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3. RISC vs. CISC, RISCTOtyH
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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, ...
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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”
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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
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1A-32 Registers and Data Addressing

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

Name use
A o
Eax GPRO
£cx GPR1
£0X GPR2
EBX GPR3
Esp GPR4
Eep GPRS
Esi GPR6
eol GPR7
cs Code segment pointer
ss Stack segment poiner (1op of stack)
os Data segment pointer 0
Es Data segment pointer 1
£s Data segment poiter 2
s Data segment pointer 3

ep nstructon pointer (PC)
EFLAGS Condition codes.
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1A-32 Register Restrictions

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

Rag/ster ndract Adress 1S In 3 feglstal. noLESP of EBP Tw bsi, 004s1)
Based MoUs WItN - of 320N | AGGress IS Gontents of base register plus oL ESP o EBP Tw §50, 100 (351 f=16-bit
#displacement

Basa plus scaled Index The address Is Base: any GFR | mu 1

Base + (259 x naex) Index: not P | add

where Scale nas e value 0, 1, 2, of 3. i

Basa plUs scaled Index with The address Is Base: any GFR | U1 30,4529
£ 0r B2DIL dIsplAcEmET Basé + (259X Ingex) + cisplacement Index: not P | add 4t0.4t0, 451

where Scale has the value 0, 1, 2, or 3. Tu 450, 100(4L0) #<16-bit
¥ displacenent

FIGURE 2.42 1A-32 32.bit addrassing modas with ragistar rastrictions and tha aquivalent MIPS eoda. The Bass plus Scaled Indsx
addnessing mods, not found in MIPS or the PowsrPC, i inchudsd to avoid the ruulripliss by four (scale factar of 2) to turn an inder in  register into 2
byte address (see Figures 2.34 and 236). A scale factor of | is used for 16-bit data, and a scale factor of 3 for 64-bit data. Scale factor of © means the
addressis not scaled. 1f the displacemant is longer than 16 bits in the second or fourth mexles, then the MIPS equivalent mode would need two mare
instructions:a 107 to lead the upper 16 bits of the displacement and an adid to sum the upper adelress with the base register 5 1. (Intel gives two dif-
ferent hat s called Based add ay ly identical and we combine them here.)

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

ot o R W £ a0 82
[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)

7 8
IA-32 instruction Formats VAX CALLSHE 5
= Typical formats: (notice the different lengths) R
S — 1. BEGLIERZVIEEIET S.
o o] 2. SIHMOERERSVIIZTY TS,
3. RV LEDFHEERELIRYICE>THE RSN LR ADR#E
2 BIES. YRYEFVHSNSFHREDI—FAICRFSIN TS,
o | oren RIS THEITL/SAILOBRIZE, HIF IR BE T H LA TR
J———— TTERLSIHS.
. 4. JYE=U-FRLRZERZYYIZT v al, BEDFHRERICKHTHR
nw By b TERBYY -R—2E T 2T 5.
s 5. ;T AF—TILEBEMOKEICEINT 2EHEI—FEI)TTS.
[ o] 6. RF—ARMEROFHDEELODEEH DBEER ST T v
B AADD EA;x »15755 Y é X
[ 200 Jres] 7. 2DMDRAVY -RAVAEFUHEN - FHETHATEDLIICESH
I5.
(oo T e | 8. WUHEh-EHEDBHOHSITHIET .
9 10
Adaeled from Camgu[sr Orza/wlamn and De5/gn Patterson & Hennessz. © 2005 Adaeled from Camgu[sr Orza/wlamn and De5/gn Patterson & Henr\essz, © 2005
RISC vs. CISC
= Section B.2
= Use general-purpose registers with a load-store architecture. = — pere —
Computer Architecture A Quantitative Approach Fourth Edition * E-I-ﬁ%T #-Toa—-—v %_ (O)
. BELR '
« BREEBEEHIICXIETHILEENIC, BLALOGS © e
EUbEREHT AL S IV AYILDORISCT At yH
. B8
RADHBDT—FTIFvIERHILAEL.
11 12
Adaeled from Camgu[sr Orza/wlamn and De5/gn Patterson & Hennessz. © 2005
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*| acdress
Instruction
[31:0] ALY ALy

