This is closed book, closed notes, closed calculator and closed neighbor.

Name

Do Not Open The Test
Until Told To Do So

M I P s Reference Data

CORE INSTRUCTION SET

NAME
Add
Add hnmediate
Add fmm. Unsigned
Add Unsigned
And
And Immediate

Branch On Equal

Branch On Not Equalt

Jump
Jump And Link

Jump Register

Load Byte Unsigred

Load Halfword
Unsigned

Load Upper Imm.
Toad Word

Ner

Or

Or Immediate

Set Less Than

Set Less Than lmm.

Set Less Than am.
U ed

Shift Left Logicat

Shift Right Logical
Stare Byte
Store Halfword

Stare Word
Subtragt

Subtract Unsigned

P OPCODE!
MON-FOR- FUNCT
IC MAT OPERATION {in Verilog) (Hex)

R R[rd] = Rfrsi + R{rt] (1 0720,
1 Rfrt]= Rirs] + SignExtlmm  {1}(2} Bres
I Rirt]=Rlrs] + SignExtlmm (23 G
0721

R Rird]= Rirs] = Rirt} Bex
R R{rd} = Rirs] & RIrt] G424
I R{r]= R[rs] & ZeroExthmm (33 Chex
I R Hex
+BranchAddr 4)
! nchadr S
3 § PC=lumpAddr (53 Zhes
ta I R[31=PC+4:PC=RumpAddr (5} Snex
B R PC-R[rs] 07085,
y RI124'DOMIRIrs) 0124,
SignExtlmm}{7:0}} {23
I R{s)={16"bOMIR [rs}

FSignExthmm} 15:03F (2)
1T R{n]={imm, 16°b8}

1 Rt} = M{R{rs]+SignExthmm] (2)
R Rfrd] =~ (Rrs}: R[r]

R Rird] = Rirs}i Rirt]

b R[rt} = Rirs] | ZeroBxtbom (3)

R Rird}=(Rlsi=Rinh?1:¢
| Rirt] = (Rrs ignExitm) a
: 210 2) e
L | R{r] = {Rrs] ignExtlmm} b
KR ) (2)6) nex
tee ROR(ed]s=(Rrs] < RID2 1.0 6) 072,
R Rftd} = Rfrs] = shamt 07 gy
s R Rlsd] = Rlrs] => shamt G 020
. i MIR{rs}rSignExtimmi(7:0) = 28,
: RIaHT0r (2 T
| MR [rs}+SignExshmm( 1 5:0) = 29
RIcj(15:01 (2) hex
= 1 MR[tsi+SignExtimm] = R[rt]  (2)

R Rird] =R[rs]- R{r] {h
sops R R[rd}=Rrs}- Rin

{13 May cause overflow exception

(2 SignExtimm = { 6] immediate[ 131}, immediate |

(33 ZeroExthmm = | 16{10°0}, immediate }

{4y Branchaddi 14{immediate]13]}, immediate. 2°b0 }
{3} JumpAdd: £ PCI31:28], address, 2700 }

{63 Opetands considered unsigned numbers {vs. 2 s comp.)

BASIC INSTRUCTION FORMATS

R opeode 1S ; Tt rd shamt funce

3 26 25 - I 1615 [t} 63 i+
1 opeode 75 i Tt | immediate

it 6 25 2 At 16 18 [
¥ opeode address

2628 [

Copyright 2003 by Elsevier, Iuc

ARITHMETIC CORE INSTRUCTION SET
MNE

NAMIE

Branch On FP True

Branch On FP Fals

Divide

Divide Unsigned

FP Add Smgle
FP Add
Double

FP Compare Single

FP Compare
Daouble
*(xis
FP Divide
FP Divide
Double

FP Multiply Single msi. s

PP Multiply
Double

£ Subtract Single

FP Subtrast
Double

Load FP Single
Load FP
Double

Move From Hi
Meove From Lo

Maove From Control

Multiply

Mujtiply Unsigned

Store FP Single
Store FP
Double

H{FPeond)PC=PC+
HUFPeondPC=PC

FaLE

fif

FRF[fd] = Fifs] * F[ft
pr (FLRLELRI) =

OPERATION

/Rrt]; Hi=R[x
=RizsRIT (6)

:[Vfiﬁ].F[fSNl]} op

@ OPCODE
FMT/FT/
FUNCT
(Hex)

187

BranchAddr ¢4)
BranchAddrid)
%oR]r]

Flfs+11} i
fhoyy e
T ] 110

[REARE

firiiy?1:0
32, 3¢, or 3¢}
110643
L g E R TR P
F{A]FIRH]
P17 02
T2
P91
= (] W en

y FIrtdeMIR(rs]
Flrir 1 T=MIR[rs
R Rrd] = Hi
R Rldi=lo
R Rlad] = CR[rs]
R {Hilo}
R {HiLo}
I MIR[r
MIR[

