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Instruction-Set Processor Design

 Architecture (ISA) programmer/compiler view

—“functional appearance to its immediate user/system
programmer”

— Opcodes, addressing modes, architected registers,
IEEE floating point _

—HLEE S
* Implementation (LArch) processor designer view

—“logical [high-levell structure or organization that =
performs the architecture”

— functional units, pipelining, caches, physical registers

« Realization (chip) chip/system designer view
—“physical structure that embodies the implementation”
— Gates, cells, transistors, wires
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ISA Processor Design: RV H#LAIF5 4>

Example instruction Instruction name Meaning

add x1,x2,x3 Add Regs[x1]<—Regs[x2]+Regs[x3]

addi x1,x2,3 Add immediate unsiened Regs[x1]«— Regs[x2]+3

lw x1,60(x2) Load word Regs[x1] s Mem[60+Regs[x2]10) 32 ##
Mem[60+Regs[x2]]

sw x3,500(x4) Store word Mem[500+Regs[x4]] <3, Regs[x3]3s 63

beq x3,x4,offset  Branch equal zero if (Regs[x3]==Regs[x4]) PC—PC + (offset<<l)

jal x1,offset Jump and link Regs[x1]—PC+4; PC—PC+ (offset<<l1)

jalr x1l,x2,o0ffset  Jump and link register Regs[x1]—PC+4; PC—Regs[x2]+offset

Name Field Comments
(Field size) 7 bits 5 bits 5 bits 3 bits 5 bits
R-type funct? rs2 rsl funct3 rd opcode Arithmetic instruction format
Itype immediate[11:0] rsl 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 rsi funct3 |immed[4:1,11] opcode Conditional branch format
Ul-type immediate[20,10:1,11,19:12] rd opcode Unconditional jump format
U-type immediate[31:12] rd opcode Upper immediate format




H s 18  Abstract / Simplified View

* RV Instruction Execution Phases
— Instruction Fetch

— Instruction Decode
— Register Fetch s

Registers

|
g 2 & ¢
& @ _ & °

— ALU Operations

— Optional Memory Operatuons
— Optional Register Write back
— Calculate Next Instruction Address

* Two types of functional units

— elements that operate on data values
(combinational)

— elements that contain state (sequential)

:AL ]
Data
memao
* Daa




Controller : Abstract/Simplified View, Bf=xC

| DFF
MUX | OFF |

din e E._OFF dd.

: ‘ ! addr e INSTRUC.

dout >~.u dout din = | OFF | e doUIt MD,QT';Y bmdOut init=4 PC f=addr addr== rReGISTER P=inst
din : Y s

dln — r— o f
| DFF
sel ] wrPC clk

ALUop i | N ¢

wrR clk raM wrM clk wriR clk
sel ALUop wrR rdM wrM wrPC wriR

clk Unit
rst (FSM) . Fetch Register

Imll

1. Instruction 2. Decode/ 3. Execute 4. Memory 5

m=Siljji

. Reg.
Write

oL L

o DhRE: VEAY, FRAE IR A AR IR iR I T
— CIlk, Reset?

o HMETMI: ERFERNE SR RS + B P
— HE{HF, FSM (ROM, PLA, Sequencer) , HfE/F
- HEZHE GHED , FEE CRERT, NEESHD
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PC, SLHIFAER/SSF ST R, #Fides, MUX

PC

UArchZise: &N ERE Cclk) S5t

Anpc, “LEEE”

EFESERES (R, E4-5)

Decoder
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| Inputs |
| 12 | 11 | 10 [out7
0 0 0

| Out3 | Out2 [ outs
0 0 0

0 0 0 0 1
0 0 1 0 0 0 0 o | o1 17T o
0 1 0 0 0 0 o | o 1 0 0
0 1 1 0 0 0o | o T 1 0 0 0
1 0 0 0 o | o1 1 0 0 0 0
1 0 1 0 o1 1 0 0 0 0 0
1 1 0 01 1+ 0 0 0 0 0 0
1 1 1 |21 o 0 0 0 0 0 0




n{iRegFile:

Read register
number 1

Register 0

Register 1

Registern-2|—e -

Register n =1 -

Read register
number 2

J

» Read data 1

= Read data 2

clk. Clear. Preset. reset. write?

