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1 Hello world1

The source shown below can be found in hello-world.lisp, a source file in the ACL project 
model-class.lpr. It is repeated here for convenience:

(defmodel computer ()
  ((happen :cell :ephemeral :initform (cv nil) :accessor happen)
   (location :cell t
             :initform (c? (case (^happen)
                              (:leave :away)
                              (:arrive :at-home)
                              (t (c-value c))))
             :accessor location)
   (response :cell :ephemeral :initform nil
             :initarg :response :accessor response)))

(def-c-echo response (self newResponse oldResponse)
  (when newResponse (format t "~&Computer: ~a" newResponse)))
(def-c-echo happen ()
  (when new-value (format t "~&Happen: ~a" new-Value)))

(defun hello-world ()
  (let ((c (to-be (make-instance ’computer
                    :response (c? (bWhen (h (happen self))
                                      (if (eql (^location) :at-home)
                                          (case h
                                            (:knock-knock "Who’s there?")
                                            (:world "Hello, world."))
                                        "<silence>")))))))
    (dotimes (n 2)
      (setf (happen c) :knock-knock))
    (setf (happen c) :arrive)
    (setf (happen c) :knock-knock)
    (setf (happen c) :world)
    (values)))

Evaluate (hello-world) and you should see the following output:
Happen: KNOCK-KNOCK
Computer: <silence>
Happen: KNOCK-KNOCK
Computer: <silence>
Happen: ARRIVE
Happen: KNOCK-KNOCK
Computer: Who’s there?
Happen: WORLD
Computer: Hello, world.

If that much works we have achieved the objectives of every Hello World program: the 
source has been compiled,  loaded, and successfully run. How it works comes next.

1. Kernighan & Ritchie
Page 2 of 23



Cells: Hello, world.

r-

e 
 cell 
 

efault 

t 
on the 
n any 
2 Tutorials
2.1 defmodel, to-be, c?, cv and cell constants

Now let’s look at source file cellx-01.lisp:

(defmodel circle ()
  (
   (color :initform :black
          :initarg :color :accessor color)

   (center :cell t
           :initform (cons 0 0)
           :initarg :center :accessor center)

   (radius :cell t
           :initform (cv 10)
           :initarg :radius :accessor radius)

   (area :cell t
         :initform (c? (* pi (* (radius self)
                                 (radius self))))
         :initarg :area :accessor area)

   (leftBound :cell t
              :initform nil
              :initarg :leftBound :accessor leftBound)
   ))

The macro defmodel supports the :cell option for slot specifications. It supplies the 
mandatory superclass model-object if no superclass is specified. If one or more supe
classes are specified, it is an error if none of them inherits from model-object.

cv is short for “cell variable”. c? is a mnemonic for a cell which uses a rule to produc
values for the slot. The rule becomes an anonymous function which gets passed the
itself as the sole argument. An &aux supplied by the c? macro binds to the local variable
self a reference in the cell structure to the instance owning the slot.

Notice that not all slots need be cells, and that cells can be supplied as initforms or d
initargs (and so also as initargs to make-instance). 

Also noteworthy: in (cv form), the form is evaluated like any initform. But the rule’s 
anonymous functions are not run until, at the earliest, an :after method of initial-
ize-instance for model-object. Thus an incidental advantage of cells is that a slo
can be given a ruled initialization drawing on other slot values of the same instance, 
lexical scope, or where either of those contains a link to a graph of other instances, o
slot of any instance in the entire graph.

Now in the ACL Listener:

CG-USER(8): (in-package :cell)

#<The CELL package>
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CELL(10): (defparameter *it* (make-instance ’circle

                                                                     :leftBound (c? (- (car (center self))

                                                                                                        (radius self)))))

*IT*

Above we see a cell supplied as an initarg to make-instance, for slot leftbound. Being 
able to give different instances different rules is one distinguishing feature of cells. 

Back in the interactive window:
CELL(11): (describe *it*)
<CIRCLE CIRCLE> is an instance of #<model-class CIRCLE>:
 The following slots have :INSTANCE allocation:
  .md-state     ::AWAKE
  .MDNAME      CIRCLE
  .MDWHEN      NIL
  .FMPARENT    NIL
  .CELLS   #((AREA . [dep:<unb>=AREA/<CIRCLE CIRCLE>]) NIL
                   (LEFTBOUND . [dep:<unb>=LEFTBOUND/<CIRCLE CIRCLE>])
                   (RADIUS . [var:=RADIUS/<CIRCLE CIRCLE>]))
  COLOR          :BLACK
  CENTER         (0 . 0)
  RADIUS         10
  AREA           nil
  LEFTBOUND      nil

Observe that slots area and leftBound have not been calculated as per their rules. For effi-
ciency’s sake, an unechoed, ruled cell does not get calculated until read.

(list
  (leftBound *it*)
  (area *it*)) 
CELL(47): 
(-10 314.1592653589793d0) ;; there ya go

The slots prefixed “.” do not matter just yet, though the internals slot .cells will be fun 
for hackers to inspect.

