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“Computer Architecture”
a Computer Architecture

`Art of selecting and interconnecting hardware components to 
create functional unit (or computer)

`2 points of view
⌧Instruction Set architecture (ISA):

• the code that a CPU reads and acts upon. It is the machine language (or 
assembly language), including the instruction set, word size, memory 
address modes, processor registers, and address and data formats

• Interface between H/W and S/W
• programmers’ point of view

⌧Microarchitecture (or computer organization): 
• describes the data paths, data processing elements and data storage 

elements, size of cache, and describes how they should implement the 
ISA

• Optimization
• Power Management
• system designers’ point of view.

`Analogy: 
⌧House (rooms) – views of builders and residents
⌧Car – views of manufacturers (or mechanics) and drivers
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Micro-Architecture
a Computer System

` CPU (with PC, Register, SR) + 
Memory

a Micro-Architecture:
` “conceptual design and 

fundamental operational 
structure of a computer 
system”

` “blueprint and functional 
description of requirements 
and design implementations
of a computer”

` focusing on the way the 
CPU performs and accesses 
memory. 
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Micro-Architecture
•ALU (Arithmetic Logic Unit)

• Fundamental building block of CPU

• Binary Full Adder
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Microprocessor Bus
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Architecture by CPU+MEM organization
a Princeton (or von 

Neumann) Architecture
`MEM contains both 

Instruction and Data
`Von Neumann Bottleneck –

CPU <Æ Memory
`Cache

a Harvard Architecture
`Data MEM and Instruction 

MEM
`Higher Performance – via 

Pipeline
`Better for DSP
`Higher MEM Bandwidth



Memory Price
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Memory Price
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“Pipeline”?
aInstruction Pipeline
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Princeton Architecture

1.Step (A): The 
address for the 
instruction to be next 
executed is read into

2. Step (B): The 
controller "decodes" the 
instruction

3.Step (C): Following 
completion of the 
instruction, the 
controller provides the 
address, to the memory 
unit, at which the data 
result generated by the 
operation will be stored. 

•CPU can be either reading an 
instruction or reading/writing data 
from/to the memory. 

•Both cannot occur at the same time 
since the instructions and the data use 
the same bus system
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Harvard Architecture

a 1. CPU can 
both read an 
instruction 
and perform a 
data memory 
access at the 
same time. 

a 2. Faster for a 
given circuit 
complexity 
because 
instruction 
fetches and 
data access 
do not 
contend for a 
single 
memory 
pathway. 
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Architecture by Instructions and Executions
aCISC (Complex Instruction Set Computer)
`Variety of instructions for complex tasks directly to 

hardware
`Easy to translate high-level language to assembly
`Complex Hardware
`Instructions of varying length

aRISC (Reduced Instruction Set Computer)
`Fewer and simpler instructions
`Each instruction takes the same amount of time
`Less complex hardware
`High performance microprocessors
`Pipelined instruction execution (several instructions are 

executed in parallel)
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CISC

aArchitecture of prior to mid-1980’s
`IBM390, Motorola 680x0, Intel80x86

aBasic Fetch-Execute sequence to support 
a large number of complex instructions
aComplex decoding procedures
aComplex control unit
aOne instruction achieves a complex task
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RISC
aFavorable changes for RISC
`Caches to speed instruction fetches 
`Dramatic memory size increases/cost decreases
`Better pipelining 
`Advanced optimizing compilers 

aCharacteristics of RISC
`Instructions are of a uniform length
`Increased number of registers to hold frequently 

used variables  (16 - 64 Registers)
`Central to High Performance Computing
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Processor Classification
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Intel inside?

aNext PCs or Mobile Computing 
Devices
`Smart phones
⌧Apple Processors
⌧ ARMs
⌧Qualcomm

`Mobile Devices – Smartphones, 
MP3, Digicam (on ARM)
`Run on Intel’s x86?  --- Intel’s 

wish; what happened to Lumina?



