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1. Purpose and Design Basis
This SDS translates the URS into a logical design covering architecture, relational data, entity relationships, user-interface structure, and data-flow definitions. It is an implementation-neutral baseline. PostgreSQL and a web client/API are recommendations, not URS constraints.
1.1 Requirement Labels
[URS] denotes a function stated in or directly derived from the URS. [DESIGN] denotes a proposed design choice. [TBD] marks a decision requiring stakeholder or implementation confirmation. The URS is authoritative if requirements conflict.
1.2 Design Goals
	Goal
	Design response

	Privacy by default
	Server-side owner, friendship, and visibility checks for every protected operation.

	Traceable domain data
	Stable keys, foreign keys, explicit relationship states, and admin audit events.

	Simple first release
	Manual catalog and loan tracking; optional integrations remain isolated.

	Testable behavior
	Constraints, interfaces, validation rules, and measurable non-functional targets.



2. System Context and Architecture
2.1 Logical Components
	Component
	Responsibility / boundary

	Responsive web UI [DESIGN]
	Public landing, account, catalog, social, loan, and admin screens. UI does not make authorization decisions.

	Application API [DESIGN]
	HTTPS boundary; authenticates, validates, authorizes, coordinates transactions, returns safe responses.

	Domain services [DESIGN]
	Account, catalog/activity, friendship, loan, administration, and notification-preference rules.

	Relational database [DESIGN]
	System of record for users, owned copies, activity, friend pairs, loans, preferences, and audit events.

	Email provider [TBD]
	Optional adapter for verification and notifications; provider failure is visible and does not undo committed data.

	Object storage [TBD]
	Optional private cover-image storage; database stores a reference, not image bytes.



2.2 Recommended Deployment
Browser -> TLS edge/reverse proxy -> stateless application service -> private relational database. Optional outbound email and private object storage use adapters. Keep secrets in a managed secret store, separate dev/test/production, restrict database network access, and use least-privilege service credentials.
2.3 Technology Assumptions
Recommended: PostgreSQL (UUID keys, check constraints, partial indexes, JSONB audit metadata), REST/JSON API, responsive web UI. Validate these choices against team and hosting constraints; no stack was specified in the URS.
3. Data Design
3.1 Database Conventions
Use snake_case names, UUID primary keys, UTC timestamps, ISO dates for date-only values, parameterized SQL, and database foreign keys. Normalize identities, book copies, relationships, and loans. Encrypt transport and backups; apply least-privilege roles. Store only a salted modern password hash (for example Argon2id); never store plaintext passwords or reset tokens in audit logs.
3.2 Entity Relationship Diagram
[image: ]
Figure 1. Logical ERD. A book row represents one physical copy owned by one user, allowing distinct copies and one active loan per copy. Friendship rows store one canonical pair; requester direction is retained.
3.3 Table Definitions
The following relational table definitions document the seven logical entities in the ERD. PostgreSQL-compatible types are shown as a recommendation, not a confirmed implementation choice. UUIDs are generated by the application. Cross-table checks, such as requiring an accepted friendship before a loan, must also be enforced by the application service.
3.3.1 users
	Field name
	Data type
	Constraints / keys
	Description

	user_id
	UUID
	PRIMARY KEY
	Stable account identifier; generated by the application.

	email_normalized
	VARCHAR(320)
	NOT NULL; UNIQUE
	Normalized login email; normalization policy is applied by the application.

	password_hash
	TEXT
	NOT NULL
	Salted password hash only; never store the plaintext password.

	display_name
	VARCHAR(100)
	NOT NULL; non-blank
	Name displayed to other users where permitted.

	role
	VARCHAR(16)
	NOT NULL; DEFAULT USER; CHECK USER or ADMIN
	Authorization role; administrative privileges are checked server-side.

	account_status
	VARCHAR(16)
	NOT NULL; DEFAULT ACTIVE; CHECK ACTIVE, SUSPENDED, or DISABLED
	Controls whether the account can use the service.

