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Algorithm 2 Theta-CS PreFilter (pre-softmax, 1 head) with Top-0 thresholds
Require: {0,},>1 (p
Require: § € R (safety margin)

1: k_norms « empty vector {cache of [[k; | aligned with KV cache}
2 for X € C or streaming inputs do

3 ifis_prefill( X) then

from Top-f

4 (Q.K.V)« project(X) {shape: [n,d] each}
—_— == WAS = - 5 k_norms < ||K|low 2 {one-time compute for current prompt; ap-
I a— aviy T%iﬁ Tz LT, pend if continuing}
6 n=rows(Q)
T KE for r =1 to n do
QK "2 < [|Qll2[| K[ A A
— 9 Ot Teb-0
ZAZ. 10: m,  (q_n-k_norms > r) {Cauchy-Schwarz screen}
|<x7 y>| ||gj||2||y||2 © 1 if allfalse(m,) then
T 12 m, Jargmax(k_norms)] + true
IQllIK]l2 <0 = QK[ <0
2 2= 2= 1 KO ¢« K[m,], V6D ¢« Vm,]
- J 15 alteen) KT {compute dot only on kept keys}
16 a® « threshold_pre(a®=#), ) {Top-§ pre-softmax step}
1 (8. SDC_state) « appl nd_softmax(a(®, 6)
18: iy < apply_VMC(8, V' su(‘,.\um-)
Q KT 19 end for
| PZ2A o el
{generative decoding; new token x € RY}
DA 1Qll2lIK |2 >0 >0 o - o T o
BEAT il ogits = (zlv Lo,y Zn) 2 append k, v to KV cache; append |[k] to k_norms
Theta-CS t0p>9 2 g_ne|gl, n e length(k_norms)
ZI — ’C/ » ... | 2 00, Te0-5
Attention Score ll#11, |17 + |z2|P + + |zl 25 me (q_n-k_norms>r)
K|, 2 _ 26: if allfalse(m) then
IQI:IIK > & 8 2hserrs s QK" mits R2¥ Rl o miarg max(k_norms)]  true
2% endif
— 2. K&9) ¢ K[m], V0=)  V[m]
[4: Theta-CSO BT o o) K hengT
3 a®  threshold_pre(a®®), )
5 = VR - A s 3 (4 SDC_state) « apply_SDC_and_softmax(a®, 6)
Good: - WREFHEORNCIEMZEIES 2 2 & TEHE R 2 HITK 55§+ apply_VMC(s, V<), SDC_state)
SE2S 3t endif
FEENE ) 35: end for
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Per-layer breakdown (HumanEval)

36: return {j,} or j (same interface as Top-§ after pre-softmax)

[45: 6-CSDH a1 —

Per-layer breakdown (100% stacked)
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