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CS61C -  Mach ine  S t ruc tures
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David  Pat terson
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Rev iew (1 /3 )

C program: foo.c

Assembly program: foo.s

Executable(mach lang pgm): a.out

Compiler

Assembler

Linker

Loader

Memory

Object(mach lang  module): foo.o

lib.o
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Resolv ing  References  (1 /2 )

° Linker  assumes  f i rs t  word of  f i rs t  text
segment  is  a t  address  0x00000000 .

° L inker  knows:

• length of  each text  and data segment

• order ing of  text  and data  segments

° Linker  ca lculates:

• absolute  address of  each label  to  be
jumped to ( internal  or  external)  and each
piece of  data being referenced
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Resolv ing  References  (2 /2 )

° To resolve  re ferences:

• search for reference (data or label)  in al l
symbol  tables

• i f  not found, search l ibrary f i les (for
example,  for  printf)

• once absolute address is  determined,  f i l l
in  the machine code appropr iate ly

° Output  of  l inker :  executable  f i le
conta in ing text  and data  (p lus  header )
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Symbol  Tab le  Ent r ies

° Symbol  Table

• Label  Address (of  label)

main: 0x00000000 (0x004001f0 later)
loop: 0x00000018
str: 0x0 (0x10004000 later)
printf: 0x0 (0x00400260 later)

° Relocat ion In format ion ( for  externa l  addr )

• Instr .  Address Instr .  Type Symbo l

•0x00000040 HI16 str
•0x00000044 LO16 str
•0x0000004c jal printf
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Example : C  ⇒⇒    A s m  ⇒⇒    O b j ⇒⇒    E x e  ⇒⇒    R u n

00 addiu $29,$29,-32
04 sw $31,20($29)
08 sw $4, 32($29)
0c sw $5, 36($29)
10 sw    $0, 24($29)
14 sw    $0, 28($29)
18 lw   $14, 28($29)
1c multu $14, $14
20 mflo  $15
24 lw   $24, 24($29)
28 addu $25,$24,$15
2c sw   $25, 24($29)

30 addiu $8,$14, 1
34 sw $8,28($29)
38 slti $1,$8, 101
3c bne $1,$0, loop
40 lui $4, hi.str
44 ori  $4,$4,lo.str
48 lw $5,24($29)
4c jal printf
50 add $2, $0, $0
54 lw    $31,20($29)
58 addiu $29,$29,32
5c jr  $31

•Remove pseudoinstructions , assign addresses
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Out l ine

° S i g n e d  v s .  Uns igned  MIPS Ins t ruc t ions

° Pseudoins t ruc t ions

° C case  s ta tement  and  MIPS  code

° Mult iply/Divide

° Prob lems wi th  Po in te rs

° Mult iply/Divide

° Facu l ty  debate  on  po in ters  ( i f  t ime
permi ts )
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Loading,  Stor ing  bytes

° In  addi t ion to  word data  t ransfers
(lw,  sw) ,  M IPS  has  by te  da ta  t rans fe rs :

° load  byte :  lb

° store  byte :  sb

° s a m e  f o r m a t  a s  lw,  sw
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Loading,  Stor ing  bytes

° What  do  wi th  o ther  24  b i ts  in  the  32  b i t
register?

•lb:  sign extends to f i l l  upper 24 bits

° S u p p o s e  b y t e  a t  1 0 0  h a s  v a l u e  0 x 0 F ,
by te  a t  200  has  va lue  0xFF

lb $s0, $zero(100) ; $s0 = ??

lb $s1, $zero(200) ; $s1 = ??

° Mult ip le  choice:  $s0? $s1?

a)  15;  b)  255;  c)  -1;  d)  -255;  e)  -15
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Load ing  by tes

° Normal ly  w i th  characters  don ' t  want  to
s i g n  e x t e n d

° So MIPS ins t ruc t ion  tha t  doesn ' t  s ign
extend  when  load ing  by tes :

° l oad  by te  uns igned:  lbu
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Overf low in  Ar i thmet ic  (1 /2 )

° R e m i n d e r :  O v e r f l o w  o c c u r s  w h e n
there  is  a  mistake in  ar i thmet ic  due to
the  l imi ted  prec is ion in  computers .

