Microprocessor (Lecture 1)
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Relationships between a computer and a user

‘ User
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‘Storage Processing Unit
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Question

ALIBEE (CPU) T 7 AT T LY 7 b7 T7)%
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void swapiint w[], int k) {
int temp;
temp = v[k]:
v[k] = w[k+1]:
v[k+1l] = temnp:;
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00000000 101000010000000000011000
00000000 100011100001100000100001
10001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000
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e swap: n
| 3 wuli $2, $5,4 D 0000000010100001000000000001 1000
- ad  $2, $4,$- 000000100011100001100000100001
void swap(int v[], int k) © 1w $15, 0O($ 3 0001100011000100000000000000000
int temp; = v §$16, 4($2) O 10001100111100100000000000000100
temp = v[k]: (0] sw  $16, 0($2) o 10101100111100100000000000000000
v[k] = v[k+1]: sw  $15, 4($2) 10101100011000100000000000000100
v[k+1] = temp: jr §31 00000011111000000000000000001000
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o swap:
rwuli $2, $5,4 7B, 0000000010100001000000000001 100
- 3 dd  $2, $4,$- $000000100011100001100000100001
void swap(int v[], int k) N®) 1w §15, 0($ 0001100011000100000000000000000
int temp: = 1w $16, 4($2) 10001100111100100000000000000100
temp = v[k]: D sw  $16, 0($2) 10101100111100100000000000000000
vik] = v[k+1]: sw  $15, 4($2) 10101100011000100000000000000100
v[k+1] = temp; jr o $31 00000011111000000000000000001000
I
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eC, C++, Java, Perlls &
*CPUZ L ICER UL (FHE)

P
Q
swap: ‘(2
rmuli $2, §5,4 rD 0000000010100001000000000001 1000
add $§2, $4,%§ 000000100011100001100000100001
volid swap(int v[], int k) $15, 0[3- 3 *DD1100011000100000000000000000
int temp; lw $16, 4(82) D- 10001100111100100000000000000100
temp = v[k]: sw $16, 0(82) E 10101100111100100000000000000000
v[k] = v[k+1]: sw $15, 4(82) 10101100011000100000000000000100
v[k+1l] = temnp:; jr $31 00000011111000000000000000001000
I
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swap:
rmuli $2, §5,4
$2, §$4,%7
§15, 0($%
1w $16, 4{$2)
sw §16, 0(§2)
sw $15, 4(%2)
jr §31

TEYyT7)EE
£57077 L4

volid swap(int v[], int k)
int temp;
temp = v[k]:
v[k] = v[k+1]:
v[k+1l] = temp:;
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00000000 101000010000000000011000
$000000100011100001100000100001
0001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000

BEMES |
pAERZA N

12



O a'g,q

LTIl
N
=Ny
N
\>
H
A\
9_‘_
%
?E-L
e)\\\_
LTIl

P
Q
%)
i §2, §5,4 (6 00000000 101000010000000000011000
§2, %4,% 000000100011100001100000100001
volid swap (int w[], int §15, 0[3- 3 0001100011000100000000000000000
int temp; $16, 4(§2) O 10001100111100100000000000000100
temp = v[k]: $16, 0(§2) 6 10101100111100100000000000000000
v[k] = w[k+1]: $15, 4(§2) 10101100011000100000000000000100
v[k+1] = temnp; $31 00000011111000000000000000001000
B
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(@) swap: n
3 rmuli $2, $9 /4 rD 0000CH0010100001000000000001 1000
dd  §2, $49 000 00100011100001100000100001
volid swap(int v[], int k) - -O lw $15, 3 0001/00011000100000000000000000
int temp; —_— lw $16, 4 D- 10001100111100100000000000000100
temp = v[k]: ('D sw 16, E 1010°7100111100100000000000000000
v[k] = v[k+1]: sw $15, 10491100011000100000000000000100
v[k+1l] = temnp:; jr $31 2000011111000000000000000001000
I
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1. r+t
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swap:
rmuli §2,
add §2,
lw $15,
lw 16,
3w $16,
3w §15,
jr $31
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DT v TIVFIEE)
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is,4 o
03 3
4(%2) O
o($2) 0
4(42) @
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LA 7077 A

