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Select four out of five problems.

Problem 1.
Answer the following questions about context-free languages:

(9 points)  a) Let ¢ be a one-to-one and onto mapping defined and with values over the natural

L = {0P"W 190, pnaturat}

numbers. Demonstrate formally that is a context-free

language. '

(9 points)  b) Does (a) hold if ¢ is one-to-one but not onto? Prove formally or disprove with a
counterexample.

(7 points)  ¢) Demonstrate that the collection of all context-free languages is closed under regular
operations.

Problem 2.
Given the nondeterministic finite state automaton
M == ({AJB’ C! D‘ EIFJ G}l {DDJ 01}’5, AJ{E’ F’ G})

with & defined by:
& A B C D E F G
A {E} {F}
00 {F, {G}
D}
01 | {B,C}

(4 points) ) Define what is meant by a regular expression.

(7 points)  b) Find a regular expression for its language through successive reductions to equivalent
string automata, At each step in the reduction write formally the corresponding string
automaton.

(5 points)  ¢) Find an equivalent deterministic automaton.

(9 points)  d) Find a linear grammar for generating the language of the automaton.
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Problem 3.

A Turing machine, as given in the original definition of Alan Turing consists of an infinite tape, a read
head that can move back and forth on the tape and read and write tape symbols, as well as a finite
instruction set consisting of “quintuples” of the form q;SjqSmD, where the o represent states, the st
represent tape symbols and D is either L (“left”) or R(‘right”). The meaning of such an instruction is
that when the machine is in state q; reading the symbol §;, it replaces S; by S, and then moves the tape
head one position either to the left (if D is L) or to the right (if D is R) and changes its state to ¢;. For,
example, if the instruction set includes qo1q10R, then when the machine is in state go and the tape head is
reading a 1, the 1 will be replaced by 0 and the head will move one position to the right in a new state q;.
A Turing machine is said to halt when itis in a state q; reading a symbol S; and there is no quintuple
starting with qS;.

(9 points) a) Use the above definition to define a Turing machine T such that if the initial

position
g&‘fetape head reads the leftmost symbol of a string W of 0s and 1s, then T will
write another copy of W to the right of W separated by a blank and then halt, T

should halt with WBW on its tape, where B represents a blank. i.e,
{4 points) b) Define what is meant by a decidable problem.
(12 points) c) The printing problem is the problem of determining for an arbitrarily given

Turing machine T and an arbitrarily given tape symbol S, whether or not T
eventually prints S on its tape. Prove that the printing problem is undecidable.

Problem 4.
Answer the following questions about running times.

(4 points) a) Define what is meant by polynomial and exponential running times.
2 k points)  b)Is it true that any decidable problem runs in either polynomial time or in exponential
time? Le., is there anything “between” polynomials and exponentials?

Hint: Consider an algorithm whose running time is n'"" where In n denotes logz n.

\9&{ points)  ¢) The 28SAT problem is the problem of determining for a Boolean expression E in

e conjunctive normal form with only 2 literals per clause whether or not E is satisfiable.
‘I’“$§ Is 2SAT solvable in polynomials time? Prove your answer.
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Problem 5.
Answer the following questions on complexity theory:

(5 points) a) Define what is meant by an NP-complete problem.

(6 points)  b) Let L be an NP-complete language, M an NP language, and assume that L is
polynomial time reducible to M. Demonstrate that M is NP-complete

(14 points)  ¢) The independent node-set problem (INSP) is described as follows:
Domain: All pairs (G, k) consisting of an undirected graph G = (V, E), and a natural number k.
Instance: A pair (G, k) where 1 % k& < [V}, (Note: |A| denotes the number of elements in a set A).
Question: Is there a subset I & Vsuch that:

l=kA(Va b € EXa,b €1 =>{a, b} &EN
Demonstrate that INSP is NP-complete.
(Hint: You may want to use the fact that 3SAT is NP-complete).
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Select four out of five problems.