e lE, SERAE

MArchZyE: &AM “Ps—

57,

F—RHER RN RS, kSR

Write

Register number

Register data

X A'8'7 ’ A'8'8 ’ A'8'9

RegWr'rte|

)
0 .
1 Register 0
i n-to-2n | . D
n—1 Register 1
D
n =
B
Registern-2
»1D
O f
Registern-1
D
Registers
Read
== register 1 Read
Read data 1 :
| register 2
.| Write Readl__,
register data 2
—| Write
data




' r e s

RegFileit 5#:/EZ4)E: h'H, b5

« ANAFFREE: A£ DN, RECE “Mi—57
- HiEtRegWrite 5clk[FZE, bk
N b= 63 S PR o SR DS i N D N i = ¥ 62 3 B I
o RN [ FF 74 add $t0, $s2, $t0
* 55 (late write) : BB, FXEMES. —5EHHAH!
- SeiE s —ANEAN RS, Hitdre b A ARE. Kl4-7
o KT H =N RN S A — 5788 it [race condition]
* 565 (early write) : FI¥HEME, JEEBEMH®R. —H/KZEH!
- S v PR AR E AWE. El4-36, Kl4-54

Read
Port 1
Registers
e —|Read
W e register Read
Adr Read Read data 1
| register 2
Write Readl__,
| register data 2
. o| WWrite
Write fata data
' RegWr'rte|

11




Uiff (mem access, &4-5, K4-7)

o EEH Hhb. FHIE. S (read, write)
GRS ER: “RHiE FBS . L EMRsERop
« EANGEFE: E—FZREEREdTEE 2 —
e HyRM (—iE—5)
— ZiH
o MEMZEN]. FEATHhEs, BUIRATHEES

S MemWrite
~
—| REad
address Read
—p| Address dea:a =
Instruction |y i
Data
Instruction sl VN | SOy
me mory data
Hez, | SE
MArchZJ7€ : FEFF TG A Hf A IM MemRead

RS (AR “ 5l
e,



ALU Interface and Impl:

N

F2 F1 FO Func.

A5

Al U operation

0 0 0 A&B \
0 0 1 A|B i
0 1 0' A -+ B —= FEero
0 1 1 > ALU |—= Result
1 0 0 A&B L+ Overflow
1 0 1 A|B I
1 1 O A-B
1 1 1 A<B(slt) /
CarryOut
ALU operation KlA-5-14
ALU ALU — Add Sum
result
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= EF £ £ HL SUNEXR: j-%;lg £l |
HTJ‘/% g H 7’ ARSIV IR AR H\ JHE AN
Timing Diagram for Intel 8085 OUT Instruction
OUT Byte
M, M, Ms
Tl TI TJ Td- Tl TI TJ Tl TI T.!-
J-MHz
NV NV WAV WA WA WA WA WA WA
Ajs=Ag X PCy X PCy X 10 PORT
AD; - AD, [X PCy )----GNSTR ---------- { INSTR }--—{ INSTR »-{ INSTR X ACCUM
ALE £\ A\ A\
BD 4
\ / \ /
WR
/]
10/M -\
% $9.2.3 PC out PC+1-PCIINSTR—IR] X PC out [PC+1—-PChyte—Z.W| WZ out A —Port
JE£19.14
4———Instruction fetch e Memory read S Output write ——3



T i S 1 7 AR 2

o FRSEISCIL: 195 EHT = 1 I e 3
— All stages of an instruction are completed within one long clock cycle.

— Firits G = R AL R

1.vlnstruction ) é Decode/

L 5. Reg.
Fetch Register 3. Execute 4. Memory Write
Read

o« ZJAMASZEL: 152 BHT = n I E
— Only one stage of instruction per clock cycle

— B (= AL EYD AT RS E S

1. Instruction 2. Decode/ ) 5. Reg.
Fetch Register 3. Execute 4. Memory Write
Read

] 16
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o TR HUda. . PUT. Ui, S8
— All stages of an instruction are completed within
one long clock cycle.