0001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000

BEMEEIC &L B
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00000000 101000010000000000011000
000000100011100001100000100001
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Device used in this theme

* KUE-CHIP2
HERHDSE Y b4 7070ty
= CPU
8 bits = 1 byte

o(o0|]0]1|]0]0]|1]|1
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WIZH13H, 0x137x &



Structure of KUE-CHIP2 (p.22 Fig. 1)

PANEL IBUF
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KUE-CHIP2: bus
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KUE-CHIP2: ALU

«;BE 1= v b (Arithmetic and Logic Unit)

NE=)ay

HITER, WEEE, VIFLXDETEZITO

19



KUE-CHIP2: ACC

e )77 F% 1 L\ L — X (accumulator)
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KUE-CHIP2: IX

e VT v AL T RXAK (index register)
CEEICHBAT ALY X%, 88w b

CEEXR, BEMBEZRST
BB FL RIEEDEETDT %vx%% %ﬁ
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KUE-CHIP2: FLAG

*Flag register
EE - VT MERICKVEI. 48 v b

— | — | — | — | CF|VF|NF|ZF
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KUE-CHIP2: PC

« 7 A7 7 LNH 7 & (program counter)
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KUE-CHIP2: MAR

XEYFTRLRLIRK
X EVYIRIEOTRET ST FL XAE2RE
Sk v k
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KUE-CHIP2: Internal memory (NEE X E 1)

«512/N4 k. /NA PEOEHIETE
« 707 7 LTEIE : 0~2553
« T — X FBIE . 256&F H1~511F Hb

511 1FF el
a1,
256 100
255 OFF
7077 A
% b
0 0001 01100010
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KUE-CHIP2 D 7+ > 7 1) E&

IR T DIERE 1 p.24 X122 S
« SEE{LHR ¢ p.35~38 {TERA = S8
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Example (p.30, List 2)

address data command operands
00: 0110 001- 0000 0001 1D ACC, 01h
02: 0001 O--- OUT
03: 0100 0111 RLL ACC
04.: 0011 0000 0000 0010 BA 02h
I\ J \ J
Y Y
BEMEEIC £ D 77U EREIC
7077 L £57077 L

t‘ Assemble ‘J




Example (p.30, List 2)

address

data

command operands

00:
02:
03:
04:

0110
0001
0100
0011

001-

0000 0001

0000 0010

LD
OuT
RLL
BA

ACC, 01h

ACC
02h

[01] & WH{EZRACCIZIZMNT 5

Th] (£162% (hexadecimal) 3k




Example (p.30, List 2)

address data command operands
00: 0110 001- 0000 0001 1D ACC, 01h
02: 0001 O--- OuT
03: 0100 0111 RLL ACC
04: 0011 0000 0000 0010 BA 02h
ACCONBZH /Ny 7 7 (OBUR)ICHIT %




Example (p.30, List 2)

address

data

command operands

00: 0110 001- 0000 0001 LD ACC, 0lh
02: 0001 O--- OUT

03: 0100 0111 RLI ACC

04: 0011 0000 0000 0010 BA 02h
ACcCORNBEZRIBAOBLL, ACCICAND

00000001

¥

00000010




Example (p.30, List 2)

address

data

command operands

00:
02:
03:
04:

0110
0001
0100
0011

001-

0000 0001

0000 0010

LD
OuT
RLL
BA

ACC, 01h

ACC
02h

02 E AR S




How to assemble (1/4)

e Command table (p.37, Table 8)
* Assembly “LD ACC,01h”

Rsm|{0 1 0 0 A 1 s m |X|Rotate sm

ID |0 1 1 0 A B O |LoaD

ST [0 1 1 1 A B © | STore

SBC|1 0 0 0 A B QO |SuB with Carry




How to assembly (1/4)

e Command table (p.37, Table 8)
* Assembly “LD ACC,01h”

= I\\\EPTHD"DHEDE@E
BICEANANTUWLSE

0/1{1/0{0|0|1 0/0{0|0|0|0|0|1
X B [B = 000:AcC
/L B = 001:IX
A = 0:ACC B = 01-:Immediate (EJME)
A = 1:IX B = 100:Direct (IE#X) (P)
B = 101:Direct (D)
B = 110:Indexed ({Z8f) (P)
B = 111:Indexed (D)