° Example  (4 -b i t  uns igned  numbers ) :

+15 1 1 1 1

  +3          0011

+18        10010

• But we don’t  have room for  5-bi t
solut ion,  so the solut ion would be 0010,
which is  +2 ,  which is  wrong.
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Overf low in  Ar i thmet ic  (2 /2 )

° Some languages  detec t  over f low (Ada ) ,
s o m e  d o n ’ t  ( C )

° MIPS solut ion is  2  k inds of  ar i thmet ic
inst ruct ions  to  recognize  2  choices:

• add (add) ,  add immediate (addi)  and
subtract (sub)  cause overf low to be detected

• add unsigned (addu) ,  add immediate
unsigned (addiu)  and subtract  unsigned
(subu)  do not  cause overf low detect ion

° Compi ler  se lects  appropr iate  ar i thmet ic

• MIPS C compi le rs  produce addu, addiu ,
subu
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Unsigned Inequal i t ies

° Just  as  uns igned  ar i thmet ic  ins t ruc t ions:

addu,  subu,  addiu

( rea l ly  "don' t  over f low" instruct ions)

° There  are  uns igned inequal i ty  inst ruct ions:

sltu,  sltiu

b u t  r e a l l y  d o  m e a n  u n s i g n e d  c o m p a r e !

° 0x80000000 <  0x7f f f f f f f  s igned (slt,  slti)

° 0x80000000 >  0x7f f f f f f f  unsigned (s l tu,  sltiu )
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Number  Representa t ion  for  I - format

° Loads,  s tores  t reat  the  address (0x8000 to
0x7FFF)  as  a  16-b i t  2 ’s  complement  number :
-2 1 5 to 215 -1  or  -32768  to  +32767  added to  $rs

• Hence  $gp set  to 0x10001000 so can easi ly
address f rom 0x10000000 to  0x10001111

° Most  immedia tes  represent  same va lues :
addi,  addiu, slti, sltiu
( inc lud ing  “uns igned”  instrs addiu,sltiu!)

°andi,  ori cons ider  immedia te  a
16-bi t  unsigned number:
0  to  2 16 -1  ,  or  0  to  65535  (0x0000 to  0x1111)

op rs rt address/immediate
6 bits 5 bits 5 bits 16 bits
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T r u e  A s s e m b l y  L a n g u a g e  ( 1 / 3 )

° Pseudoinst ruc t ion:  A  MIPS inst ruct ion
that  doesn’ t  turn  d i rect ly  in to  a  machine
language  ins t ruc t ion .

° W h a t  h a p p e n s  w i t h  pseudoinst ruct ions?

• They’re  broken up by the assembler  into
several  “real” MIPS instruct ions.

• But what is a “real” MIPS instruct ion?
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T r u e  A s s e m b l y  L a n g u a g e  ( 2 / 3 )

° M A L  (M IPS  Assembly  Language) :  the
set  o f  inst ruct ions  that  a  programmer
may  use  to  code  in  M IPS;  th is  includes
pseudoinst ruct ions

° T A L (True  Assembly  Language) :  the  se t
o f  ins t ruc t ions  tha t  can  ac tua l ly  ge t
t rans la ted  in to  a  s ing le  machine
language inst ruct ion  (32-b i t  b inary
st r ing)

° A  p r o g r a m  m u s t  b e  c o n v e r t e d  f r o m
MAL in to  TAL  be fore  i t  can  be
t rans la ted  in to  1s  and 0s .
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T r u e  A s s e m b l y  L a n g u a g e  ( 3 / 3 )

° P r o b l e m :

• When breaking up a  pseudoinstruct ion,  the
assembler  wi l l  usual ly  need to use an extra
register.