CELL(12): (setf (color *it*) :blue)
:BLUE

No surprise there, but below we will see a contrast with the same operation on the c
center.
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 CELL(17): (setf (radius *it*) 100)
100
CELL(18): (describe *it*)
<CIRCLE CIRCLE> is an instance of #<model-class CIRCLE>:
 The following slots have :INSTANCE allocation:
  .....
 COLOR          :BLUE
  CENTER         (0 . 0)
  RADIUS         100
  AREA           31415.926535897932d0
  LEFTBOUND      -100

Changing the radius caused the area to change, even without the slot being re-read. 
(describe uses slot-value, a backdoor to the Cells engine). Dataflow is initiated by 
setf, or any other expression leading to (setf slot-value). 

Now let us trip up deliberately...

CELL(19): (setf (area *it*) 30000)
Error: Cellsetting-debug > Ruled  AREA in <CIRCLE CIRCLE> may not be SETF’ed

One design principle of cells is purity. If one associates a rule with the slot of an instance, 
that slot should be determined by the rule, not arbitrary code adding arbitrary semantics.

Another gaffe: 

CELL(20): (setf (center *it*) (cons 200 200))
Error: cell-setting-debug > constant  #<CELLESD CENTER> in
       <CIRCLE CIRCLE> may not be altered..init to (cv nil)

center was initform’ed to (cons 0 0), not the c-variable (cv (cons 0 0)). A cell 
slot not associated with any cell is interpreted by an internal cell optimizer to be inva
It then optimizes things (greatly) by not recording dependencies on such invariants 
though a rule uses one in its calculation. If we were then to allow such a value to ch
we would have no way to recover the lost dependency information and values mean
vary according to the dependency would not. Not good.

If that is confusing: when coding a rule one does not know and need not care wheth
given other cell used by the rule is constant, ruled or variable. There is simply a con
established that the dependent slot’s value at any point in time T will match the outc
of the form specified as the rule given the values at time T of all cells touched by the
Where a rule during any given invocation encounters no cells which might change, t
value returned by that invocation will always satisfy the contract, so the rule can be 

carded.1

This optimization cascades; once a rule has been discarded that slot looks like an in
to other rules which may themselves end up being optimized away. In the end we ha
the optimal, minimum dependency graph given the runtime circumstances. 

1. Of course, if the rule accesses some non-cell state and uses that value meaningfully, there is nothing the 
dataflow engine can do to keep the derived value current. All state important to a rule’s outcome must 
cell-based for this paradigm to work.
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Let’s hit the wall1 one more time to find the limits of Cells, and so you recognize comm
errors when they pop up:

 (defparameter *it* (make-instance ’circle1
                     :radius (c? (- (car (center self))
                                    (leftbound self)))
                     :leftBound (c? (- (car (center self))
                                       (radius self)))))

(leftBound *it*) ;; backtrace on circularity

We defined a meaningless circularity in which the radius asked leftbound for its value 
and leftbound asked radius for its value. The diagnostic message reveals the circu

chain, which here is as short as can be.2

2.2 Echos and (setf <c-variable>): where the model meets the world3

Compile and load cellx-2.lisp:

(defmodel circle2 ()
  ((color :initform :black
          :initarg :color :accessor color)

   (center :cell t :initform nil
           :initarg :center :accessor center)

   (radius :cell t :initform (cv 50)
           :accessor radius)

   (area :cell t
         :initform (c?? () (* pi (* (radius self)
                                     (radius self))))
         :initarg area :accessor area)

   (leftBound :cell t
              :initform nil
              :initarg leftBound :accessor leftBound)))

(defparameter *cw* nil)

(def-c-echo radius ((self Circle2) newValue oldValue)
  (declare (ignore oldValue))
  (when (and *cw* (not (cg::closed-stream-p *cw*)))
    (cg:fill-circle *cw* (center self) newValue)))

(defclass circle-window (cg:frame-window)())

1. NASCAR, as in losing control by going outside the car’s performance envelope
2. One thing we have long anticipated doing is serious work on runtime diagnostics to help less experienc

users sort out Cell bugs. Feedback/ideas strongly encouraged.
3. Goodyear Tires
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Note the definition of an “echo” method for radius. Application models are meant to 
work with the outside world, if only by taking input from a keyboard and drawing to a
monitor. Echo methods arrange for dataflow to leave the model.

Let us see echoing in action. This form can be found at the start of the sequence in c
commented out by #||#:

(defparameter *cw* (cg:make-window :Circles
                      :exterior (cg:make-box 200 200 800 800)
                      :parent (cg:screen cg:*system*)
                      :device ’circle-window
                      :scrollbars nil))

Evaluate that and a small, white window should appear, possibly behind one of your
IDE windows where you cannot see it. Find it and move it someplace where you can
an eye on the top-left corner (not behind any ACL window). Now:

(defparameter *it* (to-be (make-instance ’circle2
                            :center (cv (cg:make-position 0 0)))))

Since the circle’s center is at (0 0) and that is at the top-left of the window, you should

a quarter circle appear there1. Why was it painted? The echo for radius (which paints th
circle) got kicked off because initform values pass thru (setf slot-value), where 
dataflow (including echoing) is triggered.

