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History Growing of Intel μPs
1- The early generations Intel μPs

The history of the Intel μPs will summarize in tables (1, 2 and 3) these tables show how the growing of the μP is joined with the other factors in the PC. The light points for this history is noted in a bold lines in the tables like the use of DMA in 8008 μP.

 The first row in table (1) shows the 4004 in 1971 is the first general IC (the early form of μP) that used to implement micro-controllers such as the simple calculator, this IC mange 640 Byte of memory and use the 4009 IC as I/O manager. The expansion of the memory size to 16 KB in 8008 will required to a special memory management and I/O terminals this unit called Direct Memory Access (DMA). The 8008 IC has same architecture of the 4004 IC with twice number of bytes for databus and addressbus. The 16 bit addressbus was presented in 8080 that expand the memory to 64 KB. The 8085 in 1976 is a glaring point in the Intel processor history; this IC is a real μP that has complex set of instructions 16 bit addressbus with new input (maskable interrupt) controller, so it has three internally data-buses with all necessary registers set. The weakness in this μP is the limited memory (64 KB) that is not suitable to save the real programmers and the data for the real problems.

Table (1): The early generations Intel μPs.

	Year
	μP
	Data bus
	Address bus
	Clock Hz
	MIPS
	Memory Byte
	I/O
	Used 

	1971
	4004
	4
	4
	740K
	0.07
	640
	4009
	Calculator

	1971
	4040
	4
	4
	740K
	0.07
	1024
	4207
	Calculator

	1972
	8008
	8
	8
	500K
	0.05
	16K
	DMA
	-----

	1974
	8080
	8
	16
	2M
	0.64
	64K
	DMA
	Traffic light

	1976
	8085
	8
	16
	2M
	0.37
	64K
	maskable interrupt 
	

	1978
	8086
	16
	20
	8M
	0.66
	1M segmentation
	maskable interrupt 
	IBM PS/2



Expansion the addressbus to 20 bit expands the memory size to 1 MB. The new size for memory required to a large size memory and registers to capture the addresses of the instructions and the data in the memory, this problem solved by using the segmentation approach. The electronic growing help to implement fast and large ICs, the designer use this advantage to increase the databus to 16 bit, and in result to implement the first element for the successful family of processor that called 8086 in 1978. The 8086 μP has speed up to 8 MHz, maskable interrupt and management 1 MB memory will used to realize the dream to implement the early PC that called IBM PS/2.
2- The practical generations Intel μPs for PC 


The implementation of µP that suitable to implement the practical PCs starts with the 80186 µP in 1982 as in table (2). The real challenge in that time is the software manager not the hardware, this problem spent about 3 years to burn the first real software manger for the PC that called Microsoft Software Disk Operating System (MSDOS), this software with the DMA and maskable interrupt input built a successful strategy for PC, that will growing with the µP later. 

The 80286 µP that has 24 bit in addressbus and 16 MB memory with MSDOS able to implement a useful PC that used for long time. The new problem in that time is the limited memory size in comparative with the requirements for solved problems in PC the solution comes with 80386DX in 1985 that has 32 bit for databus and 32 bits for addressbus to expand the memory to 4 GB with additional feature called virtual memory that expand the external memory of the PC (hard disk) to 64 TB.

The large memory size in 80386DX required to long red and write times this problem solved by add a small (8 KB) intermediate memory called cache memory in 80486DX.
Table (2): The practical generations Intel μPs for PC.
	Year
	μP
	Data bus
	Add-ress bus
	Clock Hz
	Cache 

