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Appendix

Note on reproduced prompts and input texts:

Several sections in this Appendix reproduce the actual natural language prompts, protocol
descriptions, and constraint inputs used in the experiments or benchmark runs. These texts
are shown as input records for reproducibility and are therefore retained largely verbatim,
including minor typographical errors, inconsistent wording, and formatting artefacts present
in the original inputs, such as “wel” or other spelling inconsistencies. These reproduced input
texts should be distinguished from the corrected experimental descriptions in the main
manuscript.

Benchmark against off-the-shelf LLM prompting and
repeatability

Methods

To quantitatively compare Labware-Layout Planner (LLP) with off-the-shelf LLM prompting
and to assess behavior under repeated identical inputs, we performed a controlled
benchmark on the colored-water OT-2 task used in this study (Figure 3). The evaluation
focused on layout generation only and did not include OT-2 code generation. Two conditions
were tested. In the “Vanilla” LLM condition, an off-the-shelf LLM was prompted to output one
OT-2 deck-layout JSON directly. In the LLP condition, the same backend LLM was used
within the full three-stage pipeline of Labware-Extractor, Position-Planner, and
Constraint-Validator. Both conditions were given the same task information, including the
process flow, the available labware list, OT-2 deck numbering, canonical naming
requirements, the pipette-compatible tip-rack requirement, and the explicit constraint that
Color A water and Color B water must not be adjacent within the 8-neighbour deck grid. Two
backend LLMs (GPT-40 and GPT-5.4) were used in this benchmark. Each model-condition
combination was evaluated over 50 independent runs.These two models were selected to
test whether the value of LLP depends on the capability of the underlying LLM by comparing
an earlier model with a more recent, stronger model. Outputs were scored at the layout level
using predefined checks for slot range (1-11), absence of duplicate slot assignments,
satisfaction of the Color A/Color B non-adjacency constraint, use of canonical labware
names, and use of a P300-compatible tip rack when a tip rack was included. To characterize
repeatability beyond pass/fail rates, we additionally counted the number of unique
constraint-satisfying layouts observed among successful runs under identical inputs. For the
LLP condition, runs that failed before layout generation, such as repeated JSON parsing
failure in the Labware-Extractor stage, were counted separately as pipeline failures.

Results

To evaluate the current implementation against off-the-shelf LLM prompting, we
benchmarked GPT-40 and GPT-5.4 in both a Vanilla LLM baseline condition and an LLP
condition on the manuscript-aligned colored-water OT-2 task, using matched task constants
and 50 repeated identical-input runs per model-method setting (Table S1). Under the
predefined layout evaluation criteria, GPT-40 in the Vanilla LLM condition produced
constraint-satisfying layouts in 26/50 runs (52%), whereas GPT-40 in the LLP condition
produced constraint-satisfying layouts in 34/50 runs (68%). All 24 non-passing GPT-40



Vanilla LLM runs violated the explicit non-adjacency rule between Color A water and Color B
water. By contrast, the 16 non-passing GPT-40 LLP runs failed upstream at the
Labware-Extractor stage because a parseable structured output was not obtained; among
the 34 GPT-40 LLP runs that reached the solver, all 34 satisfied the evaluated layout
constraints. With GPT-5.4, both the Vanilla LLM and LLP conditions produced
constraint-satisfying layouts in 50/50 runs for this task. Despite identical success rates,
differences in repeatability at the layout level remained apparent:among these successful
GPT-5.4 runs, the number of unique constraint-satisfying layouts was 11 for Vanilla and 2 for
LLP. Overall, these results suggest that LLP improves constraint satisfaction with weaker
backends (GPT-40: 52% for Vanilla vs. 68% for LLP), while with stronger backends that
already achieve full constraint satisfaction (GPT-5.4: 100% in both conditions), LLP
substantially reduces output variability under identical inputs (11 vs. 2 unique layouts).

Table S1. Controlled benchmark comparing off-the-shelf LLM prompting (“Vanilla”)
and Labware-Layout Planner (LLP) on the manuscript-aligned colored-water OT-2 task
under repeated identical inputs.

