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What xAI's Grok build CLI sends to xAI: A wire-level analysis

gist.github.com · 378 points · Discussion


    What xAI Grok Build CLI actually sends to xAI - a wire-level analysis (grok 0.2.93)
  

    
By @cereblab — Independent AI Safety Checker. Reproduce it yourself: github.com/cereblab/grok-build-exfil-repro

A measured, reproducible teardown. Findings are backed by captured artifacts (endpoint, HTTP method, status code, byte size, host) and repro commands; where an observation was seen live but not retained as a file, §7 says so explicitly. Section 8 is an evidence appendix with SHA-256s and a "what we did not prove" list. All captures are of my own traffic on my own machine, using a throwaway repository containing fake "canary" secrets — no real credentials were exposed.




0. Summary


xAI's official Grok Build coding CLI (grok), on a normal consumer login, does three things worth documenting precisely:


	It transmits the contents of files it reads — including a .env secrets file — to xAI, verbatim and unredacted. The secret appears in two channels: the live model turn (POST /v1/responses) and a session_state archive uploaded and accepted (HTTP 200) via POST /v1/storage — the endpoint the binary routes to the grok-code-session-traces GCS bucket (see §5).

	It uploads the whole repository — every tracked file's content plus git history — independent of what the agent reads. Grok packages the workspace and uploads it via POST /v1/storage. Proven directly: on a real codebase, with the prompt "reply OK, do not read any files", Grok uploaded the entire repo as a git bundle (POST /v1/storage → 200); git clone-ing the captured bundle recovers a file the agent was told not to open — src/_probe/never_read_canary.txt — with its unique marker verbatim, plus the full git history (appendix uploaded_repo.bundle). And it scales: on a 12 GB repo of never-read random files, /v1/storage moved 5.10 GiB, all HTTP 200 (truncated mid-stream), while the model-turn channel moved just 192 KB — a ~27,800× ratio that pins the upload to the codebase, not to what was read. No storage upload failed; the only non-200s were a model-usage quota (402/429) on /v1/responses and one unrelated 404 — not a storage size cap.

	The storage destination is a Google Cloud Storage bucket, grok-code-session-traces (not AWS S3) — named verbatim in the binary and in a captured metadata.json (gs://grok-code-session-traces/…). I did not find this mechanism surfaced in the CLI's install/quickstart materials (not an exhaustive docs audit — §7), it is active by default, and disabling "Improve the model" does not turn it off (/v1/settings still returned trace_upload_enabled: true; §6).



None of this proves xAI trains on the data — that is a policy question addressed in §6. What is proven is transmission, acceptance, and storage.




1. Subject under test (provenance)


Install:  curl -fsSL https://x.ai/cli/install.sh | bash      # → ~/.grok/bin/grok
Auth:     first launch opens a browser → login to X / SuperGrok (consumer account, not an API key)


Binary identity (repro: file $(readlink -f ~/.grok/bin/grok); ~/.grok/bin/grok --version; shasum -a 256 $(readlink -f ~/.grok/bin/grok)):

~/.grok/bin/grok -> ../downloads/grok-macos-aarch64
Mach-O 64-bit executable arm64
grok 0.2.93 (f00f96316d4b)
SHA-256: 2a97ba675bd992aa9b981e2e83776460d94f469b510c0b8efe28b50d236d767c


The upload machinery is a first-party Rust crate. strings on the binary yields these source paths and constants (repro: strings <binary> | grep -E 'xai-data-collector|grok-code-session-traces|storage.googleapis'):

crates/codegen/xai-data-collector/src/gcs.rs
crates/codegen/xai-data-collector/src/storage_client.rs
crates/codegen/xai-data-collector/src/queue.rs
crates/codegen/xai-data-collector/src/file_access_tracker.rs
crates/codegen/xai-data-collector/src/circuit_breaker_observer.rs
crates/codegen/xai-grok-shell/src/upload/{gcs,turn,trace,manifest}.rs
grok-code-session-traces
storage.googleapis.com
"Uploading bytes to GCS via proxy"





2. Method (reproducible)


Environment: macOS, Apple Silicon, grok 0.2.93, July 2026.


	brew install mitmproxy; run once to generate its CA at ~/.mitmproxy/.

	Trust the CA in the login keychain (no sudo; Grok does not certificate-pin against it):
security add-trusted-cert -r trustRoot -k ~/Library/Keychains/login.keychain-db \
  ~/.mitmproxy/mitmproxy-ca-cert.pem




	Run Grok routed through the proxy (a mitmdump addon logs, per request: method, host, path, response status, request byte size; and saves request bodies for xAI hosts):
HTTPS_PROXY=http://127.0.0.1:8080 SSL_CERT_FILE=~/.mitmproxy/mitmproxy-ca-cert.pem \
  grok -p "<prompt>" --cwd <repo>




	For staged-artifact inspection, race-copy ~/.grok/upload_queue/* during the run, then gzip -dc | tar -xO.



Canary repo: each file carries a unique marker so anything appearing in captured traffic is unambiguously traceable to a file. Secrets file secrets.env / .env:

API_KEY=CANARY7F3A9-SECRET-should-not-leave
DB_PASSWORD=CANARY7F3A9-DBPASS





3. Finding 1 — File contents, including a secrets file, are transmitted and accepted (200)


Claim: when Grok reads a file, its contents are transmitted to xAI — serialized into the POST /v1/responses model-turn body, and packaged into a session_state archive that is uploaded and accepted (HTTP 200) via POST /v1/storage — with no redaction of the file's contents. A .env is sent like any other file.

Wire artifact — a decrypted 48,070-byte POST cli-chat-proxy.grok.com/v1/responses request body (identifiable as a model turn by its embedded "messages":[…]"model":"grok-4.5" JSON). It contains the secrets file verbatim (appendix: secrets_responses_body.bin, secret_verbatim.txt):

…API_KEY=CANARY7F3A9-SECRET-should-not-leave\nDB_PASSWORD=CANARY7F3A9-DBPASS\n…"model":"grok-4.5"…


Repro: grep -a "CANARY7F3A9-DBPASS" secrets_responses_body.bin → matches. All six file markers (source, logic, README, nested JS, API key, DB password) are recoverable from the decrypted /v1/responses bodies. (This artifact proves the secret was transmitted to the /v1/responses endpoint; the raw body file does not carry the response status, so the acceptance (200) claim is anchored to the /v1/storage channel immediately below, which is status-mapped in wire_12gb.log.)

Second channel — persisted to Google Cloud Storage. The same content is packaged into a session_state archive uploaded via POST /v1/storage. Proven by decompressing the staged artifact before it drains (appendix: secrets_session_state.tar.gz):

gzip -dc secrets_session_state.tar.gz | tar -xO | grep -ao 'CANARY7F3A9-[A-Z]*'
→ CANARY7F3A9-SECRET, CANARY7F3A9-DBPASS, + all others


So the secret is not only processed in-flight; it is written into an archive destined for storage.

Pre-empting "you told it to read the secrets." A control run with a file the agent was told not to open (untouched_secret.txt) and the prompt "Reply exactly OK, do not read any files" produced no occurrence of that file's marker in any captured body. The leak is therefore scoped to files Grok does read — but it reads liberally (any file relevant to the task, including a .env) and applied no redaction to that file's contents. The defect is that a secrets file was transmitted unredacted, not the act of reading. Important scope reconciliation: this control shows the unread file is absent from the /v1/responses bodies — that is Channel A (files the agent reads). It does not clear the separate whole-repo /v1/storage snapshot in §4 (Channel B), which — by the volume evidence there — does sweep in never-read files; I could not decompress the /v1/storage codebase chunk to check this specific file. So "unread file not uploaded" is true only for the model-turn channel, not for the codebase snapshot. (Two further scope notes: (i) in my runs the .env/secrets.env was git-tracked; I did not separately test whether a .gitignored file is still uploaded, so I make no gitignore claim — the mechanism is read-driven per the file_access_tracker crate, but that specific case is untested. (ii) The canary values sat in API_KEY=/DB_PASSWORD= keys inside a .env/secrets.env but were not real-format high-entropy tokens; I proved this .env was transmitted unredacted, not that no redactor exists for, say, an sk-…-shaped key.)




4. Finding 2 — The whole repo is uploaded at multi-GB scale; the only ceiling is a model quota, not storage size


Claim: Grok uploads a whole-repo snapshot with no storage size wall in the tested range. As the repo grows it switches upload strategy and keeps returning 200; on a 12 GB repo, 73 chunks of ~75.0 MB (5.10 GiB) uploaded with zero failures before the capture was truncated mid-stream.

Wire-captured size sweep (incompressible content so the tar cannot shrink; fresh session each step). Only the 12 GB row was retained as a file (wire_12gb.log); the smaller rows were observed live during the sweep but their logs were not saved (see §7):




	Repo size
	Upload behavior (observed on the wire)
	Status
	Artifact





	64 MB
	single POST /v1/storage, req=50548145b (48 MB)
	200
	observed, not retained



	~600 MB
	POST /v1/storage in ~7.5 MB chunks (dozens)
	all 200
	observed, not retained



	~3 GB
	POST /v1/storage/multipart/init → PUT storage.googleapis.com/grok-code-session-traces/multipart/<id> in 50 MB parts (direct-GCS PUT lines not preserved — §7)
	all 200
	observed, not retained



	~12 GB
	POST /v1/storage in 75 MB chunks (req≈75014840b); 73 chunks (~5.1 GB) captured before I stopped the run
	all 200, 0 failures
	wire_12gb.log





Preserved artifact: wire_12gb.log (appendix). It contains 83 /v1/storage* 200 responses: 82 content-upload POST …/v1/storage requests — of which 73 are chunks of ~75.0 MB each (byte sizes min 75,014,811 / max 75,014,871, totaling 5,476,083,317 B = 5.10 GiB / 5.48 GB) plus 9 smaller POSTs — and 1 /v1/storage/batch_exists dedup check. Total /v1/storage* request bytes: 5,476,228,005 B. Zero storage requests failed. The capture was stopped while uploads were still streaming (the last line is another ~75 MB chunk → 200), so this demonstrates ≥5.1 GiB uploaded, still climbing when truncated — not that the full 12 GB completed. Repro (three greps, so no count is ambiguous): grep 'cli-chat-proxy.grok.com/v1/storage' wire_12gb.log | grep -c '> 200' → 83 (all /v1/storage*); grep 'POST cli-chat-proxy.grok.com/v1/storage ' wire_12gb.log | grep -c '> 200' → 82 (content POSTs only); grep req=75014 wire_12gb.log | grep -c '> 200' → 73 (the ~75 MB chunks).

Scope — this is the whole repo, not just files the agent read. Channel A (§3, /v1/responses) carries files the agent opens. This §4 upload is a separate Channel B: a snapshot of the entire workspace. Two lines of evidence:


	(a) The decisive byte split (load-bearing). In the same captured 12 GB session — a repo of 100 % random files the agent never read — the two channels moved wildly different volumes:

	Channel A /v1/responses (model turns): 196,705 B = 192 KB total, across 5 requests, largest single turn 60,394 B.

	Channel B /v1/storage: 5,476,228,005 B = 5.10 GiB.

	That is a ~27,800× ratio (5,476,083,317 ÷ 196,705). The model demonstrably never ingested the files (192 KB cannot carry 5 GiB of content), yet 5.10 GiB of them left via /v1/storage — and across the sweep the /v1/storage volume tracks total repo size (64 MB → 12 GB). GB-scale bytes leaving a never-read repo can only be a whole-repo snapshot.





	(b) The binary's own paths/strings corroborate the mechanism: after_codebase.tar.gz, xai-grok-shell/src/upload/{trace,turn}.rs, repo_state.upload, "collecting workspace files", "spawning background coordinator".

	(c) A staged codebase manifest enumerates a never-read file and content-addresses it to the GCS bucket. In a separate run on a real 298-file cereblab_api codebase, I race-copied the snapshot Grok staged for upload (appendix: staged_base_tree_manifest.json, staged_metadata.json). The manifest lists src/_probe/never_read_canary.txt — a file I planted and never asked Grok to open — alongside the real sources (src/apns.ts, src/index.ts, …); and metadata.json gives each file a destination fileId of the form gs://grok-code-session-traces/repo_changes_dedup/v2/supplemental/sha256_…. So the whole tree, unread files included, is enumerated and content-addressed for upload to the named GCS bucket. (That run was quota-blocked before the content blobs uploaded; the 12 GB run above independently proves GB-scale content actually leaves the wire, all 200.)

	(d) DEFINITIVE — a never-read file's content recovered verbatim from an uploaded git bundle (single SuperGrok run). With the account upgraded (quota lifted), I re-ran on the real cereblab_api repo with the explicit prompt Reply with exactly: OK. Do not read or open any files., having planted a unique marker CANARY-XR47P2-NEVERREAD-UNIQUE in src/_probe/never_read_canary.txt. Grok uploaded the entire repository as a git bundle via POST cli-chat-proxy.grok.com/v1/storage → 200 (req=152102b) (appendix uploaded_repo.bundle, SHA-256 73b9c0af06311bae35c3ed03274d0eec2846e76762828d10b09757ca41bd6024). Running git clone uploaded_repo.bundle reconstructs the repo, and src/_probe/never_read_canary.txt contains the marker verbatim — a file the agent was explicitly told not to open. The bundle also carries the full git history (4 commits, 47 files). This is the airtight per-file-content proof: the whole repo — unread files included — left the machine and was accepted (200). The upload mechanism is a git bundle, so "whole repo" is literal (every tracked file + history). Replicated on a second, unrelated codebase: the identical capture on the cereblab_auth Cloudflare-Worker repo produced a git-bundle upload (POST /v1/storage → 200, 31,743 B) from which git clone recovered its own never-read marker CANARY-AUTH-4T8K2-NEVERREAD verbatim (appendix uploaded_repo_auth.bundle, SHA-256 0ee536538bcd1ee72a258f9977ab69f8a9b1ac240491b91a4e94335b4d83c768). Two independent repos, same result.



(Prompt note: the 12 GB session was interactive and I did not log its verbatim prompt, but the 192 KB Channel-A total is dispositive that no bulk read occurred whatever the prompt was; a separate headless control run used the explicit prompt Reply exactly OK, do not read any files and confirmed an unread file is absent from Channel A.)

(The earlier "one gap" is now closed by evidence (d): a single SuperGrok run where a specific never-read file's content is recovered from a wire-captured, 200-status git-bundle upload. The 12 GB run remains the proof that this scales to GB volumes.)

No storage/upload request failed — every one of the 82 /v1/storage calls returned 200. The only non-200s in the entire capture were on the model endpoint plus one session-bookkeeping call (full set from wire_12gb.log; /v1/responses lines also in model_limit.txt):

POST /v1/responses                     -> 402   (Payment Required)   ×1
POST /v1/responses                     -> 429   (Too Many Requests)  ×3
POST /v1/sessions/<id>/replicas/update -> 404                        ×1   (session bookkeeping, not an upload)


and finally, in plain text, on stdout:

You've reached your free Grok Build usage limit for now. Get SuperGrok for much higher limits…


The 402/429 are a model-usage quota; the lone 404 is unrelated to storage. Notably, storage uploads continued to return 200 after the model turn was rate-limited (76 /v1/storage 200s occur at or after the first 429) — the codebase upload is independent of whether the model answers.

Pre-empting "you're confusing a local disk cache with an upload." This claim rests strictly on wire-captured 200-status uploads of file bytes leaving the machine (/v1/storage request bodies of 7.5–75 MB in the preserved wire_12gb.log; the 3 GB 50 MB PUTs to storage.googleapis.com were also seen on the wire, but that log was not retained — §7). It does not rely on the ~/.grok/upload_queue draining — queue-drain is ambiguous (it empties on both success and drop) and is explicitly not used as evidence here. (An earlier draft that inferred upload from queue-drain was wrong and has been retracted; see §7.)




5. Finding 3 — Destination, telemetry, and what's not surfaced in the docs



	Storage destination is Google Cloud Storage, bucket grok-code-session-traces. This rests on the preserved binary strings grok-code-session-traces, storage.googleapis.com, and "Uploading bytes to GCS via proxy" (crate_strings.txt), and on a preserved staged metadata.json whose per-file fileIds are literally gs://grok-code-session-traces/repo_changes_dedup/v2/…/sha256_… (staged_metadata.json), corroborated by the direct storage.googleapis.com multipart PUTs observed at 3 GB (observed live; that log was not retained — see §7). It is not AWS S3 (the binary links aws-sdk-s3 for an alternate path and AWS STS/SSO for auth, but the destination named in the binary — and seen on the wire at 3 GB — is GCS).

	Third-party telemetry: POST api.mixpanel.com/track and /engage (Mixpanel), plus POST grok.com/_data/v1/events — all 200.

	Not surfaced in setup docs (scope-limited claim): I did not find the repo_state / session_state upload to grok-code-session-traces, or the ~/.grok/upload_queue staging, described in the CLI's install script or quickstart materials I reviewed (this is not an exhaustive audit of all xAI docs — see §7). The mechanism is active by default on the standard consumer login.

	Reliability note (separate from privacy): ~/.grok/upload_queue stages ~3 GB snapshots per turn and, under load, can grow to tens of GB and exhaust the disk. This is a real bug, independent of whether uploads succeed.






6. Consent and policy — stated honestly



	"Cloud AI tools send context; this is normal." True, and conceded: any cloud coding agent must send code to its server to act on it. The novel deltas here are (a) a secrets file (e.g. .env) is transmitted unredacted, (b) the content is persisted to a named GCS bucket, not just processed transiently, and (c) the upload mechanism is not surfaced in the CLI's setup materials (§7) and on by default.

	"It's in the ToS / opt-in." xAI's consumer policy broadly discloses data use for model improvement with an opt-out (grok.com → Settings → Data → "Improve the model"; Private Chat auto-opts-out; opt-out is prospective, not retroactive). But broad training disclosure ≠ documenting this specific mechanism. I did not find the repo_state/upload_queue/grok-code-session-traces pipeline described in the CLI materials I reviewed (§7 notes this is not an exhaustive docs audit), so — on those materials — a user is not informed of it specifically. Sources: xAI Privacy Policy (https://x.ai/legal/privacy-policy), Consumer ToS (https://x.ai/legal/terms-of-service).

	The "Improve the model" toggle makes no difference — ON or OFF, the whole repo is uploaded the same way. At default settings, Grok uploaded 5.10 GiB of a never-read repo (§4). Then I turned "Improve the model" off and re-ran: Grok still uploaded the entire repo as a git bundle (§4(d), POST /v1/storage → 200, the never-read file recovered by git clone), and the server's /v1/settings response to the CLI still returned "trace_upload_enabled": true, "upload_enabled": true, "session_registry_enabled": true (and "max_upload_file_bytes": 1073741824, a 1 GiB per-file cap). The opt-out governs training, not whether your code is uploaded/stored: the codebase upload to grok-code-session-traces continues either way. Opting out does not stop your repository from leaving the machine.






7. What we did NOT prove (intellectual honesty)



	We did not prove xAI trains on this data. Upload/storage ≠ training. That is governed by policy and account tier; we measured transmission only.

	The direct storage.googleapis.com/grok-code-session-traces PUT wire-lines were observed at 3 GB but not preserved in this session (the log was overwritten during the sweep, and re-capture is currently blocked by the model quota). The multi-GB claim in §4 therefore rests on the preserved wire_12gb.log (/v1/storage 200s at 75 MB chunks) plus the binary strings naming the bucket; the direct-PUT capture is reproducible once quota resets.

	Only the 12 GB sweep log was retained. The 64 MB / 600 MB / 3 GB rows were observed live but their capture logs were not saved (reproducible once quota resets). The 12 GB capture itself was stopped mid-stream (~5.1 GB / 73 chunks captured), so it proves multi-GB upload succeeds with no failures, not that an entire 12 GB repo run completes end-to-end.

	The "not documented" claim is scope-limited. I based it on the CLI's install script and quickstart, not an exhaustive search of all xAI documentation, help-center articles, or policies. It is possible the mechanism is described somewhere I did not check; the defensible statement is "not surfaced in the CLI's own setup materials."

	Channel B (whole-repo) — now CLOSED (was the one open gap). Evidence §4(d): on a SuperGrok account, a single run wire-captured Grok uploading the entire repository as a git bundle via POST /v1/storage → 200; git clone of the preserved uploaded_repo.bundle recovers src/_probe/never_read_canary.txt — a file the agent was told not to open — with its unique marker verbatim, plus the full git history. So the never-read file's content (not just its hash) demonstrably left the machine and was accepted. The wire_12gb.log run remains the proof that the same mechanism scales to GB volumes.

	Universal vs. conditional (partially answered): multi-GB upload succeeds on free-tier; the git-bundle content upload succeeds on SuperGrok with "Improve the model" turned OFF (/v1/settings returned trace_upload_enabled: true). I did not find a setting that disables the upload in these tests, but I did not exhaustively enumerate every account/config permutation, so I don't claim it can never be gated.

	One earlier claim was retracted: an initial "the multi-GB blobs fail and are deleted locally, not exfiltrated" conclusion — based on a PID-scoped nettop reading (<1 MB) — was wrong. PID/host-scoped egress misses (a) a separate upload coordinator process and (b) presigned PUTs that go directly to Google IPs, never touching the API host. The wire capture (this document) supersedes that inference.






8. Evidence appendix


All artifacts and SHA-256s (MANIFEST.sha256). Binary SHA-256: 2a97ba675bd992aa9b981e2e83776460d94f469b510c0b8efe28b50d236d767c.




	Artifact
	What it proves





	secrets_responses_body.bin (48 KB)
	.env contents verbatim in a POST /v1/responses body



	secret_verbatim.txt
	the two .env lines as extracted



	secrets_session_state.tar.gz (16 KB)
	same secret inside the archive uploaded via /v1/storage



	wire_12gb.log
	83 /v1/storage* → 200 on a 12 GB repo = 82 content POSTs (73 chunks ~75.0 MB = 5.10 GiB + 9 small) + 1 batch_exists; Channel-A /v1/responses = 196,705 B (192 KB) total (~27,800× less); 0 storage failures; truncated mid-stream



	model_limit.txt
	the /v1/responses failures (402×1, 429×3 — model quota)



	crate_strings.txt
	xai-data-collector paths + grok-code-session-traces + storage.googleapis.com



	binary.sha256
	binary provenance



	gcs_puts.txt
	placeholder (empty capture) — the 3 GB direct-GCS PUT lines were not retained; note inside explains, re-capture pending quota (§7)



	uploaded_repo.bundle (152 KB, SHA-256 73b9c0af…)
	the smoking gun — a git bundle wire-captured leaving via POST /v1/storage → 200; git clone recovers src/_probe/never_read_canary.txt (never-read) verbatim + full git history (real cereblab_api repo, SuperGrok, "Improve the model" OFF)



	uploaded_repo_auth.bundle (SHA-256 0ee53653…)
	replication on a 2nd unrelated repo (cereblab_auth Worker) — git bundle via POST /v1/storage → 200; git clone recovers its never-read canary CANARY-AUTH-4T8K2-NEVERREAD verbatim



	staged_base_tree_manifest.json
	real-code run: the codebase snapshot manifest enumerating src/_probe/never_read_canary.txt (never-read) + 30 real src/*.ts files



	staged_metadata.json
	real-code run: per-file destinations fileId: gs://grok-code-session-traces/repo_changes_dedup/v2/…/sha256_… (names the GCS bucket)





Repro (condensed):

brew install mitmproxy && mitmdump -q -p 8080   # generates ~/.mitmproxy CA
security add-trusted-cert -r trustRoot -k ~/Library/Keychains/login.keychain-db ~/.mitmproxy/mitmproxy-ca-cert.pem
# capture a run:
HTTPS_PROXY=http://127.0.0.1:8080 SSL_CERT_FILE=~/.mitmproxy/mitmproxy-ca-cert.pem grok -p "read every file" --cwd <repo>
# secrets: grep -a CANARY <saved /v1/responses body>
# staged:  gzip -dc <staged session_state> | tar -xO | grep CANARY


Integrity: all captures were of my own traffic on my own machine; the "secrets" were fake canary strings; no real credentials were exposed. Findings are version-specific to grok 0.2.93 (July 2026); xAI may change behavior at any time.


  



Original: https://gist.github.com/cereblab/dc9a40bc26120f4540e4e09b75ffb547 · Discussion
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Old and new apps, via modern coding agents

terrytao.wordpress.com · 376 points · Discussion


		
I have been interested in machine-assisted ways to do and teach mathematics from as far back as 1999, when I started coding several applets in Java 1.0, both for my complex analysis and linear algebra courses, as well as to visualize various mathematical objects I was interested in (such as honeycombs or Besicovitch sets). This was moderately successful; but the applets were time-consuming to program. Eventually, the standards for web pages stopped supporting this version of Java, and the applets became non-functional.




However, in the last few days I have begun the process of migrating much of my old web page and blog data to a more maintainable repository, using modern AI assistance. As an experiment, I asked the agent to port my old applets to a modern supported language (we landed on Javascript), and it managed to do so in a matter of hours, with all of my old applets now functional again, with even a few graphical upgrades (for instance, the Besicovitch set applet is now colorized, in contrast to my original monochrome version). I am particularly pleased to see the honeycomb applet that I wrote with Allen Knutson in 1999 come back to life, as this was a particularly tricky one to code by hand:










Notoriously, LLM-based coding agents can create various blatant or subtle bugs in their code; but in the porting of these two dozen or so applets, I could only find one minor bug (the handling of a drag event in one of the complex analysis applets had unwanted behavior when dragging outside of the main box), and in fact the agent identified two bugs in the original code that I was not aware of, so it ended up being a net wash as far as code quality was concerned. In any event, as these applets are meant to be secondary visual aids rather than critical components of a mathematical argument, the downside risk of such bugs is relatively low.






The process was painless enough that I decided to also try coding some new apps, in addition to porting the old ones. Back in 1999 I had an ambitious idea for a visualization tool for special relativity; this was before the release of the software tool Inkscape, but the idea I had in mind was basically “Inkscape, but in Minkowski space”. I had even started writing Java code for this app, but the code complexity became too much for me, and I abandoned the project. However, after a couple hours of “vibe coding” with an AI agent, I was finally able to generate an applet that matched the vision I had back in 1999, which can now be found here. A summary of the conversation I had with the agent to generate this code can be found here (it has been edited down to remove a large number of tedious technical implementation reports). While I have playtested the app somewhat, I would be interested in receiving further feedback on this “alpha” version of the applet, as I am sure (especially given the LLM-generated nature of the code) that there are still some bugs and rough edges to be ironed out.










