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“I had to spend
time integrating the
IP into SoC”
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Challenges for IP providers

 Too much Variability -> configuration explosion

« Application: SOCs, bridges, switches, mobile,
server..

* Interfaces: proprietary, VCI, AHB, OCP-IP..
 # of configurations >> 100
» Lack of standards in EDA space
e Languages: Verilog, VHDL, SystemVerilog, e
e Tools: Simulators, HVL engines, formal engines
* Methodology: Cadence, Synopsys, Mentor

« Multiple vendors for Design and VIP

2007 Rambus




Challenges for IP consumer

Correctness of integration
Correctness of any changes to IP

Correctness of selected configuration to meet
the system goals performance, power..

Verification after implementation stages

System level aspects: reset, clock, intr, software
access

Verification of coverage: code, functional..
Verification of rest of the design through the IP

Is the IP verification environment reusable for
the above chip verification tasks?
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Rambus - Configurable IP
Technology

« Easy IP configuration and integration
Flexible verification env for all IP configs
IP fully validated for all the configs

Quality metrics for all the design modes

Design aware customization service
availability
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| Config Name : Default

VCBuffer  Rddress BAR

Gate count

Specification Compliance
Device Type

Link Width

anfigurablbe
Applicafion
Interface

Pipe Width
Data Path Width

Same Core-clk and Pipe-clk
SystemiCore Clock in MHz
Max. Payload size

Ho. of Functions

Mo. of Virtual Channels

Exclude PHY

Retry buffer size

Applications Interface (Rx)
Applications Interface (Tx)
Cut through support in Rx
ASPM L1 support for PM
Targeted Technology for PHY
SIMTOOL

[LepI
[PUSH_PI

! Store-Forward

| TSMC 0.13u
i NE\Ebg

SYSCLK=PIPECLK

Total Gate Count:
Total Flops Count:
Total Memory:

TatH - sy
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135.10K Latency:

TH Core Tx = 8 clocks

BT5T bits Core Rx = 13 clocks
PHY Tx = 3clocks
PHY Rx = 13 clocks




Configurable Design IP Solutions

TTM Critical Applications

2007 Rambus
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Application Interface

DRX DCTL DTX
N A

Data Link Layer

MRX MCTL MTX MAC Layer
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Latency Sensitive

SRRSO

End Point End Point
Application Application
Initiator Target

Transaction Layer
Data Link Layer
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IP Verification requirement

e Environment needs
to be configuration
agn OSti C Transaction Layer 5 1t par
e Consider both Data Link Layer (Verific::izn
protocol features IP
and design-specific

Implementation
* Must be re-usable Designspecic
In SoC environment —1 w1

MAC Layer

Checkers

Coverage

2007 Rambus
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Rambus VIP - CoverMore

 CoverMore
 Design-specific VIP Customer ASIC
* Highly modular approach

* Reusable across block, IP

and chip level

« “Self-checking” Design IP

GPEX

CoverMore

GPEX

verification based on
Modular and
reusable IPs

Coverage and -|-> Block A Block B <-|-|-> Block C
L

CoverMore CoverMore ‘J L’ CoverMore

v

Block A First CoverMore
implementation based on
Cadence Specman/e
CoverMore

2007 Rambus ambusc
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Cadence VIP Strategy

Compliance Mgmt. System * Provide Plan-to-Closure VIP
spanning full verification process

* Support most complex,
demanding protocols

SystemVerilog Interface | € Interface

[ Advanced Testbench Core J

* Unique Compliance Management

System
Transaction-based Acceleration

e Enable customers & partners to
deploy CDNS’s VIP development
Incisive Assertion-based VIP process

Incisive SpeedBridge™ * Provide tailored Verification IP for

Cadence Vertical Kits 7

2007 Rambus
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Compliance Management System (CMS)

Automates compliance verification and reporting

« Leverage Cadence uVC Functional Coverage
e Key differentiator
e Optimized for Rambus IP with Rambus refinements

Rambus Specific Refineme&

Executable Compliance Protocol compliance
representation of Management System coverage points and

verification objectives s checks

Compliance 22
Coverage and l

Metrics
Reports detailed \

|__rTConstrained random
verification status Compliance @ Compliance sequences
(Coverage model) Reporting Test Suite automatically reach

=70% coverage

'l Compliance
vPlan

2007 Rambus RambUS@

Slide 12




DIP-VIP Interoperability Challenges

* Ensuring the VIP and Design IP have the
same configuration

 In depth design knowledge availability
* Verification IP expertise

* Achieving targeted coverage of
Application Interface

* Debugging
 Time consuming Root-cause analysis




Cadence-Rambus Collaboration

* Fully Integrated and Independently
verified PCle solution

» Highly adaptable, silicon-proven PCle
digital core and Phy IP from Rambus

o Automated and metric-driven VIP from
Cadence

* Leverages several years of expertise

Combine configurable, proven design IP with best of
class VIP




Combining Best of Breed Design and
Verification IP

Concept Reverb

e Cadence & Rambus value proposition
« Highest quality
e Fastest time to revenue
* Lowest risk