What’s inside?
aiPhone: 1GHz-A4 microprocessor, 256MB 

Samsung RAM, 
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What’s inside?
a Samsung Galaxy

`Samsung Exynos quad-core 
A9 processor

`1GB Memory 
`Intel Wireless processor
`Broadcom Global Navigation 

Satellite System receiver
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What’s Inside?
aHTC
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What’s inside?
aNokia Lumina
`1.4GHz Qualcomm CPU, 512MB RAM, 16GB Storage,
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INTEL VS. ARM (“Advanced RISC Machine”)
a ARMs

`No chip hardware – license only (powerful and 
variety of licensees) Æ cell phones etc

` SoC device (CPU + I/O + Peripherals+ Memory 
+ etc)

a INTEL
`Does not want to License x86 (Lesson from 

AMD)
`New approach for SoC: Atom based X86 SoC

a Recent Stride with “Intel Atom Inside”
`Main processor for Laptops and Netbooks and 

Tablets
`Motorola Phones: Razr



Intel Processor History



Processor Performance 
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Intel side – Graphical View 
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Intel 805XX Product Codes



Intel 805XX Product Codes



Intel 805XX Product Codes



Intel 805XX Product Codes



Intel 806XX Product Codes



Intel 806XX Product Codes



New Intel Atom DE2i-150 Board
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DE2i-150 Kit
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DE2i-150 Kit
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What/How HU students did? An example
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Intel 386 - Datasheet
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Intel 386 - Datasheet
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Intel 386 - Brief
a Address: A23- A1 

` BLE# and  BHE# (“Byte Enable”)

a Data: D15 – D0
a Control 



Memory Size and Address
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Review on Number Systems
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Memory Size and Address 2
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Intel 386 - Brief
a Address: A23- A1 (where is A0?)

` BLE# and  BHE# (“Byte Enable”)
a Data: D15 – D0
a Control 
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386 Micro-Architecture
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Connecting with Memory, I/O, and Peripherals

a Single Board Computers
a Processor Boards
a Kits
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Memory Interface



Memory Interface
a Interface between a processor and a (pair) of 

memory (of smaller than the maximum memory 
space)

aWhere do we place the memory in the memory 
space? Æ “MEMORY DECODING”

a How to access two MEM locations at the same 
time (for 16-bit Data bus)?
`MEM --- Byte Access (8 bits)
`UDS and LDS --- Motorola
`BLE and BHE --- Intel
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8-bit access
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16-bit access
aWith backward 

compatibility with 
8-bit access
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16-bit access
aWith backward compatibility with 

8-bit access
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32-bit access with backward compatibility?
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32-bit access with backward compatibility
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Memory Address 8
aAddress location (first and last addresses)?
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Memory Address 8
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Memory Address 8 ---?
a Design a Memory Decoder so that the 32Byte memory 

locates as depicted.
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Memory Address 8 ---?
a Design a Memory Decoder so that the 32Byte memory 

locates as depicted.
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Memory Address  16 – Address Space
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Memory Address  16
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Memory Address  16 -- ?
a Design a memory decoder for the depicted address segment.
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Memory Address  16 -- ?
a Design a memory decoder for the depicted address segment.
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Memory Address Decoding
a How Much Memory?

`How Many Address Lines?
⌧ 1K Æ 10 lines
⌧ 32K Æ 15 lines
⌧ 23 ADDR lines Æ 8MB?

aMEMORY PINOUTS
`Address Lines
`Data Lines
`“Defense” ports or “Gates”

⌧/CS
⌧/CE
⌧/OE
⌧/WE



8-bit uP + MEM Exercise
a uP has 224=24MB=16MB memory space: 

000000 - FFFFFF
a MEM has 219=0.5MB
a Let’s place the MEM between $00000 -

$7FFFF
a Up AddrÅÆMEM Addr:  A18 – A0
a The left-over Addr lines in the uP: A23 –

A19
` This condition is used to open the MEM

gate (namely, /CS)
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8-bit uP + MEM Exercise
a uP has 224=24MB=16MB memory space: 

000000 - FFFFFF
a MEM has 219=0.5MB
a Let’s place the MEM between $00000 - $7FFFF
a Up AddrÅÆMEM Addr:  A18 – A0
a The left-over Addr lines in the uP: A23 – A19