	catalog_visibility
	VARCHAR(16)
	NOT NULL; DEFAULT PRIVATE; CHECK PRIVATE, FRIENDS, or PUBLIC
	Default audience for this userâ€™s catalog.

	activity_visibility
	VARCHAR(16)
	NOT NULL; DEFAULT PRIVATE; CHECK PRIVATE, FRIENDS, or PUBLIC
	Default audience for this userâ€™s reading activity.

	created_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Creation timestamp in UTC.

	updated_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Last-update timestamp; maintained by application or approved trigger.

	Table checks
	CHECK
	email_normalized and display_name must not be blank
	Prevents empty identity values.



3.3.2 friendships
	Field name
	Data type
	Constraints / keys
	Description

	friendship_id
	UUID
	PRIMARY KEY
	Identifier for this friend-request / relationship record.

	user_low_id
	UUID
	NOT NULL; FK -> users.user_id
	First endpoint; must be the lower UUID in the canonical pair.

	user_high_id
	UUID
	NOT NULL; FK -> users.user_id
	Second endpoint; must be the higher UUID in the canonical pair.

	requested_by_user_id
	UUID
	NOT NULL; FK -> users.user_id
	User who initiated the friend request; must be one endpoint.

	status
	VARCHAR(16)
	NOT NULL; DEFAULT PENDING; CHECK PENDING, ACCEPTED, or DECLINED
	Only ACCEPTED relationships grant friend access.

	requested_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Time the request was created.

	responded_at
	TIMESTAMPTZ
	NULL allowed
	Time the request was accepted or declined.

	accepted_at
	TIMESTAMPTZ
	NULL allowed
	Time the connection was accepted.

	Pair constraint
	UNIQUE
	UNIQUE (user_low_id, user_high_id)
	Ensures only one record per unordered friend pair.

	Pair checks
	CHECK
	user_low_id < user_high_id; requester is one endpoint
	Prevents self-friendship and enforces canonical ordering.

	State check
	CHECK
	PENDING: response/acceptance null; ACCEPTED: both set; DECLINED: response set, acceptance null
	Keeps response timestamps consistent with relationship status.



3.3.3 books
	Field name
	Data type
	Constraints / keys
	Description

	book_id
	UUID
	PRIMARY KEY
	Identifier for one cataloged physical copy.

	owner_user_id
	UUID
	NOT NULL; FK -> users.user_id
	User who owns and manages this copy.

	title
	VARCHAR(500)
	NOT NULL; non-blank
	Book title.

	author
	VARCHAR(300)
	NOT NULL; non-blank
	Book author or authors as entered by the owner.

	isbn
	VARCHAR(20)
	NULL allowed
	Optional ISBN; not unique because separate copies can share an ISBN.

	edition
	VARCHAR(100)
	NULL allowed
	Optional edition or printing details.

	cover_image_url
	TEXT
	NULL allowed
	Optional reference to an approved cover image location.

	notes
	TEXT
	NULL allowed
	Optional owner notes; do not expose in friend views unless explicitly approved.

	created_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Creation timestamp in UTC.

	updated_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Last-update timestamp.

	deleted_at
	TIMESTAMPTZ
	NULL allowed
	Soft-delete timestamp; retained to preserve related history.

	Ownership constraint
	UNIQUE
	UNIQUE (book_id, owner_user_id)
	Referenced by composite foreign keys to ensure activity and loans belong to the owner.

	Field checks
	CHECK
	title and author must not be blank
	Rejects empty required catalog fields.



