7. The Stored-Program (von Neumann) Computer
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* Review
* Finite-State Machines
« Example: design of control for a warning sign

» LC-3 data path

» The stored program computer
* Interface to memory
* Input/Output
« Control
 Example instructions



Review:
Complete Example

A blinking traffic sign
A * No lights on
Re1&2o0n
C-1,2,3,&40n

1)+ 1,2,3,4,&50n

_* (repeat as long as switch
is turned on)
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Finite-State Machine (FSM) for Controller

Input: SWItch ON or OFF=0
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Transition from one state to next when Clock becomes 1
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Traffic Sign State Diagram — with aSS|gnment of
storage element values to states —
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Block Diagram of Finite-State Controller

Switch

Chk

[

k.

Combinational
kogic circuit

."..'-
- o4

Elamant 1=

4
Eklmant 2~
Stormos :

thida

Cam



State Table for FSM
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Truth Table for Lights

Lights 1 and 2
Lights 3 and 4

IfLight 5
S, S, |Z Y X
O 0|0 O O
o 111 0 O
1 0|1 1 O
1T 111 1 1
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Logic Circuit for Lights
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Truth Table for Next State Function

Next State: S; S,
(depend on state and input)

Switch
|E S, S,|S S,
—0 X X|0 o0
1 0 0[]0 1
1 0 1]1 0
1 1 01 1
1 1 1]0 0

Whenever In=0, next state is 00.
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Logic Circuit for Next-State Function
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Sequencing the FSM

S | ——— State Variable ~z——— 5
a +
Si = S— F e G o E— Si
2% 27
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“Simulating” the Traffic Sign Logic
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The Stored Program Computer

1943: ENIAC

* Presper Eckert and John Mauchly -- first general electronic computer.
(or was it John V. Atanasoff in 19397 — special-purpose electronic computer)

* Hard-wired program -- settings of dials and switches.
1944: Beginnings of EDVAC
« among other improvements, includes program stored in memory

1945: John von Neumann

« wrote a report on the stored program concept,
known as the First Draft of a Report on EDVAC

The basic structure proposed in the draft became known
as the “von Neumann machine” (or model).
e a memoLy, containing instructions and data
* a processing unit, for performing arithmetic and logical operations
* a control unit, for interpreting instructions

For more history, see http://www.computerhistory.org/




LC-3 Data Path
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Von Neumann Model /
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Memory
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22-141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS
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22-141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS
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Instruction Processing

]

Fetch instruction from memory | Appr = IV TC

A 4

Decode instruction

\ 4
Evaluate address
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Fetch operands from memory

v
Execute operation

v

Store result
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