• I f  i t  uses any regular register, i t ’ l l  overwrite
whatever the program has put  into i t .

° Solut ion:

• Reserve a register ($1 or  $at)  that  the
assembler  wi l l  use when breaking up
pseudoinstruct ions.

• Since the  assembler  may use th is  a t  any
time, i t ’s not safe to code with it .
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The C  Swi tch  Sta tement  (1 /3 )

° Choose  among  four  a l te rna t ives
depend ing  on  whe ther  k has the va lue
0 ,  1 ,  2  or  3 .   Compi le  th is  C  code:

switch (k) {
case 0: f=i+j; break; /* k=0*/
case 1: f=g+h; break; /* k=1*/
case 2: f=g–h; break; /* k=2*/
case 3: f=i–j; break; /* k=3*/
}
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Example :  The  C  Swi tch  S ta tement  (2 /3 )

° This  is  compl icated ,  so  simplify .

° Rewri te  i t  as  a  chain of  i f -e lse
sta tements ,  which  we a l ready know
h o w  t o  c o m p i l e :
if(k==0) f=i+j;
 else if(k==1) f=g+h;
   else if(k==2) f=g–h;
     else if(k==3) f=i–j;

° U s e  t h i s  m a p p i n g :
f: $s0, g: $s1, h: $s2, i: $s3,
j: $s4, k: $s5
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Example :  The  C  Swi tch  S ta tement  (3 /3 )

° Fina l  compi led  MIPS code:

    bne  $s5,$0,L1     # branch k!=0
    add  $s0,$s3,$s4   #k==0 so f=i+j
    j    Exit # end of case so Exit
L1: addi $t0,$s5,-1   # $t0=k-1
  bne  $t0,$0,L2    # branch k!=1

 add  $s0,$s1,$s2    #k==1 so f=g+h
    j    Exit # end of case so Exit
L2: addi $t0,$s5,-2   # $t0=k-2
  bne  $t0,$0,L3    # branch k!=2

 sub  $s0,$s1,$s2  #k==2 so f=g-h
    j    Exit # end of case so Exit
L3: addi $t0,$s5,-3   # $t0=k-3

 bne  $t0,$0,Exit  # branch k!=3 
 sub  $s0,$s3,$s4  #k==3 so f=i-j

Exit:
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C o m m o n  P r o b l e m s  w i t h  P o i n t e r s :  Hi l f inger

° 1 .  Some peop le  do  no t  unders tand  the
dist inct ion between x = y a n d  *x = *y

° 2 .  Some s imply  haven ' t  enough pract ice
in  rout ine  po inter -hack ing ,  such as  how
to spl ice  an e lement  in to  a  l is t .

° 3 .  Some  do  no t  unders tand  the
dist inct ion between struct Foo x;  and
struct Foo *x;

° 4 .  Some do  no t  unders tand  the  e f fec ts  o f
p = &x and  subsequent  resu l ts  o f
assigning through  dere ferences  o f  p,  o r
o f deal locat ion  o f  x.
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A d d r e s s  v s .  V a l u e

° F u n d a m e n t a l  c o n c e p t  o f  C o m p .  Sc i .

° Even in  Spreadsheets :  se lec t  ce l l  A1
for  use in  ce l l  B1

A B
1 100 100
2

° Do you want to put the address of cell A1 in
formula (=A1) or A1’s value (100)?

° Difference? When change A1,
cell using address changes,
but not cell with old value
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Address  vs .  Va lue  in  C
° Pointer :  a  var iable  that  conta ins the

address of  another  var iable

• HLL vers ion of  machine language address

° Why use  Po in te rs?