Instruction
memory
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TotvY DEBRER(2)

16 sign 32
extend

&

14
Maﬂeﬁ from Cﬂmﬁtél Mﬂlzamm and Design, Patterson & Hennessy. © 2005 Maﬂeﬁ from Cﬂmﬁtél Mﬂlzamm and Design, Patterson & Hennessy. © 2005
— ° N — ° N
TAtyY DT —RIRR (T HA)L) IOty OTFT—RIRR (DT IL-HAI)L)
| op | rs | rt ‘ rd | shamt l funct ‘ ‘ — -
op | rs [ | 16 bitimmediate I format
add $t0, $s1, $s2 [ add $8, $17, $18 ] X _
addi $sp, $sp, 4 [ addi $29, $29, 4]
remucson [1521)
irucon [3018]
veneos 4 |y
U | | g [1511] |
|
PC = Ox1C = PC = 0x20
_ e 15 _
2;; = ; $20=7 ]
iructon 0]
15 16
MaEled from Cﬂmﬂl‘é/ Omamzarfan and Des/lm Patterson & Hennessz. © 2005 MaEled from Cﬂmﬂl‘é/ Omamzarfan and Des/lm Patterson & Hennessx. © 2005
AFvRyk—k Exercise
[ op [ s [ n | 16 bit immediate | format
addi $t0, $t1, -1 [ addi $8, $9, -1]
K&, FHEES,
FHEESY—VHMEET)
17 18
AdaEﬂ from L‘om%rsr %Maﬂan and Desm, Patterson & Hennesgz. © 2005 MaEled from Comﬁre/ Mﬂ[lﬂn WD&M Patterson & Hennessx © 2005




Ty OF—FIRR (T IL-HALI)L)
[ op [ rs [ [ 16bitimmediate | format

Iw $t0, 8($s2) [ Iw $8, 8($18) ]

Ty OF—FIRR (T IL-HALI)L)
[ op [ rs [ [  16bitimmediate | format

sw $t0, 24($s2) [sw $8, 4($18) ]

PC = 0x24 PC = 0x28
$18 = 0x400 $18 = 0x400
mem[0x408] = 3 $8=5
19 20
Adapted from Computer Organization and Design, Patterson & Hennessy. © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
N . MIPS Control Flow Instructions
TotyHOTF—8IRR (LT LY A47)L) Exercise
w | 1S PR 16 bit immediate | format = MIPS conditional branch instructions:
beq $s0, $s1, Label [beq $16, $17, Label ] bne $s0, $s1, Lbl #go to Lbl if $s0=$sl1
beq $s0, $s1, Lbl #go to Lbl if $s0=$s1
= Ex: if (i==j) h =1+ j;
bne $s0, $s1, Lbl1l
| add $s3, $s0, $sl
Lbl1: -
= Instruction Format (I format):
PC = 0x2 B
$16:; ¢ op | rs rt | 16 bit offset |
T < ox30 = How is the branch destination address specified?
21 22

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

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

Specifying Branch Destinations

Use a register (like in lw and sw) added to the 16-bit offset
= Wwhich 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 +2%5-1 instructions from the (instruction

after the) branch instruction, but most branches are local anyway
from the low order 16 bits of the branch instrdction

branch dst
address

23

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

TatvYDT—RIRR (T IL-H L)L)

le— one clock period —»|

Progeam 200 400 60O 800 1200 1400

. 1000 1600 1800
e Time T T T T T T T T -
{in msinuctions)

b $2, 20080) B0 ps o s

MEE

BOO ps.

Rag

b $3, J00($0) B0 s
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= BEXTAF, BEATV21—L
= Www.arch.cs.titech.ac.jp

= MIPS/SPIM Reference Cardl&kE+LFALET.
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