How to assembly (1/4)

e Command table (p.37, Table 8)
* Assembly “LD ACC,01h”

0/1/1/{0(0|0(1|-|{0|0O|O




How to assembly (2/4)

e Command table (p.37, Table 8)
* Assembly 7OUT”

0/|0|0|1]|0

O 1 0 1 - X
ourT 0 0 0 1 O X |OUTput
IN [0 0 0 1 1 X | INput
RCFI0O 0 1 0 O X |Reset CF




How to assembly (3/4)

e Command table (p.37, Table 8)
* Assembly “RLL ACC”

Rsm|{0 1 0 0 A 1 s m |X|Rotate sm

ID |0 1 1 0 A B O |LoaD

ST [0 1 1 1 A B © | STore

SBC|1 0 0 0 A B QO |SuB with Carry




How to assembly (3/4)

e Command table (p.37, Table 8)
* Assembly “RLL ACC”

0/1/0{0(0|1|1|1




How to assembly (3/4)

e Command table (p.37, Table 8)
* Assembly “RLL ACC”

SR
R Bk O O

LL

P O KB O

Right Arithmetically
Left Arithmetically
Right Logically
Left Logically




How to assembly (4/4)

e Command table (p.37, Table 8)
* Assembly “BA 02h”

RCF|(0O 0 1 O - - - | X |Reset CF
SCF|0O 0 1 O - - - | X |Set CF

Bcc|0O 0 1 1 c © |Branch cc
Ssm|{0 1 0 0 A O s m |X|Shift sm




How to assembly (4/4)

e Command table (p.37, Table 8)
* Assembly “BA 02h”

o
o
=
=
o
o
o
o
o
o
o
o
o

c c
A O 0 0O O |Always
VF |1 0 O O |on oVerFlow
NZ |0 O O 1 on Not Zero
Z 1 0 0 1|on Zero




Example (p.30, List 2)

address

data

command operands

00:
02:
03:
04:

0110
0001
0100
0011

001-

0000 0001

0000 0010

LD ACC, Olh
OuT

RLL ACC

BA 02h

“" |3 “do not care” &,
ON1TCEXIZ S (EbuTH LW




Example (p.30, List 2)

address

data

command operands

00:
02:
03:
04:

0110
0001
0100
0011

0000
0111

05:
0000 0000

N1 .
UVl

0010 0000

0001 LD ACC, 01h
OUT
RLL ACC

0010 BA 02h

Finish to assemble
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eADDEADCEEIT LA D, ACC, PC, FLAGR E D
E%xECEKT 5.
* Problem 3.3 (1)
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Execution of programs
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« E2.5811T8 > TITH (p.26~32)
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KRIFIT =D E

*SSR A v FTERIT

* I LIISSRA v T T L1FIE, BH

e CLKFRQD X A 7 )L %[5

* RESET

T ERITREDNZA

*SELR 1 v F & #f{E L TACCZ xR

SIRA Y FTRT VTS

21T (1859 D)

eSELR 1 v F 7 1R{E L TPCZ R/~

SIRA Y FTRT VTS

21T (1859 D)
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* Problem 3.3 (1)
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Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

80: 03

81: FD

label command  operands

D1: EQU 80h

D2: EQU 81lh

ANS: EQU 82h
LD ACC, [D1]
ADD ACC, [D2]
ST ACC, [ANS]
HLT
END

ID1] Z#RB7-w [son] 7285
(ZEHETE, VHito LI D)



Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

label
D1:

D2:

ANS:

command operands

EQU 80h
EQU 81h
EQU 82h
LD ACC,
ADD ACC,
ST ACC,
HLT

END

[D1]
[D2]

[ANS]

80: 03 XEYOT7A07 7 LEBDIEHD
81 : FD NA % ACCIZHRINT 5



Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

label
D1:

D2:

ANS:

command operands

EQU 80h
EQU 81h
EQU 82h
LD ACC,
ADD ACC,
ST ACC,
HLT

END

[D1]
[D2]

[ANS]

80 - 03 XEYOT7A07 7 LEBD2EHD
81 - ED NRBREACCONBZ=INE T 5



Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

80: 03

81: FD

label
D1:

D2:

ANS:

command operands

EQU 80h
EQU 81h
EQU 82h
LD ACC,
ADD ACC,
ST ACC,
HLT

END

[D1]
[D2]

