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package main

import (
“"I"context"
~~I"encoding/json"
““I"errors"
~~I"log/slog"
~~I"net/http"

""IIIOSH
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“TI"time"

)

type API struct {
“"Ilog *slog.Logger

“~Isvc *Service

I;

type Service struct{} // business layer

type IngestRequest struct {
“"ISource string “json:"source""

~“"IRecords [Imap[stringlany ~json:"records""

}

type IngestResponse struct {
“"IAccepted int “json:"accepted"”

“"IRequestID string “json:'"request_id""

}

type APIError struct {

“"ICode string "~ json:'"code""
“"IMessage string "~ json:'"message""
“"IRequestID string ~json:'"request_id""

I;

func main() {
~~"Ilog := slog.New(slog.NewJSONHandler (os.Stdout, &slog.HandlerOptions{Level:
< slog.LevelInfol}))
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~~Iapi := &API{log: log, svc: &Service{}}

~"Imux := http.NewServeMux()

~~Imux.HandleFunc("POST /v1/ingest", api.withMiddlewares(api.handleIngest))

“"Isrv := &http.Server{
~7I7"IAddr: ":8080",

~“~I""IHandler: mux,

I""IReadHeaderTimeout: 5 * time.Second,
~~I}

“~Ilog.Info("server_start", "addr", srv.Addr)

~“Ilog.Error("server_exit", , srv.ListenAndServe())

I

err

func (a *API) withMiddlewares(next http.HandlerFunc) http.HandlerFunc {
““Ireturn func(w http.ResponseWriter, r *http.Request) {

~"I""IreqID := newRequestID()

“"I""Ictx := context.WithValue(r.Context(), ctxKeyRequestID{}, reqID)

~~I""Ictx, cancel := context.WithTimeout(ctx, 3*time.Second)

~~I""Idefer cancel()

~"I""Iw.Header().Set("X-Request-Id", reqID)
~~I""Inext(w, r.WithContext(ctx))

~"I}

}

func (a *API) handleIngest(w http.ResponseWriter, r *http.Request) {
~"IreqID := requestID(r.Context())
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“"Ivar in IngestRequest

~~Iif err := json.NewDecoder(r.Body) .Decode(&in); err != nil {
~~I""Ia.writeError(w, http.StatusBadRequest, "bad_json", "Invalid JSON body",
< reqlID)

“"I""Ireturn

~°I

“"Iif err := validatelIngest(in); err != nil {

I""Ia.writeError(w, http.StatusBadRequest, "invalid_request", err.Error(),

< reqlID)

“"I""Ireturn

~TIr

~~Iaccepted, err := a.svc.Ingest(r.Context(), in)

~~Iif err != nil {

~~I""Ia.log.Error("ingest_failed", "request_id", reqID, "err", err)

I""Ia.writeError(w, http.StatusInternalServerError, "internal", "Internal
< error", reqlD)
“T"I""Ireturn

~~I}

“~“Iout := IngestResponse{Accepted: accepted, RequestID: reqID}
~"Ia.writeJSON(w, http.StatusAccepted, out)
Iy

func (s *Service) Ingest(ctx context.Context, in IngestRequest) (int, error)
=
““Iselect {

“~Icase <-time.After(20 * time.Millisecond):
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I""Ireturn len(in.Records), nil
~~Icase <-ctx.Done():
~~I""Ireturn 0, ctx.Err()

~TIr

}

func validateIngest(in IngestRequest) error {
~7Iif in.Source == "" {

~"I""Ireturn errors.New("source is required")

~"I}

~"Iif len(in.Records) == 0 {

~“"I""Ireturn errors.New("records must not be empty")
~"I

““Ireturn nil

I

func (a *API) writeJSON(w http.ResponseWriter, status int, v any) {
~"Iw.Header().Set("Content-Type", "application/json")
~~Iw.WriteHeader (status)

~"I_ = json.NewEncoder (w) .Encode(v)

}

func (a *API) writeError(w http.ResponseWriter, status int, code, msg, reqID
— string) {

“"Ia.writeJSON(w, status, APIError{Code: code, Message: msg, RequestID:

— reqID})

}

type ctxKeyRequestID struct{}



func requestID(ctx context.Context) string {

“"Iif v := ctx.Value(ctxKeyRequestID{}); v != nil {
~7I°"Iif s, ok := v.(string); ok {

“"I7"I""Ireturn s

~TITTI

~"I}

“"Ireturn "unknown"

}

func newRequestID() string {
““Ireturn time.Now() .UTC() .Format ("20060102T150405.000000000")
7
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+ Gaall Adg + janoll glido (e clu ISl alljl pe ol ISl lbLo Jlall J=a -
.hash &

.639300 pé goroutines Yuwlg «a93a0 oliy worker pool Jloe goai pladiwl -

aa6lg agde; Jalo Ul Jreailly (Jagaillg (Ganillg Qhaiwll Jna -

.Aliw Ul glaA) (offsets wlaljll Jio) checkpoints padil blai han -

(Jwoas — ugai — qlAiwl) agano dalleo i 1 o

package pipeline

import (
“"I"context"
~~“I"crypto/sha256"
~~I"encoding/csv"
“TI"fmt"

“TI"io"

““I"os"

""I n Sy’l’lC"
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type Row map[string]string

type Loader interface {
“~“ILoad(ctx context.Context, r Row) error

I;

func RunCSVToLoader (ctx context.Context, path string, workers int, loader
— Loader) error {

~~If, err := os.0Open(path)

~~Iif err != nil { return err }

~~Idefer f.Close()

~“~Ireader := csv.NewReader (f)
~~ITheader, err := reader.Read()
~~Iif err !'= nil { return err }

~~Iin := make(chan Row, 256)

“~IerrCh := make(chan error, 1)

~~Igo func() {

~~I""Idefer close(in)

~~I""Ifor {

~~I""I""Irec, e := reader.Read()
“"I"I""Iif e == io.EOF { return }

“~I°"I""Iif e != nil { select { case errCh <- e: default: }; return }

~"I""I""Irow := Row{}



Yy

“7I""I""Ifor i := range header {
~~I""I""I""Irowl[header[i]] = recl[il
STITTICTIF

“TITTIT"Iselect {

“"I""I""Icase in <- row:
~"I""I""Icase <-ctx.Done():
“TITTIT"I""Iselect { case errCh <- ctx.Err(): default: }
“TI""I""I " Ireturn

STITTICTIX

~~ITTIY

~TIr0

““Ivar wg sync.WaitGroup
~~Iwg.Add(workers)

“~Ifor i := 0; i < workers; i++ {
“"I""Igo func() {

~"I""I""Idefer wg.Done()
~"I""I""Ifor row := range in {

“TITTITT I Irow(["idempotency_key"] = idempotencyKey(row)

“TI77I°"ITTIif row["user_id"] == "" || row["event_time"] == "" {
“TITTITTIT"I""Icontinue

~TITTITTICTI

“"I~"I""I""Iif e := loader.load(ctx, row); e != nil {
“TITTITTIT"I""Iselect { case errCh <- e: default: }
“TITTITTITTIT T Ireturn

SCICTICTICTIX

~CITTICTIY



re

~~1°"I1}Q)
~~I}

~"Iwg.Wait ()
~~Iselect {

“"Icase e := <-errCh:
“"I""Ireturn e
“"Idefault:
“"I""Ireturn nil

~I}
}

func idempotencyKey(r Row) string {

~~Is := fmt.Sprintf("%sl%s|%s", r["source"], r["user_id"], r["event_time"])
““Isum := sha256.Sum256([]byte(s))

““Ireturn fmt.Sprintf("%x", sum[:])

}

ETL/ELT checklist §anj dojld
0513l 18 psajg buffered channels wlgid .agano (olpy *
Sl Jljl Gwluwg idempotency key goll jiSil alido duuilpw]
dead-letter clnAl 8l pe daiblh Glaw dalleo -

checkpointing §4aj bléi pe cdliiwl dawlpuw|
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Streaming systems ¢l dalAil

yr) auulwll bl .aygall aub dalleally poiwall JAall (ile Streaming Cuwl jSip
delivery ool &UUag retries dglandl 6ale] ordering iyl backpressure heAll s

.exactly-once (Jldo at-least-once (Jio semantics

Core practices auwlwDl ¢lwlooll
LoDl Sl ublé (usSlaiuo cliyg at-least-once GUUAy ol -+
.aall &waill partitioning ouudillg consumer groups (uslaiuall Glegoao pladiwl -
bgiAo golijg 639320 lgh pe heAll hua Gulai -
.pUAUI dan o leja offsets olalill juicl -

Al geg el ge Jhall gna -

heh hih go ¢y lleo 1Jlio

package stream

import (
“"I"context"
““I"sync"
“"I"time"

)

type Message struct {
~"IKey [lbyte



~~IValue []byte
“"ITime

}

time.Time

type Consumer interface {

~“~IReceive(ctx context.Context) (Message, func(commit bool) error, error)

I;

type Handler interface {

~~IHandle(ctx context.Context, m Message) error

}

func Run(ctx context.Context, ¢ Consumer,

““Iqueue := make(chan Message, 1024)

““IcommitQ := make(chan func(bool) error,

~~Igo func() {
~"I""Idefer close(queue)
~~I""Idefer close(commitQ)

~~I""Ifor {

~~I""I""Im, ack, err := c.Receive(ctx)
“TITTITTIAf err !'= nil {
“TIT"IT"I " Ireturn

~CITTICTIY

~"I""I""Iselect {

“7I7"I""Icase queue <- m:
TTITTITTI T IcommitQ <- ack
~~I""I""Icase <-ctx.Done():

“TITTITTIT Ireturn

h Handler, workers int) error {

1024)
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~~ITTICTIX
~~ITTIX
~TIX0

““Ivar wg sync.WaitGroup

~~Iwg.Add(workers)

“~IerrOnce := make(chan error, 1)
~~Ifor i := 0; i < workers; i++ {
~"I7"Igo func() {

~~I""I""Idefer wg.Done()
“7I""I""Ifor m := range queue {

“TITTITTIT T Tack = <-commitQ

~~I~"I""I""Iif err := h.Handle(ctx, m); err != nil {
STITTITTITTICTI_ = ack(false)

