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Contact:
Magnus Jahre (952 22 309)

TDT4255 COMPUTER DESIGN EXAM

Thursday 20. December 2012
Time: 09:00 — 12:00
ENGLISH
Allowed Aids:
D.
No written or handwritten examination support materials are permitted.

A specified, simple calculator is permitted.

Use the provided space to answer the problems. If you need more space, an extra answer box is
available on the last page of the test. The test accounts for 50% of the final grade, and the provided
points show the maximal number of points that can be achieved on each assignment. Read the
problem texts thoroughly. You can answer the questions in English or Norwegian.
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Problem 1 Multiple Choice (20 points)

Answer by circling the answer alternative you believe is the correct answer. You are awarded 2 points
for a correct answer and O points if you do not answer. If your answer is wrong or you circle more
than one alternative, you will get -1 point.

a) (2 p) Which of the following statements is not a design principle for Instruction Set Architec-
tures
1. Simplicity favors regularity
2. Smaller is faster
3. Make the common case fast

4. Good design has no compromises

Answer: 1 2 3 4

b) (2 p) How are throughput and turn-around time affected by replacing a processor with a faster
version in a single-core processor?
1. Throughput is increased and turn-around time is constant
2. Throughput is constant and turn-around time is decreased
3. Throughput is increased and turn-around time is decreased

4. Throughput is decreased and turn-around time is increased

Answer: 1 2 3 4

¢) (2 p) What is the carry propagation latency of a 2-bit ripple carry adder constructed using the
one bit carry circuit in Figure 1?

1. 2 gate delays
2. 3 gate delays
3. 4 gate delays
4. 5 gate delays

Answer: 1 2 3 4
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Carryln
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CarryOut

Figure 1: 1-bit Carry Circuit

d) (2 p) What is the lowest carry propagation latency of a 2-bit one-level carry look-ahead adder?

1. 2 gate delays
2. 3 gate delays
3. 4 gate delays
4. 5 gate delays

Answer: 1 2 3 4

Example 1.A

The signals clock, reset and D are one bit wide inputs and the signal Y is a one bit wide output. The
definitions of these signals are not shown.

process (clock)

begin
if rising_edge(clock) then
if reset = 0’ then
Y <= 0’
else
Y <= D;
end if;
end if;

end process;

Candidate Number:



Page 4 of 15

e) (2 p) The VHDL code in Example 1.A describes a circuit element? Which one?

1. D flip-flop with synchronous reset
2. D flip-flop with asynchronous reset
3. D latch with synchronous reset

4. D latch with asynchronous reset

Answer: 1 2 3 4

Example 1.B:

The signals sel, in_1I and in_2 are one bit wide inputs and the signal output is a one bit wide output.
The definitions of these signals are not shown.

process (clock)

begin
if rising_edge(clock) then
if sel = 0’ then
output <= in_1;
else
output <= in_2;
end if;
end if;

end process;

f) (2 p) Which statements are not correct regarding the VHDL code in Example 1.B?
1. The functionality defined by the code can be implemented correctly with two 2-input
AND gates, one 2-input OR gate, one inverter and a D flip-flop

2. The functionality defined by the code can be implemented correctly with two 2-input
AND gates, one 2-input OR gate and one inverter

3. The code describes a sequential circuit

4. The code describes a two-way multiplexer with a 1-bit output register

Answer: 1 2 3 4
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The bit mapping of the 32 bit IEEE 754 single precision floating point format is:

31 30‘ 29‘ 28‘ 27‘ 26‘ 25‘ 24‘ 23 22‘ 21‘ 20‘ 19‘ 18‘ 17‘ 16‘ 15‘ 14‘ 13‘ 12‘ ll‘ 10‘ 9‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4‘ 3 ‘ 2‘ 1 ‘ 0
Sign Exponent Fraction
1 bit 8 bits 23 bits
Bias: 127

g) (2 p) How is the decimal number 256.25 represented in the IEEE 754 single precision format?

1. 0x43802000
2. 0x04002000
3. 0x83802000
4. 0x84002000

Answer: 1 2 3 4

h) (2 p) What is the decimal representation of the IEEE 754 single precision representation
0x41520000?

1. -13.125

2. -6.5625

3. 6.5625

4. 13.125

Answer: 1 2 3 4
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i) (2 p) Joe the computer designer is designing a memory system with two cache levels and a
main memory. The access latency of the L1 cache is 3 clock cycles, the latency of the L2
cache is 20 clock cycles and the latency of the main memory is 150 clock cycles. What is the
average memory latency for a benchmark that has a 95% L1 hit rate and a 70% L2 hit rate if
Joe decides to access all levels of the memory hierarchy sequentially?