• Sometimes only way to express computat ion

• Often more compact  and ef f ic ient  code

° Why not?  (accord ing to  Er ic  Brewer )

• Huge source of  bugs in real  software,
perhaps the largest  s ingle source

1)  Dangl ing reference (premature free)

2)  Memory leaks ( tardy free):  can't  have long-
running jobs without periodic restart  of  them CS61C L12 Asm Wrap © UC Regents 24

C Po in te r  Opera tors

° S u p p o s e  c has  va lue  100 ,  loca ted  in
m e m o r y  a t  a d d r e s s  0 x 1 0 0 0 0 0 0 0

° Unary  opera tor  & g ives  address :
p = &c; g ives  address  o f  c to  p;

•p “points  to”  c
•p == 0x10000000

° Unary  opera tor  * g ives value that  pointer
points to:  i f  p = &c; t h e n

• “Dereferencing  a pointer”

•* p == 100
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A s s e m b l y  C o d e  t o  I m p l e m e n t  P o i n t e r s

° deferenc ing  ⇒⇒ data  t ransfer  in  asm .

•  ... = ... *p ...; ⇒⇒  load
(get  value from locat ion pointed to by p)
load word ( lw ) if int  pointer,
load byte unsigned ( lbu) if char pointer

•*p = ...; ⇒⇒  store
(put value into location pointed to by p)
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A s s e m b l y  C o d e  t o  I m p l e m e n t  P o i n t e r s

°c is int,  h a s  v a l u e  1 0 0 ,  i n  m e m o r y  a t
address  0x10000000 ,  p in $a0, x in $s0
 p = &c;  /* p gets 0x10000000 */
 x = *p;  /* x gets 100 */
*p = 200; /* c gets 200 */

   # p = &c;  /* p gets 0x10000000 */
  lui $a0,0x1000 # p = 0x10000000

   # x = *p;  /* x gets 100 */
  lw  $s0, 0($a0) # dereferencing p

   # *p = 200; /* c gets 200 */
  addi $t0,$0,200
  sw   $t0, 0($a0) # dereferencing p
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Regis te rs  and  Po in te rs

° Regis te rs  do  no t  have  addresses

⇒⇒ registers cannot be pointed to

⇒⇒ cannot al locate a variable to a register
if it m a y  have a  pointer  to  it
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C Pointer  Dec lara t ions

° C requi res  pointers  be  dec lared to  point
to  par t icular  k ind of  object
(int, char, ...)

° Why? Safe ty :  fewer  prob lems i f  cannot
po in t  everywhere

° Also ,  need  to  know s ize  to  de termine
appropr ia te  data  t ransfer  inst ruct ion

° Also,  enables  pointer  ca lculat ions

• Easy access to next  object:  p+1

• Or to i- t h object:  p+i

• Byte address? mult ipl ies i  by size of  object
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C vs .  Asm

int strlen(char *s) {
char *p = s; /* p points to chars */

  while (*p != ’\0’)
  p++; /* points to next char */
return p - s; /* end - start */

}

mov  $t0,$a0
lbu $t1,0($t0) /* derefence p */
beq  $t1,$zero, Exit

Loop: addi $t0,$t0,1  /* p++ */
  lbu $t1,0($t0) /* derefence p */

bne  $t1,$zero, Loop

Exit: sub $v0,$t1,$a0
jr $ra
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C pointer  “ar i thmet ic”

° What  a r i thmet ic  OK fo r  po in te rs?

• Add an integer to a pointer:  p+i
• Subtract  2 pointers ( in same array):  p-s
• Comparing pointers (<,  <=,  ==,  !=,  >,  >=)

• Comparing pointer  to  0:  p == 0
(0 used to indicate i t  points to nothing;
used for  end of  l inked l ist )

° Everyth ing e lse  i l legal
(adding 2  pointers ,  mul t ip ly ing 2
pointers,  add f loat  to pointer,  . . . )

• Why? Makes no sense in  a  program
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C o m m o n  P o i n t e r  U s e

° Array  s ize  n ;  want  to  access  f rom 0  to
n-1 ,  but  tes t  for  ex i t  by  compar ing  to
address  one  e lement  pas t  the  a r ray

 int a[10], *q, sum = 0;

 ...
p = &a[0]; q = &a[10];
while (p != q)
  sum = sum + *p++;

• Is this legal?

