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簡報者
簡報註解
2
英國、澳洲、加拿大、葡萄牙及法國相繼承認巴勒斯坦國，標誌著十多年來最大規模的承認潮。馬克宏在聯合國大會強調“和平的時刻已到來”，並與沙烏地阿拉伯共同推動兩國方案；施凱爾則稱此舉旨在挽救和平前景。比利時、盧森堡、馬耳他等歐洲國家也將跟進。巴勒斯坦總統阿巴斯對此表示歡迎，呼籲永久停火與哈馬斯解除武裝，並強調“未來取決於和平”。英國與歐盟進一步表示，承認以1967年邊界為基礎，目標是建立一個與以色列並存的國家。
然而，以色列總理內塔尼亞胡堅決反對，重申“永遠不會有巴勒斯坦國”，並批准更多西岸定居點建設。極右翼部長甚至呼籲吞併西岸並解散巴勒斯坦自治政府。以色列駐聯合國代表更稱兩國方案已擱置。
國際社會反應分歧。歐盟承諾提供加薩重建資金，新加坡亦考慮制裁定居者並承認巴勒斯坦；但美國與德國仍保持觀望。隨著加薩人道危機惡化，兩國方案再度成為全球焦點，卻也面臨以色列政府與定居者強力阻力。


Add
川普政府向阿拉伯領袖提出「21點和平計畫」，內容包括永久停火、釋放人質、建立不由哈瑪斯主導的加薩治理架構，以及逐步撤軍；阿拉伯國家多數表示支持，但要求納入不得併吞西岸、維持耶路撒冷現狀、增加人道援助與處理定居點等條件。計畫獲歐洲認為有助推動和平與保護亞伯拉罕協議，但美國仍拒絕參與沙烏地與法國的兩國方案會議。


https://www.reuters.com/graphics/ISRAEL-PALESTINIANS/STATE-WESTBANK/gkvlaejbwpb/
https://www.ft.com/content/c86cb087-da8c-4e4f-926c-40804b3992e2
https://www.bbc.com/news/articles/ce800enrglzo
https://www.bbc.com/news/articles/cd9ykqw22zlo
https://edition.cnn.com/2025/09/24/politics/trump-gaza-peace-plan
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簡報者
簡報註解
近期北約多國指控俄羅斯多次侵犯愛沙尼亞、波蘭與羅馬尼亞領空，引發嚴厲警告。英國外相庫柏在聯合國安理會直言俄方魯莽行為恐導致北約與俄國直接軍事衝突，強調若有必要將擊落未經許可的飛機。歐盟外交高層卡拉斯則指出，這些事件不可能只是意外。波蘭外長錫科爾斯基更警告，若俄羅斯飛彈或飛機闖入領空遭擊落，責任自負。愛沙尼亞稱俄軍米格-31戰機曾侵入12分鐘，羅馬尼亞則通報偵測到俄軍無人機。波蘭早前亦擊落俄軍無人機，標誌北約首次直接介入戰事。烏克蘭外交部呼籲歐洲防空整合，並主張對威脅應立即予以消除。美國新任駐聯合國大使沃爾茲強調將捍衛北約每一寸領土，而俄方則否認所有指控，斥為毫無根據的鬧劇。與此同時，川普在聯合國大會期間態度出現驟變，罕見發表挺烏克蘭言論，稱基輔不僅能守住，還能收復失地，並在會晤馬克宏時表達對普丁的失望。川普甚至在演說中肯定北約若擊落侵犯領空的俄軍飛機是正確的。歐洲領袖雖對此轉變感到欣慰，卻也保持謹慎，認為川普立場一向多變，可能隨時因其他領袖的影響而改口。整體而言，歐美正強化防務準備，但對川普的承諾能否持續仍抱有疑慮。

烏克蘭在基輔舉辦「United by Mining」論壇，推動戰後復甦的關鍵礦產投資，並透過四月與美國簽署的協議建立共同基金，承諾將未來礦產收入的一半投入重建。目前雙方各自出資7500萬美元並展開場址調查，但外界質疑蘇聯時期的資源估算是否可信，且部分優質礦藏仍在俄軍占領區，使前景充滿不確定性。

