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CSC258H58 APRIL 2016 FINAL EXAMINATION

Question 1: Short Answers [15x2=30 marks] [20 minutes]
For multiple choices questions, marks will be deducted for both missing choices and wrong choices.

1. What atoms need to be added to silicon to make p-type semiconductors?

2. Suppose an architecture uses 11-bit addresses for byte-addressable memory. What is the maximum
size of memaory that can be supported? Circle the correct answer.

a. 1KB h. 2KB c. 4KB d. 8KB e, None of above

3. What is the result of right shift 011011 arithmetically by 2 bits?

4, True or False. In a one-hot decoder, only one bit of all input bits can be 1.

a. True h. False

5. What is the third possible output of a tri-state buffer, other than 0 and 17

6. Which of the following hex values are possible PC values in MIPS architecture? Circle all that apply.

a. ABCD1234 b. DCBA4321 ¢. A3B2C1D0 d. 98765432

7. Eill in below the correct values of CE’ and OE’ when reading data from SRAM.

CE": OF”:

8. Which of the following instruction ailow jumping to any 32-bit address? Circle all that apply.

a j b.jr c. jal d.jalr
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CSC258H58 APRIL 2016 FINAL EXAMINATION

9. Which of the following signals should be set to high when performing PC = PC + 47

a. PCWrite b. MEMRead c. MEMWrite d. IRWrite

10. Suppose we have an architecture where registers store 128-bit values, then how many bits do we

need to use for shift amount in the instruction?

11. What is the logic expression of maxterm Ma in terms of the 4 inputs A, B, Cand D?

12. Below Is the K-map of a device that we learned in this course, which device is jt?

7 Yy ¥'S Y5 s
: X 0 0 1 0
Answer: - . _ e
| X 1 0 1 1

13. Given two 6-bit signed numbers A = -25, B = 18, what is the decimal value of the result of A - B?

14. True or False, A finite state machine with 31 states must have 5 flip-flops.

a. True b. False

15. Which kind of flip-flop is implemented in the following diagram?

L

J

input

Answer:

GLK

AN
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CSC258H5S APRIL 2016 FINAL EXAMINATION

Question 2: Combinational Circuit Analysis [8 marks] [10 minutes]

Each of the following circuits implements a functionality that can be described in just a few words.
Complete the description for each circuit. ‘

(a) [3 marks]

This circuit checks if

(k) [3 marks]

pr—0 This circuit checks if

{c)[2 rﬁarks]
Az __ o

A1

This circuit checks if the 3-hit number A2A1Ac is
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CSC258H58 APRIL 2016 FINAL EXAMINATION

Question 3: Adder and Subtractor [8 marks] [10 minutes]

(a} Consider a one-bit full adder, which performs one-bit addition with X, Y and carry-in Cin and outputs
sum bit S and carry-out bit Cout. Write below the logic expressions of the outputs § and Cout, in terms
of inputs X, Y and Cin. {4 marks]

Cout =

{b) Using the one-bit full adder on the right as a black box, complete

X Y
the design of a one-bit adder/subtractor in the following diagram, :
i.e., when Sub = 0, the circuit outputs X + Y; when sub = 1, the circuit l
outputs X - Y. You are allowed to use one additional logic gate in your .o j Cin
design. [4 marks] : — FA p—
5
X Y Sub

Ir R o ek e S . S e - . e - e S n!

i I

I !

} I

I i

i I

i
. i 1
Cout_  Cin

, :

'! i

[ H

i I

[' I

I |

i
{

S
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CSC258H58 APRIL 2016 FINAL EXAMINATION

Question 4: Sequential Circuit Analysis {6 marks] [8 minutes]

Given the following circuit diagram, and the waveform of the clock signal, complete the waveforms for
Qo, Q1 and Y. Assume that Qo and Q1 start with initial values of zero.

] \
Y
j .
T Q,
Clock ——roy Q = Q
Clock L |
Qo
o}
Y

o ko e e e e e e P T TR P m = b e e e e dn e e B e e
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CSC258H58 APRIL 2016 FINAL EXAMINATION

Question 5: FSM Design [8 marks] [10 minutes]

Consider the finite state diagram on the right, which has two
flip-flops and a single input called X. In the space below, firstfifl in
the state table of the FSM; and then complete the circuit diagram
for this finite state machine. Assume that the two digits in each
state {from left to right) are the values for flip-flops F1 and FO,
respectively.

