UNIT: 2 CPU

_ GENERAL REGISTER ORGANISATION: When a large number of registers are
included in the CPU, it is most efficient to connect them through a common

% bus system. The registers communicate with each other not only for direct
data transfers, but also while performing various micro-operations. Hence it
is necessary to provide a common unit that can perform all the arithmetic,

logic and shift micro-operation in the processor.
A Bus organization for seven CPU registers:—

The output of each register is connected to two multiplexer (mux) to form
the two buses A & B. The selection lines in each multiplexer select one
register or the input data for the particular bus. The A and B buses forms
the input to a common ALU. The operation selected in the ALU determines
the arithmetic or logic micro-operation that is to be performed. The result of
the micro-operation is available for output and also goes into the inputs of
the registers. The register that receives the information from the output bus
is selected by a decoder. The decoder activates one of the register load
inputs, thus providing a transfer both between the data in the output bus

and the inputs of the selected destination register.

Clock Input

R1
R2
R3
R4
RS

= IFEERyY) 111 Iy

Load

71

Tines) sea{ =  Mux MUX  |<=}ses
e ‘

3x8 '
decoder lA us lB bus

R

—
SELD —
—
OPR [ —» ALU
—
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The control unit that operates the CPU bus system directs the ir

flow through the registers and ALU by selecting the various com|
the systems.

Ri - R; + R3

(1) MUX A selection (SEC A): to place the content of R2 into bus
(2) MUX B selection (sec B): to place the content of R3 into bus E
(3)ALU operation selection (OPR): to provide the arithmetic additio
(4) Decoder destination selection (SEC D): to transfer the cont
- output bus into R, '

These form the control selection variables are generated in the cc
and must be available at the beginning of a clock cycle. The data
two source registers propagate through the gates in the multiplexe
ALU, to the output bus, and into the into of the destination reg
during the clock cycle intervals. e

Control Word: :
There are 14 binary selection inputs in the units, and their combi
specified a control word.. It consists of four fields three fields con:
bits each, and one field has five bits. The three bits of SEL A seleci
register for the A input of the ALU. The three bits of SEL B select
register for the B input of the ALU. The three bit of SEC D
destination register using the decoder and its seven load outputs
bits of OPR select one of the operations in the ALU. The 14-bit cor
when applied to the selection inputs specify a particular micro-oper

Ta‘ble: Encoding of Register selection fields.

Binary Code -~ SELA SELB SEL D
000 Input s Input: ____None
010 R, R; SR
101 R5 12 ‘R5 A RS
110 Re i R Re

| 111 Ry Ry Ry
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Table: Encoding of ALU operation

| OPR & elect Operation Symbol
[ 00000 Transfer A TSFA
| 00001 Increment A INCA
[ 00010 Add A + B ADD
[ 00101 [ Subtract A-B SUB
[ 00110 } Decrement A DEC A
[ 01000 | AND A and B AND
| 01010 I OR A and B __OR
| 01100 I XOR A and B XOR
[ 01110 | Complement A COMA
[ 10000 | Shift right A SHRA
| 11000 l Shift left A SHLA

Examples of Micro-operation for the CPU Symbolic Desugnatlon S o

U/hcro Operation

/SECA SECB |SELD

OPR . | Control Word _ »
Sela Sevs Eec)_' o0 PR

76 R: = Ry - R3

R3 R1

1SUB - | 010

011 |001 |0010

OR 100

101 |100 |ot010|

TSFA 1001 1000 |111 0000},]

TSFA 010 [000 (000 [oboo | -

|TsFa [o00 [o000 |
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Stat:k Organization
A useful feature that is included in the CPU of most computers is a stack or last-in first out (LIFO)

list. A stack is a storage device that stores information in such a manner that the item stored last is
the first item retrieved. The operation a stack can be companied to a stack of trays.

The stack in Digital Computer is essentially a memory unit with an address register that can count
only (after an initial value is loaded into it.) The register that holds the address for the stack is
called a Stack Pointer (SP) because its values always pomts at the top item in the stack.