“TIT"ITTIT"I""Iselect { case errOnce <- err: default: }
STITTITTITTIT T Ireturn

~CITTITTICTIY

“"I°"I7"ITTI. = ack(true)

STITTICTIN

“CITTIXO

~~I}

~~Iwg.Wait ()

“~Iselect {

“"Icase err := <-errOnce:
“"I""Ireturn err

“~Idefault:



rA

I""Ireturn nil
~~I}
I

Streaming checklist g4y dojild
heAll Al 839330 wigh
auildl JUUL dagpo danlg commit Cuudi dwluw -
IS5 dljlg sl abls dalleo -

&waill Gllhio go 4ddlgio pundi Gl -
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Model serving gateways Qiloil GoaA Gblgy

£alga gl Python palga) ailail Jusini cliny plol @igs &nlisl doxd (1a q3gaill dlgy
«JA8AL0 &ylaiwl (o «Jle ol 1)gall 13a) djliao Go 2% .(&ioAo a3ilos gl nnAio JUaiwl
.uAj piuig robust /O (1gé alal/ JAal

Core practices auwlwDl ¢lwlooll
.stores &bl jlho gi caches yulho (Ul Al Jdig sstateless Al dayae algul eldyl
max body size wlhll pan) J1ndl aa dtimeouts duioj GlUao) ol Olilw QA -
(¢oliil) 239ang

.3 oo &alAll danll (16 Qagaill aaiuy Waie batching Gl goas *

A9 feature caching Olpodl (pjad) lol U3 095y loaic &als) cuddoll cpjail -
.(response caching wblaiwll

.safe rollbacks ¢roll alill acag versioning pupn J5iiy 2ilodl jlan] -

g1alA HTTP 23gos paldh gl ollh guoai go Go &lgy (o

package gateway

import (
~“I"bytes"
“"I"context"
~~I"encoding/json"
~~I"net/http"
“~I"sync"

“TI"time"



type PredictReq struct {
~~IFeatures []float64 ~json:"features""

I

type PredictResp struct {
“"IScore float64 "~ json:'"score"

}

type Batcher struct {
“"Iclient *http.Client

“"Iendpoint string

“"Imu sync.Mutex

~~Ibuf [1PredictReq
~~Iwait [Jchan PredictResp
“"Itimer *time.Timer
“"ImaxN int

“"ImaxT time.Duration

}

func NewBatcher (endpoint string, maxN int, maxT time.Duration) *Batcher {
““Ireturn &Batcher{

“"I""Iclient: &http.Client{Timeout: 2 * time.Second},

“"I""Iendpoint: endpoint,

"I "ImaxN: maxN,
"I "ImaxT: maxT,

~~1}
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func (b *Batcher) Predict(ctx context.Context, r PredictReq) (PredictResp,
- error) {

“~"Ich := make(chan PredictResp, 1)

~~Ib.mu.Lock()
~~Ib.buf = append(b.buf, r)
~~Ib.wait = append(b.wait, ch)

~~Iif len(b.buf) == 1 {

~~I""Ib.timer = time.AfterFunc(b.maxT, b.flush)
I}

““Iready := len(b.buf) >= b.maxN

“"Iif ready && b.timer != nil {
~~I""Ib.timer.Stop()

I

~~Ib.mu.Unlock()

“"Iif ready {
“"I""Ib.flush()
“TI

~~Iselect {

“"Icase out := <-ch:

"I "Ireturn out, nil

~~Icase <-ctx.Done():

~"I""Ireturn PredictResp{}, ctx.Err()
I}
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func (b *Batcher) flush() {
~~Ib.mu.Lock()

~"Iif len(b.buf) == 0 {
~~I""Ib.mu.Unlock()
“"I""Ireturn

~~I}

“~“Ibatch := b.buf
“"Iwaiters := b.wait
“~Ib.buf, b.wait = nil, nil
~~Ib.mu.Unlock()

~~Ipayload, _ := json.Marshal(batch)

~~Ireq, _ := http.NewRequest("POST", b.endpoint+"/predict_batch",
< bytes.NewReader (payload))

~~Ireq.Header.Set("Content-Type", "application/json")

“~Iresp, err := b.client.Do(req)
“7Iif err != nil {
~~I""Ifor _, w := range waiters { close(w) }

I""Ireturn
~°I}
~“~Idefer resp.Body.Close()

~~Ivar outs []PredictResp

I_ = json.NewDecoder (resp.Body) .Decode (&outs)

“~“Ifor i := range waiters {



pop

~~I~"Iif i < len(outs) {

~~I~"I""Iwaiters[i] <- outs[i]

R
“"I""Iclose(waiters[i])
~°I}

}

Gateway checklist &lgll Gani dajild
(UALLY (adll aal  paal uadll aall) batching policy groail dwluw -
olhl) agang dojln duioj llao
versioned routing aigodl jlan| cuua Jal.ﬂ.}D Qagi °

batch sizes Oleaall plaaig «claalllg Jlatency ¢ojl) guwléo -
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Observability and reliability dAidgigoll Awaing alhalloll auld

engineering

g @S ol dnlll bl dohil (pile Gy .abisiis ghing ol «wbé ghiws ol 13|
.olalaall ¢gan aie glob jgaais gig dtraces sl JUlg ametrics Quwldallg Jogs claul

Core practices duwlwDl ¢lwjlooll

Wser_id wrequest_id :Jio daul Jgodn structured logging dﬁ@jo drus eladinwl
.latency_ms .model_version

wighll gocg .error rates clhAll cuuig throughput dalleall Jagal gupldo jlan] -
.tail latency (o)l &laiwll (ojg «queue depth

Bl gjgi aie Gloaal éple &) tracing guis &alA| -
.graceful shutdown (pol y122)35 caldylg health endpoints Ganll jana hldi 3ais

.Quioj laog 6)S1al agang (oljil) Wgdw :drclda 3gan Gulai -

dAanll ganad blaig 1)as wlay] Jlo

package ops

import (
“"I"context"
~~I"net/http"
AAI“OS”
~“~“I"os/signal"

“"I"syscall"
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“TI"time"

)

type Health struct {
“"IReady bool
}

func RunServerWithShutdown(addr string, h http.Handler, health *Health) error
- 1

~“Isrv := &http.Server{

“7"I""IAddr: addr,

~“~I""IHandler: h,

~“~"I""IReadHeaderTimeout: 5 * time.Second,

~~1}

““Thealth.Ready = true

~~IerrCh := make(chan error, 1)

~~Igo func() { errCh <- srv.ListenAndServe() }()

“~Istop := make(chan os.Signal, 2)
“~Isignal.Notify(stop, syscall.SIGINT, syscall.SIGTERM)

““Iselect {
“"Icase <-stop:

“"I""Ihealth.Ready = false

~"I""Ictx, cancel := context.WithTimeout (context.Background(),
< 10*time.Second)

~~I""Idefer cancel()



2h)

~~I""I_ = srv.Shutdown(ctx)
“"I""Ireturn nil

““Icase err := <-errCh:
“"I""Ireturn err
~°I}

}

func HealthMux(health *Health) http.Handler {

““Imux := http.NewServeMux()

~~"Imux.HandleFunc("/healthz", func(w http.ResponseWriter, r *http.Request) {

~"I""Iw.WriteHeader (http.Status0K)

~°Ib)

~~Imux.HandleFunc("/readyz", func(w http.ResponseWriter, r *http.Request) {

"~I""Iif 'health.Ready {

~"I""I""Iw.WriteHeader (http.StatusServiceUnavailable)

“TI7"I""Ireturn

“TITTIF

~7I""Iw.WriteHeader (http.Status0K)

~~I})

“~Ireturn mux

}

Reliability checklist dGidgigall Gani daild
adudnal Glaloicb dawpo liveness/readiness blai ¢

Quioj alao go (15 wldyl -

worker utilization JlosJl plasnulg lghll goe gold -
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request correlation Gl lhy 20 0.15.5.&.0 olaw -
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Deployment and scaling gugillg il

W| e gupolll IS Go Ity . guiil) Ll guwgill 99%i of wiaug iwig) ol sl 99 ol
.8y98 palga bloil peag aalg (134 calo

Core practices duwlw I ¢lw)looll

deter- g1oia cliyg Go jlan| cuuis) reproducible artifacts AUl éalel &LlE Glayao cly -

.(ministic builds
Open Ja2ils jgn qlisy multi-stage Docker builds Jalpodl aa=io cliy pladiwl -
.secrets managers Sl 1209 environment variables @il Olpio pe alacll -
(&aa & &l doyae load) Ugl Laal giugil +

SLOs aoaall (ngiwo wlaal (ile Blaallg AUl Jud load test heA Ghial el -

.Aanlg
huy Jalpall aa=io Dockerfile calo :(JUo

FROM golang:1.23 AS build

WORKDIR /src

COPY go.mod go.sum ./

RUN go mod download

COPY . .

