend

&)

16
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TOEvHDTF—RIRR (VT IL-HAT)L)

[ op [T rs [ vt [ rd [shamt | funct
add $t0, $s1, $s2 [ add $8, $17, $18 ]

i [2571]
]
axien

r
2

ineucion (3018

pe—
Py

Wi | | [1511]
memery | 4 Al

neucnon 155

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005
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A¥rrvbi—k

Arch 11

K4, FEES,
FEEET—IMERET)

18
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Exercise

16 bit immediate | format

L oo [ s [ |
addi $t0, $t1, -1

[ addi $8, $9, -1]

TatyHDTF—RIRR (T I)L-HAI)L)

[ op [ rs [ vt [ rd [shamt[ funct |
add $t0, $s1, $s2 [add $8, $17, $18 ]

e [ 71]

st
e

ineucion (3018 o
; ogiier

e

Facon 1591 e
L] &

B ] - |
N/ "/
[ g

19 20
MuEled from Comﬁrﬂ ﬁMﬂ[/}?ﬂ WD&M Patterson & Nenness¥ © 2005 Adapted from Computer. &ﬂaﬂlzamm and Design, Patterson & Hennessy. © 2005
— o N — o N
Ty OTF—HIRR (T IV HAT)L) IOy DTF—RIRR (T IL-HAI)L)
[ op [ rs [ [ 16bitimmediate | format [ op [ rs [ [  16bitimmediate | format
addi $sp, $sp, 4 [ addi $29, $29, 4] Iw $t0, 8($s2) [ Iw $8, 8($18) ]
PC = 0x20 PC = 0x24 .
$29=7 i $18 = 0x400 — I
: mem[0x408] = 3
21 22
MaEled from Cﬂmﬂte/ Omamlaﬂan and Des/ﬂm Patterson & Hennessz. © 2005 MaEled from Cﬂmﬂte/ Omamlaﬂan and Des/ﬂm Patterson & Hennessx. © 2005
TatyYDTF—HNRR (T ILHAI)L) TOtyHDTF—8IRA (LU )L-HA4)L) Exercise
[ op [ rs [ [ 16bitimmediate | format [ op [ rs [ [  16bitimmediate | format
sw $t0, 24($s2) [ sw $8, 24($18) ] beq $s0, $s1, Label [beq $16, $17, Label ]
 imckSe (7]
{renesnzing
] 2‘1:;:0;24 ]
$17=8
Label = 0x30
23 24
MaEled from Cﬂmﬂte/ Omamlaﬂan and Des/ﬂm Patterson & Hennessz. © 2005 MaEled from Cﬂmﬂte/ Omamlaﬂan and Des/ﬂm Patterson & Hennessx. © 2005




MIPS Control Flow Instructions

= MIPS conditional branch instructions:

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

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

Lbl1:

= Instruction Format (I format):

‘ op | rs [ It | 16 bit offset |

= How is the branch destination address specified?

Specifying Branch Destinations

= Use a register (like in lw 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 -21° to +215-1 instructions from the (instruction
after the) branch instruction. Put R XBNCHCs, 2,52 A0V oy
6

[Loffset ]

sign-extend

branch dst
address

Maﬂeﬁ from Cﬂmﬂte’ Mﬂlzﬁl}oﬂ and Design, Patterson & Hennessy. © 2005 » Maﬂeﬁ from Cﬂmﬂte’%ﬂlzﬁbﬂn and Design, Patterson & Hennessy. © 2005 *
TOvvHDT—RINR (VT IL-HA)L) IMTSA M (pipelining)
le— one clock period —»]
Program .
S | W @ @ WA ww o o
[ nstructions)
h $1, 100{30} ("o n-;I LT R [ |
h $2, 200($0) 800 ps "':;;""|a-n] A [ — ]ﬂ-u
b $3, 300($0) B0O ps R
.W_UFS I 27 28
MaEled from Camﬁre/oma/wamn andDes/ﬂm Patterson & Hennessz. © 2005 MaEled from Camﬁre/oma/wamn andDes/ﬂm Patterson & Hennessx. © 2005
IMTSA 00 (pipelining) IMTSA 00 (pipelining)
= (1.7} T 8 9 10 1" 12 1 2AM = (1.7} T 8 9 10 1" 12 1 2AM
| N e e e e o e EEEE N B e |
Task Task
arder arder
s | « Ol
: acsll_ ; ooel_
. misL | : Od=ll
» misl | 6 meL |
BPM 7 8 9 ] " 12 1 2AM
T }—r—m | ] T I I
Task L, N
order
» O«
+ og=m
c mjE |
o Ol
03 27—
29 30
MaEled from Camﬁre/oma/wamn andDes/ﬂm Patterson & Hennessz. © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy. © 2005




* I TSA0IE (pipelining)

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

* IMTSA0IE (pipelining)

32

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

* MIPSDEKRHIZSDDRATYT (RT—)

= IF (Instruction fetch) 27—
AEYNLBMRETTVFTS.

= ID (Instruction decode and register file read)
AF—U
WMREETI—RFLEND, LORFERA LT

= EX (Execution or address calculation) 27—
MRRIEOETELETFLRADEREITS.

= MEM (Data memory access) A7—
T—HABYRDARSURIZTIERT 5.

= WB (Write back) R7—Y
ERELDRZIZEEZAL.

33

* IMTSA M (pipelining)

Program
200 400 600 BDOD 1000 1200 1400 1600 1800

OXBCUIN - - - - T —

{in instructions)

w SLIW:’BI"’“"”"‘““"‘R-‘ AL |3;“ ag

ws2 20T eops k] wo | 23 e

I $3, 300($0) B00 ps |
—_
00 pe

Program

axecution 200 A0 00 BOO 1000 1200 1400

Tima T T T T T T T
{in instuctions)

w s, tooso)[ "] [me] e [L222, o]
tw $2, 20080) To0 | | || A | 2, [
e $3, 300($0) 200 ps | haa| |=-a wy | e

200ps 200ps 200ps 200 ps 200ps

|
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* IMTSA M (pipelining)

Program
200 400 800 BOO 1000 1200 1400 16800 180D
OXBCUIN - - - - - T —
{in nstructions)
Data
tw s1_lwwr|'“,';‘;;°" ME accos |
I $2, 200{$0) 800 ps e |Fea soms |
_
I $3, 300($0) 800 ps |
—
800 ps
Program
axecution 200 A0 00 8OO 1000 1200 1400
3 Tima T T T T T T T
{in instructions)

o $1, 100(80) |
W $2, 20080) 200 pa | i
tw $3, 300($0)

200ps 200ps 200ps 200 ps 200ps

35
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* AT ZAVIC&BEER L

s IATSAVRT—VDE (RS n

= EITTEHHF0H: s

s NTSAUEENE=TOeydDIOvsE B E
35.

» EHENRT I EETOEENLGYAIILE

= n+s—-1
s SATSAVERRALGEWS VT IS A LD T oty
= N*s

36
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TTIoVR

= BEATAF, BEATV21—L
= www.arch.cs.titech.ac.jp

37
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