3.3.4 reading_activity
	Field name
	Data type
	Constraints / keys
	Description

	activity_id
	UUID
	PRIMARY KEY
	Identifier for the current reading-activity record.

	book_id
	UUID
	NOT NULL; composite FK with user_id -> books(book_id, owner_user_id)
	Book copy to which the activity relates.

	user_id
	UUID
	NOT NULL; composite FK with book_id -> books(book_id, owner_user_id)
	Must be the owner of the referenced copy.

	status
	VARCHAR(20)
	NOT NULL; CHECK WANT_TO_READ, READING, READ, or PAUSED
	Current reading state.

	started_on
	DATE
	NULL allowed
	Optional date reading began.

	finished_on
	DATE
	NULL allowed
	Optional date reading finished; not earlier than started_on when both are set.

	rating
	SMALLINT
	NULL allowed; CHECK 1 through 5
	Optional user rating.

	notes
	TEXT
	NULL allowed
	Optional activity notes; subject to activity visibility.

	created_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Creation timestamp in UTC.

	updated_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Last-update timestamp.

	Uniqueness constraint
	UNIQUE
	UNIQUE (user_id, book_id)
	At most one current activity record per user and owned copy.

	Date constraint
	CHECK
	finished_on >= started_on when both are present
	Prevents an invalid reading date range.



3.3.5 loans
	Field name
	Data type
	Constraints / keys
	Description

	loan_id
	UUID
	PRIMARY KEY
	Identifier for this lending event.

	book_id
	UUID
	NOT NULL; composite FK with lender_user_id -> books(book_id, owner_user_id)
	Catalog copy being lent.

	lender_user_id
	UUID
	NOT NULL; composite FK with book_id -> books(book_id, owner_user_id)
	Must own the cataloged copy.

	borrower_user_id
	UUID
	NOT NULL; FK -> users.user_id
	Friend receiving the copy; must differ from lender.

	loaned_on
	DATE
	NOT NULL; DEFAULT CURRENT_DATE
	Date the loan started.

	due_on
	DATE
	NULL allowed; CHECK due_on >= loaned_on
	Optional expected return date.

	returned_at
	TIMESTAMPTZ
	NULL allowed
	Actual return time; set when status changes to RETURNED.

	status
	VARCHAR(16)
	NOT NULL; DEFAULT ACTIVE; CHECK ACTIVE or RETURNED
	Current state of the loan.

	created_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Record creation timestamp in UTC.

	State constraint
	CHECK
	ACTIVE requires returned_at null; RETURNED requires returned_at set
	Keeps the status and return time consistent.

	Party constraint
	CHECK
	borrower_user_id <> lender_user_id
	A user cannot lend a book to themselves.



3.3.6 notification_preferences
	Field name
	Data type
	Constraints / keys
	Description

	user_id
	UUID
	PRIMARY KEY; FK -> users.user_id
	One preference record per user.

	loan_email_enabled
	BOOLEAN
	NOT NULL; DEFAULT FALSE
	Whether the user opts in to loan-related email.

	due_reminder_enabled
	BOOLEAN
	NOT NULL; DEFAULT FALSE
	Whether the user opts in to due-date reminders.

	updated_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Last-update timestamp.



3.3.7 admin_audit_events
	Field name
	Data type
	Constraints / keys
	Description

	event_id
	UUID
	PRIMARY KEY
	Identifier for the audit event.

	actor_user_id
	UUID
	NULL allowed; FK -> users.user_id
	Administrator or service account responsible for the action; nullable for retained events after account deletion.

	target_user_id
	UUID
	NULL allowed; FK -> users.user_id
	Account affected by the action, when applicable.

	action
	VARCHAR(100)
	NOT NULL; non-blank
	Action name, such as suspend-account.

	target_type
	VARCHAR(50)
	NOT NULL; non-blank
	Type of record affected.

	metadata
	JSONB
	NOT NULL; DEFAULT empty object
	Safe structured context; must not contain credentials, tokens, or unnecessary personal data.

	created_at
	TIMESTAMPTZ
	NOT NULL; DEFAULT CURRENT_TIMESTAMP
	Event timestamp in UTC; records are append-only for application roles.