RUN CGO_ENABLED=0 GOOS=linux GOARCH=amd64 go build -trimpath -ldflags="-s -w"
< =-o /out/app ./cmd/app
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# Runtime stage

FROM gcr.io/distroless/static:nonroot
COPY --from=build /out/app /app

USER nonroot:nonroot

EXPOSE 8080

ENTRYPOINT ["/app"]

Go J duiwo Wl doaa) systemd 6319 :JUo

[Unit]
Description=Go Data Service
After=network-online.target

Wants=network-online.target

[Service]

Type=simple
Environment=ADDR=:8080
Environment=L0G_LEVEL=info
ExecStart=/opt/go-data-service/app
Restart=always
RestartSec=2
NoNewPrivileges=true
PrivateTmp=true
ProtectSystem=strict
ProtectHome=true

ReadWritePaths=/var/lib/go-data-service

[Install]
WantedBy=multi-user.target



Deployment checklist puil §anj dosild
non-root user gyan pl P3ALU0Q dpen a2l Gign
colil cagdwg 3ylgall 393a 3y3a5 -
dan wlngad go rolling updates &y Glipany -

cbAll Ja=o glaj)l aie automated rollback gul &y juwo -



Data Science doglhio 10 Go & | Jnall

Data Science ¢1a qlll 6924 |

a2y OligSw motebooks plaa :caadl Gliy 16 Ugl cllwl ale doyd plhzo olil Al
Ghioll guai Jo=s gl way boaic Al 6924 @y . lelds w@lisiwlg .ad-hoc scripts
la-do)ln Gkl Goj Gliliyo d28gio pé j9p0 AS)A 188N 2gud Cias Golg poiure JKiiy
evolving 6p2io Wl wliahiao .CPU/RAM (o 639320 3jlgo Auja wldlad] dency budgets
.danlg a2y dJgduuog schemas

ralsll 6924) a3gaill (Alell

heAll aas dlaay il online dlniall Gl 3 Sjliow offline dlniall pé ! -

.tail latency

whluwo ()93 schema drift nlhAoll pss gl dagiivo GlUaw cuy pukis dalleall bgha -
.ol jgaas

.idempotent oDl j%il aLld cuuy auwilall B U allss Qils retries &glaoll bale] -
-l JUlg Juwldallg correlation IDs lulil Oldpeo olé Cuwwy Lu.oa.: anil auny -
aie gall ol Wl éalel weny Gliwl ol opnA piill Glloe -

El
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1olAi g8y -"Josi fpaui” a0 gy all jaly ol pUA;
L8 (8agy=0 Gaal blosl) gpo ((guis/ gunldo/ Glaw) dhalol Jilé (3ylgo 39an) 39ano
.(63300 @i5log Aanlg Jauis Glclal) Jauiiil) (Jldg (Qull dalel LG ping cliy) j)<il)

Awll na Juwd (hlao notebook 14 Al :Jio LI

Olilipall A Qg QDI 18 .adgigo Glalaiclg dayAi GlAe (Aas Lo WL dgny adln
ool caas ol olang

for _, rec := range records {
out := model.Predict(rec)

db.Insert (out)

ctx, cancel := context.WithTimeout(context.Background(), 2*time.Second)

defer cancel()

sem := make(chan struct{}, 32)

errs := make(chan error, 1)

for _, rec := range records {
rec := rec
sem <- struct{}{}
go func() {
defer func() { <-sem }()

if err := validate(rec); err '= nil {
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return
}
out, err := predictWithBudget(ctx, rec)
if err !'= nil {

select { case errs <- err: default: }

return

if err := db.Upsert(ctx, out.Key, out); err != nil {

select { case errs <- err: default: }

return
}

}O
}
for i := 0; i < cap(sem); i++ {

sem <- struct{}{}
}
select {
case err := <-errs:

_ = err
default:
}

Practical checklist aloc doild (.l

.context pladainwl @hAag Gkiwll (oj Oliljpo i *
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.(639220 ulghy semaphores @Jlio)l olubl) danlg agan pc 6513l (olidl apdi *
.(olasUl &alal gans blai <l alljl awlao apsert) goll j<il) abls aulll Gl Yo -
(g + guplio + &lSi@o llaw) dpo olalaall Jea -

&LLA e Gl (rain el «olgall Al cuis) QUi 8alel &Ll piwl Gllac Jea -
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aalife Auwaid ollhio WUl blao dadl [

clal (cuédl pac ciaiaanl (ile QI S p lody .19yl QhAiwlg JhSUl dc pw gile Gl Sy
Jalayall Ly "athla” gl "aaunn” ok clidll (o uasll . adiein dnluug Guiil Jld

aulwDl §gpall 1L
.aulae gl &ugrnga bl JAHQ) alll Blaio Ol yapa) dall :olAaall -

tail J &ojlo 393 (lgd Ul &l gilwo Wle willan Al t@ilds Joan ¢yl ool -

Jatency
Wlals (nalsig glol 19231 ol @y QWU s sl Bale] aioy oyl :@BAYI -

6alelg a=alpol) 11;L69 versioned Ijm.o 035 ol Ly AUl 295 tgpo cunl agS il -
-t

Juwldog olaw aling alll colahAollg delnll (ile aoiey Gyl :dAallodl &bls -
Olawiig guiig

dojln JWal agie Jléo "yully (ile Joy" :Jio  [.r.I

r.Body = http.MaxBytesReader(w, r.Body, 1<<20)
dec := json.NewDecoder (r.Body)

dec.DisallowUnknownFields ()

var req PredictRequest
if err := dec.Decode(&req); err != nil {
writeError(w, 400, "bad_json", "Invalid request body")

return
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}

if err := req.Validate(); err '= nil {
writeError(w, 400, "invalid_request", err.Error())
return

}

AWl Joud leo P
AUl (né Gl 6033 Joud) gual an
69s3llg dedgiall &5l cuns load test e JLial adli -
ool Jiola &0 p95/p99 latency laal Gdas -
(& olelndil &bl GlAN &alAll Gloaall (18 Gllao) AU Al -
(g clhAl aylaiwl (o 45 j7) dashboards alio lag) agag »

QUT piu jluog QY Galel Jold cliy *
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Ayl &alAil Go lala) P

dalhil gailna go éclas) Joleis @il Jy daioil (ué Python Jawiws @il Go juidl ai U
dy98 duulid ko aalg (13udis alas gdgio pin «ulle goliio ahal/ Jial Ul ol
&ilnllg guldllg bl Jras dalasg «oKuil)

‘leuh Go Buwls dsild &nlsl jlgal

feature services Wlpo Gloadg Wl wlaalg -
batch jobs Aueda plaog ETL/ELT Jloc -
streaming consumers cll <loaag ¢y gslaiuo -
Python palga plol 2ilos &o0ai ciblgy

adala)l olgallg pfail ¢laglg dadloll ¢lgal -

Lalpal éAdlho Glalaclh paly tJio LRI

srv := &http.Server{

Addr: ":8080",
Handler: handler,
ReadHeaderTimeout: 5 * time.Second,
ReadTimeout: 10 * time.Second,
WriteTimeout: 10 * time.Second,
IdleTimeout: 60 * time.Second,
MaxHeaderBytes: 1 << 20,

}

slowloris-style header abuse Jugdyl pladiwl 6clwl Jio d=ilh Glaal bloil Jl&, aaul 1aa
.639220)l e ollhllg &puoll QUYL dalell oLt
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Ol Oloaa) Go 698 blai  E.l

-boundl/O Jloal gwgiy ol 1.E.I

4,03 lngsa goroutines 3agi . pjadly a<uidl JUALI (na Lgh ldg (LAST Uyl Gload
.8anlg 3gaa 20 @a0a aic Goliil ddle dolasl el &uulio

type Job struct{ Key string; Value []byte }

jobs := make(chan Job, 1024)

workers := 32

var wg sync.WaitGroup
wg.Add (workers)
for i := 0; i < workers; i++ {
go func() {
defer wg.Done()
for j := range jobs {

_ = db.Upsert(ctx, j.Key, j.Value)

+O

}

for _, j := range batch {
jobs <- j

}

close(jobs)

wg.Wait ()
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Jalg 1344 alo A cduleiis Al [LE.

AL Bale] &yilsol g uaeil Y& lao aalg (13441 @las Go &033 i Wie <oy
.ol 2alilg

a0 &al] &uyayg Gi08 Guwld duso  H.E.

Low LiaUlg «poliil (poill JSON .TLS HTTP Jaocg palga «lSuill duulill kol (unss
aLds Pal dall Jla,

6cld Gullé o clal  E.E.l

.&ilnllg dchid)l Jaw agS 81>(¢ldjdo Glkiwl (wjg ddle aali] 6ale Go §aai
85131 pAAT Lial &laiwll ¢y tJio  O.E.l

w.Header () .Set("Content-Type", "application/json")

enc := json.NewEncoder (w)
w.Write([Ibyte("["))
first := true

for it.Next() {

if tfirst { w.Write([lbyte(",")) } else { first = false }
_ = enc.Encode(it.Value())

w.Write([Ibyte("1"))



0

BTl Qaunyg 8513l (18 Sl groa Jseas gioy ol 38
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cuwlio)l LA Go g5 U (o O

Olipall dwaia gl (ol Juail ga guulwll call g9 baie Jaall Go cuw
-centric.GPU doghio (sle 8aoiall @l aleill Gl gi motebooks (14 dsypul
:auwlwll 813Dl Go 9% ol s anw U ol

plaa oliy yile aoigy jgaig yilelas WubSiwl -
Python doglhio aniei @uoe plei Gyl
Python (14 824U &élas Glgal (i dlds dsale &uuga +

(i bblAsl U &dlo U on-call pea U) Wbt Go cload Jusids gunius U §ia

dole 6acld 1O

udgigall dlauwll goj &l :ll dwiid (16 daljl Gie 99si Waie Go padiwl
Olifall ot iyl (S (1o aalpl die ggsi laie Python padiwl . piwl gwgul
.GPU (e ailaj cujas gitasll
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Python + Go (uaa a3gos :(jlosall gdgodl 1

Go puni loiw «wjaillg dadodl diw Python (1w :dinnall (na dlleag chui: JS DI &y)losall
.Cullg dalleoll Ihghhig doadll alsll ddun

Qaeno Gjloeo L1
Qilos caul2ig (Ol g (Jnio pé ondi «w)aj :Python -
Qudlpo (ub§o (pjAs @uoaj rate limiting Jaso 3aai dédalao «oulh §éas :Go &gy -
dnnAio JUaiwl d0a4 gl Python pald :q3godl Jusai diy -
OLAP / OLTP / feature store bl gjlho -

Olifall (oudi ¢ua Python plawo «clpllg Jhall Go Jloe :dalleall hghA -
Python 23goi palh plol Go &lgy :Jio ..l

client := &http.Client{Timeout: 1500 * time.Millisecond}

func predict(ctx context.Context, payload []byte) ([lbyte, error) {
req, err := http.NewRequestWithContext(ctx, "POST",
"http://model-svc:9000/predict", bytes.NewReader (payload))
if err '= nil { return nil, err }

req.Header.Set ("Content-Type", "application/json")

resp, err := client.Do(req)
if err '= nil { return nil, err }

defer resp.Body.Close()



ow

if resp.StatusCode != 200 {

return nil, fmt.Errorf("model_ error: status=/d", resp.StatusCode)
}
return io.ReadAll(resp.Body)

gdll adgodl o 1alad - A
ML ©lifog qyjlailg ailail :laigd gAg0 (14 Python 1y -
- Jauis &ubldg (gdgio piu (gopl AdAio alal/ Jial «polidl Ul pgod Go yUgi -

