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1.  Whi ch of  t he f ol l owi ng i s  not  al l ocat ed t o an act i vat i on r ecor d? 
[ 5pt s]  
 

A.  Par amet er s t o a f unct i on 
 

B.  Regi st er s saved by cal l er  
 

C.  Regi st er s saved by cal l ee 
 

D.  Ret ur n addr ess 
 

E.  St at i c  l ocal  Var i abl es 
 
2.  I n whi ch t ype of  dat apat h does t he i nst r uct i on wi t h t he FASTEST 
execut i on t i me det er mi ne t he cycl e t i me? [ 5 pt s]  
 

A.  Never  
 

B.  Al l  dat apat hs 
 

C.  I n s i ngl e cycl e dat apat h onl y 
 

D.  I n mul t i - cycl e dat apat h onl y 
 

E.  None of  t he above 
 
3.  Whi ch addr essi ng mode i s most  usef ul  i n r ef er enci ng l ocal  var i abl es? 
[ 5 pt s]  
 

A.  Di r ect  
 

B.  Base + Di spl acement  
 

C.  Base Regi st er  
 

D.  PC- Rel at i ve 
 

E.  I mmedi at e 



4.  I n t he LC- 2K3,  we want  t o add a new i nst r uct i on,  wi t hout  modi f y i ng 
t he mul t i cycl e dat apat h ( i . e.  no mor e pat hs,  r egi st er s or  combi nat i onal  
l ogi c) .   The new i nst r uct i on i s  saveAl l .   I t  t akes no ar gument s,  but  
saves al l  t he r egi st er s ont o t he st ack,  except  R7,  whi ch i s  a poi nt er  
t o t he st ack,  and updat es t he st ack poi nt er .   What  i s  t he mi ni mum 
number  of  cycl es t hi s wi l l  t ake on t he unmodi f i ed dat apat h?   [ 5 pt s]  
 

A.  8 
 

B.  9 
 

C.  13 
 

D.  14 
 

E.  Thi s change cannot  be made wi t hout  modi f y i ng t he dat apat h.  
 
 
5.  How many di f f er ent  number s bet ween 0 and 1. 0 can be r epr esent ed i n 
t he 32- bi t  I EEE 754 f l oat i ng- poi nt  f or mat ? [ 5 pt s]  
 

A.  About  16 mi l l i on 
 

B.  About  64 mi l l i on 
 

C.  About  256 mi l l i on 
 

D.  About  512 mi l l i on 
 

E.  About  1 bi l l i on 
 
 
6.  Wr i t e MI PS assembl y code f or  t he f ol l owi ng C code f r agment :  [ 8 pt s]  
 

whi l e ( i  > 0)  {  
  sum = sum + l i s t [ i ] ;  
  i - - ;  
}  

 
Assume al l  var i abl es ar e 32 bi t  i nt eger s.  
Assume " i "  i s  i n $1,  " sum"  i s  i n $2 
and t he ar r ay " l i s t "  s t ar t s at  addr ess 3700.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
7.  Add t he f ol l owi ng t wo I EEE 754 s i ngl e pr eci s i on bi nar y f l oat i ng 
poi nt  number s.  [  10 pt s]  
 
          11000101000001000000000000000000 
 
        + 00111110101110000000000000000000 
 
Show t he st eps f or  addi ng t hese t wo number s and show t he sum i n I EEE 
754 s i ngl e pr eci s i on f l oat i ng poi nt  f or mat  and i n deci mal  
 
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.  The Al pha ar chi t ect ur e uses 32- bi t  i nst r uct i ons.   One of  t he machi ne 
l anguage i nst r uct i ons adds t he cont ent s of  a sour ce r egi st er  t o an 
i mmedi at e val ue,  and st or es t he r esul t  t o a dest i nat i on r egi st er .  Any 
of  32 gener al  r egi st er s may be used f or  t he sour ce and f or  t he 
dest i nat i on;  t hey ar e speci f i ed i ndependent l y.   The i nst r uct i on f or mat  
f or  t hi s i nst r uct i on uses a 14 bi t  opcode.   Ther e ar e no unused bi t s i n 
t he i nst r uct i on;  al l  of  t he r emai ni ng avai l abl e bi t s ar e used f or  t he 
i mmedi at e val ue,  whi ch i s  speci f i ed i n st andar d t wo' s compl ement  
not at i on.  [ 7 poi nt s]  
 