3.3.8 Supporting Indexes
	Index name
	Table / field(s)
	Type / condition
	Purpose

	ix_friendships_low_status
	friendships(user_low_id, status)
	B-tree
	Find relationship requests and friends from the lower canonical endpoint.

	ix_friendships_high_status
	friendships(user_high_id, status)
	B-tree
	Find relationship requests and friends from the higher canonical endpoint.

	ix_books_owner_active_title
	books(owner_user_id, title)
	B-tree; WHERE deleted_at IS NULL
	List and search active catalog entries by owner.

	ix_activity_user_status
	reading_activity(user_id, status)
	B-tree
	Filter a userâ€™s activity by reading state.

	uq_loans_one_active_per_book
	loans(book_id)
	UNIQUE partial; WHERE status = ACTIVE
	Prevents concurrent active loans for the same physical copy.

	ix_loans_lender_status_due
	loans(lender_user_id, status, due_on)
	B-tree
	Find a lenderâ€™s active and due/overdue loans.

	ix_loans_borrower_status
	loans(borrower_user_id, status)
	B-tree
	Find loans borrowed by a user, including active loans.

	Unique constraint indexes
	users.email_normalized; friendship pair; activity user/book; books book/owner
	UNIQUE
	Support uniqueness and common lookup patterns; created by the corresponding unique constraints.



3.4 Entities and Attributes
	Entity
	Keys
	Attributes and constraints

	users
	PK user_id
	email_normalized UNIQUE NOT NULL; password_hash; display_name; role (USER/ADMIN); account_status; catalog_visibility; activity_visibility; timestamps. Constrain enumerated values.

	friendships
	PK friendship_id; FKs user_low_id, user_high_id, requested_by_user_id -> users
	Canonical pair with user_low_id < user_high_id; unique pair; status PENDING/ACCEPTED/DECLINED; requested_at, responded_at, accepted_at. One row per pair.

	books
	PK book_id; FK owner_user_id -> users
	Required title and author; optional ISBN, edition, cover_image_url, notes; timestamps and deleted_at. UNIQUE (book_id,owner_user_id) supports ownership composite FKs. ISBN need not be unique because copies may share it.

	reading_activity
	PK activity_id; composite FK (book_id,user_id) -> books(book_id,owner_user_id)
	status, started_on, finished_on, rating, notes, timestamps; UNIQUE (user_id,book_id); belongs to the catalog owner.

	loans
	PK loan_id; composite FK (book_id,lender_user_id) -> books; FK borrower_user_id -> users
	loaned_on, due_on, returned_at, status ACTIVE/RETURNED, created_at; borrower differs from lender; due date not before loan date; state/date consistency.

	notification_preferences
	PK/FK user_id -> users
	loan_email_enabled, due_reminder_enabled, updated_at; defaults require product approval.

	admin_audit_events
	PK event_id; FKs actor_user_id, target_user_id -> users
	action, target_type, metadata JSONB, created_at; append-only to application roles; exclude secrets.



3.5 Relationships and Cardinality
	Relationship
	Cardinality / rule

	User -> Books
	One user owns zero or many catalog records; each book has one owner.

	User <-> User via Friendship
	Zero or many pairs per user; pair unique and stored once; only ACCEPTED grants friend access.

	User / Book -> Activity
	At most one current activity record per owned book; activity is optional.

	Book -> Loans
	Zero or many historical loans; no more than one ACTIVE loan at a time.

	User -> Loans
	Many as lender or borrower; lender owns the copy; parties differ.

	User -> Preferences / Audit
	Zero or one preferences row (create defaults on registration); many audit events as actor or target.



3.6 Integrity Rules and Indexes
	Rule / index
	Design

	Friend pair
	CHECK user_low_id < user_high_id; UNIQUE pair; requested_by_user_id must be one endpoint; prevent self-friendship.

	Ownership
	Composite FK (book_id,lender_user_id) references books(book_id,owner_user_id); activity FK guarantees owner.