.SLOs @034 (1giwo alaalg danlg olahio &ano APIs :daun daalgll anj -

dll Adgoil gans aasld €1
Pythong Go ( pjln Gkhiwl/wlh hihAo @i
83l aie &lgdl Y16 CLBG0 (A9 @u0aT G0LD] -
)l mae aigadl pali Jea -
duuld ddoes eall pcag pilodl jlan] -

(Olaloiell + 23gall + &ilgdl) wpnll Ul pall o dlaiwll (goj gubd



ooy Ol ul@alg oo :IIF Jndll
Production-Grade Data (naljinl (nalil
APIs

ol ol olaalgl awani g1abo 1.0

OUUxy i agae a (b . Jolaa gile CRUD oldoe a0 cuny dnlsl olbl olaalg
lay .adio pé olAao cias danllg &lhiwll (o) lilpog freshness @iilaag (Ll
:boundaries d&aypn agany 1gd)l puonill

versioned 613.01) Ll bldi opdiuo Glaiwl/allh olakhiao :Contract first ]Jgi adell -
.o clhAl 3gaig endpoints

Olaadl gApa (ol auds o)l pan ayaaj :Bounded resources 63930 ajlgo -
.unbounded fan-out aganoll pé ¢ 4aill Ciinig

awilao) diol duilpll JUDI Y=ol :gdlg ol dglanll 6alel :Idempotency (oDl j<ul aubls -
.(JsU1 ijl psert Gllae Jddempotency keys

.Guiil) aLLa elhAT jgo) Bpdiuo arani GUUA (ol Glhhan iy :Determinism dwoinll

O€



00

@m0 olaw «llh Wjeo :Observability by default Lalgal aAallo)l abld -
UnADI cuwig &laiwll goj Jga guyliog

thin handler " i Jleo” &uy :Juo IO

package api

type Server struct {
svc *Service
auth *Auth
log Logger

type Service struct {

repo Repository

type Repository interface {
ListEvents(ctx context.Context, q ListQuery) ([]JEvent, PageInfo, error)

UpsertFeature(ctx context.Context, key string, value Feature) error

g il gAg .Service (14 Jlacll aclgd &b .44l aie HTTP/gRPC Juai Aadind
.culoce jghhillg juiAall Jeay Jndll 1aa .Repository



h

Olldl oliy 16 gRPC (Llao REST (.1

wllniog (uslaiuall egi yile Juidll aoie; . gralinl (1] (1giuwoy 95 ol ofay laalls
.dogliall agudg «lall

-2nnill agawg dapull Jolkilg aanioll Glgalg (il cllosll JAall :REST -

Aolnll olahAollg service-to-service Gloadll gw jopodl a5)a) Jaalll :gRPC -
.l daliPlg streaming RPCsg

.l;,ljl: gRPCq l;gjlj REST ol Olnio (1a g_;Lw :Hybrid (u2a 23gaj -

JSON &liwl/ il :REST Jio  ILr.C

type PredictRequest struct {
ModelVersion string “json:"model_version""
Features [1float64 ~json:"features""

Iy

type PredictResponse struct {

ModelVersion string ~json:'"model_version"~

Score float64 “json:'"score""
RequestID string ~json:'"request_id""
Iy
¢ullg quiill proto walo :gRPC Juo .r.1
syntax = "proto3";

package ds.api.vl;

service ModelGateway {
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rpc Predict(PredictRequest) returns (PredictResponse);

rpc PredictStream(stream PredictRequest) returns (stream PredictResponse);

message PredictRequest {
string model_version = 1;
repeated double features = 2;

string request_id = 3;

message PredictResponse {
string model_version = 1;
double score = 2;
string request_id = 3;

Error error = 4;

message Error {
string code = 1;

string message = 2;



oA

JAall agiacg hinaoll o @Gaail  P.r

rgal Ul xdell alai

(Olaganoll Jodall .ol pwa) paall 1hgaa -
(@2l aic dagpeoll pe Jgdall JAg) plv oy cla -

(awolpl Jgdn «ulgs «oldlas) WA @aas -

(headers gugdyl pe gl URI pce jlanl) 6pdiwo jlanl dagsliw]

£ (1l aa + pin JSON juop cla :Jio  LIW.M

func decodeJSON[T any] (w http.ResponseWriter, r *http.Request, dst *T) error
o g

r.Body = http.MaxBytesReader(w, r.Body, 1<<20)

dec := json.NewDecoder(r.Body)

dec.DisallowUnknownFields ()

if err := dec.Decode(dst); err != nil {
return fmt.Errorf("bad_json: %w", err)
}
if dec.More() {
return fmt.Errorf("bad_json: trailing data")

3

return nil

func (p PredictRequest) Validate() error {
if p.ModelVersion == "" {
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return fmt.Errorf("model_version is required")

}
if len(p.Features) == 0 || len(p.Features) > 2048 {
return fmt.Errorf("features length out of bounds")
}
for _, v := range p.Features {
if math.IsNaN(v) || math.IsInf(v, 0) {
return fmt.Errorf("features must be finite")
}
}

return nil



} < .. .
diaoll wblaiwllg cladll dalleo qalas  E.F
: pcoy stable envelope lub lle pariwl .aulgiiie auni clnAl gg;j U
(WI 6clyall abla aia) code -
(1 ng) message *
(lull) request_id -

(Joda clnAl) dyjlial details +

Jodn clnAl + laa wllé :Jio  LE.M

type FieldError struct {
Field string " json:"field""

Problem string ~json:'"problem""

type APIError struct {

Code string “json:"code""

Message string “json:"message"”
RequestID string “json:"request_id""
Fields [JFieldError ~json:"fields,omitempty""

func writeError(w http.ResponseWriter, status int, e APIError) {
w.Header () .Set("Content-Type", "application/json")
w.WriteHeader(status)

_ = json.NewEncoder (w) .Encode(e)
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sl guunig aanil panidl 0.1

b pé iy aeilill chAll go . gwgill dbldg ddiwoe Ll olaaly gosi ol way
.aal5o offsets plaAiwlg

Pagination panill hlail  1.0.r
S offset go jg@ai ais) lhyuy :Offset pagination -

(@ y1ngo) Susl olil) Jleag o Keyset pagination -

SQL plaauwb keyset pagination :Jio [.0.[

SELECT id, created_at, payload

FROM events

WHERE (created_at, id) > (:after_created_at, :after_id)
AND source = :source

ORDER BY created_at ASC, id ASC

LIMIT :limit;

diol 29an + pleiwl &y :Jio  P.0.F

type ListQuery struct {
Source string
Limit int
AfterCreatedAt time.Time
AfterID string



r

func (q *ListQuery) Normalize() {
if q.Limit <= 0 { q.Limit = 100 }
if g.Limit > 500 { q.Limit = 500 }

oulallg auanil  €.0.1

:dwado Joda Joa &anill Jolge pon
(ol ©ldlnsi denant jaliwall ganoll) dulaiill ddle 6aoci -
pleiwll ey Gilai &S o gujlaa -

AnnAio Awpdad )93 doAn Jglaa yue ...% LIKE cinj -
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ugaillg Adalnadl .M
WAl Jnal ol dadail 149 .authorization Gballnll (e authentication &gall Jaal

(d=690 jgoy gl mTLS (Jio) service-to-service .03 (Ul doaA *

(JWT/OIDC (Jio) user-to-service d&oaa (Ul poaAiwo

(juiol Jai 1awo) scopes/roles jlgall/ clalaul

(jaliwall Lelg 99%s of way pllsiwl JX) tenant isolation jaliwall Jje -

hiuo JWT huwg :Jio  LO.F

type Principal struct {
Subject string
Tenant string

Scopes mapl[stringlbool

type ctxKeyPrincipal struct{}

func withJWT (next http.Handler, verifier func(string) (*¥Principal, error))
< http.Handler {
return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
h := r.Header.Get("Authorization")
token := strings.TrimPrefix(h, "Bearer ")
if token == "" {
writeError(w, 401, APIError{Code:'"unauthenticated",
<~ Message:'"missing token"})

return



E

i)

}

p, err := verifier(token)

if err '= nil {
writeError(w, 401, APIError{Code:"unauthenticated",
<~ Message:"invalid token"})
return

}

ctx := context.WithValue(r.Context(), ctxKeyPrincipal{}, p)
next.ServeHTTP (w, r.WithContext(ctx))
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aigpallg «Ja=oll nans (olaoll  V.C

Oliliwoy Bwai g1oai glg dralall Glalaiclll (1a Glélaal bl olaaly gayas gl way

.29319

clllg ollaadl V.

.context 5 JosJl Lsla k)l

func withTimeout(d time.Duration, next http.Handler) http.Handler {
return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
ctx, cancel := context.WithTimeout (r.Context(), d)
defer cancel()
next.ServeHTTP (w, r.WithContext(ctx))
b

(token bucket JUo) Rate limiting Jasoll 3yanj V.M

type TokenBucket struct {
mu sync.Mutex
tokens float64
rate float64
burst float64

last time.Time



B

aigpall blasl  W.V.M
.0a92320Jl pé goroutines iy :agano (ol
.Gioll wllosl) had :backoff go dglaoll dale] -
.laiel JXJ 3)lgall Jnd :Bulkheads -+

alaicll jg@a5 aic gy Juiad :Circuit breaking -



v

GlalacUl glal bloil  A.F
:ilac lhos WGy diolg laio Baaio dayn lalachl gosi of way

il cidg alacll diy Clpgio -
..“I: o ul‘]gb‘d ﬂagS pJ.LCi :
o &0 631lg Config duis °

Al pé alac] aie g Jua -

&85 + awdl pe alael 1 o  LAC

type Config struct {

Addr
LogLevel
DBURL
ModelURL
RequestTTL

string
string
string
string

time.Duration

AUl Olalac] @dny daild  CAC
opanill JAla jlawi U -
gDl aic diglholl Jgdall go Gaail -
aiol wlalialg dojlo agan

el aie (jlpoll clitiwl) guedll slacyl delly
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Ol g y1ad0 dolw winy -



