Chapter 4
Simple Calculations

Arthur B. Maccabe
Department of Computer Science
The University of New Mexico

Copyright 1993-2000, Arthur B. Maccabe and McGraw-Hill, Inc.

Overview

e Preliminaries
— RISC/CISC

— registers, load/store architecture

e SPARC data manipulation instructions
— registers and data paths
Slide 1 — arithmetic, logical (bitwise), and shift instructions

— sethi and synthetic instructions

e SPARC Control Flow

labels and unconditional branches

— conditional branching

nullification

— encoding branching instructions

translation issues



Introduction

Architecture: the design of an instruction set

Organization: the implementation of an instruction set

SPARC (Scalable Processor ARChitecture)
Slide 2 — RISC (Reduced Instruction Set Computer) architecture
— an open standard

— Register windows and resource management

e Binary compatibility

Backward compatibility

Preliminaries

e RISC/CISC
— reduced/comple instruction set computer
— the comple ity of indi idual instructions

— changing role of assembly language programming

e inds of instructions
Slide 3 — data transfer
— data mainpulation

— control ow

e Statements, operations, and operands

— single operation per instruction

operations include store (e g , multiply and store)
— source operands pro ide alues

— destination operand pro ides a location
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Preliminaries e isters
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Preliminaries oad tore rc itecture

Slide load

Memory Registers ALU

store

ata ani ulation Instructions

e Background
e achine language formats
e Internal data paths
e Assembly language
Slide e Arithmetic instructions
e ogical (bitwise) instructions
e Shift and  bit shift instructions
e sethi (set high)
e Synthetic instructions

. bit multiply and di ide instructions



P ac round

o Basic sizes
— bit word

Slide —  bit double (or e tended) word

e Registers
— bit registers
— 1 through r

— r is always zero

P Instruction ormats

31 30 29 2 2 19 1 1 13 12

Slide
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Slide 11

Internal ata Pat s
64
64
64
extend Registers ALU
13 64

| Instruction Register |

rit metic Instructions

estination last




ncodin am les

e encode addl rl rl

7 7

Slide 12
e encode addl rl, rl, rl
ssem 1 an ua e am le
ea a b ¢ d
isin rl, isin r ,and isin r
mul rl, , rl
Slide 13 mul r, r, rl
mul rl, r, rl

add rl, rl1, rl

e line oriented

e comments start with



o ical itwise Instructions

Slide 1

am les

Compute the bit, bitwise logical for111 1land1 111

111 11
1111
11 1

Compute the bit, bitwise logical for 111 1land1 1 11
Slide 1 111 11
1111
111 1 11

Clear all but the least significant 1 bits in register

and r, , T

Set all but the least significant 1 bits in register

orn r, , T



i t Instructions

Slide 1

o logical shifts fill acated bit positions with

e arithmetic right shifts replicate the sign bit

ncodin 1 t Instructions

31 30 29 2 2 19 1 1 13 12 11

Slide 1




it 1t Instructions

Slide 1
. is with a reduced shift count
. sets the most significant  buts to , then acts like
. copies the  Dbit sign bit into most significant  bit, then acts like
ncodin it it Instructions
31 30 29 2 2 19 1 1 13 12 11 0
Slide 1




Slide 2

Slide 21

set 1 otivation

using a se uence of shift and or instructions, set the register

bit alue 1 1
or r, 1 , r
sll r,1, r
or r, , T
sll r,1, r
or r, , T
sll r,1, r
or r, , T
sll r,1, r
or r, , T
sll r, , r
or r, 1, r

set the register

set i
to the  bit alue 1 1

sethi 1 , T

or r, , T

sl r, , r

sethi , T

or r, 1, r

or r, r, r

11

to the



ncodin set i Instructions

31 30 29 2 2 22 21
Slide 22
u i ulo i and lo
Operator alue
Slide 23 uhi( ) Dits of
ulo( ) Dbits 1  of
hi( ) bits 11 of
lo( ) Dits of



sin ui ulo i and lo

set the register to the  bit alue 1 1

Slide 2

nt etic ata ani ulation Instructions

Slide 2



nt etic ata ani ulation Instructions continued

Slide 2

nt etic Instructions or and it alues

Slide 2



e set unsi ned word nt etic Instructions

Slide 2

e set si ned word nt etic Instructions

Slide 2



Slide 3

Slide 31

e set e tended word

nt etic Instructions

| Instruction Register |

32

it ulti 1
32
32
Sign
extend Registers
13

most significant

least significant



it ivide

32

least significant 32

most significant 32

Slide 32 % y
ide 3 SIQD
d

exten Registers Y sdiv/udiv
13 32
| Instruction Register | o remainder
quotient

ontrol rans er Instructions

e conditional and unconditional branches
¢ labels and unconditional branches on the SPARC
e delayed branches
Slide 33 e register comparison to zero
e condition code registers
e encoding branching instructions
e loop impro ements

e comple conditional e pressions



n am le

e using a  ileloop

Slide 3 L
e using simple s

a els

e A label is an identifier (and follows the standard rules for identifier
formation)

he definition of a label occurs when the label appears as the first
non white space item on a line followed by a colon ( : )

Slide 3 e ach label can ha e at most one definition

he alue of the label is the address of the ne t instruction (which may
be on the same line as the label)

e hene er you use a label in a non defining conte t, the assembler
substitutes the alue of the label for the label

e ou may use a label before you gi e its definition



ela ed ranc in

e unconditional branch: ba cc,

° and

e an e ample

ranslatin t e nconditional ranc

Slide 3
® nop
is stored in
stored in
Slide 3 top:
bottom:

?

clr

inc
sub
ba
nop

is stored in

, is stored in , and

cc, top

is



liminatin t e

mo r, r
clr r
top:
Slide 3
inc r
ba cc, top
sub r, r, r
bottom:
onditional ranc in
Slide 3 e register comparison to zero

e condition codes



e ister om arison to ero

Assembler synta  Branching condition

brz , reg
1
Slide brlez reg
brlz , reg
brnz reg
brgz reg
brgez reg
sin om arisons to ero
e simple translation
temp y
. top:
Slide 1 temp temp =z
if( temp ) goto bottom
1
temp temp z
goto top
bottom:



sin om arisons to ero continued

e a oiding
temp y z
Slide 2 top:
if( temp ) goto bottom
1
temp temp 1z
goto top
bottom:
ranslatin into P ode
sub r, r, r
clr T
top:
Slide 3 brlz r , bottom
nop
inc r
ba cc, top
sub r, r, r

bottom:



voidin t e Instruction

sub r, r, r
clr r
top:
Slide brlz r , bottom
inc r
ba cc, top
sub r, r, T
bottom:
dec r
ondition odes
e e ample
Slide e condition code bits ( angs)

setting the condition codes

conditional branching based on condition codes



Slide
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not er am le

e the code
ifla b)
a 1
e first translation
c a b
if( c ) goto fi
a a 1

e translation to SPARC code

ondition ode its

summarize the result of an earlier operation
, ZETO
, negati e

C, carry

,0 er ow

la s



Slide
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ettin t e ondition

Operations that

ode its

Operations that

update the do not a ect the

condition codes condition codes
Operation ame  op ame op
integer addition addcc 1 add
integer subtraction subcc 11 sub 1
bitwise and andcc 1 1 and 1
bitwise and not andncc 1 11 andn 11
bitwise or orcc 1 1 or 1
bitwise or not orncc 1 11  orn 11
bitwise or orcc 1 11 or 11
bitwise or not orncc 1 111  orn 111

nt etic Instructions t at date

t e ondition

Synthetic instr Implementation Comment
cmp , subce , , T compare
cmp subcc , T

tst orce r, , r test

incce addcc , 1, increment
incce , addcc ,

deccc subcec , 1, decrement
deccc , subce ,

btst , andcc , , test bits
btst , andcc

ode



e ondition odes

. e two condition codes are updated
Slide
e icc bit result

) cc bit result

ranc in ased ont e ondition odes

Slide 1



ranc in ased ont e ondition odes continued

Slide 2

P ode am les

e basic translation
sub r, r, r
ble cc, fi
nop
inc r
Slide 3 fi:

e using a synthetic instruction
cmp r, T
ble cc, fi
nop
inc r



ulli cation otivation

e cancelling the e ect of an instruction in the branch delay slot

e e ample

— original

Slide
fi:

— without using a instruction
cmp r, T
bg cc, fi
inc r
dec r

ulli cation

for conditional branching instructions:
— branch taken: instruction in delay slot is e ecuted

— branch not taken: a ect of instruction in delay slot can be nullified

for unconditional branching ( and ): instruction in delay slot can
be nullified
Slide

nullification is specified by concatenating ,a to the operation name

SPARC uses the name annul instead of nullify

e ¢ ample
cmp r, r
bg,a cc, fi
inc r



ncodin ranc es sin e ister om arison to ero

31 30 290 2 2 2 2 22 21 20 19 1 1 13 0

Slide

is lacement ddressin

; Sign
Displ t *4
Slide iiniailiel lextend ]+

C Program Counter (PC)




ncodin ranc es

31 30 29 2 2 2 22 21 20

19 1

asedont e

ondition odes

Slide
ncodin t e ondition
ame cond ame cond
bn ba 1
be, bz 1 bne,bnz 1 1
Slide ble 1 bg 11
bl 11 bge 1 11
bleu 1 bgu 11
bes,blu 11 bee,bgeu 111
bneg 11 bpos 111
b s 111 bc 1111



Instruction ncodin

e code

Slide

Instruction ncodin

e encoding the instruction

Field

am les

am les

ncoding

&
Slide 1 rcond
dhi
p
rs
dl lo
1111 1 11

11

11

11 or

11

ontinued

C



Instruction ncodin am les ontinued

e encoding the  instruction

Field  ncoding

a
Slide 2 cond 1
cc 1
p 1
displ 111111111111111111
1 11 1111111111111111111 or 1 e

ranslatin 00 s

translate to code that uses simple conditional unconditional branches

Slide 3 try to eliminate unconditional branches in loops

translate to SPARC assembly code, using instructions in the
branch delay slots

e put instructions in the branch delay slots



liminate nconditional ranc esin 00 s

e mo e the test to the bottom of the loop

e e ample
temp y z
Slide
goto test
top:
1
temp temp =z
test:
if( temp ) goto top
ranslate to P ode
sub r, r, r
clr r
ba cc, test
nop
Slide top:
inc r
sub r, r, r
test:

brge r , top
nop



Put

Instructions int e ranc ela lots

sub r, r, r
ba cc, test
clr r
Slide top:
sub r, r, r
test:
brge,a r ,top
inc r
ore om le onditional ressions
e e ample
if( a a )
b 1
else
b 1
Slide e translation
if( a ) goto falsl
if( a ) goto falsl
b 1
goto fil
falsl:
b 1

fil:
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