What  i s  t he r ange of  i mmedi at e val ues t hat  may be speci f i ed f or  t hi s 
i nst r uct i on?  Show your  wor k.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
9.  The f ol l owi ng c i r cui t  wi t h i nput s A and B and out put  F has been 
const r uct ed usi ng f our  t wo- i nput  NAND gat es.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Const r uct  a t r ut h t abl e t hat  shows t he val ues of  C,  D,  E,  and F f or  al l  
i nput s ( A,  B) :  [ 5 pt s]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What  i s  t he name of  t he f unct i on F( A, B)  t hat  t hi s c i r cui t  i mpl ement s? 
[ 5 pt s]  
 
 
 
 
 

 A 
 
 
 
B 

F

 

  C 

D 

E 

A   B    C   D   E   F 
0    0 
 
0    1 
 
1    0 
 
1    1 



 
 
10.  What  does t hi s sequence of  LC2K3 i nst r uct i ons do? ( Hi nt ,  what  
s i ngl e MI PS i nst r uct i on coul d be used t o r epl ace t hi s sequence) .       
[ 5 pt s]  
 
 
add 1 1 2 
add 2 2 2 
add 1 2 2 
add 2 2 2 
 
 
 
 
11.  You ar e gi ven an LC- 2K3 si mul at or  t hat  appear s t o have a f ew bugs.   
I t  i s  r umor ed t hat  i t  does not  cor r ect l y  s i gn- ext end,  but  onl y on one 
of  i t s  i nst r uct i ons.  Wr i t e an LC- 2K3 assembl y l anguage t est  case t hat  
woul d expose def ect i ve s i gn- ext ensi on.   For  f ul l  cr edi t ,  you must  keep 
i t  as shor t  as possi bl e.  [ 10 pt s]  
 
 
 
 
 
 
 
 
 
 
12.  Show how a carry-lookahead adder would add the following two numbers 11001110 + 10100011. 
Show your work by putting the correct value on each of the lines in the circuit below. [10 pts] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X 

1    1         1    0          0    1          0    0         1    0          1    0          1    1         0    1 

X X X X X X X 

Y   

  

Carry = 0 

    

Y Y   
  

     

Y Y Y Y   
                                          

       1   

 



 
 
13.  You ar e seni or  engi neer  f or  t he LC- 2 comput er  cor por at i on.  The 
deci s i on has been made t o pr ovi de upgr aded i nst r uct i on set  ar chi t ect ur e 
f or  t he LC- 2.  I t  i s  desi r ed t o mai nt ai n as much compat i bi l i t y  as 
possi bl e wi t h pr evi ous ver s i ons.  I n par t i cul ar ,  ol d LC- 2 machi ne 
l anguage pr ogr ams shoul d r un cor r ect l y  on t he new I SA desi gn wi t hout  
any modi f i cat i ons.  You may assume t hat  t he ol d machi ne l anguage 
pr ogr ams cor r ect l y  set  al l  unused f i el ds i n t hei r  i nst r uct i ons t o al l  
0;  t hus you have t he oppor t uni t y t o pr ovi de new f eat ur es i n a 
compat i bl e way by speci f y i ng new f unct i onal i t y  when t hese pr evi ousl y 
unused f i el ds have nonzer o val ues.  
 
Sever al  possi bl e changes ar e up f or  consi der at i on.  Your  har dwar e 
desi gner s t el l  you t hat  al l  of  t hem woul d be st r ai ght f or war d t o 
i mpl ement  as l ong as you can speci f y a sui t abl e change t o t he 
i nst r uct i on set  ar chi t ect ur e;  you need onl y concer n your sel f  wi t h 
def i ni ng sui t abl e bi t  encodi ngs f or  t he new machi ne.  
 
For  each of  t he f ol l owi ng changes,  i f  i t  i s  possi bl e,  br i ef l y  expl ai n 
how you mi ght  modi f y t he LC- 2 i nst r uct i on set  ar chi t ect ur e t o suppor t  
i t  i n a way t hat  mai nt ai ns compat i bi l i t y  wi t h ol d machi ne code 
pr ogr ams.   I f  t he change i s not  possi bl e,  expl ai n why.  
 
a)   doubl e t he mai n memor y s i ze f r om 65536 t o 131072 wor ds [ 5 pt s]  
 
 
 
 
 
 
 
 
 
 
 
 
 
b)   pr ovi de mor e ar i t hmet i c and l ogi cal  oper at i ons;  i nst ead of  onl y add 
and nand,  al l  of  t he f ol l owi ng wi l l  be pr ovi ded at  t he i nst r uct i on set  
l evel :  [ 5 pt s]  
    ar i t hmet i c:   add,  subt r act ,  mul t i pl y,  di v i de 
    l ogi cal :   or ,  nor ,  and,  nand,  excl usi ve- or ,  excl usi ve- nor  
 
 
 
 
 
 
 
 
 
 
 
 
c)   doubl e t he number  of  r egi st er s f r om 8 t o 16 [ 5 pt s]  
 



 