2007 Rambus




Best of Breed PCI Express Solution

« Design IP and VIP independently cross checked o
e Cadence and Rambus models built independently mlusl\lﬂ-

« Design IP and VIP most tightly integrated
« Executable verification plan specific to your IP lellsi\’e!
» Customized test suite specific to your IP )
« Automated protocol Compliance Management System

cadence B Rambus.

2007 Rambus




Integrated Environment Targets Design IP
: Protocol Compliance
Targets Design IP- and Integration of
specific Design IP and
Functionality Customer Logic

\

o

Rambus VIP Cadence VIP
(CoverMore) (CMS)

P

Transaction Layer

Data Link Layer

MAC Layer

P

2007 Rambus
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Methodology

* Re-create customer environment
e Maintain Verification independence
e Tool aspects
* Follow release QA for eVC and Design IP
* Debugging
* Run regressions at CDN and Rambus

* Regressions include Cadence + Rambus tests
* Root-cause analysis

* VIP/tool anomaly fixes by CDN

* Design IP anomaly fixes by Rambus

2007 Rambus




G E R E

CDN PCle compliance vPlan has all features of
PCle

Example - DUT configuration specific features
« DUT acts as End point
* RC related coverage points are disabled

Unsupported PCle compliance points in the
design

Refined vPlan and created required
perspective which will load on CDN
compliance vPlan




vManager Regression Session
Incisive Enterprise Manager
Eile Edit ¥iew Analysis  QOptions  Help %Cansale é% R ?Heup Support

H B B g & | 9| B

Export Report | Runs wPlan | Config DREM Monitor

= 3 2 & 0
start Refresh | Fead FReload | Clear | Policy Fewert | Stop
Sessions Table: Contains 2 sessions

R |Status [Session MName < Progress <

=y
=g

_
& (2] win_rambus_pcie_sessions.ckappe. 07 _08_20_2
5 2 04 =1

(I wim_rambus_pcie_sessions.ckappe. 0F_08_20_2
2 04 31 ckappe 07 08 A1 06 50 05

wiT_rambus_pcie_sessions.ckappe. 07 Q8 20 2
204 31 ckappe. 0y 05 21 0& 50 05 ckappe.
07 08 21 22 30 19

| 2] HTML File | Reachy

2007 Rambus
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Default
Perspective
. vPlan: jprojfrmbs _wip fwork)ckappe/CON T T
D"‘é vPlan CEn GD%&E}?'W Refinement Mode: local N~

5.l

Perspective: Endpoint and Foot Complex, AER = Off %C 1-7 = Off Completer Abort = Off, Config Request RetrvStatuq = [

B~ D [24% ] 2 Endpoint and Rogt Camplex, AER = Off, ¥C 1-7 = Off, Completer Abort = OFf, Config Recjuest Retry Status = Off, Poisoning = OFf, LTSSM = Passive

=-[0 [Z%] 2.1 PCEinstance no component parameter

-3 2.1.1 TPL Compliance Check List s Coverage
m-3 2.1.2 TM Compliance Check List

---D 2.1.3 DLL Compliance Check List Model for
e 2.1.4 PHY Compliance Check List RC/EP/Legacy

---D 2.1.5 PMG Compliance Check List EP
m-3 2.1.6 55 Compliance Check List
-0 2.1.7 CFG Compliance Check List
o 2.2 PCIE.instance RC
-"D 2.2.1 TPL Compliance Check List

~

---D 2.2.2 TXM Compliance Check List ROOt Complex
---D 2.2.32 DLL Compliance Check List
---D 2.2.4 PHY Compliance Check List vPlan Tree
---D 2.2.5% PMG Compliance Checl, List
=03 2.2.6 5v5 Compliance Check List
m-0 2.2.7 CFG Compliance Check List

o 2.3 FCIE_instance EP
---D 2.2 .1 TPL Campliance Check List /
---D 2.3.2 THN Compliance Check, List E d P .
w0 2.2.3 DLL Compliance Check List nd Point
---D Z.2.4 PHY Compliance Check List VPlan Tree

---D 2.3.5 PMG Compliance Check List
m-3 2.3.6 5¥5 Compliance Check List
m-0 2.3.7 CFG Compliance Check List

[l
k

W

S0




*¢ vPlan

Goal Relative N
B Crads Refinement Mode: local

vPlan: fproj/rmbs_vipworkfckappe/COM_REL_1_7 fapex fsimfwark_2 _3betas fvplan_file_2 _2b3 fPCIEWPlan-top-RMBS. xml

Perspective: Endpoint and Foot Complex, AER = Off WC 1-7 = Off, Completer Abort = Off, Config Request Rethtatuq =0

B D m 2 Endpoint and Root Complex, AER = Off, ¥ 1-7 = Off, Campleter Abort = Off, Config Request Eetry Status = Off, Poisaning = Off, LT55M = Passive AF
=-[0 [Z5%] 2.1 PCIE_instance no componert parametar Calac i

m-0 2.

