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                                        26 __________________________________________________________________________<br />

                                                        3 <strong>Programming</strong> Savvy — Arithmetic Expressions<br />

                                                        static void * mkBin (va_list ap)<br />

                                                        { struct Bin * node = malloc(sizeof(struct Bin));<br />

                                                        assert(node);<br />

                                                        node —> left = va_arg(ap, void *);<br />

                                                        node —> right = va_arg(ap, void *);<br />

                                                        return node;<br />

                                                        }<br />

                                                        Note that only mkBin() knows what node it creates. All we require is that the various<br />

                                                        nodes start with a pointer for the dynamic linkage. This pointer is entered by<br />

                                                        new() so that delete() can reach its node-specific function:<br />

                                                        void delete (void * tree)<br />

                                                        {<br />

                                                        assert(tree && * (struct Type **) tree<br />

                                                        && (* (struct Type **) tree) —> delete);<br />

                                                        (* (struct Type **) tree) —> delete(tree);<br />

                                                        }<br />

                                                        static void freeBin (void * tree)<br />

                                                        {<br />

                                                        delete(((struct Bin *) tree) —> left);<br />

                                                        delete(((struct Bin *) tree) —> right);<br />

                                                        free(tree);<br />

                                                        }<br />

                                                        Dynamic linkage elegantly avoids complicated nodes. .new() creates precisely<br />

                                                        the right node for each type description: binary operators have two descendants,<br />

                                                        unary operators have one, and a value node only contains the value. delete() is a<br />

                                                        very simple function because each node handles its own destruction: binary operators<br />

                                                        delete two subtrees and free their own node, unary operators delete only one<br />

                                                        subtree, and a value node will only free itself. Variables or constants can even<br />

                                                        remain behind — they simply would do nothing in response to delete().<br />

                                                        3.7 A Postfix Writer<br />

                                                        So far we have not really decided what process() is going to do. If we want to emit<br />

                                                        a postfix version of the expression, we would add a character string to the struct<br />

                                                        Type to show the actual operator and process() would arrange for a single output<br />

                                                        line indented by a tab:<br />

                                                        void process (const void * tree)<br />

                                                        {<br />

                                                        putchar(’\t’);<br />

                                                        exec(tree);<br />

                                                        putchar(’\n’);<br />

                                                        }
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                                                    26 __________________________________________________________________________ 3 <strong>Programming</strong> Savvy — Arithmetic Expressions static void * mkBin (va_list ap) { struct Bin * node = malloc(sizeof(struct Bin)); assert(node); node —> left = va_arg(ap, void *); node —> right = va_arg(ap, void *); return node; } Note that only mkBin() knows what node it creates. All we require is that the various nodes start with a pointer for the dynamic linkage. This pointer is entered by new() so that delete() can reach its node-specific function: void delete (void * tree) { assert(tree && * (struct Type **) tree && (* (struct Type **) tree) —> delete); (* (struct Type **) tree) —> delete(tree); } static void freeBin (void * tree) { delete(((struct Bin *) tree) —> left); delete(((struct Bin *) tree) —> right); free(tree); } Dynamic linkage elegantly avoids complicated nodes. .new() creates precisely the right node for each type description: binary operators have two descendants, unary operators have one, and a value node only contains the value. delete() is a very simple function because each node handles its own destruction: binary operators delete two subtrees and free their own node, unary operators delete only one subtree, and a value node will only free itself. Variables or constants can even remain behind — they simply would do nothing in response to delete(). 3.7 A Postfix Writer So far we have not really decided what process() is going to do. If we want to emit a postfix version of the expression, we would add a character string to the struct Type to show the actual operator and process() would arrange for a single output line indented by a tab: void process (const void * tree) { putchar(’\t’); exec(tree); putchar(’\n’); }
3.7 __________________________________________________________________________ A Postfix Writer 27 exec() handles the dynamic linkage: static void exec (const void * tree) { assert(tree && * (struct Type **) tree && (* (struct Type **) tree) —> exec); (* (struct Type **) tree) —> exec(tree); } and every binary operator is emitted with the following function: static void doBin (const void * tree) { exec(((struct Bin *) tree) —> left); exec(((struct Bin *) tree) —> right); printf(" %s", (* (struct Type **) tree) —> name); } The type descriptions tie everything together: static struct Type _Add = { "+", mkBin, doBin, freeBin }; static struct Type _Sub = { "—", mkBin, doBin, freeBin }; const void * Add = & _Add; const void * Sub = & _Sub; It should be easy to guess how a numerical value is implemented. It is represented as a structure with a double information field: struct Val { const void * type; double value; }; static void * mkVal (va_list ap) { struct Val * node = malloc(sizeof(struct Val)); assert(node); node —> value = va_arg(ap, double); return node; } Processing consists of printing the value: static void doVal (const void * tree) { printf(" %g", ((struct Val *) tree) —> value); } We are done — there is no subtree to delete, so we can use the library function free() directly to delete the value node: static struct Type _Value = { "", mkVal, doVal, free }; const void * Value = & _Value; A unary operator such as Minus is left as an exercise.
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