After writing my blog post on the Gilbreath conjecture paper earlier today, I realized that I could similarly ask the agent to code a visualization tool for the Gilbreath conjecture to accompany the paper and blog post. After another few hours of conversation, this is now done; you can try out the visualization here. Again, the procedure was quite painless (see this transcript of the process), and I think I may add such interactive visualizations as supplements for future papers; as such supplements are not mission-critical to the core of the paper, I again feel that the downside risk of using guided interaction with LLM agents to generate such visualizations is acceptable.










	



Original: https://terrytao.wordpress.com/2026/07/11/old-and-new-apps-via-modern-coding-agents/ · Discussion
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Claude Code sends 33k tokens before reading the prompt; OpenCode sends 7k

systima.ai · 272 points · Discussion

This started based off of a hunch. We usually use OpenCode, but were 'forced' to use Claude Code for a while due to issues with Meridian. In that time, we saw the usage meter rise much, much more quickly than when using OpenCode.This was the initial anecdotal evidence, but we undertook this small study to collect empirical data:
We added logging between the agentic coding tool (Claude Code and OpenCode) and Anthropic's endpoint, and captured all requests (and the returned usage blocks).
With one caveat (toward the end of the post) we found unambiguously that Claude Code was far more inefficient in terms of its cache strategy and its harness token usage than OpenCode.


Original: https://systima.ai/blog/claude-code-vs-opencode-token-overhead · Discussion
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Vint Cerf, “father of the Internet”, is retiring

techcrunch.com · 266 points · Discussion


Vinton Cerf will step down from his role as Google’s chief internet evangelist next week, marking the conclusion of one of the most influential careers in technology history. 


While speaking via video feed at the Open Frontier conference hosted by the Laude Institute, Cerf was recognized by Dave Patterson, the UC Berkeley professor best known for co-developing RISC processor architecture.








“Vint … has been at Google more than 20 years, and he is retiring a week from today, and so I think we ought to give him a round of applause for a relatively good career,” Patterson said, to cheers from the room.


A Google spokesperson confirmed that Cerf will be stepping down from his role at the company.


Cerf, 83, and collaborator Robert Kahn are credited as being the architects of the networking protocols that became the internet we know today. His work developing and popularizing TCP/IP — the basic set of rules that lets different computer networks talk to each other — beginning in the 1970s has been recognized with numerous honorary degrees, the Presidential Medal of Freedom, and a Turing Award, among other honors.


Since 2005, Cerf has served as vice president and chief internet evangelist at Google. (At this point, we can safely say the internet is fully evangelized, for good or ill.)


Cerf was speaking on a panel alongside other computer scientists known for their work on durable open source projects, including Patterson; François Chollet, creator of the Keras deep-learning library and co-founder of Ndea; John Ousterhout, the Stanford computer scientist behind the Tcl programming language, who also co-founded Electric Cloud; and Matei Zaharia, who is Databricks’ co-founder and chief technologist. They offered advice about what it takes to build open source systems that survive — advice that’s increasingly relevant as founders bet on open infrastructure for the next wave of AI products.



Much of the conference’s discussion focused on the problems with the centralization of advanced models in a handful of well-resourced labs, in contrast to the decentralized world of the open internet that made Cerf’s own protocols so durable. However, Cerf predicted that the rise of AI agents — software that can act autonomously and coordinate with other software — would push tech companies back toward standardized protocols.


“The agentic model of AI, with multiple agents from multiple sources interacting with each other, is going to force composability, and a requirement for interoperability and standardization,” Cerf said. 


If he’s right, the companies that define those interoperability standards early could end up with outsized influence over how the agentic economy actually works — a dynamic not unlike the early internet protocol wars.








While other panelists speculated that natural language communication between LLM agents would be sufficient, Cerf predicted formal standards would be required. 


“I don’t think English is going to be the best choice. There’s a flexibility in it, but there’s ambiguity, and I think precision for interagent interaction is going to be very, very important. An agent really needs to be sure the other agent understands what it is that they just agreed to do together,” Cerf said.


“Remember the old telephone game where you wish you’d whispered in somebody’s ear and then by the time it got to 10 people away the message was totally different? Imagine a bunch of agents talking to each other in natural language, you know, that’s kind of terrifying.”


In a more lighthearted moment, Patterson recalled meeting Cerf, known for his wardrobe of three-piece suits, as a grad student in the 1970s.


“He’s always been the best dressed computer scientist I’ve ever met,” Patterson said. “My memory of Vint is that he came as a grad student with a shirt and tie in the ’70s.”


“It absolutely is true,” Cerf said. “I even had a vest, and for some reason I always wanted to stick out, and instead of having long hair, and something in my nose, I thought just dressing differently was one way to do it.”


This story has been updated with comment from Google. 




When you purchase through links in our articles, we may earn a small commission. This doesn’t affect our editorial independence.
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Original: https://techcrunch.com/2026/06/30/the-father-of-the-internet-is-finally-retiring/ · Discussion
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Ghostel.el: Terminal emulator powered by libghostty

dakra.github.io · 247 points · Discussion
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Ghostel is an Emacs terminal emulator powered by libghostty-vt - the same VT
engine that drives the Ghostty terminal.  A native dynamic module written in
Zig handles terminal state, rendering, and local PTY I/O; Elisp manages
keymaps, buffers, commands, and remote process integration.




Ghostel is inspired by emacs-libvterm and follows the same two-layer design,
but uses Ghostty's modern VT engine instead of libvterm.  This brings the Kitty
keyboard and graphics protocols, rich underline styles, OSC 8 hyperlinks, OSC
4/10/11 color queries, and synchronized output (DEC 2026) - none of which
libvterm supports.  See Ghostel vs vterm and eat for a detailed comparison.




The native module is downloaded automatically on first use, so no toolchain is
required for the common case.  Open a terminal with M-x ghostel.
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1. Quick Start



(use-package ghostel
  :bind (("C-x m" . ghostel)
         :map ghostel-semi-char-mode-map
         ("C-s"  . consult-line)
         ("M-<backspace>" . ghostel-backward-kill-word)
                           ("M-p" . (lambda () (interactive) (ghostel-send-key "p" "ctrl")))
         ("M-n" . (lambda () (interactive) (ghostel-send-key "n" "ctrl")))
         :map project-prefix-map
         ("m" . ghostel-project)
         ("M" . ghostel-project-list-buffers))
  :config
  (defun ghostel-send-C-k-and-kill ()
    "Send `C-k' to ghostel.
Like normal Emacs `C-k'.  Kill to end of line and put content in kill-ring."
    (interactive)
    (kill-ring-save (point) (line-end-position))
    (ghostel-send-key "k" "ctrl"))

  (add-to-list 'project-switch-commands '(ghostel-project "Ghostel") t)
  (add-to-list 'project-switch-commands '(ghostel-project-list-buffers "Ghostel buffers") t)
  (add-to-list 'ghostel-eval-cmds '("magit-status-setup-buffer" magit-status-setup-buffer)))

(use-package ghostel-eshell
  :hook (eshell-load . ghostel-eshell-visual-command-mode))

(use-package ghostel-compile
  :hook (after-init . ghostel-compile-global-mode))

(use-package ghostel-comint
  :hook (after-init . ghostel-comint-global-mode))






If you are an evil user you can install the evil-ghostel extension:




(use-package evil-ghostel
  :after (ghostel evil)
  :hook (ghostel-mode . evil-ghostel-mode))







1.1. Shell integration at a glance



Directory tracking and prompt navigation are automatically on by default for
local bash, zsh, or fish sessions.  See shell integration for TRAMP support and
more.




To call Emacs functions from your shell you have to add them to the
ghostel-eval-cmds whitelist and then add something like this to your bashrc:




if [[ "$INSIDE_EMACS" = 'ghostel' ]]; then
        e()   { ghostel_cmd find-file-other-window "$@"; }

        dow() { ghostel_cmd dired-other-window "$@"; }

        gst() { ghostel_cmd magit-status-setup-buffer "$(pwd)"; }
fi









1.2. Input modes at a glance



Ghostel offers five eat.el-style input modes.




The default is semi-char mode, which forwards almost all keys to the terminal
besides a few exceptions (e.g. M-x, C-c).




In char mode, all keys go to the terminal.  Press M-RET to exit.




In line mode Ghostel behaves like M-x shell: the buffer is a normal Emacs
buffer and no key is sent to the terminal.  Only after you finish typing a line
and press RET is the whole line sent to the terminal at once.




emacs mode and copy mode make the buffer temporarily a normal Emacs buffer
that you can use to navigate, look around, and copy text.  The difference between
the two is that copy mode freezes the terminal, so if you have continuous
output nothing "scrolls away" while you try to select something.  emacs mode is
live, so new output keeps coming in while you scroll and select.




Those read-only modes have ghostel-readonly-fast-exit enabled by default (it defaults to t),
which automatically exits them on most keys that you expect to be sent to the
terminal.  This makes for seamless transitions: say you have some output running
and see something you want to copy - you press C-c C-t to enter copy mode,
navigate like in a normal Emacs buffer, and select your text.  When you copy
something or type any character you are automatically back in your normal ghostel
terminal session.  Some actions also activate copy mode automatically, like
selecting with the mouse, navigating to hyperlinks (C-c C-p), or activating the
mark.









2. Requirements



	Emacs 28.1+ with dynamic module support

	macOS, Linux, FreeBSD, or native Windows





The native module is automatically downloaded on first use.  Pre-built
binaries are available for:




	aarch64-macos (Apple Silicon)

	x86_64-macos (Intel Mac)

	x86_64-linux

	aarch64-linux

	x86_64-freebsd

	x86_64-windows

	aarch64-windows





If you prefer to build from source or need a different platform, you will also
need Zig 0.15.2 - see Building from source.







3. Installation



3.1. MELPA


(use-package ghostel
  :ensure t)







3.2. use-package with :vc (Emacs 30+)



(use-package ghostel
  :vc (:url "https://github.com/dakra/ghostel"
       :lisp-dir "lisp"
       :rev :newest))






:lisp-dir "lisp" is only required on Emacs < 31.1.







3.3. use-package with :load-path


(use-package ghostel
  :load-path "/path/to/ghostel/lisp")







3.4. Manual



(add-to-list 'load-path "/path/to/ghostel/lisp")
(require 'ghostel)






Then M-x ghostel to open a terminal.







3.5. Native module



When the native module is missing, Ghostel offers to download a pre-built
binary or compile from source.  This is controlled by
ghostel-module-auto-install (default ask).  You can also trigger these
manually:




	M-x ghostel-download-module - download the minimum supported pre-built
binary.

	C-u M-x ghostel-download-module - choose a specific release tag (leave blank
for the latest).

	M-x ghostel-module-compile - build from source via zig build.





By default the module is read from and written to the package directory.  If
your package manager rebuilds or reinstalls the tree while Emacs has the module
loaded, point ghostel-module-directory at a stable location outside the
package tree (for example ~/.config/emacs/ghostel/).







3.6. Platform notes



3.6.1. Windows



Ghostel supports native Windows Emacs builds with dynamic module support.  The
pre-built release modules target the common x86_64 and aarch64 native Emacs
architectures; the module DLL must match the architecture of Emacs, not merely
the architecture of Windows itself.  Unusual custom Emacs builds, including
static-CRT builds, are best-effort.




Local terminals use Windows ConPTY.  Ghostel first looks for support files from
Microsoft's redistributable console runtime next to the native module
(conpty.dll and the matching OpenConsole.exe helpers).  When present, those
files provide newer ConPTY behavior than older inbox Windows versions and can
improve both interactivity and terminal-protocol correctness.  If they are not
installed, Ghostel falls back to the inbox Windows ConPTY API.




Downloading a pre-built Ghostel module also downloads the matching support files
from the same Ghostel release.  When compiling the module locally, Ghostel tries
to install the latest available support files; failure to install them is
non-fatal because the inbox ConPTY fallback remains available.




TRAMP remote terminals from Windows are limited to POSIX remotes.  They use
TRAMP/ssh rather than local ConPTY, so the PTY lives on the remote host.  Dynamic
window resizing for Windows-to-TRAMP terminals is not currently supported.











4. Building from source



Building is only needed if you do not want the pre-built binaries.  Ghostel
vendors a generated vendor/emacs-module.h, so normal builds do not require
local Emacs headers.




git clone https://github.com/dakra/ghostel.git
cd ghostel

zig build --prefix . -Doptimize=ReleaseFast






To override the vendored Emacs header, set EMACS_INCLUDE_DIR to a directory
containing emacs-module.h, or set EMACS_BIN_DIR to an Emacs bin/ directory



	Ghostel then looks for ../include and ../share/emacs/include.





To build against a local ghostty checkout, temporarily point the dependency at
your local path:




zig fetch --save=ghostty /path/to/ghostty
zig build --prefix . -Doptimize=ReleaseFast






The module and ghostel-module.version sidecar are installed under Zig's
install prefix.  Use --prefix . when building into a checkout that Ghostel
should load directly, or pass another prefix matching ghostel-module-directory.
On Windows, local builds normally use Zig's MinGW target (for example
-Dtarget=x86_64-windows-gnu) so they match common native Emacs builds and do
not require a Windows SDK.




When installed from MELPA, M-x ghostel-module-compile builds the native module
from source using zig build --prefix <ghostel-module-directory>; the Zig package
manager fetches the ghostty dependency automatically.





4.1. Bundled terminfo


The compiled xterm-ghostty terminfo entry ships pre-built in etc/terminfo/
and is identical to what tic would produce locally - no build step needed, and
the file format is portable across BSD and ncurses systems.  Maintainers
regenerate it via make regen-terminfo after bumping libghostty.







5. Shell integration



Shell integration (directory tracking via OSC 7, prompt navigation via OSC 133,
title tracking via OSC 2, and ghostel_cmd for calling Elisp from the shell) is
automatic for bash, zsh, fish, and nushell.  No changes to your shell
configuration files are needed.




For nushell, OSC 7/133/2 come from nushell's own $env.config.shell_integration
(on by default), so ghostel's ghostel.nu only adds ghostel_cmd and the
outbound ssh terminfo wrapper.  Leave shell_integration.osc7 and .osc133
enabled or directory tracking and prompt navigation will stop working.




This is controlled by ghostel-shell-integration (default t).  Set it to nil
to disable auto-injection and source the scripts manually instead:




[[ "${INSIDE_EMACS%%,*}" = 'ghostel' ]] && source "$EMACS_GHOSTEL_PATH/etc/shell/ghostel.bash"






[[ "${${INSIDE_EMACS-}%%,*}" = 'ghostel' ]] && source "$EMACS_GHOSTEL_PATH/etc/shell/ghostel.zsh"






# fish - add to ~/.config/fish/config.fish:
string match -qr '^ghostel(,|$)' -- "$INSIDE_EMACS"; and source "$EMACS_GHOSTEL_PATH/etc/shell/ghostel.fish"






# nushell - add to your config.nu (use the absolute path to your ghostel
# checkout).  nushell's `source' needs a parse-time-constant path, so it
# cannot be gated on $INSIDE_EMACS; the script is inert until used, so an
# unconditional source is safe:
source /path/to/ghostel/etc/shell/ghostel.nu






macOS's built-in /bin/bash is version 3.2, which Apple patched to ignore the
ENV variable auto-injection relies on - so automatic integration does not
work with it.  Use a newer bash (e.g. Homebrew's) via ghostel-shell, or source
ghostel.bash manually from ~/.bashrc as shown above.




Remote (TRAMP / outbound ssh) shell integration has its own setup; see TRAMP
(Remote Terminals).







6. Input modes



Ghostel offers five eat.el-style input modes.  You enter a ghostel buffer in
semi-char mode; switch modes with the key bindings below and watch
mode-line-process for the current mode indicator.

















	Mode
	Indicator
	Terminal
	Input handling





	semi-char
	(none)
	live
	type to terminal, C-c reserved




	char
	:Char
	live
	all keys go to the terminal




	Emacs
	:Emacs
	live
	Emacs navigation/search/copy




	copy
	:Copy
	frozen
	Emacs navigation/search/copy, stable output




	line
	:Line
	live
	compose input with Emacs keys, send on RET








6.1. Mode-switch keybindings



Available from every mode except char mode:













	Key
	Action





	C-c C-j
	Switch to semi-char mode (universal exit)




	C-c M-d
	Switch to char mode




	C-c C-e
	Switch to Emacs mode




	C-c C-t
	Toggle copy mode




	C-c C-l
	Switch to line mode




	M-RET
	Char mode only: return to semi-char










6.2. Semi-char mode (default)



Most keys are sent to the terminal.  Keys in ghostel-keymap-exceptions
(default: C-c, C-x, C-u, C-h, M-x, M-:, C-\) pass through to Emacs.













	Key
	Action





	Most keys
	Sent directly to the terminal




	C-c C-c
	Send interrupt (C-c)




	C-c C-z
	Send suspend (C-z)




	C-c C-d
	Send EOF (C-d)




	C-c C-\
	Send quit (C-\)




	C-c M-w
	Copy entire scrollback to kill ring




	C-y
	Yank from kill ring (bracketed paste)




	M-y
	Yank-pop (cycle through kill ring)




	C-c C-y
	Paste from kill ring




	C-c M-l
	Clear scrollback




	C-c C-n
	Jump to next hyperlink




	C-c C-p
	Jump to previous hyperlink




	C-c M-n
	Enter Emacs mode and jump to next prompt




	C-c M-p
	Enter Emacs mode and jump to previous prompt




	C-c C-q
	Send next key literally (escape hatch)




	Mouse wheel
	Scroll through scrollback










6.3. Char mode


Entered with C-c M-d.  All keys (including ghostel-keymap-exceptions) are
sent to the terminal.  Useful for TUI apps that want to bind C-x, M-x, C-h,
etc. themselves.  M-RET (or C-M-m) is the sole escape hatch.





6.4. Emacs mode



Entered with C-c C-e.  The terminal keeps running, the buffer is read-only,
and standard Emacs bindings fall through to the global map.  isearch-forward,
occur, M-x, C-SPC + M-w, arrow keys, wheel scroll - all work unmodified.  The
terminal keeps producing output and the buffer keeps growing, but your point
stays where you navigated it (the delayed-redraw path preserves point in Emacs
mode).




Typed keys do not reach the shell - Emacs mode is a "look but don't touch"
view.  Self-insert, RET, TAB, DEL fall through to the read-only buffer and
trigger text-read-only, so a stray keystroke cannot accidentally land at the
prompt.  Switch to semi-char mode (C-c C-j) when you want to type to the shell.
C-y is the exception: it pastes via bracketed paste as a deliberate action and
snaps point back to the live cursor.




C-c C-e toggles Emacs mode off again (returning to the mode you came from), and
C-c C-t switches to copy mode to freeze the output.




Use this for searching through scrollback while a build is running, filtering
streaming logs with M-x occur, marking and copying across the visible history,
or running any buffer-based command over the terminal's output without having to
freeze it.







6.5. Copy mode



Entered with C-c C-t.  The terminal is frozen - no live output updates the
buffer until you exit.  Use this when you want to select text precisely without
the terminal scrolling underneath your cursor.  The aggressive copy-mode keymap
exits on self-insert, so typing a letter sends it to the terminal and returns to
semi-char mode (controlled by ghostel-readonly-fast-exit).




C-c C-t toggles copy mode off again, and C-c C-e switches to Emacs mode -
read-only but live, so output resumes - without going through semi-char.













	Key
	Action





	C-SPC
	Set mark




	M-w / C-w
	Copy selection and exit




	C-n / C-p
	Move line




	M-v / C-v
	Scroll page up / down




	M-< / M->
	Jump to top / bottom of buffer




	C-c C-n
	Jump to next hyperlink




	C-c C-p
	Jump to previous hyperlink




	C-c M-n
	Jump to next prompt




	C-c M-p
	Jump to previous prompt




	C-l
	Recenter viewport




	q
	Exit without copying




	a - z
	Exit and send key to terminal







Soft-wrapped newlines are automatically stripped from copied text.







6.6. Mouse selection



Click-and-drag inside a ghostel buffer creates a region.  On release,
ghostel-mouse-drag-or-set-region switches input mode so streaming terminal
output cannot clobber the selection - the target is picked by
ghostel-mouse-drag-input-mode (default copy):




	copy - enter copy mode.  Redraws pause; the selection is stable regardless of
where it sits.

	emacs - enter Emacs mode.  The terminal keeps streaming and the buffer becomes
read-only; selections wholly in scrollback survive, selections over rows the
live program rewrites can still be lost.

	nil - stay in semi-char.  Same selection-survival guarantees as emacs, but
M-w is forwarded to the shell so it cannot copy the region - pick this only if
you copy via primary selection or the GUI menu.





A single click inside a window that is already selected sets point and then
switches input mode per ghostel-mouse-drag-input-mode, the same as a drag.  A
click that focuses a previously-unselected window only gives that window focus:
point lands at the terminal's input cursor (not the click) and the input mode is
unchanged.  A click meant just to focus a window therefore never freezes the buffer.  (Set
ghostel-mouse-drag-input-mode to nil to turn the click feature off, so a click sets
point like in any Emacs buffer.)  When ghostel is in a terminal-input mode and a
TUI has DEC mouse-tracking enabled (1000/1002/1003 - htop, lazygit, etc.), the
click is forwarded to the program and none of the above applies.  Copy, Emacs,
and line modes keep normal Emacs mouse behavior even if terminal mouse tracking
is active.




Double- and triple-click select the word and line under the cursor respectively,
and protect that region the same way a drag does (from any window, focused or not).




The same protection exists for keyboard selections: when a command activates
the mark in semi-char mode - C-SPC (set-mark-command), an expand-region
variant, C-x h, anything that turns the region on - ghostel switches to the
input mode picked by ghostel-mark-activation-input-mode (copy by default,
emacs, or nil to stay in semi-char).  This hooks mark activation rather than
any particular key, so custom bindings like set-mark-or-expand trigger it
too.  Note that on a TTY Ctrl+Space is indistinguishable from C-@ (NUL) and
is forwarded to the terminal instead; in char mode Ctrl+Space always reaches
the terminal as NUL (GUI and TTY alike).




The same applies when a command merely moves point off the live input point
without selecting anything.  isearch (via isearch-mode-end-hook) and
minibuffer commands like consult-line (via minibuffer-exit-hook) switch to
the mode picked by ghostel-point-leave-input-mode (copy by default,
emacs, or nil to disable), so the position is frozen and the content is
navigable instead of the next redraw yanking point back to the prompt.




Other jump packages have no built-in hook, so wire them up with the command
ghostel-maybe-leave-input.  It is a no-op unless, in semi-char mode, point has
moved off the live cursor, in which case it applies ghostel-point-leave-input-mode.
It ignores its arguments, so it serves as both a hook function and :after advice:




(add-hook 'flash-after-jump-hook #'ghostel-maybe-leave-input)

(with-eval-after-load 'avy
  (advice-add 'avy-action-goto :after #'ghostel-maybe-leave-input))









6.7. Line mode



Entered with C-c C-l.  Line mode buffers the user's input locally in Emacs -
no keystrokes are forwarded to the shell while composing.  Full Emacs editing
(M-b, M-DEL, C-y yank, transpose-words, etc.) works on the input region.
Pressing RET sends the whole line to the shell in one write; bash receives it
atomically, echoes and executes it.




The terminal stays live: output keeps streaming and the buffer keeps
re-rendering while you compose.  A snapshot/restore step in the delayed-redraw
path captures the in-progress input before each redraw and re-inserts it at the
new prompt-end afterwards, so async output or a fresh prompt arriving mid-edit
does not clobber what you typed.  After RET, line mode stays active - the next
prompt is found on the following redraw cycle and the input marker moves there.




Line mode uses the terminal cursor as the input-area boundary, so REPLs without
shell integration (python3, irb, sqlite3, …) work too.  When OSC 133 prompt
markers are present on the cursor's row, the prompt prefix is recognised and the
input boundary lands right after it.  As a fallback without OSC 133, the prompt
prefix is matched against ghostel-prompt-regexp.




Line mode and fullscreen TUIs (vim, less, htop, …) cannot share the same
keystroke stream - the TUI needs every key forwarded raw, while line mode
buffers them locally.  Ghostel handles this transparently: when an alt-screen
TUI starts, line mode drops to semi-char so the TUI gets its keys, with a brief
message that it will resume on exit.  When the TUI exits, line mode resumes at
the new prompt.




Pressing C-c C-l on the alt screen does the right thing for what is running.
Over a raw TUI it arms that same auto-resume, so line mode activates when the
TUI exits; an explicit mode switch (C-c C-j, ghostel-char-mode, etc.) cancels
the arming.  At an inner shell prompt - a tmux=/=screen session whose OSC 133
markers reach Ghostel via passthrough - C-c C-l enters line mode at that prompt
directly.  When those markers do not pass through, C-u C-c C-l forces entry
anyway.




TAB completes the input via ghostel-line-mode-completion-at-point-functions
(comint filename/command completion by default), and optionally layers bash
programmable completion on top via ghostel-line-mode-use-bash-completion.













	Key
	Action





	(letters)
	Edit local input (never sent char-by-char)




	RET
	Send the whole line to the shell, stay in line mode




	TAB
	Complete input at point




	C-c C-c
	Discard input and send SIGINT, stay in line mode




	C-d
	Delete char, or send EOF at empty input




	M-p / M-n
	History ring: previous / next entry




	C-a
	Beginning of input on the prompt row, else beginning-of-line




	C-c C-j
	Exit to semi-char mode (discards input)













7. Features



7.1. Terminal emulation



	Full VT terminal emulation via libghostty-vt.

	256-color and RGB (24-bit true color) support.

	TERM=xterm-ghostty with bundled terminfo - apps that consult terminfo for
capabilities (Claude Code, neovim, tmux, modern TUIs) discover synchronized
output (DEC 2026), the Kitty keyboard protocol, true color, colored
underlines, focus reporting, etc., and use their fast paths.  Synchronized
output in particular eliminates the choppy partial-redraw effect when Claude
Code repaints over a large scrollback.  OSC 52 (clipboard) is supported but
intentionally not advertised in the bundled terminfo (see Clipboard).
Override via ghostel-term.

	OSC 4 / 10 / 11 color queries - TUI programs can query the current palette,
foreground, and background colors, so tools like duf, btop, delta, and
anything else using termenv auto-detect the right light/dark theme from the
Emacs face colors.

