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Final Exam

e 2025-11-21 (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 2025-10-07 (15:25-17:05): Exercise(1) Using an FPGA board, UART, Input/Output
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module main (clk, led);
input wire clk;
output wire led;

reg [26:0] cnt;

always @(posedge clk) cnt <= cnt + 1;

assign led = cnt[26];
endmodule

Verilog HDL code

Hh
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Figure 1.
Callout
1
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Digilent Nexys A7 FPGA board

T

Nexys A7 Feature Callout
Component Description
Power jack
Power switch
USB host connector
PIC24 programming port (factory use)
Ethernet connector
FPGA programming done LED
VGA connector
Audio connector
Programming mode jumper
Analog signal Pmod port (XADC)
FPGA configuration reset button
CPU reset button (for soft cores)
Five pushbuttons
Pmod port(s)

Temperature sensor

Callout

20

2

22

23

24

25

26

27

28

29

Component Description

ITAG port for (opticnal) external cable
Tri-color (RGB) LEDs

Slide switches (16)

LEDs (16)

Power supply test point(s)

Eight digit 7-seg display

Microphone

External configuration jumper (SD / USB)
MicroSD card slot

Shared UART/JTAG USB port

Power select jumper and battery header
Power-good LER

AMD Artix™ 7 FPGA

DDR2 memory

—

Features

® AMD Artix™ 7 FPGA

o 15,850 Programmable logic slices, each with four 6-input LUTs and 8 flip-flops (*8,150 slices)
Six clock management tiles, each with phase-locked loop (PLL)
240 DSP slices (*120 DSPs)
Dual-channel, 1 MSPS internal analog-digital converter (XADC)
* Memory

© 128MiB DDR2

o Serial Flash

© microSD card slot
* Power

© Powered from USB or any 4.5V-5.5V external power source
e USB and Ethernet

© 10/100 Ethernet PHY

© USB-JTAG programming circuitry

o USB-UART bridge

o USB HID Host for mice, keyboards and memory sticks
® Simple User Input/Output

© 16 Switches

© 16 LEDs

© Two RGB LEDs

o Two 4-digit 7-segment displays

0O 0O O O ©

e Audio and Video

o 12-bit VGA output
o PWM audio output
© PDM microphone

e Additional Sensors

O 3-axis accelerometer
o Temperature sensor

® Expansion Connectors

© Pmod connector for XADC signals
o Four Pmod connectors providing 32 total FPGA I/O

https://digilent.com/reference/programmable-logic/nexys-a7/reference-manual
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Final Exam

® 2025-11-21(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_52025-11-07 (15:25-17:05

Exercise_1 2025-10-07 (15:25-17:05): Exercise(1) Using an FPGA board, UART, Input/Output
Exercise_2 2025-10-14 (15:25-17:05): Exercise(2) UART, Program Loader
Exercise_3 2025-10-21 (15:25-17:05): Exercise(3) UART, Program Loader, Single-cycle Processor
Exercise_4 2023-10-28 (15:25-17:05): Exercise(4) DRAM and cache

): Exercise(5) Preparing the Computer Design Contest

): Exercise(6) preparing the Computer Design Contest

)

Computer Design Contest

Exercise_6 2025-11-11 (15:25-17:05
Exercise_7 2025-11-25 (13:30-15:10

Lecture Slides and Materials

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

® |ecture_02 2025-10-07

Lecture_01 2025-10-03 (13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
13:30-15:10
15:25-17:05

: Guidance and Fundamentals of Computer Design

: Trends in Performance and Power

: Memory Technologies

: Caches: Direct-Mapped

: Caches: Set-Associative

: Single-cycle Processor

: Pipelined Processor

: Branch Prediction

: Branch Prediction (2)

: Superscalar, Virtual Memory and Dependability (1)
:Virtual Memory (2) and Dependability

: Data-Level Parallelism in Vector and SIMD, Input/Output and Bus
: Interconnection Network, Multiprocessors and Multicore
: Exercise_7 (preparing the Computer Design Contest)

Lecture_03 2025-10-10
Lecture 04 2025-10-14
Lecture_05 2025-10-17
Lecture_06 2025-10-21
Lecture_07 2025-10-24
Lecture_08 2025-10-28
Lecture_09 2025-10-31
Lecture_10 2025-11-07
Lecture_11 2025-11-11
Lecture_12 2025-11-14
Lecture_132025-11-18
Lecture_142025-11-18

,__,q_,_‘,__,__,__,__,_,_,_,,__,_._,_\,_,_,_._
T T T T T I T T T o
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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.