Both conditions were evaluated under matched task constants, including the process flow,
available labware list, OT-2 deck numbering, canonical naming requirements,
pipette-compatible tip-rack requirement, and the explicit non-adjacency constraint between
Color A water and Color B water. Values are from 50 independent runs per model-method
setting. “Unique layouts” indicates the number of distinct constraint-satisfying layouts
observed among successful runs under identical inputs. “Pipeline failures” indicate runs that
did not reach layout evaluation because the LLP pipeline failed upstream during structured
extraction.

Constraint-sati Constraint-sati
sfying layouts sfying layouts Unique layoutsPipeline failures

Task Backend  LLM Method (n/50) (%) (n) (n)
Colored water GPT-40 Vanilla 26/50 52 14 N/A
Colored water GPT-40 LLP 34/50 68 17 16
Colored water GPT-5.4 Vanilla 50/50 100 11 N/A
Colored water GPT-5.4 LLP 50/50 100 2 0

Software Information

Python 3.12

OpenAl o1-preview

OpenAl GPT-40 and GPT-5.4 for off-the-shelf LLM comparison

Available Labware List (ID and Name)
1.1.5_ml_tube

2.2.0_ml_tube

3. 15_ml_tube

4. corning_96_wellplate_360ul_flat

5. corning_24 wellplate_3.4ml_flat



6. corning_6_wellplate_16.8ml_flat

7. opentrons_96 tiprack _1000ul

8. opentrons_96 tiprack 300ul

9. opentrons_96 _tiprack 20ul

10. opentrons_96_tiprack _10ul

11. nest_12_reservoir_15ml

12. opentrons_10_tuberack_falcon_4x50ml_6x15ml_conical

13. opentrons_24 tuberack eppendorf 1.5ml_safelock snapcap
14. opentrons_24 tuberack_eppendorf 2ml_safelock snapcap

Labware extraction prompt

## Overview

You are tasked with extracting specific details from a text describing a scientific
experiment. Focus solely on the labware used in the experiment. Use labwares from the
available labware list below.

## Your Task
Read the given experiment description and extract the following information in JSON
format:

1. **Labware Name:** Identify each piece of **labware**, mentioned, identical name. If
there are identical laboratory instruments, name them so that they can be distinguished
from each other.

2. **Labware Quantity:** Note how much of the labware is used, if mentioned.

3. **Initial Content:** If the labware is a tube, plate, or dish and contains something at the
start, describe the content. If it's empty or the content is not specified, leave this field
blank.

4. **Labware ID and Name:** Provide an ID and a standardized name for each labware
item. Use the available labware list below to match the labware with the correct ID and
name. If the labware is not on the list, leave the ID field blank.

## Available Labware List (ID and Name)

.1.5_ml_tube

.2.0_ml_tube

. 15_ml_tube

. corning_96_wellplate_360ul_flat

. corning_24 wellplate_3.4ml_flat

. corning_6_wellplate_16.8ml_flat

. opentrons_96_tiprack_1000ul

. opentrons_96 _tiprack 300ul

9. opentrons_96_tiprack_20ul

10. opentrons_96 _tiprack 10ul

11. nest_12_reservoir_15ml|

12. opentrons_10_tuberack_falcon_4x50ml_6x15ml_conical
13. opentrons_24 tuberack_eppendorf_1.5ml_safelock_snapcap
14. opentrons_24 tuberack eppendorf 2ml_safelock snapcap
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## Guidelines

- For labware with specific contents, list the content name in the "init_content" field. Leave
it blank ("init_content": "") if no content is specified.

- Focus on identifying the labware, not the substances it contains. The labware's name
should not be confused with the content it holds.

- Assume no sample is created spontaneously; try to infer the origin of all substances as
best as you can.

- If a labware's initial content is mixed or not uniform, list it as separate entries to clarify the
distinction.

- Clearly indicate which items are present on the experimental bench at the beginning. Do
not include substances that appear as a result of the experiment in the "INITIAL
CONTENT".