[ANS]

XEYOT7 AT T LEEANSE H
ICACCONRZ KNI 5



Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

80: 03

81: FD

label command
D1: EQU
D2: EQU
ANS: EQU
LD
ADD
ST
HLT
END
7R7 7 LDOE

operands

80h
81h
82h
ACC, [D1]
ACC, [D2]
ACC, [ANS]

T2 T %



Example for trace of the execution (p.26,

List 1)

address data
00: 64 80
02: B4 81
04: 74 82
06: OF

80: 03

81: FD

label
D1:

D2:

ANS:

command
EQU
EQU
EQU
LD
ADD
ST
HLT

END

operands

80h
81h
82h
ACC,
ACC,
ACC,

[D1]
[D2]

[ANS]

AEYSOBHORNBA03E L,
Q1FEMONAZZFD (-3) &£ T 5



Example for trace of the execution (p.26,

List 1)
address data label command operands

D1: EQU 80h

D2: EQU 81lh

ANS: EQU 82h
00: 64 80 LD ACC, [D1]
02: B4 81 ADD ACC, [D2]
04: 74 82 ST ACC, [ANS]
06: OF HLT

END

80 03 7 T IVERDI6ER R

81: FD



Trace of the execution

LD ACC, [D1]

BICE > TEITOFIENZEH S

J PO p1 P2 P3 P4
ACC
(A)-B

IX

(PC) -MAR

LD |d (Mem) IR (Mem) A

PC++ (PC) -MAR
d
Ed: PC++ (Mem) -MAR | (Mem)-A

55




Trace of the execution

LD ACC, [D1]

1
Inter. Mem.

000:
001:
002:

080:
081:

64
80
B4

03
FD

56



Trace of the execution

LD ACC, [D1] PO: (PC)_MAR, PC++

1
Inter. Mem.

000:
001:
002:

-| 080:
081:

57



Trace of the execution

LD ACC, [D1] PO: (PC)_MAR, PC++

1
Inter. Mem.

000:
001:
002:

-| 080:
081:

58



Trace of the execution

LD ACC, [D1] Pl: (Mem)-IR

1
Inter. Mem.

>000:(64)

001: 80
002: B4

FLAG  ACC IX ce
00 00 080: 03

081: FD




Trace of the execution

LD ACC, [D1] Pl: (Mem)-IR

DBi

Inter. Mem.

000:(64)

001: 80
002: B4

-1 080: 03
081: FD

60



Trace of the execution

LD ACC, [D1] P2: (PC)_MAR, PC++

1
Inter. Mem.

000:
001:
002:

-| 080:
081:

61



Trace of the execution

LD ACC, [D1] P2: (PC)-MAR, PC++

1
Inter. Mem.

000:
001:
002:

-| 080:
081:

62



Trace of the execution

LD ACC, [D1] P3: (Mem)-MAR

63



Trace of the execution

LD ACC, [D1] P3: (Mem)-MAR
DBi
bbb r Sl r S ! pm "o mm -
I ; PC Inter. Melm.
000: 64
001: 80
002: B4

080: 03
081: FD

64



Trace of the execution

LD ACC, [D1] P4: (Mem)-A

1
Inter. Mem.

000: 64
001: 80
002: B4

2 080: (8D

081: FD




Trace of the execution

LD ACC, [D1] P4: (Mem)-A
DBi
4 ssssssssssnnnnnnn ." --------- ? ---------------- Tmrr'm? ------------
E E IR ; PC Inter. Melm.
64 02 000: 64
y 001: 80
002: B4

080: 03
081: FD

66



Flag register

*Carry Flag, CF (1T EDY W 7 5 7))
CEERERICHTENYDPEL D ECF=1.

e Overflow Flag, VF (T 3117 T 7))
CRERBRICHTHSINDEL D EVF=1.

* Negative Flag, NF (27 7 7))
CREFERNAICA D ENF=1

Zero Flag, ZF (X 0O 7 7 7))

CEERERENEOICRD L ZF=1.

