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Classification of Computer Architecture

Flynn’s taxonomy: (»lé cisias

Classification of computer systems according to Michael Flynn (1966) is based on
the presence of single or multiple streams of instruction and data:

1966 ale 2 (Flynn) ¢sté .z JSike 4a j8) allad) 53 Ciuatl] 1) g o gaidad) 4 jlaral 7) LS SY) Ciiadl) ¢

Instruction stream <)) g Claddaill (5843 gf) ol ped) ApaS slad 5 ) Galale JLeY) Cpmy Guld Ciilal Ml
llaall 3895 ) Data stream Ul Gl ) d2aS

Instruction stream: A sequence of instructions executed by a processor.
Data stream: A sequence of data required by an instruction stream.
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Flynn's taxonomy

Single instruction | Multiple instruction
stream streams

Single data SISD — MISD —

stream Single Instruction [ Multiple Instruction
Single Data Single Data

Multiple data | SIMD/— MIMD, —

streams Single Instruction [ Multiple Instruction
Multiple Data Multiple Data
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SISD: Execution of instruction in SISD processors is illustrated bellow:

aw)

The SISD organization

Instruction o p Data
stream rocessor stream

Control Memory

e Instructions are executed sequentially.

¢ This is the oldest and until recently, the most common form of computer

e Examples: most PCs, single CPU workstations and mainframes
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SIMD: Execution of instruction in SIMD processors is illustrated bellow:

prev instruct prev instruct prev instruct
load A(1) load A(2) load A(n)
load B(1) load B(2) load B(n) -
C(1)=A(1)*B(1) C(2)=A(2)*B(2) C(n)=A(n)*B(n)| -
store C(1) store C(2) store C(n)
next instruct next instruct next instruct
P1 P2 Pn
The SIMD organization

Shared memory or interconnection network

Processor 1 Processor 2 [ Processor N
T F 3

Control

Data
streams

[nstruction stream T

A type of parallel computer
e Best suited for specialized problems such as image processing and vector

computation.
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3. MISD <bilal) (385 3aia g9 cilaalail) (385 Baania clawilall
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MISD: Execution of MISD processor is illustrated bellow:

prev instruct prev instruct prev instruct
load A(1) load A(1) load A(1)
C(1)=A(1)*1 C(2)=A(1)*2 c(m=A(tyn| |5
[17]
store C(1) store C(2) store C(n)
next instruct next instruct next instruct M
P1 P2 Pn
The MISD organization
Data [nstruction
stream streams
—» Processor | [ I Control 1
Memory » Processor 2 |< 3 Control 2
H i
1 1
1 1
1 1
¥ \ 4
—» Processor N N Control N

e This architecture is also known as systolic arrays for pipelined execution of
specific instructions

e Few actual examples of this class of parallel computer have ever existed. One
is the experimental Carnegie-Mellon C.mmp computer (1971).
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MIMD : Execution of MIMD processor is illustrated bellow:

prev instruct prev instruct prev instruct
load A(1) call funcD do 10 i=1,N
load B(1) X=y*z alpha=w**3 -
C(1)=A(1)*B(1) sum=x"2 zeta=C{i) g
store C(1) call sub1(i,j) 10 continue
next instruct next instruct next instruct M
P1 P2 Pn

The MIMD organization

Shared memory or interconnection network

Data

I
streams l

B

Processor 1

Processor 2

[nstruction T I

streams

T

B

Processor N

Tn

Control 1

Control 2

Control N

e As shown in the above figure there are different processor each processing

different task.
e Examples: most current supercomputers, networked parallel computer.
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Memory system

Memory System
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For example, if computer has 64k words, then this memory unit has

64 * 1024 = 65536 memory locations. The address of these locations
varies from 0 to 65535.

Memory Hierarchy System

The memory hierarchy system consists of all storage devices employed in a

computer system from slow but high capacity auxiliary memory to a

relatively faster cache memory accessible to high speed processing logic.

The figure below illustrates memory hierarchy:

< oSl g Al A3LaY) 3 SIA (e i gaast) Ui 8 daddieeal) A0l B gl gran (e BSIAL i ugd) Jualedil) aUAS ¢y oS

JUE gud g As el Alle Aallaall (3haia M (1 L) Jgmasll Sy (Al g Gpaad £ ) Cibgall 3330 3803 ) Agllad) dad
381 e g Gealual) o

Register

1

Cache

i 3

Main Memory

e —

Magnetic Disk

13

Magnetic Tape

Fig: Memory Hierarchy
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Note that the registers in the processing unit are temporary storage

devices. They are the fastest components of the computer system memory.

