Al SYSTEM DESIGN - DAY 13 1/18

SGORE A WHOLE GOHORT
WITHOUT EXPOSING HALF A RESULT

Batch inference

Some predictions are needed every morning,
not for every click.

Today: design a nightly purchase-inactivity
scoring job with pinned inputs, safe retries
and a clear publication boundary.
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BATCH INFERENCE SCORES
A BOUNDED COLLECTION

A batch job applies a saved model Our example scores eligible
to a defined set of inputs. customers once per night
It does not fit model parameters. for a review queue.
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Define when results must be ready and how old they may be when used.
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START WITH THE BATCH CONTRACT

Record the cohort rule, prediction Add completion deadline, freshness
cutoff, input snapshot, release limit, invalid-row policy and
version and expected output schema.  Publication owner.
i 1 Completion deadline
Batch Contract
Freshness limit
Cohort rule
Invalid-row policy
Prediction cutoff
Publication owner
Input snapshot
Release version
Expectad output A batchID must identify th|§ fixed
schema contract, not just a date string.
V i 1 Batch
Batch ID Contract

Py
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FREEZE WHAT WAS
KNOWABLE AT THE CUTOFF

Use features available by the prediction
cutoff, following Day 10 rules.

@ Input snapshot
(at cutoff)
Data up to H User features ﬁ

cutoff Past purchases

A e et g Past activity

A retry must read the same retained

input snapshot. A live table can change s
between attempts. (can change) \

Input snapshot | Attempt 1 o el
(at cutoff) (reads same snapshot) New purchase

User features Feature update
Past purchases Attempt 2

| Past activity J (reads same snapshot)

Other updates

. Available ! After cutoff
Do not include pur chases or feature by cutoff E (do not include)
updates that became available © @ —
after the cutoff. Wv[Ev | ®x (F]x
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RESOLVE THE RELEASE ONCE PER BATCH

g 3 Batch Manifest k
The batch manifest pins O

the fitted pipeline,
feature contract and a Feature contract

ouls - & version
decision-policy version. T
. Decision-policy
version

Fitted pipeline
version

Pinned release

s (from manifest)
All partitions use ‘ 3

that release. S

((

Partition 1 Partition 2 Partition 3

o A

If a registry alias The remaining

changes during . 3‘:: ok partitions must not
execution, the remaining Siletly switon

e way Q = models.
partitions must not

silently switch models. Registry alias
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PARTITION WORK TO BOUND
MEMORY AND RECOVERY

Split the fixed cohort into non-overlapping partitions
with stable membership.

e Y —% [ Partition 1 )
\ J

< $  Partition 2
Customers i \
(cohort) — \ Partltlon 3 '

Load the fitted pipeline once per worker and score
bounded chunks.

Worker 1

Partition 1

Record which partition owns each customer.
Check for missing or duplicate IDs when combining results.

P
G D B Combined
Scores 1 Scores 2 ScoresS ! results )
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WRITE RESULTS TO STAGING FIRST

7/18

Workers write to a Each row carries Staged rows are not

the active customer-
batch-specific :z:;: ;?" dcreslg:::tr ID, facing batch. Consumers
staging area. | " 1 read through the
release information. published batch reference.
Workers " Published
G ( ) . Batch Reference ©
o : Active
Batch-Specific : Customer-Facing
Staging Area  [-._ Batch

S e

| | |
release
customer |ﬂ SCOre | information |

batch ID

B123 C001 0.91 v1.0
B123 C002 0.37 v1.0

B123 C003 0.76 v1.0

Consumer
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A RETRY MUST REPEAT
THE SAME LOGICAL WRITE

Use a unique result key i

such as (batch_id,

. ﬂ,[ (batch_id,
customer_id).

customer_id)

For the same immutable Write

inputs and release, /—\

a repeated write must ] (batch_id,
preserve the same [ customer_id)

logical result.
Retry

A conflicting result
needs investigation
Or a new version.
Do not silently replace

it under the same : Investigation rgolgg; ?t"ﬁ:ggr
identity. S SErp el thepsame identity.

= 12Q

e o
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HANDLE A CRASH AFTER
THE WRITE SUCCEEDS

Toy sequence:

Worker writes It crashes The scheduler The ret_ry £
a partition before recording retries the reconciles existing
successfully. completion. partition. rows using the

same identity,
then records
completion.

same keys

[ retry

rows —
Written R

completion
recorded

The retry reconciles existing rows using the same identity,
then records completion. Acknowledgement loss must not
create duplicate results.
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PROVE THAT THE STAGED
BATGH IS USABLE

Check expected customer coverage, Verify every required partition
unique keys, required columns completed with the pinned release.
and valid score values.
. Partitions ;

Pinned Release

Staged Batch 2024-01 o

| 2024-02 @

2024-03 @& -
2024-04 @
2024-05 @

Apply the declared policy for invalid rows. If required coverage fails,
block publication and report the gap.