1.1 TPL Compliance Check List

[implemented_cowverage]

1

@ 2
= 0EE
= OEE
# O
> 02
areEE 2

[—J---D (i3] 22F

EndPaint, AEF. = Cn, YT 1-7 = Off, Campleter Abort = Off, Config Eequest Retry Status = Off
EndPaint, AER. = Cn, ¥C 1-7 = On, Completer Abort = Off, Config Request Eetry Status = Off
EndPoint, AER = On, %C 1-7 = On, Completer Abort = On, Config Request Retry Status = Off
EndPaint, AEF. = Cn, ¥C 1-7 = On, Completer Abort = On, Config Request Retry Status = On

latar Abort = Off, Config Request Retry Status = Off
ot = On, Config Reguest Eetry 5tatus = On

FomComplex, AER. = Off, WC 1-7 = Off,
RDDICDmplex, AER = On, ¥C 1-7 = On, Cam
All parameters = On

=0 [ 2.

s OE 2
s O 2

s 0[5 2.
s 05 2
o O[] 2
o 0 2
s O[] 2.
s O[] 2.

N
N
N
|:| 2
|:| 2

E---D [2%% | 2.2 PCIE_instarnce EP

2.1 TPL Compliance Chack, List
2.2 TEM Compliance Check List
2.2 DLL Compliance Check, List
2.4 PHY Compliance Check List

2.5 PMG Compliance Check List Loa.din
2.6 575 Compliance Check: List g

2.7 CFG Compliance Check List Rambus
Perspective

2.1 TPL Compliance Check List
3.2 T#N Compliance Check List
3.2 DLL Compliance Check List
3.4 PHY Compliance Check List
3.5 PMG Compliance Check List
3.6 55 Campliance Check List

3.7 CFG Compliance Check List

e
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vPlan Window — Selected Item

File Edit Yiew Analysis Refinement Filter Options

PO H B @ &

Export | Info Views Runs Report Lock Close

= - g » 3 = 4t o]
S /B = 3 @ [ E E v »
Read Reload | Perspective | Rank Correlate | Source Source Buckets Holes Project Extefhz Coverage Mew Filter Edit Fiiter Drganize Filters

. vPlan: forojfrmbs vipfwork/ ckappe /(CON_REL_1_7 fapex/simfwark_2 _2hbetas fvolan_file_2 303 /PCIEPlan-top-Eh
Goal Relatpye :
i Refinement Mode; [ocal

Perspective: EndPoint, AER = On, YT 1-7 = Off Completer Abort = On, Config Reguest Retrny Status = On,_Poisoni

11.1.3.2 Data Link Control and Managerment State Machine (0} 55, Mame  wr_pcie_dll_manitor.dicrmsi_state_changed. dicmsm_transition -
| 11.1.2.2.1 General {02 02007 A Teut

1 11,1222 Data Link Control and Management State Machid Ahsolute
R 11.1.2.2.2.1 General (03.02.01.00%) | Grade
o= 11.1.3.2.2.1.1 DLL02.01#01 - 03.02.01.00401 || | | Weight 1
=00 [(50%] 11.1.2.2.2.1.2 DLL.02.01#22 - 03.02.01.00402 || | |4 Least 1
B T Eriryinto DL_nactive state D Siimme'j 1
,_' .03 [50% | '
+ - 11132213 DLLOZ.01#11 - 03.02.01.00803 I [ e rage e
w5081 11.13.2.2.1.4 DLL02.01#12 - 03.02.01.00404 [ [ 1 co
+D 111.322.15DLL.02.01#13 - 03.02.0L.00#05 W | 1090  cover dlcnsn_state_changed s {
m- 11.1.3.2.2.1.6 DLL.02.01#14 - 02.02.01.00#06 | ‘| 1091 iten dlcmsn_state;
w0 11.1.2.2.2.1.7 DLL02.01#15 - 02.02.01.00807 [ | 1092 ffiten prev_dlcnsn_state;
'_'T| r_—l 11.1.2.2.2. 1.8 DLLOZ.01#23 - 02.02.01.00#08 1093 )'II)'IIEPDSS dl EmSm_StatE,prEV_d] cmemn_state
r-3 11.1.32.2.19 DLL02.01416 - 03.02.01.00809 [ [ 1922 Ut AT o el el [