FLOATING POINT INSTRUCTION FORMATS

{FIfiF{Re1]}
I Finp=M[R{rs}+SignExtlmm} 123 31ini
ignExtlmm}; {2}
SignExtlmm+4]

Rirs] * Riry
Rfrs]* R[]
SignExtimm} = Ffrt}
SignExtinm]
MIRrs]+SignExtlmm+4

frth
= Flit+1]

FR | -npcmle ft {t i | fd funet
3 : AL [ [}
FI | opeode fimt ¢ i ; immediate
3 16 2% HEN i 15 [}
PSEUDO INSTRUCTION SET
NAME MNEMONIC OPERATION

Branch Greater Than or Equal

Load immediate

Move

iRy

Rird)

HOR{rs]<Rrt]) PC
HR{rsFRIA]) PC s Label

if(R{rs]
Rird] =

abied

R{rth) PC = Label
Rirth PC = Label
wpmodiate
Rirs]

REGISTER NAME, NUMBER, USE, CALL CONVENTION

PRESFRVETATROSY

sk ACALLY
Szero [ The Constant Value §
Sut 1 Assemnbler Temporary
; 2 Vaties Tor Function Rty

sston Bualuation

and Fxp

Argiments

Cmporans

aved T e

Temporarics

Riserved for (38 Kemel

sgp

Cobal Pointgr

Ssp Stack Pointer
Sip ] Frame Powter Yos
Sra 3t Retuin Address Yes

-, All rights reserved. From Patterson and Hennessy, Comprier Organization ard Design. 3rd ed.



Final Exam — CSE378 Autumn 2009 Snyder

1. [15 points] Assuminga 64 MB Physical Address Space
1 GB Virtual Address Space
2 KB Page Size
answer the following. If you do not have enough information, say “Not Enough Info”.

a) How many bits are needed to specify the Page Offset?

b) How many bits are needed to specify the Physical Page Number?

C) How many bits are needed to specify the Virtual Page Number?

d) How many TLB entries (total)?

e) How many Page Table entries (total)?

2. [12 points] Assuming a
32-bit addresses (virtual and physical)
1 KB Page size
4 KB, 2-way set-associative, write through cache, LRU replacement
(the cache holds 4 KB total of data, do not count other fields in this count)
64 Byte cache block (line) size
8-entry fully associative TLB

Answer the following. If you do not have enough information, say “Not Enough Info”.

a) Number of bits needed to specify byte offset in the cache line:

b) Total number of blocks (lines) in the cache:

¢) Number of bits needed to specify the index:

d) Number of bits needed to specify the tag:

3. [5 points] Engineers will double the size of the cache in Question 2 to 8K because they
believe the cache doesn’t take advantage of all of the spatial locality in programs. Of the
quantities describing the cache — 32, 1K, [4K], 2, 64, 8, which one (circle it) besides 4K
should be doubled to improve the cache’s spatial locality characteristics? Say why you
chose that quantity:



3. (additional space if needed)

4. [8 points] At right is a schematic diagram of a small direct mapped cache. Name each
of the four columns: d
C

(o

a)

b)

c)

d)

\lG)U‘I-hOONHOIQJ

5. [8 points] Assuming the cache in Question 4 starts empty and the blocksize is 16B, and
that the address 0x07770040 points to the ASCII text Bow down to Washington in
the memory, show the cache after a 1w of the address 0x07770044

1-way associativity 2-way associativity  4-way associativity
S8ets, 1 block each 4 sets, 2 blocks each S2¢ets, 4 blocks each

0

1 0 [ 0

2 T Vo

3

4 2

5 1 .........................................
6 3

.

6. [6 points] Assume the above caches (blocksize = 16B) start empty, and the first
reference is Oxacdc00a0. Give the hex addresses for a possible reference sequence that
produces the configuration shown, where shaded blocks are the only valid blocks:

1. Oxacdc00a0 <add extra lines as needed>

2. 3. 4.




7. [9 points] Given the accompanying

(portion of) a page table for a computer with 0x0002c028| 10ur Ox53d1e

the parameters: 0x0002c024| 0 XXXXXXXXXX
Virtual addresses: 32 bits 0x0002¢020| 10ur 0x12020
Page Size: 8K bytes

PTE Size: 4 bytes 0x0002c01c| 10urc || 0x53d1d

and a (1 level) page table with base address 0x0002c018| 10ur 0x53d1c
of 0x0002c000, find the physical address 0x0002c014| 10urw | 0x530c0

for the virtual address: 0x0000a642
You MUST show your work. 0x0002c010| 10ur 0x12022

0x0002c00c| 10urw | 0x12021

VPN:

PTE:

Phy Addr:

8. [8 points] Assuming a fully associative TLB, give the entry resulting from the
translation in Question 7. (It might be smart to label the fields as well as filling them in.)

