$ \J $
iITENARSIRIT 2024FE
e
1.10% BUHES CPI A 1, 20% HIFESHY CPI 9 2, 30% BISESHY CPI /9 3, 40% RUIESHI CPI 2
4, ITEEH CPI
2. FEWBMEELERAENaN: A £ 0*infinity, B & infinity minus negative infinity, C 2 8
divided by 0, D 2{F@HRENaNAIITE
3. B A5 25T OpCodez3E, [B]0XE2952023%MAHES B4
4. 3% -59.875 HNRBEIZFREF R

5. IEEE754-2008EX. T —HZm#L, 1 bitsign, 5 bit exponent, 10 bit fraction, KERTLAEX

[BRVEE
PN Rbe like: IE£21.0000 0000 0 * 2A-14 ~ TEfa1.1111 1111 1 * 2A15, IER0, IE

A%, NaN
P NETE XBIFE SRS ROCER 106, 221421518 221°7214
6. fEpolling, DMARinterruptiond, EFFHEKprocessor5I0H{T (BEEHFAEE)
7. X cache B9 block size BTLURMT4., %10 A & conflict miss, B & hittime, C & miss
penalty, D & compulsory miss
(XERBEFEERUN, XN ZERBILECER)
8. seek time=8ms, #£E7200RPM, Htrackg 1000/ sector, jtHEiaccess time
(track sectorfriZE2FHIN)

Kl

F—RA: #Sbranch load storefg< HEVLARK Instruction miss rate, Data miss rateZs, RIE{RIIS

RIEE, REC(IHEIEAT, CPIRESD
BT BHRRCRARE, DHTABETTMIR R, S5FRIEYE.

THHIASENXETRN, AHEXIMERE, FMEEEER. SREBHETE—H. F
ek FEEmm S S AIRRIEE.
Memoryltsit SPZS: 0x50048-MZ5498, 0x50084kKIZ /20, 0X500CRERIZ A5
IRt ZIx2 1 ST RRRIEI0X5004, X225 FaRHIEA0X5, HREEHFaRENA0
BT SRE:

1  Toop:
2 0x8000: s11i x20, x10, 2
3  0x8004: addi x23, x21, x20
4 0x8008: 1w x24, 0(x23)
5 0x800C: beq x24, x22, exit
6 0x8010: addi x10, x10, 1
7 0x8014: jal x1 loop
8 exit:

%7

SRERZZHY x20, x23. x24. x1. PC


af://n32
af://n41
af://n18

PageTableSizeit&:
Virtual address 48 bit, DRAM 512GiB, SRAM 256GiB, PageSize 4 KiB, PageEntry 4 bytes
(1) KFHTHIERESZ KRIPageTable
(2) BAXNK/NEHTREFTUSRITEE, NFREEEEHNTF, PageSizeN AZK

ke FRE—KRRAKECPURNE, BiE—RiLRER

I1: addi x5, x0, 1
I2: addi x6, x0, 1
I3: add x7, x5, x6
I4: add x5, x6, X7
I5: add x6, x7, x5
I6: add x7, x5, x6

o v A W N

WNRVETCIRIEIR
(1) XERFEFETIEH
(2) BITIXBEFSEMEAEhazard, EAKRKESEEEEXThazardAIBIHAYER F, KCPI,
AtA
(3) KFRIERREIRPSRZ SHY CPI
(4) 538UiE] 12 13 14 BOFMEIEERYBNESRIR, MID/EX. EX/MEM. MEM/WBRERE
(5) LBR—ANFRHESIr r1, r2, imm, EKAESLHIr1<- PC+4, PC<- Memory[r2+imm], 35SAMERY
WA, SEEHEIMIE, TENTKEEENE, ERE LK

iCém:
(1) $50x0123456789ABCDEFE#x10
(2) CEEiCHR, inthe4fi, SEMXI0EN, Mx11EH

1 dint sum C int num ) {

2 if ( hum < 10 )

B return num ;

4 else return num%10 + sum( num/10 ) ;
5

}

T 0EB2+EHIRY, FEHAIHMRIREAIESTICIET, —EUNRBRIERE 7 \HtH

Bf5—iECache, 25%%,

(1) —E 641, B 64 bytes fcache, F7FH 8192 #k, |a] tag index offset FHJ LI

(2) #aHH—"NCache, no write allocate+write back, LRU, 2-way set associative, width=2, 32bit
block, SRR MEFREERE—MEEEEN, BIN=ATE
LHI0NMESRE, XEEERIMEMRERH, BEIZALER, RZ2E4INMMRRESS—LERIE

(2.1) BEHE8—FEhitERmiss, LANBZEBWrite Cache, Write Back, Hit Replacement
IXEE Write Back FUEREERINTE, Write Cache FIEREER(F Cache EEMSEIFIEHFIEN (B
ASKEX Write allocate FRLASFEHINEEARRE)

(2.2) [EEAZRHcacheikzs, EESHIUMEFRIdirty bit, Tag fl WRAEFHIRS (BIMemory[20-
23])



2021-2022 HEE =+
2%

By &R & DAL AL & E v EI98ers
Note: RVFEF—5KA4, RARVFHETITESR

270 100EEE, 209; 4B

] 1ITE

F5igit BiARE (o

Name Comments

(Field size) 7 bits

R-type funct7 | rs2 rsi funct3 rd opcode Arithmetic instruction format
I-type immediate[11:0] rsi funct3 rd opcode Loads & immediate arithmetic
S-type immed[11:5] rs2 rsl funct3 | immed[4:0] opcode Stores

