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The Next Era of Storage Technology
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Computational Storage

* Exponential growth in data

* Need for faster, efficient data processing
solution

(1Solution

* Replacing traditional NVMe SSDs with
Computational Storage drive (CSDs)

* Integrates processing power directly into
the storage device
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Computational Storage Architecture

Move Compute Closer to Storage
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Traditional vs Computational Storage Model

Traditional model Computational storage model

Vg P

Offloading host processing

Benefits of Computational Reduces data movement

Storage " Improved Performance
= Lower latency
— = Bandwidth efficienc
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What’s New

(JCommand Sets
e Computational Program
e Subsystem Local Memory

(UNamespaces
* Compute - resource on which program are stored and executed
* Memory -resource on which |I/O data for programs is stored
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What’s New

JPrograms

* Functional pieces of code designed to
accomplish a well-defined purpose

1. Downloadable
2. Device-defined

Memory Namespace 11

dMemory Range Sets
* Collection of memory namespace ranges
* Specific to a compute namespace Memory Range Sets
Compute Namespace 1
P
—MS
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Functional Verification

Challenges & Solution
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Protocol Compliance

»verifying that Computational Programs and SLM commands do not introduce protocol
violations or unexpected behaviour

Jdindependent Monitor
* Decodes all transport packets

* Watches complete address space
* Checks for any unnecessary/ unrelated transport packets
* Can be plugged into existing test environment
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Protocol Compliance

Jdindependent Monitor

uvin test

TLM Debug

callback

Analysis

VIP Stimulus Component class
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VIP Agent
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VIP Connectivity Module

BOARD 18 System Verilog Interface

Protocol Protocol
Functionali Assertion
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Protocol Compliance

Exhaustive Protocol suite A ': -
e Around 1100+ protocol checks ye-cr_todnrnos?
* Around 100+ assertions based on Computational 282 e maxacr_exceeo,
Program and SLM command set : " éi,i
Tirme stamp, BDF Transaction T S TR

Information ; IﬁilitE‘ E%?F‘E

UVM ERROR @ 26629675000 [ERR:'"'EHT'R OILLANVME CP LOAD PROG PTYPE INVLE
NVME AD LUA[ PROG: CDW10[23:16].PTYPE shall not be O or a downloadable program

type not supported on NSID = 0x4.Found PT?PE = 0x0.
Computational Program Command Set Spec v1.0 Section 4.2.1 ,Depug ID: 0100000000000030

Specification details Debug ID

A — version, section NV ST_LP —

— ME _MEM 1 Fir-J_ LIEP;J-IN /LD,
rMS MVME '1Er1FI S S OVRLP MEM RNG,

\ e ©2024 Conference Concepts, Inc. 11

All Rights Reserved

E_ME




Stimuli / Testing

»directed testing — creating exhaustive test plans
» stress testing — assessing system behaviour under high-load conditions

»validating error detection and reporting across the computational storage, subsystem
local memory

»Handling concurrent operations between computational tasks and standard NVMe
operations
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Stimuli / Testing

v sequence lib,
admin cmd/
base/
boot partition/
compliance/
cp cmd/
erroneous
fabric cmd,
initialization/
io cmd/

dTransport Independent Stimulus Library
e Around 800+ built-in sequences

JHighly configurable command structure
JWide pool APIs to set/get command field
(JRandomization of Stimulus
e corner cases and unexpected scenarios
JAutomating command creation
* Constraints, APIs
* minimized user input for stress-testing
JError Injection
* Built-in error scenario sequences, Error structure ,Callbacks

metadata/
namespace/

persistent,

pmr/

prp/
queue/
reset/
shutdown/
slm cmd/

» ZNS cmd/

>
.
»
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»
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»
»
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» Kv cmd/
>
>
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Stimuli / Testing

dTransaction mode
* blocking and non-blocking

 Simultaneous or sequential simulation of computational/SLM commands along
with NVM, ZNS and KV commands

D S | SOID | COID | REG NAME

QENTRY

0001
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0100 | FPRPDW
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Coverage

»validate that DUT functions correctly under all possible scenarios

e functional coverage, code coverage and assertion coverage

(JComprehensive Coverage Plan
 All fields of Computational and SLM Admin, I/O commands
* Crosses with possible status code types
* Each cover point has a corresponding test in compliance test suite
adviQ
* Reduced coverage closure time — hole analysis, heatmaps, bin distribution
* Debugging tool — failure signature detection
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Coverage