Problem 1.
(25 points) Let A,={1,2,...,2n}, the set that consists of first 2n natural
numbers, n=1, 2, 3, .... Forevery value of n =1, 2, . . ., show that in any subset of A,
with n + 1 elements there are at least two numbers, one of which divides the other. The
proof must use induction on n.

Problem 2,
Use the master theorem to give bounds to the following recurrences, where 7(1) =1
and 7 (n) for n > 2 satisfies:

(6.25 points) 7' (n) = 47 (n/3) + n

(6.25 points) T (n) =37 (0/2) + n’
(6.25 points) 7' (n) = 4T (n/3) + n’
(6.25 points) T (n) =97 (n/3) + n*

Problem 3.
The following two problems relate to graph algorithms:

(12,50 points)  a) Give an algorithm that determines whether or not a given undirected graph
G = (V, E) contains a cycle. Your algorithm must run in O( V') time,
independent of |E| (the number of edges in G).

(12.50 points)  b) The transpose of a directed graph G = (V, E) is the graph GT = (V , E"),
where E' = {(v, u) €V x V : (u, v) € B}. Thus, G” is G with all its edges
reversed. Provide efficient algorithms for computing G from G, for both
the adjacency-list and adjacency matrix representations of G. Analize the
running times of your algorithms.
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Problem 4.
(25 points) Professor Smith drives from Miami to New York City along interstate
highway 1-95. He starts with a full tank and his car can go 100 miles on a full tank. Let
X1 < Xz < ... < X, denote the locations of the various gas stations along the way,
measured in miles in from Miami. The distance between any two gas stations x; , X is
less than 100 miles, and there are stations within each city. Provide an efficient
algorithm that determines the fewest number of gas stations he needs to stop to refill
gas in order to make it to New York City without running out of gas along the way.
Prove the correctness of your algorithm.

b bbb bbb
/R R A S

Miami X4 Xp X3 X4 X5 ¥g - X, NewYork

Figura 1: Arrangement of gas stations for Problem 4.

Problem 5.
(25 points) Design an algorithm to compute the union of two given sets
of elements, both of size O(n). These sets are given as arrays of elements. The output
should be an array of distinct elements that form the union of the sets. No element
should appear more than once. The worst-case runiing time of the algorithm should
be O(n log n).
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Select four out of five problems.

Problem 1.

In SPARC branch instructions, software trap instructions and the call instruction can change the
normal execution of a machine code program. With respect to the SPARC architecture answer the

following:

(5 points) a)

(5 points)  b)
(5 points) )
(5 points)  d)
(5 points) )

Problem 2.
(5 points)

o

)

(5 points) b)

(5 points) c¢)

(Spoints) d)

(Spoints) e)

o

In addition to branch instructions, software trap instructions and the call
instruction mention all the instructions that can change the normal execution of a
machine code program.

Explain how the trap instruction operates.
Explain the difference between a call instruction and a branch instruction.
Explain the difference between a call instruction and a trap instruction.

Explain the difference between software traps and hardware traps.

Can a direct mapped cache sometimes have a higher hit rate than a fully
associative cache with an LRU replacement policy (on the same reference pattern
and with the same cache size)? If so, give an example. If not, explain why not?

Give two ways virtual memory address translation is useful even if the total size
of virtual memory (summed over all programs) is guaranteed to be smaller than
physical memory.

How does a data cache take advantage of spatial locality?

Consider a computer with a single level of cache. Describe a scenario {or code) in
which using a write-back cache would be better than using a write-through cache.

Consider a computer with a single level of cache. Consider the following piece of
code:
for (i=0;i<1000;i++)
afi] = a[i] + b[i]
Would this code benefit more from a write-allocate cache, from a write-no-
allocate cache, or does it not matter?

gpPR
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Problem 3.

ASCII characters are represenied as byte codes on digital computer systems. The visible character
set is represented with the range of codes from 33 through 126. Using SPARC Assembly
Language do the following:

(10 points) a) Write a subroutine that identifies if an ASCII code belongs to the set of visible
characters. The ASCII code will be passed too the subroutine in register r6. The
subroutine will set register r5 to one if the ASCII code belongs to the set of
visible characters. Otherwise it will set r5 to zero.

