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Agenda

* Traditional Flow Challenges and Implemented Workflow

* Implementation Design Checks (IDC) : Flow, Applications & Setup
* Constant and Unloaded Optimized Registers Examples

* Batch mode reports to find the source of optimization

* Comparison with DC/FC output

e Summary




*Implementation Design Checks

Is Your Desigh Implementation Ready?

Current Flow Challenges and proposed workflow

RTL

Static Signoff RTL Designer

Manual debug with
limited information
to find root causes Synthesis
&
Iterative process

Impl. Engineer

Fusion Compiler

Netlist Netlist

Potential unintended SHIFT-LEFT and easy root cause analysis of register
optimization of registers optimized during synthesis. Shorter TAT from up to
during synthesis 4 months to hours

Impl. Engineer
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Implementation Design Checks (IDC)

Flow & Applications
VC SpyGlass IDC Setup & Design Read Unloaded Optimized Registers
- Register Removal Report Register Removal Report
[RTL )
Enable Low Effort Logic Optimization Flow ;
i Pu@®Pn Pu @u®
Z
. R 4 |
Generate Optimized Register List Constant Register Unloaded Register
Shift left detection and root cause = Shift left detection and root cause
analysis of constant optimized registers. analysis of unloaded optimized registers.
10X faster reporting « 10X faster reporting
Generate RCA Debug for Optimized Registers Saves Debug Iterations Saves Debug Iterations

1. Fixthe un-intended Register Optimizations at RTL level

2. If some optimizations are intended after analyzing the root causes, pass on the information about analyzed
registers from IDC to DC/FC RTR (optimized register) report to avoid duplicate analysis post synthesis
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Implementation Desigh Checks (IDC)

* Users can pass on Optimized Registers Output from DC/FC
(report_transformed_registers) directly to VC SpyGlass IDC so that VC
SpyGlass can provide root causes for Synthesis Optimized Registers

VC SpyGlass IDC Setup and Design Read

Read DC/FC Output w.r.t Optimized Registers

Translate names

l

| oG Ot i i s
l

L e
l

G oA g G

Generate RCA Debug for Optimized Registers




Implementation Desigh Checks

* Following apps are available

- DetectOptimizedConstRegister — Detects constant registers that get
optimized during synthesis

+ DetectOptimizedUnUsedRegister — Detects unloaded registers that
get optimized during synthesis

* Report mechanism

- Report generated based on uniquified constant and non-
constant sources

*  Optimized Registers can be bus merged through an option

S i : hier1 "F1[oi’—

S2|—=— ¢ Bus Merging

383 ‘ i
N0l Non-Const | Const Optimized Registers
: i Sources Sources

hier1.F1[1:0]
F2

51, 52 53

F3
D al— 1o ol
F2 F3
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Debugging Optimized Register due to a Constant Source
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Debugging Optimized Register due to a Another Opt Reg + Const Source

RHS register is optimized due to fan-in cone of LHS
register by constant propagation
Dg U‘ro N1 ’LIN I_OR_N_23 RHS
S e W .
u
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Optimized Register due to Toggling Sources

|'Optimized Register Sourcé|§‘,

LHS

- ey

- >y

4 TO SYSTEMS

RHS register is optimized due to sources
and LHS constant optimized registers

|:Toggling Source:|(4

\tOptimized Register:]gd

RHS




Optimized Registers due to Blocked Fanout Path
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Debugging Optimized Register & Preserve It

Key TDR Register Redundancy & Unintended
Optimization Challenge "

* Tool highlighted removal of Key TDR register from ‘ " 7 """"" t ‘
legacy RTL code, MSB bit redundant after RTL
modification U (Optimized Register)¢,y  (TDR_Capture Register¢,J

* All 5 registers, including the redundant MSB, are
part of the TDR chain, hence optimization is

Output [4:0] num_mrpr;

unintended which is caught by IDC at RTL level reg [4:0] num_mrpr; // Not reducing to [3:0]
(shift left). // Output goes to TDR capture reg
always @(posedge clk) begin
 TDR module is manually constructed and not if (reset) num_mrpr <= 5'hoo;
subject to optimization else if (condition_1) num_mrpr <= {1° h@-, m_next_ptr};
else if (condition_2) num_mrpr <= {1'H0, m next_ptr};
end -

Preservation of TDR Module

* Maintain the current TDR chain length for stability Side Note: “Streamline RTL, Eliminate Redundancy”

« Implement 'dont_touch' property on the register Code cleanup to avoid flags in ASIC flow is important,

during synthesis - code coverage
- synthesis reports

Utilize expanded schematic & parallel Verdi window for walkthrough

* Keep RTL unchanged to preserve TDR module
integrity

—— -
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Optimized Register (Chain of Unloaded Regs)

____________________________________________________________________________________
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Optimized Registers Report

P e e e LR R R E e R bbb bbb bbb L LR R
29 OPTIMIZED REGS OPTIMIZATION TYPE SOURCES SOURCE TYPE

30 =rrrerrrrrrsrrssrssr s r s r s TN TR E NS NN TN TE NN TN NI TN EETEETEEETISE SN STEETEE ST ST ETEEETssEssssas
31 a_cache.tags[0].single use Direct Constant a_fetch.cache wtag.single use Design Constant