//\

p.22 Fig. 2



Problem 3.1 (p.33)

*(1)
« RITRBA ORITR T X T, SHRAAIRRRL VR A,
INRX%Z bl —X

*(2)--(6)
* ADDFIRBIN OADDIR TR E T, 777 LTI XXD
A L —X
+ ADDE S £ ADCA S ICEE LT, ADCRIAETA &
ADCRTHIET, 777 LV REZDIHE L —X



Problem 3.1: Caution 1/2

«16EH [64] , 21EHTIZ?
cSOEMIEA ANDICIE, I MARE IEIE
M, FIHEREZMER(ERI AL




Problem 3.1: Caution 2/2

BT 20 m#FE ]

-------




Points for report

*(1)
c BB HDET T —XATOIFEICOVWTTF A b
p.24~28 & SE LN EHFEWNLH B XE T
95T &
C LAH— FMERRED MY ER 0T — & &Rt
* https://expcs.github.io/microprocessor/

*(2)--(6)

BFICZET B DD, ADDED
')
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*ADDE ADCZ ERITL7ZAD D, ACC, PC, FLAG7E £ D
(ERR R
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Output a melody

* Qutput waves from KUE-CHIP2 to generate a sound
from a speaker.

e KUE-CHIP2h o Z2H L, RE—HAHhuEF~Z
H g

AR EEHTHEAOERESY, HEEL
He %

SBEAEB: X074 —HAO707 7 LDOET

LL




What is sound?

= @_?:3:%':3

e KE X RDIRMBOAKE X
S KEDEEHDE S
« Zth: KD



Waves to generate

* Rectangular wave

Wave period (B ER) T (s)

On

< < > Off
Ta (s) Tb (s)

*T=Ta +Tb



Wave generation (p.39,

Address
00:

02:
03:
05:
07:
09:
OB:
0C:
OE:

10:
12:

label
LO:

L1:

L2:

instruction

LD
OUuT
LD
SUB
BNZ
LD
OuT
LD
SUB

BNZ
BA

List 4)

operand

ACC,

ACC,
ACC,
L1

ACC,

ACC,
ACC,

L2
LO

FFh

O1h

OO0h

O1h

# of phases

(o N RCT T - T - T Y N N R



Wave generation (p.39,

Address
00:
02:
03:
05:
07:
09:
OB:
0C:
OE:
10:
12:

label

LO: LD
OuT
LD

L1: <SUB
BNZ
LD
OuT
LD

L2 <SUB
BNZ
BA

instruction

List 4)

operand

ACC,

ACC,
ACC,
L1

ACC,

ACC,
ACC,

L2
LO

FFh

O1h

OO0h

O1h

# of phases

(- - T - T - R T R

=

\

J

R DONER
z1E%

D OFf 3R
- H1ED

\

77



Waves to generate

* Rectangular wave
Wave period T (s)
< >

On

< > < > Off
Ta(s) Tb(s)
*T=Ta + Tb
*|In the list 4, Ta = (124+8a)T0, Tb = (16+8b)TO
(where TO = time for 1 clock)



Problem 3.3 (1) p.33

c(a) AvAXRa—7Tr Ay v EEEHED
e XA v FCLKZHIILI|C
« XA Y ILCLKFRQ®D [0~8] D EKE % AIE
55 Lar3 (BYWDOEHAB2FBH) LY HA
e(b) YR MADa, b%ERET 5
BT H2EDEMEEL  440Hz [ 7]

e T=Ta+Tb, T=1/440 (s)
eTa = (12+8a)TO, Tb = (16+8b)TO0



Problem 3.3 (1) p.33

(c) 440 HzDEF D H 77
e JX MAD AT
e CLKFRQMD X TE
DAV N—XAHBEL T, A AORXRT— TR
7 HE 0
e HIED440Hz (REL1%) THDH I &=
« ETE (T XK - THEER



Digital to analogue value

eHH S /N 7 7 IZDAD  /N— R AT TH S
B2A5 A OXa—T~

Tl

DA /N— X (DAC):
T ATV RIMESHE T FATESICEERT SO

1101 —»‘ a DA converter ‘—» 13

0, lLOAMTDIES 16EXFE DB



R S

DACIZEE T A F =

BT ADAI Y NN—X|FETHLENCTLD
'(\\

IS, BRY B AL DECERISER
HX YT &ERY AL IEEE - TADTUVWET




BT

* Connect the DAC to the oscilloscope;

channell - Red
channel2 - Blue
ground - Black

e XA Y ILCLKFROZ 1] ICL T

=



L

Notes for your report for (3) X H7 4 D¢
77 (a) 3R A= T 1% DHER

e DL DICHEBEART, a, bEEEL 12N 7

e EDEDICHER T Tz

M DISEHER T IEITZE A N D D



Notes for your report for (3) X T 4 H 7]
b)BEZ LY EIF27-0Dx%

e KUE-CHIP27Z T TXHLT 23555 (V7 b7
F, oS A 0TI XR)