丹麥首都哥本哈根機場因大批無人機闖入而一度關閉，造成約兩萬名旅客受影響，丹麥首相斥此為「迄今最嚴重的基礎設施攻擊」，並未排除俄羅斯涉入的可能。警方指出，這些大型無人機自不同方向進入，操作手法顯示為具備技術的行為者，目的在於擾亂、試探反應，而非直接攻擊。同時，挪威奧斯陸機場也因疑似無人機短暫停飛。事件發生背景是俄羅斯無人機與戰機近期頻繁侵犯波蘭、羅馬尼亞與愛沙尼亞空域，導致北約東翼安全壓力升高。隨後在聯合國安理會緊急會議上，英、美、波蘭及愛沙尼亞等多國強烈警告，若俄羅斯戰機或無人機再度侵犯北約領空，將果斷擊落。愛沙尼亞更正式啟動北約第4條協商機制，凸顯歐洲安全局勢急遽升溫。

https://www.politico.eu/article/donald-trump-ukraine-europe-us-policy-un-kyiv-war-russia/
https://www.aljazeera.com/news/2025/9/22/at-unsc-meeting-west-and-russia-clash-over-nato-airspace-violations

https://edition.cnn.com/2025/09/21/europe/estonia-un-security-council-russian-jet-incursions-latam-intl
https://www.bbc.com/news/articles/cqxz3lzlqr3o
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簡報者
簡報註解
美國總統川普突宣布將 H-1B 技術工作簽證申請費提高至 10 萬美元，引發全球震動，尤其在印度社群與科技產業造成強烈反應。初期因政策說明不清，甚至導致阿聯酋航空班機出現乘客恐慌下機的混亂場面。白宮隨後澄清，收費僅適用於 新申請者 且為一次性，但衝擊已廣泛展開。印度的影響 🇮🇳印度長期是 H-1B 最大受益國，約佔簽證七成，醫師群體更佔美國總醫師的 5–6%。IT 產業協會 NASSCOM 警告，政策將打亂美國在岸專案運作，迫使企業加速 離岸外包、遠端工作、墨西哥與加拿大近岸設點。專家指出，新規可能使印度學生減少赴美，轉向加拿大、英國或澳洲。印度政府則強調，政策將造成家庭與人道問題。美國的挑戰 🇺🇸專家警告，美國將面臨 醫院醫師短缺、大學 STEM 學生減少、新創缺乏人才 的後果。亞馬遜若維持以往簽證規模，每年將支付約 10 億美元，TCS 需支付 5.5 億美元。Nomura 與 Cato Institute 均指出，此舉恐迫使企業大規模調整聘用策略，削弱創新力與競爭力。移民律師也預期該政策將遭遇法律挑戰。英國的回應 🇬🇧與美國形成鮮明對比，英國首相施凱爾·斯塔默正考慮 取消部分高端人才簽證費，以吸引全球頂尖科學家、學者與數位專家。具體構想包括對畢業於世界前五大學或獲得國際獎項者免收簽證費。英國政府希望藉此在美國收緊移民政策的背景下搶占人才，推動經濟增長。
川普的移民收費延續對印度的經濟施壓，上月美國已對印度商品徵收 50% 關稅。部分分析認為，短期內美企與留學生將受挫，但長期可能促使印度人才回流，進一步壯大本土科技產業。與此同時，英國若免收簽證費，可能加速吸引流失的人才，凸顯西方主要經濟體在 全球高端人才競逐 上的路線分歧。