° C def ines  tha t  one  e lement  pas t  end  o f
ar ray  must  be  a  va l id  address ,  i .e . ,  not
cause  an  bus  e r ro r  o r  address  e r ro r
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C o m m o n  P o i n t e r  M i s t a k e s

° Common e r ro r ;  Dec la re  and  wr i te :

int *p;

*p = 10; /* WRONG */
• What  address is  in  p? (NULL)

° C def ines  that  memory  locat ion  0  must
not  be  a  va l id  address for  pointers

• NULL def ined as 0  in  <stdio.h>
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C o m m o n  P o i n t e r  M i s t a k e s

° Copy  po in te rs  vs .  va lues :

int *ip, *iq, a = 100, b = 200;

ip = &a; iq = &b;

*ip = *iq; /* what changed? */

ip = iq;   /* what changed? */
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Poin ters  and  Heap  A l loca ted  Storage

° Need pointers  to  point  to  malloc()
created s torage

° What  i f  f ree  s torage and s t i l l  have
pointer  to  s torage?

• “Dangl ing reference problem ”

° What  i f  don ’ t  f ree  s torage?

• “Memory leak problem ”
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Mul t ip le  po inters  to  same object

° Mul t ip le  po inters  to  same object  can
lead  to  myster ious  behav ior

°int *x, *y, a = 10, b;
...
y = & a;
...
x = y;
...
*x = 30;
...
/* no use of *y */
printf(“%d”, *y);
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Java  doesn ’ t  have  these  po in ter  p rob lems?

° Java  has  au tomat ic  garbage  co l lec t ion ,
so  on ly  when  l as t  po in te r  to  ob jec t
d isappears ,  object  is  f reed

° Poin t  4  above  not  a  p rob lem in  Java :

  “4.  Some do not  understand the effects of
p  =  &x and subsequent  resul ts  of
assigning through dereferences of  p ,
or  o f deal locat ion of x.”

° W h a t  a b o u t  1 ,  2 ,  3 ,
accord ing  to  Hi l f inger?
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Mult ipl icat ion (1/3)

° Paper  and  penc i l  example  (uns igned) :

Multiplicand 1000
Multiplier   x1001

1000
   0000
  0000
+1000    
01001000

• m bits  x  n  bi ts  =  m + n bi t  product
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Mult ipl icat ion (2/3)

° In  MIPS,  we  mul t ip ly  reg is ters ,  so:

• 32-bit  value x 32-bit  value = 64-bit  value

° Syntax of  Mul t ip l icat ion:

•mult register1,  register2

• Mult ipl ies 32-bit  values in specif ied
registers and puts 64-bit  product in
special  result  registers:

- p u t s  u p p e r  h a l f  o f  p r o d u c t  i n  h i

- p u t s  l o w e r  h a l f  o f  p r o d u c t  i n  lo

• hi  and lo are 2  registers separate f rom
the 32 general  purpose registers
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Mult ipl icat ion (3/3)

° E x a m p l e :

• in  C: a = b * c;
• in  MIPS:

- l e t  b  b e  $ s 2 ;  l e t  c  b e  $ s 3 ;  a n d  l e t  a  b e  $ s 0
a n d  $ s 1  ( s i n c e  i t  m a y  b e  u p  t o  6 4  b i t s )

mult $s2,$s3 # b*c
mfhi $s0 # upper half of
# product into $s0

mflo $s1 # lower half of
# product into $s1

° Note:  Of ten ,  we  on ly  care  about  the
lower  ha l f  o f  the  product .
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Div is ion  (1 /3 )

° Paper  and  penc i l  example  (uns igned) :