1. 5.6 clock cycles
2. 5.8 clock cycles
3. 6.1 clock cycles

4. 6.3 clock cycles
Answer: 1 2 3 4

J) (2 p) Which statement regarding static and dynamic scheduling is not correct?

1. Dynamic scheduling can handle dependencies that are unknown at compile time
2. Static scheduling works better when the compiler knows the microarchitecture
3. Static scheduling does not improve performance on out-of-order processors

4. Dynamic scheduling increases the complexity of the processor implementation

Answer: 1 2 3 4
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Problem 2
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Figure 2: A Single-Cycle Processor Architecture

Single Cycle Processors (6 points)
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Joe the computer designer has been given the task of implementing a single-cycle processor. Unfor-
tunately, the only information he is given is the block diagram in Figure 2. Joe is able to figure out
the ALUOp signal, but you need to help him find the values of the other control signals.

a) (3 p) What should the values of the following control signals be for an add instruction?

Answer:

RegDst

Branch

MemRead

MemToReg

MemWrite

ALUSrc

RegWrite

b) (3 p) What should the values of the following control signals be for an beq instruction?

Answer:

RegDst

Branch

MemRead

MemToReg

MemWrite

ALUSrc

RegWrite
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Problem 3 Pipelined Processors (12 points)

In this assignment, you are given two block diagrams of a pipelined processor. For simplicity, all
data and control signals have been removed. Your tasks will consist of adding functionality to these
figures which may contain new signals and new blocks and to write logic equations describing the
behavior of the added blocks/signals.

Example 3.A:

and $3, $2, $1
add $4, $3, $1

a) (6 p) Example 3.A exposes a hazard in the processor. How would you change the architecture
to achieve correct operation? Add the necessary blocks and signals to the figure and write
the logic equations necessary for correct operation in the answer box. State any necessary

assumptions.

x<
=)
=
Register — Data
file — Memory @
=
o Instruction =} In} % g 3 =
e Memory w o > X E =
i =
x<
=)
=

Answer:
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Example 3.B:

Iw $2, 20($1)
and $4, $2, $5

b) (6 p) Example 3.B exposes another hazard in the processor. How would you change the archi-
tecture to achieve correct operation? Add the necessary blocks and signals to the figure and
write the logic equations necessary for correct operation in the answer box. State any necessary

assumptions.

x
=)
>
Register — Data
file — Memory @
>
o Instruction ] é x = B x
a Memory w a S S 2 s
w =
x
=)
>
Answer:
( ~
N y,
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Problem 4

Example 4.A:

LD F1, 32(Rl)
LD F2, 40(R1)

MULT.D F3,
SUB.D F4,
DIV.D F2,
ADD.D F1,

F2, Fl1
F2, F1
F1, F4
F3, F2

Out-of-Order Processors (12 points)
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The assembly program in Example 4.A is executed on an out-of-order processor that supports spec-
ulation. The processor can fetch 4 instructions each cycle and has two load/store units, one floating
point add/sub unit and one floating point multiply/divide unit. In addition, it is able to commit 2
instructions each clock cycle. The latency of all functional units is one clock cycle, and the ROB

stores values.

a) (4 p) Rewrite the code in the table below with the technique register renaming. Which hazards
are removed by this operation? Can these hazards occur in an in-order architecture? Explain
your reasoning.

Answer:

Reg 1

Reg 2

Reg 3

LD

LD

MULT.D

SUB.D

DIV.D

ADD.D
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b) (8 p) Write the state of the ROB in cycles 1 to 4 into the tables below. At cycle 1, R1 has
the value 1024 and the values at the offsets 32 and 40 are 2.0 and 4.0, respectively. State any
necessary assumptions.

Answer:

ROB at clock cycle 1

Ins# | Use | Exec | Operation | P1 | Source 1 | P2 | Source 2 | PD | Destination | Data

ROB at clock cycle 2

Ins# | Use | Exec | Operation | P1 | Source 1 | P2 | Source 2 | PD | Destination | Data

ROB at clock cycle 3

Ins# | Use | Exec | Operation | P1 | Source 1 | P2 | Source 2 | PD | Destination | Data

Candidate Number:



ROB at clock cycle 4
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Ins#

Use

Exec

Operation

P1

Source 1

P2

Source 2

PD

Destination

Data

Assumptions and comments:

r
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Additional Answer Space

Answer:
e N
g J
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MIPS Reference

