Decomposed Prompting: A Modular Approach for Solving Complex Tasks

Contact: Tushar Khot - Harsh Trivedi - Matthew Finlayson - Yao Fu - Kyle Richardson - Peter Clark - Ashish Sabharwal Code and Data:

tushark@allenai.org [ e https://github.com/allenai/decomp
Goal: Complex Multi-Step Reasoning Tasks Setting: Few-Shot Prompting Proposal: Decomposed Prompting
Multi-Hop Questions Math Questions Prior Approaches: Issues:
Question: Which team does the player named ~ \ St Ramer hes 5 ienis bells. e buys 2 mere s 6 tenis ool ' * Sub-tasks can be too hard to be learned from just CoT prompting
2015 Diamond Head Classic’s MVP play for? Each can has 3 tennis balls. How many tennis balls does he have now? Answer-only Prompting * Certain sub-tasks are better performed by existing tools (e.g., calculation)
Reasoning: The 2015 Diamond Head Classic's | | | | (Q: Take the last letters of the words in "Augusta Ada King" and h . | | o ) i
MVP was Buddy Hield. Buddy Hield played for the R:asonmg:. Roger started with 5 balls. 2 cans of 3 tennis balls each is concatenate them using a space. Solution: Decompose tasks into sub-tasks which are solved by specialized handlers (“tools”)
\ Sacramento Kings in 2015 /) \#73=6tennisballs. Intotal, he has 5 + 6 = 11 tennis balks % A:aag Y * Decomposer: Q => decomposition into simpler sub-tasks
— * Sub-Task Handlers: Library of sub-task specific tools (LLMs, APls, etc)
Algorithmic Tasks ~ Chain-of-Thought Prompting
Task: Take the last letters of the words in "Augusta Ada King" and concatenate them using a space. / , , \ _
Q: Take the last letters of the words in "Augusta Ada King" and : ~ —
concatenate them using a space. [ v ] : [ ]} ) @ I
Reasoning: The last letter of "Augusta" is "a". The last letter of "Ada" is "a". The last letter of "King" is "g". A: The last letter of "Augusta" is "a". The last letter of "Ada" is "a". The EEE EER . SLLLLL NE VR
H ) I 1 I | R | I Ry | | H 11 11 11 M 1 11 11 I :)I 0 :)I : - e/ : :}: &I ~—
Qjoncatenatmg a", "a", "g" using a space leads to "a a g". So, "Augusta Ada King" outputs "aa g". y last letter of "King" is "g". Concatenating "a", "a", "g" using a space $ /0 &)[ ] . ' S > & @ —E
leads to "a a g". So, "Augusta Ada King" outputs "aa g". ¢oo : oo § ceo % &
. o K / (JKWHFRPSRVHU 3URPSW 6 XEDVN +DQGOHUYV
DecomP: Recursive Decomposition
BDVH & PR . 4& S5HYHUVH WKH VHTXH QD V/HAV SIOSHWR S ERW W _ . —DecomP. Letter Concatenation
’ DOWH Q . 46 COLVW®WS®ULW WKH VHTXHQFH 1. Decompose problems into simple sub-tasks
4& SHYHUVH WKH VHTXHQFH ODSW&S QHARMWBROMYNVHY DQG ODSWRS RWWOH : . 1. solit
46 >H[WUDFW@ )LUVW LV ODSWRS £¢! RRQGEL BHOWROWR WKIHU GHIK H QG BV OHINZ VS D S H U 2. Assign sub-tasks to specialized handlers - 5 t - & -
FOLS 1RZ WR UHYHUVH FKDQJH WK# RUSOMVMR JKEZVSDISHU 5HFXUVLYH LT : ecomposer Promp , . TR
FOLS GHFRQG LV SKRWR JLUVW LV A6DIOWRKD) SR WHILI D QMAH VHTXHQFH DSWRS  ERWY L # $%&# O*IO/O ++’-%'/%O(-(l'_ ﬁc: Take the last letters of the words in "Augusta Ada King" arm N \'/'\/hat o fh..e Wo.r.dflr] ,ﬁugusta Ada King':
LV FOLS SKRWR ODSWRS . $§ ERWWOH ODSWRS . , A: ["Augusta”, "Ada", "King"]
$ ODSWRS SKRWR FOLS " 46 PHU@H&RQFDWHQDWH ERWWOH ODSWRS DQG concatenate them using a space. o
46 >(24@ . $ ERWWOH ODSWRS JODVVHV QHZVSDSHU QS: [split] What are the words in "Augusta Ada King"? \_ J
46 >(24@ UHY H What is the expected weather for ICLR’23? A: ["Augusta”, "Ada”, "King"]
QS: (foreach) [str _pos] What is the last letter in "#1"?
A: [Ilall’ llall’ Ilgll] [ merge \
Decom P: OEen'Domaln QA 2.5,:, [mer"ge] Concatenate #2 using a space. Q: Concatenate ["a", "a", "g"] using a space.
. dd§ A:"3 3 gn
QS: [EOQ] /
48& KLFK FRPSDQ\ PDQXIDFWXUHG /RVW *UDY LW} —»--»ﬂ UHWU L L b ~
46 UHW @ :KLFK FRPSDQ\ PDQXIDFWXUHG /RVW HU LWL —