+ Z DL DOHERE A KUE-CHIP2ICIERE S 2555
(IN=K7z7 EDTITkK)

OF 4 —HHOERAN G T7ILTY X LIEF
D F FHPDRE R A 440 HzIZ T DT 5 HE




SHPS L

FEPYN
e KUC-CHIP2 D BRI {E LN

* Problem 3.1
e ADDEADCZ EITLAA D, ACC, PC, FLAGI & D
EZiEExd 5.
* Problem 3.3 (1)
70Oy U EKRBxEIRT D
e CELFIT40HZITOEWEEZ A DT 5



Next class: Problem 3.2: Multiplication

T L2, FEEE D2 DIE

e T — R AT AEMITTIFRAIBRY THCT
HE WL

cEBEE(F2/NA MZWNE B EIRE

//\

* Preparations

Prepare and assemble a program 81h 80h

| 83h 82h

85h 84h

87



e I FFEEL 2/ hDOFEH

Most significant bit (MSB)
l Least significant bit (LSB)

010/0(0(0JO |1 {2)f2(0}1]{0|21011|1

X1010(0{0]010}0|0J0O(0]|21]0|0}1]|0]|1

110(010j0(21{1(j2/012{2/01|11

|
1 byte = 8 bits
AEY FTOIEFRICFER



HBE T FLXE—F

A RT U RNEIBYDKRIFFEDZ &

e KUE-CHIP2D 7 K L X E— F (p.29~31518)
« ACC, IX : ACC, IXODRBNT — X
BME : ART UV RZDOHLDOHAT —X
B ARSI URAAEYDTRLR, FOT K
L A FORNBLT— X
MEER . [FART UV F+H+IXORNR| RXEYDT KR
L X ZOT7RFLAEORNBIN T —XK



FE eIl DWW T (p.24)
* ADD: JIE &5,

*ADC: B4y, CFZZEd 5
«SUB & SBCH [RIHk D BI14&.

*RCF: CF7Z ERA



Notes

FJIF7A—F vy —brEERTHZ L
« IRERBF AN R ICEEN T WHEESE T 5

« EXCEFA RIS T BROFIZITHAR L
s CEBD HTeRITRR, RBDIGZEITAZIE



707 LDOENE
HIAS B CRT 5

Initialization
0—>C

End decision

B=0"7

End
HLT

Add Ato C
C+A->C

v
Sub 1 from B
B-1->B
|




Example of addition with 2 byte precision level

Al

A2

+ | B1

B2

C1

C2

\

CF

Carry over

Addition

0->CF

A2+B2+0 - C2
Al+Bl1+CF—->C1

|

End

HLT

RCF

LD
ADC
ST

LD
ADC
ST

HLT

ACC,
ACC,
ACC,

ACC,
ACC,
ACC,



Notes for making programs

XD ME Z [EH 7L
7&V7U§%tﬁmzi%’ﬁi%
MEEEADAR—XEHLHEE L THL

%W LIL2E 16 EDEBH L THRUWLA, 16E
25N bEEE L9 L



7T ) SRR MR

000:

001:
003:
005:

007:
009:
O0B:

00D:

address

20

04
94
74

04
94
74

08

80
82
84

81
83
85

RCF

LD
ADC
ST

LD
ADC
ST

HLT

ACC,
ACC,
ACC,

ACC,
ACC,
ACC,

95



L CHAHEEN

81h 80h
% | 83h 82h
2N b DT — X DERIK L 3sh || 84

o Ff7 - MMU/NA b OFEHDIRY

HERL D L =
e SUM += A

«#21) +F DB (ADD, ADC, RCF)
R THIEDRY

T —XDRFE(ST) D L=
e 7 KL ZA16EM TR CI10ERICT > TW 53



T 2L —XAFE- 7=

* A KUE-CHIP2 Emulator
http://www.vector.co.jp/soft/winnt/util/se506103.h
tml

* A KUE-CHIP2 web assembler
http://www.hpc.se.ritsumei.ac.jp/kue-chip2/kue2-
webasm/

