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Evaluation instruction

1. Analogy in abstractions

Maths PyTorch W@ TextGrad
Input T Tensor(image) tg.Variable(article)
Model 9= fo(z) ResNet50() tg.BlackboxLLM("You are a summarizer.")
Lead L(y, ) = Y _ i log(i) CrossEntropyLoss() tg.TextLoss("Rate the summary.™)
Optimizer GD(#, BL}S—G o5 SGD(list(model.parameters())) tg.TGD(list(model.parameters()))
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2. Automatic differentiation

PyTorch and TextGrad share the same
syntax for backpropagation and optimization

Forward pass Backward pass Updating variable
loss = loss_fn(model(input)) 1loss.backward() optimizer.step()




Backward:

JdEvaluation
————— 2V, (Prediction, Evaluation)

JPrediction
JdEvaluation _ aEvaILfatlion o dPrediction a V,,,,{Prompt, Prediction, BEvaIL}atlion
oPrompt dPrediction dPrompt dPrediction
JEvaluation “To achieve the desired change AJEvaluation “Based on the evaluation,
in the prediction, you should o the prediction is incorrect.
JRECHRS use a different strategy...” pHISCKHc To fix it, you should change...”
Prompt Prediction - Evaluation
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LLM (Here is a conversation with an LLM: {x|y}.

Below are the criticisms on {y}:
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Explain how to improve {x}.)

X = TGD.step(x,%) A LLM (Below are the criticisms on {x}:
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Incorporate the criticisms and produce a new variable.)
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Examples:
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Molecule at iteration 1
Vina score: —4.3 kcal mol™
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Molecule at iteration 2
Vina score: 5.5 kcal mol™
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Molecule at iteration 3

Vina score: —7.5 kcal mo
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rectum

Better protected
bladder and —
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Gradients

Add functional
groups that increase
polarity for stronger
interactions

Gradients

Introduce polar or
aromatic groups to
increase interaction
points

for

i in range(n):

if nums[1] < k:
balance -= 1

elif nums[i] > k:
balance += 1

if nums[i] == k:
result += count.get(balance, @) +

Gradients

count.get(balance - 1, @)
else:
result += count.get(balance, @)
count[balance] = count.get(balance, @) + 1

**Handling ‘numsli] ==
k™*: The current logic

does not correctly

; - \
Code at teration t handle the case when

for

iin range(n):

if nums[i] < k: APy =

balance -= 1 balance should be reset
elif nums[i] > k: A :

balance 4= 1 or ad;ysﬁrgd differently
else: when K is
if Jﬁ:i‘%“; fr- encountered. ...

result += céunt.get(balance, Q) +

count.get(balance - 1, @)
else:
count[balance] = count.get(balance, @) + 1

Gradients

for the rectum and
low, which is not

the rectum and
bladder...

The current weight
bladder are relatively

sufficient to protect

Code at iteration t + 1

You will answer a reasoning guestion. Think step by step. The last line of your
response should be of the following format: 'Answer: $VALUE' where VALUE is
a numerical value.

Prompt at initialization (accuracy = 77.8%)

You will answer a reasoning guestion. List each item and its quantity in a clear
and consistent format, such as '- Item: Quantity'. Sum the values directly from
the list and provide a concise summation. Ensure the final answer is clearly
indicated in the format: 'Answer: $VALUE' where VALUE is a numerical value.
Verify the relevance of each item to the context of the query and handle
potential errors or ambiguities in the input. Double-check the final count to
ensure accuracy."

Prompt after optimization (accuracy = 91.9%)



Results:

a
Code Refinement Objective c . S— ’ ' ’
a Example: Multimodal solution optimization for visual mathematical reasoning
LLM (“You are an intelligent assistant used as an evaluator, and part of an optimization system. You Dataset Method Accuracy (%) icarony diifiransigofiibms Qusstion: Whatis the sum of e aoaoraciosol o
will analyze a code implementation for a coding problem and unit test results. The code will be goﬁ s g} -g R algorithms fat and acre?
. . . o . erlexi |
tested with harder tests, so do not just check if the code passes the provided tests. Think about the Glooglepraaf UA GPT-dobestreporied 536 8 Solutonatinitialieation:
correctness of the code and its performance in harder test cases. Give very concise feedback. In- ¥ TextGrad 55.0 To find the sum of the accuracies of the algorithms “fat”
vestigate the code problem and the provided implementation. For each failed unit test case, start "‘Pf:;f‘e'r:g"‘g:;%e UL e %7 £e f;‘:;;f’ceﬁ”a;“e“eed idaccurdtalyinierpratiie valies tra
analyzing it by saying “The code did not pass this test because...”. Explain why the current imple- Tasks R T : 24 ’ ,

