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MICROPROCESSORS AND ASSEMBLY LANGUAGES
A MICROPROCESSOR is a multipurpose programmable logic device that reads binary instructions from a storage device called memory accepts binary data as input and processes data according to those
instructions and provides results. 
· This chip was given the name, processor chip. The large processors were developed using VLSI technology. 
· Engineers was developing a processor which worked in a con trolled manner, was given the name of microprocessor. 
· Thus a single LSI/ VLSI/VVLSI chip, capable of processing data in a controlled manner was called the microprocessor.
First generation microprocessor
· The design team headed by Ted Hoff of Intel Corporation developed the 1st controlled processor in the year 1969,
·  but Intel started marketing its first microprocessor in the name of Intel 4004 in 1971. 
· This was a 4-bit microprocessor having 16-pins. 
· The 4-bit microprocessor worked with 4-bit word .
· The Intel 8008 was developed in the year 1972 that worked with 8-bit word.
· It required about 20 or more additional devices(chips) to design a functional CPU.
Second generation microprocessors 
·  Large chip size (170x200 mil) with 40-pins.
·  More chips on decoding circuits.
· Ability to address large memory space (64-K Byte) and I/O ports(256).
·  More powerful instruction sets.
·  Dissipate less power.
·  Better interrupt handling facilities.
·  Cycle time reduced to half (1.3 to 9 sec.)
·  Sized 70x200 mil) with 40-pins.
·  Less Support Chips Required
·  Used Single Power Supply Faster Operation
3rd generation microprocessor 
· It have 64-pins started with the introduction of 16-bit Intel
8086 in the year 1978.
· The other important IIIrd generation microprocessors were Zilog Z-8000, Motorola M68000, National NS16016, and Texas Instruments TMS 99000 series, etc. 
· In addition to enhanced performance, it contained multiply/divide arithmetic hardware. 
· Intel 8088 was identical to 8086 but for the 8-bit data bus. 
· Hence 8088 could read or write 8-bits data at a time to or from the memory. 
· In addition to 16-bit CPU, the 80186 and 80188 had programmable peripheral devices integrated on the same package. 
· The program written for 80186 and 80188 may not work well on 8086 and 8088, but those written for 8086 and 8088 worked without much difficulties on 80186 and 80188. 
· This means they were upward compatible with 8086 and 8088. The Intel 80286 was the advancedversionof80186.
· The single chip 32-bit microprocessor was introduced in the year 1981 by Intel as iAPX 432. 

4th generation microprocessors 
· Bell Single Chip Bellmac-32, Hewlett-Packard, National NSl 6032, Texas Instrument99000. Motorola 68020 and 68030.
· The power of the microprocessor went on increasing with the advancement in the integrated circuit technology. 
· The VLSI technology culminated in the extremely complex microprocessor with as many as one billion transistors on a single chip.
·  The Intel in the year 1985 announced the 32-bit microprocessor (80386). 
· The 80486 has already been announced and is also a 32-bit microprocessor
HISTORY OF MICRO PROCESSOR 
· Fairchild Semiconductors (founded in 1957)
· invented the first IC in 1959.
· In 1968, Robert Noyce, Gordan Moore, Andrew
Grove resigned from Fairchild Semiconductors.
· They founded their own company Intel 
(Integrated Electronics).
· Intel grown from 3 man start-up in 1968 to industrial
giant by 1981.
· It had 20,000 employees and $188 million revenue.
INTEL 4004
· Introduced in 1971.
· It was the first microprocessor by Intel.
· It was a 4-bit μP.
· Its clock speed was 740KHz.
· It had 2,300 transistors.
· It could execute around60,000 instructions per second.
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INTEL 8008
· Introduced in 1972.
· It was first 8-bit μP.
· Its clock speed was 500 KHz.
· Could execute 50,000 instructions per second.
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INTEL 8080
· Introduced in 1974.
· It was also 8-bit μP.
· Its clock speed was 2MHz.
· It had 6,000 transistors.
· Was 10 times faster than 8008.
· Could execute 5,00,000 instructions per second.
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INTEL 8085
· Introduced in 1976.
· It was also 8-bit μP.
· Its clock speed was 3 MHz.
· Its data bus is 8-bit and address bus is 16-bit.
· It had 6,500 transistors.
· Could execute 7,69,230 instructions per second.
· It could access 64 KB of memory.
· It had 246 instructions.
· Over 100 million copies were sold.