(15 points) b) Write a subroutine that sorts a block of n ASCII codes in descending order of

code number. The starting address of the block will be passed to the subroutine in

register rd4 and the number of codes (1) in the block in register r2.

(Include comments in your programs. Identify variables and constanis.)

Problem 4,

Introduction

A pipelined processor operates in four states: instruction fetch, operand feich, operand execute,
and operand store. Consider the following example with no data dependencies or bubbles.

ADD R1,R2,R3 [R1] — [R2}+R3]
SUB R4,R5,R6 [R4] < [R5]-R6]
MUL R7,R8,R9 [R7] — [R8]*[RY]

We can set this out as follows. The four rows show what each functional unit is doing in each
cycle,

Cycle 0 | Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5 | Cycle 6
Instruction fetch | ADD | SUB | MUL
Operand fetch ADD SUB MUL
Operand execute ADD | SUB MUL
Result store ADD SUB MUL

uek
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We can also set out the data in the following way. Each column represents a cycle as above. In
each cell we have written the name of a stage and the operation it is carrying out during that time

slot (cycle)
IF OF OE OS
ADD R2,R2 R2+R3 R1
R1,R2,R3
IF OF OE (O
SUB R5,R6 RS - R4
R4,R5,R6
IF OF OE 08
MUL R8R9 |[R8*R9 R7
R7,R8,R9

Suppose we have the following code with the data dependency.

ADD R1,R2,R3 [R1] < [R2]+[R3]
SUB R4,R5,R1 [R4] —
MUL R7,R8,R9 [R7] — [R8]*[RY]

[R5]-[R1] Note the RAW dependency with R1

If we assume internal forwarding (an operand can be used as soon as it is generated in the operand
execute phase) we get:

IF OF OE oS
ADD R2,R2 R2+R3 R1
R1,R2,R3
IF Bubble OF OE OS
SUB R5,R1 R5-RI R4
R4,R5,R1
IF Bubble OF OE OS
MUL R8,R9 R8 *R9 R7
R7,R8,R9

ueR
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Note that in any time slot (column) only one instance of each of the stages can be active. You can’t
have, say, two instruction fetch phases in the same column (cycle).

(25 points)

Assume a pipelined processor with four states: instruction fetch, operand feich,
operand execute, and operand store. Assume the following:

i)  Internal forwarding is used.

ii)  The instruction following a branch is always executed.

iii} A conditional branch instruction is resolved during its ‘operand execute’
phase. That is, an instruction fetch at the target address may begin in the
next cycle.

Draw a timing diagram (like the second table above) for the following code
sequence. Assume that, in this case, the (Branch if Equal } BEQ NN instruction is
taken.

ADD R1LR2,R3  [R}] « [R2Z}H+[R3]
SUB R4,R5,R1 [R4] « [R5}-[R1]
BEQ NN /Tf zero THEN goto NN
MUL R7,R8,R9  [R7] < [R8]*[R9]
ADDRLR2R4  {R1] « [R2]+[R4]
SUB R4,R5,R7 {R4] « [R5]-[R7]
NN MULR3,R3,R1  [R3] « [R3]*[R1]
ADDR2R2R6  [RZ] « [R2]+[R6]
SUB R1,R2,R5 [R1] « [R2]H[RS5]

uef
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. Problem 5.
Consider a SPARC trap-like instruction with the following description:

i) The Trap Base Register (TBR) gets the value of 128 plus the 7 least significant bits of the
of the instruction.

iiy CWP=CWP -1

iii) r17=PC

iv) r18 =nPC ‘

v) PC=TBR, nPC=TBR +4

For the following data path answer the following:

(Spoints) a) What modifications need to be done to the data path to implement a frap 15 trap
instruction? Show them on the diagram.

(15 points) d) Show in the corresponding table on the next page the values of all the control
signals that the data path should have on each cycle to implement the trap 15
instruction. Show only the cycles after the fetch.

(S points) e) Show the state diagram that results from the execution of the instruction.