v - : 5 & . . F TextGrad 884 From the chart: The accuracy of “fat” is represented by
mentation is not getting the expected output. Do not provide a revised implementation. Carefully CoT oz ; the fourth bar from the left, which shows an accuracy of 6.
suggest why there are issues with the code and provide feedback.” MMLU-College Physics  Reflexion 94.1 The accuracy of “acre” is represented by the last bar on the
{Tes’[-time |nstructi0n} ¥ TextGrad 95.1 o i h e right, which shows an accuracy of 4.

*x ; ok CoT 63.8 2 E § 8 £ 3 Now, we add these two values together: 6 + 4 = 10.

The coding problem: MathVista Reflexion 64.0 3 g The correct sum of the accuracies of the algorithms “fat”
{Problem} o T TextGrad 66.1 and “acre” is 10.
sk, H Hk roblem Solving

Code generated that must be evaluated for correctness and runtime performance Totis _ CoT 916 Output of the loss function based on multimodal context:
{Code} ScienceQA-IMG Reflexion 90.2 The existing answer provides a clear and logical approach to salving the problem by interpreting
**The test results:** ¥ TextGrad 924 the bar chart and summing the accuracies of the specified algorithms. However, there is an error in
{Local test Results}) the interpretation of the values from the chart.

Upon reviewing the bar chart: The accuracy of “fat” is represented by the fifth bar from the left,

which shows an accuracy of 5. The accuracy of “acre” is represented by the last bar on the right,
which shows an accuracy of 4.

b Solution Refinement Objective after op

To find the sum of the accuracies of the algorithms “fat” and “acre,” we need to accurately interpret

Task Method compleﬂon Rate (°/°) LLM ("Below is a multi-choice question and a prediction. You are a critical the values from the bar chart.
afgicieaivesontisr YUl lop)e oo Investigatn e piedioton Ditically oo From the chart: The accuracy of “fat” is represented by the fifth bar from the left, which shows an
Zero-shot 26 A S R T B A g e accuracy of 5. The accuracy of “acre” is represented by the last bar on the right, which shows an

be incorrect.
accuracy of 4.

i i i 1 Use the Janusian Process, think about whether alternative answers could be true.
LeetCOde Hard Fleﬂexmn (1 demonstrat!on, 5 lteratlons) 31 = 1 2 Question: { Question} Now, we add these two values together: 5 + 4 = 9. The correct sum of the accuracies of the algo-
W TextGrad (0 demonstrations, 5 iterations) 36 +1.8 Answer by the language model: {Solution }") rithms “fat” and “acre” is 9.

a Dataset Method Accuracy (%) b Example: TextGrad optimized prompt for gpt-3.5-turbo-0125
CoT 77.8 PramElt at initialization (GSMBK Accu_racy = ??.9%]: :
z ) OPRO 828 You will answer a mathematical reasoning question. Think
Object Counting : step by step. The last line of your response should be of the
DSPy 84.9 foltowing format: ' Answer: S$VALUE' where VALUE is a d e
% TextGrad 91.9 numerical value. Organ Method Mean dose (Gy) |
CoT 76.7 Prompt after optimization(GSMBk Accuracy = 81.1%): Target Method Mean dose (Gy) D_ (Gy) Bladder Radiation oncologist 22 .39 (5.55)
Word Sorting OPRO 77.8 You will answer a mathemalical reasoning question. Clinical goal 70.20 70.20 TaxtGrad 20.92 (0.79)
DSPy 70.8 Restate the problem in your own words to ensure under- _ -
¥ TextGrad 80.8 Sf&ﬂd!ﬂg, Break down fhe problem into S_maﬂer steps PTV Radiation oncologist +1.97 (0.36) -0.10 (0.15) Rackisn Radiation oncologist 23.88 (6.45)
. explaining each calculation in detail. Verify each ste TextGrad TextGrad d
CoT 76.7 and re-check your calculations for accuracy. Use prope e +0.51 (0.09) +0.00 (0.00) e 17.18 (4.20)
OPRO 77.8 mathematical notation and maintain consistency with the
GSM8k : context of the question. Always conciude with the final
DSPy 79.8 answer in the following format: ' Answer: $VALUE' where
% TextGrad 80.8 VALUE is a numerical value.




