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Final Exam

e 2024-12-03 (13:30-15:10) final exam in the computer room of the department of computer science

Materials for Computer Architecture Exercise

Lectures and exercises will be held in the computer room of the department of computer science.

s Exercise_1 2024-10-08 (15:25-17:05): Exercise(1) Using an FPGA board, UART, Input/Output
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= 1 A18DFPGA (Field-Programmable Gate Array)
R—FZAW-ES.
s 1BEH 9 HFPGA: XC7A35TICSG324-1L

s BEETHBAINSRISC-VOOVE 1 —3%
N—RH 70k § §&Verilog HDLTER L, FPGAR—F(ZRE 5 5.

s OVEaA—ADOEREEICRYBEA, 2V TRAMEKXTHREZHD.
s OVTRMTCE, T IL—TTIHELBEANDEREEHEEK,

module main (clk, led);
input wire clk;
output wire led;

reg [26:0] cnt;
always @(posedge clk) cnt <= cnt + 1;

AR

assign led = cnt[26];
endmodule

Hh

A
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Digilent Arty A7-35T

T —— —— — — = \\
Arty A7

The Arty A7, formerly known as the Arty, is a ready-to-use development platform designed

around the Artix-7™ Field Programmable Gate Array (FPGA) from Xilinx. It was designed
specifically for use as a MicroBlaze 5oft Processing System. When used in this context, the

Arty A7 becomes the most flexible processing platform you could hope to add to vour

collection, capable of adapting to whatever your project requires. Unlike other 5ingle Board

Computers, the Arty A7 isn't bound to a single set of processing peripherals: One moment Arty A7
it's a communication powerhouse chack-full of UARTs, 5Pls, IICs, and an Ethernet MAC, and Artix-7 FPGA Development Board
the next it's a meticulous timekeeper with a dozen 32-bit timers. P
* Programmable over JTAG and Quad-5PI
Flash
= On-chip analog-to-digital converter

Key Specifications
FPGA Part # XCT7A35TICSG324-1L
(XC7A100TCSG324-1%)

Logic Slices 5,20010(15,850%)

Block RAM 1,800 Khits (4,8600* Kbits)
DSF Slices 90 (240%)

DDR3 256 _MLB o 667 ,MH,E

Internal clock 450 MHz+

Quad-SPIFlash 16 [\IB

a8 9 HFPGA: XC7A35TICSG324-1L Ethernet 107100 Mbps
ﬁ https://reference.digilentinc.com/reference/programmable-logic/arty-a7/start
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Final Exam

e 2024-12-03 (13:30-15:10) final exam in the computer room of the department of computer science

Materials for Computer Architecture Exercise

Lectures and exercises will be held in the computer room of the department of computer science.

Exercise_1 2024-10-08 (15:25-17:05):
Exercise_2 2024-10-15 (15:25-17:05):
Exercise_3 2024-10-22 (15:25-17:05):
Exercise_4 2023-10-29 (15:25-17:05):
Exercise_5 2024-11-12 (15:25-17:05):
Exercise_6 2024-11-19 (15:25-17:05):
Exercise_7 2024-11-26 (13:30-17:05):

Lecture Slides and Materials

Exercise(1) Using an FPGA board, UART, Input/Output

Exercise(2) UART, Program Loader

Exercise(3) UART, Program Loader, Processor

Exercise(4) DRAM and cache

Exercise(5) Branch Prediction, preparing the Computer Design Contest
Exercise(6) preparing the Computer Design Contest

Computer Design Contest

Lectures and exercises will be held in the computer room of the department of computer science.

Lecture_01 2024-10-04 (13:30-15:
Lecture_02 2024-10-08 (13:30-15:
Lecture_03 2024-10-11 (13:30-15;
Lecture_04 2024-10-15 (13:30-15:
Lecture 05 2024-10-18 (13:30-15;
Lecture_06 2024-10-22 (13:30-15:
Lecture_07 2024-10-25 (13:30-15:
Lecture_08 2024-10-29 (13:30-15;
Lecture_09 2024-11-01 (13:30-15:
Lecture_10 2024-11-08 (13:30-15:
Lecture_11 2024-11-12 (13:30-15:
Lecture_12 2024-11-15 (13:30-15:
Lecture_13 2024-11-19 (13:30-15;
Lecture_14 2024-11-22 (13:30-15:

10):
10):
10):
10):
10):
10):
10):
10):
10):
10):
10):
10):
10):
10):

Guidance and Fundamentals of Computer Design
Trends in Performance and Power

Memory Technologies

Caches: Direct-Mapped

Caches: Set-Associative (1)

Caches: Set-Associative (2)

Pipelined Processor

Pipelined Processor (2)

Branch Prediction

Branch Prediction (2), Superscalar

Virtual Memory and Dependability (1)

Virtual Memory and Dependability (2)

Data-Level Parallelism in Vector and SIMD, Input/Output and Bus
Interconnection Network, Multiprocessors and Multicore

CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo
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What's Computer Architecture?

