Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

SP ARC

Architecture

Page 137

October 12, 1997

SP

ARC Ar c hitecture

¥ 8-bit cell (b yte) is smallest addressab le unit

¥ 32-bit addresses

, i.e

., 32-bit vir tual address space

¥ Larger siz es: at address

A

¥ SP ARC is a big-endian

(big end, or most-signi� cant end, � rst) machine

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

SP ARC Re gisters

Page 138

October 12, 1997

SP

ARC Register s

¥ 32, 32-bit wide gener al-pur pose registers

% r 0

� % r 3 1

% g 0

� % g 7

% r 0

� % r 7 global

% o 0

� % o 7

% r 8

� % r 1 5 output

% l 0

� % l 7

% r 1 6

� % r 2 3 local

% i 0

� % i 7

% r 2 4

� % r 3 1 input

¥ The g roups relate to procedure calling con v entions

¥ Some registers ha v e dedicated uses

% s p ( % r 1 4

) stac k pointer

% f p ( % r 3 0

) fr ame pointer

% r 1 5 tempor ar y

% r 3 1 retur n address

¥ Register

% g 0 alw a ys has the v alue 0 when read;

wr iting it has no eff ect

¥ Other special registers (manipulated b y special instr uctions):

� oating point registers (

% f 0 � % f 3 1

)

prog r am counter ( p c )

ne xt prog r am counter ( n p c )

P S R , T B R , W I M , Y Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

SP ARC Re gister Map

Page 139

October 12, 1997

SP

ARC Register Map

¥ see page 193 in the SP

ARC Architecture Man ual, ⁄2.2 in P aul

% i 7

% r 3 1 return ad dress

- 8

% i 6 , % f p

% r 3 0 frame pointer

in

% i 5

% r 2 9 incoming parameter 6

�

�

�

% i 0

% r 2 4 incoming parameter 1/return v alue to caller

% l 7

% r 2 3 local 7

local

�

�

�

% l 0

% r 1 6 local 0

% o 7

% r 1 5 temporar y v alue/ad dress of c a l l instruction

% o 6 , % s p

% r 1 4 stac k pointer

out

% o 5

% r 1 3 outgoing parameter 6

�

�

�

% o 0

% r 8 outgoing parameter 1/return v alue fr om caller

% g 7

% r 7 global 7

global

�

�

�

% g 1

% r 1 temporar y v alue

% g 0

% r 0

0

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

SP ARC Re gister Map, cont� d

Page 140

October 12, 1997

SP

ARC Register Map, cont� d

¥ Other registers

¥ Register sa v e con v entions:

what happens across calls?

% g 2

� % g 7 sa v ed?

% g 1 destro y ed

% o 0

� % o 5 , % o 7 destro y ed

% o 6 sa v ed

% l 0

� % l 7 sa v ed

% i 0

� % i 7 sa v ed

% f 0

� % f 3 1 sa v ed

% y

Y register

state

% p s r integ er condition codes

% f s r

� oating point condition codes

% c s r copr ocessor condition codes

% f 3 1

� oating point v alue

� oat- ing point

�

�

�

% f 0

� oating point v alue

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

SP ARC Instruction Set

Page 141

October 12, 1997

SP

ARC Instruction Set

¥ Instr uction g roups

load/store instr uctions

integer ar ithmetic and bitwise logical instr uctions

control instr uctions (br anches

, calls)

special instr uctions (oper ating system)

� oating point ar ithmetic and con v ersion

¥ Instr uction f or mats (see page 44, Ch.

8 in P aul)

for mat 1 ( op = 1):

c a l l

for mat 2 ( op = 0):

s e t h i and br anches ( b i cc , f b fcc , c b ccc )

for mat 3 ( op = 2 or 3):

remaining instr uctions

op disp30

31

29

op rd op2 imm22

op a cond op2 disp22

31

29

28

24

21

op rd op3 rs1 i=0 asi rs2

op rd op3 rs1 i=1 simm13

op rd op3 rs1 opf rs2

31

29

24

18

13

12

4

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Assembly vs. Machine Language

Page 142

October 12, 1997

Assemb l y vs.

Mac hine Langua g e

¥ Mac hine langua g e is the bit patterns that represent instr uctions

¥ Assemb ly langua g e is a symbolic representation of machine language

¥ A ssemb ler s tr anslate from assemb ly language to machine language

a d d % i 1 , 3 6 0 , % o 2 is a f or mat 3 instr uction:

0 2 2 4 0 1 4 6 0 5 5 0

¥ Assemb lers:

mapping an assemb ly instr uction to a machine instr uction

(1-to-1)

¥ Compilers:

mapping a statement to 1 or man y assemb ly instr uctions

¥ Disassemb ler s tr anslate from machine language to an assemb ly language

2

10

0

25

1

360

31

29

24

18

13

12

2

12

0

31

1

550 octal

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Load Instructions

Page 143

October 12, 1997

Load Instructions

¥ Load:

mo v e data from memor y to a register

¥ F etched b yte or halfw ord appears r ight-justi� ed in the 32-bit register

¥ Leftmost bits are z ero-� lled or sign-e xtended

¥ A doub le w ord is loaded into a register pair and m ust be e v en

the most-signi� cant w ord lands in

the least-signi� cant w ord in

¥ Addresses m ust be aligned

: f or address

A

halfw ord

w ord

doub le w ord

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Store Instructions

Page 144

October 12, 1997

Store Instructions

¥ Mo v e data from a register to memor y

¥ Stor ing b ytes and halfw ords

the r ightmost bits are stored

the leftmost bits are ignored

¥ Stor ing doub le w ords

m ust be e v en

Cop yright � 1995 D. Hanson, K. Li & J.P

. Singh

Computer Science 217:

Addressing Modes

Page 145

October 12, 1997

Ad dressing Modes

¥ SP ARC has tw o ad dressing modes to yield an eff ective ad dress

1. add the contents of tw o registers

2. add the contents of a register and a signed, 13-bit n umber

¥ Common names 1. register indirect or def erred

l d [ % o 1 ] , % o 2

1. register inde x ed (abo v e is a special case that uses

% g 0

)

s t % o 1 , [ % o 2 + % o 3 ]

2. register displacement or based l d [ % o 1 + 1 0 ] , % o 2

¥ Assemb ly-language syntax:

N is a 13-bit integer constant

address synon ym

reg reg + % g 0

reg + reg

reg + N

N + reg reg + N

N

% g 0

+ N