## Example

### Given Text

Add 100 uL of sample from 1.5 ml tube to 96 well plate.
Transfer 10 ml medium to 15 ml tube.

Add 300 pl of the medium from 15 ml tube to 96 well plate.

### Correct Output Format
“json

[

{"name": "1.5 ml tube sample", "quantity": 1.5, "unit": "ml", "init_content": "sample",
"labware": {"id": 1, "name": "1.5_ml_tube"}},

{"name": "96 well plate medium", "quantity": 1, "unit": "ml", "init_content": "medium",

"labware": {"id": 2, "name": "corning_96_wellplate_360ul_flat"}},
{"name": "15 ml tube", "quantity": 0, "unit"; ", "init_content": "", "labware": {"id": 3,
"name": "15_ml_tube"}}

]

### Incorrect Output Format (NG)
[

{"name": "sample", "quantity": 100, "unit": "uL", "init_content": ""},

{"name": "medium", "quantity": 10, "unit": "ml", "init_content": ""}

]

Note: In the incorrect example, the focus is wrongly placed on the contents rather than the
labware itself, which is not what is asked for.
Do not directly name the content like {"name":"sample", ...}

# Process flow




{__process_flow_text }




Example object list
[

{"name": "1.5 ml tube sample", "quantity": 1.5, "unit": "ml", "init_content": "sample”,
"labware": {"id": 1, "name": "1.5_ml_tube"}},

{"name": "96 well plate medium", "quantity": 1, "unit": "ml", "init_content": "medium",
"labware": {"id": 2, "name": "corning_96_wellplate _360ul_flat"}},

{"name": "15 ml tube", "quantity": 0, "unit"; ", "init_content": "", "labware": {"id": 3, "name":
"15_ml_tube"}}
]

Experimental protocol (mixing of the colored water)

# Constraints for prompt.
P300_SINGLE_GEN?2 is on the LEFT in OT-2.

# Process flow

Preparation: Prepare each of two types of colored water (Color A, 'Color A water' and
Color B, 'Color A water'). The colored water is diluted with water using food coloring.
Note: The A color water and B color water have been prepared in advance and is stored in
different 6-well plates.

Preparation of the 96 well plate: Set an empty 96 well plate on the experimental bench.
Mixing of the colored water:

Using a micropipette, add 10 ul of Color A water and 0 pl of Color B water to the first well.
Then, by decreasing the amount of Color A water by 1 ul and increasing the amount of
Color B water by 1 pl for each well, add 9 pl of Color A water and 1 pl of Color B water for
the next well and so on.

Continue...

Finally, add O pl of Color A water and 10 pl of Color B water to the last wel (10-th well).

Absolute restriction (mixing of the colored water)
I

Relative restriction (mixing of the colored water)

[
{
"restriction_category": "init_content",
"labware_id": "Color A water",

"restriction_type": "adjacent",
"adjacent_type": "grid",
"neighbour_types": ["Color B water"],

"description": "Not adjacent to 8 surrounding squares"



"restriction_category": "name”,
"labware_id": "Color A water",
"restriction_type": "adjacent",
"adjacent_type": "around",
"neighbour_types": ["Color B water"],

"description": "Not adjacent to 8 surrounding squares"

Experimental protocol (PCR mix preparation experiment)

Prepare samples for measurement with the QuantStudio 6 Pro.

There is 1 sample, and it will be tested with 3 primers x duplicate (3).

For the NTC, prepare 3 primers x duplicate (3).

Additionally, prepare one template-only sample without primers x duplicate (3).
Input: Containers for reagents are tubes or plates

1 sample DNAs 300 uL
water 300 pL

10 UM primer_F 10 pyL each
10 uM primer_R 10 uL each
PCR MIX 2000 pL
96-well PCR plate 1 plate

Other necessary tubes or plates for liquid mixing

Output
One 96-well PCR plate containing mixed solutions of sample DNA, primers, and PCR MIX.