` This condition is used to open the MEM gate 
(namely, /CS)
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8-bit uP + MEM Exercise
a Now, place 0.5MB size MEM 

between $280000 - $2FFFFF
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8-bit uP + MEM Exercise
a Now, place 0.5MB size MEM 

between $280000 - $2FFFFF

66



16-bit uP + MEM
a uP does not have A0

` BHE (UDS) and BLE (LDS), 
instead.

a uP AddrÅÆ MEM Addr
` A19 – A1 (uP): A18 – A0 (MEM)
` Left-Over Addr (uP): A23- A20
` BHE and BLE controls which MEM

(or ADDRESS LOCATION) to 
access
⌧ BHE LOW: Upper MEM (upper or odd 

address location)
⌧ BLE LOW: Lower MEM (lower or even 

address location)
⌧ Both BHE amd BLE low: both 

address locations
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16-bit uP + MEM
a uP does not have A0

` BHE (UDS) and BLE (LDS), 
instead.

a uP AddrÅÆ MEM Addr
` A19 – A1 (uP): A18 – A0 (MEM)
` Left-Over Addr (uP): A23- A20
` BHE and BLE controls which MEM

(or ADDRESS LOCATION) to 
access
⌧ BHE LOW: Upper MEM (upper or odd 

address location)
⌧ BLE LOW: Lower MEM (lower or even 

address location)
⌧ Both BHE amd BLE low: both 

address locations
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Memory Decoding

a Q:  64K Word (or 128 KB) of RAM, with it’s starting 
address at $480000

a A: 64KB Æ 16 lines each MEM
`Range: $480000 - $49FFFF
`BHE and BLE for A0 line Æ Enable 
`Upper address lines Æ CS for both MEM
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Memory Decoding -------- Name___________
a Q:  64K Word (or 128 KB) of RAM
a A: 64KB Æ 16 lines each MEM

`Range: $480000 - $49FFFF
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Memory Decoding
a Q:  64K Word (or 128 KB) of RAM, with it’s starting 

address at $480000
a A: 64KB Æ 16 lines each MEM

`Range: $480000 - $49FFFF
`UDS and LDS for A0 line Æ Enable 
`Upper address lines Æ CS for both MEM
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Apple Macintosh Classic
a CPU: 8MHz Motorola 68000
a Introduced in 1984
a Memory: 128KB (512KB in later version) RAM, 64KB ROM
a 3.5” 400KB Floppy Disk
a Application: MacWrite and MacPaint
a Mouse
a 9” B&W Monitor
a Keyboard
a Serial Port (DB-9)
a Printer Port
a Addressing: 24-bit
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Apple Macintosh Classic
a CPU: 8MHz Motorola 

68000
a Memory: 128KB 

(512KB in later 
version) RAM, 64KB 
ROM
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Apple Macintosh Circuit Diagram
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Memory Map (for Apple Macintosh)
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Apple Macintosh Circuit Diagram



Apple Macintosh MEM Decoding
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Design for Apple Macintosh MEM Decoding
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Apple Macintosh MEM Decoding
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Design for Apple Macintosh MEM Decoding
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Decoder/Multiplexer

a74138
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Memory Decoding with Byte/Word Access

a Questions:
` 1. Size of ROM
` 2. Size of RAM
` 3. Memory Map



83

Memory Decoding with Byte/Word Access - SOLUTION

a Questions:
` 1. Size of ROM
` 2. Size of RAM
` 3. Memory Map
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Solution 2
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Can You Draw a Memory Map of this? 
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Can You Draw a Memory Map of this? - SOLUTION
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Solution 3
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Intel 80386 Memory – Decoding – Quiz
a A pair of memory pack 

(High and Low bytes) -
Eight (8) 64KB Memory 
Chips

a At each pack, each 
memory chip is 
SELECTED (/CS) by an 
output from U3 (High 
Byte) and U4 (Low 
Byte), which are 
enabled by the single 
output from U2.

a Question: Find the 
address range of the  
second chip of the pair 
of memory pack. (Green 
Mark)

a Ignore MWTC and 
MRDC, M/IO lines (they 
are for Write, Read, 
Memory or I/O 
operations, respectively)
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Intel 80386 Memory – Decoding – Quiz
a Find the address range of the  second chips of the memory pair. (Green Mark)
a Quiz:  Individual Work – (Name: )
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Intel 80386 Memory – Decoding – Class Activity
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