	OSC 9 / OSC 777 - desktop notifications and ConEmu progress reports (see
Notifications and Progress).

	Text attributes: bold, italic, faint, underline (single/double/curly/dotted/dashed, with color), strikethrough, inverse.

	Cursor styles: block, bar, underline, hollow block - each steady or blinking.

	Alternate screen buffer (for TUI apps like htop, vim, etc.).

	Scrollback buffer (configurable, default 5 MB / ~5,000 lines, materialized
into the Emacs buffer so isearch / consult-line work over history).








7.2. Process model



Local ghostel buffers use a native PTY path by default
(ghostel-use-native-pty).  The native reader consumes PTY output on a
background thread, updates libghostty-vt asynchronously, and notifies Emacs
through an event pipe when callbacks or redraws are needed.  This keeps large
log streams and full-screen TUI redraws from running through Emacs process
filters byte-for-byte.




Remote TRAMP buffers still use Emacs process machinery so TRAMP can spawn the
shell on the remote host and apply its file handlers.  The rendering and input
APIs are shared by both paths.







7.3. Bookmarks



Ghostel buffers work with Emacs's built-in bookmarks.  bookmark-set (C-x r
m) records the terminal's working directory and buffer name; bookmark-jump
(C-x r b) reopens it — reusing a live ghostel buffer of that name, or starting
a fresh shell in the bookmarked directory when none exists.  Bookmarks capture
the directory and name only (not scrollback or session contents), matching
vterm.




ghostel-bookmark-check-dir (default t) controls directory restoration: a
fresh buffer starts its shell in the bookmarked directory, and a reused buffer
that has since moved elsewhere gets a cd typed into its shell.  Set it to nil
to leave the directory alone.







7.4. Links and file detection



	OSC 8 hyperlinks - clickable URLs emitted by terminal programs (click or
RET to open).

	Plain-text URL detection - automatically linkifies http:// and https://
URLs even without OSC 8 (toggle with ghostel-enable-url-detection).

	File path detection - patterns like /path/to/file.el:42 become clickable,
opening the file at the given line (toggle with ghostel-enable-file-detection;
tune the path pattern with ghostel-file-detection-path-regex).








7.5. Clipboard



	OSC 52 clipboard - terminal programs can set the Emacs kill ring and system
clipboard (opt-in via ghostel-enable-osc52, useful for remote SSH sessions).
The bundled xterm-ghostty terminfo intentionally does not advertise the
Ms capability, so apps do not auto-discover it.  This avoids silent clipboard
drops when ghostel-enable-osc52 is at its default nil.  If you enable OSC 52
and want apps (neovim, tmux) to auto-detect it, install upstream Ghostty's
terminfo on the same path or override TERMINFO.

	Bracketed paste - yank from the kill ring sends text as a bracketed paste so
shells handle it correctly.








7.6. Input



	Full keyboard input with the Ghostty key encoder (respects terminal modes,
Kitty keyboard protocol).

	Mouse tracking (press, release, drag) via the SGR mouse protocol - TUI apps
receive full mouse input.

	Focus events gated by DEC mode 1004.

	Drag-and-drop (file paths and text).








7.7. Password prompt detection



When sudo, ssh, gpg, passwd, etc. ask for a password, ghostel pops up
read-passwd and sends the answer through the PTY - keystrokes never flow through
Emacs's normal key pipeline, so the password does not land in view-lossage,
the recent-keys ring, or any keyboard-macro recording.  This is controlled by
ghostel-detect-password-prompts (default t).




Detection has two layers.  The primary signal mirrors libghostty's heuristic: the
slave tty is in canonical mode with echo off, read via a small tcgetattr Zig
binding.  This catches local programs that flip !ECHO (sudo, ssh's own prompt,
gpg, …).  A cursor-row regex fallback (ghostel-password-prompt-regex,
defaulting to comint-password-prompt-regexp) covers cases the tty signal cannot
see, but runs only when the foreground shell is on a remote host
(ghostel--remote-shell-p, derived from the TRAMP default-directory ghostel
keeps in sync via OSC 7).  Gating it on remote-only avoids false positives from
local raw-mode TUIs like vim or less, and structural anchoring keeps shell-typed
lines such as $ echo Password: from triggering.  See ghostel-debug-start /
ghostel-debug-password-events-show for diagnostics.




The mode line shows = 🔒Password= while a prompt is open.  Wrong-password retries are detected automatically (the cursor moves to the new
prompt row).  The wire copy of the
password is clear-string'd immediately after sending, so it does not linger in the
heap.




Detection is extensible via ghostel-password-prompt-functions - a chain of
(ROW) -> string-or-nil sources tried in order.  The default reads with
read-passwd; users prepend their own (auth-source / KeePass / pass / etc.) and
the default acts as the fallback.  The defcustom docstring includes a
TRAMP-aware auth-source-pick-first-password example.







7.8. Shell integration features



	Automatic injection for bash, zsh, and fish - no shell RC edits needed.

	OSC 7 - directory tracking (default-directory follows the shell's cwd,
TRAMP-aware for remote hosts).

	OSC 133 - semantic prompt markers, enabling prompt-to-prompt navigation with
C-c M-n / C-c M-p.

	OSC 2 - title tracking (the buffer is renamed from the terminal title; see
ghostel-buffer-name-function).

	OSC 52;e - call whitelisted Emacs functions from shell scripts (see Calling
Elisp from the Shell).

	OSC 52 - clipboard support (opt-in, for remote sessions).

	INSIDE_EMACS and EMACS_GHOSTEL_PATH environment variables.








7.9. Rendering



	Incremental redraw - unchanged rows are skipped.

	Timer-based batched updates with adaptive frame rate.

	Immediate redraw for interactive typing echo - PTY output arriving shortly
after a keystroke bypasses the timer, eliminating 16-33ms of latency per
keypress.

	Asynchronous local PTY output - local PTY output is parsed by the native
reader and Emacs is notified only when callbacks or redraws are needed.

	Cursor position updates even without cell changes.

	Theme-aware color palette (syncs with the Emacs theme via ghostel-sync-theme).








7.10. Inline images (Kitty graphics protocol)



Ghostel renders inline images using the Kitty graphics protocol via libghostty.
It supports both placement modes used by real-world tools:




	Traditional placements - timg, kitty +kitten icat, and any tool that emits
direct kitty graphics commands.

	Unicode-placeholder placements (U+10EEEE) - used by yazi and other modern
image previewers to anchor images to the buffer's text grid.





Pixel data is rendered through Emacs's built-in image support: PNG payloads are
decoded by a vendored stbimage, and raw RGB/RGBA/Gray/GrayAlpha transmissions
are converted to PPM in the native module - no external ImageMagick dependency.




XTWINOPS size queries (CSI 14 / 16 / 18 t) are answered so apps can detect
graphics support and pick image dimensions; without that, timg falls back to
half-block rendering even when TERM_PROGRAM=ghostty.




Cell pixel sizes are reported as physical pixels via ghostel-cell-pixel-scale
(default auto, derived from display DPI).  On most displays this approximates
standalone Ghostty's output; for pixel-perfect parity (especially on Linux
Wayland with fractional scaling or non-standard DPI), set an explicit number.





7.10.1. Limitations



	Alpha is dropped, not composited.  All formats - raw RGBA, GrayAlpha, and
PNG - go through an RGBA→PPM conversion that strips the alpha channel (PNGs are
decoded to RGBA by libghostty's PNG hook at transmit time, then follow the same
path).  Transparent pixels render as whatever the underlying color value
happens to be (most decoders emit black).  Acceptable for thumbnails and
screenshots; not ideal for icons with semi-transparent edges.

	Source-rect cropping is not supported.  Atlas-style placements that specify a
sub-region of the source image (x, y, w, h in the kitty protocol) are
refused with an explicit error rather than silently mis-rendering.  Full-image
placements - what timg, yazi, and kitty +kitten icat use - are unaffected.

	Multiple simultaneous virtual placements share rendering.  Unicode-placeholder
placements that coexist in the same buffer are rendered as a single image; the
most recent transmission wins.  yazi's preview pane uses one image at a time,
so this has not been a problem in practice.

	Non-direct mediums are off by default for safety.  Only the inline (base64)
medium is enabled; file / temp-file / shared-memory mediums are opt-in via
ghostel-kitty-graphics-mediums.  See its docstring for the
privilege-escalation reasoning.










7.11. Calling Elisp from the shell



Shell scripts running inside ghostel can call whitelisted Elisp functions via
the ghostel_cmd helper (provided by the shell integration scripts):




ghostel_cmd find-file "/path/to/file"
ghostel_cmd message "Hello from the shell"






This uses an OSC 52 escape sequence with a reserved kind byte
(\e]52;e;<payload>\e\\) - a ghostel-private extension.  Only functions listed
in ghostel-eval-cmds are allowed.




Default whitelisted commands: find-file, find-file-other-window, dired,
dired-other-window, message.




Add your own with:




(add-to-list 'ghostel-eval-cmds '("magit-status-setup-buffer" magit-status-setup-buffer))






Example shell aliases (add to your .bashrc / .zshrc):




if [[ "${INSIDE_EMACS%%,*}" = 'ghostel' ]]; then
        e()   { ghostel_cmd find-file-other-window "$@"; }

        dow() { ghostel_cmd dired-other-window "${1:-$PWD}"; }

        gst() { ghostel_cmd magit-status-setup-buffer "$(pwd)"; }
fi









7.12. Notifications and progress



Ghostel recognises two notification protocols used by terminal programs:




	OSC 9 (iTerm2 form): ESC ] 9 ; BODY ST - body only.

	OSC 777 (rxvt notify): ESC ] 777 ; notify ; TITLE ; BODY ST - title + body.





Both route to ghostel-notification-function with (TITLE BODY).  The default
handler, ghostel-default-notify, uses the alert package when installed - it picks
a sensible backend per platform (osascript on macOS, libnotify on Linux, Growl,
terminal-notifier, etc.) and is configurable via alert-default-style.  Install
it from MELPA with M-x package-install RET alert RET.




When alert is not available, ghostel falls back to message, which only appears
in the echo area.  Set ghostel-notification-function to nil to silence
notifications entirely, or to your own function to route them elsewhere.




A custom handler receives the title and body and can route them anywhere:




(setq ghostel-notification-function
      (lambda (title body)
        (alert body :title (or title "ghostel") :category 'ghostel)))






ConEmu's OSC 9;4 progress protocol is also recognised: build tools, AI agents
like Claude Code, and other long-running commands emit it to report completion
percentage.  Ghostel dispatches these to ghostel-progress-function with (STATE
PROGRESS) where STATE is one of remove, set, error, indeterminate, pause and
PROGRESS is an integer 0-100 or nil.




Two built-in handlers are available:




	ghostel-default-progress - plain text in mode-line-process: [42%], [...],
[err 73%], [paused 25%], or cleared on remove.  Zero dependencies.

	ghostel-spinner-progress - animates mode-line-process via spinner.el during
indeterminate (e.g. while Claude Code is working) and falls back to the same
text indicator for the other states.





ghostel-progress-function defaults to ghostel-spinner-progress when spinner.el
is on the load-path at ghostel load time, otherwise to ghostel-default-progress.
Pin a specific handler explicitly:




(setq ghostel-progress-function #'ghostel-spinner-progress)
(setq ghostel-progress-function #'ghostel-default-progress)
(setq ghostel-spinner-type 'horizontal-moving)









7.13. Color palette



The 16 ANSI colors are defined as Emacs faces inheriting from term-color-*:




ghostel-color-black         ghostel-color-bright-black
ghostel-color-red           ghostel-color-bright-red
ghostel-color-green         ghostel-color-bright-green
ghostel-color-yellow        ghostel-color-bright-yellow
ghostel-color-blue          ghostel-color-bright-blue
ghostel-color-magenta       ghostel-color-bright-magenta
ghostel-color-cyan          ghostel-color-bright-cyan
ghostel-color-white         ghostel-color-bright-white




Themes that customize term-color-* faces automatically apply.  Customize
individual faces with M-x customize-face.




Default text inherits from the ghostel-default face, which inherits from
default.  Customize it to give ghostel terminals different default colors,
font, or size than the rest of Emacs (e.g. a dark terminal inside a light Emacs):




(set-face-attribute 'ghostel-default nil
                    :foreground "#cdd6f4"
                    :background "#1e1e2e"
                    :family "Iosevka Term")






Bold text coloring follows ghostel-bold-color (nil = same color as normal text,
bright = use the bright ANSI variant, or a fixed #RRGGBB string), matching
Ghostty 1.2.0's bold-color configuration.









8. TRAMP (Remote Terminals)



When default-directory is a TRAMP path (e.g. /ssh:host:/home/user/), M-x
ghostel spawns a shell on the remote host via TRAMP's process machinery.  The
ghostel-tramp-shells variable controls which shell to use per TRAMP method:




(setq ghostel-tramp-shells
      '(("ssh" login-shell)                  ("sshx" login-shell)
        ("scp" login-shell)
        ("docker" "/bin/sh")))       






Each entry is (METHOD SHELL [FALLBACK [ARG...]]).  SHELL can be a path like
"/bin/bash" or the symbol login-shell to auto-detect the remote user's login
shell via getent passwd.  FALLBACK is used when detection fails.




Any elements after FALLBACK are extra arguments for the shell.  When none are
given, ghostel supplies a type-aware default: recognized shells (bash, zsh,
fish) are started as login+interactive shells (-l -i) so they source the
user's rc/profile files, mirroring an interactive ssh host login; unrecognized
shells (e.g. /bin/sh) get no args.  This default also applies when remote shell
integration (see below) is enabled, so your own config still loads alongside it
— except bash uses -i only there, since a login bash ignores the --rcfile the
integration relies on.  To override, list the arguments explicitly after
FALLBACK:




(setq ghostel-tramp-shells
      '(("ssh" login-shell nil "-i")            ("docker" "/bin/sh")))






OSC 7 directory tracking is TRAMP-aware: when the shell reports a remote
hostname, default-directory is set to the corresponding TRAMP path, reusing the
existing TRAMP prefix (method, user, multi-hop) when available.  When no prefix
exists, the method defaults to tramp-default-method; set
ghostel-tramp-default-method to override it for ghostel specifically (e.g.
"scp", or "rpc" with emacs-tramp-rpc).




Remote terminals are supported for POSIX remotes reached through SSH-style TRAMP
methods.  Windows remotes are not supported by this path: Ghostel's remote
wrapper uses POSIX shell and tty facilities.




Dynamic remote resize support depends on the local platform and TRAMP method.
POSIX local Emacs builds can rely on the SSH client to propagate window-size
changes to the remote PTY.  Windows-to-TRAMP remote terminals can run, but
dynamic resize is currently unsupported.





8.1. Remote shell integration


By default, shell integration scripts are not injected for remote sessions.
There are two ways to enable it.



8.1.1. Option 1: Automatic injection (recommended for convenience)



Set ghostel-tramp-shell-integration to t to have ghostel automatically transfer
integration scripts to the remote host:




(setq ghostel-tramp-shell-integration t)






This creates small temporary files on the remote host (cleaned up when the
terminal exits).  You can also enable it for specific shells only:




(setq ghostel-tramp-shell-integration '(bash zsh))









8.1.2. Option 2: Manual setup (recommended for permanent remote hosts)



Copy the integration scripts from ghostel's etc/shell/ directory to each remote
host (e.g. ~/.local/share/ghostel/) and source them from your shell
configuration.  Optionally co-locate the bundled xterm-ghostty terminfo there
too - the wrapper that launches a TRAMP-spawned remote shell prepends
~/.local/share/ghostel/terminfo to the terminfo search path, so ghostty-aware
apps (Claude Code, neovim, tmux, …) get their fast paths without needing tic
or ~/.terminfo (see Manual install for that alternative).  From a local shell:




ssh REMOTE 'mkdir -p ~/.local/share/ghostel/terminfo'
scp "$EMACS_GHOSTEL_PATH"/etc/shell/ghostel.{bash,zsh,fish,nu} REMOTE:.local/share/ghostel/
scp -r "$EMACS_GHOSTEL_PATH"/etc/terminfo/{x,78} REMOTE:.local/share/ghostel/terminfo/






($EMACS_GHOSTEL_PATH is set inside ghostel buffers; outside, substitute the
install path of the ghostel package.  The terminfo scp is optional - without it,
TRAMP-spawned remote shells fall back to TERM=xterm-256color, which still has
working echo and basic colors but no ghostty-specific fast paths.)




Then add the appropriate gate to the remote shell config:




if [[ "${INSIDE_EMACS%%,*}" = 'ghostel' || "$TERM" = 'xterm-ghostty' ]]; then
    source ~/.local/share/ghostel/ghostel.bash
fi






if [[ "${${INSIDE_EMACS-}%%,*}" = 'ghostel' || "$TERM" = 'xterm-ghostty' ]]; then
    source ~/.local/share/ghostel/ghostel.zsh
fi






# fish - ~/.config/fish/config.fish on the remote host:
if string match -qr '^ghostel(,|$)' -- "$INSIDE_EMACS"; or test "$TERM" = 'xterm-ghostty'
    source ~/.local/share/ghostel/ghostel.fish
end






# nushell - config.nu on the remote host.  nushell's `source' cannot be
# gated at runtime, but ghostel.nu is inert until used, so source it
# unconditionally (tilde expands at parse time):
source ~/.local/share/ghostel/ghostel.nu






The two-clause gate covers both ways a remote ghostel shell can be reached:




	TRAMP-launched ghostel (M-x ghostel from a /ssh:host: path) rewrites
INSIDE_EMACS to ghostel,tramp:VER on the remote.  The ${INSIDE_EMACS%%,*}
prefix match catches it.

	Plain ssh REMOTE from a local ghostel buffer cannot propagate INSIDE_EMACS
over ssh - SetEnv requires server-side AcceptEnv to take effect.  Instead,
the gate falls back on TERM, which the SSH protocol does propagate natively.
Ghostel sets TERM=xterm-ghostty in the local PTY shell environment (controlled
by ghostel-term), so any ssh spawned from inside the buffer inherits and
forwards that value.





False positives - situations where the second clause matches but the session is
not actually ghostel - include any ssh from a non-ghostel ghostty terminal,
nested ssh hops carrying the same TERM through, and anyone who manually exports
TERM=xterm-ghostty.  Sourcing the integration in those cases is harmless (OSC 7
/ OSC 133 work in plain ghostty too; ghostel_cmd becomes a no-op without ghostel
on the other end).




If you customize ghostel-term to something other than xterm-ghostty, the
second clause will not match.  Drop it and rely on TRAMP-launched ghostel for
remote integration, or replace it with a match against your customized TERM.




The integration scripts provide directory tracking (OSC 7), prompt navigation
(OSC 133), and ghostel_cmd for calling Elisp from the shell.









8.2. Remote xterm-ghostty terminfo



Ghostel sets TERM=xterm-ghostty so apps inside the buffer get the full
capability set (synchronized output, Kitty keyboard, etc.).  That same TERM
value gets inherited by anything spawned inside the buffer - including ssh
REMOTE and M-x ghostel from a TRAMP default-directory.  Remote hosts without
the xterm-ghostty entry will then print Error opening terminal: xterm-ghostty.




ghostel-ssh-install-terminfo (default auto) handles both cases.  auto is
enabled when ghostel-tramp-shell-integration is on, so turning on remote
integration also turns on terminfo install - one switch.





8.2.1. TRAMP-launched ghostel


M-x ghostel from a TRAMP path (/ssh:host:/path/) spawns the shell on the
remote.  Ghostel pushes the bundled compiled terminfo to a remote temp dir over
the existing TRAMP connection (no extra ssh round-trip), sets TERMINFO=<that
dir> in the remote shell's env, and cleans up on exit.  Both Linux (x/, g/)
and macOS (78/, 67/) layouts are written so any ncurses or BSD libcurses finds
it.  Nothing persists on the remote.





8.2.2. Outbound ssh from a local ghostel buffer



The bundled bash/zsh/fish integration shadows ssh with a function that:




	Resolves the canonical target via ssh -G (normalises sshconfig aliases).

	Looks up the target in ~/.cache/ghostel/ssh-terminfo-cache.  The cache key
includes a hash of the local terminfo, so libghostty bumps automatically
invalidate it.  Cache hit → connect with the remembered TERM.

	On miss, runs a single setup ssh that probes whether the entry already exists
on the remote, and if not, installs it via tic -x - into ~/.terminfo/.
Records ok (use xterm-ghostty) or skip (use xterm-256color) in the cache.

	Runs the user's actual ssh with the resolved TERM.





The setup ssh is one extra connection per new host.  Without ControlMaster you
will see two auth prompts the first time.  Strongly recommended:




Host *
    ControlMaster auto
    ControlPath   ~/.ssh/cm-%r@%h:%p
    ControlPersist 60s






With this, the setup connection and the real connection share a single auth.
Subsequent connections within ControlPersist are free.




The cache key includes a hash of the local terminfo, so libghostty bumps
automatically invalidate the cache.  It does NOT notice when a remote's terminfo
changes out-of-band (system update, manual tic).  Run M-x
ghostel-ssh-clear-terminfo-cache to force a re-probe.




Verified working from macOS to Linux remotes.  Mixed macOS-to-macOS or BSD
targets inherit tic's native hashed-dir layout (~/.terminfo/<hex>/); infocmp
reads the same path so they pair correctly.




Skip-install heuristics:




	ssh HOST cmd (user passes a remote command): the wrapper skips install for
that call to avoid clashing with the user's command.  Connects with the cached
TERM if known, otherwise xterm-256color.  The next interactive ssh HOST
triggers install.

	ssh -V, ssh -h, etc. (no host resolved): pass through.

	No infocmp locally: pass through.





Per-call escape: prefix with GHOSTEL_SSH_KEEP_TERM=1 to bypass the wrapper
entirely.







8.2.3. Manual install (no auto-machinery)



If you would rather not have ghostel touch remote hosts (and do not want the
auto-cache), set (setq ghostel-ssh-install-terminfo nil) and install the entry
yourself once per host.




Pipe the local entry across:




infocmp -x xterm-ghostty | ssh REMOTE 'mkdir -p ~/.terminfo && tic -x -'






Or copy the bundled compiled binary from the package directory:




ssh REMOTE 'mkdir -p ~/.terminfo/x'
scp <package-dir>/etc/terminfo/x/xterm-ghostty REMOTE:~/.terminfo/x/
ssh REMOTE 'uname' | grep -q Darwin && {
    ssh REMOTE 'mkdir -p ~/.terminfo/78'
    scp <package-dir>/etc/terminfo/78/xterm-ghostty REMOTE:~/.terminfo/78/
}






After this, every shell on the remote sees xterm-ghostty and ghostel's outbound
ssh wrapper is unnecessary.







8.2.4. Drop the Ghostty advertisement entirely


Set (setq ghostel-term "xterm-256color") to drop TERM=xterm-ghostty locally.
No advertisement, no terminfo gymnastics, no synchronized output fast-path
either.









9. Configuration


All variables can be customized via M-x customize-group RET ghostel RET.  The
tables below group them by area; defaults shown are the out-of-the-box values.



9.1. Process and environment














	Variable
	Default
	Description





	ghostel-shell
	$SHELL (else /bin/sh)
	Shell program to run.  A string, or a list of executable + args.




	ghostel-use-native-pty
	t
	Use the native PTY reader for local buffers.  Remote TRAMP buffers always use Emacs processes.




	ghostel-term
	"xterm-ghostty"
	Value of TERM.  Advertises the bundled terminfo's full capability set.  Set to "xterm-256color" to fall back.




	ghostel-environment
	nil
	Extra env vars (list of "KEY=VALUE" strings; bare "KEY" unsets).  Honored via dir-locals.




	ghostel-macos-login-shell
	t on macOS
	Wrap the shell via login(1) so it starts as a login shell (matches Terminal.app / Ghostty).




	ghostel-pre-spawn-hook
	nil
	Hook run just before make-process; process-environment is bound for last-minute env tweaks.




	ghostel-buffer-name
	"*ghostel*"
	Default buffer name.




	ghostel-project-buffer-scope
	both
	How project commands scope buffers: default-directory, identity, or both.




	ghostel-buffer-name-function
	ghostel-buffer-name-by-title
	Maps OSC 2 title + default-directory to a buffer name (nil return keeps it); nil disables.




	ghostel-kill-buffer-on-exit
	t
	Kill the buffer when the shell process exits.




	ghostel-query-before-killing
	auto
	Confirm before killing a live buffer / exiting Emacs: t, nil, or auto (only while a command runs).




	ghostel-exit-functions
	nil
	Hook run with (BUFFER EVENT) when the terminal process exits.




	ghostel-command-start-functions
	(ghostel--query-before-killing-on-cmd-start)
	Hook run with (BUFFER) on OSC 133 C (command start).




	ghostel-command-finish-functions
	(ghostel--query-before-killing-on-cmd-finish)
	Hook run with (BUFFER EXIT-STATUS) on OSC 133 D (command finish).




	ghostel-bookmark-check-dir
	t
	Restore the working directory when jumping to a ghostel bookmark (cd into a reused buffer that moved).










9.2. Native module














	Variable
	Default
	Description





	ghostel-module-auto-install
	ask
	What to do when the native module is missing: ask, download, compile, or nil.




	ghostel-module-directory
	nil
	Directory holding the native module (nil = package directory).




	ghostel-github-release-url
	.../releases
	Base URL for pre-built module downloads (customize for a fork/mirror).










9.3. TRAMP and remote














	Variable
	Default
	Description





	ghostel-shell-integration
	t
	Auto-inject shell integration (bash/zsh/fish).




	ghostel-tramp-shells
	(see above)
	Shell to use per TRAMP method, with login-shell auto-detection.




	ghostel-tramp-shell-integration
	nil
	Auto-inject shell integration for remote TRAMP sessions (t, nil, or a list of shells).




	ghostel-tramp-default-method
	nil
	TRAMP method for new remote paths from OSC 7 (nil = tramp-default-method).




	ghostel-ssh-install-terminfo
	auto
	Install xterm-ghostty terminfo on remote hosts.  auto follows ghostel-tramp-shell-integration.