Research & Development Center, Office 208, Road 108, Km 1.0, Miradero, Mayaguez, Puerto Rico 00680
U PR P.O. Box 5028, Mayagitez, P.R. 00681/ Tel. 1-787-833-3338 Fax 1-787-833-3331

T TR N YA AR Y TAIT R I Y YR LR TATR AN ATLAATTIIYIL L TEeA T T TR amr TISA R AT ERTTRATT LY A e BT ITANIE Yom sm R T ki



T,
PRI S N 7/ )
R\
- XN Pho In CISF

Univorsity of Puorio Rico

Docforal Program in Compufing and
Information Sciences and Enginecring

Universidad de Puerto Rico
Recinto Universitario de Mayagilez

RFE —O PC - RCO-
Register " RC4
File

RAOQ-

RBO-
Ra¢ ™

PA PB| RB4

—A2-A0  OUT
000 B
001 B+4
010 A+B
011 A-B
100 AorB
101 Aand B
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SPARC: Registros SPARC: Registros de Niimeros Enteros

PC - Progrant Counter r0-r7 (g0-97) - reglstros globales
nPC - Next Program Counter
IR - Instruction Registor

Y - Multiply Step Register
TBR - Yrap Base Ragister
WIM - Window Invaiid Mask

CWP - Current Window Pointer

r8-r15 (00-07) - registros de salida
r16-r23 (10-17) - registros locales

r24-r31 (i0-i7) - registros de entrada
PSR - Processor Stalus Register

10:r31 » Intager Registers
f0-f31 - Floating Polnt Reglsters

»
»
»
»
»
»
»

g »

i »
»
»
»
£ ]
»
®
»

. SPARC: Formatos de Instrucciones 8 * SPARC: Formatos de Instrucciones

« Floating Point  ° branches
7« Data Movement : - sgthi

- ALU ! By 313020282524 220

B op afcond op2

op rd op2

313029 2524 1918 14 13 12 ] -
[ op [ op3 | sl opf B B-» - call
op opd | rsl asi E = _
1 op " op3 rsi simm13 'Z:= o 313029
»lop |

SPARC: Claves para Formatos de

. SPARC: Memoria Primaria
Instrucciones _

op - opeods formato 1

op - opéods formato 2

op2 - opcods formato 3

ra1 - reglstro fuente 1

o2 - reglatre fuente 2

rd - regletro destino

slmm13 - nizmero Inmediato con signo
1 - regiatro o valor Inmediato

opf - sub-apeode para punts flotante
disp22 - desplazamlento da 22 bits
digp30 - desplazamlento de 30 bits

a - annul bit para branches

eond - eeleccisn da dieién para br

« 2% pytes

« Tamaftos!
- Byles {8 bits)
+ Haltword (16 bits)
. Word [32 blts)
+ Doubleword {84 bits)

« Big-ehdian
Address Data
gg‘l‘ ]‘33 La localizacién 300 tiene
02 C7 el valor de DOFOCTOA

303 0A

svecbessessedvadl
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SPARC: Instrucciones Aritméticas y
Logieas

Jada . 7 esobto . aaa LT

‘addx’ . BS1000° . add with carry |

sub - .. '0SOLO0 - substract . :

sobx o 081100 - substract withcarry -

and . o 080001 .. and bitwlse . B

andn 050101 - nand bitwise

or o 080840 - or bitwlse

orh 050110 - nor bitwise -

Xor T 050041 - xor bitwise :

. S 08011 xnor bitwise - - - . :

. 100101 " shift left logical by rs or almmil3d - -
. 100180 ° ~shift right Jogleal by 152 or simm13

SPARC: Ejemplos de Instrucciones

8 Aritméticas y Logicas

100115 - shift right arlihnette by rs2 or simmai.: {aD)

In_slrueciﬁn rl

antes 40
add %14, %r5, %rt
después 62

antes 40
sub %rd, - 12, %rb
deapués 40

antes - 128
8ra %, %r5, %rd
después -128

SPARC: taddec y taddccty

+ taddce realiza una suma como addec pero el
overflow bit que se genera es un tagged overflow
que se determina como sigue:

v =1siel bt 1 0 0 do cualquiera de fos operandos fuenles
as distinto de caro o la suma ganera un ovarfiow antmélico

v=0 para cualquier olra condicidn

taddcetv opera como taddee si v=0, pero si v=1
entonces produce un trap, la suma no ocurre y los
condition codes no se alteran.

