Princeton University
COS 217: Introduction to Programming Systems
Spring 2002 Midterm Exam 2 Answers

Question 1
Bi nary Cct al Hexadeci nal
82 1010010 122 52
31 11111 37 1F
Si gned Magni t ude 1's Conpl enent 2's Conpl enent
22 00010110 00010110 00010110
-22 10010110 11101001 11101010
64 01000000 01000000 01000000
- 64 11000000 10111111 11000000

Advant ages of Si gned Magni tude:
Easy to negate a nunber.
Easy for people to interpret negative nunbers.
Symmetric: Range of negative nunbers that can be represented is equal to range of
positive nunbers that can be represented.
Di sadvant ages of Signed Magnitude:
The nunber 0 has two representations.
Need different hardware for addition and subtraction.
Advant ages of 1's Conpl erment:
Easy to negate a nunber.
Sarme hardware can perform addition and subtraction.
Symmetric: Range of negative nunbers that can be represented is equal to range of
posi tive nunbers that can be represented.
Di sadvant ages of 1's Conpl enent
The nunber 0 has two representations.
Rel atively difficult for people to interpret negative nunbers.
Advant ages of 2's Conpl erment:
The nunmber 0 has only one representation.
Easy to negate a nunber.
Same hardware can perform addition and subtraction.
Di sadvant ages of 2's Conpl enent
Rel atively difficult for people to interpret negative nunbers.
Asymmetric: Range of negative nunbers that can be represented is one greater than
range of positive nunbers that can be represented.

Question 2
a) add reg, reg, reg
b) sub %0, reg, reg

c) sethi %i (OxFFFFFFFF), reg
or reg, % o(OxFFFFFFFF), reg

Al ternate:
sub %90, 1, reg

d) jmpl reg, %7
f) .byte O

g) .skip 4 * N
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Question 3

a) (i) is used to return froma |leaf subroutine. (ii) is used to return froma non-| eaf
subrouti ne.

b) Store the address of the calling instruction in %7. Junp to the address specified in
the calling instruction. (But first, execute the instruction in the calling
instruction's delay slot.)

c) Store the address of the calling instruction in %7. Junp to the address specified in
the calling instruction. (But first, execute the instruction in the calling
instruction's delay slot.) Execute a “save” instruction to shift the register w ndow
forward; thus the register fornmerly known as %7 is now known as % 7.

d) Wien a subroutine is finished executing, control should return to the instruction
followi ng the instruction followi ng the calling instruction.

e) The jnpl instruction stores the address of the current instruction into the register
specified as its second operand. When returning froma subroutine, that address is
irrelevant. Storing the address to register %g0 discards it.

f) Different calls to a subroutine may need to return to different instructions.

Question 4
In the original C source code, the expression “i<N' should be “i<=N'.

Expanded C Source Code:

int factorial (int N)
et
int i;
int fact;
fact = 1;
i =1
| oop:
if (i > N) goto |oopend;
fact *=1i;
i ++;
goto | oop;
| oopend:
return fact;
}

SPARC Assenbl y Code:

.section ".text"

int factorial (int N)
Return N factorial.

|
|
|
|
I Regi ster nap:
|
|
|

%0 int N
%0 int fact
1 %1 int i
T N e N N T ..
.align 4

.global factori al
factorial:

save %p, -96, Ysp
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I fact = 1,

mv 1, %0
i =1,

mv 1, %1
| oop

I if (i >N goto | oopend
cmp %1, %0
bg | oopend
nop

I fact *=1i;
mv %0, %0
mv %1, %1
call .mu
nop
mv %0, %0

Poi+
inc %1

I goto | oop
ba | oop
nop

| oopend

! return fact;
mv %0, %O

ret
restore
Question 5
a) In the SPARC architecture, each branch instruction has an annul bit. |If the bit is

set, then the CPU will execute the branch instruction’s delay instruction if and only if
the branch is taken. (For the ba instruction, if the annul bit is set, then the CPU will
not execute the branch instruction’s delay instruction.) Assenbly |anguage programers
use the annul bit to optim ze control structures

b) A leaf subroutine that nodifies register %7 corrupts its return address

c) An assenbler translates assenbly | anguage code into nmachi ne | anguage code, storing the
result in an object (.0) file.