SB-type immed[12,10:5] rs2 rsl funct3 |[immed[4:1,11] opcode Conditional branch format
UJtype immediate[20,10:1,11,19:12] rd opcode Unconditional jump format
Utype immediate[31:12] rd opcode Upper immediate format

a7 FEMARIMNopcodeflFun3/7
Opcode: Beg/Bne 0x63

Fun3: Beq 0 Bne 1

Vi 4]
1. #2388 11111110000000000001011011100011

A. Beq x0, x0, -10 B. Beq x0, x0, -20 C. Bne x0, x0, -10 D.Bne x0, x0, -20
2. |EEE754FNIM BERRAVER/NEL
3. PC&#)7 020000000, [d] jal 35X PAEERKELHYSEE

(IMF2E) A. [1FF00000, 200FFFFF] B. [1FF00000, 200FFFFE] C. [1FF80000, 200FFFFE] D.
[1FF00000, 200FFFFF ]

4. &5 block sizeR] A B E MM
A. cache miss B. Compulsory miss rate C. hit time D. miss penalty

5. Exceptiontg>

6. floathni%, 0.12345 x 10150.12345 x 10°7EX455/5, HE#uf
A. both -1 B. both 3 C. both 0 D.I5i2 T

7. 1/Ot8%: RIECPU efficiency, XI3F/0BRXMBEIRHES
EIF = polling, interupt, DMARSHIFIAE

8. WMAFRIS— LA B EUt I FHERIAE (RETHLRRE, XEMEEN)



A. lui x5, higher bits
ori x5, x5, lower bits

1w x7, 0(x5)

B. lui x5, higher bits
or x5, x5, lower bits

lw x7, 0(x5)

C. lui x5, higher bits

lw x7, lower bits(x5)

DEIET. o » Hint: FBEETENECEE

9. ¥MFIATIEL EE T4 WAW(Write After Write), RAW(Read After Write), WAR(Write After Read)

1w x1, 0(x1)
add x2, x1, x1

sub x1, x2, x3

TE—EZFIRICT, MO T
A
CPIFEx%

HEBHR—EEXMUNBEBERERXE (REKRIRGHN, XEZBECH—E, E2WDAEHTEREIE)

ALU/Logic Jump/Branch mm

45% 20% 20% 15%

E40: 5-stage 200MHz/KE&CPU, BARI#®, stall detector; XIPkiEHE< REnot-takenFi#), SLRR_E45%A0BE
#Ei5<not-taken, BYEERIHIBIEAHENER (MEM) #1T; 8—/XMmemorysfetch®EE75ns; I-MEM miss ratey
90%, D-MEM miss rate }398%; H25%Mloadig§< e % Eload-use hazard,

&R iZCPURICPIE,



Datapathtfx

I0
I1
I2
I3
I4
I5
I6

P

1. SWiEZ,

2. /H—EAREE, BmANOP (HRIEFEBIRE, Fforwardingss)

add t2,
lw t1,

addi t2,

add t1,
lw t1,

addi t1,

sub t1,

3. EXdatapath, {FEFLHEforwardingIARRAEARIESHIRAWE S

IR AYCPU control{E5:

sl, sp
0(tl)
tl, 7
s2, sp
0(tl)
tl, -9
tl, x2

PCSrc
IFND ID/EX EX/MEM MEM/WB
- =
4 — Addsy
Shift Branch
left 1
RegWrite
1
Addi s Read
T register 1 580‘3:1 MemWrite
=4 [l
: z‘;agw' 5 ALUS™ - MemtoReg
Instruction = R Read
memory Write Read [ ddress data [T [
i data2
register Data
—-| Write memory
data L
a Write
data
Instruction T
[31-0] 32 imm | &4
> Gen | '_ !
Instruction AU MemRead
130, 14-12) cantrol
Instruction
{11-7) ALUOp

ALU_Src, RegWrite, MemtoReg, PCSrc

4, BEREHIEEALUFRA, BEIFE (MID/EX, EX/MEM, MEM/WBH#ITIRFE)



Inst. ALU Src A ALU Src B

10
1 N/A
12 N/A
13
14 N/A
15 N/A
16

5. RIELFTARICycle$k (Hforwarding)

6. BARINF, ReJgeEDstall (Bforwarding) , HKRFEEZ/DCycle
iLYm
(1) BR/DHIHES LI x20>x11 | x20 < ORYBkEE
(2) beqREBKIEAISTTREILLE/)\, BER—EL LM Beq x0, x1, L (LERK)

3)

int find(int *mv, int *v, int n) {

if(n > 0) { *mv = max(v, n); return 1; }
return -1;

}

int max(int *p, int n) {

int i, m = p[0];

for(int i = 1; i < n; i++) {

if(p[i] > m) m = p[i];

}

return m;

}

B ERCGESRBEARISCVICRIES, BEXRHTRIF (TICEBEMNIRE, SZEREHANRBEERIFNS
F23push, EFgipop) .