Now let us see about getting dataflow working in the other direction. But first some e
plumbing. Find and evaluate these commented-out forms:

(def-c-echo center ((self circle2) newValue oldValue)
  (declare (ignore oldValue))
  (when (and *cw* (not (cg::closed-stream-p *cw*)))
    (cg:fill-circle *cw* newValue (radius self))))

(dotimes (x 6)
  (setf (center *it*) (cg:make-position (* x 100) (* x 100))))

You should have seen a sequence of overlapping, filled circles. No surprise there, ju
checking. Now let’s arrange for dataflow into the model. Find and evaluate:

(defmethod win:WM_MOUSEMOVE :after ((w circle-window)
                                     buttons wxwy)
  (declare (ignorable buttons wxwy))

1. If the window was covered you cannot just go look because this simple exercise is paint-and-run, nothing 
done to handle repainting after the window is uncovered. Make sure you can see the window, then re-exe-
cute (defparameter *it*...) above.
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  (multiple-value-bind (wy wx)
           (floor wxwy 65536)
         (setf (center *it*) (cg:make-position wx wy))))

You now can paint your window black by moving the mouse over it. Move fast to see dis-
crete circles drawn, slowly for a solid (massive) line. Gimp(tm) it is not, but the dataflow 
is now complete: user hand movement producing mouse-move events fed into a model 
translating them into painting on the screen seen by the user.

2.3 defModel, Family, (^slot-name), Synapses, and c??

In cellx-3.lisp we will touch lightly on quite a few more key modelling tools. Take a look 
at the source there:

(defvar *mw*)
(defmodel mouse-window (Family cg:frame-window)
  ((mouse-position :cell t
           :initform (cv nil)
           :initarg :mouse-position
           :accessor mouse-position)))

defmodel defines macros for accessing cells, in this case ^mouse-position.1 The 
interface for all such macros is:

(^slot-name &optional (model ‘self) synapse-factory)

The macro lets you code rules such as:

      :width (c? (- (^right) (^left)))

capturing the anaphoric self set up by c? The synapse-factory  we will see in action 
very shortly. 

The superclass Family provides the cell kids . All model-object instances also have the 
slot .fmParent , accessor fmParent . Together these lets us build models by joining mul-
tiple model-objects into a freely navigable hierarchy. Another important change is that we 
are correcting a design flaw from the last lesson, where we had the window instance acting 
on the circle instance. Now the window event is fed into the model dataflow simply by set-

1. The ^XXX symbol was selected to convey the idea that if XXX changed, the rule containing the refer-
ence ^XXX wanted news of that change to be passed “up” the dependency graph. Aside: until Novemb
2001 the ^macros were necessary to establish dependencies. This had the useful result of making it ap
ent in a rule what were the interesting values. An open style question is whether to continue using the
macros anyway for that very benefit, though they are now merely syntactic sugar. The counterargumen
would be that that offers a false sense of security; dependencies might arise through a call to a functio
that accesses a cell, so there is no way to make manifest all the dependencies of a rule. Also, one sho
be worrying about the rule at hand, not the possible dependencies. Where performance is a concern, 
ime diagnostics can reveal the dependencies so the dataflow can be tuned.
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the rest of the window code:

(defmethod win:WM_MOUSEMOVE :after ((w mouse-window) buttons wxwy)
  (declare (ignorable buttons))
  (multiple-value-bind (wy wx)
      (floor wxwy 65536)
    (format t "~&--------- os glue sets mouse pos -------------")
    (setf (mouse-position w) (cg:make-position wx wy))))

(def-c-echo mouse-position (self Newvalue oldvalue)
  (declare (ignorable self oldvalue Newvalue))
  (format t "~&echo mouse ~a" newValue))

The echo will be useful for some points to be made later. Here’s our circle class for 
exercise:

(defmodel circle3 ()
  ((center :cell t :initform nil
           :initarg :center :accessor center)
   (radius :cell t :initarg :radius
           :initform nil :accessor radius)
   (color :cell t :initform cg:red
          :initarg :color :accessor color)))

(def-c-echo center ((self circle3) newValue oldValue)
  (declare (ignore oldValue))
  (cg:with-foreground-color ((fmParent self) (color self))
    (cg:fill-circle *mw* newValue (radius self))))

Now let’s make our window. We initialize kids to be variable cells (cv nil) because we 
will be setting that slot interactively.

(setq *mw* (to-be (cg:make-window :Mouser
                    :exterior (cg:make-box 200 200 800 800)
                    :parent (cg:screen cg:*system*)
                    :device ’mouse-window
                    :scrollbars nil
                    :kids (cv nil))))

Now move the mouse over the window and you should see multiple diagnostics prin
the debugger window:

--------- os glue sets mouse pos ---------------------------------
echo mouse #<position 570 485>
--------- os glue sets mouse pos ---------------------------------
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echo mouse #<position 568 483>
--------- os glue sets mouse pos ---------------------------------
echo mouse #<position 566 481>
--------- os glue sets mouse pos ---------------------------------
echo mouse #<position 566 479>

Now let’s create a circle, this time as one of the window’s kids. Evaluate:

(setf (kids *mw*) (list
                   (make-instance ’circle3
                     :center (c? (mouse-position *mw*))
                     :radius 10)))

Notice that we need not (and normally should not) call to-be on the new circle. The echo
method for the kids slot is carefully crafted to add and remove model objects from th
overall model population gracefully.