6)513JIg clallg ¢polit)l dwaia P Jndll
Concurrency, Performance, and Memory

Engineering

Go (1o goljl Q3gai paa LW

«coordination @uuiilg J/O latency jUAil (oj (&l Glda O e Go b Goljil aoisy
dasaill pUA; bhgiA §ga dg;;j' AaidA Adis laag goroutines A .29232.0 3jlgo pladiwlg
beuh 1ol VO (ke 8aaizoll Gloadll guwgs Je pwonil 138 .Go runtime Jiuio dnwlg,
RE 90J9 39330 pé ol cliul Jawll oo )i Jd=y ais) (lghl (pjadl HTTP Jio)

hgnéo 99s) golil (naliall Pl pladiwll 8513l (14 hguAo

.ol pan) g qwighll Aa (oliil) 33 :Bound work Jo=)l apds
.g&o J5 14 context.Context )30 :Make cancellation contagious Lns.o clJUl Jeal -
.42Alg agde) Jalall 633210 dalleo hhghA :Prefer composition X )il JAa -

JaeAll ollialg profiling Juail padiwl (peAdi U :Measure losla gud -

19



Juwlwll guai)l aagadl LK

OSoug AalS ) dJgaallg (gaii stacks Glwagoll :dulao cuuy @is) &l Goroutines -+
.(T,‘" Ui

clad] gi deadlock (Ul (13§58 i) «wjilly &slo)l Guui channels lgidll -

.639300 pé Cwls gl backpressure

@oladiwl eqw <) dled (sync.Cond sync.RWMutex .sync.Mutex) aioliall elgal -
.contention gjlis Ul 1a&

39220 (ol (pldo agano pc EJ.dJ" :Juo .V

for _, item := range items {
go func(it Item) {
_ = process(it)

}(item)

sem := make(chan struct{}, 64)

var wg sync.WaitGroup
for _, item := range items {
item := item
sem <- struct{}{}
wg.Add (1)
go func() {
defer wg.Done()



Vi

defer func(){ <-sem }()
_ = process(item)
140)
}
wg.Wait ()



\Al

Worker Pools Jloll Oleoaig Goroutines .
‘oAl s épdiwo anbil @@aai lolwl worker pool hoi asy

39320 (polpy *
639220 pulghh pe (ieubh backpressure -

&49io 3)lgo pladiwl -

c&Ul pea go Jloe goay iJio LMW

type Job struct {
ID string
Data []byte

type Result struct {
ID string

Err error

func RunPool(ctx context.Context, workers int, jobs <-chan Job, fn
< func(context.Context, Job) error) <-chan Result {

out := make(chan Result, 1024)

var wg sync.WaitGroup

wg.Add (workers)

for i := 0; i < workers; i++ {



VH

go func() {
defer wg.Done()
for {
select {
case <-ctx.Done():
return
case j, ok := <-jobs:
if 'ok { return }
out <- Result{ID: j.ID, Err: fn(ctx, j)}

}
}
}O
}
go func() {
wg.Wait ()
close(out)
}O

return out

anlil olaalle  F.r.W

6anigall tgilel 9% gl %oy /O (ke 6anigall plaall :Juaill §ag Jlagdl aac 33a -
&gl aac o auyd CPU (le

G513l (18 e JS (RIAT J 6393230 JWal wlgid padiwl -

.goroutines wpuj «iai Lasla clJUl peal -
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Fan-In / Fan-Out / Pipelines :&lgid)l bloil WP

.backpressure guusell henllg &sloll J&i ge peiloaic dlea wlgidll gss

Fan-out [|.FX.PY

in := make(chan Item, 1024)
out := make(chan Output, 1024)

workers := 32
var wg sync.WaitGroup

wg . Add (workers)

for i := 0; i < workers; i++ {
go func() {
defer wg.Done()
for it := range in {

out <- transform(it)

}
140)
}
go func() {
wg.Wait ()

close(out)

+O
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func fanIn[T any] (chs ...<-chan T) <-chan T {
out := make(chan T, 1024)
var wg sync.WaitGroup

wg.Add (len(chs))

for _, ch := range chs {
ch := ch
go func() {
defer wg.Done()
for v := range ch {
out <- v
}
10
}
go func() {
wg.Wait ()

close(out)

30

return out

Fan-in (.PP.P
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cl&Jllg context pu €W

anl pudllg cledllg olaoll pid duwldll &l context.Context asu palgAll aalil 1o
.cdhly

Jaung Jolf ctx Jadiwl
Auly 18 ctx gjas U
J/O Oldoe JX) ctx jpo -

lkiwll woj Oliliwo Al Glanll padiwl -

bl &yiljo piv tJio  1.E.M

func (s *Service) Handle(ctx context.Context, userID string) error {
ctx, cancel := context.WithTimeout(ctx, 1500*time.Millisecond)

defer cancel()

profile, err := s.repo.LoadProfile(ctx, userID)

if err != nil { return err }

reqBody, _ := json.Marshal(profile)

httpReq, _ := http.NewRequestWithContext(ctx, "POST", s.modelURL,

— Dbytes.NewReader (reqBody))
httpReq.Header.Set("Content-Type", "application/json")

resp, err := s.httpClient.Do(httpReq)
if err != nil { return err }

defer resp.Body.Close()



VvV

if resp.StatusCode != 200 {

return fmt.Errorf("model server status=Jd", resp.StatusCode)

3

return nil



YA

GC aoladll golag 5513)l jla]  O.»

Jago 0 clalll Ystive (il Lo W @bl cloaall (1é .oljio dolad &ola Go padiw
.retained memory 6jainall 65131 gi allocation rate (puAAIl

AL ool (18 OlawnAill JIs -
.Guolle o (1 dodand Gk, blainll quas -
.streaming &daaioll dalleoll JAd -

Ss @ a1 olaganay gndall pé Blanll iai *

sync.Pool pe jao pladiwl éale| :Juio 1OV

var bufPool = sync.Pool{
New: func() any {
b := make([Ibyte, 0, 64<<10)
return &b

I

§03i0 oy cla 1 Jio .0

dec := json.NewDecoder (r.Body)
for dec.More() {
var item Item
if err := dec.Decode(&item); err != nil {

break



vq

_ = process(item)



pprof olaaiwl Juadl W
‘Al @kl oo e Julal

CPU Juloj

Heap 8513l Juas -

Goroutines Jalaj *

mutex/block gjlidl Juay

pprof (a=ai :Juo L.7.W

import (

"net/http"

_ "net/http/pprof"
)

func startPprof() {
go func() {
_ = http.ListenAndServe("127.0.0.1:6060", nil)

+0O
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heAll Ollidlg &jbeall GHWALL V.

c1351UﬂS_pU§UIL£ULMchgS rcuy heAll Al fala)l oda de pw o feuy gybsodl juiall
SJoall

429 glalg il Joall o &ylaa sJlio  LV.P

var sem = make(chan struct{}, 128)

func withInFlightLimit(next http.Handler) http.Handler {
return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {

select {

case sem <- struct{}{}:
defer func(){ <-sem }(O)
next.ServeHTTP(w, 1)

default:
w.WriteHeader (http.StatusTooManyRequests)

9
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oS Olily wlegono go 6clas) Joleill AP

.tail latency giapall Glaiwll ojg 1/0g 6513l (ke doanll allwl hens

a0y Ja §oi LA

f, err := os.Open(path)
if err != nil { return err }

defer f.Close()
sc := bufio.NewScanner(f)
buf := make([lbyte, 0, 64<<10)

sc.Buffer(buf, 4<<20)

for sc.Scan() {

line := sc.Text()
if err := processLine(line); err != nil {
}

}

if err := sc.Err(); err !'= nil { return err }

agndoll pé Blainll wiai AW

small := big[:64]

small2 := make([]byte, 64)
copy(small2, big[:64])
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6clasl gans dosld P.AP
. PAA guaai Jay &Sg bcldll §aai -
-639310 julghg ol
J/O olloe guoni -
JBlainllg yawnidill jalaa) (iled Juas -

84811109 by Clly Glios *



GLl dalleo bhgha el € Jnall

Go plaaiwl

ELTq ETL &jloeo oalao |LE

By quidll 9Ly dang dhgiao dalsi g ol Jal dno ga gl dalleall ha
.ELTg ETL (w juiall ga (oo jiid Jol .observable behavior aAallol) (Ll glg

ELT Llao ETL |LE

cuwlio .caxall gjaodl gl @ulis Jud Oblwl Jugai :ETL (Extract-Transform-Load) -
aanil gUl aall aie gf Bpdiuo lhgail gi lolo schema khihaall gks boaic
LAl Julad 6p%iall

abgas o5 Ugl duyusall aub of pAJI GUlwl Jwoas :ELT (Extract-Load-Transform) -
Blaia Ul g lpaiwl ¢lgail p&ii loaie wuwlio .warehouse/lakehouse gagiwall JAla
Ol 84 (né dungall guugi gSoy 9l ceao oAl Gliluly

QWU (48 ddoce 6acld
.olbgaily Gl Olayyes pés gég laic ELT paduwl *

AE
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Agde JAM AungnA dani) 15w Ulaig byl @aas bl wlihb aic ETL padiwl -
(BA1S I

dalleoll hA) duwldll Jaldl  TLLE
.(ulgh .APIs .CDC .lalo) §gigo JLiny obbwl cula :Ingest JAall -
.&yglihall Jgéall aganll glgilll dalhaall (naa :Validate Ganil -
oy «Olang Qo gulgh (Guuld Olayeo :Normalize yagil -
.Glpo adgi joins hyy «lpl (Jlocl §hio :Transform (Jygail -
.(feature store .OW o OLAP .OLTP Jio) wjlnoll yu| &L :Load Jroail -

.dead-lettering .cUnAl blail Jineage & Olgpeo (Juwldo Audit Gidail -

Jalpoll agéc o W.LE

type RawEvent struct {
Source string
Payload []byte

ArrivedAt time.Time

type ValidEvent struct {
Tenant string
EventID string
EventTime time.Time

Data map[string]any



A

type FeatureRow struct {
Tenant string
EntityID string
FeatureKey string
FeatureValue float64

FeatureTime time.Time

Jwiall a4blag danll guuny lao AT aun i gl auo ggi g0 Joi ol ey dlapo JS
.Qilnllg
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ol JAal blail  r.E

WSl 2o sl Jaall Jolei ol oy .pfaily &dgigall Jga jgaei JAall
.anallg janall gu Glagall Glai pacg djall olalaiblg
doill blail 1.M.E