FEEREX

MEB%, cache, TLB,
BT

virtual memory address 54 bits, physical memory address 32 bits;
4KB cache 2i&4H1H3E, block size 128B;

TLB 2B&4A183%E, 512 entries;

page size 8KB,

A wnN =



1. (1) XcachesiTag, Index, Block offsetf{ii, Kcachesi—5dataffiz.,
(2) KTLBHRTag, Index, Page offsetf9fii#, K—&TLBHTFfiEdatahufiIEk

2. [UT—AthitEw (10#F) , BEAS—THthivmiss ((ERLRURMEGHITER)

0 100 200 300 1024 2048 4096 250 100

IR#E LR Khit ratio; SKLRUEZ /D block
3. IRIELOMNEE, fH&EcachePIRD ((XFELHvalidEly) , I TFHEI0: <index, tag,

data[xx bytes-xx bytes]>

BE—/REXEE: 2022.06.20 13:23
FELROH B X Z MM R EZIAVEE B! MBIEEE A RER !
BT RSV ORY98ersiush 7T, AEB @M AR MARHNAS, WMAEE 7THREIZE,


https://www.cc98.org/user/id/668281

%
1. FEZES, B4 OF=1(Overflow), CO=1(Carry Output).
A. 0x12+0x78 B. 0x80+0x80 C.0x12+0x34 D.0x12+0x1F

2.|EEE BER5E N EeR IR ARSI E (normalized) 2% /7

A. FFFFFFFF B. FFFF7FFF C. 7F7FFFFF D. &7

3FHEB— M AEEL A2 bit) INERE x29 &, a0{afsg?

A.
lui x29, higher_bits
ori x29, x29, lower_bits
B.
lui x5, higher_bits
Id x29, lower_bits(x5)
C.
lui x5, higher_bits
ori x5, lower_bits
Id x29, 0(x5)
D.
addi x29, x0, higher_bits
slli x29, x29, 16
ori x29, x29, lower_bits

4. 24451 PC itk 0x30000000, jal SEE

A. [1FF00000, 200FFFFF] B. [1FFO0000, 200FFFFE] C. [1FF80000, 200FFFFE] D. [1FFO0000,
200FFFFF]

5.F8/FH] CPU F, LATERLAR(ERAREE— M RI T EHAR ZSAAY

A. NREFEE, HEZHIE

B.ALU ItH, HEHIREINF

C. &5 PC, HEZURZINTE

D. NEFEESHEE(E, 1T ALU ITE, HEEIERINTE.

6.4NRFL( KA a mixed cache FIREUEIERE, SBHAEK?

A IEERSE

B. Data hazard

C. Control hazard
D. Structural hazard

7 428 cache FUEEEAERILARES (improve)

A. capacity miss

B. hit time

C. conflict miss

D. compulsory miss


af://n2
af://n4

8. NHIRIEES, BigA RAW, WAR, WAW {&kifix2 x1 x3 BIFRCET
9. XTEHERNRE, W NEALEHRY

A FENGIEFEFFRIEIERERN cause register.

B. BB SHUBIAREI mepc, LMEAMNBERR TSR EIRE]
C. BEF mtvec B

D. RMIEFEFHITLERIGE jalr x0, 0(x1)

10.RAID /1, Rundancy 2/EREMHt4

A REEE

B.&T

C. 1S IEfaE

D. 12 SMEEAYZ reliability

px ]
CPlit&

200 MHz. 32F8 mixed cache. ALU/Logic 35%
Load 30%
Store 15%
Branch 20%
cache hit rate 98%, R7FEE 100ns. branch A predict-not-taken. EIZBKEETE 3rd HETRTE.
branch not taken B9EE{EI79 40%, load 58 50% AILLAISH load-use hazard. 3k CPI.

Pipeline
(1) LW $8<H9 PCSrc ALUSrc MemToReg MemWrite RegWrite
(2) #&X nop

addi

Tw sp

Tw t1, 0(tl)
Tw t1,

sw tl, 0(t2)

Ui A W N =

(3) %N datapath LASZ# forwarding iR RAW 55
(4) SFFRI0T £—(8) forwarding RUIEEE, EHILET (2) I8SHUTRURVKEGE], FiRH#UERNS, &zl
=
f: MemWB.ALUOuUt -> ALU up port

Lo

(1) FC4wsETL int BIKI=A[i-1 &+ ijk £ . A, BZE X10, x11
(2) SEI (EE RISC-V calling convention)


af://n25
af://n26
af://n31

1  dint sum(int *u, int n) { // int is 32-bit
2 int i, sum = 0;
3 for (i = 0; i < n; i++)
4 if (isok(u[il))sum += u[i];
5 return sum;
6 1

7 bool isok(int x) {

8 if (x>=0 && x<=100) return true;
9 else return false;

=fi#

E&0 virtual memory address 54 bits, physical memory address 32 bits;
4KB cache 2&%B#HiZE, block size 128B, LRU
TLB fully associative, 128 entries
page size 4KB

(1) 3K cache B9 data, index, tag, byte offset bits AR BUEEFZ+HAY tag/valid bits(NOTE: &3F
VALID bit)
SKIUERRY offset, BHATIS I, WEERSAL TLB FEZ /D4 comparator.

(2) TEIEEE(r L3R read, w 3R write)
Ow 64r 96w 100r 400r 800r 1000r 16Cw
3K hit rate, replaced block?
KM cache FERIRFRIHR?

