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Abstract

In recent years, out-of-order superscalar processors which can simulta-
neously execute multiple instructions are used to improve performance of
processors. Because these processors handle multiple data at the same
time, multiport register files are indispensable. In general, the scale of
SRAM circuit is proportional to the square of the number of ports. There-
fore, the circuit scale of the multiport register file is very large. In FPGA
or reasonable ASIC design flow, it is difficult to implement multiport
register file due to various constraints. Therefore, a method of creat-
ing a multiport register file by using SRAM multiplexing is often used.
However, in the SRAM multiplexing method, as the number of ports in-
creases, a huge amount of SRAM is required. Therefore, the overhead due
to multiplexing is very large in multiport memory such as register files.
To solve these problems, a small scale register file using a bank mem-
ory has been proposed. The bank memory divides data across multiple
areas called bank. Therefore, a bank memory can reduce circuit scale.
However, if the multiple accesses concentrate on one bank, conflicts will
occur. Therefore, the access to memory must be handled one by one.
This conflict is called bank conflict. If bank conflict occurs in the banked
register file, plural register values can not be written simultaneously and
the performance is degraded. As a previous study, register port predic-
tion for a banked register file can be proposed. They aim to reduce the
occurrence of bank conflicts by prediction mechanism. However, in the
performance evaluation of the previous study, the execution time has in-
creased in some benchmarks. This is conceivable that there is a pattern
of instruction sequence in which bank conflict occurs in the prediction
mechanism of previous study. In addition, the evaluation in the previous
study is done only in the low IPC (Instruction per Cycle) environment.
However, the more IPC becomes higher, the more bank conflict occurs.
Therefore, the evaluation in the high IPC environment is indispensable.
In this study, reevaluation of the performance of the register port pre-
diction for a banked register file and improve the prediction mechanism

were carried out. In the reevaluation of the performance, this paper im-



plements the previous method on the SimpleScalar and evaluates it under
the high IPC condition. As a result of reevaluation, execution time be-
comes longer than that of multiport register file. In the previous method,
when instructions whose destination registers are assigned to the same
bank are issued, it is considered that the bank conflict occurs, if the last
instruction is not delayed by the dependency relationship. Therefore, to
solve the problem, improvementation of the prediction mechanism were
carried out. In the improvementation of the prediction mechanism, the
dependency instruction is preferentially allocated to the bank. In that
way, proposed prediction aims to avoid bank conflicts by adjusting the
allocation of each instruction to the bank memory. As a result, com-
pared with previous banked register file, proposed mechanism can reduce
execution cycles by 0.85% in average and 2.67% in maximum.
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7:addiu sp, sp, -32 RN ------ EX WB 3

RN : Rename stage
EX : Execution stage
WB : Writeback stage
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Algorithm 1 0O DOO0OOOOOOOOOO

Require: BANKS:O0ODOOO
Ensure: t > 0At < BANKS
initialization
last_assigned_bank < 0
1:Assign physical register
t < last_assigned_bank
for : = 0 to renamed_width — 1 do
DestinationRegister][i] < pop(Freelist[t + +])
if t > BANKS then
t<+0
end if
end for
2:Detect dependency
for i =1 to renamed_width — 1 do
for j=0to 7 do
if detect_dependency then
depend_bank _number < 1
break
end if
end for
end for
3:Propagate
if detect_dependency then
last_assigned_bank < (depend_bank_number + 1) mod BANK S
end if
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5:di  at, -8 RN - EXWB 3
6:and sp, sp, at RN ------ EX WB: 0
7:addiu sp, sp, -32 RN ------ EX WB 1
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RN : Rename stage
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instructions pipeline stage bank number
O:lui  gp, Ox4b RN - EXWB 0
1:addiugp, gp, 30336 RN - EXIWB: 1 —
2:lw a0, -32744(gp) RN ------ EX WB 2
3:lw  al, 0(sp) RN ------ EX WB 3
4:i at, -8 RN ------ EX WB 2 4
5:and sp, sp, at RN ------ EX WB 3
6:addiu sp, sp, -32 RN ------ EX WB 0
7:addiua2, a3, 4 RN ------ EX WB. 1
n N+l n42 --- cycle

RN : Rename stage

EX : Execution stage [Tlast assigned bank [2 J¢—

WB : Writeback stage
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Algorithm 2 000000 0OO0O0OOOODOODO

Require: BANKS:OODOOO
Ensure: t > 0At < BANKS
initialization
last_dependence_bank < 0
last_assign_bank < 0
1:Detect dependency
depend_bank_number < -1
for i = 1 to renamed_width — 1 do
for 7 =0to 7 do
if detect_dependency then
depend_bank_number <+ i
break
end if
end for
end for
2:Assign physical register
for + = 0 to renamed_width — 1 do
if last_write_instruction < BANKS then
t < (i + last_assign_bank + 1) mod BANKS
DestinationRegister|i] <— pop(Freelist|t])
else
t — (last_dependence_bank + (BANKS + i -—
depend_bank_number)) mod BANKS
DestinationRegister|i] <— pop(Freelist|t])
end if
if 1 = depend_bank_number then
dependence_bank <+t
end if
end for
last_dependence_bank <— dependence_bank
last_assign_bank <t
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instructions pipeline stage bank number

O:lui  gp, Ox4b RN ----e- EX WB 3
l:addiugp, gp, 30336 RN --—--- EX WB 1 0 1€
2:lw a0, -32744(gp) RN <= EX WB 1
3:lw al, O(sp) RN ------ EX WB 2

41 at, -8 ]V — EX WB 3
5:and sp, sp, at RN - EX WB 0
6:addiu sp, sp, -32 RN --—--—-- EX WB 1
7:addiuaz, a3, 4 RN  ------ EX WB 2

n N+l N+2 - cycle

RN : Rename stage [last assign bank [2

EX : Execution stage
WB : Writeback stage [last dependence bank|0 |~ |
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Fetch, Dispatch, Issue, Commit width 4 inst
RUU size 128 entry
Load/Store queue 64 entry
memory port 2
Integer ALUs 4

Integer MUL/DIV

1

Branch prediction

combined with 1024 entries
2level predictorwith 8bits history width

BTB 2048 sets
Memory latency first 100 cycles, inter 2 cycles
L1 I Cache 32KB, 64B/line, 4way lcycle latency
L1 D Cache 32KB, 64B/line, 4way lcycle latency

unified L2 Cache

512KB, 128B/line, 4way 6cycle latency
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