Bl (A Cilaall 030 il Cua ABiga 0135 8 gl (2 438 sal) dallaall Ban g B o AN registers <) of BaY
sl il 3 83 il g<a

As we go down in the hierarchy sBadS e gl Jodl) A gagll A e
e Cost per bit decreases <l 44l (alids)

e Capacity of memory increases 5_sIAll dxw 33l

e Access time increases Js<asll cdgsal)

e Frequency of access of memory by processor also decreases.
BSIAN eleall Jgaa g Jira (B Lalddl)

Thus, in a general purpose computer system, the highest speed memory is
closest to the processing unit and is most expensive. The least expensive
and slowest memory devices are farthest from the processing unit.

¢ Adlad) Gl £ i ganall) AU 8 sdaga A3l
AGS 1Y) A g Aadlaal) i g ) B A Ae oY) B SIM (eSi e
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MEMORY SYSTEM characteristics: 5SIA allal ailad
The most important characteristics of any memory system are its capacity,
data access time, the data transfer rate, the cycle time, and cost.

1. The capacity of the storage system: Is the maximum number of units
(bits, bytes, or words) of data it can store:
RAM capacity= no. of words X word size
BSIA B g JAS AdSay (AN i) (ClalS gl culy of ) cilaa g daad a8 aad) ga 1oy AN aUAT daa
2. The access time: Is the time taken by the memory module to access the
data after an address is provided to the module. The data appear in the
MDR at the end of this time in a RAM.
JAghail) Bas gl ) gie b g my bl ) O g sl 8 SIAN Ban g 4B i o) gl g 1 guasll iy
3. The data transfer rate: Is the number of bits per second at which the
data can be read out of the memory. This rate is the product of the
reciprocal of access time and the number of bits in the unit of data (data
word) being read (Transfer rate=(1/ t).B)
BSIAN A i) 3e1 8 Waie (jSay (Al Al B clid) s g el JAS Jaa
4. The cycle time: Is a measure of how often the memory can be
accessed.

LSS ) Lgd e sl (S (A ) pal) 22 alilia gb 13 gal) i
5. The cost: Is the product of capacity and the price of memory device per
bit. RAMs are usually more costly than other memory devices.
BSIAN 3 3¢l pe AdISH JiST ) gldimd) J ga gl B S0 (460 La Balle i JSI B SN g g Anad) U A cAAIS)
LAY
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Memory Access Methods & s 1 Jsas) 3k

e Sequential access: In this access, it must start with beginning and read
through a specific linear sequence, example tape.

Loy il JEal s e ¢ aana ot Jodos IR (g s Ao o 0 s ¢ Jpmam sl 138 8 s daudidial) Jgual) @

e Direct Access: Each block of memory have unique address based on its

location. Access is performed by direct access to general neighbor location

then a sequential search to reach the final location, example disk.

5o ) bl Jgasll Gk e Jsall oy Leal e o 2ly 3 8 () sie Led s SIAl (e 4TS S pdlall J ga glle
coa Al QU das e ¢ el a8 sall ) O gasa ol Juadusiall sl o3 alall ) sl

e Random access: Any location can be selected out randomly and directly
addressed and accessed, example RAM. _
c ) siall J g sl 3 S0 Jie ¢ Al Jgam sl g piilia g (Sl giie JS5 a8 ga () 2an (S 1) g} J g o)

e Associative access: Uses the contents of part of the memory words to select
the cells being written or read by making a comparison between the desired
location and part of the word stored in that location, example cache.