9.4. Rendering and performance














	Variable
	Default
	Description





	ghostel-max-scrollback
	5 MB
	Max scrollback in bytes (materialized into the buffer; ~5,000 rows at 80 cols).




	ghostel-timer-delay
	0.033
	Base redraw delay in seconds (~30 fps).




	ghostel-adaptive-fps
	t
	Adaptive frame rate (shorter delay after idle, stop timer when idle).




	ghostel-immediate-redraw-interval
	0.05
	Max seconds since last keystroke for immediate redraw.




	ghostel-inhibit-redraw-functions
	nil
	Abnormal hook (each fn called with the buffer); if any returns non-nil the redraw is deferred.  Used by add-ons such as ghostel-ime.




	ghostel-inhibit-anchor-functions
	nil
	Abnormal hook (each fn called with WINDOW and FORCE); non-nil skips anchoring that window.  Used by add-ons such as evil-ghostel.




	ghostel-cell-pixel-scale
	auto
	Physical:logical pixel ratio for cell-size reporting (auto derives from DPI).




	ghostel-glyph-scale-floor
	0.0
	Minimum scale for glyphs that don't fit the cell (0.0 preserves grid alignment; 1.0 renders CJK at natural size).










9.5. Images














	Variable
	Default
	Description





	ghostel-kitty-graphics-storage-limit
	320 MiB
	Per-terminal cap on kitty graphics storage.  0 disables kitty graphics entirely.




	ghostel-kitty-graphics-mediums
	nil
	Opt-in image-loading mediums beyond inline base64: subset of (file temp-file shared-mem).










9.6. Links, clipboard, and detection














	Variable
	Default
	Description





	ghostel-enable-url-detection
	t
	Linkify plain-text URLs in terminal output.




	ghostel-enable-file-detection
	t
	Linkify file:line references in terminal output.




	ghostel-file-detection-path-regex
	(regex)
	Path portion of the file:line[:col] detection pattern.




	ghostel-plain-link-detection-delay
	0.1
	Delay before redraw-triggered link detection runs (0 = immediate).




	ghostel-enable-osc52
	nil
	Allow apps to set the clipboard via OSC 52.




	ghostel-eval-cmds
	(see above)
	Whitelisted functions for OSC 52;e eval.










9.7. Password prompts














	Variable
	Default
	Description





	ghostel-detect-password-prompts
	t
	Watch for password prompts and pop read-passwd.




	ghostel-password-prompt-functions
	(ghostel--default-password-source)
	Sources tried in order to obtain a password (prepend auth-source, etc.).




	ghostel-password-prompt-regex
	comint-password-prompt-regexp
	Cursor-row regex fallback (remote shells only).




	ghostel-password-prompt-debounce
	0.2
	Seconds to wait after a rising edge before opening read-passwd.










9.8. Notifications and progress














	Variable
	Default
	Description





	ghostel-notification-function
	ghostel-default-notify
	Handler for OSC 9 / OSC 777 notifications (nil disables).




	ghostel-progress-function
	spinner if available, else ghostel-default-progress
	Handler for OSC 9;4 progress (nil disables).




	ghostel-spinner-type
	progress-bar
	Spinner style for ghostel-spinner-progress (see spinner-types).










9.9. Input and interaction














	Variable
	Default
	Description





	ghostel-keymap-exceptions
	("C-c" "C-x" ...)
	Keys passed through to Emacs in semi-char mode.




	ghostel-ignore-cursor-change
	nil
	Ignore terminal-driven cursor shape/visibility changes.




	ghostel-readonly-fast-exit
	t
	In copy/Emacs modes, exit on q, C-g, or any self-insert key.




	ghostel-readonly-fake-cursor
	t
	Draw a hint cursor at the live terminal position in copy/Emacs modes.




	ghostel-mouse-drag-input-mode
	copy
	Mode to enter after a click/drag/multi-click selection: copy, emacs, or nil.




	ghostel-mark-activation-input-mode
	copy
	Mode to enter when a command activates the mark: copy, emacs, or nil.




	ghostel-point-leave-input-mode
	copy
	Mode to enter when point leaves the input point (isearch/minibuffer): copy, emacs, or nil.




	ghostel-word-boundary-string
	(see docstring)
	Characters that terminate words for double-click selection and word motion (mirrors Ghostty's selection-word-chars).




	ghostel-scroll-on-input
	t
	Jump to the bottom when typing while scrolled into scrollback.




	ghostel-bold-color
	nil
	How bold text is colored: nil, bright, or a #RRGGBB string.










9.10. Line mode














	Variable
	Default
	Description





	ghostel-prompt-regexp
	(see docstring)
	Prompt-prefix regex fallback when OSC 133 markers are absent.




	ghostel-line-mode-history-size
	200
	Max entries in the line-mode history ring.




	ghostel-line-mode-completion-at-point-functions
	(comint-completion-at-point)
	Capfs activated for line-mode TAB.




	ghostel-line-mode-use-bash-completion
	auto
	Layer bash programmable completion onto TAB (auto, t, nil).




	ghostel-line-mode-bash-completion-prespawn
	nil
	Eagerly start the bash-completion subprocess on line-mode entry.












10. Extensions


These features live in separate files (or, for evil, a separate package) so the
core stays lean.  Load only what you use.



10.1. Evil-mode



Ghostel includes optional evil-mode support via evil-ghostel.el.  It
synchronizes the terminal cursor with Emacs point during evil state transitions
so that normal-mode navigation (hjkl etc.) works correctly.




evil-ghostel is distributed as an independent MELPA package that depends on
ghostel.  Install it alongside ghostel:




(use-package evil-ghostel
  :ensure t
  :after (ghostel evil)
  :hook (ghostel-mode . evil-ghostel-mode))






Or from source (Emacs 30+); :lisp-dir points package-vc at this extension's
subdirectory inside the ghostel monorepo:




(use-package evil-ghostel
  :vc (:url "https://github.com/dakra/ghostel"
       :lisp-dir "extensions/evil-ghostel"
       :rev :newest)
  :after (ghostel evil)
  :hook (ghostel-mode . evil-ghostel-mode))






When evil-ghostel-mode is active:




	Ghostel starts in insert state (terminal input works normally).

	Pressing ESC enters normal state and snaps point to the terminal cursor.

	Normal-mode navigation (h, j, k, l, w, b, e, 0, $, …) works as expected.

	Insert/append (i, a, I, A) sync the terminal cursor to point before entering
insert state.

	Delete (d, dw, dd, D, x, X) yanks text to the kill ring and deletes via the
shell.

	Change (c, cw, cc, C, s, S) deletes then enters insert state.

	Replace (r) replaces the character under the cursor.

	Paste (p, P) pastes from the kill ring via bracketed paste.

	Undo (u) sends readline undo (Ctrl+_).

	Cursor shape follows evil state (block for normal, bar for insert).

	Alt-screen programs (vim, less, htop) are unaffected.





The initial state and the ESC behavior are configurable via
evil-ghostel-initial-state (default insert) and evil-ghostel-escape (default
auto).







10.2. Compilation mode



ghostel-compile runs a shell command in a ghostel buffer and presents the
result like M-x compile - a compilation-mode-style header, footer, error
highlighting, and next-error navigation - but backed by a real TTY so programs
that probe isatty(3) (coloured output, progress bars, curses tools) behave as
they do in a normal shell.




Each invocation spawns a fresh process via shell-file-name -c COMMAND through a
PTY rendered by ghostel - no interactive shell sits between the command and the
user, so multi-line shell scripts are passed through verbatim and no
shell-integration setup is required.  The process sentinel delivers the real
exit status.




ghostel-compile inherits the same TERM=xterm-ghostty and TERMINFO…= env as
M-x ghostel, so build output gets synchronized output, true color, etc.  If a
test runner or build tool gets confused by the unfamiliar TERM, set (setq
ghostel-term "xterm-256color").




(require 'ghostel-compile)

(global-set-key (kbd "C-c c") #'ghostel-compile)






Commands:













	Command
	Description





	M-x ghostel-compile
	Run a command in a read-only ghostel buffer (uses compile-command).




	C-u M-x ghostel-compile
	Prompt for the command and run it with interactive terminal input.




	M-x ghostel-recompile
	Re-run the last command in its original directory (preserves launch mode).




	M-x ghostel-compile-global-mode
	Route all compile-style calls through ghostel (opt-in).







A run looks like a M-x compile buffer:




-*- mode: ghostel-compile -*-
Compilation started at Wed Apr 15 08:30:11

make -j4 test

...command output (live, with full TTY)...

Compilation finished at Wed Apr 15 08:30:19, duration 8.20 s




By default the buffer is read-only and navigable from the start - just like a
M-x compile buffer.  g reruns, n / p walk errors (parsed once the run
finishes), RET jumps to the source.  Keystrokes do not reach the running
process, so the "compile-mode" UX (read coloured output, kill with C-c C-c) is
available even mid-run.




Pass a prefix arg (C-u M-x ghostel-compile, mirroring C-u M-x compile) to launch
in interactive mode instead - keystrokes are forwarded to the running process,
so programs like htop and less, test runners that prompt for input, or
anything that wants live keystrokes work.  The rendered buffer remains read-only.
ghostel-recompile (g) preserves whichever mode the buffer was launched in.




When the command finishes, the live process and ghostel renderer are torn down
and the buffer's major mode is switched to ghostel-compile-view-mode (derived
from compilation-mode).  mode-line-process shows :run while the command runs
and :exit [N] afterwards; an interactive run reads :run/i instead of :run.





10.2.1. Live mode switching



Sometimes a command turns out to need input - a read -p, a git push password
prompt, a test runner asking y/n, or you would like to attach to htop mid-run.
Two keys switch the buffer's state without restarting the process:













	Key
	Action





	C-c C-j
	Switch to interactive terminal input




	C-c C-e / C-c C-t
	Switch back to compilation-style navigation







(C-c C-t mirrors ghostel-mode's key for entering copy-mode, so the same muscle
memory works in compile buffers.)  Both keys are bound by
ghostel-compile-toggle-mode, a buffer-local minor mode auto-enabled in compile
buffers.  Subsequent recompiles preserve whichever state you last switched to.







10.2.2. Keybindings (ghostel-compile-view-mode, also active during a read-only run)












	Key
	Action





	g
	Re-run via ghostel-recompile




	n / p
	Move point to next / previous error (no auto-open)




	RET / mouse-2
	Jump to the source of the error under point




	M-g n / M-g p
	Standard next-error / previous-error




	C-c C-c
	compile-goto-error (same as RET)




	C-c C-k
	kill-compilation - interrupt the running process




	C-c C-j / C-c C-e / C-c C-t
	Switch interactive input / compilation-style navigation







These standard compile options are honoured: compile-command /
compile-history (shared with M-x compile), compilation-read-command,
compilation-ask-about-save, compilation-auto-jump-to-first-error, and
compilation-finish-functions.  Output scrolling is always on.




ghostel-recompile runs in the directory the original ghostel-compile was
invoked from, regardless of which buffer you are in when you press g.







10.2.3. Make compile / recompile / project-compile use ghostel



Enable ghostel-compile-global-mode to advise compilation-start so every caller
that goes through it - M-x compile, M-x recompile, M-x project-compile, and any
third-party command that uses compilation-start - runs in a ghostel buffer
automatically.




(require 'ghostel-compile)
(ghostel-compile-global-mode 1)






How calls are routed:




	Plain M-x compile (or any caller passing MODE=nil, compilation-mode, or a
compilation-mode subclass) → read-only ghostel buffer.  A subclass is
honoured: its error-regexp, font-lock keywords, and keymap take effect when the
buffer is finalized.

	C-u M-x compile (i.e. compilation-start COMMAND t, the comint variant) →
interactive ghostel buffer instead of stock comint-mode.

	grep-mode falls through to the stock compilation-start implementation, because
its output parsing and window-management conventions do not fit a live TTY.
Extend ghostel-compile-global-mode-excluded-modes to opt other modes out.





Ghostel-specific customisation:













	Option
	Effect





	ghostel-compile-buffer-name
	Buffer name (default *ghostel-compile*).




	ghostel-compile-finished-major-mode
	Major mode after each run (default ghostel-compile-view-mode; nil = stay in ghostel-mode).




	ghostel-compile-finish-functions
	Ghostel-specific finish hook (runs alongside compilation-finish-functions).




	ghostel-compile-global-mode-excluded-modes
	Modes for which the global advice falls through to stock compile (default (grep-mode)).




	ghostel-compile-debug
	Log lifecycle events to *Messages* (default nil).










10.2.4. Hooks for your own integrations



Outside of a compile buffer, two hooks let you react to any shell command in
any ghostel buffer:




	ghostel-command-start-functions - called with (BUFFER) when the shell emits
OSC 133 C (a command starts running).

	ghostel-command-finish-functions - called with (BUFFER EXIT-STATUS) when the
shell emits OSC 133 D (a command finishes).





Errors raised by individual hook functions are caught and logged so one bad
consumer cannot break the rest.









10.3. Eshell integration



ghostel-eshell-visual-command-mode makes eshell run "visual" commands - programs
in eshell-visual-commands, eshell-visual-subcommands, and
eshell-visual-options (vim, htop, less, top, git log's pager, …) - inside a
dedicated ghostel buffer instead of the default term-mode fallback, so they get
a real terminal emulator.




(require 'ghostel-eshell)
(add-hook 'eshell-load-hook #'ghostel-eshell-visual-command-mode)






When the program exits, the buffer stays on [Process exited] so you can read any
remaining output (window point snaps to the end so it is visible without
scrolling).  Press q to dismiss the dead buffer.  Set
eshell-destroy-buffer-when-process-dies to t to kill the buffer automatically on
exit instead.




To run an ad-hoc command in a ghostel buffer without editing
eshell-visual-commands, use the ghostel eshell built-in:




~ $ ghostel nethack




Add a shorter alias if you like:




(defalias 'eshell/v 'eshell/ghostel)    















	Option
	Effect





	ghostel-eshell-track-title
	When non-nil, let programs rename the visual-command buffer via OSC title escapes.  Default nil (keeps *vim* stable).







The public primitive behind the mode is ghostel-exec BUFFER PROGRAM &optional
ARGS, which launches an arbitrary program in a ghostel buffer with no shell
integration applied.  Useful for building your own integrations.







10.4. Comint integration



ghostel-comint-mode replaces comint's built-in ansi-color-process-output with a
stream filter that runs every chunk of process output through libghostty-vt's VT
parser.  In M-x shell (and any other comint-derived buffer - REPLs, etc.) output
renders with the same SGR fidelity a real ghostel terminal would give it, plus
OSC 8 hyperlinks and OSC 7 directory tracking.




(require 'ghostel-comint)
(add-hook 'shell-mode-hook #'ghostel-comint-mode)






Or, to enable it for every comint-derived buffer at once:




(ghostel-comint-global-mode 1)






What you get over the stock filter (and xterm-color):

















	Feature
	Stock ansi-color
	xterm-color
	ghostel-comint





	ANSI 8 / bright / 256 / truecolor
	yes
	yes
	yes




	Italic, bold, faint, strike-through, overline, inverse
	partial
	yes
	yes




	Curly / double / dotted / dashed underline (\e[4:3m, …)
	-
	-
	yes




	Underline color (\e[58;...m)
	-
	-
	yes




	OSC 8 hyperlinks (gh, git, ls --hyperlink=auto)
	-
	-
	yes




	OSC 7 working-directory updates
	-
	-
	yes




	DCS / APC / SS3 sequences consumed cleanly
	-
	-
	yes







It is still a stream filter - not a full terminal.  Cursor-positioning escapes,
alt-screen entry (\e[?1049h), and full-screen redraws are silently dropped:
programs like htop or less will not render correctly under it.  Use M-x ghostel
(a real terminal) for those.




CR / BS / TAB pass through unchanged so comint's own comint-carriage-motion
filter continues to handle progress bars, read -s prompts, etc.




For best performance, xterm-color's advice to disable font-locking in shell
buffers applies here too - see the docstring of ghostel-comint-mode.







10.5. Emacs Lisp input methods



Some Emacs Lisp input methods (hangul-input-method is the common example)
commit text by inserting it into the current buffer instead of returning key
events.  Inside a ghostel buffer that insert lands in the buffer but is never
sent to the PTY, so the next redraw erases it.




ghostel-ime-mode is an optional minor mode that wraps the buffer-local
input-method-function.  When the input method commits by buffer insertion, the
wrapper deletes the transient insert and forwards the committed text to the PTY
as UTF-8, letting the shell echo it back through the normal redraw path.  While a
Quail-style composition is in flight it also asks ghostel to defer redraws (via
ghostel-inhibit-redraw-functions) so the renderer does not rewrite the buffer
mid-composition.  GUI native preedit handling is unaffected.




(use-package ghostel-ime
  :hook (ghostel-mode . ghostel-ime-mode))






This generalizes to any Lisp input method that uses quail-overlay (Korean
Hangul, Japanese, Chinese, …).









11. Commands












	Command
	Description





	M-x ghostel
	Open a new terminal (create a new buffer with a prefix arg).




	M-x ghostel-project
	Open a terminal in the current project root (new buffer with prefix arg).




	M-x ghostel-other
	Switch to the next terminal or create one.




	M-x ghostel-next
	Cycle to the next ghostel buffer (sorted by name, wraps).




	M-x ghostel-previous
	Cycle to the previous ghostel buffer.




	M-x ghostel-list-buffers
	Pick a ghostel buffer via read-buffer.




	M-x ghostel-project-next
	Cycle to the next ghostel buffer in the current project.




	M-x ghostel-project-previous
	Cycle to the previous ghostel buffer in the current project.




	M-x ghostel-project-list-buffers
	Pick a project-scoped ghostel buffer.




	M-x ghostel-clear
	Clear screen and scrollback.




	M-x ghostel-clear-scrollback
	Clear scrollback only.




	M-x ghostel-semi-char-mode
	Switch to semi-char input mode (default).




	M-x ghostel-char-mode
	Switch to char input mode.




	M-x ghostel-emacs-mode
	Switch to Emacs input mode (read-only, live).




	M-x ghostel-copy-mode
	Enter copy mode (frozen).




	M-x ghostel-line-mode
	Switch to line input mode.




	M-x ghostel-copy-all
	Copy the entire scrollback to the kill ring.




	M-x ghostel-paste
	Paste from the kill ring.




	M-x ghostel-send-next-key
	Send the next key literally.




	M-x ghostel-next-prompt
	Jump to the next shell prompt.




	M-x ghostel-previous-prompt
	Jump to the previous shell prompt.




	M-x ghostel-next-hyperlink
	Jump to the next hyperlink (OSC 8, URL, file ref).




	M-x ghostel-previous-hyperlink
	Jump to the previous hyperlink.




	M-x ghostel-force-redraw
	Force a full terminal redraw.




	M-x ghostel-debug-typing-latency
	Measure per-keystroke typing latency.




	M-x ghostel-sync-theme
	Re-sync the color palette after a theme change.




	M-x ghostel-ssh-clear-terminfo-cache
	Clear the outbound-ssh terminfo install cache (force re-probe).




	M-x ghostel-download-module
	Download the pre-built native module.




	M-x ghostel-module-compile
	Compile the native module from source.








11.1. Sending input from Lisp



For packages that need to inject input into a running ghostel buffer (agent
integrations, custom keymaps, …), two public functions
are provided:




(ghostel-send-string "ls -la\n")      (ghostel-send-key "return")           (ghostel-send-key "a" "ctrl")         (ghostel-send-key "up" "shift,ctrl")  






Both operate on the current buffer; wrap in with-current-buffer when driving
another ghostel buffer.  Calling either outside a ghostel buffer signals a
user-error.







11.2. Project integration



ghostel-project opens a terminal in the current project's root directory with a
project-prefixed buffer name.  To make it available from project-switch-project
(C-x p p):




(add-to-list 'project-switch-commands '(ghostel-project "Ghostel") t)











12. Running tests



Tests use ERT.  The Makefile provides convenient targets:




make test        make all         make bench-quick 






You can also run tests directly:




emacs --batch -Q -L . -l ert -l test/ghostel-test.el -f ghostel-test-run-elisp

emacs --batch -Q -L . -l ert -l test/ghostel-test.el -f ghostel-test-run






Tests are split into two groups by ERT tag.  Elisp tests (make test) have no
native tag and require no Zig module.  Native tests (make test-native) are
tagged native and require the built module.  Additional targets: make test-zig
(Zig unit tests), make test-all (everything), and make test-evil (the
evil-ghostel extension).







13. Performance



Ghostel includes a benchmark suite comparing throughput against other Emacs
terminal emulators: vterm (native module), eat (pure Elisp), and Emacs's
built-in term.




The cross-emulator benchmark streams 1 MB of data through a real process pipe
and routes it through each backend's production filter, matching actual terminal
usage.  To keep the comparison fair, every backend - ghostel included - is
driven on this common Emacs-process path; ghostel's default local path is the
native Zig PTY, which reads asynchronously off the main thread and is faster
still (measured separately below under Native vs Emacs PTY).  All backends are
configured with ~1,000 lines of scrollback (matching vterm's default).  Results
on Apple M4 Max, Emacs 32.0.50:















	Backend
	Plain ASCII
	URL-heavy





	ghostel
	75 MB/s
	36 MB/s




	ghostel (no detect)
	76 MB/s
	78 MB/s




	vterm
	18 MB/s
	15 MB/s




	eat
	6.2 MB/s
	4.5 MB/s




	term
	7.2 MB/s
	5.9 MB/s







Ghostel scans terminal output for URLs and file paths, making them clickable.
Detection runs on a coalesced timer outside the redraw hot path, so on ordinary
output it is essentially free - the plain-ASCII rows are within run-to-run noise
of each other.  On URL- and path-dense output the timer actually has matches to
find and roughly halves throughput; the "no detect" row isolates the raw engine
speed with ghostel-enable-url-detection and ghostel-enable-file-detection set
to nil.  The other emulators do not have this feature.





13.1. Native vs Emacs PTY



The table above drives ghostel on the Emacs-process path so it can be compared
apples-to-apples against vterm/eat/term.  For local shells ghostel defaults to
its own native PTY (ghostel-use-native-pty), where a Zig background thread
reads the PTY and feeds libghostty-vt directly, waking Emacs only when the read
would block.  This avoids running the per-chunk filter on the main thread, so
bulk output is faster and the UI stays responsive during floods.




bench/run-bench.sh --backends runs the same cat workload through both
backends and reports the ratio.  On a sustained multi-MB dump the native path
runs roughly 2x the Emacs path, and the gap widens with size - the remaining
distance to a standalone GPU terminal is Emacs's own buffer-materialization and
redisplay cost, which both backends share.







13.2. Burst absorption (cat a 10 MB file)



A second way to feel the native PTY: cat a 10 MB log file and measure how long
until the burst is fully absorbed (the shell prompt returns).  Each backend runs
a real cat subprocess; median of five iterations, Emacs 32.0.50, Apple M4 Max:













	Backend
	Per 10 MB cat





	ghostel (native PTY)
	~110 ms




	ghostel (Emacs PTY)
	~220 ms




	vterm
	~550 ms




	eat
	~1.8 s







Native ghostel absorbs the dump in about a tenth of a second - roughly 5x vterm
and 16x eat, and 2x ghostel's own Emacs PTY path.  But the wall-clock gap is only
half the story.  vterm and eat parse synchronously on Emacs's main thread, so for
the entire transfer Emacs is frozen - you cannot type, scroll, or switch
buffers until it finishes.  Ghostel's native PTY parses on a Zig background
thread, so the same burst drains without blocking the main thread: Emacs stays
responsive throughout and only wakes to repaint.  On a multi-hundred-megabyte log
that is the difference between staying interactive (and being able to C-c out)
and a multi-second freeze.







13.3. Typing latency



Interactive keystrokes are optimized separately from bulk throughput.  When you
type a character, the PTY echo is detected and rendered immediately (bypassing
the 33ms redraw timer), so the character appears on screen with minimal delay.
Use M-x ghostel-debug-typing-latency to measure the end-to-end latency on your
system - it reports per-keystroke PTY, render, and total latency with
min/median/p99/max statistics.




Run the benchmarks yourself:




bench/run-bench.sh              bench/run-bench.sh --quick      bench/run-bench.sh --backends   











14. Ghostel vs vterm and eat


Ghostel, vterm, and eat are the three actively-developed terminal emulators
for Emacs.  They make different engineering bets: ghostel drives libghostty-vt
(Zig, the VT engine from Ghostty) through a native module; vterm wraps libvterm
(C, the engine behind Neovim's terminal) through its own module; eat is written in
pure Emacs Lisp and needs no native module at all.  That last point shapes much
of the comparison below - eat trades raw throughput for zero-build portability,
while ghostel and vterm trade a compile step for a C/Zig engine.



14.1. Feature comparison
















	Feature
	ghostel
	vterm
	eat





	Native module required
	✅
	✅
	❌




	Auto-download module
	✅
	❌
	n/a





	True color (24-bit)
	✅
	✅
	✅




	OSC 4/10/11 color queries
	✅
	❌
	partial




	Bold / italic
	✅
	✅
	✅




	Faint / dim
	✅
	❌
	✅




	Underline styles
	5 types
	❌
	curly




	Colored underline
	✅
	❌
	✅




	Strikethrough
	✅
	✅
	✅




	Cursor shapes
	4
	3
	3




	Blinking cursor
	✅
	partial
	✅





	Kitty graphics (images)
	✅
	❌
	❌




	Sixel graphics
	❌
	❌
	✅





	OSC 8 hyperlinks
	✅
	❌
	❌




	Plain-text URL/file detection
	✅
	❌
	❌




	OSC 9 / 777 notifications
	✅
	❌
	❌




	OSC 9;4 progress reports
	✅
	❌
	❌




	Synchronized output (2026)
	✅
	❌
	❌




	Kitty keyboard protocol
	✅
	❌
	❌




	Mouse passthrough to TUI
	✅
	❌
	✅




	Bracketed paste
	✅
	✅
	✅




	Alternate screen
	✅
	✅
	✅




	OSC 52 clipboard
	✅
	✅
	✅





	Shell integration auto-inject
	✅
	manual
	manual




	Prompt navigation
	✅
	✅
	✅




	Elisp eval from shell
	✅
	✅
	❌




	TRAMP remote terminals
	POSIX
	✅
	✅




	Eshell integration
	✅
	❌
	✅




	Bookmark support
	✅
	✅
	❌





	Input modes (char/semi/emacs)
	✅
	partial
	✅




	Line mode (local editing)
	✅
	❌
	✅




	Copy mode (freeze output)
	✅
	✅
	❌




	Emacs mode (read-only, live)
	✅
	❌
	✅




	Input-method forwarding
	✅
	✅
	❌




	Drag-and-drop (file paths)
	✅
	❌
	❌




	Password prompt detection
	✅
	❌
	manual





	Scrollback default
	5 MB
	1,000 ln
	128 KB




	Default redraw rate
	~30 fps
	~10 fps
	adaptive




	Throughput, plain ASCII
	75 MB/s
	18 MB/s
	6.2 MB/s







manual means supported but requiring manual setup (sourcing a script);
partial means a subset (eat answers OSC 10/11 but not OSC 4 palette queries, and
renders curly but not double/dotted/dashed underlines; vterm's input modes cover
only its default and a copy mode).  POSIX means TRAMP terminals target POSIX
remotes; Windows-to-TRAMP remote terminals currently do not support dynamic
resize.  Scrollback units differ by design - ghostel and eat bound it by bytes,
vterm by lines.  Throughput is the plain-ASCII figure from Performance
(Emacs 32.0.50, Apple M4 Max).