INTEL 8086
· Introduced in 1978.
· It was first 16-bit μP.
· Its clock speed is 4.77 MHz, 8 MHz and 10 MHz, depending on the version.
· Its data bus is 16-bit and address bus is 20-bit.
· It had 29,000 transistors.
· Could execute 2.5 million instructions per second.
· It could access 1 MB of memory.
· It had 22,000 instructions.
· It had Multiply and Divideinstructions.
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INTEL 8088
· Introduced in 1979.
· It was also 16-bit μP.
· It was created as a cheaper version of Intel’s 8086.
· It was a 16-bit processor with an 8-bit external bus.
· Could execute 2.5 million instructions per second.
· This chip became the most popular in the computer
· industry when IBM used it for its first PC.
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INTEL 80186 & 80188
· Introduced in 1982.
· They were 16-bit μPs.
· Clock speed was 6 MHz.
· 80188 was a cheaper version of 80186 with an 8-
· bit external data bus.
· They had additional components like:
· Interrupt Controller
· Clock Generator
· Local Bus Controller
· Counters
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INTEL 80286
· Introduced in 1982.
· It was 16-bit μP.
· Its clock speed was 8 MHz.
· Its data bus is 16-bit and address bus is 24-bit.
· It could address 16 MB of memory.
· It had 1,34,000 transistors.
· It could execute 4 million instructions per second.
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INTEL 80386
· Introduced in 1986.
· It was first 32-bit μP.
· Its data bus is 32-bit and address bus is 32-bit.
· It could address 4 GB of memory.
· It had 2,75,000 transistors.
· Its clock speed varied from 16
MHz to 33 MHz depending uponthe various versions.
· Different versions:
1. 80386 DX
2. 80386 SX
3. 80386 SL
· Intel 80386 became the bestselling microprocessor in history.
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INTEL 80486
· Introduced in 1989.
· It was also 32-bit μP.
· It had 1.2 million transistors.
· Its clock speed varied from 16 MHz to 100 MHz depending
· upon the various versions.
· It had five different versions:
1. 80486 DX
2. 80486 SX
3. 80486 DX2
4. 80486 SL
5. 80486 DX4
· 8 KB of cache memory was introduced.
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INTEL PENTIUM
· Introduced in 1993.
· It was also 32-bit μP.
· It was originally named 80586.
· Its clock speed was 66 MHz.
· Its data bus is 32-bit andaddress bus is 32-bit.
· It could address 4 GB of memory.
· Could execute 110 million instructions per second.
· Cache memory:
· 8 KB for instructions.
· 8 KB for data.
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INTEL PENTIUM PRO
· Introduced in 1995.
· It was also 32-bit μP.
· It had L2 cache of 256 KB.
· It had 21 million transistors.
· It was primarily used in server systems.
· Cache memory:
· 8 KB for instructions.
· 8 KB for data.
· It had L2 cache of 256 KB
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INTEL PENTIUM II
· Introduced in 1997.
· It was also 32-bit μP.
· Its clock speed was 233 MHz to 500 MHz.
· Could execute 333 million instructions per second.
· MMX technology was supported.
· L2 cache & processor were on one circuit
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INTEL PENTIUM II XEON
· Introduced in 1998.
· It was also 32-bit μP.
· It was designed for servers.
· Its clock speed was 400 MHz to 450 MHz.
· L1 cache of 32 KB & L2 cache of 512 KB, 1MB or 2MB.
· It could work with 4 Xeons in same system.
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INTEL PENTIUM III
· Introduced in 1999.
· It was also 32-bit μP.
· Its clock speed varied from 500 MHz to 1.4GHz.
· It had 9.5 million transistors.
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INTEL PENTIUM IV
· Introduced in 2000.
· It was also 32-bit μP.
· Its clock speed was from 1.3 GHz to 3.8 GHz.
· L1 cache was of 32 KB & L2 cache of 256 KB.
· It had 42 million transistors.
· All internal connections were made from aluminiumto copper.
[image: ]
INTEL DUAL CORE
· Introduced in 2006.
· It is 32-bit or 64-bit μP.
· It has two cores.
· Both the cores have there own internal bus and L1 cache, but share the external bus and L2 cache (Next Slide).
· It supported SMT technology.
· SMT: Simultaneously Multi-Threading
· E.g.: Adobe Photoshop supported SMT.
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INTEL CORE 2
· Introduced in 2006.
· It is a 64-bit μP.
· Its clock speed is from 1.2 GHz to 3 GHz.
· It has 291 million transistors.
· It has 64 KB of L1 cache per core and 4 MB of L2 cache.
· It is launched in three different versions:
· Intel Core 2 Duo
· Intel Core 2 Quad
· Intel Core 2 Extreme
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 INTEL CORE I7
· Introduced in 2008.
· It is a 64-bit μP.
· It has 4 physical cores.
· Its clock speed is from 2.66 GHz to 3.33 GHz.
· It has 781 million transistors.
· It has 64 KB of L1 cache per core, 256 KB of L2 cache and 8 MB of L3 cache 
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INTEL CORE I5
· Introduced in 2009.
· It is a 64-bit μP.
· It has 4 physical cores.
· Its clock speed is from 2.40 GHz to 3.60 GHz.
· It has 781 million transistors.
· It has 64 KB of L1 cache per core, 256 KB of L2 cache and 8 MB of L3 cache.
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· Introduced in 2010.
· It is a 64-bit μP.
· It has 2 physical cores.
· Its clock speed is from 2.93 GHz to 3.33 GHz.
· It has 781 million transistors.
· It has 64 KB of L1 cache per core, 512 KB of L2 cache and 4 MB of L3 cache.
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The Micro processor contains
1. Arithmatic andLogical Unit
2. General Purpose Registers
3. Special Purpose Registers
4. Instruction Registers
5. Time and control units.