— K FH IS B s A 5 7 2
o T TR AER B —ANLIF IR AT, £ N IAEE
 EHMETE kN

I

A

1.¢Instruction * é Decode/ o - : é Reg. ]
Fetch Register 3. Execute 4. Memory Write
Read

|
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RV $5 4 24 i 1 Overview

o PUTAEITES B Z A EAEAHIA], Hi2RATR
— B48: ¥ PCIEMEM, nPC = PC+1
— HUg: WP 2 By b s 2 A7 4%
 JEld/sd: NIRRT AT S
o ldiEE—NEAFAF: sAEL A A7 e
o PUTHFEHRRME: [F25F84 251
— AR A HPE A FALU In - -
o HiZRAM HALUSE RS |
o VifEfeA 1 FALUTH B ik (add)
o e A M HALUBET 41 H L (add)
- Hf5, MRS ITERARE T
« HZRASKALUSE 15 B 3728
o UifFR SN R TIEE
o IR T ILE G RAB P — e 2 Hu bk

\|
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b b

_E%: /bj(%ﬂz/ft ’ g4'1

E:Xj:gi HXEI:EI" PC+1

PR BRI EHE T
AT addPAT, THEHLHE,
beq 7t %

PYiff: Iwik, swhladd5e)k
EIEI: |W;J135\2

Address

Data
memory

—

Data

b S
—E—‘/':L /»j /Hl 3
4 —» g \ °
[
= Data
Register #
| PC re»| Address Instruction ’{ Registers
Register #
Instruction
memory | Reqister #
R4ype| funct? I rs2 rsl |funct3 ‘ rd opcode |
I-type I immediate[11:0] rsl | funct3 ‘ rd opcode |

Stype [ immed[11:5] |

rs2

rs1l

[ funct3 | immed[4:0]

opcode

Btype [ immed[12,10:5] |

rs2

[
I
(

rsi

[ funct3 [immed[4:1,11]

[
{
l

opcode




Wig: KE4-6, #EHHES?

it =4 PC F=adar

F ¥

wrPC clk

INSTRUC
800r= REGISTER =Sl

3

wriR cik

Add Sum

Instruction .

Instruction
7 memo
a a Y —| Read
address

Data

Instruction jes

Register #
g Address Instruction Registers Address
Register # Data I =
Instruction | o R—type| funct? | rs2 I rs1 } funct3 ‘ rd { opcode | nsfruction
memory Register # Y memol
Data l-type | immediate[11:0] I rsl } funct3 ‘ rd { opcode | ry
Stype | immedi11:5] |  rs2 | rs1 | funct3 | immed4:0] |  opcode |
Biype [ immed(12,10:5] | rs2 |

rsi I funct3 |immed[4:1,1l]| opcode ‘ 21



R/I/S-typef

YID/FO/EX/MA/WB

%4-10

> Readt . ALU operation
register
de[ea? . ‘ MemWrite
ata
Read MemtoReg
Instruction | register 2 ALUSrc
Registers Read Read
: 0 Address > 1
. Wﬂ_te data2 (" M data M
register - u
u
X X
| Write > >0
> 1
data ~ Data
Write
RegWrite data memory
Imm MemRead
Gen add x9, x20, x21
addi $s3,$s3,4; $s3=$s3 +4
RE a)—é_"%'-v ? lw $t1, 1000($t2), $t1:M[$t2+offset]
sw x1, 1000(x2); x2 (rsl) MRtk
funct7 rs2 rsl funct3 rd opcode R-type
immediate[11:0] rsl funct3 rd opcode l-type
immed[11:5] rs2 rsi funct3 immed[4:0] opcode S-type




S beq, KB

PCfrom instruction datapath —

X

4-9

sSum Branch
Add target
PC 114 Eg » ?
Read ALU operation
Instruction register 1 Read - '
| Read data 1
register 2 To branch
Write Registers control logic
register Read
Write data 2
data
RegWrite
mm « beq $t1, $t2, offset
Gen — DU SCERA IR — 28 2 HiliknPC oy Ak Ak
— ImmA/FSY G, SnPCHIN, TERGH
fInPC (PCAHXF-11)
immed[12,10:5] rs2 rs1 funct3 | immed[4:1,11] opcode B-type 23




R-/1-/S-IB-typeZi &

PC

Read
address
Instruction

Instruction
memory

Read

register 1 Read

Read

data 1

register 2

Write

Registers g4

register data 2

Write
data

RegW

Vrite

Imm

.