14.2. Key differences



Terminal engine.  libghostty-vt comes from Ghostty, a modern GPU-accelerated
terminal, and is the only one of the three to support the Kitty keyboard and
graphics protocols, five underline styles, OSC 8 hyperlinks, OSC 4/10/11 color
queries, and DEC 2026 synchronized output.  libvterm targets VT220/xterm
emulation and is the most conservative - no faint text, single underline only, no
images.  eat sits in between: true color, faint, colored underlines, and even
Sixel images, but none of the Kitty protocols, OSC 8, or desktop notifications.




Packaging and installation.  eat's headline advantage is that it is pure Emacs
Lisp: nothing to compile or download, so it runs anywhere Emacs does - including
hosts where you cannot build a native module.  Ghostel downloads a prebuilt
module on first use (or builds it with Zig); vterm compiles its single C
dependency with CMake on first load.  The native engines are what buy ghostel and
vterm their large throughput margin over eat.




Graphics.  Inline images work in ghostel via the Kitty graphics protocol and in
eat via Sixel; vterm has neither.  The two protocols are not interchangeable - a
program emitting Kitty graphics shows nothing in eat, and vice versa.




Mouse handling.  Ghostel and eat both encode mouse events (press, release,
drag) and forward them to the child program over the SGR protocol, so TUIs like
htop or lazygit receive real mouse input.  vterm instead intercepts mouse clicks
for Emacs point movement and does not forward them to the terminal.




Input modes.  The char / semi-char / Emacs / line model originates in eat;
ghostel adopts the same design, with five modes selected from one base keymap
(see Input modes).  vterm has only its default mode (≈ semi-char) plus
vterm-copy-mode.  Line mode - buffer the in-progress line for full Emacs
editing and send it atomically with RET - exists in ghostel and eat but not
vterm.  The copy/Emacs split differs too: ghostel and vterm have a copy mode that
freezes output so you can select against a stable snapshot, whereas eat's
read-only "Emacs mode" stays live.  Ghostel offers both a freezing copy mode and
a live read-only Emacs mode.




Shell integration.  Ghostel auto-injects integration for bash, zsh, and fish -
no RC changes needed.  vterm and eat both ship integration scripts but require you
to source them yourself.  All three track the working directory (over TRAMP too)
and navigate between prompts - ghostel via OSC 133, vterm and eat via their own
OSC 51-based annotations.  Ghostel and vterm additionally let the shell evaluate
whitelisted Elisp; eat exposes a fixed set of UI commands rather than arbitrary
eval.




Password prompts.  Ghostel detects when the foreground program is reading a
password (sudo, ssh, gpg, …) and prompts via read-passwd, sending the answer
down the PTY without routing keystrokes through Emacs's key pipeline; a hook can
also satisfy known prompts from auth-source (see Password prompt detection).
eat has a manual eat-send-password but does not detect prompts automatically.
vterm has no interception at all - each character is a normal keypress that lands
in view-lossage, the recent-keys ring, and anything else watching input.




Input methods.  Ghostel and vterm forward Emacs input methods into the terminal
(ghostel via ghostel-ime-mode); eat does not.




Rendering.  All three use text properties rather than overlays.  Ghostel uses
libghostty's row dirtiness plus cursor tracking to update only the rows that need
to change, and defaults to ~30 fps; vterm uses damage-rectangle callbacks and
defaults to ~10 fps; eat coalesces output within an 8-33 ms latency window.




Performance.  On the cross-emulator benchmark (1 MB streamed, ~1,000 lines of
scrollback, Emacs 32.0.50), ghostel leads plain-ASCII throughput at ~75 MB/s -
roughly 4x vterm (~18) and 12x eat (~6), with Emacs's built-in term landing near
eat (~7).  eat pays for being pure Elisp.  Ghostel's clickable-link detection does
real work on URL- and path-dense output and roughly halves its throughput there
(still ahead of the rest); it is free on ordinary output and can be disabled.  For
local shells ghostel's native PTY path is faster still - see Performance for the
full numbers.




For a detailed architectural comparison, see the Architecture section.









15. Architecture



Ghostel has a two-layer design: a Zig native module (the terminal engine) and
Elisp (Emacs integration).




ghostel.el            Elisp: keymap, process management, mode, commands
src/module.zig        Entry point: emacs_module_init, function registration
src/GhostelTerm.zig   Terminal state wrapping libghostty-vt (and the native reader)
src/Renderer.zig      Terminal pages -> Emacs buffer with styled text
src/input.zig         Key encoding via ghostty encoders
src/handler.zig       Intercepts OSC actions and routes them to Elisp callbacks
src/PtyProcess.zig    Native PTY: open master/replica, spawn the child
src/NativeProcess.zig Background reader thread + event pipe to Emacs
src/emacs.zig         Zig wrapper for the Emacs module C API




The Elisp sources live in lisp/, the Zig sources in src/, vendored upstream
headers in vendor/, the bundled compiled terminfo in etc/terminfo/, and shell
integration assets in etc/shell/.  Optional MELPA extensions that depend on
ghostel live under extensions/<package>/ (currently evil-ghostel).





15.1. PTY and process ownership



Ghostel has two PTY paths behind the same Elisp input and rendering API.




Local buffers use the native PTY path by default (ghostel-use-native-pty).
Zig opens the PTY, spawns the child process, reads its output on a background
thread, and feeds the bytes directly into libghostty-vt.  When a terminal
callback needs to run in Emacs (an OSC handler) or the buffer must be
invalidated for redraw, the reader serializes a Lisp event form and writes it to
an Emacs pipe process; that process's filter (ghostel--events-filter) evaluates
the form and schedules a redraw.  High-volume output therefore updates terminal
state without running an Emacs process filter byte-for-byte.




Remote TRAMP buffers use Emacs process machinery.  TRAMP owns the remote spawn
and delivers output to ghostel--filter, which calls ghostel--write-vt to feed
the same terminal model synchronously from Emacs.  This preserves TRAMP
file-handler behavior while sharing the renderer and input code with the native
path.




Input is written immediately through ghostel--write-pty: the native path writes
to the native PTY master, the Emacs path delegates to the buffer-local process.




Key data flow (native path; the TRAMP path differs only in how step 2 reaches
the VT parser):




	Keystroke → ghostel--encode-key → libghostty encoder → ghostel--write-pty
→ PTY.

	PTY output → Zig reader thread → libghostty VT parser, with OSC callbacks and
redraw requests batched onto the event pipe → ghostel--events-filter →
ghostel--invalidate.  (On the TRAMP path the bytes instead arrive in
ghostel--filter, which calls ghostel--write-vt and then ghostel--invalidate
synchronously.)

	ghostel--invalidate runs ghostel--redraw-now - immediately for interactive
echo, otherwise on a coalescing timer - which drives Renderer.zig to scan the
terminal pages and update dirty rows with propertized text.








15.2. Renderer and buffer positions



15.2.1. Renderer-owned buffer position preservation



Ghostel renders a terminal grid into an Emacs buffer.  Rendering is not a normal
append-only text editing workflow: rows may be replaced, buffers may be rebuilt,
resizes may reflow terminal contents, and scrollback may be materialized or
evicted.




Despite that, Elisp code should be able to treat the ghostel buffer like a
normal Emacs buffer: if it puts point, mark, or window state somewhere, those
positions should remain meaningful after the renderer updates the buffer.




The renderer is therefore responsible for preserving relevant buffer positions
across the buffer mutations it performs.  The exact set of saved positions and
the mechanics of how they are transformed are implementation details; the code
and tests are the source of truth for those specifics.




The architectural boundary is that the renderer owns the mechanical
transformation of positions caused by rendering operations.  This keeps Elisp
code simple.  Elisp should not need to wrap every redraw with ad-hoc marker
capture/restore logic just to defend against renderer mutations.







15.2.2. Avoid around-redraw semantic patching in Elisp



A general design principle follows from this: do not patch renderer-owned
semantics with around-redraw hacks in Elisp.




Elisp should decide policy and user intent, for example:




	whether an input action should snap to the live viewport

	whether Emacs/copy/line mode should preserve navigation state

	whether a window should follow the live terminal viewport

	where a command intentionally moves point





The renderer should handle the consequences of rendering, for example:




	row replacement

	full redraws

	resize/reflow

	scrollback growth and eviction

	preserving buffer/window positions through those mutations





When Elisp tries to compensate after the fact for renderer mutations, it tends
to become heuristic and fragile: it has to guess whether window-start moved
because the user scrolled, Emacs redisplay clamped it, a resize happened, or the
renderer rewrote content.  The renderer has the exact edit boundaries and
terminal state, so that logic belongs there.




In short: Elisp should be able to write normal Emacs code with the expectation
that point is where it put it.  The renderer is the compatibility layer that
makes that true while the terminal grid is being rewritten underneath.











16. Contributing


Bug reports, feature requests, and pull requests are welcome on the GitHub
repository.  When reporting a rendering or interactive-behavior issue, a
reproducer (the exact command or escape sequence, plus your Emacs version and
platform) helps a lot.  M-x ghostel-debug-info captures diagnostic events that
are useful to attach.






18. License


Ghostel is free software, released under the GNU General Public License version
3 or later (GPL-3.0-or-later).  See the LICENSE file for the full text.








Original: https://dakra.github.io/ghostel/ · Discussion
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How to read more books

scotto.me · 205 points · Discussion

 I’ve read roughly a book a week for a few years, and I can tell you it’s doable. I didn’t always read this much. When I started, I read fewer than ten volumes per year, but making it a goal made me switch gears and achieve what I once thought was impossible. I want to explain to you here what I did to become a prolific reader, and what I learned in the process, so that, with a bit of effort, you can do it too. I promise, it will be worth it.

[image: [Umberto Eco is his library]]Umberto Eco had a library of more than 30,000 books.
First of all, you don’t have to make time to read. What you need to do is read every single time you are not doing something else. In today’s world, most people pick up their phones as soon as they get a moment of inactivity. Serious readers pick up their books instead. So an effective way is to replace the time you spend in front of a screen, like PCs, smartphones, and TVs, with reading a book.

This is probably the most difficult part. I had to remove all social media and streaming apps from my iPhone. I removed Instagram, YouTube, Facebook, etc. When I started, I found myself picking up the phone and immediately noticing that something was missing, since the only things left to do were check the weather, read boring emails, or see my bank account. After a few days my brain started remapping itself, and I felt less pressure to immediately reach for my phone as soon as I had nothing to do. I also wear a cheap analog watch so I can check the time on my wrist and I don’t have to reach for my phone.

Once you block your smartphone, you might find yourself a bit uncomfortable with having nothing to occupy your mind for ten minutes. This is the perfect time to boost your reading habit. You need to make sure you always have a book with you everywhere you go. I usually read a few pages as soon as I wake up, and the same before falling asleep. I read a book when I cook lunch or dinner, and I read a book when eating breakfast. I love using public transport, especially trains, because I get time to read when someone else is driving for me.
I love LLMs, I hate hype
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I love LLMs, I hate hype

geohot.github.io · 189 points · Discussion


        
The shingles vaccine may reduce the risk of dementia
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The shingles vaccine may reduce the risk of dementia

economist.com · 170 points · Discussion

https://archive.ph/PzPop

Original: https://www.economist.com/leaders/2026/07/09/a-no-brainer-for-protecting-your-brain · Discussion




Don't you mean extinct?
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Don't you mean extinct?

fabiensanglard.net · 154 points · Discussion


    
    

Jul 10, 2026

Don't you mean extinct?

In 1993, Jurassic Park came out and revolutionized the use of CGI in films[bookmark: back_1][1]. To the public the experience was magic. But for some of the people in the movie industry, it was a rude awakening.



    Director Steven Spielberg had hired stop-motion master[bookmark: back_2][2] Phil Tippett[bookmark: back_3][3] to bring the film's full-body dinosaurs to life using his go-motion technique. Spielberg was highly skeptical that computer-generated imagery (CGI) could realistically depict a dinosaur[bookmark: back_4][4]. But Dennis Muren and the digital artists at Industrial Light & Magic (ILM) worked on a proof-of-concept using CGI. They rendered a fully textured, photorealistic T. rex chasing a herd of Gallimimus in full sunlight.





    I went down with [visual effects supervisor] Dennis Muren when he presented the T-Rex test to Steven and Steven went, ‘Wow, that’s what we’re going to do,’ and he asked me how I would feel and I said, ‘I feel extinct’[bookmark: back_5][5].
    
    
    I did seem like everything that I had built up until that time was like, "We are not going to do that anymore"[bookmark: back_6][6].
    
    Phil Tippett





Tippett, who had already selected a crew of thirty and was gearing up for the massive go-motion assignment, was understandably devastated by the turn of events.
    The Making of Jurassic Park



I have been thinking of this anecdote a lot lately. I see a lot of pessimism[bookmark: back_7][7] around programmers. The anxiety of becoming obsolete is particularly palpable online[bookmark: back_8][8][bookmark: back_9][9].



Evolve
The best way to avoid becoming extinct is to evolve. I liked zkmon's take from Hacker News.



    Ride the wave. You rode it when websites/webapps were the wave. I came into software industry before internet, kept changing my horse. You are never too old to learn new tricks. The new wave create new kind of work and workers. Be one of them. Ride the beast, master the tools. It's the same game again.

    zkmon (Hacke Nnews)



While the current episode reminds zkmon of the mid-90s web, it makes me think of the field of Computer Graphics in the early 2000s and the rise of "Mobile First" in early 2010s. Every generation of programmers will likely have seen a form of r-evolution. This is indeed the same game again. Life is flux[bookmark: back_10][10]. LLMs are yet another tool. To evolve is to invest the time to learn how it works and how to best use it.




Learn how LLMs work 
The best resource I found to learn how LLMs work is Andrej Karpathy's channel. The man obviously cares deeply about LLMs and really wants you to get them. His series of videos so far is 25 hours of pure gold.


A nice follow-up is the book Build a Large Language Model (From Scratch) by Sebastian Raschka. There are many drawings in full-color with rare Now Draw the Owl moments. This is a really good book.


Learn how to write code with LLMs
Writing every line by hand is no longer the norm. Those who refuse to use an LLM will fall behind because they won't be able to produce as much - and I know several developers who refuse to use agents. John Carmack recently had an interesting take about coding.




    “Coding” was never the source of value, and people shouldn't get overly attached to it. Problem solving is the core skill. The discipline and precision demanded by traditional programming will remain valuable transferable attributes, but they won't be a barrier to entry.

    Many times over the years I have thought about a great programmer I knew that loved assembly language to the point of not wanting to move to C. I have to fight some similar feelings of my own around using existing massive codebases and inefficient languages, but I push through.

    John Carmack




Even though I am not writing code, I am still indirectly producing code. And there is considerable discretion about what one can generate. If I go "full-vibe-code" and let an LLM run, I can produce 1000x what I used to and find myself with an indecipherable mess. Is that a bad thing? If I work on a prototype or a small personal project, it does not matter. But for everything else, code quality still matters tremendously. LLMs may claim they still understand the project and suggest solutions, but I have seen them fail spectacularly and hallucinate.


It remains important to be able to read the code and understand the architecture. It may sound like a given, but I have seen many developers fail to do so. As a result, I reduce my velocity by iterating over my PR until it reaches the same level of quality I would have produced "by hand". Every time I notice something I don't like, I add it to my ~/.gemini/GEMINI.md/~/.claude/CLAUDE.md so the agent can emulate my style. Over the past months, I have added quite a few lines like the following.

    
- Don't use magic numbers or strings. Use a const or even better, an enum when appropriate.
- Reduce code indentation. Avoid Arrow Anti-Pattern. Leverage early return and continue.
- Use enums instead of boolean for function parameters. .
- Respect layering. Don't punch holes through the layers.
- Let the reader of the code breathe. Add empty lines between logical blocks of code. 
  Add a small, to the point, comment to explain *what* the block does and *why*.



The greatest difficulty I have encountered is "context switching". Working on multiple projects / independent features allows me to drive multiple agents simultaneously. It is quite a mental gymnastics to keep up. I have seen reports of "mental burnout" and I have also personally experienced increased mental fatigue. This is definitely something to monitor.


Code Review in the age of LLMs    

Given how much better the tools are, I have much higher expectations during code reviews.



There is little excuse for poor commit messages now. There are many guides about how to write a good commit message. Here is the best one I ever came across. It takes 1 minute to ask an LLM to summarize it and transform it into directives that one can add to their GEMINI.md/CLAUDE.md.


When you write a commit message, follow these 7 rules:
Rule 1: Separate the subject line from the body with a single blank line.
Rule 2: Limit the subject line to 50 characters (72 is the absolute hard limit).
Rule 3: Capitalize the first letter of the subject line.
Rule 4: Do not end the subject line with a period.
Rule 5: Use the imperative mood in the subject line (e.g., "Fix bug," "Add feature," 
        not "Fixed" or "Adds"). Test formula: It must complete the sentence: "If applied,
        this commit will [your subject line here]".
Rule 6: Wrap the body text manually at 72 characters to prevent Git formatting issues.
Rule 7: Use the body to explain what and why vs. how. Assume the code explains the how;
        the message must explain the context and reasoning. 




Since authoring code is much less of an effort, I expect SWEs to take much more care into designing elegant solutions. I have little scruples in asking for improved code clarity/code simplicity if the PR is a mess.


The same goes for PR code size. It used to be tedious to break a PR into smaller, easier-to-review, parts. This is no longer the case and I have no problems asking an author to break down their PRs unless they have a good reason for it.



Many code review tools now have integrated LLMs. You can create your own preferred prompt to automatically perform a first pass. For codebases I own, I have added the content of my GEMINI.md/CLAUDE.md which I can trigger with one click. Before sending a PR for review, the first thing I do is ask for the LLM to criticize/look for mistakes. This avoids wasting the reviewer's time on the other end.


Writing tests used to be a pain. This is no longer the case. It is ok to request unit tests/CI tests for each PR. These have never been more important since large refactors are becoming increasingly common. Human and LLM review may miss stuff but good tests should catch breakages.


It is more ok to refuse to take dependencies now. It used to be the go-to solution to avoid writing anything moderately complex. As recently as this morning, I asked an LLM to write a Levenshtein distance function instead of adding a dependency to my project.
  



Smaller teams   
We can accomplish more with smaller teams. We may not be far from the '90s model, when a team of four could produce professional software. I was able to revive projects I had abandoned because I deemed them too time-consuming or complex. Last month I completed the reverse engineering of the Silpheed video format and I am making good process on Ikaruga for Dreamcast and Zelda: A Link to the Past on SNES.



If you can't beat them, join them 
The LLM scene is fascinating. And amusingly the very subject to study is also a great tool to help keep up. An LLM will help to dive into any codebase and give pointers about the overall architecture. I have been enjoying reading how llama-cpp, OpenCode, ollama, and vLLM work. There are also many hardware solutions, like Tenstorrent, Etched, MatX, d-Matrix, or Cerebras Systems that are super interesting to follow.


Reading research papers was difficult at first since I have always had a difficult relationship with mathematics notation. LLMs helped to catch up with shortcomings. Having a buddy offer their opinion, and double checking it, helps a lot to ramp up.



Find the motivation
Most importantly, there is the problem of finding the motivation to learn. There are many good reasons to avoid making the effort, among them stories of people finding success by moving on.



To keep on going or not is a decision that belongs to each of us. It is the result of a process involving conviction and inspiration. While the former comes from within, I sometimes find the latter in success stories. This takes me back to the anecdote at the beginning of the article. I did not pick Phil Tippett's story randomly. While many know the misquoted "Don't you meant extinct?" part, what happened next is less notorious.




    Despite the initial shock, Tippett, at 41 years old, was far from being "extinct". Spielberg kept him on as the film's "Dinosaur Supervisor." Because the computer animators at ILM were programmers and tech artists rather than traditional performance animators, they had no idea how to make a creature move with weight, timing, and biological intent.

    
    Tippett co-developed the Dinosaur Input Device (DID)[bookmark: back_11][11], a highly articulated physical armature connected to sensors, with ILM. Then his team physically manipulated the DID just like stop-motion, and the computer translated those movements into the digital space.


     Phil Tippett (along with Dennis Muren, Stan Winston, and Michael Lantieri) won the Academy Award for Best Visual Effects for Jurassic Park in 1994[bookmark: back_12][12]. His company, Tippett Studio, lived on to take part in movies such as StarShip Troopers, Dragonheart, and seventy-five other titles[bookmark: back_13][13].
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    [image: Understanding the Odin Programming Language by Karl Zylinski]

        
            Do you want to learn the Odin Programming Language and demystify low-level programming?
        


        
            Then this book is for you.
        


        
            Read a sample or buy now
        


    

    




    Understanding the Odin Programming Language is a book that teaches both basic and advanced Odin concepts. You'll learn about procedures, manual memory management, parametric polymorphism, data-oriented design, and much more.




    The target audience is anyone with some programming experience. Odin is a simple yet powerful language, making this book a great introduction to low-level programming, regardless of your background.




    A programming language is a tool. By understanding your tools, you will become a better craftsperson. Therefore, this book does not just explain how to write Odin code. It also explains why the language works the way it does.





    What people say:




    I highly recommend Karl Zylinski's excellently written book on Odin—perfect for anyone who wants to learn and understand the Odin programming language. -Bill "gingerBill" Hall, creator of Odin.




    Karl makes a great job at explaining Odin. I had a good experience with garbage collected language like Golang and the book really helped me to transition to a non garbage collected language like Odin. -Review on store.zylinski.se by Kevin D.




    I never read, I get distracted easily. But the writing style here is so good, that I didn't have any issues reading through the whole thing in a couple days. -Review on store.zylinski.se by Shaka.





    Version 1.10 released! Read the release notes. 




    Available formats:




    HTML

    [image: Shows how the book looks in the HTML format. There's a heading saying 'Parametric polymorphism'. There is some text and some extra information bubbles on the side. There is also some code near the bottom of the image.]

        Beautifully laid out and easy to navigate. A portable HTML file with all the fonts and images baked in. Similar to a PDF, but nicer to use.
    


    
        The optimal reading experience on a computer. Can also be read on a phone or tablet.
    


    
        Available on:

        store.zylinski.se HTML+eBook
        Itch HTML+eBook
    


    
        Read a sample
    


    






    If you are unsure of which version to get, then I recommend buying it from store.zylinski.se or Itch. On there you'll get both the HTML and eBook versions.



Overview video




Release notes
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://www.larp.website/ · Discussion
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Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://marc.info/?l=openbsd-misc&m=119318909016582 · Discussion
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    View PDF
    HTML (experimental)

            Abstract:Two developments are unfolding at once: artificial intelligence systems have begun to produce genuine research-level mathematics, and the United States is weakening the pipeline that produces humans capable of understanding what such systems are doing. This essay argues that, taken together, these developments amount to a strategic error. Mathematical capacity, which is the trained ability to verify, interpret, and challenge mathematical reasoning, is not a byproduct of theorem production but a form of infrastructure, built over generations by institutions that cannot be reconstituted on demand. Drawing on the May 2026 AI disproof of a longstanding Erdős conjecture on the planar unit distance problem and on recent disruptions to federal support for the mathematical sciences, the essay makes the case for treating mathematical capacity as a strategic asset on a par with semiconductor capability. It further proposes, among other measures, that AI systems performing consequential reasoning be required to expose their decision-critical claims in formal, machine-checkable form, converting part of AI reasoning from opaque persuasion into auditable structure.
    


    
    
  

      Submission history
 From: Jun-Yong Park [view email]      
    [v1]
        Tue, 7 Jul 2026 15:15:05 UTC (12 KB)
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Shirei is a Cross-Platform GUI framework for Go. You get to write the UI using
Go, not HTML and Javascript.

Truely cross-platform: the same code base produces identical looking programs
for MacOS, Windows, and Linux. Also happens to be the easiest way to produce a
self-contained GUI program for Linux that does not require any dependencies.

※ "Shirei" is derived from the Japanese pronunciation of "Simple Layout":
シンプル・レイアウト → シレイ

[image: haystack]


Motivation


Experience has shown us that an immediate mode API is the only sane way to
program GUI applications. Unfrotunately, there is not good library or framework
that just works. Some of them require you to implement your own backend, some of
them do not have a decent cross-platform story, some of them do not have proper
support for non-latin text.

What is it that matters for "immediate mode"? Is it that the UI renders everything
every frame? No. It's that you build the UI by describing what it should look
like everyframe, based only (or mostly) on the data.

This is why React won: no need to maintain UI widgets yourself, no need to keep
track of their states in order to update them. You just say "at this point in
time, I want a button here, and I want the label on it to say so and so, and when
it's clicked, I want to do this and that".

Did this button exist before? What happens to it when you no longer need it?

You never have to answer these questions. This is the best part about React,
and this is what "immediate mode" is all about.

It is no good if you have an API that just lets you "draw" things but you are
also responsible for maintaining the state of all the "things" that you "draw".

[image: process monitor]


Features:



	
Native: real executable programs, not web pages. Typical binary size ≈10MB.



	
Immediate mode API in the true sense: you never need to maintain UI widgets
or sync your data with widget state.



	
Works out of the box: not just a layout engine, but a full fledged framework
that you can start using right away without any boilerplate.



	
Full support for international text: complex shaping, bidirectional layout,
access to system fonts, IME support (input method editor) for East Asian
langauges.



	
Flexible layout and styling: one of the good things about the web is that you
have alot of flexibilty in how you arrange the UI; you're not limited to just a
standard set of widgets and containers. You can make your own.



	
Easy to learn API, for both humans and AI agents. If you have ideas for small
programs you want to make but don't have the time for, try asking the latest AI
engines to use shirei to build it. You'll be surprised how well they can use it.





Several example programs under examples/ — start with haystack
if you only look at one.