(Ul 6acld Gloleiwl gl HTTP Jio) J9aao wla :Pull ingestion waawdl «

.g1gle Cy 9l webhooks :Push ingestion &aall -

LasUaiwl o5 oWl gjao gl olale &S :File drop olalo blaw) -

Ol 6acld Olpues bhlall :CDC ingestion -

Oliliwoy ol HTTP JAal o [.M.E

type Page struct {
Items []json.RawMessage ~json:"items""

Next string “json:"next_cursor"’

minted diy JAla ga LS Jiol (18l y1dy)

Jhall gani doild W.I.E
uwlhan agang wllao Hya -
offsets (Jay épfiuwo cursors Glpbdo plaAiwl -

checkpoints @aaj bldji Juaus *
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(idempotency) &glaall 6alelg Ol Al -



A4

Jugaill hgha  P.E

WAL &LlE Jalpog Lain Wihiog daypn Iagdce padiwl .diolall elhall gago ga Jugail

awoni g1alo  LPE
Determinism duoinJl -
Purity (<ol ¢un clail -
Validation gates i ©Llg °

Auditability G180l &ubla

3920 (oljiv (hgai hAa tJuo (.H.E

func TransformPipeline(ctx context.Context, in <-chan RawEvent, workers int)

s (<-chan FeatureRow, <-chan error) {

out := make(chan FeatureRow, 1024)

errCh := make(chan error, 1)
sem := make(chan struct{}, workers)
go func() {

defer close(out)

for ev := range in {
ev := ev
sem <- struct{}{}
go func() {
defer func(){ <-sem }()

v, err := validateAndParse(ev)



if err !'= nil {

select { case errCh <- err: default: }

return
}
rows := computeFeatures(v)
for _, r := range rows {
select {
case out <- r:
case <-ctx.Done():
return
}
}
10O
}
for i := 0; i < cap(sem); i++ { sem <- struct{}{} }

+O

return out, errCh



ql

¢l Jlio duednll dallea)l E.€

Batch processing dueaall dalleoll  1LE.E
:loaic duwlio

Jordo wlelw/@ilés pAb -

sps Cleda (16 Jas ol -

69)3l Gildgl o) @ilgan (Soyg dLés Cllgaill -

Stream processing ¢l dalleall [.E.E
:loaic duwlio

Adiio Gkl goj wglho -

poiwo Jyayl -

)96 Glaal go Jelai oAl -

yuoc (uad Qigos MLELE
guedll jalgill Cuy -

dalleall alelg clllg danl Oleda -
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oDl 1501 aublég plaall dJgan  O.€

:ouwlwll Gllaoll
oLl JhKil abla duila jUT (2) duioj 634U JX) aalg (ilnio Auais (1)

Jadllg doaall &g 1.0.€

CREATE TABLE job_runs (
job_key TEXT PRIMARY KEY,
job_name TEXT NOT NULL,
window_start TIMESTAMPTZ NOT NULL,
window_end TIMESTAMPTZ NOT NULL,
started_at TIMESTAMPTZ NOT NULL,
finished_at TIMESTAMPTZ,
status TEXT NOT NULL

e

a&0ao jan dlghwo 1 Jio .0.E

func AcquireJob(ctx context.Context, db *sql.DB, jobKey, name string, ws, we
< time.Time) (bool, error) {
_, err := db.ExecContext(ctx,
“INSERT INTO job_runs(job_key, job_name, window_start, window_end,
« started_at, status)
VALUES($1,$2,$3,$4,NOW(), 'running')",
jobKey, name, ws, we,
)
if err != nil {

if isUniqueViolation(err) { return false, nil }



qr

return false, err

3

return true, nil
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Backpressure guusell henllg wighll 1.

Al Joall (1847 28 i) uSlaiwall ge guaiioll lghll Jads

Joall blaw| 2o 3gaa0 joulb :Juo  I71.E

queue := make(chan RawEvent, 5000)

func enqueue(ev RawEvent) bool {
select {
case queue <- ev:
return true
default:

return false
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alglaoll dalel Glawliwlg clhAll Jaai  V.E

:aujS podl Haclall
agloll dalel) dioll Gllogl haa dgloll el

clhAll cuins 1LV.E
Transient di6go -

Permanent dojla -

exponential backoff 20 639320 &glao Sale] :Jio [.V.E

func Retry(ctx context.Context, attempts int, base time.Duration, fn func()
— error) error {
d := base
for i := 0; 1 < attempts; i++ {
if err := fn(Q); err == nil {
return nil
} else if i == attempts-1 {
return err
}
select {
case <-time.After(d):
d *= 2
if 4 > 5*time.Second { d = 5*time.Second }
case <-ctx.Done():

return ctx.Err()
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}

return ctx.Err()
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Ll cpias bloil  ALE

.6alsilg alauwll ¢ojg pUeiwll hos caua ujdill jAl

asslb jlgal  LA.E
Object storage w8 (jAo °
OLTP 62clé -

OLAP gjro -

<

Cache LAo -

&815 blai Jgaa :Jio .A.E

CREATE TABLE ingestion_checkpoints (
source TEXT PRIMARY KEY,
last_offset TEXT NOT NULL,
updated_at TIMESTAMPTZ NOT NULL

)3

olsll (nalal @aas ahai cyany tJio  W.AE

func UpdateCheckpoint(ctx context.Context, db *sql.DB, source, newOffset
< string) error {
_, err := db.ExecContext(ctx,
"INSERT INTO ingestion_checkpoints(source, last_offset, updated_at)
VALUES ($1,$2,N0W())



QA

ON CONFLICT (source) DO UPDATE
SET last_offset = EXCLUDED.last_offset, updated_at = NOW() ",
source, newOffset,

)

return err

AUl gani aoild  E.ALE
il ablal pe Pl Ollwy Blaiall -
Olloleo dacld (14 hall &l cpjas -
pl=iwll blail gag OLAP Jglaa owons -
yplholl dGanll hyy pac -

backfills daleall dalel) Al -



Model a3ladl 03345 Ghjloeo 0 Jnall

Serving Architectures

Model Serving Patterns Qilodl o345 hlail 1.0

Olilipo doln Cllad go GGl Juayl ge Joduwall il anAill ga Qilodl pyads
safe degradation ¢poll jgaail (&ulio pé GUAI0 cas danll Jatency budgets &laiwll (o
inference JUaiwll 31415 8o cuwny duwlwll blaill calias .observability @ Llall dublag

. pUAUI 2lgi 810459

a2l blasl 11O

JAlx q3gadl Josy :In-process inference (embedded) duo)l JAla uja.mo JUaiwl
Laglgighn huyig &laiwl ¢roj Jéi .(bindings kulgy 9f (lal Juito pe) Go &oad Guaj
rollout phll Gllas) haa Buuig 85130 ddida dlal wlhi aif) @b

L:JL(:) 69lao a3gas ddoe Go &oxA (reaius :Sidecar inference gwla JUaiwl -
.AAdaAo aSub adlsq BV UJ.C 489y .pod/ cwAn)l guai gile (Python

Q3goi doad Go &gy (reaius :Remote inference service sy JUaiwl doxA -

Qq
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Jnag Jéiwoll gweill Jadll .(paniio JUaiwl ealh gi Python (Jio) d&nnio
.§all

pe quidl e.ng Goepy adall d.:.o.; :Asynchronous inference (poljio pé¢ JUaiwl -
.batch scoring (1202l oudil ol alaill Q3loil) cuwlio .worker/ jgiln
il Al aclgd  [1.0

6))<io Oliyans (Jhiuo g_wg.: uUl @l aiec remote inference Ul JUaiwll gAl -
.GPU plaziwl gi .93gaill

Qi dblung Jie go gAddio dlaiwl goj g1 e Yl aic sidecar pal -

cllioy Gupalg alld Olbaailg Wai a3gaill Juio 9% loaic embedded ol Al .
.JoIL (13aiil caloll 8bA 893

olddal Soyg lgnjpo aigodl &liwl oj 9%y loaic asyne oljioll pé pAl -

Al Joas padiuoll

quill &liwl/wlh ade :Jio .10

type PredictRequest struct {

ModelVersion string “json:"model_version""
EntityID string “json:"entity_id""
Features [1float64 ~json:"features""
RequestID string “json:"request_id""

type PredictResponse struct {

ModelVersion string ~json:"model_version""



Score float64 “json:'"score""
RequestID string ~json:'"request_id""

ServedBy string ~json:"served_by"® // instance id / route
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Python 23laj palga plol &)lgiS Go .0
d.o;.u Lo Bale -Qalawl Jasis Oliy g9 danll (Apay il Jaso (1@ Go &lgy
£21Jl agang wlAaall (o Gaail -
Jugaillg ddalnoll -
¢olji)l agang Jaall 3yaaj .
(gloll aic) dglanll balelg Gl Glao -
caching cuégall (pjAillg batching guoail -

ah Lol aubldg clhAbl angs -

&lgdl Ogdwo  1.M.0

Budget enforcement Gl (A4 -+
Load shaping JoaJl JaSuw -
Contract enforcement ad<ll (A6 -

Safe degradation (oLl jgaail -

Python pald (icaiws Aoy Go &lgy :Juo .M.O

type Gateway struct {
modelURL string
httpc *http.Client
inflight chan struct{}



func NewGateway(modelURL string) *Gateway {

return &Gateway{
modelURL: modelURL,
httpc: &http.Client{Timeout: 1200 * time.Millisecond},
inflight: make(chan struct{}, 128),

(98 WX minted &y Jala Juodl (18b (dy)

£2a3l 31 20 ola JSON jop cla adell &gy Jio  P.r.0

func decodeStrictJSON[T any] (w http.ResponseWriter, r *http.Request, dst *T)

—

error {

r.Body = http.MaxBytesReader(w, r.Body, 1<<20)

dec := json.NewDecoder(r.Body)
dec.DisallowUnknownFields ()

if err := dec.Decode(dst); err '= nil { return err }
if dec.More() { return fmt.Errorf("trailing data") }

return nil



oWl guunig guoadl .0

G0 3godl by loaic anly wlly J3) aals)l Jlayg dnlsll (o Batching guoqil agj
.vectorized computation daaioll Gblwall

ol gnabo 1LP.O

JUALl oj gundlg 4283 02 guadl :glwlwi glaa -
Oleaall guilai e Blaall -
(request_id) adhll vl (nle Blaall -

tail latency &laa -

HTTP wlln) micro-batcher :Jio [.F.0

type MicroBatcher struct {

mu sync.Mutex
buf [IBatchItem
maxN int

maxWait time.Duration
timer *time.Timer
modelURL string

httpc *http.Client

(minted JAla ga WS Jua)l (8L (1dw)