by
. ]
»

»
»
°
»
'y
-
L
»
»
]
®
»
»

PARC: Instrucciones Aritméticas y
Ldgicas

313010 2524 1918 14.13 12 54 0

{Top [ra [ opd [wsl [0] asl ]2 |

[op | va | opd [wst 1] simm13 I
« op=10

« 8- sgetcondition code bit (S=1 permite alfterar CGC)
« Ejemplos de “assembler’:

foafeuceldo  ysl 62 yd  sicemil3
add %r7, %r8, %ré

subcc %rd, - 30, %r1

sub %r2, %r3, %7

Hota: Para permitir alerar los "condition.codes” se [a afiade cc al
_ )

Aeinof

SPARC:;

L 2
»
e »
2o
»
- B
i
™
& »
i e
= 5
8
i »
1]
L]

Otras Instrucciones Aritméticas

Mnemonlc __op3
| taddee - 100000
taddeety. * * 100010
teubee . - HIOROL
tsubeety 100011
mulsce 7 100161
umul " 0854010
smul 081011
udiv - 081118
sdiv S OSHIIL

Meaning

tagged add and mndifyiu: T
* taddec and trap on overflow - -
tagged substeact and modily e
- tsubee and trap on overilow
“multiply step and modIfy fec
unsigned integer multuply
" stgned Integer multuply -
- unsigned integer divide
skgned integer divide

SPARC: umul y smul

ovoib-‘00000$-3a0-%éf

« umul multiplica dos operandos de 32 bits
¥ genera un resultado de 64 bits.

o Yud=rstxis2o

o Yird = st x simmi13 (sign exiendad)

» Los condition codes N y Z se modifican
de acuerdo al resultad de rd.

- smul es similar a umul excepto que los
operandos se consideran con signos




. SPARC: Instrucciones loadistore

fedoesstrsss

»
L4
»
»
»
PY
»
g
- R
g e
A
i o
8
’ ]
»
]

sl

Mnemonie ) op3 Meaning

Idsh - : - - 00100%
Idsh - go1mo -
ja . 001000
Idub - . - 00000 -
Iduh - .- 000010
d G000EL
sth 000101
sth - 000110
st 000100
std oo0111 -
swap - - D 001111 -

. Load slgned byte .- .
Load slgned halfword’
- Load word .
Load unsigned bytes
Load unsigned halfword
Load deubleword
Store byte . -
Store halfword
Store word R
_Stove doubleword =~ - .
Swap reglster with mémory word

SPARC: Ejemplos de Instrucciones
load/store

CLLIEOOSOPE

Instruccidn

r5 Jocld locB2 loc3od [E

. antes 50 380 18
Teh [%:r4 + %r%), %1
despuds 50 360 15

antes 83 380
1t [%rd - 12], %r5
despuéa 360 360

antas 360
st %r, [%r5 + 300]
después 380

SPARC: Instrucciones de Brinco por

2000 |
2000 §

2000 [
2000 B
2000 B

ol

. _;%ﬁ

_Cddigos Condicionales de Enteros

1000  Brinca slempre
- 0000 .. Brincanunca el
100U Brincasimolgual . .. . 0 Hel@
0001 . Brincasl igus! . Sl Z
© 1010 - Brincastmayor - mot(Zor (N xor V)
0010 . Brincs sl menor o lgusl Zor{NxorV)
- 1011 - Brinca sl mayor o Igua)
0011 Brincasimenos - NxorV¥
L1000 Brinca s mayorsin signoe 1ok (C o Z}
* 0l Brinca st menoroigualsinsigne . (CorZ)
- 1101 Brineas carrys{ © . notC
" 0101 Brincaslearryel. o - c
(118 - Brincaslposlilve- - - FRR tot N
0116 - Brinea slnegatlve - | . . - N
1111 - Brincasloverflow=0 " - . not ¥
0111 * Brinca sl overflow=1" . - ¥