Computer Architecture is the science and art of
selecting and interconnecting hardware
components to create computers that meet
functional, performance and cost goals. Computer
architecture is not about using computers to
design buildings.

HEET —XTIOF Y DHR—LR—TUMDS http://www.cs.wisc.edu/arch/www/

K CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo 16



AVE21—2UN—FD17) DHENGER

aEa1—4
JAatyY
AR
il 1D
itiE
T—RINR H 7

TOtyYNETTEH/NSWVNELADONIETH S S (machine instruction)ZF R iEEENSEYHLT.
ZOERICH-STTOEYFITEHIN TS T —2. HAWNIFEEEENCMYH LT —2IIXT 5
BEEBILS. T . BoNEBEEDOHEERX IOy H ORSPIZRIMLIY . SREEBICKRINT S,
OVEA—2DONEI DT —RERRBEEICESALDONANEETHY. REEMISHALL:
T—AEHENTEIDONHENEETHD, SLIBEEZTANAEY, TV HECPUEESRIENH D,

K CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo

17



EKESENSN—FITTDEEA

swap (int v[], int k)
{

01 2 ...

Int temp;

k

l

||

temp = v[k]; swap 1
||

vik] = v[ik+1];
v[ik+1] = temp;

CEETCRBLI-TRI LA

K CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo
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SW

ret

X2, X5, X5
X2, X2, X2
X2, x4, X2
x15, 0(x2)
x16, 4(x2)
x16, 0(x2)
x15, 4(x2)

RISC-VO 72 I EEICEREIN-7A9 5 A

i

x4+ 0

x4 + 4

K CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo
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swap (int v[], int k)

{
int temp;
temp - V[k]’ :> . :>
vik] = v[k+1];

v[k+1] = temp;

} /
CEiETcitL-7ao5 A

BWEEISELSN-T 0T S L (BEGTOEFY)

Af_a'
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swap:
add
add
add
1w
1w
Sw
SW
ret

X2, x5, x5
X2, X2, X2
X2, x4, X2
x15, 0(x2)
x16, 4(x2)
x16, 0(x2)
x15, 4(x2)

3
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RISC-V Instruction Set Architecture (ISA)

funct? 1s2 sl funct3 rd opcode R-type
0000000 rs2 sl 000 rd 0110011 R-type add
0100000 rs2 sl 000 rd 0110011 R-type sub
0000000 rs2 sl 001 rd 0110011 R-type sll
0000000 rs2 sl 010 rd 0110011 R-type slt
0000000 s2 sl 011 rd 0110011 R-type sltu
0000000 rs2 sl 100 rd 0110011 R-type xor
0000000 152 sl 101 rd 0110011 R-type srl
0100000 1s2 sl 101 rd 0110011 R-type sra
0000000 1s2 sl 110 rd 0110011 R-type or
0000000 152 sl 111 rd 0110011 R-type and

ﬁ;dapmd from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo



J055 L, T—3, FDith

entry

A=A N

F—4

Jotyh (E—7)

A

\ 4

RE9Y

ACIE
(AEY)

K CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo



4GB (32bit) memory space and virtual memory
T ——— e — — ——

0x00000000 00000000 00000000 00000000 000000002 = 010

T:]
top - 11:35:26 up 10 days, 19:49, 2 u=sers, load average: 0,01, 0,01, 0
Tasks: 164 total, 1 running, 183 sleeping, 0 stopped, 0 zombie
Cpufs): 0,0%us, 0,0%=zy, 0,0¥ni,100,0%id, 0.0%wa, 0.0%hi, 0,0%si,

Mem: 4002924k total, 3252404k uszed, TE0220k free, 121808k buffers
?wap: BOR20T2k total, Ok uszed, BOEZ20TZK free, 25T0504k cached

PI0 USER Bk WIFRT RES  SHR 5 2CPU EMEM TIME+ COMMAND

10348 B95 584 5 o000 001,00 init
2 root FT -5 0 0 o5 0.0 0,0 0:00,00 nigration/0
3 root 34 19 0 8] 05 0,0 0,0 000,00 ksoftirgd/0
4 root FT -5 0 0 05 0.0 0,0 000,00 watchdog/0
5 root ET -5 0 0 05 0,0 0,0 000,00 migrationl
& root 34 149 0 0 05 0.0 0,0 000,00 ksoftirgd/1
T root FT -5 0 0 05 0,0 0,0 000,00 watchdogs1
g root FT -5 0 0 05 0.0 0,0 0:00.01 nigration/2
9 root 34 19 0 4] 05 0,0 0,0 000,00 ksoftirgd/2
10 root FT -5 0] 0 05 0.0 0,0 0p00.00 watchdog/2

OxFFFFFFFF 11111111 11111111 11111111 111111112 = 4,294,967,296 - 110
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