Procedure
Dispense 137.6 pL of PCR MIX into each of 3 tubes.
Add 3.2 pL of 10 yM primer_F1-3 to the tubes containing PCR MIX.
Add 3.2 pL of 10 yM primer_R1-3 to the tubes containing PCR MIX.
Mix PCR MIX and primers by pipetting.
Dispense 86 pL of PCR MIX into a tube for the template-only condition.
Add 4 pL of water to the PCR MIX for the template-only condition.
Mix PCR MIX and water for the template-only condition by pipetting.
Apply 5 uL each of sample DNA or water to the reaction plate.
(Fill in the columns of the plate map below.)
Apply 10 pL each of the PCR MIX and primer mixture to the reaction plate.
(Fill in the rows of the plate map below.)

Plate map

81 wells used

S_n = sample_n (this time: one human standard cDNA)

NTC = no template control: water = negative control (set for all primers)
P_m = primer set_m: a pair of forward and reverse primers (3 sets this time)
Also include template-only wells.

OT-2 pipettes

20 pL and 300 pL

Notes
Prepare 10 uM primer_F and 10 uM primer_R together in the same Corning 96 Well Plate
360 uL Flat.




For 1 sample DNAs, water, and other solutions that can be stored in the same container,
prepare them together in a plate with an assigned name as much as possible.

Prepare PCR MIX in a 15 mL tube.

As a rule, use 15 mL tubes, 1.5 mL tubes, Corning 96 Well Plate 360 uL Flat, and 96-well
PCR plates.

Absolute restriction (PCR mix preparation experiment)
I

Relative restriction (PCR mix preparation experiment)
(]

Experimental protocol (HEK293A cell passaging
experiment)

# Purpose

Conduct the Mahoro experiment as part of the FF paper. This experiment documents the
natural language version in order to generate an object list and initial configuration from
natural language.

# Available materials (any number of them)
## "labware"

##H# "name"

- "50 ml tube"

- "6-well plate"

## "init_content"

- "PBS"

- "medium”

- "trypsin"

- "HEK293A cells"

# Plan

## Completed Pre-Work (-2 days)

- HEK293A cells have been seeded into one well of a 6-well plate at a density of 1x10°
cells per well and cultured in a CO: incubator (37°C, 5%).

## (Day 0)
- Perform microscopic observation to assess the state of the cells, then carry out the
following passage procedures:

1. Prepare PBS (30 mL in a 50 mL tube), medium (30 mL in a 50 mL tube), and trypsin
(30 mL in a 50 mL tube).

2. Heat the PBS and medium in an aluminum bath at 37°C for 15 minutes.

3. Remove the 6-well plate from the CO: incubator and aspirate the medium from the well
containing the cells.

4. Add 2 mL of PBS.

5. Aspirate and remove the added PBS.

6. Add 1.5 mL of trypsin and incubate in the CO: incubator (37°C, 5%) for 10 minutes.

7. Add an additional 1.5 mL of medium to the incubated well and pipette to suspend the
cells.




8. In a new 6-well plate, add 2.625 mL of medium to one well.
9. Add 375 pL of the cell suspension prepared in step (7) to the well from step (8) and tilt
the plate to mix.

10. Place the plate into the CO: incubator (37°C, 5%).

Absolute restriction (HEK293A cell passaging experiment)

[{"object":{"labware":{"name":"50mltube"}},"places":[8,9,10,11,12,13,14,15,16,17,18,19,20,21
22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,
51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,8
0,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,
107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,1

28,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,1
49,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165]},{"object":{"name";
"50mltube"},"places":[8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,3
1,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60
61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,
90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,
114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,1
35,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,1
56,157,158,159,160,161,162,163,164,165]},{"object":{"labware":{"name":"50mLtube"}},"place
s"[8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,

37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,6
6,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95
,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,1
18,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,1
39,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,1
60,161,162,163,164,165]},{"object":{"name":"50mLtube"},"places":[8,9,10,11,12,13,14,15,16,
17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45 4
6,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75
,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,10

3,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,
125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,
146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165]},{"0
bject":{"labware":{"name":"50_ml_tube"}},"places"[8,9,10,11,12,13,14,15,16,17,18,19,20,21,
22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,5
1,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80
81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106, 1
07,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,12