)l guuni gdai doiléd ..0
http.Client pladiwl éale| -
dgoall ps aic had heAll -

LAl gRPC (Jio &5 ©:UgSgign Juads -

6p2ng daoao Wlpall olaaio cldy) -+
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Caching cagoll ¢pjail obayglpuwl .0

aanll §ag aogani way gl s JSiiy Skiwll gojg Jeall cuddall guiail Jli of Loy

caudgall (ujaill glgil  1LE.O
Response cache &laiwll (pjai -
Feature cache Glpodl cpjasi -

Warm caches {nala ¢pjai

8513l JAla TTL bao :Jio [.€.0

type TTLCache struct {
mu sync.Mutex
m map[string]cacheltem

ttl time.Duration
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Versioning and Rollbacks galjilg ailadl jlan] 0.0
g2l ooy Jag Saull 138 il 23gas gl 1 plANI cuy ol iy Bupn Jlanll 9e% of ey

Solob

atomic swap g3 (b3 g0 awngi Jg9aa :Juo 1.0.0

type Router struct {

v atomic.Value



A/B Testing &us 1.0

ol Julid 2o jgp0 57 auagi ga A/B jliAl

gain degono guss Juo 110

func Cohort(entityID string, pctB int) string {
sum := sha256.5um256 ([]byte(entityID))
x := int(sum[0])
if (x * 100 / 256) < pctB {
return "B"

3

return "A"
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Aalodll pyads 16 aAnlloll &lla V.0
ol O aAdlo cany
@lgl dduln -

ol dduh -

awbd o ILV.O
p50/p95/p99 awlaiwll (o *
clnAll -
saturation guidl

839l bl -

lhnl by 2o phio gy Jio V.0

func logServe(log *slog.Logger, req PredictRequest, modelVer string, start

< time.Time, err error) {
latency := time.Since(start).Milliseconds()
if err != nil {
log.Error("predict",
"request_id", req.RequestID,
"entity_id", req.EntityID,
"model version'", modelVer,

"latency_ms", latency,



"status", "error",

"err", err.Error(),
)

return

log.Info("predict",
"request_id", req.RequestID,
"entity_id", req.EntitylID,
"model _version", modelVer,
"latency_ms", latency,

"status", "Ok",

o241l Audgigo Gany daoild  P.V.0
dojln olao (A
guiwl aic Joall blawlg goljl 33aj -
6ajlall aie micro-batching iy *
Q3godl jlan| Jouls dpoin Cuddo (Rjaj puldo -
19l @alidl acag Sllanl Ay angs -

Jlpoiwbl guardrails (uwbdg )b Anll Jogdal s -



aAnllall Abldg waloic Ul dwaia 11 Jnall
Reliability and Observability Engineering

Structured Logging ohio)l Juawdl 1.0

.OLaANl groq pe dduwiog Ul pleiwll) AL Gl o9si ol @y QWU oy (a
.Glaall gy hyllg groaillg Gyl dlgaw ani dbl by aulao (ile ahioll Jaawsill aois;

ool aclgd L1
8219 Jgdn + 8pnd allwy :olda U Glaal Jaw -

Jlatency_ms .model_version .user_id .tenant .request_id :aiLl Jgda clowl padiwl

.error_code .status
.l JS "Gl JassT Jaw Al -
.pall gi &jaul paaiwl PI ol duniuh Gl of Huwl Jaws U -

\RR
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clhl vy 20 JSON dauny slog :Jio (.17

type ctxKeyRequestID struct{}

func WithRequestID(next http.Handler) http.Handler {

return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
rid := r.Header.Get("X-Request-Id")
if rid == "" { rid = newRequestID() }
ctx := context.WithValue(r.Context(), ctxKeyRequestID{}, rid)
w.Header () .Set ("X-Request-Id", rid)
next.ServeHTTP (w, r.WithContext(ctx))

b

opdiwo A jgoy :Jlio M.

type APIError struct {

Code string “json:'"code
Message string ~json:'"message""

RequestID string ~json:'"request_id""

Jrawidl §ans dosla €D
(w@y=0ll + Goil + alall) wlbs J5) aalg Jaw -
d0ao Olayeog diu oy (i claall -

awlwa Ll gl jlpwi U -
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Metrics and Monitoring &dlpollg uwldaadl .7

GhubDl Qling &l Gloadll Sgofl pe plAll @ni WS (JIdw ge i guyldall
-l elnAll &Sl ol tgy Ul duaill

awbd o LM
Jwlghll JAal Jaso oleaall plaai &6l o)l aac :aS Al -
Al ool Gojg @ylail) dyladl o pS0/p95/p99 :croil -
.Gl claAl Glagog paiuo Uaa joy cuwn ellhAall -

gl Goe (Ll 6aclé goai pladiwl goroutines aac &SIl (CPU :guitil

ooilg Al a8 ollhll guld tJuo .11

type Metrics struct {
inflight atomic.Int64

func (m *Metrics) Inc() { m.inflight.Add(1) }
func (m *Metrics) Dec() { m.inflight.Add(-1) }

adlpoll @ani dosla .0
auiil Al Jago &kiwll gol gaye clag) -
SLOs 4 dhpo Olawis -

(lb (Q3g0i pald «wlily 6acld) Gl &udlpo -
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Distributed Tracing g]g.oJI ngI .

633200 ©lo3A 3932 il pey Loaic Uigpd puny Soloadll pe gopl wdd gl gl cuny

il aclgs L.

HTTP/gRPC 3921 pe guiill Guw piv -
o)l cuun spans ghbldaall duowws
Glglaall aace (Q3goull ﬂaa:!‘ygﬁuuxUI:dulaxUICJuuLUILk;ou .

aihdl olhllg clhAll anlh asa olipe AAT -

&9y gbldo agan :Jlio  M.P.)

func (s *Service) Predict(ctx context.Context, req PredictRequest)

—

(PredictResponse, error) {
ctx, span := tracer.Start(ctx, "service.predict")

defer span.End()

ctx2, span2 := tracer.Start(ctx, "downstream.model_call")
out, err := s.callModel(ctx2, req)

span2.End ()

if err != nil {
span.RecordError (err)
return PredictResponse{}, err
}

return out, nil
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sl @dni dails PR
@il &l go Jolb g +
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Olaull go trace id kyy -
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Health and Readiness alagiwllg aanll olngaa €.

(g Jnall any .orchestrator @.u.wo]l &0 ddc (1a dGanll alngaa
.Jo=i Aol :Liveness d&yguall

A5 )l Judiwl éiala doaAll :Readiness alasiwll -

Anll i bldi :Juio 1L.E

type Health struct {

ready atomic.Bool

Alagiwll gany doild  M.E.
dnl dnail A= had alagiwll Jaedi -
SUEUl Jud alaiwll wlay] -

Olngaadll 1o dwlwa Junlds il pac -
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Graceful Shutdown JululJl cdla, Ul 0.7

Ayl QLS gl Gl glada @iy (oDl wla,ll

HTTP pald lél :Jio 1.0.7

func RunServer(addr string, handler http.Handler, h *Health) error {
srv := &http.Server{Addr: addr, Handler: handler}
stop := make(chan os.Signal, 2)
signal.Notify(stop, syscall.SIGINT, syscall.SIGTERM)

go srv.ListenAndServe()

<-stop

h.SetReady(false)

ctx, cancel := context.WithTimeout(context.Background(), 15*time.Second)
defer cancel()

return srv.Shutdown(ctx)

QlUell ganj doiléd .0.7
SUe Ul (hé alagiwll hei -
OpiAng 639320 Ay dlao -

waitgroups jUAiilg wlgid)l gUe| -

dalleall alai ay ol 286 -



type FailFast struct {
fails atomic.Int64

openUntil atomic.Int64

Juiall 8lal Olagliwl 1.

.10l (ialeilg Wl Glas Julas caaall . groin Juiall

auwlwl olaghiwl 170
Fail fast &l Juudll -
Bulkheads Jj=JI -
g eleaiwl J5) ollao -
Backpressure guuic heA -
Idempotency ¢poll Sl &ululé -

QBlg (1ahg jgaans -

by gy Jia hai Jie £

Jwall gans dosla P10
g1 cleaiwl J5 yle wllao -

hbaul gulg 429/503 Ul (n13gy il Jaall -
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UL Oload) JWAUl Glagliwl V.0

sl dglulg danll (ihey of way ALl

juAall olduk 1LV
@laag ollial -
Jols5 ohlaal -
ade ollal -
&l &ladl o alolh OljugAl -

hoA OHWAl -

adgan oAl :Jio V.

func TestValidateRequest(t *testing.T) {
tests := [Istruct{
name string

req PredictRequest

ok bool
H
{"ok", PredictRequest{ModelVersion:"v1", EntityID:"e", Features:
< [Jfloat64{1}}, true},
{"missing model", PredictRequest{EntityID:"e", Features:
< [1float64{1}}, falsel},
}

for _, tc := range tests {



Ire

t.Run(tc.name, func(t *testing.T) {
err := tc.req.Validate()
if (err == nil) != tc.ok {
t.Fatalf ("ok=Y)yv err=%v", tc.ok, err)

b
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6pauull 63g2g CI/CD - AN

JnuAio pitg JUialg el (AR pe pataall Jléy CI/CD JI

test:
~~Igo test ./...

race:

~~Igo test -race ./...

lint:
~~Igo vet ./...

build:

auwlwl Olwloo LA
AUl sale) lé cly -
-raceq test 9o (Jasuly *
&uiol pgadg oS Julas
Janl pgwg 2o pueill Abla pe pja -+

SLO Wlpbdoy dagpo i ablgy -

Makefile calaal :Jio .A0

~“"ICGO_ENABLED=0 go build -trimpath -1dflags="-s -w" -o bin/app ./cmd/app
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adloll olag) Eyans -

dnio galy &hA -
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Deployment, Scaling, and Infrastructure