	One active loan
	Partial unique index on loans(book_id) WHERE status = ACTIVE; serialize concurrent starts and use the index as final guard.

	Query indexes
	users(email_normalized); books(owner_user_id,deleted_at,title); friendships on both endpoints/status; loans on lender/status/due and borrower/status; activity(user_id,status).

	Friend authorization
	For every friend read, require accepted pair and applicable content-owner visibility in the same service query/transaction. Never trust a client-supplied owner ID.

	Soft deletion
	Books use deleted_at to preserve loan/activity history; hide from ordinary catalog results. User deletion and retention remain TBD.



3.7 Transaction Boundaries
Registration creates the user and default preferences atomically. Accepting a request changes pair state in one transaction. Starting a loan locks or serializes the book, verifies ownership, accepted friendship, availability, and borrower != lender, then inserts ACTIVE. The partial unique index guards races. Returning changes status and returned_at together. Send notifications after commit; use a transactional outbox if reliable delivery is required.
3.8 Retention and Recovery
Retention for audit/loan history, account deletion or anonymization, backups, RPO/RTO, and data residency require owner decisions. Proposed baseline: encrypted automated backups, access-controlled audit history, tested restoration, and defined retention periods; do not retain deleted personal data without an approved purpose.
4. Data Flow Definition
4.1 Context Diagram (DFD Level 0)
[image: ]
Figure 2. External actors exchange requests and responses with the PLS. The PLS reads/writes its database. Email is optional; no book-data provider is assumed.
4.2 DFD Level 1
[image: ]
Figure 3. Decomposition of major processes and stores. All reads and writes pass domain validation and server-side authorization.
4.3 Flow Definitions
	Flow
	Source -> destination
	Data and processing

	DF-01 Registration
	Visitor -> Account service -> Users / preferences
	Validate normalized email; hash password; create account/defaults atomically; return safe result. Verification email is optional.

	DF-02 Login/session
	User -> Account service -> Users
	Verify hash and account status; issue secure session; return minimal profile/role. Do not reveal whether identifier exists.

	DF-03 Catalog
	User -> Catalog service -> Books
	Authorize owner; validate fields; create/update/soft-delete book; reject cross-owner changes.

	DF-04 Reading activity
	User -> Activity service -> Books / Activity
	Confirm book is owned by current user; validate state/date/rating; upsert one activity per copy. Friend reads apply visibility checks.

	DF-05 Friendship
	User -> Friendship service -> Users / Friendships
	Canonicalize pair; prevent self/duplicate requests; only recipient accepts/declines; only accepted pair grants access.

	DF-06 Friend discovery
	User -> Social read service -> Friendships / Books / Activity
	Require accepted pair and visibility; return approved fields only. Hide private notes/email unless specifically approved.

	DF-07 Loan
	Lender -> Loan service -> Friendship / Books / Loans
	Verify ownership, accepted friendship, and availability; record loan and dates; return action records returned_at.

	DF-08 Admin
	Admin -> Admin service -> Users / Audit
	Enforce server role; apply approved action; append actor, target, time, safe metadata; surface audit failures.

	DF-09 Notification
	Domain event -> Adapter -> Email provider
	Check preferences; dispatch post-commit; track/retry safely. Email outage does not undo business data.



4.4 Trust Boundaries and Errors
Treat browser input, cover references, and provider callbacks as untrusted. Validate and authorize on the server; parameterize SQL; rate-limit authentication and account lookup; protect cookies with Secure, HttpOnly, SameSite and CSRF controls where applicable. Return consistent validation, unauthorized, forbidden, not-found, conflict, and service errors without stack traces or sensitive fields. Log correlation IDs, never credentials or private notes.
5. User Interface Design
5.1 Navigation and Interaction
Use a responsive, keyboard-accessible layout. Public navigation: Home, Sign in, Create account. Authenticated navigation: Dashboard, My Books, Friends, Loans, Profile/Privacy, Sign out. Show Admin only to administrators, while still enforcing server authorization. Pages provide clear titles, primary actions, loading/empty/error states, field-level validation, and confirmation for destructive actions.
5.2 Screen Inventory
	Screen
	Primary content / actions
	Access / behavior

	Landing [FR-05]
	Service summary; Register and Sign in; concise privacy explanation.
	Public; no personal collection details.