Otherwise there is not much new here except that our mouse pen is red. Now let’s t
moment to look at a cell debugging tool, c??. Evaluate:

(setf (kids *mw*) (list
                   (make-instance ’circle3
                     :center (c?? (:trigger t)
                                      (^mouse-position *mw*))
                     :radius 10)))

Simply evaluating that form should have produced debugger output something like t

1> c??> entry CENTER <CIRCLE3 CIRCLE3> NIL
1> c??> trigger :ON-DEMAND NIL
1> c?? result: #<position 128 564> CENTER NIL
(<CIRCLE3 CIRCLE3>)

Before we worry about the c?? output, let’s review why anything happened at all. First, 
we just learned, method cell-echo of kids calls to-be on the new circle. Second, 
because there is an echo method on center and because by design we want to echo init
slot values even before they change (as discussed in example 2), the center slot gets 
evaluated and echoed--if the window was visible you saw a new circle appear imme
ately.

As for c??, we see entry and result diagnostics by default (either can be suppressed
the triggering event by request. In this case the rule got triggered because some cod
code deciding to echo the initial value) simply accessed the slot, hence “:on-demand

Now that the center slot has calculated a value, the rule will not run again until the m
position slot of the window changes, at which point the trigger diagnostic will show t
that slot is the trigger. Let’s see that now. Move the mouse over the Circles window 
you should see output like this:
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--------- os glue sets mouse pos -----------

echo mouse #<position 174 434>

1> c??> entry MODEL::CENTER <MODEL::CIRCLE3 MODEL::CIRCLE3> NIL

1> c??> trigger [var:=MODEL::MOUSE-POSITION/<MODEL::MOUSE-WINDOW 
MODEL::MOUSE-WINDOW>] NIL

1> c?? result: #<position 174 434> MODEL::CENTER NIL

One thing worth noting here: the echo of mouse-position happens before the change is 
propagated to other slots. And here we see that the rule was triggered by the changing 
mouse position, information which is useful when more than one cell is accessed by a rule.

Now suppose for some reason it is a problem having the center rule go off all the time. 
Perhaps we are working on a radar tracking system and doing intensive calculations each 
time a target changes position. We might find the system bogged down by all the recalcu-
lations. As we watch the trace we notice that the expensive calculations are done when the 
target moves at all, down to the resolution of the radar. 

This is the problem with eager evaluation: too much work being done for no reason. But if 
there really is no reason, cells let us use synapses to preserve the power of eager evalua-
tion. Suppose the calculation we are making is whether a ship has entered territorial 
waters. Users might tell us we can check the ship’s position against the meandering
line every hundred meters instead of every meter the ship moves.

Returning to our circle example, here is how we can reduce the sensitivity of the circ
center to mouse movements. Evaluate:
(setf (kids *mw*) (list
                   (make-instance ’circle3
                     :center (c?? ()
                                   (^mouse-position
                                    *mw*
                                    (fSensitivity
                                     (cg:make-position 25 25))))
                     :radius 10)))

A quick note: the above form changed the value of the kids cell from one list of one cir-
cle instance to a new list of one new circle. Echo functions see old and new values, a
echo function for kids takes care of calling not-to-be on the old circle as well as calling
to-be on the new circle.

not-to-be sees to it that any cell dependencies of or on the slots of the retiring inst
are cleared. Also, not-to-be is a generic function, so users can specialize it to releas
any external resources.

Back in the Circles window you should see that the circles appear less frequently. T
trace output should show something like this:
--------- os glue sets mouse pos -----------

echo mouse #<position 71 410>

--------- os glue sets mouse pos -----------

echo mouse #<position 73 410>
Page 11 of 23



Cells: Hello, world.
1> c??> entry MODEL::CENTER <MODEL::CIRCLE3 MODEL::CIRCLE3> NIL

1> c?? result: #<position 73 410> MODEL::CENTER NIL

--------- os glue sets mouse pos -----------

echo mouse #<position 75 410>

--------- os glue sets mouse pos -----------

echo mouse #<position 77 410>

The mouse position is changing as much as ever, but the fSensitivity synapse keeps the 
center rule even from firing until a certain sensitivity threshold is reached.

We think synapses will be a fruitful area of development. Users will be able to code their 
own varieties, whether it be for performance or, as in the next example, for semantic con-
venience. Evaluate:

(setf (kids *mw*)
        (list
         (make-instance ’circle3
           :color (c? (let ((delta (^mouse-position
                                          *mw* (fDelta))))
                         (cg:make-rgb
                          :red (mod (cg:position-x delta) 256)
                          :green (mod (cg:position-y delta) 256)
                          :blue (floor (mod (position-vector delta)
                                            256)))))
           :center (c? (^mouse-position
                         *mw* (fSensitivity
                                  (cg:make-position 25 25))))
           :radius (c? (max 2
                             (floor (position-vector
                                     (^mouse-position
                                            *mw*
                                        (fDelta :sensitivity
                                           (cg:make-position 10 10))))
                                    5))))))

Here both the color and radius of the circle are derived from the change in the mouse posi-
tion, and that value is returned as a convenience by fDelta. Notice in the rule for radius 
that fDelta happens also to take a sensitivity parameter.

Now as the mouse moves across the Circles window the circle drawn changes in size and 
color depending on the speed and direction of the mouse movement.