State table:

-
[ty
1
Q

F1 FO

e B LT I e T N e B e I (e (L e ) o
ROk, ikL][O]|OC
R IO |Rr|O|r|OlR]|O | X

Circuit diagram (You do NOT need to draw the clock signal)

F
_F

Vo
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CSC258H58 APRIL 2016 FINAL EXAMINATION

Question 6: Assembly One Liners [2x6=12 marks] [20 minutes]

For each of the following task, write an assembly instruction that accomplishes the task. Your answer
must be in one line.

(a) Increase the value stored in register $t1 by 3.

{b} Multiply the value in $t1 by 8 and store the result in $t2.

(c) Set the value in $t1 to O if the value in $t2 has lowest bit 0, otherwise set the value in Stlto 1.

(d) Invert ail bits of the value stored in $t1.

(e} Invert only the lowest 16 bits of the value stored in $t1.

{f) Make PC jump to a function labelled by FUNC and store the return address in $ra.
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CSC258H35S8 APRIL 2016 FINAL EXAMINATION

Question 7: Assembly: Control Flow [10 marks] [10 minutes]

Below is a piece of C code and the partially completed assembly translation of it. Complete the assembly
code by filling in the blanks.

int 1 = 0, x = 10, v =20, n = 100;
for (L = 0; 1 < n; i++) {
if (i 1= =} {
X =X + 27
}
else if (i <= y) {

Yy =Y - 2;
}
else {
y =Y + X
}
}
X = y;
main:
1i $ti, O # Stl stores i
11 $t2, 10 # St2 stores x
1li $t3, 20 4 5t3 stores y
1i $t4, 100 4 3t4 stores n
START:
bge stl, s5t4, # (a) [2 marks]
beq $tl, $t2, ELIF
IF:
addi s$t2, st2, 2
# (b) [2 marks]
ELTF:
$t1l, $t3, ELSE # (c) [2 marksl
addi $tz, $t2, -2
# (d) [2 marks]
ELSE:
add $t3, s$t3, st2
UPDATE:
# (e} [2 marks]
j START
END:

move $t2, $t3
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CSC258H5S APRIL 2016 FINAL EXAMINATION

Question 8: Assembly: Arrays [8 marks] [15 minutes]

Below are two pieces of assembly code that manipulate the arrays declared in the data section. For each
piece of code, write the final content of the array after the code is executed.

{a) {4 marks]
.data
len: -word 1 Final content of array:
array: .word -1, 0, 1, 2
.text
main: la $s0, array , , ,
la $sl, len ‘
lw $tl, 0($sl)
1w $t0, 0($s0)
add $t0, 3t0, $t0
sw St0, 4($s0)
addi 5$s0, $=s0, 4
lw $t0, 4(3s0)
aw $t0, 8(58s0)
END:
{b} [4 marks]
.data
len: .word 4
array: ~word "l 012 Final content of array:
.text
main: la 5s0, array
la $s1, len
lw 5tl, 0(8sl) ! ! !
START: lw $t0, 0(3s0)
add $t0, $t0, stl
sw $t0, 0(8s0)
addgi st1, s$t1, -1
addi $s0, 5$s0, 4
bne $tl, $zero, START
END:
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CS5C258H58 APRIL 2016 FINAL EXAMINATION

Question 9: Machine Code [2x5=10 marks] [20 minutes]

Finish the following machine code - assembly transiation. For (a}, {b) and {c} fill in the missing bits in the
machine code according to the given assembly code; fill in the space with “X” if the value doesn’t
matter. For (d} and (e) write the equivalent assembly code according to the given machine code.