LJ\AA:«\)A\d.ﬁw\.@_\;\)ﬁ)‘\\.g_\.\usel\\:aw\%Maﬁ\ﬂ\uwwgﬁuhwem:‘éjﬂg‘ﬂ\d}mﬂ\.
il (A 5815 e g sl 138 (5 3553 A (e 65 o stlaall ol

Memory is primarily of three types: 813 £ il

1- Cache Memory <34 (Al 5 813
2- Primary Memory/Main Memory ) i S\

3- Secondary Memory s\ 5 8\13)
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Cache Memory

Wiy Al 5 deud) Ale semiconductor memory cbba sall sludl 3 813 & cidigall A 5 813 Cache Memory
Qi ¢ JAT Al aiiend aly A 1) 8 SIA g 43S pal) dadlaal) Bas g (o buffer <B3a ¢3S Jary (43S sal) dadlaal) Bas g ag puu
) el e gl ll g i) o Jal S Al | Sie JSd Ay 38 sal) Aadleal) Baa g Lgasdind A gl ll g bl (e 51 32 Y)

gal) @ sl CPU (Say Cun (Jiudl) allii Ao gy gl oy A1 3 803

Cache memory is a fast small memory where the active portion of the

program and data are placed in, so the average memory access time is
reduced. It is located between CPU and main memory.

Block Transfer

Word Transfer M/\
= |
CPU ; Cache g Main Memory
" Fast Slow

(a) Single cache

——n
-
CPU » Level 1 Level 2 Level 3 Main
(L1) cache (L2) cache (L3) cache Memory
Fastest Fast

ess Slow

ast
ISl

(b Three-level cache oraanization

® When CPU needs to access a memory, cache is examined
e If memory location found then OK! Read ( Hit)

e If not, then memory location is searched in main memory and block that

contained the required location is transffered to the cahe and read by CPU

(Miss).

gsdl e Hdiall 23138 Y ) cache sl o 38l 5 K13 Gasd g5 5 SIAN ) Jgasl) CPU zlias Laic o

3SIAN 5 SIAN aBga (& Canll Wiind ¢ SIS Y (S Wl 1350 (Hit s JS&) 36l 3l ddee 58 1 sllaal) oqd

Adaall (4585 1325 CPU - Al s 3l 85 cache ) csthdll adsall o (g sias Al 4Bl J& &y At )l
.(Miss)
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Cache performance: sl ¢ jaill 5 SI3 3plis ¢

e The performance of cache memory is measured by Hit Ratio.

e Hit Ratio = (total hit) / (total hit +total miss).

e Hit Ratio of 0.9 and higher have been reported.

Advantages i si!)

1- Cache memory is faster than main memory.
2- It consumes less access time as compared to main memory.
3- It stores the program that can be executed within a short period of time.

4- It stores data for temporary use.

WA ) 3 SIAN (e £yl CiBigal) o A B 81
Aoy 1) 3 SIANLG A5 e JB1 J gy B g gty
2B el Al 5 B 8 (DA 0T (1Say (o) qrali ) (3 3% 0 gy
L gall alaAuB clibll ¢y 34y

Disadvantages (s sbsall

1. Cache memory has limited capacity.
2. It is very expensive.

LB 9dana das Lgd cBgal) oy 3RS B 813

LJAglad! 481, gl

RAwWwiNK

N =
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Main Memory (Primary Memory)

Ao Wil Lls Lgle jigaaash) Jany (AN cilagladlly cliLplly Jasd Bdtias 4w )Y 3,93 Main Memory
oladl B3¢l (e ale JSy (ST (A L (Hhgsl LA pUalll e Lgilgiaa OIE8 Ay AN (e Bagdaa
. ROMy RAM (i & Gl (8 85 (o) Aanaa (o 9 ) 803 L U Ay s o] (R 5 Bluca gl

As the name implies, the main memory provides the main storage for a

computer.
il Slead ol 05T 85 Rans 1 5SIAN 6 ¢ an¥) a g LS

Characteristics of Main Memory 4xui )il 3 SI3l| jailad

These are semiconductor memories. wilogo olul 5 Sl wa

It is known as main memory.uswlsl duws Jl 5,SIJL 8 e

Usually volatile memory. €5 lio 5,55 (555 Lo ole

Data is lost in case power is switched off.lic @lall gl dls w8 g loiil Lgilly s
It is working memory of the computer. gl ddgaill § S e

Faster than secondary memories. aglill wl ,S)l o & ul

Computer cannot run without main memory. lgoy wgwlsl Jogy ¥

NouswLbH

The figure below shows a typical interface ‘> %« ; between the main
memory and the CPU:

CPU Main Memory
e i . 4+ h—»
nlines o
MAR " | Ap—Aay I
- b lines —
MDR [F—— )
B R/W
—
-1

*-\_-"'F_

Figure 7.1 A typical CPU and main memory interface
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Two CPU registers are used to interface the CPU to the main memory. These
are

(1) the memory address register (MAR) and

(2) the memory data register (MDR).