      1001   Quotient
Divisor 1000|1001010 Dividend

  -1000
  10
  101
  1010
 -1000

10 Remainder
(or Modulo result)

° Dividend = Quot ient  x  Div isor  +  Remainder
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Div is ion  (2 /3 )

° Syntax of  Div is ion:

•div register1,  register2

• Divides 32-bit  values in register 1 by
32-bit  value in register 2:

- p u t s  r e m a i n d e r  o f  d i v i s i o n  i n  h i

- p u t s  q u o t i e n t  o f  d i v i s i o n  i n  lo

° Notice that  th is  can be used to
implement  bo th  the  C  d iv is ion
opera tor  ( / )  and  the  C  modulo
opera tor  (%)
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Div is ion  (3 /3 )

° E x a m p l e :

• in  C: a = c / d;
b = c % d;

• in  MIPS:

- l e t  a  b e  $ s 0 ;  l e t  b  b e  $ s 1 ;  l e t  c  b e  $ s 2 ;  a n d
l e t  d  b e  $ s 3

div  $s2,$s3 # lo=c/d, hi=c%d
mflo $s0 # get quotient
mfhi $s1 # get remainder
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More  Over f low Ins t ruc t ions

° In  add i t ion ,  M IPS has  vers ions  for
these  two ar i thmet ic  ins t ruct ions
which  do  not  de tec t  over f low:

multu
divu

° Also  p roduces  uns igned  p roduc t ,
quot ient ,  remainder
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C o m m o n  P r o b l e m s  w i t h  P o i n t e r s :  B r e w e r

° 1 )  heap-based  memory  a l loca t ion
(ma l loc / f ree in  C or  new/delete  in  C++)
is  a  huge  source  o f  bugs  in  rea l
sof tware ,  perhaps the  la rgest  s ing le
source .   The  worse  p rob lem is  the
dangl ing  re ference  (premature  f ree) ,  but
the  lesser  one ,  memory  leaks ,  mean
that  you  can ' t  have  long- running  jobs
wi thout  restar t ing them per iodica l ly
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C o m m o n  P r o b l e m s  w i t h  P o i n t e r s :  B r e w e r

° 2 ) al iasing :   two  po in te rs  may  have
d i f f e r e n t  n a m e s  b u t  p o i n t  t o  t h e  s a m e
value .   Th is  is  rea l ly  the  more
fundamenta l  prob lem of  pass  by
reference ( i .e . ,  pointers) :   people
normal ly  assume that  they  are  the  on ly
one  modi fy ing  the  an  ob ject

° This is  of ten not  t rue for  pointers - -
there  may  be  o ther  po in te rs  and  thus
other  modi f iers  to  your  object .
A l ias ing  is  the  specia l  case  where  you
have both of  the pointers . . .
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C o m m o n  P r o b l e m s  w i t h  P o i n t e r s :  B r e w e r

° In  general ,  pointers  tend to  make i t
unclear  i f  you are  shar ing an object  or
no t ,  and  whether  you  can  mod i fy  i t  o r
not.   I f  I  pass you a copy, then i t  is
yours  a lone  and  you  can  modi fy  i t  i f
you l ike .   The  ambigui ty  o f  a  re ference
is  bad;  part icular ly  for  return values
such as  get t ing  an e lement  f rom a  set  -
-  i s  the  e lement  a  copy  or  the  master
version,  or  equivalent ly  do a l l  ca l lers
get  the  same po in te r  fo r  the  same
element  or  do they get  a  copy.   I f  i t  is  a
copy ,  where  d id  the  s to rage  come
f r o m  a n d  w h o  s h o u l d  deal locate  it?
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Java  vs .  C .  vs .  C++  Semant ics?

1 .  The  semant ics  o f  po in ters  in  Java ,  C ,
and  C++  a re  IDENTICAL.   The
di f ference  is  in  what  Java  lacks:  i t
does  not  a l low pointers  to  var iab les ,
f ie lds ,  or  array  e lements .   S ince Java
has no pointers to  array e lements,  i t
has no "pointer  ar i thmet ic"  in  the C
sense (a  bad term,  rea l ly ,  s ince  i t  on ly
means the abi l i ty  to  refer  to
neighboring array locat ions) .