The two operations - PUSH (insert)
- Pop (delete)

Register Stack:- A stack can be placed in a portion of a large memory as it can be organized as a
collection of a finite number of memory words as register. -

stack Address

Flags a3 S
FULL EMPTY IH,I’H q{bp i
‘ 7 EMP T'Y sf] ‘
Stack pointer 4
SP |—» C 3 = ULL =0 .
B 2
A 1. :
. ' o Cn blupj ’\/dld@j {3
I SR 1 P 1] l l l

In a 64- word stack, the stack pointer contains 6 bits because 26 = 64. On MG“ ‘
Diseg 000060

The one bit register FULL is set to 1 when the stack is full, and the one-bit register EMTY is set to 1

when the stack is empty. DR is the data register that holes the binary data to be written into on

read out of the stack. :

Initially, SP is decide to O, EMTY is set to 1, FULL = 0, so that SP pomts to the word at address O
and the stack is masked empty and not full.

PUSH SP& SP +1- increment stack pointer - ‘
M [SP]4+DR unit item on top of the Stack
Lf(SP = 0) then (FULLsg-1) check it stack is full
EMTYQ-O ma}k the stack not empty S _
POP DRGA[SP] read item trans the top of stack ZG—H' SP 1. 0.0 ,°_,°:.° i i
decrement SP : e

ATETTT
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2
‘ . ‘ 2
LF(SP =0) then (EMTY&o-1) check it stack is empty ‘ o
FULLQ 0 mark the stack not full. &3
Memory stack:Memory with Program, Data, and Stack Segments
-A portion of memory is used as 3 stack with a
+_ Processor register as a stack pointer
~PUSH: SP«sp.q
. M[SP] « DR
-POP: DR« M[sP]
. SP«SP+1 g
- Most computers do not provide hardware to check e 218 Py(j[’? @
- stack overflow (full stack) or underflow(empty stack) : A@Uf e
Vi ope-SP-|
‘ ] : L
- 1000 : M Lgpj <”’PR
[ ] (instritaons) . A ,
: 2600 U e
s 1 L s ] 9000 T i T
: stack i ?_Q_F_.J e : j o
i = 3997 M SP
{ A o 3998 PR '(F E ' S
‘3999 L P
. P ) '(—d d P ’)‘\ e :
Loitally , Spe-oon| [l o e sl
; : C DR ] By Ty Bhek ik
: _ s Frag o oo arq’mrefa
‘ no‘/’ rowol’a 7 e
REVERSE POLISH NOTATION X Most Computer cloes 3 /O

A +B Infix notation
+A:B  Prefix or Polish notation
A B+ Postfix or reverse Polish notation SEMRLe T e v
- The reverse Polish notation is very suitable for stack manipulation .
Evaluation of Arithmetic Expressions _ AT R
Any arithmetic expression can be expressed in parenthesis-free
Polish notation, including reverse Polish notation

(3*4)+(5*6) = 34*5 6"+

Arithmetic Expressions: A + B C//,wlg\“%-” @ﬁck oY UVLP-})/ Ghd( ,

—>| 6
—| 4 - 5 5 -1 30
-1 3 3 -—>| 12 12 12 _12_ =31 42
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Instruction Formats:

The most common fields found in instruction format are:-

(1) An operation code field that specified the operation to be performed

(2).  Anaddress field that designates a memory address or a processor registers.

3) A mode field that specifies the way the operand or the effective address is determined.

Computers may have instructions of several different lengths containing varying number of
addresses. The number of address field in the instruction format of a computer depends on the
internal organization of its registers. Most computers fall into one of three types of CPU
organization. '

(1) Single Accumulator organization ADD X ACLAC+M[x]

(2)  General Register Organization ADD R1, R2, R3 R[&R2 + R3

- (3)  Stack Organization PUSH X
Three address Instruction

Computer with three addresses instruction format can use each address field to specify either
processor register are memory operand. 4, ot o L
ADD Ry, A, B A1 —> M[A] +M [B] il e
ADD RzCD Rz —> M [C] + M [B] X=(A+B)*(C+A) ; ¥ ek o
MUL X, Ry, R2M [X] R1 * Rz

The advantage of the three address formats is that it results in short progl"‘a‘m ‘when evaluating

arithmetic expression. The disadvantage is that the binary-coded instructions require too many
bits to specify three addresses. » e S

Two Address Instruction

Most common in commercial computers. Each address field can specify either a processes register
on a memory word. : : e I £

MOV Ry, A - Ri=>M [A]

ADD Ry, B Ri=»Ri1+M[B] : G
MOV Rz, C R: > M [C] X?'(AfB)*[C+D]
ADD Rz, D Rz = Rz + M [D] e
MUL Ri, Rz Ri— Ri1*R2

MOV X1R1 M [X] > R1

One Address instruction , 3 PR L T eSO
It used an implied accumulator (AC) register for all data manipulatlonf For multiplication/division,

there is a need for a second register.