2.4 Families, namespaces, and kid-slotting

The next source file we will look at is cellx-4.lisp, the interesting part of which is:

(defmodel stack (Family)
  ((center :cell t :initform nil
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           :initarg :center :accessor center)))

(defKidSlotter (Stack)
    (mkKid-Slotter (center)
       (c? (let ((pc (center (fmParent self))))
              (make-xy
               (- (cg:position-x pc)
                  (* (/ (kidNo self)
                        (length (kids (fmparent self))))
                     (- 200 (cg:position-x pc))))
               (+ (cg:position-y pc)
                  (* 10 (expt (kidno self) 2))))))))

(defun make-x4-window-kids ()
  (list (make-instance ’circle4
          :mdName :guide
          :center (c? (mouse-position
                        (upper self cg:frame-window)))
          :radius 10)
        (make-instance ’stack
          :center (c? (cg:position+ (make-xy 0 20)
                                     (center (fm-other :guide))))
          :kids (c? (mapcar #’(lambda (color)
                                 (make-instance ’circle4
                                   :radius (c? (* 5 (1+ (kidno 
                                                           self))))
                                   :color color))
                       (list cg:blue cg:red cg:green
                             cg:yellow cg:black))))))

defKidSlotter specifies, for some Family class, cells to be installed in kids of 
instances of that class. This is used mostly as shown above, to supply regular positioning 
cells to kids to achieve a stack or row of widgets. 

fm-other is one of several tools (upper is another) for finding other model instances 
within the overall population of the application model. While upper looks for an ascen-
dant of a certain type, fm-other searches by name (the value in the mdName slot). This 
brings us back to the troublesome question of when to call to-be.

In the first example we promised to explain about to-be in the context of clusters of 
model instances. If a model instance (1) has some rule which calls fm-other in search of 
a named instance and (2) no instance of that name is found in the family tree containing 
the seeking model instance, an error is signalled. 

Now it is fine for a new instance to reference other instances by name which are expected 
to be present in the larger model namespace, as long as the new instance is fully spliced 
into the tree before the fm-other form is evaluated. The easiest way to do that is to let 
the echo method on kids do all the work of splicing and calling to-be. Another step per-
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formed during the splicing (ie, when the new instance is assigned its parent) is the installa-
tion of any “kid-slotters” offered by the parent model instance.

Now back to the example...but there is not much to say. The rules shown above are
much nonsense. To see what they produce, evaluate:

(to-be
   (setq *mw* (cg:make-window :X4Mouser
                :exterior (cg:make-box 2100 200 2800 800)
                :parent (cg:screen cg:*system*)
                :device ’x4-window
                :scrollbars nil
                :kids (make-x4-window-kids))))

If you now move the mouse over the window you should see a bunch of colored dis
behaving, well, like a strange bungee. The interesting points again are (1) informatio
pulled into a rule by searching a larger model namespace for a named instance and
parent instance defining the rules for its child instances.

2.5 Dataflow change detection

Example cellx-5.lisp will be used to drive home important details of how dataflow wo
at bottom. We will deliberately go outside the envelope of supported functionality to p
the dataflow engine internals and to learn to recognize a  common dataflow bug.

At the end of cellx-5.lisp between the #||#s you will find for your convenience the for
we are about to discuss.

The first form is (x5-init). Evaluate that and you should see a window with five differe
sized circles of different colors arranged in a pentagon. Now let’s delete a circle:

   (delete (elt (kids *star*) 2) (kids *star*))

We still see five circles. state change is detected during (setf slot-value), and the ab
simply a destructive mutation to the value of kids, so there is no automatic propagat
especially echoing to trigger a redraw of the screen. If you cover and then uncover t
window you will see that the circle instance is indeed no longer one of the star’s kids
so does not get redrawn. But we wanted change to be manifested automatically. Le
thru (setf slot-value) this time:

(setf (kids *star*)
  (delete (elt (kids *star*) 2) (kids *star*)))

Still nothing happens. This time the dataflow engine saw the setf, but change detect
works by comparing the new value to the stored slot value before the setf. So now t
problem is that delete destructively altered the stored slot value and the setf is to the
same value. Now it so happens the default test is eql, so we can trigger dataflow by
sing at the same time we delete:
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(x5-init) ;; fresh start
(setf (kids *star*)
  (copy-list (delete (elt (kids *star*) 2) (kids *star*))))

The result should be:

Error: the assertion (MEMBER SELF (KIDS (FMPARENT SELF))) failed.

That error reflects that the fmParent-kids relationship is doubly-linked; the circle is no 
longer a kid of the instance pointed to by its fmparent slot. But how was the flaw detected? 
The fresh consing did trigger dataflow, and the center slot of each circle did hinge on its 
position amongst the other circles, a value returned by kidNo which asserts that the 
instance is a kid of its fmParent. Two big points here:

• Dataflow reached the deleted circle by following internal dependency links, e
though the instance was detached from the overall model by having been de
from its parents list of kids.

• kidNo is just a function. kidNo, not the rule for center, accesses the kids slot.
dependency gets created anyway, because the c? macro sets up a dynami
ing to the center cell such that any access to another cell gets recorded as 

dependency.1

With lessons learned, we try again:
;do re-cons and lose a kid at the same time
(setf (kids *star*)(remove (car (kids *star*))
                                      (kids *star*)))

Now we get an automatic, error-free update, albeit a little sloppy. There was no erro
time because echo handling for the kids cell includes quiescing in cellular terms any
kid, so dataflow never reaches the removed kid. Note also that disconnecting the de
dencies is necessary also for the instance to be GCed.

