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H, &#7 activations(step, layer, node, value), L& EAHAAH CTE IgitREIE, THIER
model_meta(model_id, layer_count, activation, loss, created_at) REFREBESES6IEME,
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SELECT
CASE WHEN SUM(w.value * a.value) + b.value > 0
THEN SUM(w.value * a.value) + b.value
ELSE 0
END AS activation
FROM weights w
JOIN activations a
ON w.in_node = a.node
WHERE w.layer =1
AND a.step = 0O;
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WITH RECURSIVE forward(step, layer, node, value) AS (
-- YRR
SELECT 0, O, node, value FROM activations WHERE step = 0
UNION ALL
- R
SELECT
f.step + 1,
w.layer,
w.out_node,
CASE WHEN SUM(w.value * f.value) + b.value > 0
THEN SUM(w.value * f.value) + b.value
ELSE 0
END
FROM weights w
JOIN forward f
ON w.in_node = f.node
AND w.layer = f.layer + 1
GROUP BY w.layer, w.out_node, b.value, f.step
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20| SELECT * FROM forward;

X3 CTE MBANBFE, SER—RMIEHFNES T—BENERFRANANERE, EFHHE, K8
BB, 7 DuckDB HizfT EREHRIIEESATF S S PyTorch CPU hiyZsiilr, BfFER FLOATS &AM
BREER.

5 RAEESIIZ

BERIZIT N gradients(step, layer, node, grad), XOWNEHESEEHE, FEINENE SOL /Y
FX@IH JOIN 526, ARTAER o = (W) Tl o f/(210), HMEFIMT:

UPDATE gradients g
SET grad = (
SELECT SUM(w.value * g_next.grad) #*
4 CASE WHEN a.value > 0 THEN 1 ELSE O END
FROM weights w

N

6 JOIN gradients g_next

ON w.out_node = g_next.node
8 AND w.layer = g.layer + 1
JOIN activations a

10 ON a.node = g.node

AND a.layer = g.layer

2 WHERE g.step = g_next.step

)
| WHERE g.layer < max_layer;
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UPDATE weights w

2| SET value = w.value - 1lr * dw.grad
FROM weight_grads dw

4|/WHERE w.layer = dw.layer

AND w.in_node = dw.in_node

s/ AND w.out_node = dw.out_node;

XERBEAIEBERRSENER, 55 VIVCC MHEREMNEMETKESATESEIRBRAK, EitEY
BEN mini-batch FHEFIRITESE, 4 SQL #93)IZREIF @S DO 3R, pg_cron IR5h, BATHN AR
ZA53% epoch ERK



6 MEESIELK q

6 HREILS T2k

DuckDB 5 ClickHouse B95Is{#117#IfA SIMD 5 IERE5 JOIN, #HERIHRT, Citus. Greenplum
3% Spark-SQL AIIBANERIZ (layer, in_node) 7K, MMHTIHEREERXFETRNEE. BEREY
7 E, NUMERIC £AUmN# 5 FLOATS i&tt, BN EE; FHREXNEANFEEENABHTINGR, WE
5 1/0 MR AIEST YL HRIEECE: CTEEa/MLE, IRRNREGAMELIBRESITE, KT R
B SOL ZMERHENEABSHETTH, HARRAITRIKIEER,

7 ImElERES: MNIST FEHFIRG!

BUBS NP ERIE CSV M AMIKRKR: pixels(sample_id, pixel_idx, value) 5 labels(sample_id,
label), BRERENIIKILNE, SQLIEDWT:

)

INSERT INTO weights(layer, in_node, out_node, value)
SELECT
layer,
in_node,
out_node,
RANDOM() * 0.01
FROM generate_series(0, 2) AS layer,
generate_series(0, 783) AS in_node,
generate_series(0, 9) AS out_node
WHERE (layer = O AND in_node < 784)
OR (layer = 1 AND in_node < 128)
OR (layer = 2);
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SELECT
label,
pred,
COUNT(*) AS cnt
FROM (
SELECT
1l.label,
argmax(o.value) AS pred
FROM output o
JOIN labels 1 ON o.sample_id = 1l.sample_id
GROUP BY 1l.label, o.sample_id
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2l) t
GROUP BY label, pred;
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