Staged Batch .
g Check required J—. o Publish

Apply declared coverage

9 # policy for
invalid rows I ll I l ° Block publication
e and report the gap

L "
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PUBLISH WITH ONE
ATOMIC REFERENCE CHANGE

) Q After validation
After validation, atomically . Active refalernca
move the active-batch A
Accepted _’ [ Batch ID ]
reference to the accepted [ e AtGnie
batch. reference change

Consumers resolve that Read batch
reference once per read
operation and use its

batch ID.

Resolveonce  Active reference Use its

per read operation batch ID =
[ Batch ID ] #[ Batch ID

. Thousands of Complete publication
This Separates compl ete individual row writes with one atomic

reference change
publication from thousands
of individual row writes.
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PROTECT PUBLICATION
FROM AN OLDER JOB

Two jObS may finish out of order.

Older job W _5[ Finishes
(batch A) J | later )
Newer job ] b Finishes

(batch B) J - earlier

Before activation, check the expected previous reference
and allowed cutoff ordering.

r 2
Check
Completed job expected previous (===
(candidate) reference and

i allowed cutoff ordering
7

Activate
publication

Ordering
OK?

A late-finishing older batch must not
silently replace a newer one. An intentional
rollback needs its own explicit decision.
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A SUCCESSFUL OLD BATCH
CAN STILL BE UNUSABLE

Record the prediction cutoff, If tonight’s job fails, yesterday’s
completion time and expiry policy. results are usable only while the
declared age limit permits them.

Prediction
cutoff

@ *
Completion

Within
age limit?

time Yesterday’s
results

Expiry

policy

Expired

After expiry, show unavailable or use an explicitly approved fallback.
Do not relabel old scores as fresh. "

e ) o )
|
|
Show L Use an .
; or | explicitly approved #
unavailable | fallback |
W J = ;

Expired ) —
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SELECT THE REVIEW
QUEUE CONSISTENTLY

Al SYSTEM DESIGN - DAY 13

A score table is not yet Apply the pinned Record the selected batch

the final queue. threshold, capacity and and decision-policy

tie policy to the accepted  version so the morning

eligible cohort. queue can be explained

k later.
( N
Score table o \\

# Selection Rule - g

(versioned)

¢ Pinned threshold
e Capacity
e Tie policy

A score table
is not yet the
final queue.
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Al SYSTEM DESIGN < DAY 13

MONITOR COMPLETENESS
AND TIMELINESS SEPARATELY

Track processed, failed and missing rows; partition retries;
and total job duration.

Also track published cutoff age and the active-batch identity.

L ] L ]
Job Execution Published Result
| Processed UL Published
° rows cutoff age
Failed 0 o s
_Q s Published ¥
Data
Workst E’ "'1; Missing A green worker process
i i does not prove that a complete
Process i i TOWS
Lo fresh batch reached consumers.

!,

Q

Partition Total job
retries duration
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MATCH TOOLS TO THE BOUNDARIES

Python or a data engine:
bounded scoring work.

; W—)‘
* @

Scoring ” !
Work H Outputs . Inputs

A scheduler: partitions, retries

and dependencies.

Partitions

——

s

A
/L
=

-—

\ﬁ

Retries

Dependencies ]

An upsert alone does not define
safe batch semantics.

Versioned storage: retained
inputs and staged output.

Staged
Output

PostgreSQL constraints and
transactions: unique identities
and conditional publication.

o Unique identities

Conditional
publication
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YOUR TURN: DECIDE
- WHETHER TO PUBLISH

Toy batch B has three  The currently active batch A
required partitions. is still within its allowed age.
E& I__é Eé J 0
P1: P2 P3 )

complete.  complete. faile'd.

Should B become What should the What changes if A

active? retry pin? expires before
recovery?

@learn.machinelearning



Al SYSTEM DESIGN - DAY 13 18/18

A RELIABLE BATCH HAS A
VISIBLE COMPLETION BOUNDARY

O 06 0 0 06 O

Pin inputs Partition Write Validate the Publish Enforce
and release consistently.  repeatably.  whole cohort. once. freshness.

Design the prediction path when a user is waiting.
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