(3) HRIELLINENR, LHEEcachedhfIAE ((XFHLHvalidEB) , LIS <index, tag,
data[xx bytes-xx bytes]>

BLMATSERAERT, WIPAZKINTE.


af://n34

1. Different meaning of data.

The bits have no inherent meaning. Given the pattern:

0x8D100123

What does it represent, assuming that it is:
l)a two's complement
integer

2)signed and magnitude

integer
3)A IEEE754 single precision
floating-point number

2. IEEE 754, Carry-flag, Overflow-flag....

(1) (6%)Show the IEEE754 for the flocating-peint number —12.3 in single
precision. Write down the Hexadecimal representation.

(054

16%) Suppose we have four 8-bit registers 5A, 5B, 5C and $D. The signed
B-bit integer is stored in 2'complement format. Calculate 5C=5A+5B. and
i 8 Overflow(0OF=1) or Carryout (CF).

SA | SB SCilins) CF | OF

SC=5A+5B

98 | -112 |ox

—87 | =78 |0z

—6l | 123 |0z

3. please select the best option from option list and fill corresponding letter

of A-K into blank below.

Question (1) (2 (3 (4) (5) (6) «n
Al N N

Answer

(1) .A number is represented as 0x7F800000 in IEEE 754 Single precision number

format, its value is

(2) . IEEE754 single precision representation for -1 is



(3) . A number is represented as 10101101 00010000 00000000 00000000 in 2's
complement format, original value of this number is

(4) . A number is represented as 0xF0000320 in 1’'s complement format, original
value of this number is

(EY 7~ PR, I A N W L N 4 I (z'gﬂﬁ \{ﬁ)

o——att F—machth ae—tto¥r—ITnstrgetron—Fr S¥a 5 . %

(G 7o 7.4 =S, N R aad £ [ P A WA [ B <P o) <o) ar 4 (zlgﬂiﬁ

O —VvaTtt T C Tt COoC TOFr—I ST CtIotT oG tTr——tZ7 > tZ7 % =5 O S
AMHO

(7 7.4 =S, W N aad £ Aot e s O WP S < S o B < B < S W 4 3o (jl_(E')ﬁ

7 s vaTruo Tttt \wAw S [ S O e i & B\ 7 S B O [SA% T S AN A vy S Sy A & T O JES
AMHO

Options for above blanks are listed below:
(A) Ox03E00008 (B) OXBEF800000 (C) OXBF100000 (D) -0xOFFFFCDF

(E) 0x314A0004 (F) e (G) -0x52F00000 (H) Ox12A4022
(I) O0x12A4020 (J) -0x52700000 (K) None of above



1. A memory and cache subsystem uses byte-addressing. . o

[&%:]
32-bit 0x22339ab memory address of following table contains 3
parts:

Tag, Index, Byte-Offset

1010 1011
16 13 3 0000 0010 0010 0011-0,011 1,001 1,010 1-
011
13 13 6 0000 0010 0010 0-0,11 00,11 10,01 10-10
1011
14 15 3 0000 0010 0010 00-11 0,011 1,001 1,010 1-
011
15 12 5 0000 0010 0010 001-1 001,11 100,1 101-0
1011
Cache feature Index Index TAG Tatal
value (Hex size, size, Size,KB
) bits bits
64KB cache 0x0735 8k* (1+16) /8+
data,Direct- 04KB=81KB
13 16
mapped,
8 bytes/block
512KB cache Oxceb 8K* (1+13) /8+
data, Direct- 512KB=526KB
13 13
mapped,
64 bytes/block
512KB cache 0x6735 64K* (1+14) /8
data, 2-Way set 15 14 +512KB=632KB
associative
8 bytes/block
1024KB cache 0x9cd 32k* (1+15) /8
data, 8-Way set +1024KB=1088
12 15

2.

0x2233%9ab= 0000 0010 0010 0011 0011 1001

assoclative
32 bytes/block

KB

A computer with multi-cycle CPU runs at 5 GHz - - - o

[E%:]
(1).Total Clock cycles of 1200 accesses in Part-A is

(A) 1200 ;




(2).Total Clock cycles of 40 accesses in Part-B is  (B)

40% (1+25)=1040 , these 40 accesses need more Clock cycles than 40
accesses in perfect cache mode, the increased cycle number is noted as J, value
of J is _(C) 40%25=1000

(3).Total Clock cycles of 10 accesses in Part-C is (D) 10%(1+25+400)

=4260 , these 10 accesses need more Clock cycles than 10 accesses in
perfect cache mode, the increased cycle number is noted as K, value of K is
(E) 10%(25+400) =4250

(4). Average CPI of TP run in not perfect cache mode is noted as L, L may be
written as an arithmetic expression about I, ] and K, please fill following blank
with such an arithmetic expression:

L= (F) (4. 2%1+J+K) /1




1. A memory and cache subsystem uses byte-addressing, 32-bit
address. Each row of the table below indicates a kind of cache, the
“Cache feature” column of table describes the total size of cache
data (not containing tag and valid bit), cache kind, cache block
size. A 32-bit memory address 0x22339AB contains 3 fields: tag,
index, byte offset, some of these field’'s size(bit number of this
field) or wvalue should be filled into table blank below. You should
use Hex-decimal number to f£ill into column “Index value (Hex)”.
Total cache size containing data block, tag and valid bit should
also be filled into column “Tatal Size,KB” (KB means unit is KB—1024

byte, not byte), only number (not expression) is allowed to be

filled into this colomn.

Cache feature Index Index TAG Tatal
value (Hex size, size, Size,KB
) bits bits
04KB cache
data,Direct- 0x0735 81
13 16
mapped,

8 bytes/block
512KB cache
data, Direct-

mapped,

64 bytes/block
512KB cache
data, 2-Way set
associative
8 bytes/block
1024KB cache
data, 8-Way set
associative
32 bytes/block
Example value has been given in first question row.