Byte 
	Memory Byte
	I/O
	Other factors 

	1982
	80186
	16
	20
	8M
	no
	1 M seg.
	DMA

Interrupt 
	MSDOS

	1982
	80286
	16
	24
	10M
	no
	16 M seg.
	DMA

Interrupt 
	MSDOS

	1985
	80386DX
	32
	32
	16M
	no
	4 G virtual 64 T paged
	DMA

Interrupt 
	MSDOS

	1989
	80486DX
	32
	32
	25M
	L1 8K
	4 G     64 T 
	DMA

Interrupt 
	MSDOS

	1993
	P5 (PI)
	64
	32
	60M
	L1 16K
	4 G     64 T 
	Imbedded processor
	Predict 

 +AOS

	1995
	Pentium Pro.
	64
	32
	150M
	L1 16K L2 256K
	4 G     64 T 
	Imbedded processor
	2 ALUs 

	1997
	PII
	64
	32
	300M
	L1 32K L2 512K
	4 G     64 T 
	Imbedded processor
	MMX

	1999
	PIII
	64
	32
	500M
	L1 256K L2 2M
	4 G     64 T 
	Imbedded processor
	4 ALUs

SSE


The Pentium technology opens a new gate to implement a very large and very high speed ICs (3.1 million transistors with 273 pin), the databus become 64 bit with 16 KB cache in the first generation of these processors that called P5 or PI. This processor with all the next generations use two new technologies first is the prediction unit that is represent the early class of the parallel processing, while the second is the imbedded processor to increase the speed and independently of the memory and I/O terminals manger. The new technology (Pentium) with the two new features in the processor gives the PC a high speed that makes the PCs able to run the advances operating systems (AOS) programs such as windows.
The 2 ALUs with two levels cache memory in Pentium Pro. represent the early attempt to use the parallel processing approach that increases the power of processor. The additional important unit comes in 1997 with PII that use MMX internally unit that make the processor able to run a large set of instructions that called MMX set instruction, therefore some times this processor called Pentium MMX. The PIII expand to run a new set of instructions called SSE also it used 4 ALUs.
3- The modern generations Intel μPs for PC

The ALUs in Pentium Pro., PII and PIII are half parallel processing because they are connected as a parallel input serial output, the real parallel processing start with Net Burst in P4 in table (3) that has 4 ALUs work as parallel input and parallel output units.

Table (3) shows how the micro-architecture of the classic μP reach to saturation and the improve start to use the other factors as in the last column in table (3). P4 satisfy the parallel processing using Net Burst and enhance the set of instructions using SSE/SSE2 sets.

Table (3): The modern generations Intel μPs.

	Year
	μP
	Data bus
	Add-

ress bus
	Clock

 Hz
	Cache 

Byte 
	Mem-

ory 

Byte
	Other  

factors 

	2002
	P4
	64
	32
	2.4G
	L1 16 K

L2 512 K
	4 G     

64 T 
	Net Burst

SSE/SSE2 

	2002
	Itanum 2
	64
	32
	2.4G
	L1 16 K

L2 4 M
	4 G     

64 T 
	Dual core 

SSE3

	2006
	Intel 64, Intel Core 2,  Kentfield 
	64
	32
	3G
	L1 16 K

L2 2x4 M
	4 G     

64 T 
	Two Dual Core 

SSSE3

	2008
	Intel 64,

Intel Core 2,   Yorkfield
	64
	32
	3G
	L1 32K

L2 2x6M
	4 G     

64 T 
	Core 2 Quad SSSE3

	2009
	Nehalem , Core i5, Lynnfield
	64
	32
	3.2G
	L1 4x32+32 K

L2 4x256 K

L3 8 M
	4 G     

64 T 
	4- physical cores 

2-channel 

DDR3

	2010

March
	Westmere,

Core™ i7, Gulftown
	64
	32
	6.4G
	L1 4x32+32 K

L2 8x256 K

L3 24 M
	4 G     

64 T 
	6- physical cores

4 × DDR3 

Turbo Boost 

Technology


Itanum 2 (Dual core) grouped two P4 µPs internally and expands its instruction sets to new set called SSE3. The growing generates a new technology called Intel 64 that use to implement the Intel Core 2 type Kentfield that has two dual cores internally and expand it to the Intel Core 2 type Yorkfield that has 6 cores internally with additional instructions set called SSSE3.

Core i5 technology (Nehalem type Lynnfield as example) used 4- physical cores with 2-channel DDR3 memory also its designer separate the cache memory L1 to two parts one for data and the other for instructions, expand L2 to 4 sections each one is 256 KB and add the third common cache level L3 that has 8 MB capacity.  

The Dual core, Two Dual core, Core 2 Quad, 4-physical cores with 2-channel DDR3 and in the last the 6-physical cores with 4-channel DDR3 and the Turbo Boost Technology in Pentium Core™ i7 (Westmere type Gulftown) μP strategies in March 2010 enhance the parallel processing but all the new technologies will not add a high features for the total power of the μP because the limitations of the parallel processing that will discuss later.
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