(a) and $t7, $to, $ti1

0001 00ee 1001 0111 _ _ _ B©ilee

(b) 1w $t1, 49($s0)

0000 1000 0000 00 o1l

(c) sl1 $s3, $t4, 4

0000 _ _ __ 1iee @011 _ _ _ _ 0000 0000

(d) 0010 o110 0101 9100 0002 0000 €OVl 6001

(e) ©oooe @01l 11ie eell 0011 1010 0G0 1000
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MIPS/SPIM Reference Card

CORE INSTRUCTION SET (INCLUDING PSEUDO INSTRUCTIONS)

MNE- | FOR- OPCODE/
MON- | MAT FUNCT
NAME IC OPERATION (in Verilog) {Hex)
Add add R R[rd]=R[rs]+R{rt] ¢} 0/20
Add Immediate addi I R[rt]=R{rs]+SignExtlmm (D2} 8
Add Imm. Unsigned addiu I RIrt]=R{rs]+SignExtimm ) 9
Add Unsigned addu R R[rd]=RIrs]+R[rt] (2 0/21
Subtract sub R Rfrd]=R{rs]-R[ri] &) 0722
Subtract Unsigned subu R Rrd]=R[rs]-R[rt] 0723
And and R Rrd}=R[rs]&R[rt] 0724
And Immediate andi 1 R[rt}=R[15]&ZeroExtImm 3) c
Nor nor R Rird]=~(R[rs]|R[rt]} 0/27
Or or R Rlrd]=R[rs]|R[rt} 0/25
Or Imrnediate ori I R[rtf]=R[rs]|ZeroExtimm 3) d
Xor Xor R Rlrd]=R[rs] "R[rt] 0/26
Xor Immediate xori i Rirt}=R[rs] " ZeroExtImm e
Shift Left Logical 511 R - R[rd}=R[rs]<«<shamt 0/00
Shift Right Logical srl R R[rd)=R[rs]:3>shamt 0/02
Shift Right Arithmetic sra R R[rd]=R[rs]>>>shamt /03
Shift Left Logical Var. sllv R R{rd]=R[rs]<RIxt] 0/04
Shift Right Logical Var. sriv R R[rdi=R[rs]>>»R[rt] /06
Shift Right Arithmetic Var. srav R Rrdl=R{rs]>>R[rt] 0/07
Set Less Than slt R R[rd]=(R[xs]<R[rt]}?1:0 0/2a
Set Less Than Tmim. slti 1 R[rt}=(Rfrs] < SignExtImm)?1:0 ) a
Set Less Than Imum. Unsign,  |sltiu I R[rt]=(Rirs]<SignExtlmm)?1:0 (26} b
Set Less Than Unsigned sltu R R[rdl=(R[rs]<R[rt])?1:0 6) 0/2b
Branch On Equal beqg I if(Rrs]==R[rt]) PC=PC+4+BranchAddr (4) 4
Branch On Not Equal bne I if(R[rs}=R[rt]) PC=PC+4+BranchAddr 4 3
Branch Less Than bit P if(R[rs]<R[r{]) PC=PC+4+BranchAddr
Branch Greater Than bygt P H(R[rs]>R[rt]) PC=PC+4+BranchAddr