Gen

Read
Address data
Write Data

data memory

MemRead

%4-11

PCSrc: nPCE Tz il
= Branch /\ Zero

MemWrite

MemtoReg
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. Branch
M |
u
vl
4— -
Add N Add I‘: )
- d)
! "
ALU operation
Data \I |
¢~ Register # MemWrite
| PC /# Address Instruction re— Registers v ALU [~ Address
) o+ Register # Zero Data
Instruction u Data
memory | Register #  Regwirite T X i
> Dat
o MemRead
~
.'If/ \‘ﬁ
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T ibﬁ rle

i MI:I 7?_:

G

4-2

o EHUSESTA: oplEiFAL T4 ]
— RegWrite: & f7#s 5 EeEHH .
— ALUSrc: ALUIIZE —A~oprkii, —ikt— a ﬁ
- RegFile (R-type) H5Imm (I-/S-/B-type) A
~ MemRead: frfigasisdstl, wig4 oren || T F+
— MemWrite: #4356, swig4 —
— MemtoReg: H 13172854 KA L =
« R-typef§4 Hloadig 4 —ik—
— Branch: 43184 4t51R (beq) |
« PCSrc: nPCJE#%EH, =Branch & Zero Instrucﬁnn;; F‘EE:EEE:
+ Iftaken, then PC = PC-+offset ﬂr'ﬂuntrul: L—;F—
e & “PCWrite” ? rzl-:_”r te
— E4-198: “HANEWIEEEPC (nPC or beqH 1)) , KA | ReqWiits

o PEHUE SRR FREERSE ?

27



Signal name

—]—

3 il 2 L

',

—a
—a
—a

X

P
! N,
.'f .".
." ".
Instructio n|
[6-0]

———(Control

Branch
MemRead
MemtoReg
ALUO

| MemWrite

/ ALUSrC

J Reg Write

e | | o o

Inputs

I[6

I

B

Lok

I[2

[
[
[
[
[
[

1

I[0]

Outputs

ALUSre

MemtoReg

RegWrite

MemRead

MemWrite

Branch

ALUOp1

ALUOpO

L O I Sl e T T v T O S e T e T O Sl (Y ST e O i T O S Y S

o e e v T S T B S S S N S e Y T T e

o e e O v T e O e o I S S i e Y T S e

PO |OO OOk OO O |-

funct? | rs2

rsi

| funct3 ‘ rd ‘ opcode ‘ R-type

immediate[11:0]

| funct3 ‘ rd ‘ opcode ‘ Hype

immed[11:5] | rs2

rsi

| funct3 ‘ immed[4:0] ‘ opcode ‘SIYDB

immed[12,10:5] | rs2

rsl

[ funct3 [immed[4:1,11]]  opcode | Btype

K4-26, fi/RFIAR? FSM?



FIGURE C.2.4: MIPS

[ Contol | signatname | mdomat | 1n | v | _beq |

Op5

Op4d

Op3

Inputs op2

Op1

Op0

RegDst

ALUSrc

MemtoReg

RegWrite

Outputs MemRead

MemWrite

Branch

ALUOp1

O|lRr|lolo|lO|Rr|lOo|lo|r|O|lo0|C|O0 O
oo o|la|lRr|RlRROR RO Oo O
o|lo|lo|kr|O|lO|x|P x| O|lkr|O -

ALUOpO

HFlO|lR Ol O = |O|=|O|C| = ol O

PLA: fiZwfY, one-clock impl

The structured implementation of the
control function !

B, PLAYE, 4584

FIGURE C.2.5: PLA

Inputs
Op5
Op4
Op3 AND-- [
Op2
Op1
Op0 . .
uum& 000 olo 000 ué
; ; LJ k) [ j Outputs
R-f t I b
orma w SW eq RegDst
) ALUSrc
MemtoReg
] RegWrite
MemRead
MemWrite
Branch
ALUOPp1
ALUOpOD

OR*F1H



ALUHEEER ] op+funciE X ALUERTE

4-2 - Kl4-21

M Add F\
u
x 4 —e Add Sum——|
4 —| //‘\_
J-" \_Branch
{ | MemRead
I Instruction [6-0] ‘C I‘ MemtoReg
‘ ontrol ALUO|