d) Relocation: An assenbler assumes each .o file begins at address 0; when nultiple
object files are |linked together a |linker nmust relocate sone addresses. Resolution: A
linker must resolve all external references, searching libraries to find any undefined
synbol s.

e) A user-level process perfornms functions that execute privileged instructions by
executing a “systemcall.” Systemcalls are often inplenented using traps. Through a
trap, the operating systemgains control, switches to supervisor node, performs a
service, switches back to user nmode, and gives control back to user

f) Modern operating systems inplenent “context switching” faster than ol der operating

systenms. (Context switching is the switching of the processor fromone process to
anot her.)

Question 6

a) Ild[%0], %1
nop
add %1, 1, %2

b) Suppose the nop instruction is nmissing. Then the CPU attenpts to performthe
“execute” cycle of the add instruction at the sane tinme as the “nmenmory fetch” cycle of
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the Id instruction. But that is inpossible, because the “execute” cycle of the add
instruction uses the data that the Id instruction fetches fromnenory. Thus the CPU
automatically causes a delay between the |d and add instructions. (Note that the
assenbl y | anguage programmer need not explicitly indicate the delay via a nop
instruction; the CPU causes the delay automatically.)

c)
clr i
ba t est
clr sum
| oop:
I d [array+of fset], val ue
inc i
add sum value, sum
test:
cmp i, N
bl ,a | oop
sl i, 2, offset
done:
Question 7

a) How nodified: Through execution of an Xcc instruction (for exanple, addcc). How
used: Through execution of a conditional branch instruction.

b) How nodified: Through execution of a trap instruction. How used: To determine if
the CPU is in supervisor node. A programrunning in supervisor node can execute
privileged instructions and access privileged nmenory.

c) How nodified: Cleared when a trap occurs; set by the rett (return fromtrap)
instruction. How used: (paraphrasing the Paul book p. 331) The nmachi ne can handl e only
one trap at atine. |If a trap occurs when the ET bit is cleared, the machine resets and
current execution halts.

d) How nodified: Decrenented through execution of a save instruction, and increnmented
through execution of a restore instruction. How used: Selects the current register
wi ndow, thus defining the current set of input (i), local (lI), and output (0) registers.

Question 8
SPARC Assenbly Code for “f”:

.section ".text"
.align 4

. gl obal f

save %p, (-92
nmov 0, %0

12) & -8, Y%p

mv 1, %1

mv 2, %2

mv 3, %03

mov 4, %4

mov 5, %5

mv 6, %0

st %0, [%p + 92]
mv 7, %0

st %0, [%p + 96]
mov 8, %0

st %0, [%p + 100]
call g

nop

mov %0, %0

ret

restore

SPARC Assenbly Code for “g”:
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.section ".text"

.align 4

.global g
g

save %p, (-92 - 8) & -8

nmov 1, %0

st %0, [%Bp — 4]

nmov 2, %0

st %0, [%p — 8]

