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Chapter 7
Memory and Programmable Logic
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Random vs. Non-random Access
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Block diagram of a memory unit



Memory address

Binary Decimal Memory content

0000000000 0 1011010101011101 || A word

0000000001 1 1010101110001001 (16/32/64 LO)
0000000010 2 0000110101000110

1111111101 1021 1001110100010100

111111110 1022 0000110100011110

1111111111 1023 1101111000100101

FIGURE 7.3 In computing, a word is the natural unit of data used by a

particular processor design. A word is a fixed-sized piece
of data handled as a unit by the instruction set or the
hardware of the processor.

Contents of a 1024 X 16 memory



https://en.wikipedia.org/wiki/Computing
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Data_(computing)
https://en.wikipedia.org/wiki/Data_(computing)
https://en.wikipedia.org/wiki/Instruction_set

Table 7.1
Control Inputs to Memory Chip

Memory Enable Read/Write Memory Operation
0 X None
ileaine positive edge

1 Q4 im0 Write to selected word

1 1 Read from selected word
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Dynamic RAM (DRAM)
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Write (nasdigudiluszas)
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Static RAM (SRAM)
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FIGURE 7.5
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Input data
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Two-dimensional decoding structure for a 1TK-word memory
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Big-endian L@ Little-endian
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Processor Endianness
Motorola 68000 Big Endian
PowerPC (PPC) Big Endian
Sun Sparc Big Endian
IBM S/390 Big Endian
Intel x86 (32 bit) Little Endian
Intel x86_64 (64 bit)|Little Endian

Dec VAX Little Endian

Alpha Bi (Big/Little) Endian
ARM Bi (Big/Little) Endian
|A-64 (64 bit) Bi (Big/Little) Endian
MIPS Bi (Big/Little) Endian

Network Byte Order:

Big endian byte ordering has been chosen as the "neutral" or standard for network data exchange and thus Big Endian byte ordering is also
known as the "Network Byte Order". Thus Little Endian systems will convert their internal Little Endian representation of data to Big Endian
byte ordering when writing to the network via a socket. This also requires Little Endian systems to swap the byte ordering when reading from
a network connection. Languages such as Java manage this for you so that Java code can run on any platform and programmers do not
have to manage byte ordering.

http://www.yolinux.com/TUTORIALS/Endian-Byte-Order.html



Error Detection & Error Correction

Hamming Code

One of the most common error-correcting codes used in RAMs was devised by R. W.
Hamming. In the Hamming code, k parity bits are added to an n-bit data word, forming
anew word of n + k bits. The bit positions are numbered in sequence from 1 ton + k.
Those positions numbered as a power of 2 are reserved for the parity bits. The remain-
ing bits are the data bits. The code can be used with words of any length. Before giving
the general characteristics of the code, we will illustrate its operation with a data word
of eight bits.

Consider, for example, the 8-bit data word 11000100. We include 4 parity bits with
the 8-bit word and arrange the 12 bits as follows:

Bit position: 1 2 3 4 5 6 7 8 9 10 11 12
P, P, 1 P, 1 0 0 Pqg 0 1 0 0



The 4 parity bits, Py, P,, P4, and Pg, are in positions 1, 2, 4, and 8, respectively. The 8 bits
of the data word are in the remaining positions. Each parity bit is calculated as follows:

P, = XOR of bits (3,5,7,9,11) = 1& 10800 =0 | o0
P, = XOR of bits (3,5.7.10.11) = 1&0®0® 10 = 0

P, = XOR of bits (5,6,7,12) = 1©0&0&0 = 1

Py = XOR of bits (9,10,11,12) = 0® 1®0®0 = 1

Remember that the exclusive-OR operation performs the odd function: It 1s equal to 1
for an odd number of 1’s in the variables and to 0 for an even number of 1’s. Thus, each
parity bit is set so that the total number of 1’s in the checked positions, including the
parity bit, 1s always even.