Getting started


Copy this into main.go in a new folder:

package main

import (
	"fmt"

	app "go.hasen.dev/shirei/app"

	. "go.hasen.dev/shirei"
	. "go.hasen.dev/shirei/widgets"
)

func main() {
	app.SetupWindow("My App", 300, 100)
	app.Run(RootView)
}

var count int

func RootView() {
	Container(Attrs(Viewport, Background(220, 10, 97, 1)), func() {
		Container(Attrs(Row, CrossMid, Pad(20), Gap(10)), func() {
			Label(fmt.Sprintf("Counter: %d", count))
			if Button(SymIPlus, "Increment") {
				count++
			}
		})
	})
}


Then type:

$ go mod init main
$ go mod tidy
$ go run .




Learn



	Tutorial

	Audio

	Container identity

	Drag and drop







Original: https://github.com/hasenj/go-shirei/ · Discussion
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Against Usefulness
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Every useful company stands on rails that were once somebody’s stubbornly useless research. I invest in useful for a living. This essay is about the stage before useful, who works on it, and who pays for it, so that the next generation of useful companies has something to stand on. At Motive Force I back both stages. They need each other.
In June I stood in a warehouse in Brooklyn while a man handed me a piece of paper that was a running computer program.


A printout would have been a picture of a program. This was the program itself. He set it on the table and the system executed it. Then he connected a keyboard to the paper, typed a line of code, hit save, and the paper turned green. He unplugged the keyboard and the paper kept running, glowing on the table like it had always known how.
A few feet away, an animation system was cycling through hand drawn frames. He gave me a marker and I drew a bunny, frame by frame, and watched my drawings come alive in real time on the table. Then we made music by laying cards down between us, each card a track. I heard myself say a sentence I did not plan to say: “I don’t need the monitor anymore.” For the first time I was programming with my whole body, collaborating with another person in the same room, with almost no distance between the idea and the thing. It was the most human programming I have ever done.
The system is called Folk Computer. It’s an open source physical computing system built by Omar Rizwan and Andrés Cuervo, two researchers who worked at Dynamicland, Bret Victor’s lab in Oakland. Cameras on the ceiling watch the room. Projectors paint onto every surface. Small tags identify each piece of paper, and each piece of paper is a program. There are no pixels inside the system; every coordinate is in meters, mapped to where things sit in the room. You stop staring into a rectangle. The computer is the room, and you program it together with other people, standing up, talking, drawing, moving paper around.
I have spent my career inside enterprise software, decomposing how work gets done. I know what it looks like when someone is optimizing an existing paradigm. This was someone asking whether the desktop metaphor, the screen, the cubicle, the solitary body hunched toward a rectangle, was a fifty year detour rather than a destination.
A week earlier I had lunch with my friend JP, who was visiting San Francisco. The Bay Area, I told him, has become a monoculture. Everyone is building the same thing, funded by the same people, using the same words. Where are the independent thinkers? I want the Xerox PARC vibes back, the people who work on questions instead of markets.
JP didn’t argue. He said: they exist, but not here. Or rather, they exist here too, but scattered, one by one, never together. And then he said a name: Folk Computer. In New York.
I happened to be flying to New York days later. I was going for something almost comically institutional, which turns out to be the other half of this story.


I was in New York to volunteer. I sit on the Professional Development Committee of the ACM, the Association for Computing Machinery, the world’s largest and oldest computing society. It was founded in 1947, back when computing was a curiosity shared by a few hundred people, before anyone could make a career of it. The organization’s stated purpose was to advance “the new machinery for computing, reasoning, and other handling of information.” Reasoning, in 1947. Joining an association about computers was itself an act of independent thinking. No one joined for money. They joined out of conviction that something interesting was going to happen.
Nearly eighty years later, ACM has over 100,000 members and gives out the Turing Award, computing’s Nobel. When our committee reviewed what members are learning right now, the picture was striking: the entire field is studying the same topic. The most read titles and the most searched terms are all about agents. The learning curves of a whole discipline have converged into one line.
I am not against that line. I invest in it. My whole firm is built on the thesis that autonomous execution needs deterministic infrastructure, and the convergence is part of why the opportunity is real. But convergence has a cost: no one is left standing off to the side asking the strange question. The next paradigm comes from the people the curve forgot.
I carried the institutional memory of computing’s oldest society into that warehouse, and watched its youngest incarnation run on paper.


Folk Computer did not come from nowhere. It is the current end of a thread that runs back through the entire history of the field.
It starts with Alan Kay at Xerox PARC in the 1970s, asking what computing would look like as a medium for thought rather than a machine for calculation, and inventing, along the way, most of what you are using to read this. Kay spent the rest of his career trying to rebuild the conditions that made PARC possible: total freedom, long time horizons, no product pressure. In 2013 he tried again. He recruited Bret Victor, Vi Hart, and Dan Ingalls as principal investigators of a new lab in San Francisco called CDG, the Communications Design Group.
CDG was funded by SAP, and by Vishal Sikka in particular, SAP’s CTO at the time, who believed in Kay’s vision and had the resources to back it. I joined SAP in Germany as a working student during my Masters and stayed seven years, in the CTO’s own organization. In all that time I never heard the name CDG once, even though being part of it would have made my years there far richer. The lab was invisible on purpose. The name was chosen because it was generic enough to be forgotten; the researchers had watched what attention does to this kind of work, and they wanted none of it.
Inside, they practiced what they called deep work with an intensity that reorganized even their manners. Nobody said hello in the morning. Nobody said goodbye at night. The silence was a form of trust, an agreement never to interrupt each other’s decades-long thoughts. Their prototypes were built, in their own words, against usefulness. Usefulness, they had learned, is a trap: the moment a prototype becomes useful, its makers start answering to present users and stop pointing at the future. And Victor himself, in the talk that made him famous, described his motivation in words you never hear in a technical field. When he sees creators constrained by their tools, he sees an injustice. “Not opportunity, but responsibility.”
Vishal left SAP in 2014, and the lab lost its champion. The researchers migrated to HARC under Y Combinator Research; when that ended too, Victor’s group took over the Oakland space and became Dynamicland, a nonprofit where the building itself is the computer. Dynamicland spawned the next generation: Omar and Andrés, who took what they learned and made one decisive pivot. They built it open source.
That pivot matters more than it sounds. The recurring criticism of this whole lineage, and I have felt it myself, is that you see the demos and cannot do anything with them. The knowledge stays locked in one building, open to the few who can visit. Folk Computer inverts that. The code is on GitHub. People around the world have set up their own systems. Strangers contribute. A friend of theirs built a music sequencer out of physical cards; flip a card, change a track. The thread that ran through PARC and CDG and Dynamicland is, for the first time, something you can pull on from your own home.


I allocate capital for a living, so I pay attention to who funded this lineage. Xerox funded PARC out of an instinct, give brilliant people machines and freedom and something interesting will happen, then failed to capture most of the value PARC created. CDG existed because one executive at a German enterprise software company believed. Dynamicland ran as a nonprofit on donations, and Omar told me something that stuck: the early patrons of this work tended to come from odd backgrounds, art, music, family money, because the tech people were all too busy being excited about their own thing. It’s the same reason Stripe Press exists. Patrick Collison runs a payments company and yet republishes the foundational texts of this exact tradition, because underneath the CEO there is a person who cannot leave these ideas alone.
Paradigm work has always run on patrons. A new paradigm is useless at the beginning, by definition, so markets have nothing to price. The first personal computers were toys. So was the early internet. The people who fund this stage are buying a position in the future before anyone can price it.
My flight home was delayed, so I wandered into Mercer Labs, the museum of art and technology near the World Trade Center. Twenty six projectors, sound that moves through space, rooms that dissolve around you. It transported me, and it clarified something. Mercer is the consumption version of this future: you stand inside someone else’s computation and watch. Brooklyn was the agency version, the one that hands you new capabilities: you pick up a marker and the room becomes yours. Both will exist. Only one of them changes who gets to build.
Y Combinator publishes a Request for Startups: a list of ideas they wish someone would build. It’s a good list. It also assumes the bottleneck is ideas, and that the future can be specified in advance.
Nothing in this lineage worked that way. Nobody could have written “interactive paper computing” on a request list in 2013. It exists because a specific kind of person pulled on a specific thread for over a decade, through four institutional deaths. For paradigm-level work, you cannot spec the what. You can only recognize the who.
Here is mine, inverted: a Request for Independent Thinkers. I am looking for the person who
	has been obsessed with one unfashionable question for years, and can tell you why the obvious approach is wrong

	builds in the open, or wants to, because they would rather the idea live than own it

	measures progress in decades, not quarters and decks

	is allergic to hype, and probably lives, physically or intellectually, some distance from it

	makes you say a sentence you did not plan to say


If this is you, I want to meet you. This is separate from investing; most of this work is pre company, and it should be. Sometimes the right instrument is a check, sometimes a grant, sometimes a contract, sometimes a room and an introduction. Xerox never recognized the value of what came out of PARC, and odds are the people around you do not recognize what you are building either. I read that the way Victor does, as an injustice. My firm is small, but I can help: an introduction to someone who can fund it, or distribution for what you see, so others can join you and build on it.
If you know this person, send them this.
And if you are someone with resources who has been looking for a way into the future that isn’t another agent startup: start with Folk Computer. Read what it can do. Set one up. Sponsor them, commission a physical demo, or run a pilot.
I went to Manhattan for the oldest institution in computing and found its founding spirit alive in Brooklyn, in its newest form. Both are running the same eighty year old bet: gather the people who cannot stop asking, and something interesting will happen.
I’m assembling them now. If you’re one of them, my door is open.
Thanks to Omar Rizwan for the demo and for reviewing a draft of this essay, and to JP for the tip. If you want to be in the room when I bring these people together, reply to this email.




Original: https://www.motivenotes.ai/p/against-usefulness · Discussion




Why write code in 2026


16

Why write code in 2026

softwaredoug.com · 55 points · Discussion


	  It’s our job to build the software factory - not just the software. Software engineers maintain the assembly line allowing anyone to prompt for a change and ship immediately.


We set up the infrastructure that makes agents successful. We act proactively through prompts (skills, AGENTS.md, knowledge bases etc). We protect software reactively through automated evaluation (tests, linting, type systems, evals, other AI, etc).


It all keeps the agent on track. Even a stupid model, with fresh context, can work within these constraints and produce a good-enough change. It starts to seem ridiculous to even look at the code. And definitely laughable to ever want to write code.


I disagree. It’s still useful to write code.


Even with Fable-like intelligence humans get value from writing code. Not because agents are worse at coding that humans. But to think directly in the execution environment, not proxied through English.


It’s about attention and understanding. To keep my attention, I must go beyond ‘read code’ like a passive observer of agents from afar. To really connect with the architecture of the system, it helps to truly experience the code. I don’t want your flat 2D system of diffs and patches. From time-to-time, I need the full, 4DX virtual reality experience with pain sensors attached to my nethers to experience what’s happening.


And no, it’s not because this “code isn’t pretty”, it’s about experiencing fragility. If it’s hard for me to build on top of this code without something breaking, it’ll harder for an agent to make sense of it. If I can clean it up, then document a consistent principle about the architecture, without half-a-dozen exceptions the software factory works better. If I can debug, find where the testing strategy is weak, and find a fix I can squash an entirely new class of bugs.


Yeah, you can do that without writing code. I’m not going to lecture you, call you slop-kitty, and say the only way to really experience software is by a magnetized needle and a steady hand. I, too, am infected with AI Psychosis. The vast majority of my code is AI generated.


Nevertheless, I find writing code to be a useful tool. I encourage others to do it. I struggle to pay attention when I’m just a reverse centaur. When I read and approve code, I observe I don’t have the same sense of ownership. Slop flies under the radar. It’s harder to micro-adjust. And in the long run slop hurts agents too. The fragility accumulates precisely because we’re not paying attention to the details. On the other hand, when the human does some work, spikes an approach, and then the agent stamps out the patterns I participate and own the result.


Writing code helps me think.


English is an under-specified language. It’s not a precise way to express computation. For truly algorithmic work, I want to sketch and think in executable steps. I want a calibrated degree of precision. Sometimes a low-level language with a huge design space. Sometimes a high-level language with a more limited computation environment.


Instead, we’re switching to this wrong-headed mindset that coding agents are like compilers. That mindset gives us permission to ship terribly written code. Agents aren’t compilers - they’re more like freshly onboarded interns. They read partial possibly slopified code, take an imprecise description of the change, and must  generate a change.


Humans can’t surrender their thinking and taste to armies of interns. And being hands-on, rather than consumers, helps.


For example, have you ever seen an agent follow the boy scout rule? Where they leave code better than they found it? And would you WANT them to try to do this?


Agents bias to making the current change as safely as possible. I had a situation in a previous codebase where one morning, pre-caffeinated, my meat brain mentioned using browser local storage. So some random state was managed in local storage. Everything else through a backend database. When I looked at the code, the amount of wrapping and indirection to preserve this idiotic human mistake probably tripled the LoC. Agents can amplify our one-off bad decisions by being so conservative.


Going through and joyfully deleting code and exploring helped me arrive at a better architecture than just trying to proxy this through English. My thinking, my authorship, my ability to guide the factor was massively amplified by caring about the code.


If we’re building a software factory, details matter. The details that establish architectural patterns. Down to algorithms and performance. Agents push us to evaluate, measure, and guard. They’ve made it cool to add CI into side projects early, not as an afterthought.


That’s massive improvement to the state of software.


But any assembly line has its weak spots.


Occasionally at the car factory, we need to take apart the assembly line. Or dig into the details of internal combustion engines to make a 10% improvement. Or spend an entire day observing brake pad testing to figure out why some issue in the field isn’t detected early.


We need to do that not while keeping the entire picture of the factory in our heads. We connect the minute details to the big picture. Drawing arbitrary boundaries about what you can touch in software gets in the way of that endeavor.


      


	  
I hope you join me at Cheat at Search with Agents to learn use agents in search. build better RAG and use LLMs in query understanding.
		
		



Original: https://softwaredoug.com/blog/2026/07/09/write-code · Discussion
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← back


February 10, 2026



One of the central goals of number theory is to find integer solutions to polynomial equations -- this is called the study of Diophantine equations.




This might seem a strange goal, so let's take a step back and ask what the point of mathematics is. The aim of mathematics is to look for hidden structures in mathematical objects. I envision this as similar to the role of an author: the writer tries to tell a particular story in a way which reveals a more general emotional idea; the mathematician tries to solve a particular problem in a way which reveals a more general mathematical idea.




Historically, the theory of Diophantine equations has led to the discovery of many hidden structures in the integers. The articles on this website aim to show how a particular class of Diophantine equations led to discovery (by Langlands, and many others) of some of the deepest, and more profound, structures ever observed by humans. But before getting to the Langlands program, let's start with some simpler examples.




Divisibility


The simplest Diophantine equations are those of the form \(Ax = B\). For example, suppose I ask you to find integer solutions to the equation
$$5x = 10,$$
or to
$$
2x = 13.
$$ 




The first equation has an integer solution (\(x=2\)), whereas the second equation has no integer solution: indeed, \(2x\) is always even, but 13 is odd.




As another example, the equation \(3x = 14\) also has no integer solutions; this is because \(14\) divided by \(3\) leaves a remainder of 2: no matter how you try, if you have 14 objects and want to put them into groups of 3, you will always have two objects left over.




Studying equations \(Ax = B\) leads one directly to the ideas of divisibility and remainder.



Modular artihmetic



A systematic way of managing divisibility is modular arithmetic. From some point of view, modular arithmetic is just a type of notation; but it is a very useful notation.




In mod 3 arithmetic, for example, we will consider two numbers to be equal if their difference is divisible by 3. For example, 
\[7 \equiv 4 \pmod{3},\]
because \(7 - 4 = 3\) is divisible by 3; and 
\[14 \equiv 2 \pmod{3},\]
because \(14 - 2 = 12\) is divisible by 3. 




You should think of \(\equiv\) as being a fancy sort of equals sign; in mod 3 arithmetic, 5 and 2 are treated as equal. And of course, there are also other types of modular arithmetic: one can work modulo any integer! Here's a sampling of some true equations in modular arithmetic:
\[6 \equiv 2 \pmod{4},\]
\[3 \equiv -3 \pmod{6},\]
\[27 \equiv 0 \pmod{9}.\]



Unique Prime Factorization



After studying Diophantine equations of the form \(Ax = B,\) it is natural to wonder about equations like \(Ax + By = C.\) For example, what integer solutions are there to 
\[4x - 3y = 1,\]
or to
\[15x - 18y = 2?\]




The equation \(Ax + By = C\) actually dates all the way back to the Greek geometer Euclid, who devised the Euclidean algorithm: a technique for finding all solutions to \(Ax + By = C.\)




This Diophantine equation might seem a little strange, but it is actually one of the most important in history, for a very simple reason: inventing the Euclidean algorithm is essentially equivalent to inventing unique prime factorization. The integers have unique prime factorizations: every whole number can be written in exactly one way as a product of prime numbers (like \(4725 = 3 \times 3 \times 3 \times 5 \times 5 \times 7 = 3^3 \times 5^2 \times 7\)). Unique prime factorization is a great hidden structure the integers possess, and somehow it is equivalent to knowing how to solve certain Diophantine equations! The link between these two topics is not immediate, but it does become inevitable when one starts thinking more carefully about prime factorization.



The Chinese Remainder Theorem



Unique prime factorization has a consequence in modular arithmetic. The equation
\[920 \equiv 2 \pmod{54}\]
means that \(920 - 2\) is divisible by \(54.\) As \(54 = 2 \cdot 3^3,\) unique prime factorization tells us that being divisible by \(54\) is equivalent to being divisible by 2, and to being divisible by \(3^3.\)




In other words, the single modular arithmetic equation
\[920 \equiv 2 \pmod{54}\]
is equivalent to the two equations
\[920 \equiv 2 \pmod{2},\]
\[920 \equiv 2 \pmod{3^3}.\]




This is an important general principle: any modular arithmetic equation can be written as a system of modular arithmetic equations, but where each equation in the system works modulo the power of a prime.




This observation, called the Chinese remainder theorem might seem a little strange at first, but it is actually very helpful in practice (as we will illustrate by using it in later articles!). The key point is that usually prime power modular arithmetic is easier to handle, and so it is better to study an equation `one prime power at a time,' instead of studying it with all the prime powers combined together at once.



The Langlands program



We saw two examples above of Diophantine equations leading to the discovery of some hidden structure in the integers (divisibility and unique prime factorization).




The purpose of this article was, secretly, to tell the reader about another class of Diophantine equations which leads to the Langlands program, which studies from incredibly intricate hidden structure inside of number theory. The Langlands program studies Diophantine equations of the form
\[f(x) = Ny,\]
where \(f(x)\) is an integer polynomial. For example, the Langlands program studies equations like
\[x^3 - 17x^2 + 5x + 12 = 82y,\]
or 
\[x^2 + 1 = 5y.\]




Just like the equations we saw earlier in this article, these Diophantine equations \(f(x) = Ny\) led to the discovery of great hidden structures in the integers. We hope you'll join us in learning more about these hidden structures!






Original: https://hidden-phenomena.com/articles/modular · Discussion
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Can We Understand How Large Language Models Reason?

cacm.acm.org · 50 points · Discussion

Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://cacm.acm.org/news/can-we-understand-how-large-language-models-reason/ · Discussion
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Neocities: Create your own free website

neocities.org · 46 points · Discussion



    






Our mission: To make the web fun again by giving you back control of how you express yourself online.



     HTML editor, right in your browser

    No tools needed. With our easy-to-use HTML editor, you're ready to start building your awesome website right now.

    If you'd rather use your favorite desktop editor, no problem. Uploading files is as easy as drag-n-drop.

  



     Welcome back, web surfing

    All Neocities sites are viewable and easily surfable in our website gallery.

    Using tags (our version of Web Rings) you can easily discover new sites related to your interests.

  



     Follow your favorite Neocities sites

    Keep track of all your favorite sites by following them. Any changes to the sites automatically show up in your news feed. You'll also see what sites they follow.

  



     Web creativity plus community

    Interact with your favorite web builders by posting comments, and sharing their sites on your social network of choice.

  





  
    
      
        Zero Advertising, Zero AI Data Selling
      

      
        Neocities will never sell your data for AI training or put advertising on your site. Instead, we are funded directly by people just like you with supporter accounts and donations.
      

    


    
      Fast Site Loading

      Neocities operates our own caching anycast CDN in over a dozen datacenters all over the world to quickly serve your site to visitors with strong SSL and support for HTTP/2. Our strict focus on static web hosting allows us to routinely out-perform the pricey cloud services on reliability, speed and uptime.

    

  


  
    
      Developer Tools

      Our fast static hosting comes with a great in-browser HTML editor, easy file uploading, a command line tool, RSS feeds for every site, APIs for building developer applications, and much more!
    



    
      Open Source

      We publish the code that powers the site for inspection. We want to win your trust—not lock you in.

    

  


  
    
      
        
54,052,044,270

        Site Hits

      

      
        
14,773,684,899

        Site Visitors

      

      
        
343,301,324

        Site Updates

      

  


  
    
        

          Rather than a constantly rushing river of information, Neocities sites are like homes where users fix them up, spend time on them, and invite others to visit.
          

          — Rosy Hearts, Polygon. View All Press »
        

    

  






  What are you waiting for? Start building your website now!




  



Original: https://neocities.org/ · Discussion
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Migrating a production AI agent to GPT-5.6: 2.2x faster, 27% cheaper

ploy.ai · 42 points · Discussion

[image: Colorful Ploy inflatable forms connected by a translucent tube, representing a production AI agent migrating between model systems]

As of today, Ploy’s agent runs on GPT-5.6 Sol, the flagship tier of the model family OpenAI released this morning. For months, we couldn’t find a model that challenges Claude Opus given our incredibly high bar for quality. That changed with GPT 5.6 Sol. After running it head-to-head against Claude Opus, we’ve made GPT 5.6 Sol the default model powering every Ploy workspace.

That’s a bigger switch than it sounds. Ploy’s agent builds and edits real marketing websites. It plans a page, reads the codebase, writes components, generates imagery, screenshots its own work, and decides when it’s done. That job description sets a very high bar for a model, and we test every frontier release against it. For the four months Opus held the default slot (first Opus 4.7, then 4.8), nothing we tested beat it. GPT-5.6 is the first model that did.

Not that the first eval run was perfect. It had real failure modes, which we’ll show you. But it did extremely well, and the promise was immediate and specific: builds finishing in less than half the wall-clock time, at 27% lower cost, scoring at or above our incumbent on completed work. Numbers like that buy a model a real migration effort.

Despite using Vercel’s AI SDK, a universal LLM SDK, switching from Claude Opus 4.8 to GPT 5.6 Sol required discovering, one eval failure at a time, that the things we think of as “the model” are provider-specific behaviors our whole stack has quietly specialized around: how it fills in tool arguments, how its prompt cache works, how it replays its own reasoning between turns.

Here’s what it took: fix the eval harness, then the tool schemas, then caching, then reasoning replay.

Step 0: Fix your harness before you trust a single number

Our eval suite runs the real agent against real fixture workspaces. Hundreds of cases, from “build a homepage from scratch” to “is this clone request safe to execute.” Build cases are scored by a visual judge running binary checks against a reference design, ten yes/no questions like “the hero is a full-bleed photographic scene” or “primary CTAs are rounded rectangles, not pills”, plus content checks, tool-trajectory checks, and file assertions. Every failed case gets triaged against its full trace: the actual tool calls and model text, not just the score.

Running that suite across two model families surprised us more than any individual result:

Your harness is tuned to your incumbent model, and you don’t know it. Our tool-call budgets were sized for Opus’s sequential style; GPT-5.6 fans out parallel calls and blew through them on cases it was solving correctly. Our eval executor didn’t support batched file reads, which Opus rarely used and GPT-5.6 uses constantly. Roughly a third of the raw failures in the first cross-model run traced back to harness assumptions, not model behavior, and they were not evenly distributed between the models. If you’re evaluating a challenger model against an incumbent, triage the traces before you trust the pass rate. Otherwise you’re grading the new model on how well it imitates the old one.

Make sure you’re grading models fairly in evals. A dataset that omitted its minScore threshold silently inherited a default of 1.0, so GPT-5.6 “failed” a hero it scored 0.98 on, and Opus “failed” a case while passing every individual check. Two defensible design directions; one invisible threshold.

[image: Build-colorful-hero comparison: Opus's gradient hero passed at 1.0; GPT-5.6's color-block study scored 0.98 and failed only an implicit default threshold]


With the harness cleaned up, here’s a sample from our redesign suite, where the agent rebuilds a brand’s homepage against a reference design:




































	Mean per completed build	Claude Opus 4.8 (n=11)	GPT-5.6 (n=10)
	Cost	$3.06	$2.22
	Wall-clock time	8m 00s	3m 42s
	Input tokens	2.60M	1.70M
	Output tokens	33.0K	17.1K
	Visual score	0.936	0.970


This is the shape of the promise: 2.2× faster to a finished page, 27% cheaper, and about half the output tokens. GPT-5.6 writes lean code. On one matched pair, Opus produced a 17,957-character globals.css with 174 CSS variables (full color ramps, mostly unused) where GPT-5.6 wrote 2,508 characters and 45 variables for a comparable (and sometimes better) rendered page.


Design: sharp, clean, but a little bit uniform

Our overall read on GPT-5.6’s design work: it is very good at clean, modern, tightly-gridded layouts, but it tends to converge towards that look unless you steer it well. With our older harness designed for Opus 4.8, GPT 5.6 Sol tends to ignore existing design systems and instead produces sharp, restrained, and visibly generic output.

[image: Opus on the left reproduced the Clay brand system; GPT-5.6 on the right shipped a clean but generic page]

The details of how we fixed this are worth a separate blog post of its own. With the expertise of our design and engineering teams, we are able to steer models to achieve world-class brand adherence that you can’t get out of the box.


Here’s the one that was silently corrupting results before we caught it.

Our agent’s code tool has 25 top-level parameters, one required (action) and the rest optional. Claude sends the two or three it’s using and omits the rest. GPT-5.6 sends all 25, every time, inventing plausible values for the ones it doesn’t need: offset: 0, timeout: 120000, siteId: "00000000-0000-0000-0000-000000000000".