Arithmatic andLogical Unit(ALU)
· It performs the Arithmetic Operations
add, sub, inr/dcr
· It performs the Logical operation
and, or, xor, rotate, compare, complement
· It performs the Branch operation
Jump, call, return
· It performs the Data transfer,Copy, and Memory operation.
MOV, MVI, LD, ST, OUT
General Purpose Registers
· Six general purpose 8‐bit registers: B, C, D, E, H,L
· Combined as register pairs to perform 16‐bit operations: BC, DE, HL
· Registers are programmable (load, move, etc.)

Special Purpose Registers
· Accumulator
· Single 8-bit register that is part of the ALU ! 
· Used for arithmetic and logic operations , the result is  always stored in the accumulator.
·  Flag Register
· There is also the flags register whose bits are affected by the arithmetic & logic operations.
· sign flag: The sign flag is set if bit D7 of the accumulator is set after an arithmetic or logic operation.
· zero flag : Set if the result of the ALU operation is 0. Otherwise is reset. This flag is affected by operations on the accumulator as well as other registers. (DCR B).
· AC-Auxiliary Carry: This flag is set when a carry is generated from bit D3 and passed to D4 . This flag is used only internally for BCD operations. (Section 10.5 describes BCD addition including the DAA instruction).
· Parity flag : After an ALU operation if the result has an even # of 1’s the p-flag is set. Otherwise it is cleared. So, the flag can be used to indicate even parity.
· Carry flag: Discussed earlier
· The Program Counter (PC)
· This is a register that is used to control the sequencing of the execution of instructions.
· This register always holds the address of the next instruction.
· Since it holds an address, it must be 16 bits wide. 
· The Stack pointer 
· The stack pointer is also a 16-bit register that is used to point into memory. 
· The memory this register points to is a special area called the stack.
· The stack is an area of memory used to hold data that will be retreived soon.
· The stack is usually accessed in a Last In First Out (LIFO) fashion. 

Instruction Registers
· It is 8 bit register
· It is used to temperarly stored data.
· The temperarly registers are W,Z.

Time and control units
1. Data Bus
2. Address Bus
3. Control Bus










Operations of Microprocessor
· Although the 8085 is an 8-bit processor, it also has some 16-bit operations. 
· Any of the three 16-bit register pairs (BC, DE, HL) or SP could be loaded with an immediate 16-bit value (using LXI), incremented or decremented (using INX and DCX), or added to HL (using DAD).
·  LHLD loaded HL from directly-addressed memory and SHLD stored HL likewise. 
· The XCHG operation exchanges the values of HL and DE. 
· Adding HL to itself performs a 16-bit arithmetical left shift with one instruction.
·  The only 16 bit instruction that affects any flag was DAD (adding HL to BC, DE, HL or SP), which updates the carry flag to facilitate 24-bit or larger additions and left shifts (for a  for instance). 
· Adding the stack pointer to HL is useful for indexing variables in (recursive) stack frames.
·  A stack frame can be allocated using DAD SP and SPHL, and a branch to a computed pointer can be done with PCHL. 
· These abilities make it feasible to compile languages such as  with 16-bit variables and produce 8085 machine code.
· Subtraction and bitwise logical operations on 16 bits is done in 8-bit steps.
·  Operations that have to be implemented by program code (subroutine libraries) included comparisons of signed integers as well as multiply and divide.
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