Ela e

h i ' i , B { : |

50%

- wmean &N DEe s -
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Failure Report - First Failure Description

File Edit  Wiew Anakysis  Options

£ o o g @ =8 8 | &

Export Undo Redo | wPlan | Info | Wiews Lock | Closea

e B = 2 e % | B &
Chart Rerun | Croup Filter Add Select | Ungroup Unfilter

Grouped by: First Failure Description
Runs Filtered by: 5tatus == failed
Table: Contains 4 runs in 4 groups {na runs are filterad out)

Run Id |First Failure Description First First First First Top Files < Statu!

= Failure |Failure |Failure |(Failure =

-y =

Tool ¢ |Kind < |Time Log &
=Y

ERF_WE_PCIES 19 _BaAD _MAX_PAYLOA |specman |dut_error 5122 ||local_log.log|... ftest_suite_defines ... /pio_enum 17 1a7as 7o |failed
_|ID_SIZE_SUPPORTED Invalid walue for LSt picie test_suite_tope

register In w_pcie_tl_monitor-@7<401 L picie _test_cfg_read_initial_reqs_walue _before_cfg_writ
of P_EP TL agent. PCIE Spec : 7.8.2 e.e

page 268 Compliance checklist items
CFS 8 2#1 Dewvice: P_EP Packet:
wit_pcie_tl_pki-@7 459 Register
Marme:
WHE_PCIE_DEYICE_CAPARBILITIES
Fegister:
WE_PCIE_DEVICE_CAPARILITIES
wi_ad_reg-@145 Field Mame:
Max_pavoad_Size Supported Cmipl
walue: 0 Fef Walue: & Register walue
iz not as expected

EFER_WFE_PCIEZZZ_DLLP_TXD_AFTER_ ||specman|{dut_errar local_log.log|.. ftest_suite_defines .. fpio_enum BE1E852042 |failed
_IPM _ACK _FEXD A DLLP was sent _ LAt pcie _test_suite_tope L MW picie test_pim_all.e
although PMEED _ACK _DLLP was

reciewed. DLLPs transmition should be
dizabled. In
wit_pcie_dll_monitor-@7 406 of P_EP
wi_pcie_dli_agent-@7F 404, PCIE Spec:
5.2.2.1 page 242. Compliance
checklist itermns: PM G 2. 946 Sem
packet s wr_pcie_dll_pki-@7 606
EFER_WFE_PCIEZZ9_DLL_FCUPDATE_TI ||specman|{dut_errar local_log.log|.. ftest_suite_defines .. fpio_enum 157732322793 |failed
_IMEFE. UpdateFC timer has expired In L b picie _test_suite_tope M picie _test_pl_ltssm_all.e

wit_pcie_dll_monitor-@7 406 of P_EP i
it ticie dll Anepnt-@7404 PCOIF Shere
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Interoperability Efforts

*
- ——
) (g Strategy Managers
w

TL Engineer n# |

Team Lead

Rambus VIP Cadence
(CoverMore) VIP

-4
n\;/ GPEX

Design IP

DLL Engineer -
Ny
w

» :, Verification
n f Engineer

MAC Engineer

Pnroject
Manager

.
Verification
Engineer

- =
n"
Tool R&D
Engineer

il
1 ."'w;

Tool R&D
Engineer

2007 Ram

Huge efforts spent to help the customer integrate IP smoothly
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Interoperability Efforts

« Several man-years worth of efforts
e Design IP Development
* VIP Development
* Interoperability efforts

e Tool Licenses

 Methodologies
e Customer approval




Rambus and Cadence Collaboration Deliverables

e Design IP
« PCI Express Digital controller, PHY

« Verification IPs
 CoverMore VIP
 Cadence eVC VIP
v PCI Express eVC
v Supports e and/or SystemVerilog test benches
v PCI Express Compliance Management System
v Executable verification plan (vPlan)
v" Test suite to achieve 70% + coverage
v" Rambus specific package for Verification
v Refinement file for PCI Express vPlan

v Additional test sequences to maximize

coverage
2007 Rambus Rambus@




Summary

Rambus + Cadence collaboration solves IP Integratio  n challenges

Independently verified
* Independently created models
* Independently cross—checked

Tightest integration of Design IP and VIP
Combined expertise of Rambus and Cadence

Most automated solution
e Cadence CMS automates verification
 Digital core customizable protocol support

2007 Rambus




Thanks!

Sriram Swaminathan
ssriram@rambus.com




