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The process of designing a large-scale integrated system is sufficiently complex that only by
adopting some type of regular, structured design methodology can one have hope that the
resulting system will function correctly, and not require a large number of redesign
iterations. However, the methodology used should allow the designer to take full advantage

of the architectural possibilities offered by the underlying technology.

In this chapter we present a number of examples of data and control flow in regularized
structures, and discuss the way in which a hierarchy of these structures can be assembled
into larger groups to form subsystems, and then finally the overall LSI system. The design
methodology suggested in this chapter is but one of many ways in which LSI system design
might be structured. The particular circuit forn- presented does tend to produce systems of
very simple and regular interconnect topology, and thus tends to minimize the areas required
to implement system functions. Arrays of pass transistor logic in register to register transfer
paths are used wherever possible to implement system functions. This approach tends to
minimize power dissipated per unit area, and, with level restoration at appropriate intervals,
tends to minimize the time delay per function. The methodology developed here is applied
in later chapters to the architecture and design of a data processing path and its controller,

which together form a microprogrammed digital computer.

Computer architects, who usually design systems in a rather structured way using
commercially available MSI and LSI circuit modules, are often surprised to discover how
unstructured is the design within those modules. In principle one can use the basic NAND
and NOR logic gates described in Chapter 1 10 implement combinational logic, build latches
from these gates to implement data storage registers, and then proceed to design LSI systems
using traditional logic design methodology us applied to discrete devices. LSl systems are
often designed this way at the present time. However, it is unlikely that such unstructured

approaches to system design can survive as the technology scales down towards VLSL
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There are historical reasons for the extensive use of random logic within LSI systems. The
first microprocessors produced by the semiconductor industry were fairly direct mappings
into LSI of early generation central processor architectures. A block diagram of the Intel
4004, the earliest microprocessor to see widespread commercial application, is illustrated in
figure la. The actual chip layout of the 4004 shown in Figure 1b indicates the complexity
of the LS! implementation of this simple central processing unit. Such LSI systems, directly
mapping data paths and control functions appropriate in earlier component technologies, of
necessity contained a great deal of random logic. However, the extensive use of random
logic results in chip designs of very great geometrical and topological complexity, relative to

their logical processing power,

To deal with such complexity, system design groups have often stratified the design problem
into architecture, logic design, circuit design, and finally circuit layout, with specialists
performing each of these levels of the design. However, such stratification may result in

missed opportunities for important simplifications in the realization of system functions.

Switching theory provides formal methods for minimizing the number of gates required to
implement logic functions. Unfortunately, such methods are of little value in LSI systems,
since the area occupied on the silicon surface by circuitry is far more a function of the
topological properties of the circuit interconnections than it is of the number of logic gates
implemented. The minimum gate implementation of a function often requires much more
surface area for its laycut than does an alternative design using more transistors but having

simpler interconnect topology.

There are known ways of structuring system designs implemented using traditional logic
design methods (notably the po[yce!!l technique), but these usually pay a heavy penalty in
area, power, and delay time. The polycell technique provides the logic designer having
limited knowledge of L.SI systems with a means of implementing modest integrated circuit
designs directly from logic equations. Such techniques, while being very valuable expedients,
do not take advantage of the true architectural potential of the technology, and do not

provide the student with insight which might lead to directions for further progress.

Switching theory not only yields the minimum number of gates to implement a logic
function, but it also directly synthesizes the logic, circuit design. Unfortunately, at the
present time there is no formal theory which provides us even with the limiting minima of

areas, power, and delay times for the implementation of logic functions in integrated