	Registration / sign in [FR-01/02]
	Email, password, display name on registration; validation and reset entry.
	Public; generic auth errors; server-side validation.

	Dashboard [DESIGN]
	Welcome, counts, currently reading, active loans/due dates, friend updates, Add book / Find friends.
	Authenticated; shared activity privacy-filtered; useful empty states.

	My Books [FR-08/09]
	Search/filter, list/grid, Add/Edit/Remove; title, author, optional ISBN, edition, cover, notes.
	Owner only; confirm removal; disclose active-loan conflict.

	Book form [DESIGN]
	Required title/author, optional metadata, save/cancel and field errors.
	Owner only; define image URL/upload policy and size limit.

	Friends [FR-11/12]
	Find account, pending requests, accept/decline/remove, permitted friend catalog/activity.
	Accepted connection and visibility required; avoid account enumeration.

	Loans [FR-15/16]
	Lent by me / to me, book/person/date/due/status, Mark returned.
	Lender controls state unless borrower acknowledgement is approved; conflicts explained.

	Profile & privacy [DESIGN]
	Display name, catalog/activity visibility, notification preferences, sign out.
	Authenticated; explain effect of changes.

	Admin users [FR-06]
	Search/paginate, account status, approved actions, confirmation.
	Admin only; omit password hashes and unnecessary data.



5.3 Dashboard Wireframe
	Region
	Example layout

	Header
	[PLS] Dashboard 

	Welcome
	Hello, [name] - [Add a book] [Find friends]

	Summary cards
	[Books: N] [Reading: N] [Active loans: N]

	Main area
	My reading / recent changes 

	Side panel
	Loans due soon 

	Feedback/footer
	Privacy 



5.4 UI States and Accessibility
	State
	Expected behavior

	Empty
	Explain why the list is empty; provide next action; do not imply an error.

	Loading / failure
	Show progress; retry recoverable errors; preserve safe form input.

	Validation
	Identify field, issue, correction; focus or announce first error; retain non-secret values.

	Privacy
	Label audience for catalog/activity; apply visibility immediately to subsequent views.

	Accessibility [NFR-07]
	Target WCAG 2.2 AA: keyboard, visible focus, labels, contrast, scalable text, status announcements; manual and automated review.



6. API and Service Interface
6.1 API Conventions [DESIGN]
Use versioned HTTPS REST/JSON. Authenticate with secure server sessions or an approved token approach; never put secrets in URLs. Bound and paginate lists, validate schemas, use stable IDs/timestamps, and use idempotency where clients retry state-changing operations.
	Illustrative route
	Purpose / authorization

	POST /api/v1/auth/register
	Create account; public with abuse controls.

	POST /api/v1/auth/login; POST /api/v1/auth/logout
	Create/revoke session.

	GET /api/v1/me; PATCH /api/v1/me/privacy
	Current profile and own privacy/preferences.

	GET/POST /api/v1/books
	List/create caller-owned catalog books.

	GET/PATCH/DELETE /api/v1/books/{id}
	Owner-only; deletion is soft unless policy changes.

	GET /api/v1/friends; POST /api/v1/friend-requests
	Friend list and request creation.

	POST /api/v1/friend-requests/{id}/accept
	Recipient-only response.

	GET /api/v1/friends/{id}/books; GET /api/v1/friends/{id}/activity
	Accepted-friend and visibility checks on every request.