As for the sloppy window update....we have reached the limit of this particular datafl
implementation. To see why, first evaluate this form:

(progn
  ;do/see: (same)
  (setq *colors5* (list :blue :red))
  (x5-init)

1. This is a recent change. Before, one had to use specific macros when accessing a cell for a dependency to 
be created, and these macros all looked like (^this), so one could look at a rule and quickly see the depen-
dencies. Under the new scheme, a runtime diagnostic will be the only sure way to know what are the 
dependencies for any given cell. While this may seem like we are losing control over the program, my 
experience with cells all along has been precisely one of learning to “let go”. The only way to unburde
the programmer is to give the programmer new mechanism such as cells and then to truly rely on the 
mechanism. So when a programmer looks at (+ (x y) (a b) (d g) (i j)) and is not able to determine whic
are cells or functions which access cells, the answer may be that they should not be worrying about th
just make sure the sum is correct.
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  (trace cell-echo-slot-name)
  (sleep 0.1) ;; trick to get win32 PAINT event so initial kids appear
  ;do re-cons and lose a kid at the same time
  (setf (kids *star*)(remove (car (kids *star*))
                             (kids *star*)))
  (untrace cell-echo-slot-name)
  )

...and examine the debugger output:

CELL(42): 
 0: (Cell-ECHO-SLOT-NAME KIDS <STAR :GUIDE> (<CIRCLE4 :RED>)
                       (<CIRCLE4 :BLUE> <CIRCLE4 :RED>))
 0: returned NIL
 0: (Cell-ECHO-SLOT-NAME RADIUS <CIRCLE4 :RED> 5 10)
0> echo radius asking center
   1: (Cell-ECHO-SLOT-NAME THETA <STAR :GUIDE> 6.283185307179586d0
                         3.141592653589793d0)
   1: returned NIL
   1: (Cell-ECHO-SLOT-NAME CENTER <CIRCLE4 :RED> #<position 350 250>
                         #<position 150 250>)
0> echo center erasing at center,r #<position 150 250> 5
   1: returned NIL
0> echo radius erasing at newc, r #<position 350 250> 10
 0: returned NIL
 0: (Cell-ECHO-SLOT-NAME CENTER <CIRCLE4 :RED> #<position 350 250>
                       #<position 350 250>)
0> echo center erasing at center,r #<position 350 250> 5
 0: returned NIL
(Cell-ECHO-SLOT-NAME)

The problem is that when the radius gets echoed it has to access the center cell to know 
where to erase. But the center cell sees that it is obsolete (it too depends on the value of 
kids) so it recalculates itself, returning a new location. But the radius echo is trying to 
erase the old location. Now the center cell echo also tried to erase the old circle, but by the 
time it runs we already have the new smaller radius, so only the inside of the old circle 
gets erased.

The problem is that the window bitmap has state which is only loosely connected to the 
fluctuating geometry state of the circle. The algorithm has reached the limit of its ability to 
keep things straight. We have hit an example where the propagation logic needed an old 
value (for the center) but the engine succeeded too well at delivering the freshest value 
possible. Doing so solves worse problems with propagation, so a way out of this mess 
could be tricky. 

Providing access to the prior value held by a cell probably would not work; whether one 
wanted the prior or current value might vary according to the vagaries of which depen-
dency got propagated first, which in turn is not something clients should know about if the 
paradigm is to be usable.

The good news is that the paradigm need not be abandoned, we just need to do a little 
extra work to smooth over the seams when they start to show. The solution used in real 
(non-tutorial) screen updates goes something like this:
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• cache at paint time where something is being painted

• when a cell that effects the display changes, invalidate the cached location a
as the new location. Do not paint to the screen.

• when the next update/paint event comes through, paint and update the cach

2.6 Dataflow change detection

Example cellx-5.lisp will be used to drive home important details of how dataflow wo
at bottom. We will deliberately go outside the envelope of supported functionality to p
the dataflow engine internals and to learn to recognize a  common dataflow bug.

At the end of cellx-5.lisp between the #||#s you will find for your convenience the for
we are about to discuss.

The first form is (x5-init). Evaluate that and you should see a window with five differe
sized circles of different colors arranged in a pentagon. Now let’s delete a circle:

   (delete (elt (kids *star*) 2) (kids *star*))

We still see five circles. state change is detected during (setf slot-value), and the ab
simply a destructive mutation to the value of kids, so there is no automatic propagat
especially echoing to trigger a redraw of the screen. If you cover and then uncover t
window you will see that the circle instance is indeed no longer one of the star’s kids
so does not get redrawn. But we wanted change to be manifested automatically. Le
thru (setf slot-value) this time:

(setf (kids *star*)
  (delete (elt (kids *star*) 2) (kids *star*)))

Still nothing happens. This time the dataflow engine saw the setf, but change detect
works by comparing the new value to the stored slot value before the setf. So now t
problem is that delete destructively altered the stored slot value and the setf is to the
same value. Now it so happens the default test is eql, so we can trigger dataflow by
sing at the same time we delete:

(x5-init) ;; fresh start
(setf (kids *star*)
  (copy-list (delete (elt (kids *star*) 2) (kids *star*))))

The result should be:

Error: the assertion (MEMBER SELF (KIDS (FMPARENT SELF))) failed.