@

“ l P s Reference Data

CORE INSTRUCTION SET OPCODE
FOR- I FUNCT
! MAME, MNEMONIC ~ MAT OPERATION (in Verilog) {Hex)
i Add add R Rfed) = Rrs] + Rfn) {1y 04 My
[ Add Immediate agdi 1 Ria]=R|rs] + SigaExtlinen (L3) By
Add lme. Unsigned sadie 1 R[m] = R[rs] + SignExtimm {2 O
Add Unsigaed asds R Rird] = Rirs] + R[n] 01 2l
" And and R Rfnd] = Rirs] & Rfn} 01 2y,
And Immediate andi | R[n]=R[rs] & ZeroExtimm 3} Cher
BraschOnEqual beq [ '"'_’:,'C'*fggmm @ e
: Jung 3 ] PC=lumpAddr 51 Zhex
! Jumg And Link jal I R[3=PCHEPC=JumpAdde B) ey
. Jamg Register j¢ R PC-R[m] 0408y,
i 5 ri}={ 240, M[R[rs]
1 Lo Bvte Unsiguatiitiu S8 2 > H+5ipEx=§m]u:on @
: Load Halfword ke 7 Rin)={16°00 MIR(rs] Tren
[ Unsigned +SignExtimm]i | 5:00) (¥]]
: Load Linked 11 1 R[] = MIR[rs]+SignEstimm] (2.7 30,
' Load Upper Imm, tul 1 R[r) = dimm, 1650 fr
\ Load Word 1w I R(n = MIR[s]SignExilmm]  (2) 23,
: Mot noc R R[rd] =~ (Rrs] | R[n]) 0/ Wpan
v Or or R R[rd] = R[es] | Rjrt) 0435,
Or Immediaic ari | Rirt]= Rirs! | ZeroExtlmm (TR
Set Less Than- aic R OR[ed] = (R[] < Rm])? 10 0/ oy
Sel Less Than Imm, sicl | R[A] = (Rr] < SignExtlmm)y? 1 : 002 Ope
Set Less Than lmm { RIn) = (Rfrs] < SignExtimm) oo
) Unsigned TR (2,60
i Set Less Than Unsig. sice & Rrd] = (Rfrs] < R[n])7 1 :0 6] 0/ Ty
' Shift LefrLogical s11 R R[rd] = Rlm] =< sheanat 07 (e,
| ShiftRighiLogicsi sri R Rfrd] = Rln] >> shamt 0702y
' tham ] 7:0) =
ol sl | Mo R[rt}]flm; @ P
+5i = ,
Sore Condionat 5 | MESESmEdmml Xk,
SworcHalfword v | “l“[“]*'“‘“""':l‘:‘l;i% o e
Store Word ™ I Mif[rs}+ SignExitmen] = Rfri] 2y by,
Subtract s R Rird]= Rirs] - R[rv) () OF 22,
Gubpmct Unsigaed  susa R Rind] = Rfrs] - Rin} or By,
L (1) May eause averflow om
J {2) SignExtlmm = { |6{immedine15]), immediate §

1 (3) ZeraExtimm = { 16{ 1b'0}, immedize |

{4) BranchAddr = { 14} knmediate]15]}, immediate. 2'b0 )
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ARITHMETIC CORE INSTRUCTION SET OPCODE
{ FMT /FT
FOR- [ FUNCT

NAME, MNEMONIC =~ MAT OPERATION {Hex)

T8 e

BN
emieeila
L]
LFE0--200
D171 W=
H LT

Lty

Branch On FPTrue bolc
Branch On FF False belf
Dhivide

Dhivide Unsigned
FP Add Single
FP Add

Droubde

FP Compare Single c.x.a®

Fl [iiFPeond }PC=PC +4+Branchaddr (4)
FI il [FPeond PC=PC 44+ BranchAddr(4)
R Lo=Ris}R[n); Hi=R[ms]%R[A]
R Lo=RfrsyRin]: Hi=R[rs[R{r]
FR F[fd = F[f] + F[n]
{FIfd).F[fd#1]} = ﬂ‘lfﬁl I’ll’!'lli’
FR fie ]}
FR FPeond = :F[ﬂs]apﬂnn'v | 0
FF Compare g FPeord < ({F[E]Fifs+1]} op
Dauble {FIRLFIR=I]1)2 00
* (%5 eq. 1, of Le) (opis =, <, 0r==){ yis 31, 3¢, or 3¢}
FP Divade Single  aiv.z FRF[Id] = Fif] 7 FR)
FP Divide Fr [FIAIL Fifd=11} = {F[fs]F[f+1]) 4
Diamble (FIRLFlf+1]}
FF bultiply Single mul.a
FI* Multply
Dipuble
FF Subtrect Single
FP Subiract
Disuble
Lead FP Single
Load FP
Dioubls
Move From Hi mihk
bove From Lo mfle
Mawe From Control méco
Belultiply il
Multiply Unsigned muoloe
Shift Right Arth,  sta