2. A computer with multi-cycle CPU runs at 5 GHz , it has 2 levels

of cache: the first level cache Cl ,and the second level cache C2.
When a test program TP runs, total I instructions is executed with
M memory accesses, here I=1000, M=1250. 1250 memory accesses
include fetching instruction from memory, loading memory operand



into register, ... etc. When this TP runs first in perfect cache

mode that all instruction and data are located in Cl, all M memory

accesses hit in Cl, and CPI is 4.2. Now TP runs in not perfect
cache mode, 1250 memory accesses are divided into 3 parts:
Part—A: 1200 accesses hit in Cl, they only need to access Cl;
Part-B: 40 accesses hit in C2, they need to access Cl and C2;
Part—-C: 10 accesses need to access Cl, C2 and DRAM;
DRAM access time: 80ns, C2 access time: bns, Cl access time: 0.2ns. Please fill
numbers (not expressions) into following blank (A)—(E).
(1). Total Clock cycles of 1200 accesses in Part-A is  (A) :
(2).Total Clock cycles of 40 accesses in Part-B is  (B) , these
40 accesses need more Clock cycles than 40 accesses in perfect cache mode, the
increased cycle number is noted as J, value of J is (®) .
(3).Total Clock cycles of 10 accesses in Part-C is (D) , these
10 accesses need more Clock cycles than 10 accesses in perfect cache mode, the
increased cycle number is noted as K, value of K is (E)
(4). Average CPI of TP run in not perfect cache mode is noted as L, L may be
written as an arithmetic expression about I, ] and K, please fill following blank
with such an arithmetic expression:

L= (P










1. Different meaning of data.

Answer:

-Ox72EFFEDD

-0x0D100123
-(1.00100000000000100100011)two*2/-101

2. |EEE 754, Carry-flag, Overflow-flag......

Answer:
(1). 0xC144CCCC or 0xC144CCCD
(2). E4-0-1

F2-0-0

5D-1-1

38-1-0

3. please select the best option from option list and fill corresponding letter of A-K into blank below.

Question (D (2) (3) 4 (5) (6) &P)
Al | A | A

Answer

R

Question (D (2) (3) (4) (5) (6) <P
F B G D A | A | A

Answer




1. Different meaning of data.

The bits have no inherent meaning. Given the pattern:

0x8D100123

What does it represent, assuming that it is:
l)a two's complement
integer

2)signed and magnitude

integer
3)A IEEE754 single precision
floating-point number

2. IEEE 754, Carry-flag, Overflow-flag....

(1) (6%)Show the IEEE754 for the flocating-peint number —12.3 in single
precision. Write down the Hexadecimal representation.

(054

16%) Suppose we have four 8-bit registers 5A, 5B, 5C and $D. The signed
B-bit integer is stored in 2'complement format. Calculate 5C=5A+5B. and
i 8 Overflow(0OF=1) or Carryout (CF).

SA | SB SCilins) CF | OF

SC=5A+5B

98 | -112 |ox

—87 | =78 |0z

—6l | 123 |0z

3. please select the best option from option list and fill corresponding letter

of A-K into blank below.

Question (1) (2 (3 (4) (5) (6) «n
Al N N

Answer

(1) .A number is represented as 0x7F800000 in IEEE 754 Single precision number

format, its value is

(2) . IEEE754 single precision representation for -1 is



(3) . A number is represented as 10101101 00010000 00000000 00000000 in 2's
complement format, original value of this number is

(4) . A number is represented as 0xF0000320 in 1’'s complement format, original
value of this number is

(EY 7~ PR, I A N W L N 4 I (z'gﬂﬁ \{ﬁ)

o——att F—machth ae—tto¥r—ITnstrgetron—Fr S¥a 5 . %

(G 7o 7.4 =S, N R aad £ [ P A WA [ B <P o) <o) ar 4 (zlgﬂiﬁ

O —VvaTtt T C Tt COoC TOFr—I ST CtIotT oG tTr——tZ7 > tZ7 % =5 O S
AMHO

(7 7.4 =S, W N aad £ Aot e s O WP S < S o B < B < S W 4 3o (jl_(E')ﬁ

7 s vaTruo Tttt \wAw S [ S O e i & B\ 7 S B O [SA% T S AN A vy S Sy A & T O JES
AMHO

Options for above blanks are listed below:
(A) Ox03E00008 (B) OXBEF800000 (C) OXBF100000 (D) -0xOFFFFCDF

(E) 0x314A0004 (F) e (G) -0x52F00000 (H) Ox12A4022
(I) O0x12A4020 (J) -0x52700000 (K) None of above



L KT 2018~2010 24 AL 2]

CHHEHAR ) srpxstins @
RS 21186031, JFUR%:RR: HHEMFER/ M4

Rkt VA B, B # GEEEET FITV)

EEMR: B K, AHE —R A4 KEBEL AW, LeEh, FEEE
XEHTR: RELFHNSFEF, TR, LinsRE L EX .
#iXB#: 2019 % 06 A 18 H (10:30~12:30) , XA s 120 5

5
I. True or False (8x1%; V/x)
Statement | (1) Dy (3) . (4) (5) . (6) (7). (8) .
Answer.

(1) .
(2) .