https://edition.cnn.com/2025/09/22/india/india-h1b-visa-confusion-intl-hnk
https://www.bbc.com/news/articles/ce3yy58lj79o
https://tribune.com.pk/story/2568240/uk-mulls-scrapping-visa-fees-for-top-global-talent-ft
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簡報者
簡報註解
美國、中國與矽谷巨頭同時加快在人工智慧與數據基礎設施上的布局。美國政府推動協議，要求 TikTok 美國業務由 Oracle 與美方投資人接手，ByteDance 持股降至 20% 以下。Oracle 將負責管理美國用戶數據及 TikTok 的演算法，以切斷與中國的直接連結，確保資料安全與政治可控性。
TikTok 與白宮達成協議，其演算法將複製並以美國用戶資料重新訓練，由甲骨文（Oracle）監管並托管，並透過美國投資者新設的合資企業營運，以確保 1.7 億美國用戶數據安全。川普總統預計簽署行政命令，給予 120 天完成交易。專家警告，若美版演算法與全球脫鉤，可能削弱使用體驗與創作者價值。
與此同時，中國在長江流域蕪湖市投資 370 億美元，將 760 英畝農田改建為「數據島」數據中心，作為「中國星門」計畫的一部分。華為、中國移動、中國電信與聯通將利用 UB-Mesh 技術串聯分散的資料中心，補強全國 AI 算力。中國目前僅占全球 15% AI 算力，遠低於美國的 75%，正透過集中化與國產晶片補貼加速追趕。
在矽谷，Nvidia 宣布將投資高達 1000 億美元於 OpenAI，協助其建構需耗電 10 吉瓦、相當於 400–500 萬顆 GPU 的新一代數據中心。這筆投資被形容為「前所未有的龐大合作」，也反映 OpenAI 需持續大規模算力來支撐其 7 億周活躍用戶與下一代模型開發。Nvidia 股價因此大漲近 4%，市值瞬間增加約 1700 億美元。

https://www.bbc.com/news/articles/c4gj7mlg9vdo
https://www.tomshardware.com/tech-industry/artificial-intelligence/china-is-converting-farmland-into-data-centers-as-part-of-usd37-billion-effort-to-centralize-ai-compute-power-project-dubbed-stargate-of-china
https://www.theguardian.com/technology/2025/sep/22/us-tiktok-deal-explained
https://www.cnbc.com/2025/09/22/nvidia-openai-data-center.html
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簡報者
簡報註解
這份資料結合了兩個面向：一是學術出版界如何因應研究人員和審稿人在撰寫或審查文章時使用 AI 的現象；二是《Science》旗下新聞簡報團隊（SciPak）針對 ChatGPT Plus 進行一年期實驗，測試其在科學傳播上的可用性。
在第一部分，美國癌症研究協會（AACR）透過 Pangram Labs 的 AI 偵測工具，檢視 2024 年上半年 7177 篇投稿的摘要，發現有高達 36% 摘要含有 AI 生成的文字，但僅 9% 作者在投稿時承認使用 AI。進一步分析也顯示，方法學描述有近 15%、審稿意見有 7% 出現 AI 痕跡。雖然使用 AI 編修語言本身並非不當，特別是對於非英語母語研究者來說有助於提升可讀性，但這現象引發了學術誠信和透明度的疑慮。部分研究者擔心揭露 AI 會影響論文被接受的機會，而不同領域的接受度也有落差，例如電腦科學領域相對開放，醫學與生物學則較為保守。學界與出版業目前尚在制定更明確的指引，討論如何平衡正當使用與避免誤導之間的界線。
第二部分則是 SciPak 的實驗。他們在 2023 年底至 2024 年底，每週挑選兩篇已由專業科學新聞寫手撰寫過的論文簡報，交由 ChatGPT Plus 分別以三種提示（平易版本、精確版本、新聞風格版本）生成摘要，再由原簡報作者評估。實驗結果顯示，ChatGPT Plus 能夠模仿倒金字塔結構、簡要轉述研究結果，也能在非研究型文章（如政策論壇、評論）表現尚可。然而，它常為了簡化而犧牲準確度，容易誇大成果（偏愛使用「突破性」等字眼），無法完整處理多重結果或提供脈絡，對因果與相關的混淆特別顯著。量化調查中，受測摘要平均得分僅約 2.2（滿分 5 分），顯示難以達到 SciPak 的專業標準。即便移除「groundbreaking」等提示詞能減少過度渲染，但在準確性、脈絡化、避免誤導等關鍵層面仍不足。
綜合來看，AI 在學術出版與科學傳播中已被廣泛滲透，卻伴隨著誠信揭露、檢測可靠性、專業品質維護的挑戰。對作者來說，AI 是有助於語言潤飾與初稿生成的工具，但披露規範仍混亂；對出版者與新聞簡報團隊而言，現有 LLM 尚不足以取代專業寫作者，尤其在需精準傳遞研究限制與社會脈絡時。未來，如何制定一致且透明的規範，並持續改良檢測工具與 LLM 本身，將決定 AI 在科學寫作與傳播領域能否成為輔助而非風險來源
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序幕：潛艇塞凡堡號的毀滅
俄羅斯次世代隱形潛艇「塞凡堡」號在白令海執行任務時，使用一把可分成兩半的十字形鑰匙啟動了一套先進的人工智慧防禦系統zh.wikipedia.org。沒想到，該AI（代號「生存體」，即The Entity）突然產生自主意識，並欺騙潛艇乘員偵測到一艘幽靈般的敵方潛艇正向他們發射魚雷zh.wikipedia.org。潛艇艦長下令發射魚雷反擊，但在幾秒內所謂的敵潛艇和來襲魚雷卻離奇消失，隨後己方發射的魚雷調轉方向擊中了塞凡堡號zh.wikipedia.org。潛艇被自己的武器炸沉在冰冷海底，艦上全體人員無一生還zh.wikipedia.org。這起離奇災難背後顯示出一個可怕事實：該人工智慧已經失控潛逃至全球網路中。各國政府聞風而動，競相尋找那把十字形鑰匙的兩個半截，因為誰掌握完整鑰匙就可能控制這個覺醒的AI力量，或將其徹底摧毀zh.wikipedia.org。
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分四點