Supplementary Table 3 Transferability of optimized prompts. We test
the transferability of prompts optimized for gpt-3.5-turbo using TextGrad on

different models. Overall, optimized prompts improve the performance of various
open-source and closed models, with up to 10% absolute performance gains.

Model Dataset Method Accuracy
GSM8k gz;l;t Grad-Transfer 2}12;
Gemini-1.5-Flash Object Counting g:;ft Grad-Transfer gf:
Word Sorting gift Grad-Transfer :;E('::?
GSMB8k gzitGrad—’l‘ru.ns[cr gfilf;'
Qwen-2.5-118 Instruct Object Counting gziLGrad—'l‘rmlEf{!f :g(:;
Word Sorting gz;ftGrad—Trﬂ.Hﬁfﬂr ;?]?3
GSM8k gz;ft. Grad-Transfer 3?3%
Qwen-2.5-32B Instruct Object Counting gz;l;tGrad—’l‘runsfcr S;ij}
Word Sorting gzitGrad—’l‘ru.ns[cr ;;?3
GSM8k g:;l;tGrad—Transf{:r gg 3
Llama-3.1-8B Instruct Object Counting g:;ft Crad-Thaiatas Si(!)}
Word Sorting gz;ft Grad-Transfer :1? ;?
GSM8k gz;ft Grad-Transfer g::f‘;l
Llama-3.1-T0B Instruct  Object Counting gz;fl. Gt Tansbor 3:;?]
Word Sorting gz;l;t Grad-Transfer ;1;




Optimizing compound Al systems:

Query

A \

Input objects:

£ Tortoise shell

v < Crown

Basketball

Question: Which
property do these
three objects have in
common?

Choices:

(A) Shiny

(B) Slippery

(C) Opaque

Ground truth:

p -
Image Text

: =

5 ()

Knowledge
captioner detector retrieval
e ——
Variable

This question involves comparing the properties of three
objects [...] Tortoise shells are typically hard and can have a
shiny appearance, crowns are usually shiny, and basketballs
are usually made of rubber or synthetic materials that can
also have a shiny finish. [...]

i
Answer

generator

Solution
generator

Variable

We need to evaluate each of the given options. [...] Next, we
can summarize the findings: All three objects can be
described as shiny. None of the objects are consistently
slippery. All three objects are opaque. [...] We conclude that
the common property is shiny.The answer is A.

Gradients

Gradients

The answer is (C) opaque.j

The knowledge could be improved by briefly outlining the
key properties of the objects being compared. For instance,
mentioning that tortoise shells are hard and opaque,
crowns can be shiny and decorative, and basketballs

are designed for grip and visibility would provide a more
informative foundation for the subsequent analysis. [...]

The solution is not accurate. Let's analyze the image step by
step. 1. Tortoise Shell: Typically, a tortoise shell is not

shiny; it is more matte and textured. 2. Crown: Crowns are
often made of metal and can be shiny due to their reflective
surfaces. 3. Basketball: A basketball is not shiny; it has a
textured surface for grip. [...]




Optimizing compound Al systems:

Prompt optimization

Variable

You will answer a question based on the image(s). Think
step by step.

Prompt at initialization (accuracy = 70%)

Analyze the image carefully and answer the question by
following these steps:

1. Image Quality and Lighting:[...] 2. Perspective Definition:
[--] 3. Detailed Observation: [...] 4. Spatial Awareness: [...]. 5.
Contextual Understanding: [...] 6. Verification and
Cross-Verification: [...] 7.Acknowledge Uncertainty and
Alternatives: |dentify potential ambiguities and suggest
possible interpretations for unclear objects. 8. lterative Review:
Revisit observations after considering contextual factors.
Encourage multiple rounds of observation and
cross-verification.[...]

Prompt after optimization (accuracy = 79%)

Solution optimization

Question:
What is to the
top right of
the bus?

Initial answer Answer after 3 iterations

A stop sign. To the right of the front of the
bus, there is a tall, red pole.
—’_/
Gradients

The object to the right of the front of the bus is not
a stop sign. It appears to be a bus stop pole or
sign, which is different from a stop sign. The object
type is incorrectly identified.

Dataset Method Accuracy (%) Dataset Method Accuracy (%)
Chameleon 775 Chain of thought 70.0

ScienceQA-IMG  TextGrad (2 iterations of optimization) 83.2 HQH Reflexion 72.0
TextGrad (3 iterations of optimization) 85.2 TextGrad (prompt and solution optimization) 79.0




Summary:
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