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Dataset ↓ 
Method →

DISCo 
(Ours)

Exact 
Greedy

Lazy 
Greedy

PLAID WARP

2WikiMultiHopQA 0.90 0.91 0.91 0.89 0.82

HotpotQA 0.84 0.83 0.83 0.81 0.77

Collaborate, not compete

Consider bag-of-words scoring (MaxSim) popularized by 
ColBERT [Khattab et al. 2020] — given a query and corpus as 
sets of token embeddings

Traditional retrieval is competitive: documents are scored 
against each other to rank higher.

<latexit sha1_base64="xMEQC8JPAK+Z648rLPl83Yg7mhc="></latexit>

S → top-kX→C F (X,Q)

Background: Traditional Vector-Bag Retrieval

Collective scoring is a natural extension to MaxSim. Scoring a 
set of documents                                             against the query.

The greedy solution requires 
exhaustive scoring, which 
grows linearly in complexity 
with the size of corpus.

Coverage Objective:

This objective is sub modular in S, hence admits a               greedy                 
approximation with the marginal gain function

<latexit sha1_base64="2U7Sd/sv5hkX6nQcORmPCCFP7zw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiwbgrEj0GvXiMYB6QhDA76U2GzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mnGM3ZAOJA84o8ZKzZJ37l3gWa9QdMvuDGSZeBkpQoZar/DV6UcsCVEaJqjWbc+NTTelynAmcJLvJBpjykZ0gG1LJQ1Rd9PZuRNyapU+CSJlSxoyU39PpDTUehz6tjOkZqgXvan4n9dOTHDTTbmME4OSzRcFiSAmItPfSZ8rZEaMLaFMcXsrYUOqKDM2obwNwVt8eZk0LstepVx5uCpWb7M4cnAMJ1ACD66hCvdQgzowGMEzvMKbEzsvzrvzMW9dcbKZI/gD5/MHSU2OPw==</latexit>

(1→ 1/e)

Challenge: adapt and/or approximate score for retrieval

The Retrieval Pipeline

Index Preprocess Corpus 

Index 

Index 

Index 

cluster
centroids 

Posting list for each cluster with
document IDs 

Each replica index has a token-level IVF, with each token stored as a 
centroid and quantized residual.

Retrieval consists of a token level lookup followed by progressive levels 
of candidate pruning

We compare our method (DISCo) against variants of greedy sub modular 
solvers, and traditional multi-vector retrieval engines. 

MAP on 
Multi-Hop 
QA

Mean 
Coverage 
Score

Making the Marginal Gain Index-able
1. Difference to dot product: separating state dependence

2. Dealing with the hinge score with sign-hashing 
<latexit sha1_base64="8Xt9E4o9r/X4AjzOk9YBFYZRI7w=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpKCURqS6LbnQjFewDmhAm00kdOnkwM1FKyB+48VfcuFDErVt3/o2TNAttPTBw5px7ufceN2JUSMP41kpz8wuLS+Xlysrq2vqGvrnVEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113dJH53XvCBQ2DWzmOiO2jYUA9ipFUkqPvP0BLUB9aPpJ3GLHkOq0ZR/nP9ZKr1EkGh2Z64OhVo27kgLPELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqEh6SsaIJ8IO8nvSeGeUgbQC7l6gYS5+rsjQb4QY99VldmiYtrLxP+8fiy9MzuhQRRLEuDJIC9mUIYwCwcOKCdYsrEiCHOqdoX4DnGEpYqwokIwp0+eJZ3jutmoN25Oqs3zIo4y2AG7oAZMcAqa4BK0QBtg8AiewSt40560F+1d+5iUlrSiZxv8gfb5A8Dmm90=</latexit>

w → N (0, Id+1)

<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

RHowever, indexing this now requires      Replica indexes: with each replica storing the 
corresponding feature-mapped document tokens   

<latexit sha1_base64="958yGiMdUrCjGeRRsbr+ftbtii4=">AAACKHicbVDLSgMxFM34rPVVdekmWATdlBmR6s6iG5cKthaaMmTSTCeYyQzJHbWM8zlu/BU3Ioq49UtMH+DzQODknHu5954glcKA6747U9Mzs3PzpYXy4tLyymplbb1lkkwz3mSJTHQ7oIZLoXgTBEjeTjWncSD5ZXB1MvQvr7k2IlEXMEh5N6Z9JULBKFjJrxwRyUMgOUkj4ec3vi52SEQhJzGFKAjz26LYxXf464uJULiNiRb9CEjhV6puzR0B/yXehFTRBGd+5Zn0EpbFXAGT1JiO56bQzakGwSQvyiQzPKXsivZ5x1JFY266+ejQAm9bpYfDRNunAI/U7x05jY0ZxIGtHC5sfntD8T+vk0F42M2FSjPgio0HhZnEkOBhargnNGcgB5ZQpoXdFbOIasrAZlu2IXi/T/5LWns1r16rn+9XG8eTOEpoE22hHeShA9RAp+gMNRFD9+gRvaBX58F5ct6c93HplDPp2UA/4Hx8AsTvp54=</latexit>