$ > /RVW *UDYLW\ UROOHU FRDVWHU /[KH 51

46 VLQJOHKI@LWOHV > /RVW *UDYLW\ UROOHU
AXHVWLRQ :KLFK FRPSDQ\ PDQXIDFWXUHG /RVW
$ ~ WLWOHV > /RVW *UDYLW\ UROOHU FRDVW

. LNLSHGWIBRBFN 5S5LGHYV
ODFN 5LGHV *PE+ &R

4 KLFK FRPSDQ\ PDQXID
IRVW *UDYLW\"

DecomP Inference: Iterative Generation

46 >(24@ UHWULHY| $ ODFN 5LG VLQJOHKR: f \\ =
—
(78 &ROFDWHQDWH WKH VHFRQ% oHWW MU [ O
| RKQ 6PLWK XVLQJ VSDFHV ‘ >4 KDW DUH WKH ZRUGY L cz
Gan > - B, WA 0
M » — >4 >VSOKDM® DUH WKH ZRUGV LQ |-RK B P LW iy
: e||W‘| an
Approaches for Multi-step Reasoning Cou Difforence I% P ERRQ BhnwinTeg / 4 KDW LV WKH VHFR?& > -
* Task-Specific Approaches: WebGPT (Nakano et al., '21), SelfAsk . L >4 [ IRUH >VWUBXRWALY WKH VHFR W WKDW LY WKH VHFRQG O+HW > L
(Press et al., ’22), IRCoT (Trivedi et al./22), inter alia. A task-independent approach O > R €@ — . P < —
. ! : g —
* Fixed Structure: Least-to-most (Zhou et al., ’22), Successive that can use rich structure with o - >
Prompting (Dua et al., '22), inter alia. any number of tools and only " 1>4 >PHUJSRRFDWHQDWH  ZEWHK—VSBHH»4 &RQFDWHQDWH > R K
* Require Fine-Tuning: TMNs (Khot et al.,’21), ReAct*(Yao et al.,;22), .reqwreslfew-shot O tl? \% R P< ZN y
Toolformer (Schick et al.,;23), inter alia. Iteratively decompose any tas (T 1> 4 >(24@
* Program Generation: PAL (Gao et al.22), PoT (Chen et al.;/22), inter 5| $ RP
alia. R

@4 CoT 2 CoT w/ rollout %% L2M w/ rollout [l DecomP BEI CoT & CoT w/ rollout B DecomP s== No-Ctxt QA B4 NoDecomp-Ctxt QA il Decomp-Ctxt QA IEE No-Ctxt QA ES NoDecomp-Cixt QB Decomp-Ctxt QA \\\\
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