Cove I‘age Aﬂa lyzel‘ | 4% Home &' Functional~ Wig Design~ & Tests | s CTRLR_DUT _testplan_coverage.ucdb
Total Coverage: 2 | By DU @) By Instance
A Summary

Test Summary @

603 tests Passed (587) Ml Warning (16)
Tests Count - Unload Test Data ©

Coverage Summary © Bin Distribution © Total Coverage v Covergroup Coverage ©

13K
12K
11K

Total Coverage
93.35%

| Statements:

Branches:

Expressions:

Coverage Heatmap © Total Coverage v

» Conditions:

Toggles:

Assertions: 5 > 100.00%

Covergroups: 2: B 86.71% i
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Coverage

_ Top Uncovered Sections @

Name Coverage %

anvmt_14 cmb_CQMMS_err 0.00%
anvmt_UNH_admin_cmd_1_1_11 0.00%
anvmt_UNH_admin_cmd_1_1_12 0.00%

Name At least Hits 4 Bin type anvmt_UNH_admin_cmd_1_1_14
: 7" ] - . anvmt_boot_partition_full
auto[NVME_4 6 _2] 126813 NORMAL_BIN
auto[NVME 4 6 1] 84542 NORMAL BIN Unlinked Functional Coverage @
All Types ~ |
auto[NVME_1_4_4] 44665 NORMAL_BIN s
220
auto[NVME_5_3] 44653 NORMAL_BIN GAP 200
160
42275 NORMAL_BIN —= 140

42271 NORMAL_BIN
42271 NORMAL_BIN
auto[NVM20_3 5 3 fig1... 42271 NORMAL_BIN

ANALYSIS o 3

Covergroup Types Covergroup Instances

Unlinked Type

Top Hole ©

Non-Contributing
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Coverage

Regression Run Details

Run Number: #29 &
Status: -
Actions: 188 @
Tests: 179
Passed: 179
Failed: ©
Failure Signatures: 0

Regression Actions

Action

...rsvt_sup/execScript
...reemplt/execScript

...t_report/execScript

__releace/execScaript

...rsvt_sup.sv.cov_mti
...preempk.sv.cov_mti

...t_report.sv.cov_mti

Failure Signature

Result Analysis: @ 0 messages

Regression Flow: Regression Navigator
Regression Time: 3m 44s

Regression Date: 2024-03-13 - 15:40:34

Total Coverage:
Testplan Coverage: 0%

Failure Prediction Status:

Run Status Severiby

__release cv.cov mti

Failure Signatures

Last Occurrence

** Warning: (vsim-3829) ...
** Warning: (vsim-3829) ...

Pending: O Not Run: 0
Launched: 0 Skipped: 0
Running: 0 Dropped: 0
Killed: 0
Timed Out: 0

Group By:

Total Coverage Tesktplan Cov... Elapsed Time Queued Time

warning
warning

warning

Number of Tests  Number of Occurrences  Failing Since
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Debugging

»identifying, isolating, and fixing bugs in large design

> hard to trace errors back to their source

d Transaction Logger
(J Beat Logger

\ / ©2024 Conference Concepts, Inc.

All Rights Reserved

19



Debugging

Various decoded fields

dTransaction Logger d
Command Specific : -
- PID, PIT, PTYPE, PSIZE ... ,etc

* Debug ID associated with each command
. . - . Generic :-
* Print frequently required characteristics of commands s NSID, CID, PRP ... etc

Name ype Si Value

admin txn
Txn Type
Debug ID
Opcode

nvme txn
string
integral
string

admin txn JVME TXN CQE
‘'h10000000000001f
NVME AD LOAD PROG

— —
~NBEN

integral 'h10000000000001 f

string

Command ID
NSID

- Type
ram
am
Number of Bytes
Load Offset
PRP Count
PRP1

2
i |
3
=
O

2
P,
£
2
2

[

w w

w

o

NVME AD LOAD PROG
0]