LOAD A AC— M [A] o

ADD B AC—>AC+M[B] o o o

STORE T MIT] >AC - -t X=(A+B)x(C+A) 4
LOAD C 2 AC o> M(C)emins:, “All operations are done between the A
ADD D ~ AC—>AC+M(D)  register and a memory operand. It's the
MLT. T AC—>AC+M [T) address of a temporary memory location
STORE X ‘M[x]>AC - required for storing the intermediate result.
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Zero - Address Instruction ‘\,

: : and MUL. The
A stack organized computer does not use an address field for the instruction At?[: ?x:municates
PUSH & POP instruction, however, need an address field to specify the operand that ¢
with the StaCk (TOS -y ‘Dp ofthe Stack] : h

PUSH A TOS = A

PUSH B TOS —» B

ADD TOS— (A+B)
PUSH C TOS = C

PUSH D TOS—D

ADD TOS - (C+ D)

MUL TOS -5 (C+ D) * (A +B)
poP X M [X]€ TOS

The operation field of an instruction specifies the operation to be performed. This operation must
be executed on some data stored in computer register as memory words, The way the operands
are chosen during program execution is dependent on the addressing mode of the instruction. The
addressing mode specifies a rule for interpreting or modifying the address feld of the instruction
between the operand is activity referenced. Computer use addressing mode technique for the
purpose of accommodating one or both of the following provisions. s P

(1) To give programming versatility to the uses by providing such facilities as pointer to
memory, counters for top control, indexing of data, and program relocation, : e S
(2)  Toreduce the number of bits in the addressing fields of the instruction.

v

(1)  Fetch the instruction from memory
(2)  Decode the instruction
{(3)  Execute the instruction

Program Counter (PC) keeps track of the instruction in the program stored in memory. PC holds :
the address of the instruction to be executed next and in incremented each time an instruction Is
fetched from memory. _ e e

(1) Implied mode (6) Auto increment/ Auto decrement mod
(2) Immediate mode (7) Direct Address mode

(3) Register mode (8) Indirect Address mode
(4) Registermode (9) Relative Address mode
(3) Register - indirect mode (10} Indexed Addressing mode
{11) Base Register Addxgssing mode
_Opcode | Mode : iAddms i

Instruction format with mode ﬁ'e!_d‘
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Relatwe Address: The content of PC is added to the address part of the instruction in order to
obtain the effective address Ex :- PC = 825 + 1 + 24

Indexed addressing Mode:- The content of index register is added to the address part of the
instruction in order to obtain the effective address.

Base Register Addressing Mode:-The content of a base register is added to the address bank of
the instruction to obtain the effective address.

Indirect Address:-

Effective Address = Address part of instruction + content of CPU register
X i _ Address Memory
- Numerical Example Operand yalee e 2@*”“\{ o lowdtohC e

A&:&MVON?E Eflecive 1#».:i:lh:a»s Oontet pO{ i 301 Addrm

Pmedate Aodess Voce L4 800 =
Lirect Aoess Mods 5 B0 il o). Nethaguchon
Ircrect Adaress Mode 600 0
Fagsta Ve (Diyect) 40 Iids]  xa=100
Register Indrect Mode 0 700 Rgieher ' 399 450
Relafive Adtess Moce PC f 402 W i | w0 700
ekved Adress Nock * ,ooksoo - .
Adtonuien e Mok \ 700 500

800

'-*f Q0sCrame. ‘Q‘f‘@ 450 r | " ‘7
=40 | |
R1= 400 after L — ‘ ‘
A } 800 300
Ri=400. 1 puol) ot o N

oY ki, | e
b;m of 1+ Ivhmeok\;ﬁx DT 0PN
e Lol oD A c— R +0FYy
- ' N , o B | ,. Bk
| Lo P Wot ’ir\%w X ?zg Nd - ("rdc s ﬂé-~ﬂ+ B(d,,lq)_
Dj% ’-f - hOP Aé—“ﬂ—(‘ loco(M/
‘Q o ——— L
5 » ' 2 page |31
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{ Name Mnemonic

! Load LD

E____~ Store ST

| Move MOV

{ Exchange % XCH

f Input IN

Output OUT

| Push PUSH
£op POP

121 o -

Lompnter provides an extensive set of instructions to give the user the flexibility to carryout
Various computational task. Most computer instruction can be classified into three categories.
(1) Datatransfer instruction ‘
(2] Data manipulation instruction
(3)  Program control instruction
Data transfer instruction cause transferred data from one location to another without changing
thc‘ binary instruction content. Data manipulation instructions are those that perform arithmetic
logic, and shift operations. Program control instructions provide decision-making capabilities and
change the path taken by the program when executed in the computer, -

ata Tr: -
Data transfer instruction move data from one place in the computer to another without changing
the data content. The most common transfers are between memory and processes registers,
between processes register & input or output, and between processes register themselves. '
(Typical data transfer instruction) '

It performs operations on data and provides the computational capabilities for the computer. The
data manipulation instructions in a typical computer are usually divided into three basic types.

