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(An Optimized Superscalar Instruction Issue Architecture
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Abstract

Processors using the superscalar architecture can achieve high performance by executing multiple
instructions in a clock cycle. It is made possible by having multiple functional units and issuing
multiple instructions to functional units simultaneously. But instructions can be dependent on one
another and these dependencies prevent some instructions from being issued at the same cycle. In
this paper, we designed an issue unit of a superscalar RISC microprocessor that can issue four
instructions per cycle. The issue unit receives instructions from a prefetch unit, and issues them in
order at a rate of as high as four instructions in one cycle for maximum utilization of functional
units. By using an instruction buffer, the unit decouples instruction fetch and issue to improve
instruction issue rate. The issue unit is composed of an instruction buffer and an instruction decoder.
The instruction buffer aligns and stores instructions from the prefetch unit, and sends the earliest
four available instructions to the instruction decoder. The instruction decoder decodes instructions,
and issues them if they are free from data dependencies and necessary functional units and register
file ports are available. The issue unit is described with behavioral level HDL (Hardware Description
Language). The result of simulation using C programs shows that instruction issue rate is improved
as the instruction buffer size increases, and 12-entry instruction buffer is found to be optimum
considering performance and hardware cost of the instruction buffer.
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Fig. 9. Performance Increases of Issue Units with
Different Instruction Buffer Sizes (8-
Kbyte I-Cache).

o) 4a HAE 32 BYo] o] T2

(692)

LS

" 3. tiolt HEe A4 a)E 2e ol
fulel A% vl
Table 3. Performance Comparison of Issue
Units with Different Cache Sizes.

g3e] sl4] =]
1-Kbyte|2-Kbyte | 4-Kbyte |8-Kbhyte
wjo] s =7
8 entries 1.332 1341 1.701 1.833
12 entries 1612 | 179 | 1863 | 1986 |
speedup
275 J
25 T 12 entries
295+ 8 entries
20t
175+
15 +
1Kbyte 2Kbyte 4Kbyte 8Kbyte instruction

cache sizé
(log scale)

a7 10, cest WEe] AH 21E 2E ol &
wel A%

Fig. 10. Performance Increases of Issue Units
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