(3) .

(4) .

(5) .

(6).

(7).

(8).

( ) We can connect at most 7 disks to a cable of SCSI bus.
( ) There is a bit in status register, or cause register,
this bit can be used to disable all kinds of hardware

interrupt.

( ) In memory-mapped I/O system, dedicated I/O instruction
can be used, these I/0 instruction can specify both the device

number and the command word.

( ) Write buffer is a small cache that can hold a few
values waiting to go to main memory. It can be used to
entirely eliminate any write stalls.

( ) When write-through cache scheme is used, some read
misses still cause miss block in cache to be written back to

main memory. .
( ) CO (Coprocessor 0#) is used to process exception and

float point number calculation.

) Floating point addition includes: _
_ Adding Significands, Over/underflow

processing, Rounding, Normalisation.
{ ) Underflow means that the number is too small to be

represented..

II. Choose 1 best answer. (10x2%)



(1) What is the sign extension (16 bit to 32 bit) result of number
0x89ab represented in 2's complement?
A. 0x000089ab B. Oxffff8%ab C. 0x111189ab D. 0x8000B9%ab

{2) MIPS addressing mode includes base addressing, immediate
addressing, PC-relative addressing, etc, Which instruction uses
base addressing?

A. addi $s0,8s0,4 B. bne §s0,$%$s1, L1

€. j 4008 B. sw §si1,0{§s0)

{(3) A BNE instruction with machine code 0x1508000¢c is located at
memory address 0x2004, suppose jump action occurs when executing
this BNE instruction, the address of next instruction executed will
be : i

A. 0x2038 B. 0x2034 C. 0x2014 D. none of above.

(4) When write miss happens in a write-through cache system, the
data is only written to main memory, it is not written into the
cache, such cache technology is called

A. Fetch-on-miss B. write back

C. write around D. none of above.

(5) Which instruction will not cause overflow? .
A. addu $t2,s5E1,5¢E1 B. snbiu St2,5t1,0x23,
£. addi 582, Sti,0x23 D. mor STZ,ar1,3E1

{6) Which one is not a bus standard?.
A.SCSI B. PCI c., bIMM D. EISA

(8) In virtual memory system, each TLB row (or called entry) contains
serveral fields, which one is not such field?

A, Virtual page number

B. physical page number.

C. Valid bit indicating TLB hit.

D. A bit called D-bit indicating disk address is used..

(9) Which instruction can jump to an address at any position of 4GB

memory?.
A. jr Sra B. bne $t0,5$tl1l,label.
C. j label D. jal label

I

(10) Which instruction is not relative te floating point hardware?.
A. bcOt B. mul.s .
C. div.d D. beclf



(7) For page table of virtual memory, what is the usage of dirty bit?
A. indicate the entry is filled with useless physical page address.
B. indicate the entry is filled with dirty physical page address.

C. indicate the TLB relative to this entry is filled with dirty data.
D. indicate new data has been written intc the corresponding physical
page.

ITI. (14%):

Lilll COLLesSpPOLIULIY leLLel UL AT LNLL LdDlEe DeLlLOW..

Question.| (1) [ (2) . (3).] (4). (5). (6). (0 |

Answer-

(1) .A number is representd as 0x7F800000 in IEEE 754 Single
prebision number format, its wvalue is

(2) . IEEE754 single precision representation for -1 is

(3) . A number is represented as 10101101 _00010000_00000000_00000000
in 2's complement format, original walue of this number is

(4) . A number is represented as 0xF0000320 in 1's complement
format, original wvalue of this number is

(5) .Value of machine code for instruction ‘jr $ra’ is

(6) .Value of machine code for instruction ‘andi $t2, §t2, 4’

(3). A number is represented as 10101101 00010000_00000000_00000000
in 2's complement format, original wvalue of this number is

{(4). A number is represented as O0xF0000320 in 1’'s complement
format, original value of this number is

(5) .Value of machine code for instruction ‘jr $ra’ is

(6) .Value of machine code for instruction ‘andi $t2, $t2, 4’

is o
(7) .Value of machine code for instruction ‘sub $t0,$tl,$t2’
is

Options for above blanks are listed below:
(A) Ox03E00008 (B) OXBF800000 (C) OXBF100000 (D) -0xOFFFFCDF .

(E) 0x314A0004 (F) +°° (G) -0x52F00000 (H) 0x12A4022
(I) 0x12A4020 (J) =0x52700000 (K) None of above
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¢ HFENLAEB » BEmrERRE )

WS 21186031, FFRFRt: HMFR/A4FR

il VA B, B B GEEEET TV
FEMA: M K, AFE —R M KFEL AW, LinE s, PEIE
THEHN: RELFHANSFIEF, FHK, EREXE—LLEX .
FiXBH: 2020 % 09 H 11 H (10:30~12:30) , HXAM: 120 &%
& o

OPcode: R-Type:0, Beg:4, Bne:5, J:2, Lw:35 5W:43.

Function Code: Add:32, Sub:34, And:36, or:37, jr:8, .
Register No. $s50:16, $t0:8

1. (20%).

1.1 (4%) 1) Assume that registers $s0 and $sl1 hold the wvalues
0x80000000 and 0xD0000000, respectively. .

1) What is the wvalue of $t0 for the following assembly code

add $t0,$s0

51

A: WUHSUODOEGOwioverf]ow}

2) What if the walue $t0 for the following assembly code.
add $t0, $s0, $sl.

add $t0, $t0, $s0.

srl $t0,$to, 2.