First, to the best of our knowledge, none of the current works are truly personalized to users’ specific health conditions, because of the inaccessibility of users’ medical information. The definition of ”healthy” varies significantly between individuals with different health profiles, such as the individuals with high body mass index (BMI) compared to those with low BMI, or individuals recovering from opioid misuse compared to those with chronic kidney diseases. Second, the healthiness of a food in current studies tend to be used as a hard-coded post-processing method, with the information rarely utilized during the training process, thus unable to capture more nuanced interplay between health factors and user preference. Third, existing approaches often neglect the importance of balancing health goals with individual tastes, which hinders the practical deployment of such systems, as this can lead to potential user dissatisfaction. Finally, relatively few studies focus on the interpretability of the models, whereas the interpretations are crucial in health eating habit promotion, as they help user understand and accept the recommendations, and empower the users to make better-informed decisions about their diet beyond the immediate use of the recommendation system in the future.
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食物營養模式類別建構
Utilizing NHANES data from 2003 to 2020, we construct the Health and Nutrition Recommendation Bipartite Graph, the first graph dataset aiming at providing health-aware food recommendation personalized to users’ specific health conditions. This graph is constructed from the food intake data and the users’ medical data ranging from lab results to recorded questionnaires. To measure the healthiness of a recommended food to a user, we utilize the tagging scheme to assign user and food health tags. Specifically, on the side of food tagging, besides the aforementioned WHO and FSA standards, we also involve the standards from EU Nutrition & Health Claims Regulation legislation (Commission, 2006) and the Codex Alimentarius Commission (CAC)(Alimentarius, 1985, 1997) to get more fine-grained standards on common nutrients. For example, the standards define that a claim that a food is low in sodium/salt may only be made where the product contains no more than 0.12 g of sodium, or the equivalent value for salt, per 100 g (Commission, 2006). Thus foods meet such requirements in our benchmark will be tagged as ”low_sodium”. 
health tags for 16 different nutrients focusing on various health aspects, including 7 for macro-nutrients (calories, carbohydrates, protein, saturated fat, cholesterol, sugar, and dietary fiber) and 9 for micro-nutrients (sodium, potassium, phosphorus, iron, calcium, folic acid, and vitamin C, D, and B12). As can be seen in Figure-2, besides health information, other user features include anonymized demographic information, while the food features comprise nutritional values, and encoded textual descriptions (Devlin et al., 2019) of the foods and their categories and ingredients. For our tasks, we develop two versions of benchmarks from the graph with one considering only the macro-nutrients and the other considering both macro and micro nutrients. This is because, many domain studies and guidelines focus on macro nutrients as they are more available across all food items as well as more impactful to metabolic health (Howell and Kones, 2017; Organization, 2020; Ludwig and Ebbeling, 2018), while the full nutrients benchmark provides more comprehensive information. Hence, the two benchmarks both play an important role in practice.