The 8-bit data word 1s stored in memory together with the 4 parity bits as a 12-bit

composite word. Substituting the 4 P bits in their proper positions, we obtain the 12-bit
composite word stored in memory:

0 0 1 1 1 0 0 1 0 1 0 0
Bit position: 1 2 3 4 5 6 7 8 9 10 11 12



When the 12 bits are read from memory, they are checked again for errors. The parity is
checked over the same combination of bits, including the parity bit. The 4 check bits are

evaluated as follows:

C, = XOR of bits (1.3,5,7.9,11) 9220 1 LJushuougud a
C, = XOR of bits (2, 3,6,7, 10, 11) |

C, = XOR of bits (4,5, 6,7, 12)

Cg = XOR of bits (8.9.10, 11, 12)

A 0 check bit designates even parity over the checked bits and a 1 designates odd parity.
Since the bits were stored with even parity, the result, C = CyC,C,C; = 0000, indicates
that no error has occurred. However,if C # 0, then the 4-bit binary number formed by
the check bits gives the position of the erroneous bit. For example, consider the following
three cases:

Bit position: 1 2 3 4 5 6 7 8 9 10 11 12
0 0 1 1 1 0 0 1 0 1 0 0 Noerror
1 0 1 1 1 0o 0 1 0 1 0 0 Errorinbitl
0 0 1 1 o o0 o0 1 0 1 0O O Errorinbit5



For no error: 0

With error in bit 1: 0

With error 1n bit 5: 0
Table 7.2

Range of Data Bits for k Check Bits

Cy C»
0 0
0 0
1 0

DIULUULAUYIUdDY d:=Uupnduataina

Number of Check Bits, k

Range of Data Bits, n

3

~ O B

2-4
5—-11
12-26
27-57
58-120
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Eﬂﬁ 7.8 ROM (BIOS), EPROM, EPROM eraser, EEPROM burner
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FIGURE 7.10
Internal logic of a 32 X 8 ROM



ROM Truth Table (Partial)

Table 7.3
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Table 7.4
Truth Table for Circuit of Example 7.1

Inputs Outputs f(X) = X2

Az A'I An Bs B4 Bg Bz B1 B.u. Decimal

0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 1 1

0 1 0 0 0 0 1 0 0 4

0 1 1 0 0 1 0 0 1 9

1 0 0 0 1 0 0 0 0 16

1 0 1 0 1 1 0 0 1 25

1 1 0 1 0 0 1 0 0 36

1 1 1 1 1 0 0 0 1 49

By A, A, A, Bs B, By, B,

0—— B 00 0/0 0 0 O

B o o0 1[0 0 0 0

A 2 o 1 00 0 0 1

0 B, 01 1,0 0 1 0

1 0 0,0 1 0 0

A 8§ x4ROM B, 1o 10 1 1 0

A, 1T 1 01 0 0 1

Bs 1 1 1,1 1 0O 0

(a) Block diagram (b) ROM truth table
FIGURE 7.12

ROM implementation of Example 7.1



PAL

Programmable Array Logic
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PAL with four Inputs, four outputs, and a three-wide AND—-OR structure



PLA ~—1©

Programmable Logic Array
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PLA with three inputs, four product terms, and two outputs



Table 5.3

Second Form of the State Table

Next State Output
Present
State x=0 x=1 x=0 =1
A B A B A B y y
0 0 O o0 0 1 0 0
0 1 O o0 1 1 1 0
1 0 0O o0 1 0 1 0
1 1 0O 0 1 0 1 0
\ )
|
Inputs v » Output
AND-OR array 0
(PAL or PLA) utputs
25075 ROM &1 Flip-flops » Present state

FIGURE 7.18

Sequential programmable logic device



Xilinx FPGAs (FPGA = Field Programmable Gate Array, xilinx 10ugaéro

Xilinx launched the world’s first commercial FPGA 1n 1985, with the vintage XC2000
device family.? The XC3000 and XC4000 families soon followed, setting the stage for
today’s Spartan™, and Virtex™ device families. Each evolution of devices brought
improvements in density, performance, power consumption, voltage levels, pin counts, and
functionality. For example, the Spartan family of devices initially offered a maximum of

40K system gates, but today’s Spartan-6 offers 150 000 logic cells plus 4.8Mb block RAM.
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Basic Xilinx Architecture

The basic architecture of Spartan and earlier device families consists of an array of
configurable logic blocks (CLBs), a variety of local and global routing resources, and
input—output (I/O) blocks (IOBs), programmable I/O buffers, and an SRAM-based

configuration memory, as shown in Fig. 7.21.
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FIGURE 7.21
Basic architecture of Xilinx Spartan and predecessor devices



Cache (SRAM)

https://courses.cs.washington.edu/courses/cse378/09wi/lectures/lec15.pdf



How does computer (DRAM) memory work?
https://www.youtube.com/watch?v=7J7X7aZvMXQ



How do SSDs work?

https://www.youtube.com/watch?v=E7Up7VuFd8A

wuvidaoutudsa 0S
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