The MDR is used to hold the data to be stored and/or retrieved in/from the
memory location whose address is held in the MAR.
MAR (& 43 giny Jalia W) 25 (o315 SIAN g (g / (8 Leela yind ol / 5 L 335 ol ) cnlilall Blaia > MDR pladin Ay

The memory cell has three functional terminals which carries the electrical
signal: b S L) Jasy (o) Apdids 6l) cildase &3 Lgaal 3 SN 4304

1. The select terminal: It selects the cell.

2. The data in terminal: It is used to input data as 0 or 1 and data out is
used for the output of the cell's state.

3. The control terminal: It indicates read and write.

Control Control

Select Data in Select Sense

Cell

{a) Write {b) Read

Most of the main memory in a general purpose computer is made up of RAM
integrated circuits chips, but a portion of the memory may be constructed
with ROM chip.

Integrated RAM are available in two possible operating modes, Static and
Dynamic: SRAM and DRAM.

Types of ROM:

1. PROM (Programmable Read only Memory)
2. EPROM (Erasable and Programmable Read Only Memory)
3. EEPROM (Electrically Erasable and Programmable Read Only Memory)
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Secondary Memory

Leobssiaal Aty i)l 5,810 oo Lol g 3pllsiall e ol sy l5dl 5, Ladl 5,811 oo gl [ )
oo In LSl 0 ol 5ibe CPU a8 all dslleall s3mg s ¥ ails JSiw wilogleall / csblull oy s
&5 008« il 58I ol Gelll wl,SYl olsise i sl ai .zl3dly Jesdl wlelzl e gl Jsod!
(disk, CD-ROM,DVD) st 4o « yod :Jliall Juw wle Ll Jsogll 458 50l dlleall 53>8) (Say

Characteristic of Secondary Memory

These are magnetic and optical memories.

It is known as backup memory.

It is non-volatile memory.

Data is permanently stored even if power is switched off.
It is used for storage of data in a computer.

Computer may run without secondary memory.

N o s N e

Slower than primary memories.

Notes:

e CPU + main memory constitutes the "core" of the computer system.
e Secondary memory + I/O devices are the so called peripherals
e Communication between different components of the system is usually

performed using one or several buses.
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Definitions

Registers

i gall oAl aadid plladd)l lilee a jus i paall CPU J) Jals diise 450 ()85 ol s (o8 5 lavaal)

Cun Ao 3 SIA ) Jseasll ) dalall (50 dallaall bl jealie cp 3% el o @ | Glada i clilull

Ll ey Aaaldll al 2Vl ddadl (al 2 V) Usle aadiudy mleadl dag i JA dfae ey (S
Accumulator(AC), Program Counter (PC), Memory Data Register (MDR)

Addresses

GAM.:(-;SJJ::.\S):}‘).u\_mj\d}m)”u;\sa.ﬂsaﬁ\ﬂ\é&mg}sﬂu@jﬁ‘;ﬂ\&Lm‘w@jmsmjwjm‘
L) ) e e pane ) pisal) pllans udy Al cle gendll 313355 0 die cpsbiad) a8 de sana (S5 ol sial
A ) sie

Memory Units

Gin G 3Adl) WA (e de sane 0o 3oke (o8 ¢ oAl Ban s A Leh A0 (S Al il a8 5 3 SIAN Slas g
oA Slen R s JAI il slaal Jisl Ao 30 Ayl il sal) g cin )

1 bit = 0 or 1 (binary digit)

8 bits = 1 byte

1 character = 1 byte = 8 bits

1 kilo bytes (KB) = 1024 bytes (the number 210= 1024 = 1K for
Kilobyte, (thus 640K = 640 * 1024 = 655360 bytes))
e 1 Megabytes (MB) =1024 KB

e 1 Gigabytes (GB) =1024 MB

e 1024 GB = 1 Terabyte (TB)

e 1024TB = 1 Petabytes (TB)

e Word=2-bytes (16-bit) data item

e Double Word=4-byte (32-bits)

e Quadword=8-Bytes (64-bit)

e Paragraph=16-bytes (128-bit)
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MEMORY SYSTEM DESIGN USING ICs

The major steps in such memory designs are the following:

1. Based on speed and cost parameters, determining the type of memory
ICs (static or dynamic) to be used in the design.

2. It is generally better to select an IC with the largest capacity in order to
reduce the number of ICs in the system.

3. Determining the number of ICs needed
N = (total memory capacity)/( chip capacity).
4. Arranging the above N ICs in a P x Q matrix, where

Q = (number of bits per word in memory system)/(number of bits per word
in the IC) and P = N/Q.