Branch Less Than Or Equal  [ble P if(R[rs]<=R[rt]) PC=PC+4+BranchAddr
Branch Greater Than Or Equal [bge P if(R[rs]>=R[rt]) PC=PC+4+BranchAddr
Jump 3 ) PC=JumpAddr &) 2
Jump And Link jal J R[31]=PC+4; (5 2
PC=JumpAddr
Jump Register jr R PC=R]rs] 0/08
Fump And Link Register jalrx R R[31]=PC+4; 0/09
PC=R[rs]
Move move P Rird)=R[1s]
Load Byte 1b X R[rt]={24'b0, M[R[rs]+ZeroExilmm](7:0)} 3) 20
Load Byte Unsigned lbu I Rxt]={24°b0, M[R[rs}+SignExtImm](7:0)} 3] 24
I.0ad Halfword 1h i R[rt}={16°b0, M[RIrs]+ZeroExtImm](15:0)} (3 25
Load Halfword Unsigned 1lhu I R[rt}={16°b0, M[R{rs]+SignExtlmm]{13:0)} 2) 25
Load Upper Imm. lui I Rirt]={imm,16°b0} f
{_oad Word 1w 1 R{rt}=M[R[rs]+SignEx{Imm] 2) 23
I .0ad Immediate 1i P R[rd]=immediate
Load Address la P Rird]J=immediate
Store Byte sb I M[R[rs]+SignExtimm] (7:0)=R[rt](7:6) 3} 28
Store Halfword sh I |M[R[rs]+SignExtimm] (15:0)=R[xt](15:0) (2) 29
Store Word v I MIR[rs]+SignExtImm]=R[rt] 2 2b
REGISTERS
NAME INMBR USE STORE? (1) May cause overﬂow.exoept‘ion .
- ©  IThe Constant Value 0 NA. (2) SignExtimm ={ Iﬁ{lm’meé!iate[w.]},1mmed1ate 1
$at 1 |Assembler Temporary No (3) ZeroEx(Tmm ={ 16{,1 b0y ,1‘mm ed.late‘ } .
; (4) BranchAddr = {14{immediate[15]},immediate,2’b0 }
$v0-$v1| 2-3 [Values for Function Results and] No .
. ) (4) JumpAddr= {PC[31:28], address, 2'b0 }
Exprossion Evatuation (6) Operands considered unsigned numbers (vs. 2 s comp.)
$a0-$a3] 4-7 |Areuments No ) )
$10-$¢7 | 8-15 [Temporaries Noe | BASIC INSTRUCTION FORMATS,
isg'isg 32'22 Saved Temporaries ;?s FLOATING POINT INSTRUCTION FORMATS
18-t -25 {Temporaries [} o pi TII0 TB]S IO g 0
$KO-3k1| 2627 Reserved for OS Kernel S ,jm s P w1 W T shmt T fmot )
ep | 28 |Global Pointer Yes | 1 [ opeode” I immediate ]
$sp | 20 [Stack Pointer Yes J [* opcode *® immediate i
$fp | 30 [Frame Pointer Yes FR [T opcode ZF° fmt 2P0 £t ° fs T F funct Y