32 a_cache.tags[1].single use

33

34

35

36 b cache.flopstage masked rdata3.out[529] Constant thru Opt Reg a fetch.ls rreq metadata[3].cache line number([7] Design Constant

37 b cache.flopstage masked rdata3 cl.out[529] b cache.cache replacement pointer[0][7] Optimized Register
38 b_cache.flopstage masked rdata3 c2.out[529] b_cache.cache replacement pointer[1][7] Optimized Register
39 b cache.flopstage masked rdata3 c3.out[529] b cache.cache replacement pointer[2][7] Optimized Register
40 genblk2[3].1s rreq metadata.fifo.flop based.data[0][9] b cache.cache replacement pointer[3][7] Optimized Register

41 genblk2[3].1s rreq metadata.fifo.flop based.data[10][9]
42 genblk2[3].1s rreq metadata.fifo.flop based.data[11][9]
43 genblk2[3].1s_rreq metadata.fifo.flop based.data[1][9]
44 genblk2[3].1s _rreq metadata.fifo.flop based.data[2][9]
45 genblk2[3].1s rreq metadata.fifo.flop based.data[3][9]
46 genblk2[3].1ls rreq metadata.fifo.flop based.data[4][9]
47 genblk2[3].1s rreq metadata.fifo.flop based.data[5][9]
48 genblk2[3].1s rreq metadata.fifo.flop based.data[6][9]
49 genblk2[3].1s rreq metadata.fifo.flop based.data[7][9]
50 genblk2[3].1s rreq metadata.fifo.flop based.data[8][9]
51 genblk2[3].1ls_rreq metadata.fifo.flop based.data[9][9]
52 genblk2[3].1ls rreq metadata.fifo.out[9]

53

54 a fetch ctrl.a ctrl2math fifo.flop based.data[@][21] Optimized by Logic a fetch ctrl.a ctri2math fifo.flop based.wr ptr one hot[@] NON CONST

55 a fetch ctrl.a ctri2math fifo.in[21] NON CONST

56

57 a_fetch ctrl.a ctrl2math fifo.flop based.data[1][21] Optimized by Logic a_fetch ctrl.a ctrl2math fifo.flop based.wr ptr one hot[1] NON CONST

58 a_fetch _ctrl.a_ctri2math_fifo.in[21] NON_CONST

OPTIMIZATION TYPE SOURCE_TYPE
Direct Constant : When the inferred optimized register is directly driven by a constant (or a propagated constant) Design Constant : Constant logic
Optimized by Logic : When a combination of inputs driving the register causes it to get optimized Optimized Register : Another inferred optimized register
Constant thru Opt Reg : If an inferred optimized register is driving another inferred optimized register NON_CONST : Non Constant logic
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Optimized Registers Report Contd...

11 OPTIMIZED REGS

12 List of optimized registers which hawve the same set of sources

13

14 OPTIMIZATION TYPE

15 Direct Constant : When the inferred optimized register is directly driven by a constant (or a propagated constant)

16 Optimized by Logic : When a combination of inputs driving the register causes it to get optimized

17 Constant thru Opt Reg : If an inferred optimized register is driving another inferred optimized register

18 . .

19 SOURCES g

20 List of sources causing the register to get optimized For a Chaln Of re ISterS’ Only the
21 H

22 SOURCE TYPE relevant constant source is

23 Design Constant : Constant logic

24 Optimized Register : Another inferred optimized register 1 1 1

25 NON_CONST : Non Constant logic ShOWﬂ WhICh IS reSp0n8|b|e for
26 . . . .

2T optimizing the whole chain

29 OPTIMIZED REGS  OPTIMIZATION TYPE SOURCES SOURCE TYPE

e e e

31 gl Direct Constant cO(./test.v:8) Design Constant

Optimized Register|.y
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VC SpyGlass IDC vs DC/FC

DC/FC Constant Register Report
» Shift-left flow : QoR of VC SpyGlass IDC vs DC/FC :

3 Saport. » Teport: tranatormed. raglaters  Constant register - 99.99%
g[.)?f?...;.v.vf(.j.'f?‘.'..3.3?:3?:??.???? ....... ° Unloaded register — 96_77%
7 Legend:

8 COp - constant O register preserved
9 Clp - constant 1 register preserved
16 Cor - constant O register removed

= : d L] L] L] L]
12 6k, < presecued wnioaded regteter QoR Matching Summary using Comparison script
13 ulr - removed unloaded register
14 mrg - merged register

15 srh - shift register head ## Const Registers Hi#H
B st T QOR_VC_const_registers = 121780
QOR_FC_const_registers 121447

18 mbd - multibit debanked
19 rep - replicated

| S0 - e QOR_const_registers_matching = 121446
‘ QOR_const_registers_FC_only = 1
QOR_const_registers_VC_only = 334