5. Designing the decoding circuitry to select a unique word corresponding to
each address.

The following examples illustrates the design:

EX: construct (64K x 16) memory using (16K x 1) memory chip:

1-

64K = 216 16 address line ( Al......... A16)
16K= 2" 14 address line (Al......... A14)
2-

We need 64 K/16 K= 4row =P

We need 16/1= 16 column = Q

3-

16-14=2 (A15 ,A16) we use them as aninputto a (2- to-4) decoder to select

rows:
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4-
Cs1
16K x 1 16K x 1 16K x1
52 16K % 1
to- 16K % 1 X
AlS —| 2-to-4 X
decoder
Ale | Cs3 |
16K x 1 16K x 1
' |
54 1ok x1 16K % 1

HW: construct (4K x 4) memory using (1K x 4) memory chip:
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DIRECT MEMORY ACCESS (DMA)

I0 Interface for an Input Device

The address decoder, the data and status registers, and the control circuitry
required to coordinate IO transfers constitute the device’s interface circuit

p= Address lines

Bus Data lines

|

b l

Control lines

Address Control Data and status
decoder circuits registers
3 1
Input device

Address decoder: It is used for IO device identification.
23X/ JssYl 5les by el dolasiwl Al il giedl 30 43 &9 Bas g

Status registers: It is used to determine the status for each IO device,
whether it is ready to transfer data to the processor
leall ol wbll Jaid als oS elgw « 213l / dBol 5les JS dls ansil dolasiwl aiy :dl S el
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Direct Memory Access (DMA):

The DMA controller is a piece of hardware that controls one or more
peripheral devices. It allows devices to transfer data to or from the system’s
memory without the help of the processor.

Having peripheral devices access memory directly would allow the CPU to do
other work, which would lead to improved performance, especially in the
cases of large transfers.

leslg ST ol axlg il 5les w8 S waill dslall 55631 o 25905 5 DMA controller
85> o) o 13g9 .&leall o t3cluo o9 Al 5,815 Wl ol o LWl Jsi 65> ] @ow

BSI Jsill B 08 dols ¢ 2N s ol S8 boo « 3] Josy alall &3S ell dsleoll
> Dala
{ Count
Dala Lines « > Data
{ Reglster
Adldress
Adlidress Lines « #  Reghier
DMA Request o
DMVA Acknowledge »> Control
Interrupt « 1 i
Azl
Read »>
Write »
y

A DMA controller has an address register, a Data count register, and a
control logic:
eThe address register: contains an address that specifies the memory
location of the data to be transferred. The DMA controller automatically
increment the address register after each word transfer, so that the next
transfer will be from the next memory location.

Jimi 8L 33 DMA S5 839 a0 . el sl wlludl 5,815 @890 333y olsic wle Sgizyg il siell Jouue

il 8,815l @890 o WUl Jaill ()9S sy ¢ wlalSl) J& dudac S 32y Lilels )l giell

eThe Data count register: Holds the number of words to be transferred.
The word count is decremented by one after each word transfer.
Ji5 dalS JS a2y a1y laiay wlolSIl sae Jdss aiy . Ledsgsi wglball GlalS)l daey bagisy 1oLl Glus Jaawe

eThe control logic: Specifies the transfer mode (number of DMA channels
they support).oblul Jsi dossiwell Jsill laoi sussi
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The following steps summarize the DMA operations:

DMA request.

DMA accept.

Release buses.

DMA controller initiates data transfer.

. Data is moved (increasing the address in memory, and reducing the count
of words to be moved).

6. When word count reaches zero, the DMA informs the CPU of the
termination by means of an interrupt.

7. The CPU regains access to the memory bus.

MHwN R

DMA transfer types

1- Burst mode: The DMA controller keeps control of the bus until all the

data has been transferred to( from) memory from( to) the peripheral device.

This mode of transfer is needed for fast devices where data transfer cannot

be stopped until the entire transfer is done.