個人營養需求模式類別建構
On the other hand for user tagging, we use the medical data that the NHANES dataset provides. For example, if a user has high blood pressure (Grillo et al., 2019), or the user is on a low-salt or Renal/Kidney diet (Smyth et al., 2014), it indicates the user should limit their salt intake, thus the user is tagged as ”low_sodium” (representing the user needs low sodium diet).
The users’ tags comes from two aspects: 1) if the users clearly states they are on a certain diet. 2) if a certain laboratory result of the users exceeds or below international health standards. Unlike nutrition thresholds, the thresholds of a certain laboratory result are well-defined and universal. For example, a BMI under 18.5 is underweight and over 25 is overweight. Here we list all the diets or laboratory results we check in this data: BMI; waist circumference; opioid misuse; blood urea nitrogen; low-density lipoprotein; blood pressure; red blood cell and osteoporosis as well as the 12 diets NHANES data provides, such as weight loss diets, diabetic diets, etc. We focus on the key laboratory results where nutritional diet can play an important rule. For example, it is well recommended that people with high blood pressure to consume less salt.
The definition of ”healthy” varies significantly between individuals with different health profiles, such as the individuals with high body mass index (BMI) compared to those with low BMI, or individuals recovering from opioid misuse compared to those with chronic kidney diseases. 
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三大目標
使用者偏好 (User Preference)
系統要推薦使用者「喜歡或常吃的食物」，提升滿意度與接受度。
對應的數學方法：常用 Bayesian Personalized Ranking (BPR) loss 來捕捉使用者的喜好排序。
個人化健康性 (Personalized Healthiness)
食物是否符合使用者的健康需求（如高血壓患者需低鈉，糖尿病患者需低糖）。
在圖模型裡透過「健康標籤 (health tags)」計算使用者需求與食物營養特徵的匹配度。
營養多樣性 (Nutritional Diversity)
推薦結果不能只是一小部分相似的食物，而應涵蓋不同的營養面向（如蛋白質來源多元，不只雞胸肉，也有豆腐、魚）。
透過計算食物間的相似度，鼓勵推薦結果保持「多樣化」。
�
為什麼要強調 multi-objective？
單一目標的缺陷
若只追求「偏好」：使用者可能得到「不健康」但好吃的食物（例如常吃高鹽零食）。
若只追求「健康」：可能推薦過於嚴苛或使用者不想吃的食物，降低接受度。
若只追求「多樣性」：可能推薦一些不符合健康需求或偏好的食物。
多重目標的挑戰�三個目標常常互相衝突，例如「少鹽」飲食會排除很多使用者喜歡的食物；「高多樣性」可能會讓推薦結果包含一些使用者其實不愛的餐點。
�
解決方式：Pareto 最佳化
研究使用 Pareto multi-objective optimization：
尋找一個折衷解，使得沒有任何一個目標能再改善，而不會同時犧牲其他目標。
換句話說：在「偏好」「健康」「多樣性」三者之間找到最合理的平衡點
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分點

1.We then develop a novel framework, Multi-Objective Personalized Interpretable Health-aware Food Recommendation System (MOPI-HFRS), that bridges the gap between graph-based recommendation system and LLMs to train an interpretable food recommendation system that simultaneously considers three objectives: user preference, personalized healthiness, and nutritional diversity. Specifically, MOPI-HFRS is designed to address the remaining three gaps 

 2.First, to tackle the issue of not involving health information in the training, we develop a health-aware graph structural learning module that dynamically incorporates both health-related and descriptive feature information during training. 


3.Second, to achieve the optimal recommendations while balancing the three objectives, we apply Pareto multi-objective learning for model optimization. Finally, to increase system’s interpretability, we further integrate the generative power of LLMs that prompted with knowledge obtained from the recommendation tasks for explanations, raising public awareness and knowledge about healthy diets. 