Mnemonie  cond | dleaning Flags test

not (N xor ¥V}

-..
: »

SPARC: Instrucciones load/store

3 3020 2524 i%18 14 13 12
[op [ rd [ op3 [rsl JO] asl
[op [rd | ops

54 o
[re2_ ]
| sl l 1 ] simm§3 I

. ope 1t

« Localizaclén efectiva:

[rei] + [rs2] Jel ido de rsi + el

tenido de rs2

« Efamplos de "assembler”:

Jostmceldn. o ral _ps2 _pd _slmmil
18 [%erd + %r5], %rs 4

Id [%rd - 12], %r1 4

8t %12, [%r3 + 300]

: SPARC: Instrucciones de Bn_'nco

[rs1] + slmm13 fel contenide de re1 + valorinmediato simm13

® . Por cédiges condicionales de enteros

= Por ¢édigos condicionales de punto
flotante

« Por ¢cédigos condicionales de
Coprocesador

]
]
»
L]
L ]
& 4
»
L]
i 4
3.4
£ J

» SPARC: Instrucciones de Brinco

»
»
8 Condicional
E
. ]

3130 2928 2524, 2221

W s [0 [a Jcond]| 00 | disp2i
= »
2@ . Lalocalizacisn efacilva dol brinco 88 PC + 4*disp22

®  |poenpg,

& PG = PG+ 4°disp22)

S ¥ . Elemplos de “sssembler”;

i Instrucelén disp22
o ru sp
-8

be +300 +300

hneg, a, -120 <120 {a=1}




SPARC: Instrucciones de Brinco ‘ii 845 SPARC: Ejemplos de Instrucciones de

» Condicional : s % Brinco Condicional
M

CN
Q

+  8iawi (el annul blt) y se da ¢l brinco Ia instrucelén que sigue al
branch sa efecuta y luege se brinca.

Loc Instrucelén Brinca Nobrinca
PC nPC PC nPC

PC =nPC (normalmente PC + 4), nPC= AL + 4'disp22

+  Sid=lyno se da el brince la insfruceion qua sigue el branch se
anula {no se ejecuta) y se ¢jecuta la que slgue .

1000 ha +300 1000 1004 000 1004
1004 1300 1004 1008

PC=PC+8, nPC=PC+12 1300 1304 1008 1912

elecuta y luage go brinea, 4000 bnag, a, -120 4000 4004 4000 4004

4004 3880 A 3004 4008

PC = nPC (nomnalmente PC+ 4}, nPC=PC +4*disp22 3860 3884 008 4012

+  8ia=0 y no s& da el brinco la Inatruceldn que sigue o1 branch se

ejacuta y fuego f2 que lo slgue a esta. Na se jecuta

COPPPOELDOB GG Y

»

£ ]

£ J

]

»

¢ i ]
« Sia=0 y se da el brinco fa instruccidn que sigue el branch se :_‘ . : O
b N o
*

»

»

E J

PC.20PC_nPC 2nPCts @f

SPARC: Delayed Control-Transfer
Couples (DCTH

+ Cuando la Instruccién que sigue a un brinco
incondicional es una Instrucclén de brinco {una
instruccién de bririco no puede seguir una de
brinco condiclonal)

SPARC: Orden de ejecucién de DCTI

12CTL40 16 CTI 60 Order of Execntion

DCTI Uncoiid, | DCT] taken 12,16,40,60.64, ..,

DCFI Uncond. | Beee(a=0) untaken | 12164054, ...