ARITHMETIC CORE INSTRUCTION SET

MNE- | FOR- OPCODE/
MON- | MAT FMT/FE/
NAME IC OPERATION (in Verilog) FUNCT
Divide div R Lo=Rfrs]/R[rt]; 0/-/-/1a
Hi=R[rs]%R[1t]
Divide Unsigned divu R Lo=R[rs}/R[rt]; 6) 0-~1b
Hi=R[rs]%R[1t]
Multiply mult R {Hi,Lo}=R[rs}*R[rf] 0/~/-/18
Multiply Unsigned multu| R {Hi,Lo}=R[rs]*R[rt] ) 0~4-/19
Branch On FP True belt K if(FPCond) PC=PC+4+BranchAddr 4y  11/8/1/-
Branch On FP False bclf | FR if(!FPCond} PC=PC+4+BranchAddr @ 11/8/0/-
FP Compare Single c.x.s% FR FPCond=(F[fs] op F{ft])?1:0 11/10/~fy
FP Compare Double c.x.dq FR FPCond=({Fifs},F{fs+11} op {F[it],F[ft+11})?1:0 1H11/~1y
"(xis eq, 1t or Le) (op is ==, < or <'=) (yis 32, 3c or 3¢)
FP Add Single add.s| FR Fifdl=F[fs]+F[ft] 11/10/-/0
FP Divide Single div.s| FR F{fd)=F[fs)/Fift] 1110/~13
FP Multiply Single mul.s| FR Fifd])=Fifs]*F[ft] 11/10/-/2
FP Subtract Single sub.s| FR Fifd]=F[fs}-F[t] 11/10/-11
FP Add Double add.d| FR {F[fd],B[fd+1]}=(Fifs}, Fifs+1]}+{ F[fi],Fift+17} 11/11/-/0
FP Divide Double div.d}] FR - {FIfd],Flfd+11)={F[fs],Bfs+ 11}/ {F[ft] Fft+1]) /113
FP Multiply Double mul.d| FR {Fifd),Flfd+11)={Ffs] Flfs+11}* { B[£t], Fife+1]) N2
FP Subtract Double sub.d| FR {FLd),F{fd+1] }={F{fs] Flfs+1}}- {Ff] F[ft+ 1]} 11/11/-1
Move From Hi mfhi R Rird)=Hi 0/~~/10
Move From Lo mflo R Rfrd]=Lo 0/—/—112
Move From Control mfc0 R R[rd}=CR[rs] 16/0/-10
Foad FP Single lwel I Ffrt}=MJ[R[rs]+SignExtImimn] 2y 31~
Load FP Double idel 1 Hrtl=MI[R[rs]+SignExtImm); @) 35/-/~-
Flrt+1]=M[R[rs}+SignExtimm-+4]
Store FP Single swel I MIR{rs]+SignExtlmm]=F[1t] @2  39~--
Store FP Double sdci I M[R[rs}+SignExtTmm]=Frt}; (2)|  3di-4-/-
MR [rs]+SignExtImm+4]1=Ffri+1]
ASSEMBLER DIRECTIVES
.data [addr]* Subsequent items are stored in the data segment
.kdata [addr]* Subsequent items are stored in the kerne] data segment
Jktext |addr]* Subsequent items are stored in the kernel fext segment
.text [addr]* Subsequent items are stored in the text
" starting at [addr] if specified
.ascii str Store string str in memory, but do not null-terminate it
.asciiz str Store string str in memory and null-terminate it
-byte bi,...,b, |Store the n values in successive bytes of memory
-double di,...,d,/Store the n foating-point double precision numbers in successive memory locations
+float fi,...,f1 |Store the n floating-point single precision numbers in successive memory locations
-half Ai,...,hn [Store the n 16-bit quantities in successive memory halfwords
-word w1,...,Ws |Store the 72 32-bit quantities in saccessive memory words
.space 71 Allocate 2 bytes of space in the current segment
-extern symsize |Declare that the datum stored at sym is séze bytes large and is a global label
.glebl sym Declare that label sy is global and can be referenced from other files
.align n Align the next datum on a 2" byte boundary, until the next . data or . kdata directive
.set at Tells SPIM to complain if subsequent instructions use Sat
.set noat prevents SPIM from complaining if subsequent instructions use $at
SYSCALLS EXCEPTION CODES
SERVICE [$vO0 ARGS RESULT Nuomber | Name Cause of Exception
print_int 1 [infeger $a0 o Int Interrapt (hardware)
print_float i 2 {float $£12 4 AdEL | Address Error Exception (load or instruction
print_deouble| 3 double $F12/$£13 fetch)
print_string| 4 [string $a0 5 AdES -| Address Error Exception (store)
read_int 5 integer (in $v0) 6 IBE | Bus Ervor on Instruction Fetch
read_float 6 float (in $£0) 7 DBE | Bus Error on Load or Store
read_double | 7 double (in $£0) 8 Sys { Syscall Exception
read_string | 8 fuf $a0,buflen $al 9 Bp Breakpoint Exception
sbhrk 9 |amount $a address (in $v0) 10 RI Reserved Instruction BException
exit 10 | | 1 CpU | Coprocessor Unimplemented
12 Ov Arithmetic Overflow Exception
13 Tr Trap
xS —nr THmrntian i Thalund TTermnan bl e