9. [12 points] Write MIPS assembly code to push four words onto the stack and fill them
all with Oxdeadbeef. Comment your code.



10. [8 points] We did not study MIPS floating point format, but you know how MIPS
integer instructions work, so using the green card (front page) infer the answers to these

questions:

a) R-type floating point instructions (FR) are like R-type integer instructions because
in hex.
b) R-type floating point is also like R-type integer instructions because the actual
operation is given in by FUNCT bits, so float mul is in hex.

they all have the same opcode bits, which is

c) The format — single or double precision — is also given in the instruction, e.g.

double precision has the :
d) The arrangement of registers differs in R-type floating point compared to R-type
integer, so 010001 10000 00000 01000 00100 00010 is the instruction

field with hex value

[Note: In your answer use the right opcode (see green card), give registers in decimal (as usual) and for
the grader subscript register numbers with “s”, “d” or “t”; registers can be listed in give in any order.]

11. [8 points] For the following instructions (and using the pipeline diagram as an aid)

Iw  $vO,
and $al,
or $si,
sw  $t2,
addi $al,
answer

64($sp)| IF | D | Ex |MEM| wWB

$al, $si IF | ID | EX |[MEM| WB

$t1, $t2 IF | D | EX |[MEM] wB

-4($sp) IF | D | eEx [MEM| wWB
$al, 1 IF | ID | EX |[MEM| WB

a. which instructions contribute to filling the pipeline?

Give opcodes:

b. Under normal operation some pipeline stages of some instructions perform no
useful operation; circle stages, if any, that are no-ops for the instructions shown.
c. list the registers, if any, that are involved in data hazard(s)

12. [5 points] The computer from Company | has a CPI of 1.5 on the programs of a

benchmark suite, and the (binary compatible) computer from Company A has a CPI of

1.25 on the same suite. If A is coming out with a 2 GHz version, how fast does the

Company | machine have to be to match its performance? [No Calculators ... simply
specify an equation or other unevaluated expression that answers the question.]




or

and

add

13. [5 points] Use the following “forwarding” diagram for the next 2 questions.

$2. $1, $3| M Re% -I: DM— - Re+

=5

$13. $6. $2 IM — Re% DM Re*;

$12, $2, $5 M | e

a. To implement the instruction sequence in the given pipeline, register 2 must be
forwarded. Using an arrow of the form @——— show the required forwarding by
putting the circle on the source register and putting the arrow point on the target wire.

b. If the machine had no forwarding how many no-op instructions would a compiler have
to insert to fix this data reference problem? Circle one:

0 1 2 3 4 5 6 7 8

14. [6 points] The forwarding unit discovers that

MEM/WB.MemRead == 1
&& EX/MEM.MemWrite ==
&& EX/MEM.RegisterRs == MEM/WB.RegisterRt
is true. Highlight in color the lines in the figure that implement the necessary forwarding.
IFiD \DEX EXJ'_MEM ME&)’WB
[ pc ]
»| Read Read
register 1 data 1
Addr lnﬁ@[_b »| Read
register 2
Instruction ™ gglt:ter djte:g > v A:::?:S
memory —b| Write Registers memory
data
Instr [15 - 0] _/x‘“\d ';\;ER:;;-D P 1
Rt e H> o
Rd H—
Rs |

—> Forwarding [¢
Unit
¢

[Suggestion for partial credit: Say what forwarding your lines are implementing.]



15. [6 points] Stalls in the pipeline are implemented by not updating the contents of the
pipeline register, i.e. the “left side doesn’t advance to the right side” of the register. Name
the pipeline registers that must be stalled for

a) Instruction address TLB miss:

b) 1w L1 cache miss:

c) swlLl+ L2 cache miss:

16. [4 points] The accompanying diagram shows the L» |
final design for the PC of our pipelined machine. State the {‘J" P
meaning of the three inputs to the MUX (the order is 80000180 — C

unimportant in your answer):

a.

b.

Work Space Below




Extra Credit [2 points] What is the strangest term in CS?

