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Motivation

Event Simulation

* Delay and timing information included

* Changes at time t triggers an event at t + At

* Flexible and can handle asynchronous circuits
* Driven by UVM/System Verilog testbenches

Cycle Simulation

* Delay and timing information not included

* Assumes switching is synchronous and evaluates all gates each cycle
* Runs at constant speed regardless of model activity

* Sim is faster, scales better, and can support hardware acceleration

* Driven by performant C++ testbenches
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1->0

Fig. 1: Event Driven Simulation - Where
changes trigger events down the line

Boundary Nodes

Fig. 2: Cycle Simulation - Boundary nodes
get evaluated every cycle
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Hybrid Solution

Mem (DIMMSs) Mem Mem Mem
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» Leverages advantages of both methodologies \ /
* Event simulation at unit level to get timing accurate verification PU Cluster sC PU Cluster
* Cycle simulation at chip level for high speed and coverage A-Bus A-Bus
. XTB sm gets both by allowing timing accurate unit models to simulate ot hhi SatD Fabite »
with chip cycle models
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* Allows us to verify complex server chips using cycle simulation. v
*  While bringing in unit IPs fully verified using timing accurate event ) j’awe’
simulation ¥ 3
 First commercial case was IBM’s POWERS9 interfacing with NVIDIA’'s GPU g g i
A
over NVLink 2.0 protocol v.y 7
Drawer
&
YyYYyV¥Y v
Drawer
Reference: Schubert, K-D., Syed Saif Abrar, Duane Averill, Ellen Bauman, Aaron C. Brown, Ron Cash, Fig. 3: IBM leverages cycle simulation to simulate

Debapriya Chatterjee et al. "Addressing verification challenges of heterogeneous systems based on
IBM POWER®9." IBM Journal of Research and Development 62, no. 4/5 (2018): 11-1.
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XTB(Cross Testbench): A Distributed Co-Simulation Environment

C++ Testbench
.l-‘.q'

SystemVerilog/UVM
.

Fig. 4: XTB allows IPs to run in Individual Simulators while
allowing to Exchange Values

» Supports DUT-2-DUT, TB-2-DUT, and TB-2-TB communication
channels
* One can also target a hierarchical signal/wire deep within the
design

g TO SYSTEMS

SHAPING THE NEXT GENERATION OF ELECTRONICS

Linux process Linux process
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Fig. 5: Illustrative Example



Timing Information Cosimllnterval

Mesa

tput .
outputs - - » SimCycle

E![oc k o \ \ \ \

data_out

load_out \T\ J kJI

Xcelium - Timing Relation. Transfer of
inputs ' signal changes across sims.

clock_in _I | [ | |

data_in

load_in \ | l 1

e Cosim Interval Boundary _— Mesa Sim cycle points
Fig. 6: Illustration of Timing Relationships across Cycle and Event Sims

» XTBI®! exchange facility values on the co-simulation

interval boundaries How we Setup Timing Information?
» Shorter co-sim interval improves the fidelity of the timing 1.Fix the frequency of event sim (Usually the fastest
relationships permitted speed)
* Longer co-sim interval improves performance, but over 2. Find the clock cycle ratio, i.e., Clock Cycle/Sim Cycles
time the timing gets corrupted 3. Finalize the Sim Cycle to nanosecond ratio
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Synchronization
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Fig. 7: Correlation across UVM phases and Cross Simulation stages
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XTB maps a correlation between C++
Testbench stages and UVM phases

XTB introduces custom stages in between as
synchronization stages/phases




Checkpointing/Snapshot

Time / Sim Cycle
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Model Model Model
State »  State »  State Debug
(M1) (M2) (M3)
Fail Model Model
B B > Stat > Stat
Restart Simulation (,\,?4()3 (,\,?5?
Fig. 8: Illustration of Simulation Restart in Homogenous Environment
XTB Main
Process
 Simulators allows verification to restart from the last
Cosim Environment with multple known good state of the hardware model
simulation processes
« XTB allows users to save the state of the entire co-
Cycle Sim Event Sim Cycle Sim Event Sim simulation environment
Process Process Process Process
* This allows users to restart simulation from the last
known good checkpoint
* Beneficial in case of large models taking multiple days
Fig. 9: Snap/Checkpoint of a Co-simulation Environment to verify
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Evidence

Use-Case @~
XTB
. . 'EventSim

SoCs involves IPs from multiple vendors l
I

Memory buffer to connect to DIMMs needs :
Phy IPs SRAM with |
host [

Phy
microc
ontroll

er

using event sim at fastest clock
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Hardware and firmware (of both host and
vendor IP — VIP ) interact for configuration
and initialization of Memory

SRAM with IP

Firmware

Host/Server is Cycle sim compatible, and

I
I
|
I
I
I
|
|
Phy IPs are timing accurate fully verified : Firmware
|
|
|
I
I
I
|
I
Vendor IP is event sim compatible :
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Cross design environment - To verify the
integration

Inits latches, loads RAM, and
starts processor
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Evidence
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The host and Vendor IP firmware interacts through
hardware registers

Register sequences for boot flow as shown in Fig
11 (called as hardware procedures) are compiled
and run on co-simulation environment

Verification of boot flow in lab is strenuous

Enables earlier development of firmware
sequences for booting and quick firmware fixes
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Host

Host +
VIP

VIP

Host +
VIP

Fig. 11: Hardware Procedure

Sequence

Bring up Voltages

|

Start clocks
and reset phy

|

Initialize phy config

l

[ { Load IP firmware in SRAM

|

|

Dram init

|

Load phy init engine

|

Initialize the phy

|

Phy is ready for
mission mode
transactions




Evidence Performance Evaluation
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Simulation Time (Hours)

Each Procedure

~20

Total Run Time ~200
Worst Restart Time Without

Checkpoint

(Failure in last procedure) ~180
Restart Time With X-shot ~ 0.03

Table 1: Debug and Simulation Effort

Shift-Left Gain From X-Shot
Checkpoint/Restart Enablement

TO SYSTEMS

ATION OF ELECTRONICS

Verifying memory controller involved ~10 procedures

Each procedure takes ~20 hours and uses model state of
the last procedure

Failure at nth procedure will cause n x 20 hours of rerun to
reach the failure point

Snapshot (X-shot) enablement was key and saved days
of simulation and debug effort

Model restart within seconds (~20-78 seconds/
0.03hours) from n — 1" procedure state

Collaborative Debug ~5 seconds with Firmware, design
and verification teams on shared debug sessions ¢!



Summary

-  We introduce a distributed co-simulation environment — XTB, which enables cycle and event co-
simulation

« We used it to verify and debug HW-FW interaction in industry class servers like IBM Mainframe and
Power

- Additional technigues for save and restart in this cross-simulation environment enables significant
reduction of debug time

« Brings the system to last known good state in minutes instead hours
« In HW-FW verification, saved hours to reach the failure points after debug

« Solution enables a hybrid simulation framework, important in the context of next generation
hardware designs, which are increasingly made with VIP across different vendors, and such hybrid
framework enables flexibility to get best of cycle and event sim, and thereby faster time to closure of
such systems
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