MIPS Reference

Machine Encoding Aids
Key Instruction Syntax
o/f instruction/functicn opcodes Encoding Syntax Template
s/t/d first/second/third register ArithLog £ %d, $s, St
a/i shift amount/immediate DivMult f %3, &t
Shift £ %d, 5t, a
Instruction Encoding Formats Register ShiftVv f 3d, st, $s
Register 000000ss sssttttt dddddaaa aaffffff JumpR f és
Immediate | ocoocoss ssstiittt i1iidiiidd iiddddiid MoveFrom £ $a
Jump ocoopoil iiiiiiii Aidiiididi dfdiddidd MoveTo f $s
ArithLegI | o $t, 38s, i
Loadl o 5t, immed32
Inmediate | Branch o §s, 5t, label
Branch? o $s, label
LoadStore | o §5t, i($s)
Jump o label
Jump Trap o i
Instruction Reference
Arithmetic and Logical Instructions
Instruction Operation Opcode or | Syntax Comment s
Function
add 54, 5s, &t $d = S8 + S5t 100000 ArithLog
addu $d, $s, $t | §d = $s + St 100001 ArithLog
add: 5t, 3s, 1 St = %s + 1 001000 ArithLogl | i is sign-extended
addiu 3t, Ss, 1 | %t = 85 + 1 001001 ArithLogI | 1 is sign-extended
and $4, S$s, 5t sd = 85 & St 100100 ArithLoy
andi %t, $s, i $t = $s & 1 001100 ArithLogl | 1 is zero-extended
aiv 53, $t lo = $s / $t; hi = §s3 % 5t 0131010 DivMzlt
divu $s, St lo = %s / St; hi = $s % 3t 011011 Diviult
mult $s, St hi:lo = $s » §t 013000 DivMult
multu $s, St hitlo = %3 * 5t 012001 DivMults
nor $4, $s, §t S5d = “($s | $t) 100111 arithLog
or &d, $%s, St 8d = 83 | St 100101 ArithLog
ori $t, $s, i st = $s | i 001101 ArithLogl | i is zerc-extended
5311 $d, St, a Sd = St << a 00009 shift %ero is shifted in
silv 3d, $t, $s | 54 = St << §s 000100 Shiftv Zero is shifted in
sra $d, St, a 5d = 5% >> a 000013 Shift S8ign bit is shifted in
srav 3d, $t, %s | %4 = 5t >> §s 00011l Shiftv 8ign bit is shifted in
srl 5d, $t, a 35d = St >> a 000010 shift Zerp is shifted in
srlv $d, $t, 8s | $d = $t >> $s 000110 Shiftv Zero is shifted in
sub $d, $s, St 4d = $s5 - St 100010 ArithLog
subu 8d, &5, $t | $d = §s8 — St 100011 ArithLog
xor $d4, 5s, St 3d = $s ~ 5t 100110 ArithLog
xorl %4, 5s, i 5d = s " 1 001110 ArithLogl | i is zero-extended
HMovement Instructions
Instruction Operation Opcode or | Syntax Comments
Function
lhi 3t, i St = 1 << 16 011001 Loadz i is zero-extended
llo $t, i 5t = i 011000 Loadl i is zerc—extended
mfhi $d 5¢ = hi 010000 MoveFrom
mflo $d $d = lo 010010 MoveF rom
mthi $s hi = $s 010001 MoveTo
mitlo $s lo = §s 010011 MoveTo




Comparison Instructions

Instructiecn Operation Opcode or | Syntax Comments

Functicn
sit 3%d, $s, St Sd = $s3 < St 101010 ArithLog
sltu $d, 3%s, St 5d = 85 < St 101001 ArithLog
slti 5t, %s, i $d = 55 < i 001010 ArithLogI | i is sign—extended
sltiu $t, $s, i 56 = $s < i 061001 ArithLogl § i is sign-extended

Branch and Jump Instructions

Instruction Operation Opcode or | Syntax Comments

Function
beg §s, $t, label | if (§s == 5t) pc += i << 2 000100 Branch label is a line reference in the code
bgtz $s, label if ($5 > 0) pc += 1 << 2 000111 Branch? label is a line reference in the code
blez S$=, labsl if {$s5s <= 0) po += 1 << 2 000110 Branch? label is a line reference in the code
bre $s, $t, label | if ($s I= 5t) pe 4= i << 2 0001021 Branch label is a line reference in the code
j label pc += 1 << 2 600010 Jutip label is a line reference in the code
jal label $ra = pc; pe += 1 << 2 000011 Jump label is a line reference in the code
jalr $s Sra = po; pc = $s 001001 JumpR
jr $s pc = $s 001000 JumpR

Memory Instructions

Instruction Operation Cpcode or | Syntax Comments

Functicn
1b $t, i(Ss) §t = MEM[$s + i] 100000 Load3tore | Sign-extends the loaded byte’
lbu $t, i{$s) St = MEM[S$s + 1] 100100 Loadstore | Zero—extends the loaded byte
1h $t, i($s) St = MEM[$s + i] 100001 LoadStore | Sign-extends the loaded bytes
Ihu $t, i($s) 5t = MEM[§s5 + 1] 100101 LoadStore | Zerc—extends the lcaded bytes
lw $t, i({%s) St = MEM{S$s + i) 100011 LoadStore
sbh $t, 1i(§s) MEM[$s + 1] = 5t 101000 LoadStore | Lowest order byte is stored
sh $t, i($%s) MEM[$s + i] = S5t 101001 LoadStore | 2 lowest order bytes are stored
sw St, 1(%s3) MEM[$s + i] = 5t 101011 LoadStore

Exception and Interrupt Instructions

Instruction Operation Opcode or | Syntax Comments

Function
trap i Exception 0011010 Trap i is a trap code; implements syscall