HEET7—XTIOF Y DHR—LR—TUMD http://www.cs.wisc.edu/arch/www/
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swap (int v[], int k) 01 2 ...

{ v
Int temp;

k

l

||

temp = v[k]; swap 1
||

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

CEECRdL-TRI S LA
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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

&Ldap’red from Computer Organization and Design, Patterson & Hennessy, © 2005
CSC.T363 Computer Architecture, Department of Computer Science, Institute of Science Tokyo
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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)

RISC-VO7 LI EREICEBEIN-TRT S L
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I_J7K5 = nnb\b/\_l\ '7170) = |:||:I

swap (int v[], int k)

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

vik+1] = temp;

} /
CEiETiL-7Ay5 A

WS IELSNT-T OIS L (BHMGTOEFY)

Af_a'
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swap:
add
add
add
1w
1w
SwW
SW

ret

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

\

TV EREICERSNT-

704551

19



AVE1—F(UN—FDz7) DHHAGER

avEa1—4%
JOtyvY
AR
75l 7]
iLiE
T—RINRX H 7

TOtyYNETTEH/NSWNELADNIETH A S (machine instruction)ZF R iEEENSEYHLT.
ZDIRRICRS>TT AV HITERMSN TOSET—2, HAWFEREEN Y B LT 2T S
HMEEBINS. T . BoNEBEDOHE BRI TOyH ORSPIRIMLIY . SREEBICKRINT S,
OAVEA—2DONEIDT—RERREEICEZTADDONANEETHY. LBREEMISHEALL
T—HREHNTEONENEETHD, iCBEBEEANVAEY, TAEYYECPULESIENH D,

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

20



AEA—20OHHEMNLTER

\_7—"—\?1

[ AN }
Instruction Set Architecture (ISA), a5tV 7 —FTOF v
AR TT—R
avEaL—4
JOtyY
il 4]
EfadJ=1
T—RI/I\R




J055 L, T—73, FDith

entry

A=A FN

F—5

JOtyh (E—7)

A

\ 4

R

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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Vivado OTF (FFfEIAH (L)

LED® =ik
Nexys A7 FPGA board
« xc7al00tcsg324-1

set_property
create_clock

set_property
set_property
set_property
set_property

-dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get_ports {
-add -name sys_clk -period 10.00 [get ports { clk }];

clk }1;

module main (clk, led);
input wire clk;
output wire [3:0] led;

reg [31:0] cnt = 0O;
always @(posedge clk) cnt <=

assign led = cnt[27:24];
endmodule

cnt + 1;

main.v

https://digilent.com/reference/programmable-logic/nexys-a7/reference-manual

-dict { PACKAGE_PIN H17 IOSTANDARD LVCMOS33} [get_ports { led[@] }1;

-dict { PACKAGE_PIN K15 IOSTANDARD LVCMOS33} [get_ports { led[1] }1;

-dict { PACKAGE_PIN J13 IOSTANDARD LVCMOS33} [get_ports { led[2] }1;

-dict { PACKAGE_PIN N14 IOSTANDARD LVCMOS33} [get_ports { led[3] }1;
main.xdc

) B X b W o I * Detaui Layout v

v PROJECT MANAGER
o Project Summary > 0
o Setings
& |  overview | Dashboard
Add Saurces ~
Language Templstes sainge ER
T 1P Catalog Project name: main
Project locafion CIFPGAaty-uart
~ IPINTEGRATOR i Product fomiy A
Create Block Design Usity Sources Project part 41
Top modie name
Hierarchy Target Munge:
Simulator lnguage. Mixed
Properties
v SIMULATION ™ G e —
Run Smmulation
Status < Complete Status
Wessages: Wessages:
~ RTLANALYSIS o= o=
» Run Linter ! o Part Part
> Open Elaborated Design Strategy: Strategy:
Renort Strater Renort Siratemy ¥
< >
v SYNTHESIS
R olConsole  Messages Log | Reports  DesignRuns a
> Open Synihesized Design a = = + %
Name Constraints  Status WHS TNS WHS THS WBSS TPWS TowlPower FaledRoses ROAScore QoR Sugges
v MPLEMENTATION < syrin_1 constrs_1 syrth_design Compiete!
< mol_t consis{  wile_bitstream Complete!  B314 0000 0169 0.000 0.000 0063 o

¥ Run implementation

> Open Implemented Design

~ PROGRAM AND DEBUG

¥ Generate Bitstream
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