A:  0x34000000

1.2 (2%) Assume the current PC is Ox1FFFFFFC, what’s next wvalue
of PC after execution of “j 0x10"7? .
A: 0x10000100 ({PC[31:28],0x10(26 bits),00})-

1.3 (2%)What is the hexadecimal value of 2020,..

A:

0XTE4



1.4 (4%)Show the IGEE7S54 for the floating-peoint number =32.6 and
0.64 in single precision. Write down the binary represzentation..
-32.6

L. 10000100 .| 0owEO100110011001100100.
060
o] OMINITO 1 45100011110101110000101
]

1.5(4%) For a processor with the clock rate 2.5Ghs, the instructions

can be divided into four claszses (Class A, B, C, D) accerding to
their CPIs of 1, 2, 3,3. Given a program with instruction count of

l.0E6 insktructions divided into classes as follows: 10% class A,
20% class B, 50% Clasz C, and 20% class D.-

a. What is the global CPI for the program? 2.6 iy

| £Computer Organization & Design} 2020 Page 2 of 44
b. The clock cycles required for executing the program? 2.6
x10° a ;

1.6 (4%) Convert the MIPS instructions into machine code or Machine
code inte MIPS instructions..

Address (Hex) - MIPS Assembly Machine Code (Hex).

Instruction-
100000 iﬁf’p: Beq 950, $t8, | 1x12180030 oo o[
100004. (sub $s0, $s1, $s2).| 0x02328022
100008- J Loop: (0x804000 Yol
1000D4. Ll: wereens — L

2. (20%)Memory Hierarchy.
2.1(10%) For a direct-mapped cache design with a 32-bit address,
the following bits of the address are used to access the cache..

Tage Index: Offset. s
31-11- 10-6- 5-0: ¢
1) What is the cache block size(in words)? 16 (1 %)
2) How many entries does the cache have? 32 (14)

o

3) The following byte-addressed cache reference are recorded..

[0 [4 [16 [132. [160. |1024- | 30- [140. [ 3000. |
How many blocks are replaced? 0 24)
What is the hit ratio _ 5/9 (55.6%) (24 »

1



4) List the final state of the cache after 3), with each valid entry
represented as a record of <index, tag, data> (M4 cache {1 4).

(0,0,0~63)~

[2,0,128~181].
[16,0,1024~1087].
[14,1,2944~3007].
$SUINA . EUPC R A SO

2.2(10%)Consider

properties:.

I

a wvirtual

n=mo ry
1

B 40-bit virtual byte address;-
B page size 32KB;-
B 356-bit physical byte address..
1) What iz the total size wf the page table for esach process on

this processor? Assume that the valid and dirty take a tokal af
bits and that all the virtual pages are in use and tha disk address
are not stored in the page table.

should be byte aligned..

4

A: 1) Entry number: 2%9/32KB = 225
2) Entry size: 36 bits — 15 bits + 2 bits =

Byte aligned: 3 Bytes.

3) 3 Bytes x 225

-

(2 41) -

syztem

(2 41) .

= 3 x 32M = 96MB;

(24 .

with

the

Each Entry of the page table

AX

23 bits.. «

Following

2}

\\

o

2)Assume the wvirtual memory system is implemented with a two-way

set associative TLB with 256 TLB entries.

physical mapping with a figure. .

P

1) wvirtual memory addressI SR =84 14
2) 2-way TLB & .

o

"

1 4t

o

3) index iT#E: 14 -
4) physical Addressitfe: 14r;
40  Virtual page number 14 0
| 1AG | Inchix | page offset | 14
7 Bits
18 Bits 21 Bits 14+
v |D TAG |Physical page Num{ | Vv | D | TAG | Physical page Num
vV |D TAG |Physical page Num{| V | D | TAG | Physical page Num
vV |D TAG |Physical page Num{ | V | D | TAG | Physical page Num
vV |D TAG |Physical page Num{| v | D | TAG| Physfcal page Num
vV |D TAG |Physical page Num|| v | D | TAG | Phys|cal page Num
VI|D TAG |Physical page Num|| v | D | TAG| Physlcal page Num
A 14
(=
& 14

|  Physical page Num |

page offset |

Show the wirtual-to-



-

3(30%) Program-

o

3.1(10%).

START: addi $s0, $zero, S$zero.

addi $sl, Szero, S$zero-
addi $s2, $zero, $zeros

addi St2, $zero,3.

15 $tl, LOOPLl #Load the addr of the Loopl inte $tl.

1w $t3,4(5tl1).
addi _ $t3,$t3,4.
sw  st3,4(st1). I
lw  $t3,8($tl).
addi $t3,5t3,8.
SW $t3,8(5tl)-
Tw  $t3, ($t1) .

El

LOOP1: .

. _—

bne $s1, $s2, LOOP2.

addi $s0, 252. .

—l— ‘_

D)

N
VRSN

addi $s0, 120.

LOOP2:.

bne
END:

o

addi $s0, 100.
addi $s0, 50,

addi §s1, 1.
addi  $t3, 1.
SW St3,0(5t1).

subi s$t2, 1.
$t2, Szexro, LOOPl.

A V.4 N

After the instructions running, the content of register $s0 is
( 584 (0x248) ), Why? (Give all the different values of register
$50 during the program running).

