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CONTEXT METHODOLOGY

e CVAG: a 32- or 64-bit RISC-V application processor ©
® nghly_Conflgurable, 6_Stage plpellne Superscalar CVAG Superscalar Model
- - A
* In-order Issue, out-of-order execution | | Performance :
e Performance is 3.10 CoreMark/MHz on single-issue '
. Single-issue CVADL Single-issue Model
How to improve performance further? @
1. CYCLE-BASED MODEL
e Goal Easily evaluate architecture improvements e Issue Check for interactions between instructions
e Input RVFI trace (committed instr.s) from CVAG e Execute Mark as done, delay according to instruction
e Output Cycle-annotated RVFI trace e Commit Check for done mark
Issue
ACCUraCy CheCk g data hazards — Read-after-Write (data dependence)\
® USIng 2nd |terat|0n Of CoreMark structural hazards — multiplication | - Execute
. . . [ 1Q length (PC discontinuities) a ™\
e Measure each instruction duration At; =t; — t;_1 control hazards —+{ BT \>b _— load ‘>d - Commit
] ranch prediction store uration = aone
e Count correct results #{i | AtV = A¢F™) . | BTB, o  (aoner)
e Divide by instruction number #{:}
#{i | At = AgfT (* ) ( 6( ﬁ
Z’ tz oael tz o N x lIssue Execute M x Commit
ACCUraCy — #{Z} — 99'2 /O RVFI trace = Instruction Queue >| Scoreboard »| Retired > Annotated trace
«
cycle execution order
2. PREDICTING PERFORMANCE 3. IMPLEMENTING SUPERSCALAR CVAG
a. Add the feature in the Python Mode1l class: the data
path is ighored here e R — Cache Subsystem i
b. For a given benchmark, the model produces the per- I
formance gain considering the whole pipeline even ;5.@::;.33; Inorderissue | 000 WB ﬁ,&;ﬂﬁ;}u};'";?
though the modification (a.) was local ‘S g . :
c. Implement, rework or discard the feature £ 2
e Superscalar Choose issue and commit port numbers 888
5: Compressed E Izspu;?; .E commit Inst, Commit |
5 : mpress é . || CSR Buffer % Exception Logic
| % ﬁ % E, _ usm CSR Data . |
gN Z M?Jf:?e } E ) E | Commit Ack :
< 3 > = | Mul / Div RF Enable |
2 ﬁ%ﬁ i Commit CSR i
§ 1 / | _:HW : Branch Unit Commit Store :
0 L I
5\\ //4 . | / : Issue Entry d = | |
4 3\\ > sl = T Lo oo
2 1\/1 2 : :
N lssue M Commit Debug the performance by comparing with the model:
® Dual'lssue Final prediCtiOn fOr pel‘formance gain (CV) Global performance Performance ga|n
e With renaming: +47% speed (#) Local performance Instructions duration
e Without renaming: +42% speed (v) Internal Pipeline state over time
RESULTS
Criteria Reference Superscalar Variation 501 o R suprsctr e e 0 )
CoreMark/MHz 3.10 4.35 +40.1% ] e 1% e e vt
Max. Frequency 892MHz 877 MHz -1.75%
Power 32.453mW 34.844 mW +7.37%
Area 250 KGE 278 kKGE +11.1%
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