That error reflects that the fmParent-kids relationship is doubly-linked; the circle is n
longer a kid of the instance pointed to by its fmparent slot. But how was the flaw dete
The fresh consing did trigger dataflow, and the center slot of each circle did hinge on
Page 17 of 23



Cells: Hello, world.

ven 
leted 

 The 
c bind-
a 

r this 
 lost 
pen-

ow 

n 

h 
at, 
position amongst the other circles, a value returned by kidNo which asserts that the 
instance is a kid of its fmParent. Two big points here:

• Dataflow reached the deleted circle by following internal dependency links, e
though the instance was detached from the overall model by having been de
from its parents list of kids.

• kidNo is just a function. kidNo, not the rule for center, accesses the kids slot.
dependency gets created anyway, because the c? macro sets up a dynami
ing to the center cell such that any access to another cell gets recorded as 

dependency.1

With lessons learned, we try again:
;do re-cons and lose a kid at the same time
(setf (kids *star*)(remove (car (kids *star*))
                                      (kids *star*)))

Now we get an automatic, error-free update, albeit a little sloppy. There was no erro
time because echo handling for the kids cell includes quiescing in cellular terms any
kid, so dataflow never reaches the removed kid. Note also that disconnecting the de
dencies is necessary also for the instance to be GCed.

As for the sloppy window update....we have reached the limit of this particular datafl
implementation. To see why, first evaluate this form:

(progn
  ;do/see: (same)
  (setq *colors5* (list :blue :red))
  (x5-init)
  (trace cell-echo-slot-name)
  (sleep 0.1) ;; trick to get win32 PAINT event so initial kids appear
  ;do re-cons and lose a kid at the same time
  (setf (kids *star*)(remove (car (kids *star*))
                             (kids *star*)))
  (untrace cell-echo-slot-name)
  )

...and examine the debugger output:

CELL(42): 
 0: (CELL-ECHO-SLOT-NAME KIDS <STAR :GUIDE> (<CIRCLE4 :RED>)
                       (<CIRCLE4 :BLUE> <CIRCLE4 :RED>))

1. This is a recent change. Before, one had to use specific macros when accessing a cell for a dependency to 
be created, and these macros all looked like (^this), so one could look at a rule and quickly see the depen-
dencies. Under the new scheme, a runtime diagnostic will be the only sure way to know what are the 
dependencies for any given cell. While this may seem like we are losing control over the program, my 
experience with cells all along has been precisely one of learning to “let go”. The only way to unburde
the programmer is to give the programmer new mechanism such as cells and then to truly rely on the 
mechanism. So when a programmer looks at (+ (x y) (a b) (d g) (i j)) and is not able to determine whic
are cells or functions which access cells, the answer may be that they should not be worrying about th
just make sure the sum is correct.
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 0: returned NIL
 0: (CELL-ECHO-SLOT-NAME RADIUS <CIRCLE4 :RED> 5 10)
0> echo radius asking center
   1: (CELL-ECHO-SLOT-NAME THETA <STAR :GUIDE> 6.283185307179586d0
                         3.141592653589793d0)
   1: returned NIL
   1: (CELL-ECHO-SLOT-NAME CENTER <CIRCLE4 :RED> #<position 350 250>
                         #<position 150 250>)
0> echo center erasing at center,r #<position 150 250> 5
   1: returned NIL
0> echo radius erasing at newc, r #<position 350 250> 10
 0: returned NIL
 0: (CELL-ECHO-SLOT-NAME CENTER <CIRCLE4 :RED> #<position 350 250>
                       #<position 350 250>)
0> echo center erasing at center,r #<position 350 250> 5
 0: returned NIL
(CELL-ECHO-SLOT-NAME)

The problem is that when the radius gets echoed it has to access the center cell to know 
where to erase. But the center cell sees that it is obsolete (it too depends on the value of 
kids) so it recalculates itself, returning a new location. But the radius echo is trying to 
erase the old location. Now the center cell echo also tried to erase the old circle, but by the 
time it runs we already have the new smaller radius, so only the inside of the old circle 
gets erased.

The problem is that the window bitmap has state which is only loosely connected to the 
fluctuating geometry state of the circle. The algorithm has reached the limit of its ability to 
keep things straight. We have hit an example where the propagation logic needed an old 
value (for the center) but the engine succeeded too well at delivering the freshest value 
possible. Doing so solves worse problems with propagation, so a way out of this mess 
could be tricky. 

Providing access to the prior value held by a cell probably would not work; whether one 
wanted the prior or current value might vary according to the vagaries of which depen-
dency got propagated first, which in turn is not something clients should know about if the 
paradigm is to be usable.

The good news is that the paradigm need not be abandoned, we just need to do a little 
extra work to smooth over the seams when they start to show. The solution used in real 
(non-tutorial) screen updates goes something like this:

• cache at paint time where something is being painted

• when a cell that effects the display changes, invalidate the cached location a
as the new location. Do not paint to the screen.

• when the next update/paint event comes through, paint and update the cach

2.7 Dynamic dependencies

A fair question at this point might be, under what circumstances does one cell come
depend on another cell. Consider:

:my-cell (c? (if (^a) (^b) (^c)))
Page 19 of 23



Cells: Hello, world.
One important thing to remember is that my-cell does not depend on anything until the 
rule gets evaluated, and then it only depends on the cells accessed. So in the above exam-
ple, if A is true then there will be dependencies on A and B but no dependency on C.