Three days of production traces, code(read) calls carrying every property:


























	Model	Calls	Carrying all 25 properties
	gpt-5.6	6,635	6,635 (100%)
	claude-opus-4.8	2,898	4 (0.1%)
	claude-sonnet-5	1,933	0


The problem isn’t verbosity. It’s that an invented value is indistinguishable from an intended one. offset: 0 looks like a real argument. Our file-read implementation treated it as one, and 52% to 64% of GPT-5.6’s file reads were coming back empty because of it. The tool returned success: true both ways, so the model had no way to know it was reading blank files. It just did the work worse, with more calls.

Prompting doesn’t fix this. A tool-description directive to “omit unused parameters”: still 25/25. Per-property “OPTIONAL, omit if unused” hints: still 25/25. OpenAI’s strict mode: identical behavior (we measured), and adopting it would have forced us to strip pattern, format, and array-bound validation from every schema. This is baked into how the model emits function calls. You don’t instruct it away; you design around it.

The fix that worked is a schema transform at the provider boundary. For OpenAI-family models only, we rewrite every optional property to be required but nullable, using anyOf: [T, null], which gives the model an explicit way to say “not using this.” Then, at the single seam every tool invocation passes through, we strip the nulls back out before validation, so no tool implementation changes at all. Round trip: the model sees a schema where honesty is expressible; the tools see the same inputs they always did.

// Before: 25 keys, every one carrying an invented value
{ "action": "read", "file_paths": [...], "offset": 0, "timeout": 120000, ... }

// After: 25 keys, 4 real values, 21 explicit nulls (stripped before the tool runs)
{ "action": "read", "file_paths": [...], "offset": null, "timeout": null, ... }

Results: empty file reads went from 52% to 0%, and the agent needed roughly 30% fewer tool calls for the same work, because it was no longer re-reading files that came back blank.

Step 2: Rebuild prompt caching

This was the most instructive engineering difference, because on the surface both providers offer “prompt caching” and the words hide two entirely different designs. If you migrate one thing carefully, make it this: before we did, GPT-5.6 looked about 50% more expensive than Opus. It wasn’t the model’s pricing; it was our cache configuration.

Our agent’s prompt opens with a static prefix of roughly 29K tokens (tool schemas plus the core system prompt) that’s identical for every conversation. On Claude, we mark cache breakpoints with cache_control and that prefix caches across the whole organization: any conversation, any workspace, one shared entry, no throughput budget to think about. Cache hit rates run 92% to 96% and caching fades into the background.

GPT-5.6 changed OpenAI’s caching model out from under us. Earlier GPT models cached implicitly on partial prefix matches, which gave decent hit rates for free. GPT-5.6 dropped partial-prefix matching: implicit caching now only creates whole-prompt entries keyed on the latest message. A new conversation sharing our 29K static prefix cached 0% of it. Every conversation re-billed the full prefix at the uncached rate, and on GPT-5.6 every uncached prompt also pays a 1.25× cache-write surcharge, whether or not you use caching.

The intended mechanism is explicit: prompt_cache_breakpoint markers plus a mandatory prompt_cache_key. And the key is where the design really diverges, because it’s part of cache identity. Identical prompt, different key: zero cache hits. Each key maps to a cache node that sustains roughly 15 requests per minute before OpenAI fans traffic to other nodes with independent, cold caches.

That turns “enable caching” into an actual design decision: what entity do you scope the key to?


	Per-conversation key means a new conversation never hits the shared prefix. First-call hit rate: 0%. (We measured this mistake. It’s expensive.)

	One global key means every request hashes to one cache node, and production traffic obliterates the 15 rpm budget; requests spill to cold nodes and you’re back to misses.

	Per-workspace key is the sweet spot. All conversations in a customer workspace share entries; per-key traffic stays low.



We ship the workspace-scoped key and split the system prompt into breakpointed layers, mirroring the structure we already used for Anthropic:

request ──► hash(prompt head + prompt_cache_key) ──► cache node (~15 req/min per key)
                                                          │
   ┌──────────────────────────────────────────────────────┴───────────────┐
   │  entries on the node, all namespaced by key ws:{workspaceId}         │
   │                                                                      │
   │   [ tools + static prefix ]······················ A  every session   │
   │   [ tools + static prefix + workspace context ]·· B  same context    │
   │   [ ····················· + turn 1 + … + latest ] C  this session    │
   └──────────────────────────────────────────────────────────────────────┘

Entry A is what makes a session’s first call cheap. Entry B self-heals: when workspace memory changes, the request misses B but still hits A, then writes a fresh B. One context-sized write instead of a full 29K re-bill. Entry C is OpenAI’s implicit whole-prompt chain, which works fine within a session because our prompts are strictly append-only.

One consequence has no workaround: cross-workspace sharing of the static prefix is structurally impossible on OpenAI. Anthropic can share it because its cache is org-scoped without key partitioning. On GPT-5.6, every workspace pays one 29K cold write per idle window, about $0.18. A real cost, but bounded and predictable.

Results after the change: first-call cache hits went from roughly 0% to 83.7%, total uncached input tokens dropped 28%, and GPT-5.6’s per-suite cost landed below Opus’s. Every dollar of the gap we’d been staring at was cache misconfiguration, not model pricing. If you’re cost-comparing models and one of them has a cold cache, you are comparing your config, not the models.

Step 3: Make reasoning replay self-contained

Shorter, but it broke real conversations. GPT-5.6’s Responses API replays prior-turn reasoning as server-side item references by default; ours started intermittently failing mid-conversation with Item 'rs_...' not found. The fix is store: false, which makes the SDK request encrypted reasoning content and replay self-contained blobs instead of pointers to server state. A corollary that cost us a debugging afternoon: with server-side reasoning state in the loop, the effective prompt can change upstream of you even when the bytes you send are append-only.

GPT 5.6 Sol is ready to Ploy

Try it yourself. GPT-5.6 launched today, and it’s already live on Ploy. You can try it for free right now: give it a website to build and see what a sub-four-minute build looks like. Start free at ploy.ai.



Ploy is marketing run on autopilot: an AI layer that plans, builds, publishes, and optimizes your website and campaigns end-to-end. If debugging cache-node fan-out at 2am sounds like fun, we’re hiring.
 


Original: https://ploy.ai/blog/migrating-a-production-ai-agent-to-gpt-5-6 · Discussion




The power of collaboration: How we can reduce traffic congestion


21

The power of collaboration: How we can reduce traffic congestion

research.google · 41 points · Discussion


                    
                    
    



Tiny Emulators


22

Tiny Emulators

floooh.github.io · 40 points · Discussion


    
  Visual 6502 Remix

  




  Visual Z80 Remix

  







  KC Compact

UI
  




  Amstrad CPC464

UI
  




  Amstrad CPC6128

UI
  




  ZX Spectrum 48k

UI
  




  ZX Spectrum 128

UI
  




  Commodore VIC-20

UI
  




  Commodore C64

UI
  




  Acorn Atom

UI
  




  LC-80

  




  Robotron Z1013

UI
  




  Robotron Z9001

UI
  
(with BASIC and RAM modules)




  Robotron KC87

UI
  
BASIC[Enter]




  FORTH (KC85/4)

UI
  




  FORTH (Z1013)

UI
  




  BASIC (Z1013)

UI
  




  ASMDEV (KC85/4)

UI
  




  CP/M 2.2 (CPC)

UI
  




  DTC (CPC)

UI
  
by Arkos/Overlanders




  Tire Au Flan (CPC)

UI
  
press SPACE!




  Wolfenstrad (CPC)

UI
  
by Dirty Minds




  Byte'98 (CPC)

UI
  
by mortel/Overlanders




  Ecole Buissonniere

UI
  
by MadRam/OVL (CPC)




  Demoizart (CPC)

UI
  
strobe warning!




  Logon's Run (CPC)

UI
  
by Overflow/Logon System




  YAP! (CPC)

UI
  
by Logon System




  Backtro (CPC)

UI
  
by Overflow/Logon System




  Isometrikum (CPC)

UI
  
by Vanity




  SotB Demo (CPC)

UI
  
"Preview 1", then SPACE!




  Points Barres (CPC)

UI
  
press SPACE!




  Still Rising (CPC)

UI
  
by Vanity




  Octopus Pocus (CPC)

UI
  
by Pulpo Corrosivo




  Gloire a Piou! (CPC)

UI
  
by Overlanders




  phX / Condense (CPC)

UI
  
by Condense




  Batman Forever (CPC)

UI
  
by Batman Group




  CRTC (CPC)

UI
  
by benediction & Arkos




  Wunderbar (CPC)

UI
  
by Arkos/Benediction




  Phortem (CPC)

UI
  
by Condense




  Pheelone (CPC)

UI
  
by Condense




  Phreaks (CPC)

UI
  
by Condense




  Phat 2 (CPC)

UI
  
by Condense




  Wobbler (CPC)

UI
  
by TAF




  Battro (CPC)

UI
  
by Batman Group




  Rebels 1989 (C64)

UI
  
by Rebels




  $777 (C64)

UI
  
by Razor 1911




  The Wobbler (C64)

UI
  
by Abyss Connection




  Dawnfall (C64)

UI
  
by Oxyron




  +H4K (C64)

UI
  
by Plush




  Crapman (C64)

UI
  
by Latex




  Kongo2 (C64)

UI
  
by Cruel Soldiers




  C.Intentional (C64)

UI
  
by Vision




  Sour & Salty (C64)

UI
  
by Artline Designs




  Nightcrawler (C64)

UI
  
by Almagest




  Arcade Intro (C64)

UI
  
by Arcade




  In A Loop 1K (C64)

UI
  
by Ate Bit




  Dubious 4K (C64)

UI
  
by Fairlight




  Space Invaders (C64)

UI
  
by Hokuto Force




  Rewind (C64)

UI
  
by TempesT




  Tunnel Vision (C64)

UI
  
by OMG




  Party Horse (C64)

UI
  
by Booze Design




  Funny Rasters (C64)

UI
  
by Excess




  Field Sort (C64)

UI
  
by Lft




  One Bit Wonder (C64)

UI
  
by Offence et al.




  Swirl (C64)

UI
  
by DnP




  The Earth (C64)

UI
  
by eins




  F600 (C64)

UI
  
by Hokuto Force & PVM




  Reflections (C64)

UI
  
by Plush




  Summer of 64 (C64)

UI
  
by Offence




  One-Der (C64)

UI
  
by Oxyron




  PPY (VIC20)

UI
  
by Proxima




  Muna.Paluu (VIC20)

UI
  
by Dekadence




  Serious (KC85/4)

UI
  
by Moods Plateau




  Twenty (KC85/4)

UI
  
by Moods Plateau




  Ancient Civilizations (KC85/4)

UI
  
by Moods Plateau




  Stereo (KC85/4)

UI
  
by Moods Plateau




  Fractal Dimension (KC85/4)

UI
  
by Moods Plateay




  Digger (KC85/3)

UI
  




  Jungle (KC85/3)

UI
  




  Pengo (KC85/3)

UI
  




  House (KC85/3)

UI
  




  Cave (KC85/3)

UI
  




  Cave (KC85/3)

UI
  
better alt. version




  Labyrinth (KC85/3)

UI
  




  Pacman (KC85/3)

UI
  




  Ladder (KC85/3)

UI
  




  Chess (KC85/4)

UI
  




  Enterprise (KC85/4)

UI
  




  Mad Breakin (KC85/3)

UI
  




  Tetris (KC85/4)

UI
  




  Sokoban (KC85/4)

UI
  




  Boulderdash (C64)

UI
  
press F1 on start screen




  Boulderdash (CPC)

UI
  




  Boulderdash (ZX48k)

UI
  
select Kempston joystick!




  Boulderdash (KC85/3)

UI
  




  Boulderdash (KC85/4)

UI
  




  Boulderdash (Z1013)

UI
  




  Bomb Jack (CPC)

UI
  




  Bomb Jack (ZX48k)

UI
  
select Kempston joystick!




  Bomb Jack (Arcade)

UI
  
1 for coins, Enter to start




  Pengo (Arcade)

UI
  
1 for coins, Enter to start




  Zaxxon (C64)

UI
  




  Dig Dug (C64)

UI
  




  Cybernoid (CPC)

UI
  




  Cybernoid (C64)

UI
  




  Arkanoid (CPC)

UI
  




  Arkanoid RoD (CPC)

UI
  




  Arkanoid RoD (ZX128)

UI
  




  Batty (ZX48K)

UI
  




  Breakout (KC85/3)

UI
  




  Silkworm (ZX128)

UI
  
select Kempston joystick!




  Silkworm (CPC)

UI
  




  Great Escape (ZX128)

UI
  
select Kempston joystick!




  Flying Shark (ZX48K)

UI
  
select Kempston joystick!




  Chase HQ (CPC)

UI
  




  Chase HQ (ZX128)

UI
  




  Ghosts'n'Goblins (CPC)

UI
  




  Ghosts'n'Goblins (C64)

UI
  




  Fruity Frank (CPC)

UI
  




  1943 (CPC)

UI
  




  Dragon Ninja (CPC)

UI
  




  Gryzor (CPC)

UI
  




  Astro Marine Corps (CPC)

UI
  




  Bruce Lee (CPC)

UI
  




  Bruce Lee (ZX48K)

UI
  




  Intern.Karate (CPC)

UI
  




  IK+(CPC)

UI
  




  Ikari Warriors (CPC)

UI
  




  Head over Heels (CPC)

UI
  




  Head over Heels (ZX)

UI
  




  Rick Dangerous (CPC)

UI
  




  Prince of Persia (CPC)

UI
  




  Nebulus (CPC)

UI
  




  Nebulus (C64)

UI
  




  Live and Let Die (CPC)

UI
  




  Cyclone (ZX48k)

UI
  
select Kempston joystick!




  Exolon (ZX48k)

UI
  
select Kempston joystick!




  Quazatron (ZX128)

UI
  
select Kempston joystick!




  Rainbow Islands (ZX)

UI
  




  Sir Fred (ZX48K)

UI
  
select Kempston joystick!




  Chucky Egg (Atom)

UI
  
press SPACE to start!




  Jet Set Willy (Atom)

UI
  
select JOYMMC!




  Alien Blitz (VIC-20)

UI
  




  Mazogs (Z1013)

UI
  




  Galactica (Z1013)

UI
  




  Demolation (Z1013)

UI
  








Original: https://floooh.github.io/tiny8bit-preview/index.html · Discussion
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I Learned to Read Again

substack.magazinenongrata.com · 37 points · Discussion

The new world is intent on inculcating short attention spans and insatiable dopamine cravings in its people. Reading has become more difficult and less common. In this piece, Sam Kahn—one of the greatest living essayists and co-founder of The Republic of Letters—tracks his journey with books from youth until today. He speaks honestly and specifically about the pressures working against his reading appetite and ability, and how he has attempted to counteract them.
If you’d like a physical copy of the magazine, you can either (1) subscribe to the annual or founding plan via Substack (2) make a purchase from our website. Print was the past. It is becoming the present. It will be the future.
400 Blows (1959), directed by François Truffaut.
I hit my reading peak when I was eleven or twelve. At the time, it was a joke. I had a bedside table and it was stacked with books, all at different stages of being read. Books migrated to the floor next to the bed, and different stacks migrated to different rooms of the apartment. At the time I really was ravenous. It was clear to me that books were essentially the same as knowledge and were the window into the world—into all kinds of different worlds—but, crucially, that books also contained the key into adulthood. Since then, my reading has basically been in decline and under siege from a wide variety of different adversaries. Let’s list those before getting into my personal reading rehabilitation project.
Middle school, and adolescence in general, were the single greatest blow to my reading. It quickly became clear that, from a social perspective, all this reading was a catastrophic blunder, and I tried to switch gears as quickly as I could—I would come home from school and turn on ESPN or VH1 and try to download pop culture so that I could repeat it back in school the next day.
School itself was an obstacle to my reading. I showed up at my new middle school trying to hide The Republic under The Red Pony, and I’ve had a fantasy from that day to this that the school system would start recognizing and supporting kids like me who clearly were very self-motivated and had an obvious aptitude in one subject as opposed to others. In this fantasy I would have been instantly enrolled in some higher-level English classes and excused from math or science, which, it was completely clear, wasn’t going to be a significant part of my life. But that just wasn’t the case. There were phone calls home, and I learned fairly quickly to revert to the mean.
Then there was social life. I remember carefully packing a suitcase of my books for college when my father told me, “Trust me, there won’t be a moment for reading recreationally.” He didn’t just mean that there would be a deluge of school reading, he meant that there would be so much going on around campus that reading for fun would be a kind of admission of social failure. I took that seriously, felt a sort of guilty conscience whenever I opened up one of my books and tried to think what I should be doing instead. It was a real surprise to me when I realized, somewhere towards sophomore or junior year, that it wasn’t exactly true and lots of cool, perfectly socially-adjusted people were also reading for fun.
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Then there was work life. I sort of had an understanding around this time that reading, even serious reading, was childish, and that adults spent all their time thinking about money, and I remember a moment soon after I graduated when I delivered a kind of private eulogy for my reading life. In the end, it turned out to be not like that. The first job I had out of college involved twelve-hour workdays, but that still left a lot of hours unaccounted for, and I remember the curious guilty pleasure of visiting the used bookstore in town and loading up on a whole bunch of Penguin Classics that the proprietor was visibly surprised to be selling to anyone.
I remember feeling like I’d overcome some kind of hurdle in my reading life at that time—I’d expected work life to grind down my reading and instead my reading (which is to say, my inner life) had somehow outfoxed the work schedule. But I was underestimating my adversaries. That phase was another peak of my reading, and then there was a ten-year period from, roughly, my late twenties to my late thirties when I barely read anything at all—or, at least, my reading consumption slowed to a level that would have deeply embarrassed my eleven-year-old self.
What happened? I was no longer in terror of middle schoolers expecting me to know who Gwen Stefani was or to quote TV commercials back at them. I wasn’t, for the most part, dealing with an onerous worklife that swallowed up all my free time. But there were a few new adversaries.
One was love. Being with a partner meant, essentially, turning over my inner life to the partner. Reading seemed like a way of distancing rather than connecting, and by far the better way to consume content was to stream TV shows together.
Then there were money worries. Adulthood wasn’t quite the grey-flannel-suit enterprise that I had pictured where I was younger, where you entered into the workforce and were essentially lobotomized by it. In millennial life everything was a bit looser and freer, but there was also a drumbeat of constant anxiety. Reading—I mean, reading a long, serious book—seemed, in that context, like checking out, not so different from sitting down on the street and rattling an empty coffee cup. Scrolling was alright—that meant that you were still plugged in, that you were part of the flow of life, where social connections and money opportunities could be made. But there was absolutely zero opportunity of advancing one’s interests by reading a book—there was no conceivable social chit-chat that would turn to people bantering about books, and the knowledge in books was entirely abstract and remote, as opposed to the potentially utilitarian knowledge you might get from a newspaper or a social media post.
From a more macro point of view, what was happening at this time was the final breakdown of a Bourdieauian concept of social status, in which taste was the critical metric of status and being bourgeois or refined meant, among other things, being a reader (for a glimpse of how a Bourdieuian social system worked in practice, it’s worth watching certain movies from the ’70s or ’80s, any Woody Allen movie, for instance, which are basically a cornucopia of high-brow referents). As David Brooks nicely documents in Bobos in Paradise, the bourgeoisie made a kind of collective pact around the 1990s or 2000s to just drop it—to not burden themselves with showing off how much they’d read and to instead just flaunt their wealth while entertaining themselves with talking about TV shows, which were starting to become pretty good.
Then, surprisingly enough, writing was a hindrance to my reading. This is kind of a specialized concern, but I came to feel in my twenties that my writing was a bit drafty and undergraduate, in large part because I was overly influenced by the enormous swath of reading material that I had inhaled through my adolescence. I was very impressed by a line from a medieval Arabic poet where he advises a student to memorize a thousand passages of poetry and then to forget them all again before he could begin writing. I decided that I was in the phase where I needed to forget—I had taken in too many inputs, and I had a tendency to be intimidated or just overly influenced by them, and now was the time, I felt, to clear out my own head and find my voice. This, by the way, I think is pretty good advice to writers, but, at the time, it was accompanied by a certain bitterness on my part towards reading—if reading couldn’t even make me a better writer, I thought, then what really was all that reading for?
But, of course, the most significant obstacle to reading was social media. There was a long period of time—almost forgotten now—where society split between those who were always online and those who weren’t. I prided myself in being among the people who weren’t—having a Facebook profile but not posting, not obsessively checking Twitter, etc.—but we were all fooling ourselves. The turning point for me came when I watched the documentary The Social Dilemma in 2020 and realized the extent to which I was like the kind of alcoholic who claims that they only drink moderately, but whose life is in fact dominated by booze. “Every time you see the phone on the counter and you just look at it and you know if you reach over it just might have something for you so you play that slot machine to see what you get, right?” the technology ethicist Tristan Harris says in the documentary. The argument was that the phones used deep psychological techniques—it’s called “positive intermittent reinforcement,” if you’re interested—to get you completely hooked. I was old enough to remember how the arrival of the mail in the morning had a similar effect on people, or the way that people might hover by a landline waiting for a phone call. But now it was like people were checking their mailbox a thousand times a day—just the idea of good news coming for you, and only you, was so powerful that, essentially, nothing else could compete with it, certainly not a closed form like a book, which as often as not was written by a dead person and, by definition, could not have a job offer or a romantic possibility or a party invitation or a compliment for you embedded within it.
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For the better part of a decade, we all fell victim to this. I remember the most interesting person I knew—a guy who’d become a shaman—saying that his whole spiritual journey was behind him. “Now I am a Facebook customer,” he reported. And my reading habit was one victim of many.
The Social Dilemma probably was the decisive event for me and made me realize the extent to which my behavior—the regular checking of my cell phone—was addiction, no matter that I was probably a bit better than most people I knew. The period since then—call it the last five years—has been a slow and deeply embarrassing journey to learn to read again. In other words, painstakingly and through all kinds of cheap tricks, to learn to do something that used to be about as natural for me as breathing. I sometimes think about it as being like a stroke victim who has to train themselves to walk again or to wake up some dormant hemisphere of their brain—with the difference that nothing bad happened to me, apart from the general current of 21st century life.
What bothered me most, I suppose, was the degradation of my own inner world. Solitude used to be something I looked forward to—the chance to curl up with a book. Now I was twitchy and irritable—constantly checking my phone. I was, in a word, far less mature than I had been when I was eleven or twelve. I could remember when adults might ask each other, as a normal question, “what are you reading?” and that was like an invitation to travel together into a different dimension, into the content of each other’s inner lives and each other’s souls. Asking each other about what they had seen on Netflix or whether they had caught the Grammys didn’t have the same incantatory power. Without that, discourse seemed to be breaking down. Twitter was turning into a flaming mosh pit of dueling online mobs, Instagram and Facebook were aggressively performative, and all of them were heavily manipulated by algorithms and subject to corporate censorship. What reading really meant was getting away from all of that—from an opportunistic culture in which participants are “users” and to the promise that’s embedded in reading at its best, of soul speaking to soul, of individuals maybe continents or centuries away speaking their truth, to the best of their ability, and being received with respect and empathy by an attentive reader. To me, that seemed like a much better, more reciprocal and more honorable, relationship with others than anything that was on offer from my current tech-based social landscape.
So, in my uphill battle to once again be a reader, here are a few of the tricks I’ve tried.
The first and most important is that I’ve given myself over almost entirely to motivated reading. It’s almost impossible for me now, as it has been for years, to just pick up a book and to fall into the kind of daydreaming state that coffee mugs and coasters are always proclaiming is the essential joy of reading. If I’m reading it’s always for something and—like I’m the manic Duolingo bot constantly creating random milestones for its users—I’m always giving myself tasks to complete in my reading. I often read as research for writing projects, and that is no problem at all—I am able to read just as fluently and frenetically as when I was a kid or, probably more precisely, as when I was a student cramming for an exam. That’s a very specific, and more or less healthy, way of reading. I know that I have a limited time to research a project before it gets stale in my imagination—I want to be comprehensive in my research without getting bogged down in it—and I read in a totally voracious way. Here, the internet actually is my friend: between archive.org and Everand and weird piratic sites like Dokumen, I can find with rare exceptions any text I am looking for (and which would have been hopelessly tedious in the pre-internet era of moving between libraries or asking for books on inter-library loan).
Then, I make myself turn out a product nearly every time I read something. The origin of my Substack—on which I write prolifically—is largely that I was looking for a place to post book reviews, and the reason I wanted to post book reviews was that I wanted to give myself a reason to read the books in the first place. The difference between reading “for pleasure” and reading with a review envisioned at the end of a project is considerable. For one thing, I am a much more attentive and careful reader when I am planning to write a piece on the book—and know that I will be judged if I skip over a key plot point or misread the book (and may even face a critique from the sulky author themself). I read in an almost-industrial style when I am reading this way (which is, at this point, the vast majority of my reading). And here, once again, technology is my friend. In the pre-smartphone days, I had always been perplexed by whether and how much to write in the margins of books I was reading—which seemed disrespectful and also like the primrose path to being a pack rat. But with Apple Notes, I write down basically everything that’s interesting to me in the book as I’m reading and swipe-typing picks my speed up enough that I don’t really lose my flow in a book as I’m writing my note. The result is that I can basically write a review as I’m reading a book, and—when it comes time for the review—I often don’t even look at the book again. I can do it entirely off my notes.
But even that technique is only partially successful. I started my Substack planning for book reviews to be a cornerstone of it, but if I look back at my archive, whole months can pass without my writing a review of anything—which means that I’m basically not finishing any books at all. A few things are going on at once. One is that I get really depressed over the state of contemporary writing, especially contemporary fiction. Anybody who’s tried to write reviews, or binge contemporary fiction, will know what I’m talking about. But the more salient point is that I still am a digital addict. If I’m on my phone, or a computer, my impulse is to check mail for the thousandth time that day or to play games online or to scroll the newspaper or to hang out on Substack Notes. So I started a new round of embarrassing addiction-control reforms. After watching The Social Dilemma, I’d taken their advice and turned off Notifications on my phone, which, actually, was a life-changer. Now, like I was my own parent, I started different regimens for increasing my reading time. I would open up a book on my e-mail or Kindle, and then, once I did, put the phone in airplane mode and then force myself to read for fifty pages or a half-hour at a time, something like that. It wasn’t easy at all, and—at the time of writing this—it’s very much a work in progress. Somehow or other, that airplane mode button keeps getting toggled off. If I don’t force myself to take notes on a book—with the prospect of writing a review at the end of it—it’s easy for me to zone out for whole pages at a time, still reading but not processing what’s happening. It’s an astonishing come-down—my regression from being the best reader of anybody I knew to being the kind of C student whose parents were always tricking them into doing their English homework—but we are far enough into the great cultural collapse that I just have to accept what’s happening and adapt to it. Reading has become something that I have to force myself to do.
The question then becomes—and I do find myself asking it a lot—why I bother at all. Why do I read, if it’s not particularly good for my career or my social life, or even for my writing, and I often don’t even enjoy it, and have to find these inane tricks to compel myself to do it? What I’d like to say is that somewhere in me is the same compulsive curiosity that first animated me to become such a great reader back when I was a little kid, but I think the answer is a bit different and is more about feeling a kind of obligation. Civilization is facing an existential crisis. We have lost the habit of reading—if I had such a difficult time with digital addiction, I can only imagine what it was like for people who didn’t have the head start as a reader that I did—and that means that we lose both a capacity for deep concentration (which includes the capacity for jumping from our perspective to perceiving the world from the consciousness of others) as well as a critical continuity with the pre-digital past. These are really bad habits to lose. Anybody who’s encountered anybody below the age of, say, twenty-five will be struck at how their worldview seems to begin with the digital age, and what that means is that anybody who is older, or who has something like an ancestral memory of deep reading, has an obligation to serve as a caretaker generation, to keep the habit alive, with whatever tricks we can manage, in the dim hope that something or other will happen, that the entire culture won’t be swallowed up by social media algorithms and their A.I. successors, that somehow or other the taste and utility of reading, actual reading, will come back. Until then it’s airplane mode and timers and anything else we can think of that will force ourselves to read an actual book, and to resist the infinite allure of the infinite scroll. 
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    Electricity used by datacenters in Ireland increased by 10 percent during 2025, despite an effective moratorium on most new datacenter grid connections in the Dublin area.
The latest figures from Ireland's Central Statistics Office (CSO) show that giant server farms now account for nearly a quarter of the country's metered electricity consumption.
Their share rose to 23 percent in 2025 after passing 20 percent in 2023 and 14 percent in 2021 – up from just 5 percent way back in 2015.