° W h e n  c o n s i d e r i n g  w h a t  J a v a ,  C ,  a n d
C + +  h a v e  i n  c o m m o n ,  t h e  s e m a n t i c s
a r e  t h e  s a m e .
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Java  po in te r  i s  d i f fe rent  f rom mean ing  in  C?

° 2 .  The  meaning  o f  "po in ter  semant ics"
is that  after

    y.f o o =  3 ;
x  =  y ;
x.f o o +=  1 ;

° y .foo  is  4 ,  whereas  a f te r

     x = z;
 x.f o o +=  1 ;

° y  a n d  y .foo  a re  unaf fec ted .

° This is true in Java,  as i t  is  true in
C/C++ (except  for  the i r  use of  ->
instead of  ' . ' ) .
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J a v a  v s .  C  p a s s  b y  r e f e r e n c e ?

° 3 .  NOTHING is  passed  by  re fe rence  in
Java ,  just  as  noth ing is  passed by
re fe rence  in  C .   A  parameter  i s
" p a s s e d  b y  r e f e r e n c e ”  w h e n
ass ignments  to  a  parameter  w i th in  the
b o d y  m e a n s  a s s i g n m e n t  t o  t h e  a c t u a l
value.   In  Java and legal  C,  for  a  local
var iable  x ( w h o s e  a d d r e s s  i s  n e v e r
taken)  the  in i t ia l  and f ina l  va lues  of  x
before  and af ter

…x; … f(x);  … x; …

° are ident ica l ,  which is  the def in i t ion of
"pass  by  va lue” .
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What  about  Ar rays ,  P r o f. Hi l f inger?

° 3 .  T h e r e  i s  a  c o m m o n  m i s s t a t e m e n t  t h a t
"ar rays  are   passed  by  re ference  in  C" .
The language speci f icat ion is  qui te  c lear ,
however :  a r rays  are  not  passed  in  C  a t  a l l .

• ( I f  you want  to  “pass an array” you must
pass a pointer to the array,  since you can’t
pass an array at  al l )

° The  semant ics  are  rea l ly  very  c lean- - -ALL
values,  whether  pr imit ive or  reference-- -
obey  EXACTLY the  same ru le .   We  rea l ly
HAVE to  re f ra in  f rom say ing  tha t  "ob jec ts
are  passed by  re ference" ,  s ince  s tudents
have  a  hard  enough  t ime  unders tand ing
that  f(x) can' t  reassign x as  i t  is .
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“And in  Conc lus ion . . ”  1 /2

° Poin ter  i s  h igh  leve l  l anguage  vers ion  o f
address

• Powerfu l ,  dangerous concept

° Like  goto ,  w i th  se l f - imposed d isc ip l ine  can
achieve c lar i ty  and s impl ic i ty

• Also can cause di f f icul t  to  f ix  bugs

° C supports  pointers ,  pointer  ar i thmet ic

° Java  s t ructure  po in ters  have  many o f  the
same poten t ia l  p rob lems!
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“And in  Conc lus ion . . ”  2 /2

° MIPS  S igned  v .  Uns igned  "over loaded"  te rm

• Do/Don't  sign extend ( lb , lbu )

• Don't  overf low (a d d u,  addiu , subu , mul tu , divu)

• Do signed/unsigned compare ( slt ,s l t i/s l tu,sltiu )

• Immediate  s ign extension independent  of  term
(andi, ori zero extend; rest  sign extend)

° Assemble r  uses  $a t  to  tu rn  MAL  in to  TAL

° Compi ler  t rans i t ions  between leve ls  o f
abst rac t ion

° Next :  Input /Output  (COD chapter  8 )