[EEE 754 FLOATING POINT

OPCQDES, BASE CONVERSION, ASCI SYMBOLS STANDARD IEEE 754 Symbols
MIPSTTTT TP (2] MIP8 T Deci. Hexa- ASCITT : _ | Expenent TFraction’ Objedt
opeode  funet funet Binary nal deci- Char- Char- I %1 + Fraction) x 2° Exponen:- Bias; |7 § ER— Fa)
{31:26)  (3:0) Oy mal  acter acter ) § 0 T Denon
{1y 211 0o 00000 0 NEL @ where Single Precision [ias = 127, V # o o
OUO00T 1 I SOH A Double Precision Bias = 1023 Lo MAX -1 anpthig F FL P Num!
(K} 001G 2 2 STX B MAX 0 doo
gg 80(3 (1 Z 3 ETX EL) IEEE Single Precision and MAX ] Nalv
H0 4 EOT ol . S M 35.D.P MAX = 2047
40 0101 5 s ENO E Double Fl:eclsaon Formats: SR MAX =255 D.F Al
00 ein 6 & ACK F Exponeat | Fraction ;
[ 7 7 BEL G 2322 )
0 TG00 ¥ 8BS 3] ; e
00 1001 9 o HT I Exponent Fraction
001010 10 a LF 1 o3 a st o
001011 11 b VT K MEMORY ALLOCATION STACK FRAME -
[ (T T T . N Stack igher
001101 13 d CR M Sap W 7Y i, Trerg ] Memory
00Ty 14 e S0 N m Addresses
0oL 15 £ sl 0 Stp—pi -
o1 o000 16 HYDLE P ? saved Registers
010001 17 1L DU Q Dynantic Data i b Stack
010010 18 12 DO2 R Sep-P 1000 680, ., |- Grows
01001 19 13 DC3 S Static Data y
GTOL00 2014 DlE T 1000 0080, - Local Variables
010100 21 13 NAK U e - Ssp—po
DLOHO 22 16 SYN v fest Lower
01011 23 17 ETB W pe 0040 0000, o
GETO00 24T TE AN X A ddresaes
0E1000 25 19 EM ¥ Oy, | Reserved !
0B 1016 26 la SUB Z
01 HML 27 th ESC 1 DATA ALIGNMENT
{1 FHOG 28 e TFS | N
G ol 29 1 G ] i Double Word ;
0Lt 30 e RS - Word Word
O1TH1 31 If US ~ o W LW TRty 7 n
TG 2 St - Half Word Half Word Half Word ; Half.\’ﬂ ord
weer 330 21 T a Byte | Byte | Byte | Byle | Byte . Byte | Byte | Byie
eoeis 34 2 ¢ b LI T T 6 i
o0 35 23 ¢ Value of three feast significant bits of byte address (Big Endiany
10010 oA a EXCEPTION CONTROL REGISTERS: CAUSE AND STATUS
ig g ;(I)(l) ; o ;2 ; i interrupt Exception
00111 39 27 o Mask Code
00 40 28 ( f S —
1o 41 29 } i Pending
16 1o 42 24 ® i Interrupt
101611 43 2b + k - E) i
TOTI00 44 2] 1 - BD = Branch Delay, UM = User Mode, EL = Exeeption Level, IE =Interrupt Enable
Io0) a5 2d - m EXCEPTION CODES
WY 46 2 . n o - K -
10 47 2 o ber Name Cause of Exception | " Name se of Exception
I { ggg(; ig %(; (lj p 0 [ Interrupt (hardware) 9 Bp  Breakpoint Exception
10010 S0 %9 5 3 4 AdE  Address Error Exception 10 R ed Instruction
amt 31 -ﬁ 3 s L. {load or instruction fetch) Exception
BTy 13 'f T8 7&} i 5 AdES Address Error Exeeption nooopu Copwcessm
110101 53 33 5 117 75 u {store} Unimplemented
o0 54 3% 6 118 7% v 6 IRE Bus Error on 2 0 Anittunietrc Overfiow
i h e . 2 v " .
16l 55 37 7 119 77w Instriction Fetch Exception
TTIO00 56 IRTTTRTUTE20 R T % .7 DBE Bus Erroron Load or Store] {3 1r Trap
gy 57 39 9 121 7%y 8 Sys Syscall Exception 15 FPE Floating Point Exception
LHI0K) 58 3a : 132 7a Fd
e s 3b 123 7 | SIZE PREFIXES (10" for Disk, Ce ication; 2" for Memory)
ITTI0 ot I < 124 Te i FRE- PRE. PHES PRES
- | - = 3 2
O I A ¥IX | SIZE  FIX  SIZE  FIX | SIZE  FIX
163 3 7 |27 7F DEL Kilo- [ 10%.2% pewa- | 107 milli- fermo- |

{1yopcode(31:

Mega- [ 107529 Exa- 10 micro- L 10 atto-
{2} opeade(3 .

Giga- | 10°1,27 Zettae | 107 wamo- | 102 zepto-
Tera- | 107 2% Youa- | 1972 pico- | 107 yocto-
The symbol for each prefix 1s just s frrst [eer, eXcept 1 1s tsed for miceo.

10 (F e
5517 (e}

i 6252 )16, (104, f
= ¢f (double)
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