{ωwr (x̂)|x → X}

<latexit sha1_base64="Fe6lkBAHkKOILjUO4/TopY4+1VA="></latexit>

ωw(x) =
1→
2

[
x

sign(w→x)x

]

<latexit sha1_base64="WYu7fp0+VNs+Py+cIcp8ilpAGgI="></latexit>

Pr
(
ωw(x)

→ωw(y) = [x→y]+
)
=

↭
↭+↭ → 1

2

Randomised 
Feature Map

Replacing the marginal with           gives us a                 -approximation where <latexit sha1_base64="oaTXpJ/uatxeG3sJW1hK2JDnO2k=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahHloTkeqx6MVjBfsBbSibzaRd3GzC7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZ5yecKe0431ZhbX1jc6u4XdrZ3ds/sA+P2ipOJYUWjXksuz5RwJmAlmaaQzeRQCKfQ8d/upv5nTFIxWLxqCcJeBEZChYySrSRBrZdcavuBeAq7gfANTkf2GWn5syBV4mbkzLK0RzYX/0gpmkEQlNOlOq5TqK9jEjNKIdpqZ8qSAh9IkPoGSpIBMrL5pdP8ZlRAhzG0pTQeK7+nshIpNQk8k1nRPRILXsz8T+vl+rwxsuYSFINgi4WhSnHOsazGHDAJFDNJ4YQKpm5FdMRkYRqE1bJhOAuv7xK2pc1t16rP1yVG7d5HEV0gk5RBbnoGjXQPWqiFqJojJ7RK3qzMuvFerc+Fq0FK585Rn9gff4AbUeRnQ==</latexit>

(1→ 1/e→ ω)
<latexit sha1_base64="l0RwGUnSDKzNfsfPNaQyArU8Evw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU9KDHKOYByRJmJ5NkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnEccz+kAyX6glG0UvO2m3pXD5NuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns3Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/6adCxQlyxeaL+okkGJHp76QnNGcox5ZQpoW9lbAh1ZShTahgQ/AWX14mjbOyVylX7s9L1essjjwcwTGcggcXUIU7qEEdGIzgGV7hzYmdF+fd+Zi35pxs5hD+wPn8AapTjyY=</latexit>

G1:R

<latexit sha1_base64="l0RwGUnSDKzNfsfPNaQyArU8Evw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU9KDHKOYByRJmJ5NkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnEccz+kAyX6glG0UvO2m3pXD5NuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns3Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/6adCxQlyxeaL+okkGJHp76QnNGcox5ZQpoW9lbAh1ZShTahgQ/AWX14mjbOyVylX7s9L1essjjwcwTGcggcXUIU7qEEdGIzgGV7hzYmdF+fd+Zi35pxs5hD+wPn8AapTjyY=</latexit>

G1:R

<latexit sha1_base64="3EEwJz+1bMdG6JpPeY6Q4820W4M=">AAAB/HicbVBNT8JAEN36ifiFcvSykZh4wpYY9Ej04hGMfCRQyXY7hQ3bbd3dmhDAv+LFg8Z49Yd489+4QA8KvmSSl/dmMjPPizlT2ra/rZXVtfWNzcxWdntnd28/d3DYUFEiKdRpxCPZ8ogCzgTUNdMcWrEEEnocmt7geuo3H0EqFok7PYzBDUlPsIBRoo3UzeU7PnBNcIfDAx7Xxmel+9turmAX7RnwMnFSUkApqt3cV8ePaBKC0JQTpdqOHWt3RKRmlMMk20kUxIQOSA/ahgoSgnJHs+Mn+MQoPg4iaUpoPFN/T4xIqNQw9ExnSHRfLXpT8T+vnejg0h0xEScaBJ0vChKOdYSnSWCfSaCaDw0hVDJzK6Z9IgnVJq+sCcFZfHmZNEpFp1ws184Llas0jgw6QsfoFDnoAlXQDaqiOqJoiJ7RK3qznqwX6936mLeuWOlMHv2B9fkDi/OUEg==</latexit>

ω → |Q|/2R

We can improve our approximation by drawing multiple hyperplanes 
<latexit sha1_base64="853sj9VEqo3m5C2pg3L2Yn3etaI="></latexit>

{w1, w2, . . . , wR}
i.i.d→ N (0, Id+1)