That is an accident of how the engine was built, but it makes sense. If A is true, it really 
does not matter what is the value of C.

Another thing to remember is that if A now goes to nil, the above rule will run again and 
the dependencies will be reconsidered, leaving my-cell dependent on A and C but not B.

Finally, consider this rule:

:radius (c? (* 5 (1+ (kidNo self))))

That rule does not access any other cells directly, but the function kidNo does:

(position self (kids (fmParent self)))

...and so a dependency is detected. How? The macro c? begins, roughly, by dynamically 
binding the radius cell to *cells-calculating*, which gets checked in slot-value-using-class 
when any cell is accessed. Where the accessed cell is associated with an c-variable or 
CELLRuled cell, a dependency gets established.

This raises a question that came up often in the early days of Cells development. The 
implication of this dynamic dependency process is that, when coding or examining a rule, 
the dependencies are not necessarily apparent. In terms of dataflow, we are coding blind. 
Only runtime diagnostics can reveal what depends on what, unless we want to track down 
every function called by a rule, directly or indirectly. Is this a bad thing?

Certainly we felt that way often when programming with Cells, that we were losing con-
trol because we did not know the order in which propagation would occur. A dumb engine 
was kicking off echo functions in an order we could not predict or control. On the other 
hand, we did not want to worry about the order. Asking the programmer to worry about 
that detail is a sure fire way to kill a new methodology. So we made a design decision that 
the order of propagation should not impact semantics, basically to give up control to some 
degree over our code.

That same principle likely applies to knowing not what other state any given state might 
end up depending on. Arguably the programmer should be thinking about getting the rule 
right, not whether the rule depends on this or that. Circularities will be caught at run-time, 
and where a performance problem is created by excessive or inappropriate dependencies, 
again runtime diagnostics can be developed to flag especially slow-running cells.

To a degree Cells is about removing from the programmer the burden of dealing with state 
dependencies and change propagation. What better way to do that than to make dependen-
cies invisible?
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2.8 Ch-ch-ch-changes

[cell-changed-p; delete invisibility]
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3 FAQ
3.1 Why ephemerals?

Let’s test your understanding of the state propagation internals. Go back now t
hello-world and see if you notice now that the output shown is not what shou
be displayed based on what we know so far about state propagation.

If you cannot spot the problem, change either or both clauses :cell :ephemeral 
to :cell t and run it again. Suddenly the output is lame, though the cells are 
behaving to spec.

The problem is that both happen and response are events, not static states. The 
standard cell does not notify anyone if a slot is set to the same value twice in a
So if we get two identical events in a row, the second event mistakenly gets ign

Now we could add a timestamp to the event as a workaround, or just wrap eac
event in a new cons to trigger the dataflow, but there is a bigger problem. Cons
rule such as:

(when (eql :knock-knock (^event))
    (if (eql :at-home (^location)) ‘Who’s there?’ ‘<silence>’))

When location changes this rule will be triggered. If the slot event still holds the 
value of the prior event, the rule reacts as if the event were still happening. But 
events are events, not steady state. The rule ends up reacting under the influence of a 
past event. 

By defining a cell to be ephemeral, we can avoid that. When ephemerals take on a 
new value, that value is propagated fully and then the cell is reset to nil. Thus all 
code that executes sees the value in place, but it is cleared immediately after the data 
pulse (if you will) so the value is not seen during the next perturbation to the model.

3.2 When I code (fm-other :xxx), how do I know the kids rule generating :xxx will 
have run before that form gets evaluated?

It does not matter, as long as the programmer provided for something called :xxx to 
be created somewhere in the namespace; :xxx will get created JIT (“just in time”). 
A traversal routine accesses one kids slot after another, each time kicking off the 
rules to generate those kids. It then searches/spawns their kids; the model pops 

into existence on demand.1 

3.3 Why not call to-be on a new model-object instance before adding it to the 
application namespace?

The answer to this derives in part from the prior question and answer. Rules fre
quently access the slots of other instances in the model namespace (model-

1. This JIT quality (applied to screen coordinates, not kids) was the big win in the original motivating prob-
lem which led to the development of Cells, the tricky GUI layout problem of arithemtic expressions.
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objects known by their mdName slots in a tree where each model-object has an 
fmParent slot and Family instances have a kids slot). When such rules run, the 
namespace search functions invoked to track down other non-descendant instances 
will come up empty unless the instance has first been wired into the model. Now 
to-be triggers the evaluation of all slots for which echo functions have been 
defined. 

So. If a rule for a slot with an echo function goes after a non-descendant instance, 
backtrace city. This is why we always let the kids echo function take care of calling 
to-be, because it is carefully sequenced to first get instances firmly linked to the 
application namespace before calling to-be on them. 

3.4 When use cached-value?

Here is a common application of (cached-value), which when invoked inside a cell 
rule returns the most recent (ie, current) value for the slot. Suppose we have an 
option to hide or show a complex group of widgets. Suppose also we do not want to 
make them until needed, but once created we want to keep them around to avoid rec-
reating them.

:kids (c? (or (cached-value)
               (when (^showKids) (create-many-complex-kids))))

3.5 What is mdWhen?

[Suppress cell for life of instance. Useful to improve efficiency of key application 
classes that serve many different purposes in a large application,  when for certain 
purposes the instance will in its lifetime be used only for selected purposes, which 
purposes have no use for certain cells.]
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