'h1l00

‘h5

"h4

'dl

"hco

"ho

'do

'd1000

Time
BDF
Command
NSID
Program
Program
Select
Program
Program
Program

Completi

ID

Index

Type

Identifier Type
Size

Identifier
Number of Bytes

Load Offset

PRP1
Completion Status

on Status

Completion Status
Completion Status

(@)
BN

25327925000
h100

h5

"h4

‘dl

"hcO

‘ho

'do

'd1000

"'ho

e [C)

'do
"'h58cedce79000
"'ho

"'ho

time
integral
integral
integral
integral
integral
integral
integral
integral
integral
integral
integral
integral
integral
integral
string
string

= =
N O O

Q=W
(=)]

HFNFEFFFOWWOOWWaAS
LS NNBEN

& W

NVME SUCC CMPL

Generic Command Status
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Debugging

] Beat Logger
* Correlate all transport transactions under single nvme_txn
* Highlights any unwanted address access

DEBUG ID 1 - ) MD / MISCl S P2 NSID
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Performance Assessment

»assessing the performance of NVMe operations and Computational/SLM
operations when handled concurrently

d Performance Logger
* Latency
 Throughput
 |OPS
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Performance Assessment

SUMMARY

DEBUG D D | PRIORITY TDB TIME FSQE TIME COE TIME TDB2SQE | TDB2CQE URGENT 18894444 |
URGENT 27350000

0100000000000019 URGENT MEM RNG SET MNG 24876675000 24894925000 24926925000 18250000 50250000 URGEWT 18230000 |

0100000000000014 URGENT MEN:RNG:SET:MNG 24934175000 24952425000 20986175000 18250000 52000000

0100000000000018 URGENT GET LG PG 24993425000 25011675000 25059175000 18250000 65750000

010000000000001F URGENT LOAD _PROG 15285425000 25310425000 23325675000 25000000 40250000

0100000000000020 URGENT LOAD PROG 15332925000 25351175000 15365425000 18250000 32500000

0100000000000021 URGENT GET LG PG 15372675000 25390925000 25436425000 18250000 65750000

0100000000000022 URGENT PROG_ACT MNG 15445675000 25463925000 25478175000 18250000 32500000 398567
0100000000000028 URGENT PROG_ACT MNG 25645425000 25676925000 25691175000 31500000 45750000 298567
0100000000000029 ' URGENT PROG_ACT _MNG 25645425000 25676925000 25727925000 31500000 §2500000

0100000000000024 ' URGENT GET LG _PG 25645425000 25676925000 25732175000 31500000 86750000

grooooooonooooze ' URGENT FROG_ACT _MNG 25645425000 25676925000 25134925000 ils00o000 89500000

glrooooooonoooozac URGENT GET LG _PG 25753675000 257711925000 25819425000 18250000 65750000

glroogooooonooaozo URGENT PROG_ACT _MNG 25826675000 25844675000 25858925000 lagoooao 12250000

010000000000002E URGENT GET LG _PG J5B66175000 256884175000 25931675000 18000000 65500000

glrooooooo0oo002F URGENT LOAD PROG 15938925000 25957175000 25971425000 18250000 32500000 BDF | CMD

g1ooooo000000030 URGENT GET LG _PG 15978675000 25996675000 26043925000 18000000 65250000
0100000000000031 URGENT LOAD PROG 26051175000 26069425000 26083675000 18250000 32500000
g100000000000032 URGENT GET LG _PG 26091175000 26109425000 26156675000 18250000 65500000
0100000000000033 URGENT MEM_RNG_SET MNG 26163925000 26182175000 26196175000 18250000 32250000
0100000000000034 URGENT GET LG _PG 16203675000 26221925000 26244425000 18250000 40750000
0100000000000035 URGENT MEM_RNG_SET MNG 26251925000 26270175000 26283925000 18250000 32000000
0100000000000036 URGENT GET LG PG 26291175000 26309425000 16332175000 18250000 41000000

0100 | WR
0100 |

00000100000024 URGENT 485425000 25521925000 25616925000 36500000 131500000
00000100000025 URGENT 485425000 25521925000 25619425000 36500000 134000000
00000100000026 URGENT 485425000 25521925000 25623675000 36500000 138250000 0100 | WR
0000010000006¢ 874675000 26892925000 28906675000 18250000 32000000 vigd 1 Wb

Average 10 40BBBEEA
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Thank You !

Visit us at booth #(Siemens)
for more information
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