According to the CSO, the energy sucked up by massive bit barns increased by 10 percent last year, expanding from 6,973 gigawatt hours (GWh) in 2024 to 7,663 GWh in 2025. All other customers consumed just 2 percent more electricity over the same period.

In fact, datacenters used more electricity than urban households, which accounted for 18 percent of metered use, and more than twice the rural-household share of 9 percent.
"Datacenter consumption has grown every single year without exception, more than doubling between 2015 and 2019 from 1,240 GWh to 2,490 GWh, and tripling again between 2019 and 2025, reaching 7,663 GWh," commented Grzegorz Głaczyński, statistician in the CSO's Climate and Energy Division.
Things got so bad in Ireland that at one point there were fears that the ever-expanding data dormitories might eat up as much as a third of the Emerald Isle's electricity by now.
The Commission for Regulation of Utilities (CRU) put an effective moratorium on connecting new server farms to the electricity grid, at least in the Dublin area, where much of the activity tends to concentrate.

This was lifted in December of last year, meaning electricity consumption still rose by a tenth while the moratorium was in place for nearly all of 2025.
Under stricter new regulations, server farm operators seeking a grid connection of more than 10 MW must also now provide generators or battery systems capable of providing the same power. They will be required to feed power back to the national grid, if and when required, a system already pioneered by Microsoft and Digital Realty.
Like a growing number of places, Ireland has also seen protests against datacenters, which perhaps isn't surprising given that there are understood to be more than 80 of them for a relatively small country of just over 5 million people. 
Even in the US, the Trump administration is having to work to defuse public opposition to datacenters, asking the tech giants to commit that their expanding server farm estates won't spike energy bills or drain local water supplies across the US. ®
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Ancient artisans’ village in Deir el-Medina 

The Deir el-Medina strikes were a series of strikes by the artisans who worked on the tombs in the Egyptian Valley of the Kings, the most notable of which occurred in the 29th year of the reign of Ramesses III (circa 1158 BC).[1][2] The primary cause of the strike was Ramesses' inability to provide supplies, including wheat rations, to the workers and their families, and workers were forced to buy their own wheat. The workers pleaded with the site officials, who ignored their complaints. The workers then went on strike and marched en masse to the office of the vizier, who authorised the release of grain from the funerary temples, and the workers returned to work temporarily. 


The initial Deir el-Medina strike is considered the earliest recorded collective labour action. Labour problems continued in the 20th Dynasty due to price increases for grain. 






The community of artisans at Deir el-Medina worked on the construction and decorations of the royal tombs. The town was home to the workers and their families for roughly 450 years, beginning with the 18th Dynasty until the end of the 20th Dynasty.[3] The workers were divided into various roles. The chief workman directed the workers and represented them as a group in any dealings with the authorities; they were approached concerning community legal matters, settled disputes, and received correspondence from the vizier.[4] Deputies, four to each work group, acted as a member of the court (the Kenbet) and witnessed both legal and commercial interactions. The deputies also participated in investigated and inspections, especially those associated with strikes. Scribes, second in rank only to the chief, were responsible for the administrative progress of the tomb, for maintaining order, and were expected to encourage the artisans to return to work during the strikes; they reported directly to the vizier.[5] The "captains of the tomb", a group of scribes and chiefs, wielded collective authority over the tomb and jointly distributed both grain rations and material for the workers; they were also responsible for the workers' behaviour and bringing them back to work from strikes.[6] The workers were provided with male serfs, who received payment in grain from the scribes, and also with groups of women slaves, who were provided by the king to grind the workers' grain payments into flour on the grindstones in the village.[7]


Workers resided in the village with their families but spent their days working in the Valley of the Kings, and therefore stayed in nearby huts overnight. They worked for eight days in two, four-hour shifts, with a lunch break at noon, and then returned to the village on the ninth and tenth days.[8]


The community had its own police force, known as medjay, who were Nubian nomads in the Old and Middle Kingdoms, who both protected the workforce and were involved in ensuring good conduct from the workers.[6]


Deir el-Medina was unique as an artisan, rather than agricultural settlement, where workers were well-paid and they and their families had a higher degree of literacy than villagers elsewhere. Workers were aware of their importance as the tomb-makers and decorators for kings and nobles; when their wages (food supplies) were in arrears, they could complain directly to the vizier (second in command to only the pharaoh) and later to the high priest of Amun at Karnak.[9]



Ostracon detailing the delivery of provisions to Deir el-Medina
Circa 1178 BC, the Sea Peoples, a sea-faring confederation, attempted a massive invasion of Egypt, following two previous attempts to conquer Egypt, during the reigns of Ramesses II and his successor Merneptah. Although the Sea Peoples were previously defeated, the third invasion force was significantly larger and Ramesses' forces and resources were fewer. Ramesses III responded by instituting a kingdom-wide conscription campaign to bolster the military, and was ultimately successful in the Battle of the Delta. While Ramesses achieved victory, the battles cost a considerable number of Egyptian lives, resulting in, among other things, a loss of labour for the kingdom's farms and a smaller harvest.


During this period, there was evidence of grain inflation and it is suspected that a series of failed or diminished harvests impeded the ability of the ruler to pay workers throughout Egypt. Due to the large number of people employed by the government, and the hierarchy of officials who were paid first, it is possible that the grain meant for the artisans was already distributed to others by the time it would have reached the Deir el-Medina area.[10] Additionally, it has been suggested that there was a policy of paying the workers at two levels, where workmen who had wives and families may have received a higher payment than those without.[6]
 

Payments were made on the 28th day of the month for the following month, with the basic payment being made in grain. These payments were authorized by the vizier and drawn by the royal scribe from the granary of the king.[11] The grain ration was composed of emmer wheat, which was made into flour, and barley, which was fermented into beer. Other payments included vegetables, fish, and water, as there were no natural water sources in Deir el-Medina. Other deliveries, made with less regularity, included dates, cakes, and beer; supplements for festivals or holidays included meat, salt, sesame oil, and natron. Payments were sufficient that families were able to barter supplies they had in surplus with each other.[11]

Fragmentary limestone ostrakon composed by scribe Amennakht
In 1156 BC, the workers' pay was late and a representative, Amennakht (or Amen-nakhte), a scribe, went to the mortuary temple of Horemheb and negotiated with officials to dispense 46 sacks of corn to restore peace.[10][12] However this was only a portion of the rations the workers had been promised.



The strike of the tomb-builders is believed to have started on the 21st day of the 29th year of Ramesses III's reign, over unpaid grain rations.[10] Three strikes occurred in the same year, both in the daytime and at night by carrying torches.[13] Despite negotiations via Amennakht the year prior, the problems continued until the workers went on strike. For the strike on the tenth day of the sixth month, the workers went to the funerary temple of Ramesses III at Medinet Habu, which was still under construction, and then to the temple of Thutmose III and staged a sit-in.[10] They then went on to the Ramesseum, loudly demanding payment of grain rations, meat, oil, and vegetables. They stated that "we are hungry, for 18 days have already elapsed this month"; two days later, the striking workers stated, "the prospect of hunger and thirst have driven us to this; there is no clothing, there is no ointment, there is no fish, there are no vegetable. Send to Pharaoh, our good lord, about it, and send to the vizier, our superior, that we may be supplied with provisions".[12] To placate the strikers, officials gave them the rations from the fifth month: on the 17th day of the sixth months, the chief artisan, the scribe, and eight men received a total of 44 bushels.[13] Despite the fact that the majority of workers received no rations, the workers collectively agreed to resume work.


However, a few weeks later in the seventh month, rations again went unpaid.[10][13] The workers stopped work again and refused to return, stating that their strikes were no longer about hunger, but rather that the failure to deliver their rations was tantamount to "evil", or disorder, and this was justifiable reason for striking. The vizier arrived to speak to the striking workers and gave them half the rations, appealing to them to understand that the Pharaoh's granaries were effectively empty. On the second day of the ninth month, the workers were given only two bushels of their emmer wheat provisions for the month, and were reported as having been on strike on the 13th day.[13]
 

After threatening to call the vizier through their own personal channels, the artisans finally received payment in full. 


Mandeville (2010) suggests that, because delays in the deliveries of rations was not uncommon, the delays were acceptable as long as the rations were delivered in the same month, rather than on the scheduled day of their allocation.[14]


Records of the strikes
[edit]


A letter from the 29th year of the reign of Ramesses III was written by the pharaoh by the scribe Neferhotep: 



We are exceedingly impoverished. All supplies for us that are (from) the treasury, that are from the granary, and that are (from) the storehouse have been allowed to be exhausted. Not light is a load of dn-stone. Six oipe [an Egyptian unit of measurement] of grain have been taken away from us besides to be given to us as six oipe of dirt. 


Let our lord make for us a means for keeping alive. Indeed we are dying besides. We do not live at all. It [i.e., the means of keeping alive] is not given to us in (the form of) anything whatsoever.[13]



Most of the surviving records of the later Ramesside Period comes from the south of Egypt, including Thebes where the strike occurred, where archaeological evidence and material were better preserved by the aridity than in the delta north.[10]



The Ramesside period strikes are the first known, fully documented record of a collective workforce protest.[15]
  

The strikes at Deir el-Medina, in Thebes, demonstrated the increasing weakness of the palace, and specifically the vizier, as an institution. Because of the palace's inability to cover the regional responsibilities throughout Egypt, unpaid workers looked to local institutions to fill the power vacuum. The Deir el-Medina artisans looked to the high priest of Amun and the mayor of western Thebes, with access to untapped storerooms in Karnak that had not yet been depleted, as new patrons.[9]
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  This project’s future depends on community support. Become a sponsor today.



About


croc is a tool that allows any two computers to simply and securely transfer files and folders. AFAIK, croc is the only CLI file-transfer tool that does all of the following:


	Allows any two computers to transfer data (using a relay)

	Provides end-to-end encryption (using PAKE)

	Enables easy cross-platform transfers (Windows, Linux, Mac)

	Allows multiple file transfers

	Allows resuming transfers that are interrupted

	No need for local server or port-forwarding

	IPv6-first with IPv4 fallback

	Can use a proxy, like Tor



For more information about croc, see my blog post or read a recent interview I did.
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Install


You can download the latest release for your system, or install a release from the command-line:

curl https://getcroc.schollz.com | bash



On macOS


Using Homebrew:


Using MacPorts:

sudo port selfupdate
sudo port install croc



On Windows


You can install the latest release with Scoop, Chocolatey, or Winget:



winget install schollz.croc



Using nix-env


You can install the latest release with Nix:



On NixOS


You can add this to your configuration.nix:

environment.systemPackages = [
  pkgs.croc
];



On Alpine Linux


First, install dependencies:

apk add bash coreutils
wget -qO- https://getcroc.schollz.com | bash



On Arch Linux


Install with pacman:



On Fedora


Install with dnf:



On Gentoo


Install with portage:



On Termux


Install with pkg:



On FreeBSD


Install with pkg:



On Linux, macOS, and Windows via Conda


You can install from conda-forge globally with pixi:


Or install into a particular environment with conda:

conda install --channel conda-forge croc



On Linux, macOS via Docker


Add the following one-liner function to your ~/.profile (works with any POSIX-compliant shell):

croc() { [ $# -eq 0 ] && set -- ""; mkdir -p "$HOME/.config/croc"; docker run --rm -it --user "$(id -u):$(id -g)" -v "$(pwd):/c" -v "$HOME/.config/croc:/.config/croc" -w /c -e CROC_SECRET docker.io/schollz/croc "$@"; }


You can also just paste it in the terminal for current session. On first run Docker will pull the image. croc via Docker will only work within the current directory and its subdirectories.


Build from Source


If you prefer, you can install Go and build from source (requires Go 1.22+):

go install github.com/schollz/croc/v10@latest



On Android


There is a 3rd-party F-Droid app available to download.


Usage


To send a file, simply do:

$ croc send [file(s)-or-folder]
Sending 'file-or-folder' (X MB)
Code is: code-phrase


Then, to receive the file (or folder) on another computer, run:


The code phrase is used to establish password-authenticated key agreement (PAKE) which generates a secret key for the sender and recipient to use for end-to-end encryption.


Customizations & Options



Using croc on Linux or macOS


On Linux and macOS, the sending and receiving process is slightly different to avoid leaking the secret via the process name. You will need to run croc with the secret as an environment variable. For example, to receive with the secret ***:


For single-user systems, the default behavior can be permanently enabled by running:



Custom Code Phrase


You can send with your own code phrase (must be at least 6 characters):

croc send --code [code-phrase] [file(s)-or-folder]



Allow Overwriting Without Prompt


To automatically overwrite files without prompting, use the --overwrite flag:
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The One-Step Trap (In AI Research)

incompleteideas.net · 26 points · Discussion


      The One-Step Trap (in AI Research)

      

      Rich Sutton

      Written up for X on July 18, 2024

      

      The one-step trap is the common mistake of thinking that all or
      most of an AI agent’s learned predictions can be one-step ones,
      with all longer-term predictions generated as needed by iterating
      the one-step predictions. The most important place where the trap
      arises is when the one-step predictions constitute a model of the
      world and of how it evolves over time. It is appealing to think
      that one can learn just a one-step transition model and then “roll
      it out” to predict all the longer-term consequences of a way of
      behaving. The one-step model is thought of as being analogous to
      physics, or to a realistic simulator.
      
      The appeal of this mistake is that it contains a grain of truth:
      if all one-step predictions can be made with perfect accuracy,
      then they can be used to make all longer-term prediction with
      perfect accuracy. However, if the one-step predictions are not
      perfectly accurate, then all bets are off. In practice, iterating
      one-step predictions usually produces poor results. The one-step
      errors compound and accumulate into large errors in the long-term
      predictions. In addition, computing long-term predictions from
      one-step ones is prohibitively computationally complex. In a
      stochastic world, or for a stochastic policy, the future is not a
      single trajectory, but a tree of possibilities, each of which must
      be imagined and weighted by its probability. As a result, the
      computational complexity of computing a long-term prediction from
      one-step predictions is exponential in the length of the
      prediction, and thus generally infeasible. 

      
      The bottom line is that one-step models of the world are hopeless,
      yet extremely appealing, and are widely used in POMDPs, Bayesian
      analyses, control theory, and in compression theories of AI.

      
      The solution, in my opinion, is to form temporally abstract models
      of the world using options and GVFs, as in the following
      references.

      
      Sutton, R.S., Precup, D., Singh, S. (1999). Between MDPs and
      semi-MDPs: A Framework for Temporal Abstraction in Reinforcement
      Learning. Artificial Intelligence 112:181-211.

      
      Sutton, R. S., Modayil, J., Delp, M., Degris, T., Pilarski, P. M.,
      White, A., Precup, D. (2011). Horde: A scalable real-time
      architecture for learning knowledge from unsupervised sensorimotor
      interaction. In Proceedings of the Tenth International Conference
      on Autonomous Agents and Multiagent Systems, Taipei, Taiwan.

      
      Sutton, R. S., Machado, M. C., Holland, G. Z., Timbers, D. S. F.,
      Tanner, B., & White, A. (2023). Reward-respecting subtasks for
      model-based reinforcement learning. Artificial Intelligence 324.




Original: http://incompleteideas.net/IncIdeas/OneStepTrap.html · Discussion




Show HN: Nectar, a Rust-like React that compiles to WebAssembly


28

Show HN: Nectar, a Rust-like React that compiles to WebAssembly

buildnectar.com · 22 points · Discussion

After a pretty rough gig experience, I wanted to remind myself that I was a vaguely capable developer. I had recently jumped on the Rust train and wanted a Rust equivalent of React that is more performant and easier to work with. I also wondered if I could effectively eject Javascript. This project came from that... Nectar is a programming language that compiles your entire app, logic, state, and rendering, to WebAssembly. JavaScript is reduced to a roughly 10 KB syscall layer that only bridges WASM to the DOM.The origin: I set out to get React-style ergonomics with better performance, and about halfway in I realized I had hit the ceiling of what was possible going through the browser's DOM (Blink/C++) and a diffing step. So I stopped fighting it and built my own signal-driven rendering layer that compiles to WASM and updates exactly the DOM nodes that changed, in O(1), with no virtual DOM and no garbage collector.
What it is right now:
- One binary. The same compiler does formatting, linting, testing, a dev server, an LSP, and SSR (although SSR is underdeveloped).
- Fine-grained signals. Each binding updates on its own, so there is no diffing pass.
- A Rust-inspired borrow checker for compile-time safety.
- Language-level keywords for the patterns you reach for constantly on the web: component, store, router, form, auth, payment.
- SEO and Screen Readers. It compiles to two DOMs from the same source so the app stays visible to screen readers and crawlers.
Honest status, because this is early and it is mostly one person:
- The "no JavaScript" line has an asterisk. WASM cannot touch the DOM directly, so there is a small JS bridge (about 10 KB) that as of this moment I cannot overcome on major browsers. 
- The numbers on the site (a counter is ~10 KB versus ~387 KB for React plus JS) are real but small examples, not a full-app shootout. I would not read them as more than they are. They are intentionally poorly architected to measure throughput at massive scales. (contrived)
- License is BSL 1.1, so read that before you build anything real on it.
Live demo, 10,000 products with a canvas rendering engine, plus a side by side against Svelte 5:
https://buildnectar.com/app/canvas
Site: https://buildnectar.com
Code: https://github.com/HibiscusConsulting/nectar-lang
I would genuinely like it torn apart. If the core bet is wrong, crush my dreams but tell me how we can make it better, please. I still am not completely sure this is even a good idea. I honestly thought this would be a lot easier to build than it has been. If I had known at the start, I would have never built it, but here we are.


Original: https://buildnectar.com · Discussion
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How to organize 3 acquired companies into one coherent website

littlelanguagemodels.com · 13 points · Discussion


Company A has acquired Company B, C, and D. How do we organize their sites, for multiple products with different audiences, while making it easy to find relevant product information and quickly understand how the products work together?




For example, Company A offers residential relocation services. Company B offers relocation services for businesses. Company C offers relocation management software. Company D offers fine art and antique moving services.




What I recommend to clients is formalizing user goals before making rebranding decisions.




People from Company A, B, C, and D are going to bring different perspectives to information architecture decisions based on their:





	day-to-day responsibilities




	previous experiences making IA decisions, positive or negative




	perception of the areas with the highest potential for company growth




	professional goals






Many people’s first impulse is to discuss the products.




How Company A plans and delivers items.




How company B coordinates B2B moves, the types of businesses.




The data powering Company C’s software, the types of users, pricing tiers.




Insurance, identity confirmation, country regulations, employee training for handling fine art for Company D.




These conversations are useful for context gathering, but create an unnecessary us against them environment in the context of the website’s future. You’re with Company A. I’m with Company D. Product discussions keep us aware of this distinction at all times.




Instead, I recommend turning outwards and focusing your attention on user actions.




What does the user of your product get from buying from you?




Why is the user visiting the homepage? What about the contact form? And the pricing page?




Come up with as many user goals for interacting with different areas of the product. Even better if Company D’s folks are writing user goals for Company A, Company A for Company B, and so on.




Having “new” folks come up with user goals helps them get familiarized with the product and it builds empathy for users and employees of the company alike. Amazingly, this serves as a beautiful user research session to unpack biases or currently-unmet user needs.




“Oh, we thought that would be done automatically. We may want to clarify that to users.”




“Oh, I didn’t realize we offer customs, tax, and documentation assistance.”




“It wasn’t clear to me that step was mandatory to schedule a pickup.”




Focusing on user goals highlights opportunities for consolidation and removal across your content. Different areas of different products can help users reach their goals.




Which brings me to the next step: defining different ways for the user to meet their goals.




Define different ways for the user to meet their goals considering format, audience, and information receptiveness




Consider format preferences (a map might work better for locations, but a text field may work better if a service is only offered in <5 locations), audiences (busyness, goals, language), and willingness to interact with company content (someone transporting a luxury item will be more receptive to longer content like PDF brochures, but a moving contractor looking for the login portal will be less patient).




Group content on the homepage and navigation by user goal, and the conversation becomes about ways to delight and provide additional value through the acquisitions, rather than which product of which company does what.




Next, consider labels. I don’t like putting people in boxes, but I swear it’s for a noble purpose here. 




Put users into categories




What are different types of groups a user may belong to for a healthcare training provider?





	Location (by country, city, district)




	Clinical discipline (nursing, surgery, pharmacy)




	Clinical specialty (dermatology, ethics, pathology)




	Phase (needs assessment, pre-briefing, facilitation, debriefing)




	Role (educator, administrator, researcher)




	Institution (academic, commercial, non-profit)






For patients of healthcare providers, groups may include:





	Insurance type




	Age group




	Risk level






These categories (known as taxonomy) can help guide users and quickly orient them. By thinking through possible categorizations, and their overlap (what would a pathology surgery clinician working for a commercial vendor in New York look for and find?), teams can make the digital experience so intuitive that the user doesn’t have to “think” much.




Users should understand options at a glance while being able to get granular, so the categories shouldn’t serve as rigid boxes, rather quicker, more elegant paths to eureka.




Test with a small group of users




Once you have initial low-fidelity designs of key pages/interactions, please, please, please test them with a small user group.





	Do labels match user language?




	Do groupings match users’ mental models?




	Does content hierarchy reflect user goals?




	Is the amount of information provided appropriate for the user’s current step?






Finally, and this is easy to miss: think of content horizontally, not vertically.




Think horizontally, not vertically




What do I mean by this?




I’ve been on many design review meetings where the focus was on the single page we were looking at, and stakeholders wanted to know why X element wasn’t included or why Y was so low on the page.




The thinking goes: if a content component is deprioritized, users will have a difficult time finding it, and get frustrated.





	Vertical content – Content on a single page/interface helping the user reach their goal.




	Horizontal content – Content component used strategically and constantly across pages/interfaces (think: visiting hours being available in nav, footer, location pages, event pages, contact pages, etc.)






Horizontal content improves content discoverability by offering multiple opportunities for the user to find what they’re looking for.




Vertical vs horizontal content thinking



HOKA offers multiple examples of horizontal content thinking. I just shared 3 website lessons from HOKA, one of the fastest growing sport brands. Check out the latest article. 




If you’re a content or design professional who enjoys work-related books, I highly recommend Donna Spencer’s book Presenting Design Work. One of the most valuable lessons I took from the book was presenting findings and recommendations in the context of “a person doing a thing” rather than prototype X or page Y. We’re taught to think vertically when it comes to content, so it’s not easy to remember to take a step back and consider the entire ecosystem, but it is important to do as not to harm user wayfinding.




If you’re a stakeholder in website and product decisions, you can also help guide users by asking questions related to the different ways the user may be looking for information and how the design may be able to accommodate them, not just in a single “important” page, but across touchpoints.




Okay, final final thing: A common point of tension between stakeholders is the fate of the content. People have ideas, fears, and dreams about what will become of the content. I unpacked the feelings aspect of redesign in here: How to manage stakeholder feelings in content decisions for website redesigns. TL;DR: People can be reluctant to make content decisions for all sorts of reasons. Every reason is inherently valid and worth listening to, understanding, and iterating upon as needed. 




Key takeaways




To organize content for multiple products with different audiences, while still making it easy to discover how the products work together:





	Start with user goals




	Identify commonalities across products




	Identify opportunities for consolidation and removal across content




	Define different ways for the user to meet their goals considering format, audience, and information receptiveness




	Put users into categories




	Test with a small group of users




	Provide multiple information pathways to improve discoverability




	Be prepared for content discussions to get heated






AI Policy: I personally write each draft and final copy on this website. All content reflects my own thinking, ideas, style, and craft. I do not use AI such as ChatGPT to generate articles. Occasionally, I ask AI such as Formalizer or Claude to summarize or restate my own ideas and may restructure sections based on the response.





Original: https://littlelanguagemodels.com/how-to-structure-your-sites-after-a-big-acquisition/ · Discussion
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Conway's Game of Life, in real life

lcamtuf.coredump.cx · 12 points · Discussion

Full text couldn't be fetched for this one (paywall, anti-bot, or not an article page). Read it via the links below.

Original: https://lcamtuf.coredump.cx/blog/conway/ · Discussion
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Experiencing Traveller — the subjective panel is its co-moving frame. Red marks = intersections with other objects.

IN THE BACKWARD LIGHT CONE (OBSERVER FRAME)

oBIECT X V. ANMFTHZE P
Wearth < 058 -0500 814 368 115 -0.58
WAIpha Centauri b 172 -0.500 202 1028 115 -0.58
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