() Arithmetic Instruction

(b)  Logical bit manipulation Instruction

(c)  Shift Instruction. : s
Name _Mnemonic ;
Increment INC : e ’
Decrement DEC Shh f
Add Add ‘
Subtract - ~ Sub .
Multiply ‘ MUL
| Divide DIV
L Add with Carry ADDC
‘ Subtract with Basses SUBB
Negate (2's Complement) NEG
V Semester [2016-17] Page | 32
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Mnemonic

Comp]ement CLR

AND e

OR AND

Exclusive-Or X%l;

Clear Carry CLRC

Set Carry SETC

Complement Carry COMC
Enable Interrupt ET
Disable Interrupt oI

(c) Shift Instruction

lnst.ru’ctions te shift the content of an operand are quite useful and one often provided in several
var!atlo_ns. Shifts are operation in which the bits of a word are moved to the left or right. The bit-
shifted in at the and of the word determines the type of shift used. Shift instruction may specify

either logical shift, arithmetic shifts, or rotate type shifts.

Name Mnemonic
Logical Shift right SHR
Logical Shift left SHL
Arithmetic shift right SHRA
Arithmetic shift left SHLA
Rotate right ROR
Rotate left ROL
Rotate mgmt through carry RORC
Rotate left through carry ROLC

£ computer archifectuye

RISC & CISCARCHITECTURE Au  {nt {907 taut g« ‘/lb he procut,
Characteristics of CISC architecture are: A du'j £mfmd7m Sef~for T /b
(1)  Alarge no. of instruction-typically from 100 to 250 mstructmn

Some instruction that perform specialized tasks and one used infrequently.

(2)
(3)  Alarge variety of addressing modes - typically from 5 to 20 different modes.
Variable length instruction format _

(4)

(5)  Instruction that manipulate operates in memory

RISC CHARACTERSTICS : ‘ ey
The concept of RISC arithmetic involves an attempt to reduce executlon time by sxmphfymg the

instruction set of the computer.

The major characteristics of a RISC processes are:

(1)  Relatively few instructions

(2)  Relatively few addressing modes

(3) © Memory access limited to load & store instruction
(4) . All operations done within the registers of the CPU. .
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(5)  Fixed-length, easily decoded instruction format

(6) Single-cycle instruction execution _ :
(7)  Handmaiden rather than micro programmed control.

More RISC Characteristics A .
| - Arelatively large numbers of registers in the processor unit.
. Efficient instruction pipeline

- Compiler support: provides e

Programs into machine language

fficient translation of high-level language

programs.

Advantages of RISC

- VLSI Realization

- Computing Speed

- Design Costs and Reliability

- High Level Language Support

Parallel Processing o it
Parallel processing is a term used to denote a large class of techniques that are used to provide
simultaneously data-processing tasks for the purpose of increasing the computational speed of the
computer. Instead of processing each instruction sequentially as in a conventional computer, a
rm concurrent data processing to achieve faster

parallel processing system is able to perfo

execution time. The system may have two or more processor operating concurrently. The purpose
of parallel processing is to speed up the computer processing capability and increase its
throughput. The amount of hardware increases with parallel processing, hence the cost increases.

ts.

%dder—s ubtractor I

—‘JI_ integer multiply J——————-P
—#lr leglc unit I'—————" ;
[ shinunit _}.-—————ﬂ

To memeory | - s

€ 3 . ! , 3
Ar iIncrementer J—————-’ ! %
pracessor registers —— - = iy i : ! s

" [Tioating point add- il e seton e
1 subtract l o St G
=J1Toating peoint multiply
|

——————ﬁaﬁng point GME’——-»
y,

Example : Processor with multiple functional uni

PROCESSOR WITH MULTIPLE FUNCTIONAL UNITS

It shows one possible way of separating the execution unit into eight functional units operating in
parallel. The operands in the registers are applied to one of the units depending on the operating

specified by the instruction associated with the operand.
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