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1.4 Basic Structure of a RISC Processorand Basic Cache MMU Organization 15 

1.4 Basic Structure of a RISC Processor 
and Basic Cache MMU Organization 

A simple RISC CPU (as shown in Fig. 1.1) consists of an arithmetic logic 
unit (ALU) which is connected by two operand input buses and one result 
bus with the register file of thirty-two 32-bit general-purpose registers. Only 
load/store instructions load or store data from the D-cache to a register or 
vice versa. Instruction execution is controlled by the pipeline decode and 
control unit, which receives its instructions from the instruction fetch unit. 
The instruction fetch unit fetches a single instruction each cycle from the 
I-cache. The instruction address is provided by the program counter (PC) 
which is automatically incremented by four assuming the usual 32-bit in-
structions and a, byte-addressable machine. In the case of previous control 
transfer instructions, the PC is loaded by a jump or branch target address. 

Fig. 1.1. Data path organization of a simple RISC processor 
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16 1. Basic Pipelining and Simple RISC Processors 

As semiconductor technology advanced towards yielding chips with higher 
component densities, the goal of RISC architecture has been to develop 
processors that can come close to issuing one instruction per clock cycle of 
the machine. The measures clock cycles per instruction (CPI) or instructions 
per clock cycle (IPC) are commonly used to characterize high performance 
processor architectures. The achievement of CPI = 1 has been made possible 
by two architectural features: cache memories and instruction pipelining. 
Today's multiple issue processors reach CPI < 1, or IPC > 1. Processors 
that can issue only one instruction at a time are said to be scalar; those that 
can issue more than one instruction simultaneously are said to be superscalar. 

Caches. A salient feature of a modern RISC microprocessor is the use of 
on-chip L1 (level-one or primary) caches, and associated MMUs. Both are 
described only briefly here. The primary cache is usually split into two cache 
memories, I-cache (instruction cache) and D-cache (data cache), located 
in the retrieval paths for instructions and data, respectively (see Fig. 1.1). 
Separate I-cache and D-cache eliminate the structural hazards that arise 

   

Main Memory 

 

Main Memory 

   

CPU 

(a) (b) 

Fig. 1.2. Cache memory organization (a) conventional (b) split temporal/spatial 

otherwise in a pipeline when the instruction fetch and a memory access 
occur in the same cycle. Each cache is organized into sets that are indexed 
by part of the effective address (instruction address for the I-cache and data 
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