* KEMU Emulator (< 3F 9 9 )
* https://emu.kemuide.openwaseda.net

97


http://www.vector.co.jp/soft/winnt/util/se506103.html
http://www.hpc.se.ritsumei.ac.jp/kue-chip2/kue2-webasm/
https://emu.kemuide.openwaseda.net/

SHPZ L

FEPYN
e KUC-CHIP2 D ELARBY 755 LN g

* Problem 3.1
* ADDE ADC7® E1T L @AY 5, ACC, PC, FLAG7E & D
E%&&ixd 5.
*Problem 3.3 (1)
« 7 By VBRI D
c TED7F440HZIOEWEZ A HENT 5
« R DRE D ER AR

98



Microprocessors (Lecture 2)



Lecture 2

*Problem 3.2 FEE 7 07 7 L DIERL
QN4 NEED2HDIE

e T — X EINT AEHIITEFRMEY THLT
HE WL

CERERRIL2/N1 MIINE 5 EIRE



L CHAHEEN

81h 80h
% | 83h 82h
«2/N A F@?—Q@HXT&L\ 85h 84h

e FfI - TI/NA PDOBEHIDER )
HRL D L =

e SUM += A
«#21) +F DB (ADD, ADC, RCF)
R THIEDRY

° 7_ X 0)1%7_ (ST) D L=
e 7 FL XA16EHTIT A C10ERICHR > T3S
AR, 77 ILmigl)



Procedure

BBOEMRLI-T AT T L%EANT

c AR IC7O—Fv—brHEF VY
R A biR— K D(1)~(4) CENMFHESE
cFNHHMNELCEHETEAS (A)E (B)EEHE.
2 THFE] 2 5108 (100 HZz T)
R4 FR—FICETERBE AT I LOXE
JHESE (BAL: NM b) ZEA
x%u HES =707 7 LEHD + 7 — X IEHNER
7]

\I \I||'I




\J11]
/M

A

]

T
o
N>,
‘Ir||_|—_||
T
£
—
ot

cHAD AT T LIZDOWTEITHRE OB
B, FHNE & LhEE K
« FEL) ETHEARD D /T X —RERTE

« BREBED T T — A (p.183%2)

17 t—X =1708v 7 EH

« 70Oy 7 ENEEL = 100 Hz
IB2) EITHEZ KO 55TE A = EH
IE3) = H 5 (A),(B) D EITHEEIERIE & & H
IE4) FEER{E & SEAME O LLER




Notes for your report

fERLAZT7AITLDY R M eHEYE, 7H—
Fv— bW TERAE L
ED A (BE2AN) 7075 L&
A1 RITER (EEME TR
HER2 7OV TLDATEYEES

CEFE MO ADTOT T LIFEFEANESLSD, 5
EH7ERRRILEER T 5 2 &



For the next lecture
Problem 3.4 (2) Output a melody

« 2% : Appendix B.2 and list 5 (p.41)
HEET —XRZHAET AT TIEL X

EFENICSERL L e h 2 735 R 13T H 8] Y T /Ry
DY HR—FMIEITZ B, 7°IZI 7T LHVHE N
é\ci#/,f— N TE AL




Notes

X AT 4 —DHEDIFERICEYIRT Z &

UL EENK - EEKLETH B Z B A
L

*p.40 <13 | FEDEIKRE] =5ZE(C
1F 7 Z—=T50VE S BIEEN21E

o [RFF] FE D ITNILEIRTZ S H
> BRERFTFZHEBIL, PIALEAMNE
H CEMNR E1DOREWEICEZ R 5
S>EHEEOAICEADNMNE




Generation of a melody (list 5)

Program region Data region

000: 62 00 LD ACC, dptrl 100 nl n2 n3 dptrl: C
002: 75 1A ST ACC, (dptr) 103 - nl n2 n3 ¢ D
004: 65 1A 10: LD ACC, (dptr) 106: nl n2 n3 EHDIH E
006: 68 LD TX, ACC 109: nl n2 n3 E
007: B2 03 ADD ACC, 0x3 10C: nl n2 n3 G
009: 75 1A ST ACC, (dptr) 10F: nl n2 n3 A