() oo 5,815 (o) Wl wbldl gies Jii Ay wis SUI wle § ol @i DMA a5 tasg g 83X booi-
ol il aiy s bl Jis Sl Sew ¥ cus dayuall 55630 Gglbo Jiill o boaill 389 .85b 5l

2- Single-cycle mode (cycle stealing or flyby): the DMA controller
releasing the bus after each transfer of one data word. This minimizes the
amount of time that the CPU is not controlling the bus. The single-cycle
mode is preferred if 10 devices can store very large amounts of data.

(8ulsll o 6,051 & 1) 53l ol 5, 05l Jaas

@ S ¥ ol gl Sl o i 1339 d3als @by dlS Jis ddooc JS 320 JSWl o5 DMA fSa b3
5 8,8 @S 0335 LS 10 6505 el 1s] Jiill o baail 153 alssial Jss) J5UI 08 & 5S yoll dsllall 5
bl oo
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DMA configurations:
The DMA mechanism can be configured in a variety of ways. Some
possibilities are shown in Figure below:

DMA configuration(1)

- T T T T
=@ @E

(a) Single Bus, Detached DMA controller

e Each transfer uses bus twice (I0 to DMA then DMA to memory)
e CPU is suspended twice.

wdi o Bl Jis ddoc JS (03 axsiiye
i e CPU dﬂmyy

DMA configuration (2)

(b) Single-bus, Integrated DMA-I/O

e Single Bus, Integrated DMA controller (support one IO device or more)
e Each transfer uses bus once (DMA to memory) so CPU may be
suspended only once.




2 cgalall 4 jlera AENE) s yal) Cilulad) agle and

DMA configuration(3)

Svstem bos

/O bos

L= ] _w | D

() LAY bos

eSeparate IO Bus
¢IO Bus connect between DMA and all enabled devices
eEach transfer uses bus once (DMA to memory) so CPU suspended once.
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Pipelining
Pipelining is an implementation technique used to build fast processors. It
allows the execution of multiple instructions to overlap in time.

csliall Bl 8 =1 3o lodss Sty o sy sy ls)lao <l s vaw 4 0o Pipeline

ol &l 50 o Jlsall b5 53153l cladill oo 5 5 JaSs a5 JS sl e Ui wle o ladsall 3wy s
aiig 38 bl o 2,359 « shall IS g « 8 ,b 3al o wladsill Jssi pipeline- wgsl (usSil &3l
laeill 08 8593 90ll 8,313 ] / o LS 3130l & olao bl

Pipeline Stages

— IF —*H—‘ ID —*H—’ EX —*H—’MEM—*H—’ WB—

5ns 4ns 5ns 10 ns 4 ns

The computer pipeline divide the instruction processing into stages. Each
stage completes a part of an instruction and loads a new part in parallel.

14

We can divide the execution of an instruction into the following 5 “classic
stages:

IF: Instruction Fetch (fetch instructions from memory)

ID: Instruction Decode (read registers and decode the instruction)
EX: Execution (execute the instruction or calculate an address)
MEM: Memory Access (access an operand in data memory)

WB: Write Back (write the result into a register)
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Example: Compute the time needed to process three instructions in four-stage
pipelining versus sequential technique.

I I I
[F1] [D1]|[Ex] [wi] |[¥2]|[D2]|[E2] [W2] [¥3] [D3]| [E3 ]| [W3]
(@) Jequential Process|ng
I o]
h [D2] [E2
2 .
» Time
1 2 3| 4|5 6 | 7 8 9 |10 11|12
ib) Fipelining

Figure 9.1 Pipelining versus sequential processing

It is clear from the figure that the total time required to process three
instructions (I1, I2, I3) is only_six time units if four-stage pipelining is used
as compared to 12 time units if sequential processing is used.

Advantages/Disadvantages

Advantages:

B More efficient use of processor alleoll 5clsS S alssiinl

B Quicker time of execution of large humber of instructions
Oladeidl o S ssc 3aiidl &l g

Disadvantages:

m  Pipelining involves adding hardware to the chip
doy il ol 85621 @ls| Pipelining e,

B Inability to continuously run the pipeline at full speed because of
pipeline hazards which disrupt the smooth execution of the pipeline.

Jbei il dis bl Sbolso i 46 ol et JSay pipelined] di b i wle 6,5l e



