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Search Speed: How It Works
The search, one message end to end, and start-up.
Prepared by: Abad Naseer
Project: AI-Order (SmartMarket) conversational shopping assistant
Environment: Development, dev.agent.fordev.fun
Catalog size at time of measurement: 25,631 products


Inside the search
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Words become numbers, and matching becomes arithmetic


One message, step by step
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The same seven steps before and after. Only step 4 changes


Start-up, rebuilds and failure
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What happens on restart, on a catalog update, and when something goes wrong
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What happens when a shopper sends one message

The same seven steps run in both cases. Only step 4 changes, and step 4 is almost the entire wait. Timings are medians measured on the dev environment, catalog of 25,631
products.

Before: catalog re-read every time After: catalog already in memory
The database is consulted twice per message and returns the whole catalog. Steps 1 to 3 and 5 to 7 are untouched. Step 4 stops touching the database.
1 Message arrives 5 ms 1 Message arrives 5 ms
Session looked up, cart loaded Session looked up, cart loaded
2 Work out what was asked 2 ms 2 Work out what was asked 2 ms
Search? Add to cart? Checkout? Search? Add to cart? Checkout?
3 Turn the words into numbers 16 ms 3 Turn the words into numbers 16 ms
The embedding model, already in memory The embedding model, warmed up at boot
@ Load the entire catalog from MySQL @ Look the catalog up in memory
25,631 rows - 206 MB of vector text read, parsed and stacked into a fresh 6,456 ms The 25,631 x 384 matrix is already loaded. Nothing is read, parsed or rebuilt 8.2 ms
matrix, then thrown away ! |
c_________________________________________________________________________J 5 Rank the products )
R ) included
5 ank the products <15ms Same maths, same result. Included in step 4
One matrix multiplication. The actual search .
6 Al writes the reply sentence
6 Al writes the reply sentence Gemini. Now the largest remaining cost ~3,500 ms
Gemini. Outside this milestone ~3,500 ms
._____________________________________J 7 Reply and cart sent back
; ~10 ms
7 Reply and cart sent back ~10 ms Products rendered in the chat
Products rendered in the chat
6.4 to 15.2 Measured time on screen 0.0to4.0s
Measured time on screen " o - S The low end is where the Al phrasing step was skipped; the high end is with it running normally.
Range across the five test messages. The spread comes from step 6, the third-party Al call, not Step 4 is no longer a factor either way.

from the search.

Reading this honestly. The search step improves by a factor of 787x. What the shopper sees improves by less, because the Al phrasing call in step 6 does not change. It becomes the new
limit, and is the subject of a later milestone. The claim being made here is about step 4, and it is measured, not estimated.
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Start-up, rebuilds, and what happens when something goes wrong

The index is built on a background thread, so restarting the service never takes the site offline, and every failure mode falls back to the original database search rather than to
an error.

O T =0S

Service starts and immediately answers requests

Database tables are checked, then a background warm-up thread is started and start-up finishes.
Measured: /health responded in 12 ms right after restart, so nginx never sees a closed port and
there is no deployment blackout.

O T =0S - 155 - ON THE BACKGROUND THREAD
Embedding model loads
Measured at 14.6 s. This used to happen lazily, on the first shopper's search, so whoever searched first
after a restart paid for it. Now nobody does.

O T = 155 - 28S - ON THE BACKGROUND THREAD
Catalog index builds
One streamed query reads all 25,631 products with their stored vectors, joined to their categories and
stores, straight into a pre-allocated 25,631 x 384 matrix. Measured at 12.6 s and 37.6 MB. Searches
during this window still work. They use the database path.

O T = 28S ONWARD
Index goes live
The finished index is swapped in as a single assignment, so no request ever sees a half-built one. From
here every search is served from memory, and /health reports ready .

O WHENEVER THE CATALOG CHANGES
Rebuild on demand: no restart, no downtime
import_items_from_remote.py calls POST /api/v1l/admin/reindex when it finishes. The new index is
built alongside the old one and only swapped in when complete, so searches are served from the
previous snapshot throughout. systemctl restart aiorder does the same thing and remains the

fallback.
What /health tells you Every failure falls back, none break
The state is visible at all times, so nobody has to guess which path is in use. The original database search was never removed. It is the safety net.
STATE MEANING IF THIS HAPPENS THEN
ready Searches are served from memory. Row count, size, build time and build Index not built yet Search uses the database path: slower, identical
timestamp are all reported alongside it. results
building A build is in progress. Searches work, via the database. Build fails (DB down, bad data) Logged, state becomes error , database path
continues

disabled RAG_USE_INDEX=false. Deliberate; the original path is in use.
Catalog too large for the box Build is refused above INDEX_MAX_ROWS rather than
error A build failed and the reason is reported. Searches still work, via the exhausting memory
database.
Index misbehaves in production Set RAG_USE_INDEX=false and restart. A one-line
revert, no redeploy
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How the search model works, inside

No keyword matching is involved. The model converts meaning into numbers, and finding the right products becomes ordinary arithmetic. That is why the catalog can be held
in memory and searched instantly.
n Words become numbers Model: all-MiniLM-L6-v2, running locally. No external API, no per-query cost

A PRODUCT IN THE CATALOG

Organic Whole Milk 1 Gallon | Dairy | embedding model 0.031 | -0.118 | 0.204 | 0.077 ... -0.045 384 numbers
Grade A whole milk | Price: 4.29 _—

WHAT THE SHOPPER TYPED ;
embedding model 0.028 | -0.104  0.219 || 0.069 ...  -0.052 384 numbers

show me some milk )

Those 384 numbers are a position in a space of meaning. Things that mean similar things end up in similar positions. That is why “something for breakfast” can find cereal
without the word “cereal” appearing anywhere. Every product's numbers are computed once and stored in the database; only the shopper's sentence has to be converted at
question time, and that takes about 30 milliseconds.

a Closeness is one multiplication Cosine similarity: multiply the pairs, add them up

shopper = 0.028  -0.104 ... X product = 0.631 @ -0.118 ... = 0.87 Organic Whole Milk: shown 0.41 Milk Chocolate Bar: shown, lower

0.12 Dish Soap: below 0.35, discarded

A score of 1.0 means identical meaning, 0.0 means unrelated. Anything below 0.35 is dropped; the rest are sorted highest first. This scoring is unchanged by this milestone.
Same model, same threshold, same ordering. That is why results are identical before and after.

E) The whole catalog, scored at once This is the step the milestone makes instant

Before: that grid was rebuilt from the database for every question. 206 MB read and re-
parsed, then discarded. The multiplication was never the problem; assembling the grid

was.
-_ | X =
————————————————————————————— After: the grid is built once at startup and stays in memory, 37.6 MB. A question is now
e just the multiplication, and takes a fraction of a millisecond.
the catalog the question the answer
25,631 products x 384 384 numbers 25,631 scores

numbers