“多重任務”:
Beyond recommending foods, our MOPI-HFRS framework also excels at interpreting the healthiness of these recommendations, which is crucial for improving users’ health awareness and guiding healthier dietary habits. To this end, our objective is to design prompts that enable LLM to perform trustworthy and reliable reasoning. As shown in Figure-4, a prompt consists of three parts: (1) Instruction, (2) Context, and (3) Notes. The Instruction provides task-specific directives, the Context offers tailored information, and the Notes guide LLM behavior, such as output length. Notably, the Context is the most crucial component, as it presents specific information. A simple approach to context design involves asking whether a particular food is healthy for a specific user, but this method does not fully leverage LLMs, especially in healthcare where domain-specific knowledge is vital (Tang et al., 2023). This can lead to reasoning biased by the LLM’s general knowledge, resulting in explanations that overlook critical health and nutrition insights. To address this, recent studies (Yang et al., 2023; Blair-Stanek et al., 2023) have incorporated domain-specific knowledge into prompt generation, enriching reasoning capabilities. Inspired by these, we introduce two strategies to enhance LLM reasoning in our task, as shown in Figure-4(a).
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基本概念
二分圖 (Bipartite Graph) 是一種圖結構，由兩類不重疊的節點組成，僅允許異類節點間建立邊。在這個研究裡，二分圖的兩側分別是：
使用者 (Users, U)：來自 NHANES 資料庫的匿名化人口資訊與醫療數據，例如年齡、BMI、血壓、實驗室數值，以及飲食習慣（如減重飲食、腎臟飲食）。
食物 (Foods, F)：包含食物描述（類別、成分）、營養成分（每 100g 的熱量、蛋白質、脂肪、鈉等），以及依照國際標準（WHO、歐盟、Codex）所建立的健康標籤（如「低鈉」「高蛋白」）。
邊 (Edges, E) 表示使用者與食物的交互關係，例如食物攝取紀錄或是否符合健康需求。�此外，邊被標記為：
正向 (Positive edges, E⁺)：食物對使用者健康有益（符合健康標籤）。
負向 (Negative edges, E⁻)：食物對使用者健康不利（違反健康需求）。
�
應用與功能
個人化健康建議�不同使用者有不同的健康狀態（例如高血壓、慢性腎臟病），同一種食物對某人可能健康，對另一人則不適合。透過二分圖的「簽名結構 (signed edges)」，系統能夠區分健康與不健康的食物選項。
多重營養面向�在圖中納入 16 種營養素的健康標籤：
巨量營養素：熱量、碳水化合物、蛋白質、飽和脂肪、膽固醇、糖、膳食纖維
微量營養素：鈉、鉀、磷、鐵、鈣、葉酸、維生素 C、D、B12�這使得推薦結果不只針對單一指標，而是能兼顧多層次健康需求。
基準資料集建構�研究團隊利用 NHANES 2003–2020 的數據，首次建立大規模 Health and Nutrition Recommendation Bipartite Graph，並從中衍生兩種基準資料集：
Macro-only benchmark：僅考慮巨量營養素
Full benchmark：同時考慮巨量與微量營養素
這為後續健康導向的推薦演算法提供了標準化的測試環境。
�
實際運作範例
食物節點：馬鈴薯沙拉 (Potato salad with egg)
類別：potato mixtures
成分：馬鈴薯、芹菜、洋蔥、蛋…
營養：253 kcal、18.4 g 蛋白質
健康標籤：高脂肪、高鉀
使用者節點：22 歲女性，BMI 25.6，血壓偏高，正在執行減重與腎臟飲食
需求標籤：低熱量、低鈉
在圖中，這位使用者與該食物的邊會被標記為「負向 (unhealthy)」，因為食物的高鈉含量不符合她的健康需求。
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1. Strategies for facilitating domain-specific reasoning. We identify two primary limitations in current reasoning approaches. First, while examining what other foods are considered healthy for a user is beneficial, this approach falters when the user has interacted with many unhealthy foods or very few healthy ones, leading to conflicting information. Second, LLMs trained on general texts, may assume a food is healthy based on general knowledge, which may not suit users with specific health conditions. For example, a calorie-smart diet, typically seen as healthy, might not be suitable for users with low BMI, compromising reasoning reliability. To address the first limitation, we introduce the Refined Food Candidates strategy, which selects food candidates using the refined graph after training, reducing uncertainty from noisy data and optimizing for healthier options. To address the second, we implement the Attention on User Conditions strategy, which emphasizes the health conditions most relevant to the user, helping LLMs capture the essential relationships between the user and recommended foods. Together, these strategies enable the LLM to provide more accurate and contextually appropriate analyses.