<latexit sha1_base64="ig/8YuJBXAotkai/FJfKjurHmyg=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiQiVQSh6MZlRfuApoTJ9KYdOpnEmYlQQr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufceP+ZMadv+tnJLyyura/n1wsbm1vZOcXevqaJEUmjQiEey7RMFnAloaKY5tGMJJPQ5tPzh1dhvPYBULBJ3ehRDNyR9wQJGiTaSVyy7ieiB9CWhkGZeenGO3QHRqRsSPfCD9D7LvNvMK5bsij0BXiTOjJTQDHWv+OX2IpqEIDTlRKmOY8e6mxKpGeWQFdxEQUzokPShY6ggIahuOnknw2Wj9HAQSVNC44n6eyIloVKj0Ded4yvVvDcW//M6iQ7OuikTcaJB0OmiIOFYR3icDe4xCVTzkSGESmZuxXRATDTaJFgwITjzLy+S5nHFqVaqNyel2uUsjjw6QIfoCDnoFNXQNaqjBqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPaqyc/w==</latexit>︸︷︷︸
=:q̂S

<latexit sha1_base64="6qZ/2419nCe0Ultxkx9w/uTvuhU=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakiiAU3bisYB/QGUsmzbShmWRIMmIJ8wFu/BU3LhRx6we482/MtF1o64HA4Zxzyb0nTBhV2nW/nYXFpeWV1cJacX1jc2u7tLPbVCKVmDSwYEK2Q6QIo5w0NNWMtBNJUBwy0gqHV7nfuidSUcFv9SghQYz6nEYUI22lbqnsC2uHEmFiYHZnLs6hP0Da+DHSgzAyD1mW2ZRbcceA88SbkjKYot4tffk9gdOYcI0ZUqrjuYkODJKaYkayop8qkiA8RH3SsZSjmKjAjI/J4KFVejAS0j6u4Vj9PWFQrNQoDm0y31HNern4n9dJdXQWGMqTVBOOJx9FKYNawLwZ2KOSYM1GliAsqd0V4gGyzWjbX9GW4M2ePE+axxWvWqnenJRrl9M6CmAfHIAj4IFTUAPXoA4aAINH8AxewZvz5Lw4787HJLrgTGf2wB84nz+VMpv9</latexit>

=:x̂︷︸︸︷<latexit sha1_base64="CwYbmO7J1EOK+yGTsTjPUYCS5+k="></latexit>

=
∑

q→Q

[[
q

F (S,q)

]↑ [
x
→1

]]

+

<latexit sha1_base64="8/mJjUnphVb8XuPBvbe41aaqfvY=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkoiUl0W3bisYB/QhjCZTtqhk0mYmUhLCG78FTcuFHHrV7jzb5y0XWjrgRkO59zLvff4MWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFSWS0CaJeCQ7PlaUM0GbmmlOO7GkOPQ5bfujm9xvP1CpWCTu9SSmbogHggWMYG0kr3zUC/HYS82vh36QjjPUYwJ1PJJ55YpdtadAy8SZkwrM0fDKX71+RJKQCk04Vqrr2LF2Uyw1I5xmpV6iaIzJCA9o11CBQ6rcdHpChk6N0kdBJM0TGk3V3x0pDpWahL6pzFdVi14u/ud1Ex1cuSkTcaKpILNBQcKRjlCeB+ozSYnmE0MwkczsisgQS0y0Sa1kQnAWT14mrfOqU6vW7i4q9et5HEU4hhM4AwcuoQ630IAmEHiEZ3iFN+vJerHerY9ZacGa9xzCH1ifP2rbl3Q=</latexit>max
x→Xc

<latexit sha1_base64="CwYbmO7J1EOK+yGTsTjPUYCS5+k="></latexit>

=
∑

q→Q

[[
q

F (S,q)

]↑ [
x
→1

]]

+

<latexit sha1_base64="CUPZaciQ5vVXX90Dih81VQMd1U4="></latexit>

Pr

(
max
r→[R]

ωwr (x)
↑ωwr (y) = [x↑y]+

)
→ 1↑ 1

2RThis yields a new scoring function
<latexit sha1_base64="vyd6TX6GN/aMYyKxKdiM68aghVk="></latexit>

G1:R(c|S,Q) =
∑

q→Q

max
x→Xc

[
max
r→[R]

ωwr (q̂S)
↑ωwr (x̂)

]

Adaptive Probing : updated marginal gain at each step

state dependence 
absorbed by the 

query 

Gold Set

Top-K  
Scored Independently 

Q: Birthday of the composer of the film Sruthilayalu

“Sruthilayalu is a 1987 Telugu 
film…soundtrack composed by 

K V Mahadevan…”
“K V Mahadevan (14 March 

1918 – 21 June 2001) is a…”

“Sruthi is a 1987 Malayalam film directed by Mohan…”
“The soundtrack to the film…1990…by Joe Hisaishi, who composed for the film.”

“Sruthilayalu is unable to bring out the emotion in the audience…”
“Sruthilayalu is a 1987 Telugu film…soundtrack composed by K V Mahadevan…”

“In my opinion, Sruthilayalu is a breakout film by K Viswanath…”

ANNS

ANNS

ANNS

ANNSk= th round approximate
nearest neighbor search

Index

Each greedy step is replaced by an approximate nearest neighbour search

We can instead formulate this as a first stage retrieval problem!

(1) Separate into corpus-dependent term for indexing 
(2) Convert to inner-product form
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