div

(&)

diwn
add. s

aabd . a

LAF

N3
1 Ebf3
-2
=2
A0
1A=
Bt
35 enfendne

0 o LD
Ot 12

0 A==
W---F I

{6 Qeif 1Y

div.d

F[id] = F[f] * F|ft]

[FIRLFIfd=1]} = {F[fa].FIfs+1]} *
IF(RLFIR+I]}

Ffd]=F{f] - F[ft]

(FURLFIfd*1]) = {Ffs]).Flfs+1]; -
[F{RLF[a+13)

sz =M[R]rs]* SignExulenm]

Fir)=M[RIrs]*SignExtlmm];

Floe) =M R[rs]+SignExilmm+4]

R[wd] = Hi

Rird] = Lo

Rird] = CR[rs]

{HilLo| = Rirs}* R[n]

{Hi.Lo} = R[es] * R[r]

Rird] = Rif] >>> shamt [T

Store FP Single awcl M{R[rs]*SignEatlmm] = Fln] (2} 3%~

Stare FP M{R[rs]+SignExtlman] = F[]: (2} 34,

Diouble MR[rs]+SignExtlmm+d] = Fae ]

FL@TWHS‘I‘WJC‘HON FORMATS

FR [ opoode [ o [
i 25

mel.d
s, &
sut.d
Ll

ldel

2)

PR
FR
FR
FR
i
; 2
R
R
R
K
E
R
]
I

sdcl

0

mm&&n—"l

'luncu|

n

PSEUDOINSTRUCTION SET
MAME

Branch Less Than
Branch Grearer Than
Branch Less Than or Equal
Birasch Greater Than ar Equal
Load Immediate B[rd] = immediate
Move Rlrd] - R[rs]

REGISTER NAME, NUMBER, USE, CALL CONVENTION

NAME NUMBER USE FHESERVEDACROSS]|

CACALL? |
Szer [ The Constam \hhe 0 H. A
T % 1 Assembler Temporry
mﬁclm Results
WOl 23 Enpression Evaluation
a7 ﬁm‘lnmi‘ Vs
S-S &8 'lmp-nlm:a
[Ss0-Es7  16-23  Saved Temporarics
S-S0 34-23  Temporarics
[SkO-Sk1  26-27  Reserved for 05 Kemel
e e
e Glabal Painte

OPERATION
iMR{rs}<R[n]) PC = Labcl
ifR[rs[=R[n]) PC = Label
iR[rs}<=R[n]) PC = Label
iNR[rs}>=R[r]) PC = Label

MNEMONIC
[
L3
ble
bge
¥i
Rove

“Stack Pointer
LI ﬁ_"le‘mW
W T L mmmnm

.