29 fpa/fxhfnunit noscan/scmisr fpa noscan/scmisr dout mnnlh
30 fpa/fxhfnunit noscan/scmisr fpa noscan/scmisr dout mnnlh
31 fpa/fxhfnunit noscan/scmisr fpa noscan/scmisr dout mnnlh
32 fpa/fxhfnunit noscan/scmisr fpa noscan/scmisr dout mnnlh
33 fpa/fxhfnunit noscan/scmisr fpa noscan/scmisr dout mnnlh

### Unused Registers #i
QOR_VC_unused_registers = 51548
QOR_FC_unused_registers 53230

3266 fpa/frfp/fpx rf data out mfbyh reg[2][0][86] . : =

3267 fpa/frip/fpx rf data out mfbyh reg(](1](87] QOR_unused_reg}sters_matchlng = 51514
3msfpw1¢pqpxr;anaputm?wh.e%oﬂlneﬂ QOR_unused_registers_FC_only = 1716
3269 fpa/frfp/fpx rf data out mfbyh reg[@][1][67 . =

3270 fpa/frip/fpx rf data out mfbyh reg(0][0][87] QOR_unused_registers VC only = 34

32

)

fpa/frip/fpx rf data out mfbyh reg(0][0][86]

~J
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Debug using Verdi

Violation Message reported in Verdi GUI Schematic for the violation (with source and register info)

ActivityPath: (3] VC Siatic | verification | Lnt | Open | warming | Structural Check Stage | Detect =
w‘(:;n‘-]l 350, Displayed: 358, Waived: 0 ) VC Static e e et N rcacre % ][] @ | BN
| GroupCount Msg 1D [ moduie  |esignobisignal Fi e | LineNumber OptimizationType I a cirl2math fifo
—on - ot e e e e e s e e e e e e e e e e e e e S
I 86 DN 2 fo_fifo JHt_bifb_fifo.sv 176 H™ v I
[ — TE—"— ==
) (340) Verification 87 _[on 233 ™ al fo_fifo ../rt_b/fb_fifo.sv 176 i I | \Togghng Sourcel,y Optimized Register|e,d .
4 Gao) Lot Clo: . [5s  Blecon [N T e T = N 7
Fyemslion w [on 23 es o b ftosv 176 Constant thru Opt Reg | _
——: - o 50 |on o o_tito rt1_bifb_fito.5v | 176 . - ’ \ iy |
@ e o T | . lop-based.wr_ptr_one_hot|[1] ¥ _IF_176_3 ; _HOLD_5[1] »
52 jon o .o tosv 176 X I
s jon o thr Opt Reg I - REPL | LHoLD 5130
% on “ ootro c J opt Reg | SEL . 2117 / I
o 5 i B N Ay m— :
e i o S0 |
Warning - DetectOptimizedConstRegister ‘ b P " |
Constant register genblk2[1].ls_rr...based.data[51[9] with value 0 may get optimized during synthesis . uy Help + in[21] = |
Vview 1npui
O ¥ New violation Schematic: . K flop_b..qlk_data I
5] waveform viewer ] ! i
Goal fo_fifo
Module b_fifo
Violations | Waivers I !
Design;: Loadad, Lint Violations: Displayed Violations: 256 X closel

[ ves ssrcsain pe_opea tetcn crta caramatn fosop base..pimtaathenaimarydesignib,_desgn/commonr b fifasv; Line: 17 @28-8x

169 — VCst <Verdi:Container:3> (on odclegacy0158) v) (a) (x
170 genvar ptr; B |§uz Signal View Miaveform Tools Window 08 p
171 //&python declare_separately = 0 B=E "N X B v 0 x1ns - (@) (@) 2] - By: (£~ (4] () § - 6ot |61 -]
172 (Show Assettion COI View) _(Duplicate this View)
173 for (ptr = 0; ptr < DEPTH; ptr = ptr + 1) begin : ptr_loop I T T T T T T T N T T T
174 //&python req("den", "WIDTH", "in data[ptr] wr_ptr_one hot[ptr]|", clk_sig="clk_data")
175 alvays_ff @(posedge clk data) begin
176 f (wr ptr one hot[ptr]) begin data[ptr] <= in; end
177 end
178 end
179] //%python declare separately =
180|
181 ‘endif
182
183 if (MITPUT FLAPPRN == 11 hemin - mitrnt flanned 7
Violation source code (Back-ref) Waveform for the violation with all non-const signals toggled
Synopsys Confidential- Information
:
TO SYSTEMS
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Design Results - Optimized Registers

Optimized Registers

Designl 40 mins 73,328
Design2 ~10M 1 hrs 91,109
Design3 ~12M 1.5 hrs 41,170




Summary

* Traditional RTL Linting tools don’t report optimized registers & unused registers
aligned with synthesis tools

* Multiple iterations between RTL Designers & Implementation Engineers to verify
the correctness of register optimizations done by Synthesis tools
* Optimized registers & unused registers are identified late in the design cycles
with no root-cause-analysis (RCA) to debug

» Shift-left Methodology using VC SpyGlass |IDC to accurately identify optimized
registers at the RTL stage with RCA debug capabilities

* User can find and fix the RTL leading to unintended optimization using incremental
debug aided by waveform and schematic
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