8,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,14
9,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165]},{"object":{"name":"
50_mi_tube"},"places"[8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30
31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,509,

60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,8
9,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,11

3,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134
1135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155
,156,157,158,159,160,161,162,163,164,165]},{"object":{"labware":{"name":"50_mL_tube"}},"




places":[8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,3
5,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64
,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,

94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,
117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,

138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,
159,160,161,162,163,164,165]},{"object":{"name":"50_mL_tube"},"places":[8,9,10,11,12,13,1

4,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43
,44,45.46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,

73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,10

1,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,
123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,
144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,
165]},{"object":{"labware":{"name":"1.5mltube"}},"places":[1,2,3,4,5,6,7,30,31,32,33,34,35,36,
37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,6
6,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95
,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117 ,1

18,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,1

39,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,1
60,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,1
81,182,183,184,185,186,187,188,189]},{"object":{"name":"1.5mltube"},"places":[1,2,3,4,5,6,7
,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,

59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,8
8,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112
,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,

134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,
155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,
176,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"object":{"labware":{"name":"
1.5mLtube"}},"places":[1,2,3,4,5,6,7,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46 47,
48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,7
7,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104
,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,1
26,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146 1
47,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,1
68,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,1

891},{"object":{"name":"1.5mLtube"},"places":[1,2,3,4,5,6,7,30,31,32,33,34,35,36,37,38,39,40
,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,

70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,9
9,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,
121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,
142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,
163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,
184,185,186,187,188,189]},{"object":{"labware":{"name":"1.5_ml_tube"}},"places":[1,2,3,4,5,6
,7,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,5

8,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87
,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,1

12,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,13
3,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,15
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4,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,17
5,176,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"object":{"name":"1.5_ml_t
ube"},"places":[1,2,3,4,5,6,7,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,5
0,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79
,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,10
6,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,
128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,
149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,
170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"0
bject":{"labware":{"name":"1.5_mL _tube"}},"places":[1,2,3,4,5,6,7,30,31,32,33,34,35,36,37,3
8,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67
,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,
97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118 1
19,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,1
40,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,1
61,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,1
82,183,184,185,186,187,188,189]},{"object":{"name":"1.5_mL_tube"},"places"[1,2,3,4,5,6,7,
30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,5
9,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88
,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,
113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,1
34,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154 1
55,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,1
76,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"object":{"labware":{"name":"6
-wellplate"}},"places":[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,
27,28,29,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184
,185,186,187,188,189]},{"object":{"name":"6-wellplate"},"places":[1,2,3,4,5,6,7,8,9,10,11,12,1
3,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,166,167,168,169,170,171,172,173,174,
175,176,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"object":{"labware":{"na
me":"6-well_plate"}},"places™[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,2
4,25,26,27,28,29,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,
183,184,185,186,187,188,189]},{"object":{"name":"6-well_plate"},"places":[1,2,3,4,5,6,7,8,9,1
0,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,166,167,168,169,170,171,172,
173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189]},{"object":{"init_c
ontent":"HEK293Acells"},"places"[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,
23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,166,167,168,169,17
0,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,1891},{"obje
ct":{"init_content":"trypsin"},"places"[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,2
2,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51
,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,
81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,1
07,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,12
8,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,14
9,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165]},{"object":{"init_cont
ent":"medium"},"places":[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,
26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,5
5,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84
,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,
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110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,1

31,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,1
52,153,154,155,156,157,158,159,160,161,162,163,164,165]},{"object":{"init_content":"PBS"},
"places":[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,
31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,6
0,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89
,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113
,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,

135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,

156,157,158,159,160,161,162,163,164,165]}]

Relative restriction (HEK293A cell passaging experiment)
ll

Labware-Extractor Prompt Example (mixing of the colored

water)

## Overview
You are tasked with extracting specific details from a text describing a scientific

experiment. Focus solely on the labware used in the experiment. Use labwares from the
available labware list below.