112: nl n2 n3 B
00B: A2 18 SUB ACC, dptr2 115: 0l 02 03 c
00D: 31 13 BNZ L1 118: dptrZ: (not used)
O0F: 62 00 LD ACC, dptri 119: 00 or £f image| Output
011: 75 1A ST ACC, (dptr) 11A: 29 =il dptr
013: 67 02 Ll: LD ACC, (IX+2) 11B: 7?27 nz !
015: 75 1C ST ACC, (n3) 11c.  ?27? n3 )

N = ~ \ == 4= 0+t

00, 1, 1C, 18T —X$EHDT é?i%fg?ﬁ i%g

NLXZiELTWD (B0 7AT 7
LICBEDE TRE) NIFENES, n2 n3kES QEL—F) @



Microprocessors (Lecture 3)



Problem 3.3 (2) Output a melody

EL AT —HFHOIHES

* Reference: Appendix B.2 and list 5 (p.41)



Notes for your report

(4)(c) ZBDOT —XKI\WOFEE 707 >
A%Wﬁfﬁﬁﬂﬁot

B Z 1, [ZEE| ZIAMBICERLYCT WL DI
XD?4 FIWLTWA

cF DL O BKRIBLSEEZLPTULDOD



Notes for your report

(4)(d) TERL L7 A BT « — I IEIEMDCPUIC Bt
ATE5H 7

B DCPUDF Z1 DT TER
« Z(F/-CPUDETIH 7 = —XZHAN, Th%x
BFE Z TEE

A\



Ncﬁesforyourreport

(5)) BohsmbEAHL TWACPU (F721E, BZACPU) IC

DWTC, £DT7—FT7 7 F v 2flANTELEDD

-pyxﬁ,mwﬂ/# X T ) 22 DR
cFEHGBEAEDLDICETINTWLWS A

—



Summary

4G =4X1024X1024X1024

ETERBEDOETHEAIC DO WTIHERE = 22X210X 210X 210 = 232
« B Z1X, BHE32bitDOSTIZAGLLED X E Y HMEZ
LND Y

7O T LDOEYART /Ny TDOHE

P P
® "
@) swap: 0
ruli $2, $5,4 D 0000000010100001000000000001 1000
- 3 ad  $2, 34,3_ 000000100011100001100000100001
void swap{int v[], int k) O »?w $15, 0($ 3 0001100011000100000000000000000
int temp; = 1w §$16, 4($2) O 10001100111100100000000000000100
temp = v[k]: (g) sw $16, 0(32) o 10101100111100100000000000000000
vIk] = v[k+1]: sw $15, 4($2) 10101100011000100000000000000100
v[k+1] = tewp; jr o $31 00000011111000000000000000001000
I I

mm=EIC L2 TV USEID S
VAR N LA7005 L4 7077 A

113



Report submission 1/3

«5E p 6 L <L T &
°PD?F7 7 A L% X —)L (fukumura@cs.tut.ac.jp)
T o
FIRIFBEEODB D THEDL AL
%ﬁﬁ%;ﬁbf,%ﬁé%ﬂﬁbﬁéﬁgu
g LY
c ZOERO [REIFEDKRA > b 25F |0
N EHOCRBREZF v 7 (IRHIZTE)




Report submission 2/3

IR H ¥ Y)IT LERETR 023:59 (KEBELST)
F’_”'*GDWJ%%B%% XY DIERI(F L 750y
SIEBIN-HLDADOHE - (B1F| i_J(—ﬂﬁsﬁL/(W)
fﬁm)ﬂzw%@(uﬁif LAEWNE D) EZIE

115



Report submission 3/3

e X — )LDHL:

* [report] —[student ID]-[your name]
« [L7R— }]-B123456- 215 AR ER

e L7R— FIZPDFIC éﬁﬁ
//J\\'H_7 /()l/%

* [Your school reglster number]-[your name].pdf.
* B123456- =15 X EP.pdf

3H7- > TCHHESRE A —ILDAEHLI T WIEEIL, F-
408 ™
DLW EDHNIEFATHLERTH I &