	GET/POST /api/v1/loans; POST /api/v1/loans/{id}/return
	Enforce ownership, friendship, and active-loan rule.

	GET/PATCH /api/v1/admin/users[/{id}]
	Admin-only; every mutation creates audit event.



6.2 Response and Error Contract
Return JSON with stable machine-readable error codes, safe messages, and a request/correlation ID. Suggested HTTP mapping: 400 malformed, 401 unauthenticated, 403 forbidden, 404 unavailable/not found, 409 state conflict, 422 field validation, 429 throttled, 5xx unexpected. Do not reveal private-resource existence in a way that enables enumeration.
7. Security, Privacy, and Operations
	Area
	Design control

	Authentication [FR-02/03/04]
	Modern password hashing; generic login/reset responses; secure session expiry/revocation; rate limiting. MFA requirement TBD.

	Authorization [FR-06/09/12/14/15]
	Server-side deny-by-default owner, friendship, visibility, borrower/lender, and admin checks.

	Data protection [NFR-01/03]
	TLS; encrypted backups/storage; minimum collection; no credentials, tokens, private notes in logs.

	Audit [FR-07]
	Append-only admin audit events; restricted access and approved retention.

	Monitoring [DESIGN]
	Health, error/latency, failed authentication/authorization, database and backup alerts; redact PII.

	Recovery [NFR-09]
	Encrypted backups and restore test; owner defines RPO/RTO.

	Availability/accessibility [NFR-05/07]
	Target 99.5% monthly availability and WCAG 2.2 AA subject to approval and measurement plan.



8. Requirement Traceability
	URS reference
	Design coverage

	FR-01 to FR-04 (account)
	Account service, users table, account screens, DF-01/02, auth routes.

	FR-05 (landing)
	Landing screen and public navigation.

	FR-06/07 (admin/audit)
	Admin screen/API, role checks, admin_audit_events, DF-08.

	FR-08 to FR-10 (catalog)
	books, catalog/form screens, DF-03, catalog API.

	FR-11 to FR-14 (friends/activity/privacy)
	friendships, reading_activity, visibility, Friends UI, DF-04/05/06 and protected APIs.

	FR-15 to FR-18 (lending/notifications)
	loans/preferences, Loans UI, DF-07/09 and active-loan index.

	NFR-01 to NFR-10
	Security, privacy, accessibility, performance, availability, integrity, compatibility and logging controls; numeric targets need approval.



9. Verification and Open Decisions
9.1 Minimum Design Verification
	Test area
	Pass condition

	Database constraints
	Duplicate normalized email, self/duplicate friendship, wrong-owner activity/loan, borrower=lender, and multiple active loans are rejected.

	Authorization/privacy
	Non-owner edits fail; pending/declined pair cannot view friend-only data; private information stays hidden; non-admin cannot perform admin actions.

	Transactions
	Concurrent attempts yield exactly one active loan; return records status and returned_at consistently.

	UI workflows
	Registration, add/edit book, friend request/accept/shared view, loan/return, and admin action cover success, empty, validation, and failure.

	Operations
	Restore is demonstrated; email outage does not undo committed data; logs exclude sensitive values.



9.2 Open Decisions [TBD]
Confirm hosting/database and client platform; email verification/reset provider; friend search and blocking; reading statuses and visibility granularity; account deletion/export and retention; borrower acknowledgement; reminder requirements; admin permissions; image storage policy; scale, RPO/RTO, browser support, localization, and applicable privacy jurisdiction.
Appendix A. Glossary
	Term
	Definition

	Catalog book / copy
	A user-owned catalog record representing one physical book copy.

	Canonical friend pair
	One row for two users, endpoints stored consistently.

	DFD
	Data Flow Diagram showing actors, processes, stores, and data movement.

	ERD
	Entity Relationship Diagram showing entities, keys, and cardinalities.

	SDS
	System Design Specification.

	URS
	User Requirements Specification; source baseline for this design.
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