R

- xem ©

M
. [ALUCp
x | | MemWrite
T ¢ \ | ALUSrc
ALU operation \ FReaniic
L»| Data | \,/—9]'
_ " Vemiirie Instruction [19-15]__[‘Reaa
o~ Register # Read register 1
gister | ddress ) 9 Read
PC 1= Address Instruction Registers 4 b—— Address Instruction [24-20] Reag  ©atal
. $~| Register # M Zero Data Instruction | | register 2
Instruction o memory | 13101 [ T nstruction [11-7] Write ~ Read AddressRead L1
memory | Register #  Regyyrite || Instruction register data 2 ﬂ
memory M
Data | Write 0
MemRead data Registers Wiite Data
. darlla memory|
/ ‘ ya
,./ - Instruction [31-0] ® { ALU\,‘

]
_.,\ Control ] @ I‘.qmtrjy

\ / Instruction [30,14-12]

e e e > "= | v |2 | Junea e Lo e

ltype | immediate[11:0] | rs1 | funct3 | rd | opcode | add (add) 0000000 | 00011 | 00010 00001 | 0110011 | add x1, x2, x3
- - sub (sub) 0100000 | 00011 | 00010 | 000 00001 | 0110011 | sub x1, x2, x3
S—type| immed[11:5] | rs2 | rsl |funct3| immed[4:0] | opcode |
B-type { immed[12,10:5] { rs2 { rsl | funct3 hmmed[4:1.11]| opcode ‘ Sie Lt ol el = Lt
addi (add immediate) 001111101000 | 00010 000 00001 | 0010011 | addi x1, x2, 1000
(load word) 001111101000 | 00010 00001 | 0000011 | Iwx1, 1000 (x2)

$4.4.1: gl AT LLR/D 145 5 Eﬂwm

jyb*j%’ ﬁM/J\i_L” (store word) 0011111[ 00001 | 00010 | 010 | 01000 | 0100011 | swx1, 1000(x2)
PR IERY: HTE4opiEiE =42/ ALUop, Elﬂfunct7+funct3éEEBZ4uALU operation




ALUEAEFE ] RS, $4.4.1

Example: add $8, $17, $18 L=~
( ALUBperation
< !
000000 | 10001 | 10010 01000 00000 | 100000
op rs rt rd shamt funct
—
0000 AND
BRI N 0001 OR
Control m— = — 7 0110 subtract
o ALUOp1 > 0111 set-on-less-than
MemRead 1100 NOR
Etc.

funct7 rs2 rsl funct3 rd opcode R-type




ALU

o Ha | BH
8 rj”%ﬁ"

X

™~

4-12

nstruction ALU control
opcode Operation ALU ion input

load doubleword XXXKKXX 0010
sd 00 store doubleword XXXXKXX XXX add 0010
beq 01 branch if equal XXXXXXX XXX subtract 0110
R-type 10 add 0000000 000 add 0010
R-type 10 sub 0100000 000 subtract 0110
R-type 10 and 0000000 111 AND 0000
R-type 10 |or 0000000 110 | OR 0001
| funct? | rs2 ‘ rsi ‘ funct3 ‘ rd | opcode |R—type
| immediate[11:0] ‘ rsi ‘ funct3 ‘ rd | opcode | l-type ALU Uperation
| immed[11:5] | rs2 ‘ rsl ‘ funct3 ‘ immed[4:0] | opcode |S—type
| immed12,105] |  rs2 |  rs1 | funct3 |immed[4:1,11]]  opcode  |B-ype e

H2f7ALUop (F5-%opiEfd=4:) HFfunct7+funct34: i >ALU i?_ﬁ

ALU_ctrl mput (414, EHALU operation)

result




ALU control block: ZH&i%%

| Awop | = Funct7field | Funct3 field

ALUOpl ALUOpO I[31] I[30) I[29] I[28] I[27] I[26] I[25] I[14] I[13] I[12] | Operation

2, AREi 1L

ALU operation

0 0 X K X X X X X X X X 0010 a—»
X 1 X )4 X X X X X X X X 0110 L, Zero
1 X 0 0 0 0 0 0 0 0 0 0 0010 > ALU | Resul
1 X 0 1 0 0 0 0 0 0 0 0 0110 | overfiow
1 X 0 0 0 0 0 0 0 1 1 1 0000
1 X 0 0 0 0 0 0 0 1 1 0 0001 b —
K4-13, ALU Operation 1 ALUOpFIFunctizhd A4 ik 4/
ViR Funct7 A& subl[301 41, Fit R FE[30, 14, 13, 12]f7 Camyout
A-5-14
ALU control lines |  Function | e A
GGGG AND L ALLU control block
0001 OR ALUOpO
0010 2dd ALUOp1 Operation3
0110 subtract
F3 Operation2 |
K|A-5-13 - oot
F 5-0) F2 : E Operationi | Operation
o F1
Operation0
o 10

RV, FIGURE C.2.3 (Cunstructured) ,
R WAMIPSRGI, 5E4-13A% 5 !