DCTI Uncond. | B¥ce{a=1) untaken | 12,16,44,48, ... (40 anmilled)
DCTI Uncond. | B*A(a=1) 12,16,60,64, ... (40 annulled)
BrA(a=1) any CTI 124044, ... (16 annulied)

# + Lasecuencia de ejecucién de Instrucclones
1 Brce DeTI 12, unpredictable

depende de 1a combinacién de instrucciones CTI
{control tansfer instructions)

L
Ba
S
=
.
"

»
8
Y
»

- & B —* BA,FBAaCBA
- B'ce —» Bice, FBfoe; o CBeco
“® peTluncond. =+ CALL, JMPL, RETT, o B*A (gon a=0)
® DCTiaken ~» CALL, JMPL, RETT, B*A (con a=0), o B*co taken

SPARC: Instrucciones de Subrutinas SPARC: Instruccion call

31 30 29
(o]

Muemonle  op  op3 Meanlng . ..

call 01 . Brinca y guarda PC enrl$ Operacion:

Jmpl 710 7 111000 - Brinea y guarda PCenrd

r15=PC

PCe=nPC
v Las instrucciones de subrulines son de tipo “defayed”

nPC = PC + 4*disp30

ssosdveeeIS DL

Efemplo de "assembler”
call 4008

P FEY T YT I T I T Y T Y



SPARC: Instruccién jmpl

29 2524 1918 1413 12 _ 54
vd | oot [rel JO] el
[0 [ ra | tnaobe | w1 ]| simmi3

Operacién:
rd=PC
PCanFC
NPC =5t +rs2 o rst + skmmi3

Efenplos de "assembler”

jmpl %rd %8 %l
Fripl Y%rd 12

SPARC: Instrucciones Save y Restore

%r0 (Return from subroutina)

¥,
¥ o
*
.'
g
g
g 2
-

|Mnemonic op op3 . Meaning

save - 10 110100 . I WIM{CWP-1)=0 -. . :
. e . CWP =CWP-1; (nueva véntana)

Urd=rsl4rs2 o rd=rstasiimid .

IF WIM(CWP-1)=1 B
Overflow trap

yestare 10 111101 - Tf WIMECWPHyc0 - .0

1t WIM(CWP-1)=1
K - Underflow trap

CWE = CWPHl; (véniana de retorio) E
rd=rsl+rs2 or rd=rst+simmi3 - . -~

s -SPARC: Ejemplos de Instrucciones Save y

Restore si no Ocurre Underflow o Overflow

Instruccion

anfaes
save %r4, %rE, %rl
después

antes
rastore %rd, - 12, %rd
despuds

*
»

3 SPARC: Ejemplos de Instrucciones de

Subrutinas

S N AR NP g

Instruceion % 15 PC nPC

antes ’ 48 &0 300 304

“call 4008

despuds 48 300 304 4008

antes 46 5D 200 304
Jmpl %ord, %r8, %r1
despuds 48 B0 304 9B

antas 43 300 304
mpl %rd, 12, %10
después 48 304 82

SPARC: Instrucciones Save y Restore

[ssovsscovossrvsasd

31 -3020 2524 . 1918 .14 13 12 54 .
[op ] ] op3 [rsl [6] ‘ws | 2
| op l rd I opd ! sl k 1 l simm i3 |

Los ragistras fuerite da Ia operacién de suma corresponden a fa
ventiana original 2 la que apuita el CWP antes de la efecucién de
Ias [nstrucclones Save or Restore. -

El reglstre destine de 14 oparaclén de suma comesponde ala
nueva ventaria a gue apunta ¢l CWY como consecuencia de la
eecuclén da las Instriicclones Save of Restore,

La operacién de suma ic 8o lleva a cabo sl ocurre el frap.

Ejemplos de Assembler:
save %rd, %rb, %ri
tore %rd, -30,

SPARC: Instrucciones de trap por

Céddigos Condicionales de Enteros

w“'ﬁtil‘.'b&#‘iiﬁ

13} 1000  Hrinca slempre

in - 000¢ . Brinca nunea K . L
e’ ' 1001 - Brincasinoigual ) ot Z
te 0001 - Brincas!igual e A 1
“ig - - 1010 Brincas! mayor o moet{Zor (N kir ¥))
Ale . 0019 - Brincosi menorolgual . . Zor(NxorV)
1011 Brincas! mayor olgual " - not (N xor V)
0011~ Brinca sl menos © . Nxow¥
11 . Brinca sl mayorsinslgne not {C or Z)
0100 - Brinca sl nienor ¢ lgual sin signo {CorZ)
1101 - Brinca sl carry=0 L s et
0101 - Brinca sl carry=§ U . c
1110 . Brinca si positive y . - - notN
. 0110 . Brincasinegative [ D . N
1111~ Brinca sl overflow=0" . not ¥
0111 . frinca sl overflow=i : - ¥