## Your Task
Read the given experiment description and extract the following information in JSON
format:

1. **Labware Name:** Identify each piece of **labware**, mentioned, identical name. If
there are identical laboratory instruments, name them so that they can be distinguished
from each other.

2. **Labware Quantity:** Note how much of the labware is used, if mentioned.

3. **Initial Content:** If the labware is a tube, plate, or dish and contains something at the
start, describe the content. If it's empty or the content is not specified, leave this field
blank.

4. **Labware ID and Name:** Provide an ID and a standardized name for each labware
item. Use the available labware list below to match the labware with the correct ID and
name. If the labware is not on the list, leave the ID field blank.

## Available Labware List (ID and Name)
. 1.5 ml_tube

.2.0_ml_tube

. 15_ml_tube

. corning_96_wellplate_360ul_flat

. corning_24_wellplate_3.4ml_flat

. corning_6_wellplate_16.8ml_flat

. opentrons_96_tiprack_1000ul

NOoO g WN -
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8. opentrons_96 tiprack 300ul

9. opentrons_96 _tiprack_20ul

10. opentrons_96 _tiprack 10ul

11. nest_12_reservoir_15ml

12. opentrons_10_tuberack_falcon_4x50ml_6x15ml_conical

13. opentrons_24 tuberack eppendorf _1.5ml_safelock snapcap
14. opentrons_24 tuberack_eppendorf 2ml_safelock snapcap

## Guidelines

- For labware with specific contents, list the content name in the "init_content" field. Leave
it blank ("init_content": "") if no content is specified.

- Focus on identifying the labware, not the substances it contains. The labware's name
should not be confused with the content it holds.

- Assume no sample is created spontaneously; try to infer the origin of all substances as
best as you can.

- If a labware's initial content is mixed or not uniform, list it as separate entries to clarify the
distinction.

- Clearly indicate which items are present on the experimental bench at the beginning. Do
not include substances that appear as a result of the experiment in the "INITIAL
CONTENT".

## Example

### Given Text

Add 100 uL of sample from 1.5 ml tube to 96 well plate.
Transfer 10 ml medium to 15 ml tube.

Add 300 pl of the medium from 15 ml tube to 96 well plate.

### Correct Output Format
json

[

{"name": "1.5 ml tube sample", "quantity": 1.5, "unit": "ml", "init_content": "sample",
"labware": {"id": 1, "name": "1.5_ml_tube"}},

{"name": "96 well plate medium", "quantity": 1, "unit": "ml", "init_content": "medium",

"labware": {"id": 2, "name": "corning_96_wellplate_360ul_flat"}},

{"name": "15 ml tube", "quantity": 0, "unit": ", "init_content": "", "labware": {"id": 3,
"name": "15_ml_tube"}}

]

### Incorrect Output Format (NG)
[

{"name": "sample", "quantity": 100, "unit": "uL", "init_content": ""},

"name": "medium", "quantity": 10, "unit": "ml", "init_content": ""}
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Note: In the incorrect example, the focus is wrongly placed on the contents rather than the
labware itself, which is not what is asked for.

Do not directly name the content like {"name":"sample”, ...}

# Process flow

{

# Constraints for prompt.
P300_SINGLE_GEN?2 is on the LEFT in OT-2.

# Process flow

Preparation: Prepare each of two types of colored water (Color A, 'Color A water' and
Color B, 'Color A water'). The colored water is diluted with water using food coloring.
Note: The A color water and B color water have been prepared in advance and is stored in
different 6-well plates.

Preparation of the 96 well plate: Set an empty 96 well plate on the experimental bench.
Mixing of the colored water:

Using a micropipette, add 10 ul of Color A water and 0 pl of Color B water to the first well.
Then, by decreasing the amount of Color A water by 1 ul and increasing the amount of
Color B water by 1 pl for each well, add 9 pl of Color A water and 1 pl of Color B water for
the next well and so on.

Continue...

Finally, add O ul of Color A water and 10 pl of Color B water to the last wel (10-th well).

aa

Use these instructions to ensure each labware item is clearly listed with name, quantity,
unit, initial content, and matched labware ID/name from the labware list.

}
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