; (5} JumpAddr = | PC4[31:28), address, 2°bD |
) {6) Operands considered unsigned pusmbers (vs, 2's comp.
) {7} Aromic testdeset pasr; R[] = 1 il pair atomic, 0 if got aromic
BASIC INSTRUCTION FORMATS 3
i R [ opoode v | w W | shamt | funa
1 4 25 W b 15 [IN] it d- 5 L]
t [ opoke [ m | a | immediate
e Wil nm (T3] 0
J apeode | address |
I un 6 23 .-
! Copyright 2009 by Elsevier, Inc., Al rights reserved. From P and H [«
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‘ OPCODES, BASE CONVERSION, ASCH SYMBOLS
[MTFS (T) MIFS (2 MIPS
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o IEEE 754 FLOATING-POINT @
H AsClE Hi ASCTE il e .
_ Hiexa- i CIEEd Exponcat | Fraction | Object
opeode  fancl  funet | Bimary o deci- Char | deci- Char- (15 5 (1 + Fraction) 5 2 - Bias) (] [} 20
(31:26) (500 (5:00 mal  ael mal  acker Shnghe Precision Bas = 127 5 i) o =
| wihere sion Bias = 127,
I 65 41 A Double Precision Bias = 1623, Tio MAX - T | anything £ FI. Fi. Hum|
g 66 42 B AX (] Feo
L 61 43 C IEEE Single Precision and FAX w0 MNald
; g :-; 'iE’ Doubile Precision Formats: 57 MAX = 255, OF MAX =57
6 W0 4 F | 8] Exponemt | Fragtion ]
: gl 4 O ETRE] T ]
H ok :E III [s]  Capanen | Fraction LE ]
a M4 da ] - 25 &
| b 5 4 K MEMORY STACK FRAME Hightr
T T de L Slack L
% T iy
d 7 M M Sap A 15| Memory
© TR de N l A 3 Addresges
f ™ 4 0 S —i
noh . '
Baved Registers
gzl :; g Sgp-P1000 8000, 2 B2 m
- & L) Sistic Data i ocal Variables ¢
| A
10101 21 15 NAK | 85 55 U LO0G TN, S_pl
01010 22 16 SYN| 86 %6 ¥ Text
O1DIIl_23 17 ETB | 87 31 W pe P04 2000, MML: =
AulL [OT T 24 [ CAN [ B = X
wlte 011001 25 19 EM | 80 50 ¥ Oy | Reserved G
div 011010 26 la SUB| %0 S Z
divy ol Il){lﬁl} 27 1k ESC | 91 5 [ DATA ALIGNMENT
CEL I S e - S
oIll0l 29 1d G5 | 93 | EEn B o
OLIN0 30 le RS | 94 8 =~ Waord Word
T TN Se” % 45 ] Halfword | Halfword | Halfword | Halfword
n agde  eve.df (100001 33 1t | 97 &1 a Byte | Byte | Byte | Byte | Bywe | Byte | Byte | Bywe
1ul un |eoolg 34 2 < 9% 62 b [3 T I ] ] ] [] 7
| v subu 000L 35 23 # | 99 6 ¢ Vil of three lcast significant bits of byte address (Big Endian
low and cve.uf [0 T & 4 EPTION CON ISTERS: CALS
e o 100101 3T 25 % |0l 65 e i il 3 e AND sgm
lur  wer 100l 33 & |2 &6 i sy e
anr 0ot % 27 " |03 &7 Mask Code:
Ty O 4¢ 28 | I'!H‘_Q_E_ ]
sh Wl 4 2@ ) |05 & i Fend
ETH i oo 42 2 * e G g m E HH
EL) ity oLl 43 b + wr o6k K
:g:}ﬁ o :g HE BD = Branch Delay, UM = User Mode, EL = Exception Leved, IE =Imerrupt Enable
- m
i W0 46 2 . |10 6 = EXCEFTION CODES :
cache W0 47 ¢ | 6 e Mumber Name  Cawsie of Exeention N-Mr Mame Cause of Exceplion
v tge o A T T & F & Im_ Interrust (hardware) by Breakpoil E
lwvel  toew counf (110081 49 31 n 71 q 4 AdEL Address Error P s Rl Reserved Instroction
el coeqf [1IODI0 S0 32 2 |4 T r {load o jastruction feich) Exceplion
pref  cltu c.uegl JHIDOIL 51 33 3 JI5 73 32 Address Error Exception Coprocessor
teq c.oley [ITOIO0 52 R 4 (16 W 1 2 ER {slare) SV implemenicd
1del couity [LIOKE §3 35 5 U7 75w Tz Ervor oa Arithimetic Overfiow
1dc2  tne colef (1100 S 3% 6 |UB % v 6 IBE o irection Foich L Exceptios
coutes JHOIHL 55 37 7 |19 71 w = e e R =
3 <.8fy (VIO %6 3¢ ® (120 78 =& p
swel conglef [ILI00T 81 W 9 (131 By r— s,mz'smm 8 T
ez coseqf |I110I0 B 32 12 7 : ME gt .
£ nal o LI S by L S, SIZE PREFIXES (10* for Disk, Communication; ?twlh
eI, [T X% 7 R TERES (0 1 L
= PRE-
i o A PR L Bl o szE  FX | sizE X |sze RX |sigE PX
el ol 3e 126 3 - s
; T eonge f1IIN 83 3 7 {127 W DEL 16,2™  Kilo, | 10" :a Peta- | 107 milli- | 107 femuio-
(1) opcode(31:36) == 0 16" 270 Mega. | 104 Exa- | 10" micro | 1071F  qwo-
12) 0peoBe(31:26) ~ 17, (il i FMM25:211=16,0n ( 1Dy 5 ingle R e ::: o s
I (252111 ar {1 Lnex)f = d {doublc) 107 2% Te. |10, 20 Youa: | 107 10" yacio-
hcsymbol Tor each prefix is just i first leuemmqa | i msed for macro.
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