Muemonle coid Meantng Flags fesl




SPARC: Instrucciones de Trap
Condicional

®»
»
»
9
gt B 2928 2524 1918 141312 54 = 8l la condickén es clorta y no axisten Interrupts o traps de
Y [+ Jeona[trio0 [ wtf o] = |
» * !
L ]
»
&
2

] . 4
rs2 | i Y . mayor.prieridad pendlentes antoncas se ganera un trap,
m7 ] ’ Lt

$11a condiclén no se da fa Instruccién se comporta.como
un NOP.

mi

cond 111010 [ wst [0} 4 |

* resarvado

Cuando se da el trap, en ¢l campo tt del Trap Base Reglster
" {TBR) &2 escribe 128 mas los 7 blts menos significativos
Efomplos da “assambler’: de ral + rs2 6 rs1 + Imm7 {slgno éxtendido).

ccié) Una vez se-genera el trap ef procesador enfra en modo
E supervisor, Inhabilita los traps (ET=0), decrementa el CWP
:!a;sﬁn{hvare_tmp# . {hueva ventana), y guarda el PG en el reglstro v$7 y el nPC
. an rig. Entonces el PC=TBR y nPC=TBR+4

B . >
SPARC: Trap Base Register (TBR) : B SPARC: Instrucc:dn de Retorno de

3 4 30 3 01 2824
TBA I " lzeml : il [op Frd [ op2
. e L N o [op | ed [ "op3
Teap #0{ inftiverciones) '
Téap #1 (4 Instrucelones)
) I‘!-(;ra;;grp? dwarakeps Trap'ﬂZ(;lin'!_irijp_éior;éu): : i
(i, SR | I e

- TBA - Trep Baso Address

Mnemonfe -op op3 . . Meaning

- A b . ) . PC=2nPC B
Teap #2353 (4 Insivucciones) ‘] b | DA SR zz::;r::;rszﬂrm-mﬂim@ls
Trap #254 (4 hstragelones) i ’ Lo . - ET=1 (enable frap) -
Trap #255 {4 instrucciones) S )

)

SPARC: Instruccion de Retforno de

SPARC: Instruccion sethi
Trap - rett

« La instruccién rett debe ser precedida por [§ W3 | Mucwonic op op2 . Meaning -
una instruccién jmp! (formando un DCTI) )

selhi . ... Q0 100 Cavga valor inniediato de 22 bltsen

X o L .7 los 22 bits més significatives de rd. Los
Jmpl %17, %r } viefo PC - o N o “restantes 10 bit menos significativos se
Rett %r18 } vigjo nPC o | .+ tomenelvalorde. - :

6 ‘ B
Jmp! %r18, %r0 2} viejo nPC
Rett %rig+ 4 JviejonPC + 4

YEXIIIIITY

Instruccidn 1

« Un trap podria ocasionar otro trap. sothi SFFEFF, %rt antes  ACCIDSBOR

después  FFFFFCOCh




PARC: Sintetizaciéﬁ'de'Modos de
- Acceso a Operandos :

= ; SPARC: Sintetizacion de Instrucciones . . 5‘:{ .:_

ret mmp Jmpl %r5, %r21, %r0 I8 . rogister  add %5, %r21, %r0
@ inmediate add %, +34, %r3
base-indexed Id %r5, %r21, %r2

displacement td. %r5, 15, %r6.

move W) or %0, %r1, %8

8 ]
»
»
s
»
82
:»

-8

»

absolute st %r0, 1004, %ré
relative . bha+3004

e
% ]

-8
- ragister indirect st %r5, %r0, %r6
-

Hooovvoasevoee