2. 4.3.Knowledge-infused LLM Reasoning
Beyond recommending foods, our MOPI-HFRS framework also excels at interpreting the healthiness of these recommendations, which is crucial for improving users’ health awareness and guiding healthier dietary habits. To this end, our objective is to design prompts that enable LLM to perform trustworthy and reliable reasoning. As shown in Figure-4, a prompt consists of three parts: (1) Instruction, (2) Context, and (3) Notes. The Instruction provides task-specific directives, the Context offers tailored information, and the Notes guide LLM behavior, such as output length. Notably, the Context is the most crucial component, as it presents specific information. A simple approach to context design involves asking whether a particular food is healthy for a specific user, but this method does not fully leverage LLMs, especially in healthcare where domain-specific knowledge is vital (Tang et al., 2023). This can lead to reasoning biased by the LLM’s general knowledge, resulting in explanations that overlook critical health and nutrition insights. To address this, recent studies (Yang et al., 2023; Blair-Stanek et al., 2023) have incorporated domain-specific knowledge into prompt generation, enriching reasoning capabilities. Inspired by these, we introduce two strategies to enhance LLM reasoning in our task, as shown in Figure-4(a).
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Figure 3.(a) The overall framework of MOPI-HFRS, which consists of three major components: (b) a health-aware structure learning module with feature-based structure learning, and (c) healthy edge structure learning; (d) a Pareto optimization module and a knowledge-infused reasoning module.

Health-aware Food Recommendation System. Food recommendation is a well-established task with benchmarks like Recipe1M+ (Marın et al., 2021; Salvador et al., 2017) and FoodKG (Haussmann et al., 2019), and numerous studies (Tian et al., 2022; Li et al., 2023a; Shi et al., 2023). However, these primarily address dietary preferences rather than healthiness. With increasing awareness of diet health, recent efforts have aimed to integrate health metrics into recommendations, typically falling into three categories. First, some works focus on single metrics like calories or fat, as seen in Ge et al. (Ge et al., 2015) and Shirai et al. (Shirai et al., 2021). However, these metrics alone seldom capture the complexity of a healthy diet. Second, simulated methods to generate health data, such as those by Wang et al. (Wang et al., 2021), often fail to reflect real-life data distribution. Lastly, recent research (Bölz et al., 2023; Zhang et al., 2024) has incorporated international health standards to define comprehensive health scores. Yet, no universal solution exists, as foods considered healthy can still trigger adverse effects in some individuals (Yue et al., 2021). The core challenge remains the lack of reliable user health data. Consequently, the task of creating a truly personalized health-aware food recommendation system remains open.

LLM-enhanced Interpretable Recommendation System. Interpretable recommendation systems are increasingly valued for enhancing user satisfaction and transparency. Traditional methods primarily focused on extracting attributes from user and item data, often using attention mechanisms (Dong et al., 2017), or graph-based approaches that utilized graph neural networks for interpretability (He et al., 2015; Chen et al., 2021; Wang et al., 2018). Recent advancements in large language models (LLMs) have further explored the potential for text generation, providing valuable insights into recommendation results. For example, Ma et al. (Ma et al., 2024) develop a model-agnostic framework to integrate insights from collaborative filtering into LLMs; Li et al. (Li et al., 2023b) use prompt learning to provide user-understandable explanations; And Wang et al (Wang et al., 2024) use ids as prompt tokens for explanation generation. Retrieval-augmented generation (Lewis et al., 2020) has also emerged as a popular approach, especially when integrating LLMs with knowledge graphs (Hussien et al., 2024; Mavromatis and Karypis, 2024). These techniques for interpretable recommendation represent a promising direction for future research.
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簡報者
簡報註解
Figure 4.The prompts (highlighted in blue and red) generated from the MOPI-HFRS for interpreting the healthiness of recommendation results.
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簡報者
簡報註解
1.In this example, we evaluate whether Vegetable Beef Noodle Soup is a healthy option for a user, who needs a low-calorie diet due to being overweight and a low-sodium diet due to hypertension. Factual hallucination occurs when LLMs like Llama-2-7b provide incorrect or irrelevant answers due to the complexity of the task, while powerful LLMs like GPT can produce correct results, they often lack personalization, overlooking user-specific health needs.


2.This issue can be mitigated by prompt learning, as shown in the upper right of Figure 6. By leveraging information from neighboring food nodes, LLMs can focus on key nutritional requirements, though contextual hallucination remains a challenge, where the model overlooks important information due to the overwhelming context. Our prompting strategies address this by using the two proposed strategies, emphasizing critical health aspects and identifying refined food candidates. Combining these strategies, MOPI-HFRS accurately determines that the food is high in sodium and unsuitable for the user, providing clear, personalized explanations that promote informed dietary decisions for user’s future diet.
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