ALUFEHI28: ALUOp5ALU operation

funct? rs2 rsi funct3 rd opcode R-type
FPCSrc
4-19 .
~ M
>Add - u
x
4 _» >.ﬁ.dl:| Sum 1
RegWrite L
L &
Instruction [19-15] Read
Read - : MemWWrite
Lo|PC lés] s . register 1 po.g X
Instruction [24-20] Read data 1 -
- register 2 ALUSre MemtoReg
Instruction
[31.'[]] Instruction [11-7] | write dReag Address Hdea?g —
Instruction " | register s I:T
memory
| Write —] 0
data Registers Data
»| Write memory
data
Instruction [31-0]

32 B4
ALU operation MemRead

Instructio@ [30,14-12] (

0 0 X X X X X X X X X X 0010
X 1 X X X X X X X X X X 0110 ALUO P
1 X 0 0 0 0 0 0 0 0 0 0 0010
1 X 0 D 0 0 0 0 o} 0 0 0 0110
1 X 0 0 0 0 0 0 o} 1 1 1 0000
1 X 0 0 0 0 0 0 0 1 1 0 0001




ZEE s AEIEBE+E

$4-21
~ E—
>Add
i —e
_'/_"\
. Branch
f | MemRead
Instruction [6-0] | | MemtoReg
= Control —7A-
| | ~ AU
[ MemWrite
| ALUSrc
RegWrite
Instruction [19-15] Read
(pClen{ Ro2d ™| register 1 po.q
Instruction [24-20 *
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‘ immediate[11:0] | rsi | funct3 | rd | opcode | Iype
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Single-Cycle Processor: Clocking

MemtoReg
E’:‘ti';OIIMemWrite
Branch
\ﬂLU@ntrolm D'_ PCSIe
Op  |ALUSrc
Funct |RegDst \
egWrite T
k-.—.-“I \
CLK > CLK
| |
Instr e .;\:I/ WES RD1 SrcA [™=~ Zero Y WE 0
A RD | ALUResult A RD ReadData 1
Instruction -
Memory o RD2 [0]sre8 < Data
A3 1 ) Memory
WD3 Rggistgr WriteData WD
File
20:16 0
1511 1
WriteReg,.,
~ PCPlus4 '
Signlmm <<?
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The Critical Path Dictates the Clock Period

Element Delay

Register clk-to-Q tpcqpc 30 ps

Register setup tsetup 20
Multiplexer trux 25
ALU tALU 200

Memory Read tmem 250
Register file read trfread 150
Register file setup trrsetup 20

R BEERS R IRE ?
Tc = tpeg-pPC + tmem-I + tRFread + tALU + tmem-D + tmux + tRFsetup
= (30+250+ 150+ 200+ 250+ 25+ 20) ps

= 925 ps
— 1.08 GHz FUHE S I (H] .

reg=0.3ns, L1 Cache=1lns, MM=60ns
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o« “PIIFRASPATETIM=8X24% +7X12% +6X44% +5X 18% +

2X2%=6.3ns

A, AR SEIL E K 9L 8/6.3=1.271%
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single-cycle processor interfaced to
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ALU Main L
Decoder Decoder Data
— - ’ Register #
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View from 30,000 Feet

! )

Add

Add

* What is the role of the Add units?

Address Instruction

Instruction
memory

Source: H&P textbook ¥4-1

Note: we haven't bothered
showing multiplexors

—

Data
Register #
Registers

Register #

Register #

Address

Data

T memory
> Data

 Explain the inputs to the data memory unit

 Explain the inputs to the ALU

» Explain the inputs to the register unit

HATR-typetg &, data mem7E T ?
-Clock cyclef] 5 & ?

‘et KA 1EAMEM?
“RET AN NI AE 2

«FhET7 2

CP| =7 41
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