Docker plaainwb obglJl LV

w2l Jla pe i 1o Al @ibalaicly doadll cadiy pgds Containerization Clglall
Glalln g9y il (1aia cly Hp2n jgn g8 wWadll Go Wloaa 14 .immutable artifact
.aanlg 3)lgo 39ang jaall
auwlwl gralwo  LLV
Ol JS (16 6jgall guai pliilg 6aalg 640 (pl :Immutable artifact puill Ll pe pl -
aplail gl 1é pja pao gi shell daan wAs U :Minimal runtime Wa Jasais &iy
.clalnll aeni hlhog pilil Guai Juas :Non-root by default Luol}ml JAa 9w

.orchestration Guuidl huui :dypn dan bhldaig ddlo -

.9l agan (o 851alg polidl auAl :a)lgoly yeg

'Y
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alhuw Go HTTP aoaA :Jlio .1V

package main

import (
"net/http"
"time"

)

func main() {
mux := http.NewServeMux()
mux.HandleFunc("/healthz", func(w http.ResponseWriter, r *http.Request) {
— w.WriteHeader(200) })
mux.HandleFunc("/readyz", func(w http.ResponseWriter, r *http.Request) {
< w.WriteHeader(200) 1})

srv := &http.Server{
Addr: ":8080",
Handler: mux,

ReadHeaderTimeout: 5 * time.Second,

ReadTimeout: 10 * time.Second,
WriteTimeout: 10 * time.Second,
IdleTimeout: 60 * time.Second,

= srv.ListenAndServe()
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.Jasaiill &lapog doqpill &lapo ¢ Multi-stage builds Jalpodl aa=io clidl Jnndy

wlaall Lr.v

RO g0 o -
Jasuiiill &y (16 doqp olgal U -
GO Jlm‘l: . “..’.n : J . .Cw. °

oS0l gl CGO_ENABLED=0 JuAds :CGO_ENABLED &aulyuwl

(cub Juls) Jalodl aa=io Dockerfile :Jlio ..V

FROM golang:1.23 AS build
WORKDIR /src

COPY go.mod go.sum ./
RUN go mod download

COPY .
RUN CGO_ENABLED=0 GOOS=linux GOARCH=amd64 \
go build -trimpath -ldflags="-s -w" -o /out/app ./cmd/app

FROM gcr.io/distroless/static:nonroot
COPY --from=build /out/app /app

USER nonroot:nonroot

EXPOSE 8080

ENTRYPOINT ["/app"]
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ool galpg ol apn :@alaicl dwjloo piill

doilb blasl 1PV
Rolling update (12y)25 Cyanj -
Blue/Green pAAl/§)jl -
Canary us -

Shadow Jbb -

alagiwll pe apall 16 pSa igio  CR.V

type Health struct{ ready atomic.Bool }
func (h *Health) Ready() bool { return h.ready.Load() }
func (h *Health) SetReady(v bool) { h.ready.Store(v) }

piil aclgd WLV
~:- c"a.." dLQ:I'.SI dl-o ij | -:- - - U .
GUell aic as )l W@pn -

3922l g goillg UnAll Glilipo cudy 13l Ul @5 U -



(g

graall Jlao guwll gwgill €.V

Ol gl J/O 513 «CPU :dalajl dic gwail plley ol iy

gl guwgill  1LE.V
:3ic 100 .2algll Juiall 3jlgo 6abj
851l (18 s 23g0s -

CPU (le dayis olhgai -

J1iall guwgill .€.V

Al dayae Gloadl Jaao . ST ollio dalal

gwaill clisl bl loa :Jio  P.EV

var sem = make(chan struct{}, 64)

func callDB(ctx context.Context, q string) error {
select {
case sem <- struct{}{}:
defer func(){ <-sem }()
default:
return fmt.Errorf("overloaded")
}

return nil
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Joall djjlgo pualao  O.V

.lldall gw 45l Jaall dijlgo gjgi

aulwl pualao 1.0V
dan ulngaa -
least-connections round-robin :&lojjlgA -
Uil pladiwl 6ale] -

aoln Gliliwo oy Glglaoll dalel -

Jwo=ll wilh Joa djjlgo 1 Jio .0V

type RR struct {
mu sync.Mutex
urls []string

i int

func (r *RR) Next() string {
r.mu.Lock()
defer r.mu.Unlock()
u := r.urls[r.i%len(r.urls)]
r.i++

return u
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Olalacl ¢olg jlpwll LV

.aale olalael cuu jlpwil

aclgd LV
Spanill (né jlpoll @A5 U -
obgll jgn b laeAT U -
Jasaiiill cudg Jlpwll Gén -
pUALL @pgas -

olaul (1é @laws U -

Qlo (o pw beld tJio LV

func readSecretFile(path string) (string, error) {
b, err := os.ReadFile(path)

nn

if err !'= nil { return , err *

return strings.TrimSpace(string(b)), nil
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Advanced Patterns for Large-Scale guaul

Systems

Event-Driven &laall (e 6anisoll  awaidl LA

Architectures

Jolgii aroni hoi ia Event-Driven Architecture (EDA) Glaall gle 6anigall dwaiall
bl Glaio (1a .6pbloll dioljioll Gleleaiwll Jay Glaal Jlaiwlg Q| pe Gload)l aud
Jaiwall jghil gXaig gwaill &bld uuaig coupling kil EDA Jl&5 §uall d=uwlg

.ouSlaiuolly uaiial

auwlwi a@lao  LIA

ol UserSignedUp Jio) ¢aa bo lpb ¢l jusill bla pé a4yan :Event ¢aall -
.(PurchaseCompleted

.Jaw gl huwg Ul Glaall piy :Producer Qiiol -
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.&auio Blaal pii 289 «Jelaig <yidy :Consumer cllaiuoll +

wlloeg Jusuiill 8ale] oy append-only lhda (1ala] §axi :Event log GSlaall Jaw -
.backfill

6alelg Ul U gaugs :Idempotent consumers dioll 6alell) obla oSlaiwuo -
.Jizuln yol oyl

annll LAl EDA gsi guio 1A
bl gudi ggaliny (uslaiuo 8ac 3929 -
ouldio ping gugs Ul dalll -
Gudail i adnil (Alell) Jaoids 8ale] Ul dakll -

aluduiio Diael cuws dioljio cleaiw! Jwlly -

Jiio ade) Gaa wlle (Jio FULA

type Event struct {

Type string “json:"type""
Version int “json:"version""
ID string “json:"id"”"

Key string “json:"key""

Time time.Time “json:"time""
Producer string “json:"producer"”

Attributes mapl[stringlstring " json:"attributes,omitempty"’

Payload json.RawMessage “json:"payload"”
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type Deduper interface {
Seen(ctx context.Context, eventID string) (bool, error)

Mark(ctx context.Context, eventID string, ttl time.Duration) error
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type App struct {
Ingest *ingest.Service
Serve  *serve.Service

Store store.Repository



Metrics *metrics.Registry
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type Breaker struct {

mu sync.Mutex

state string

fails int

openUntil time.Time

threshold int

cooldown time.Duration
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func UpsertByEventID(ctx context.Context, db *sql.DB, e Event) error {
_, err := db.ExecContext(ctx,
"INSERT INTO processed_events(event_id, processed_at)
VALUES($1, NOWQ))
ON CONFLICT (event_id) DO NOTHING",
e.ID,
)

return err
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var pool

New:

T,

= sync.Pool{
func() any {

Scale
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b := make([]lbyte, 0, 128<<10)

return &b
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go-data-service/
cmd/
api/
main.go
worker/
main.go
internal/
api/
service/

store/
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model/
pipeline/
auth/
observability/
config/
pkg/
migrations/
deploy/
scripts/
docs/
test/
Dockerfile
Makefile
go.mod

go . sum

Composition Root Pattern cus il jan haoj

JAlh Jol Ghio by loiw «cmd/*/main.go JAla wiring lyl dadoe ()g%i Oi ayy
.6agndall pe dolell Al giog JWAUI &ubld YloA) internal /*

package main

func main() {

cfg := MustLoadConfig()

log := NewLogger(cfg)
repo := NewRepository(cfg, log)

svc := NewService(repo, log)



lor

h := NewHTTPHandler(svc, log)
RunHTTPServer(cfg, h, log)

Jusiuilg elidl calaal

test:
~~Igo test ./...

race:

~~Igo test -race ./...

build-api:
~~ICGO_ENABLED=0 go build -trimpath -ldflags="-s -w" -o bin/api ./cmd/api

build-worker:
~“"ICGO_ENABLED=0 go build -trimpath -ldflags="-s -w" -o bin/worker

< ./cmd/worker
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Go olly Gload (1a d=ilb dibl blol 13 Galall
Unbounded Goroutines 639320 pc¢ hgiA

TUw

for _, x := range items { go process(x) }

sem := make(chan struct{}, 64)
for _, x := range items {

X := X

sem <- struct{}{}

go func() { defer func(O{ <-sem }(); process(x) }0O
}

for i := 0; i < cap(sem); i++ { sem <- struct{}{} }

I/0 wlloc 14 context Jalkyi

‘yw

resp, err := http.DefaultClient.Get (url)

ctx, cancel := context.WithTimeout(ctx, 800*time.Millisecond)
defer cancel()

req, _ := http.NewRequestWithContext(ctx, "GET", url, nil)
resp, err := httpClient.Do(req)
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Code Snippet Library épauill ghldo &iifo a2 Galall

HTTP oalh wlao

srv := &http.Server{
Addr: ":8080",
Handler: h,

ReadHeaderTimeout: 5 * time.Second,

ReadTimeout: 10 * time.Second,
WriteTimeout: 10 * time.Second,
IdleTimeout: 60 * time.Second,
MaxHeaderBytes: 1 << 20,
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Benchmarking and Profiling Juailg guldll olang & galoll

Recipes
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func BenchmarkTransform(b *testing.B) {
in := make([]float64, 2048)
for i := range in { in[i] = float64(i) }
b.ReportAllocs()
b.ResetTimer ()

for i := 0; i < b.N; i++ {
_ = transform(in)

}

}
Who pprof (Jueasi

import (

"net/http"

_ "net/http/pprof"
)

func StartPprof() {

go func() {
_ = http.ListenAndServe("127.0.0.1:6060", nil)

30
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