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Figure 2 | Reference: Telum
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v' By separating the aspects, the POWER10 simulation showed a ~24% increase in cycles-per-second on the
RTL models over P-RTL. Similarly, model compilation time reduced by ~35%.
v Overall methodology helped lab bring-up of POWER10 wafer in ~1/8th time, compared to prior generations.

a) POWER10 Model Compilation
Normalized - In seconds - By
RTL Model Type

RTL P-RTL

b) Telum Model Compilation
Normalized - In seconds - By
RTL Model Type

RTL P-RTL

a) POWER10 Simulation
Normalized: Cycles Per
Second by RTL Type

RTL P-RTL

Figure 3 | a) POWER10 b) Telum - Model Compilation Time

b) Telum Simulation
Normalized: Cycles Per
Second by RTL Type

RTL P-RTL

Figure 4 | a) POWER10 b) Telum - Cycles Per Second

Roesner et al., "Efficient Aspect Verification and Debugging of High-Performance Microprocessor Designs," in IEEE Design & Test [Link]
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Cycle Simulation v/s Traditional Technigues

Event Simulation Cycle Simulation
« Delay and timing information included * Delay and timing information not included
« Can handle both synchronous and » Can handle only synchronous circuits
asynchronous circuits » Assumes switching is synchronous and evaluates all gates
 Changes at time t triggers an event at t + At each cycle
« Speed of simulation depends on model » Speed of simulation doesn’t depend on model activity, so
activity this scales better for larger designs
* Driven by UVM/System Verilog test benches | « Driven by faster C++ testbenches
« Large designs this can be slow « Large designs this can be faster
 VCS, Xcelium, Model-Sim « MESA (IBM)

Hiﬂ.ll'ld.ﬂ'!f Modes
_._._:""_""r"ﬂ_-'ﬁ" "-

->

Figure 6 | Event Simulation — Changes triggers events down the line Figure 7 | Cycle Simulation - Boundary evaluated every cycle




XTB | Cross Test-Bench | Distributed Co-Simulation Platform

Linux process Linux process

SystemVerilog/UVM Mesa model Xcelium model
(only showing the DUT)

clock out

control logic — control logic

32-bit
register

32-bit
register

32-bit
counter

Figure 8 | XTB allows IPs to run in Individual Simulators

while allowing to Exchange Values
DAC 2024 [Link] Figure 9 | Example of MESA & Xcelium Co-simulation

» Supports DUT-2-DUT, TB-2-DUT, and TB-2-TB communication channels

 Also target a hierarchical signal/wire deep within the design


http://dx.doi.org/10.13140/RG.2.2.10920.17925

Leverages advantages of both XTB | Hybrid Solution
methodologies

Fully Populated Drawer

Mem (DIMMS) Mem

| e | . | s J . | s} (=] o= [ o ] e ] e |

Event simulation at unit level to
get timing accurate verification

Cycle simulation at chip level
for high speed and coverage

3x PCle 3x PCle
PSi

Cross-drawer SMP Fabric

5 Drawer System

XTB sim gets both by allowing Fully Interconnected
timing accurate unit models to
simulate with chip cycle models

[ Drawer

Use-case was IBM's
POWERO interfacing with S — I

y igure everages cycle simulation to simulate server
NVI DIA ) G P U processors and acyhieve ~100% coverage
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Accelerating Coverage Driven Generation Verification

v' Replace DUV simulation with ML model | Capture relation between test-templates and coverage

v Instead of using ML model as main ingredient of CDG | Use to accelerate DFO search algorithm

Before CDG Sampling phase Optimization phase 7Running best test
(1,000,000 sims) |(210 tests x 100 sims each)| (25 iteration x 12 tests x 100 sims) {15000 sims)

i Select best i
Stelect torig antl:d __  template from . Output final
se app_l‘aﬂfﬁ? _ last iterationor —  testt
target function initial run t, -

hit rate # hi hit rate

byp_reqs02
byp_reqs03
Compute Compute byp_reqs04
approximated next-iteration byp reqs05
target function templates to byp_reqs06

b e N fun tl, t:, - fn T—
byp_reqs08

byp reqs09
byp_reqsl0
byp_reqgsll
byp_reqsl2

5 byp_reqsl3
Simulate each t;

N times

Collect coverage

byp_reqsl4d
0 41796 0.847%

m 01

Figure 11 | Automatic feedback loop from coverage data to Figure 12 | Optimization techniques
stimuli generation to achieve Coverage Driven Generation (CDG)

byp_reqsl5

byp_reqsl6




AI/ML Assisted Verification Closure | Results

Figure 13 | Comparing the different algorithms,
starting from the same initial 200 random test templates

2. EE-IF—Use the event after
events implicit filtering

3. EE-DNN—DNN to eliminate
events without implicit filtering

Random —e—EE-IF —e—EE-DNN EE-IF-DNN

ISQED’23 [Link]
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NEXA | Collaborative Hardware Logic Debug Platform

Figure 14 | Single Consistent Platform
RTL Debug Logic Simulation Debug Logic-Physical Debug Post-Silicon Debug
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“NEXA | Cloud Native Platform for Collaborative Hardware Logic Design in Step-wise Refinement Implementation Flows”, DAC 2021 [Link]
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NEXA | Use-cases

Figure 16 | NEXA Session Creation Time
for POWER10 System-Level Debug
(Normalized - In seconds)
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Figure 17 | Time for Search (Normalized -
NEXA In Seconds)
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Figure 15 | NEXA debug use-cases and data sources 0.00
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Create “much
expanded” data in the
lab for high-performance
hardware debug

Shift right principle of
Designer Level Verification

Perform “replay” on simpler
model of hardware

New application of X-state
simulation

Hardware | NEXA LabReplay

Hardware
Dump

Wrapper (Input)
Inputs

Physical to
Logical Hier

Wrapper Wrapper
Inputs Settings
(0, 1, X)

Designer
RTL Level

Model Verif
Compiler
(0, 1, X)

Figure 18 | Bringing
existing pieces of the
puzzle together

Add-on
Debug Paks

Logic
Simulator
(O’ 15 X) LogiC
Debugger




= New functions across EDA helps faster design, verification and
debug closure of IBM hardware

= AI/ML techniques augments traditional design closure, and
delivers new experiences

= Single-team mindset key for sustainable innovation in next
generation of high-performance hardware
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