Id [%p — 4], %0

nmv %0, %1

Id [%p — 8], %O

add %1, %0, %1

add %1, %0, %1

Id [%p + 100], %40

add %1, %0, %1

nv %1, %0

ret

restore
St ack
Location Contents
Ysp g regi ster w ndow
Y%p + 4 g regi ster w ndow
Y%p + 8 g register w ndow
%p + 12 g register wi ndow
%p + 16 g register wi ndow
%p + 20 g register w ndow
%p + 24 g register w ndow
%p + 28 g register w ndow
%p + 32 g register wi ndow
%p + 36 g register w ndow
%p + 40 g register w ndow
%p + 44 g register wi ndow
%p + 48 g register wi ndow
%p + 52 g register wi ndow
%p + 56 g register w ndow
%p + 60 g register w ndow
%p + 64 g structure pointer
%p + 68 g actual paraneter
%p + 72 g actual paraneter
%p + 76 g actual paraneter
%p + 80 g actual paraneter
%p + 84 g actual paraneter
%p + 88 g actual paraneter
%p -8 g local variable -
%p -4 g local variable -
% p f register w ndow
%p + 4 f register w ndow
%p + 8 f register w ndow
%p + 12 f register wi ndow
%p + 16 f register w ndow
%p + 20 f register wi ndow
%p + 24 f register window
%p + 28 f register wi ndow
%p + 32 f register window
%p + 36 f register window
%p + 40 f register wi ndow
%p + 44 f register wi ndow
%p + 48 f register wi ndow
%p + 52 f register wi ndow
%p + 56 f register window
%p + 60 f register wi ndow
%p + 64 f structure pointer
% p + 68 f actual paraneter
%p + 72 f actual paraneter
%p + 76 f actual paraneter
%p + 80 f actual paraneter
% p + 84 f actual paraneter

%sp

TOoOOMWNE

2 — the nunber 2

bl — the nunber 1

O wWNE
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% p + 88 f actual parameter 6
%p + 92 f actual paraneter 7 — the nunber 6
%p + 96 f actual paranmeter 8 — the nunber 7
% p + 100 f actual paraneter 9 — the nunber 8
Question 9
Dat a Section
O f set Machi ne Code i n Hexadeci nal Comment
0 0x43 C .ascii “COs”
1 Ox4F (0]
2 0x53 S
3 UNDEF| NED .align 2
4 0x01 .byte 1
5 UNDEFI NED .skip 7
6 UNDEFI NED
7 UNDEFI NED
8 UNDEFI| NED
9 UNDEF| NED
10 UNDEF| NED
11 UNDEFI NED
12 0x49 I .asciz “IS
13 0x53 S
14 0x00 \0
15 0x47 G .ascii "R
16 0x52 R
17 0x00 .word 8
18 0x00
19 0x00
20 0x08

Text Section

O f set Machi ne I nstruction in Binary

(coment for each opcode and operand)
0 10 01010 000000 01000 O 00000000 01001

Format 3a: (op=2)(rd=10)(op3=0)(rs1=8) (i =0)(rs2=9)
4 10 01010 000000 01010 1 0000000010110

Format 3b: (op=2)(rd=10) (op3=0)(rs1=10) (i =1) (si mml3=22)
8 01 000000000000000000000000001001

Format 1: (op=1)(di sp30=9)
12 00 0 1010 010 0000000000000000000100

Format 2: (op=0) (a=0) (cond=10) (op2=2) (di sp22=4)
16 00 01000 100 ??????2?2?2??22?2722?2?2?2?227272?

Format 2: (op=0) (rd=8) (op2=4) (i m2="?)
20 10 01000 000010 01000 1 ??????2?2?2????7

Format 3b: (op=2)(rd=8)(op3=2)(rs1=8) (i =1)(si mil3=?)
24 01 ??272727272222722222722222272°222°2°27277

Format 1: (op=1)(di sp30=?)
28 11 00111 000000 00101 O 00000000 00000

Format 3a: (op=3)(rd=7) (0p3=0) (rs1=5) (i =0) (rs2=0)
32 11 01000 000000 00101 O 00000000 00110

Format 3a: (op=3)(rd=8)(op3=0)(rs1=5)(i=0)(rs2=6)
36 11 01001 000000 00101 1 0000000000011

Format 3b: (0op=3) (rd=9) (0p3=0) (rsl1=5) (i =1)(si nmil3=3)
40 10 00000 111000 11111 1 0000000001000

Format 3b: (op=2)(rd=0)(op3=56) (rs1=31) (i =1) (si mi3=8)
44 10 01000 000000 01000 O 00000000 01001

Format 3a: (op=2)(rd=8)(op3=0)(rs1=8)(i=0)(rs2=9)
48 10 00000 111000 01111 1 0000000001000

Format 3b: (op=2) (rd=0) (0p3=56) (rs1=15) (i =1) (si niL3=8)
52 10 01000 000000 01000 O 00000000 01010

Format 3a: (op=2)(rd=8)(op3=0)(rs1=8) (i =0)(rs2=10)
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