1)First Locp: $s0=0; $s50=5s0+256; $30=5s0+128; $s0=5s0+100;
$50=$50+50; .
2) Second Loop: $s0= $s0+450; .

3) Thirt Loop: $s0 fRIFARZE: .
H%: 44 B Loop HHsso WU 29 .

ol

4



3.2 (20%) Implement the following C code in MIPS, assuming that
the sort is the first function called: .

void sort (int v[],int n) (-
int i, j;»
for (i=1;i<nii++) {-
for (j=i-1;3>=0;3--) {-
if (compare (V([3],¥[3+11)) {-
swap (v, )«
3s
i
S
e :
int compare(int a, int b) (-
if( a >= b))«
return 1;.
else:
return 0;«
]._.
int swap(int v[], int k) {-
int temp;.
temp = wv[k] ;v
vik] =v[k+l];+
v[ik+1l] =v[k];«
Ve

Be sure to handle the stack and frame pointer appropriately. i

Be sure to handle the stack and frame pointer appropriately. i
corresponds to $s0, j corresponds to $sl in function sort, temp
correspond to $s2 in function swap. -

1) Write the MIPS assembly code corresponding to this C

function..

2) Draw the status of the stack before calling sort and during
each function call. Indicate the names of registers and variables
stored on the stack and mark the location of $sp and $fp..

o

-
#

void sort (int v[],int n) (.
int i, j;»
for (i=l;i<n;i++) {.
for (j=i-1;3>=0;j--) {:

if(compare[v{j]}v[j+1]ll{=
swap (v, )~

sort:addi Ssp, -20;
Sw Sra, 16(Sap)«
sw §s83, 12 (Sap)~
sw %32, 8 ($3p)~
aw $s3l, 4($sp)~
aw %80, 0O($sp)e
CELE stack (P 15, 520, a1 DEFRIP, HMRELERR )0
add $a2,5a0,5zero;//3l=V[]~
add $s3,5al,5zere: //13=n.

(bl FSehaE 1 5
add $§s0, §zero //i=0.

flst: slt 5t0,$s0, 533«
beg $t0, $Szero exitl//i<ne
addi $al,-1://74=i-1:~

(m—rWFL 8-

f2st: slti 5t0, $al,0: //53<0:¢
bne $t0,zero, exit2; «
sll $t0,58l,2// $tl=j*4:~
add st2, $s2,5tl //wtj*4:v
1w $a0, 0(s5t2) //v[il:»
1w S5al, 4(5t2) /[/v[j+4]: «
jal compare; .

RV VTl RN e
beg SvD, zero, exit2 »
add sal, $al0, $s2; «
add Sal, Sa0, 551;.

jal SwWapy
addi $sl1,85=1,-1-

i f2at.v
(ERTEE awap 28, Witz »
exitZ: addi. 5=20, 5s0,-1:+
3 flat «




(EMEMREH L) »

exitl: 1w 550, 0(s=pl~
1w $31, 4(5sp)~
lw  §s32, B($sp)~
1w 533, 12(s3p)~
1w Sra, 16(Ssp)+
addi $sp, $sp,20-

jir sra -
(EAEE 2 5y -
. ; : compare: . ,
int compare(int a, int b) (- slt $t0,$a0, Sals//a<be
1f(sul§-(§"£} >= 0)« beqg $t0,zero, exit3;.
return 1;+ addi sv0, Szero,ls
else- exit3:s
return 0;. addi Sv0, $zero,Szero:s
1o ’ jr $rae
(compare B 27) »
swap:e b
int swap(int v[], int k) { sll $tl,$al,2 //§tl=k*4; D)
int temp;. add $tl, $a0,5tl //v+k*4u

- - 1w 5t0, 0($tl)-
temp = vIk]: 1w $t2, 4(3tl).

vkl =vik+1l];.
aw  $t2, 0(stl).
VIk+l] =v[k];. sw  $t0, 4(§tl).
}e jr. rae

{swap E# 25

-X .

| {Computer Organization & Design) 2020 Page 7 of %
1

d
4. (20%)Multicycle CPU Design.
1) (6%) Excnpt?fon dnt.m:tiue is an important aspect of exception

handling. Try to identify the cycle in which the following exception
can be detected for the multicycle DataPath. The steps of multicycle
CPU is shown below..

Actinn for W4 ype

imud rug

Exscution, sddress comgueation. | ALUOW <= A op B ALUDUE <= A & sigrsitend WA ==8) PC <= [PC [31:28],
Dranch, jUmp complenon. (1Rf15:0) FC == ALUOuL Fg25:01], 26001
Memory access or Rtype Reg [1A15:11]) <= Load: MDR == MemordALUOUL|
cornpleton ALUOuA oF

Stwe: Memory [ALUOut] <= B
Mernory read completon Load: Reg{IR{20:16]| <= MOR

a. Overflow exception (EXIT5EKM, % EBE MEM BrEBTTEL, 29 £x i
WP R, € MEM BN ) .
WU Ad

b. Divide by zero exception. (Assume we use the ALU for division in

on cycle) (BX., ANV FATMEE, Mred—i it Bx k) o
::. Invalid instruction (ID)«

d. External interrupt _(Every stage is OK. R ilthaTuiiise e 1r i
B H A5 AT ) -

e. Invalid instruction memory address (IF).

f. Invalid data memory address (EX B(# MEM BB 6 %/ERR, [N mx BrE
Honl S A 1, i MEM T HOE, WA ).
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